
Lecture 5 Pharmacology of Corticosteroids Cairns 

 Hypothalamus pituitary adrenal axis (HPA axis): 

regulates steroid hormone synthesis & secretion by 

adrenal gland of the kidney 

1. Corticotropin-releasing factor (CRF) released 

from hypothalamus & stimulates pituitary 

secretion of adrenocorticotropic hormone 

(ACTH) 

2. ACTH acts on adrenal gland of kidney to 

mediate release of glucocorticoids 

3. Elevated levels of corticosteroids result in 

negative feedback by acting on the 

glucocorticoid and mineralocorticoid receptors 

in hippocampus to suppress release of CRF  

Adrenocorticosteroids: synthesized from cholesterol 

 Glucocorticoid action: cortisol (hydrocortisone) 

 Affect metabolism & immune function 

 Pituitary release of ACTH (corticotropin) 

leads to secretion of adrenocortical steroids 

 Cortisone inactive  converted into cortisol 

by type 1 β-hydroxysteroid dehydrogenase  

Mineralocorticoid action: aldosterone  

 Angiotensin controls secretion of aldosterone  

 Salt-retaining activity 

 Cells primarily involved in mineralocorticoid 

effects (renal tubule cells) contain type 2 β-

HD (converts cortisol  cortisone to limit its 

effects on these cells) 

 

 
Other actions: gonadotrophic activity  

Glucorticoid release: 10-20 mg/day of cortisol 

released by adrenal gland 

 continuous pulsatile manner (20 pulses/day) 

 90% of cortisol bound to corticosteroid-binding 

globulin (not biologically active) 

 10% considered “free” 

o Free cortisol diffuses across cell 

membranes to exert slow & rapid effects 

Glucorticoid receptors (hGRα,β,γ): nuclear 

receptors that mediate genomic effects  

 

 
hGRα (hGRγ): receptors act on promoters of 

target genes to regulate their transcription  

1. Located in cytoplasm in complex with 

proteins (heat & shock protein) that 

inactivate unbound receptor 

2. Glucorticoid freely diffuses across the cell 

membrane & binds to the glucocorticoid 

receptor, freeing it from complex 

3. Ligand bound receptor actively transported 

into the nucleus  

4. Binds to glucorticoid-response elements 

(GREs) in the promoter regions of responsive 

genes 

hGRβ: transcriptionally inactive (can’t bind 

cortisol) but may act as a negative transcription 

factor  

Genomic effects 

 Ligand-bound receptor interacts with other 

transcription factors to act on non-glucorticoid-

response element-containing promoters to 

regulate transcription of their genes 

 Transcription factors regulate: growth factors, 

pro-inflammatory cytokines & prostaglandins  

 These effects mediate their anti-growth, 

anti-inflammatory & immunosuppressive 

effects  

 10-20% of expressed genes in a cell are regulated 

by glucorticoids  protein synthesis 

 

Non-genomic effects 

 Occur rapidly (< 5 min) 

 Resistant to inhibitors of hGr and hMr and not 

mediated by activation of these receptors 

 Do not involve protein synthesis 

 Many of these effects are related to actions on 

neurons and affects behaviors, etc  
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Metabolic effects 

 Stimulate gluconeogenesis & glycogen-

synthesis (fasting state) 

 Stimulate release of amino acids in muscle 

catabolism (breakdown of muscle) 

 Increase serum glucose levels & inhibit 

uptake of glucose by muscle cells ( 

insulin release) 

o Increased insulin secretion stimulates 

lipogenesis to cause fat deposition  

 Stimulate hormone-sensitive lipase and 

thus lipolysis (increase serum fats) 

Anti-inflammatory/immunosuppressive effects 

 Decrease concentration, distribution, and function of 

peripheral leukocytes 

 Leukocytes move from vascular bed  lymphoid tissue  

 Inhibit the functions of tissue macrophages and other 

antigen-presenting cells (decrease response to 

antigens) 

 Decrease synthesis and release inflammatory mediators  

 Reduce expression of COX-2 

 MAY suppress mast cell degranulation (less histamine 

released) 

 Antibody production only reduced by large doses  

Actions of glucocorticoids 

 
Physiological amounts: maintain 

an adequate glucose supply to 

the brain during fasting  

Supra-physiological amounts 

 Decrease muscle mass 

 Induce weakness 

 Thin the skin 

 Osteoporosis (major limitation to long-term use) 

 Reduce growth in children (reversible) 

Consequences of altered corticosteroid levels 

 Low cortisol: associated with depression, 

impaired renal function (GF), inability to 

normally excrete water 

 Chronic adrenocortical insufficiency 

(Addison’s Disease) 

 Inability of adrenal cortex to 

synthesize corticosteroids 

 Sx: weakness, fatigue, weight loss, 

hypotension, hyperpigmentation 

(due to ACTH level increase), 

inability to maintain blood glucose 

level during fasting 

 Minor trauma, pain or infection may 

cause an acute adrenal insufficiency 

 circulatory shock or death  

o Medical emergency 

o Fluid & electrolyte 

abnormalities  

 Txt: 20-30 mg of hydrocortisone 

daily, with increased amounts during 

periods of stress  

o Mineralocorticoid must also 

be supplemented 

Elevated glucocorticoids: initially insomnia & euphoria, 

later depression; may increase intracranial pressure; 

associated with peptic ulcers; moon face (increase of fat); 

increase number of platelets & RBCs 

 Chronic elevation of corticosteroids suppresses the 

pituitary release of ACTH, growth hormone, TSH & LH 

 Cushing’s syndrome 

 Exogenous cause: taking large quantities of GCs 

 Endogenous causes: 

o Adrenocorticotrophic hormone-secreting 

pituitary adenoma 

o Ectopic ACTH production by tumors or local 

changes in function of adrenal gland 

 Sx: rounded, plethoric (moon) face, trunk obesity; 

muscle wasting; thinning, purple striae, easy 

bruising of skin; poor wound healing; 

osteoporosis; depression; hypertension; diabetes 

 Txt: remove tumor producing ACTH or cortisol 

o Results in pts becoming adrenal insufficient 

 initiate txt as Addison’s disease 

 Drug therapy: adrenal-blocking drugs 

(ketoconazole) – direct inhibition of synthesis & 

secretion in adrenal gland (temporary txt to 

manage disorder) 
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Synthetic corticosteroids 

 Strong anti-inflammatory effects 

 Prevention of transplant rejection 

o Reduce antigen expression from  

grafted tissue 

o Delay revascularization 

o Reduce immune response 

 Available topical, oral, rectal, IV  

Agent Anti-
inflammatory 

Mineralo-
corticoid 

Equiv 
Dose 

Short-acting 

Hydrocortisone 1 5 20 mg 

Prednisone 5 0.3 5 mg 

Intermediate acting 

Triamcinilone 5 0 4 mg  

Long-acting (very potent) 

Betamethasone 25 – 40 0 0.6 mg 

Dexamethasone 30 0 0.75 mg  

 

Consequences of prolonged glucorticoid therapy 

 Iatrogenic Cushing’s syndrome: > 2 wk therapy  

adrenal suppression may occur 

 2-12 months may be required for return of normal 

HPA axis function  

 Cortisol levels may not return to normal for 

another 6-9 months 

 Rapid removal may cause anorexia, NV, weight 

loss, lethargy, headache, fever, joint or muscle 

pain, postural hypotension 

o If dosage is to be reduced, taper slowly 

o If to be stopped, reduction process slow when 

dose reaches replacement levels  

Cutaneous 

 Growth of fine hair over face, thighs & trunk 

 Punctate acne 

 Wasting, thinning of skin, with striae & 

bruising  

Metabolism 

 Increased appetite & weight gain 

 Redistribution of fat to trunk, back of neck 

and face (moon face) 

 Loss of muscle (inhibition of protein 

synthesis & enhanced catabolism  

 Hyperglycemia  type-2-like diabetes  

o Antagonism of insulin 
Bone: causes calcium resorption from bone  

osteoporosis 

 Bone fractures occur in up to 50% of pts after-long 

term oral glucorticoid treatment  

Neurological 

 Seizures 

 Sleep disturbances (insomnia to psychosis) 

 
Infections & impaired wound healing 

 Immune suppression leads to opportunistic infections 

 Decreased wound healing increases the risk of infection  

Intra-articular corticosteroids: provide short-term, modest pain relief for mod-severe joint pain in OA & RA 

 All agents appear effective – exert localized anti-inflammatory & immune modulatory effects; reduce levels 

of leukotrienes & prostaglandins (methylprednisolone, triamcinolone, betamethasone, dexamethasone) 

 Recommend min 3 mo between injections  

 
Where to inject: LARGE JOINTS 

 Probably best used for joint flares 

 Rapid uptake from joint into systemic 

circulation (30 min; peak 2-12 hours) 

o Poorly soluble, susp. forms 

remain in knee  

 Benefit 1-4 wks; possibly up to 26 wks 

Side effects 

 Infection risk (low) 

 1/3 miss location  rapid systemic effects (facial 

flushing, htn, immunosuppression, disturbance of 

diabetes control) 

 Post-injection flare 6-12 h post (resolve in 1-3 days) 

 Pain on injection 

 Suppression of cortisol release (1-2 wk recover) 

 NO EVIDENCE OF CARTILAGE DESTRUCTION 

Miriam
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Glucocorticoid receptor antagonist: Mifepristone (RU 486) 

 High doses exert anti-glucocorticoid activity by blocking glucocorticoid receptor 

o In part by preventing dissociation of GR from Hsp 

 T1/2: 20 hours (dexamethasone T1/2: 4-5 h) 

 Also has strong antiprogestin activity 

 Therapeutic uses: Cushing’s (not first line), abortion)  

Mineralocorticoids 

 Aldosterone: endogenous mineralocorticoid  

 Synthesized mainly in adrenal cortex 

o Mainly in response to renin-dependent 

production of angiotensin II 

o ACTH, serum K+, dopamine also affect 

production & secretion 

 Effects: binds to nuclear mineralocorticoid 

receptor (hMR)) in epithelial tissues to 

enhance uptake of Na+ 

o Increased expression of NaK/ATPase and 

epithelial sodium channel (ENaC) 

o Reabsorption of Na in renal tubules 

(water follows  increase volume load & 

CO) coupled to excretion of K and H ( 

hypokalemia) 

Synthetic mineralocorticoid 

Agent Anti-
inflam 

Mineralo-
corticoid 

Equiv 
Dose 

Fludrocortisone 10 250 2 mg 

 

Dose: 0.1 mg 2-7 times/wk for salt-retaining 

activity 

 Low dose avoids anti-inflammatory of  

     antigrowth effects 

Aldosteronism 

 

 

Sx: htn, weakness, muscle spasm 

(can be due to hypokalemia, 

alkalosis, elevation of serum Na)  

Primary aldosteronism: excessive 

production of aldosterone 

(idiopathic or adrenal) 

 10% of all patients with htn 

Diagnosis: measurement of ratio 

of plasma aldosterone 

concentration to plasma renin 

activity  

Spironolactone: competitive antagonist for mineralcorticoid 

receptor 

 Slow onset: 48 h after 1st dose  

 Effects last 2-3 days after last dose (several active metabolites) 

 Also a progestin and androgen receptor antagonist  

 

 

Therapeutic uses 

 Drug of choice for primary idiopathic aldosteronism, 

hepatic cirrhosis & ascites 

 May be used with a thiazide diuretic for primary htn to 

prevent hypokalemia  

Adverse effects 

 Hyperkalemia 

 Endocrine: loss of libido, menstrual irregularities, 

gynecomastia, impotence (1/3 of male pts on high dose) 

Epleronone: analogue of spironolactone  

 Short half-life; no active metabolites 

 Very low affinity for progestin or androgen receptors (less SEs) 

 4 times more expensive  

Txt: spironolactone, eplerenone  
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