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ADRENAL CORTICAL HORMONES 
 
 
OBJECTIVES 
 
 
1. Draw the structures of common steroid hormones, identify the carbon atoms by number. 
 
2. Give examples of glucocorticoid, mineralocorticoid, sex hormone, steroid hormone. 
 
3. Describe the feedback mechanism between the adrenal cortex and anterior pituitary gland. 

and the diurnal rhythm of plasma levels of cortisol and ACTH. 
 
4. Describe the regulatory relationship between aldosterone, sodium balance and blood 

volume. 
 
5. List the primary effects of cortisol, aldosterone and adrenal androgens. 
 
6. Describe the patterns of lab results expected in Cushing's syndrome (1o, 2o, and ectopic), 

Addison's disease, and adrenogenital syndrome. 
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I. Structure of Steroid Hormones 
 
All are derived from cholesterol by a series of enzymatic reactions 
 
 desmolase enzymes cut off side chains 
 hydroxylase enzymes add hydroxyl groups 
 dehydrogenase enzymes turn hydroxyls into keto groups 
 isomerases move double bond from C4=5 to C5=6 

 

note numbering 
system 
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Need to be able to recognize and draw these 5 steroid hormones:

  
 (11,17,21 triOH, 3-20 diketo) (3 20 diketo)  11,21 diOH; 3,20 diketo, 18 aldehyde) 

  
(3,17 diOH; no C19, benzyl ring A;     (17 OH, 3 keto, no side chain) 
                no side chain) 
 
 Sites of important substitutions: 
  C3 C5 C11 C17 C18 C19 C20 C21 
 
II. Functions of Steroid Hormones 
 
Steroid hormones are fat soluble, ∴ they dissolve through plasma membrane of target cell → 
dock with cytoplasmic receptor → alter gene expression  

 
 

3 separate layers of cells in adrenal cortex synthesize 3 classes of steroid hormones: 
 
 zona glomerulosa is outside layer 
  contains 18-hydroxylase, ∴ synthesizes aldosterone 
 zone fasciculata is middle layer 
  synthesizes mainly cortisol 
 zona reticularis is inner layer 
  synthesizes mainly androgens 

(steroid hormone struc-
tures for testosterone & 
estrogens are included 
here for convenience) 
 



 4

Cortisol is also called glucocorticoid because it → ↑ gluconeogenesis → ↑ blood glucose 
 
 other functions of cortisol: suppresses immune response   
     stimulates erythropoiesis 
     affects distribution & metabolism of fat and protein 
  when in large amounts, cortisol has a little aldosterone activity 
 
 cortisol is not required for life 
 
Aldosterone is also called mineralocortisol because it causes Na+ retention 
   
 also affects blood volume (and blood pressure), and K+ & H+ excretion 
 
 aldosterone is required for life 
 
Adrenal androgens (mostly androstenedione) 
 
 have partial androgenic effect: strong bones and muscles 
 
 in excess → male phenotype in woman (deep voice, hair distribution, genital changes) 
  excess in utero → male phenotype regardless of chromosomes   
  deficiency in utero → female phenotype regardless of chromosomes   
 
 [testosterone from testis → male secondary sexual characteristics] 
 
[There are no adrenal estrogens; estradiol from ovary → female secondary sexual characteristics; 
adipose tissue can convert adrenal androgens to estrogens] 
 
III. Regulation 
 
Adrenal androgens have no independent regulatory system 
 
Aldosterone regulation (see notes from Electrolyte Balance and Renal Function) 
 
 ↓ blood flow to kidney → renin excretion → converts plasma angiotensinogen to angio-

tensin I → pulmonary ACE converts it to angiotensin II → stimulates adrenal cortex 
(zona glomerulosa cells) to secrete aldosterone → enhances Na+ reabsorption by DCT) 
→ ↑ blood volume → ↑ blood flow to kidney 
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Cortisol level has negative feedback regulation by hypothalamus and anterior pituitary hormones  
 
 Plasma cortisol is ~10% free, active hormone and ~90% bound to cortisol-binding globu-

lin (CBG) 
 
  free cortisol can be filtered by kidney 
  ∴ sometimes measure urinary cortisol to monitor daily cortisol production 
 
 ↓ free plasma cortisol stimulates hypothalamus to secrete corticotropin releasing hor-

mone (CRH) 
  → CRH stimulates anterior pituitary to secrete corticotropin (= ACTH = adreno- 

     cortico-trophic hormone) 
 → ACTH stimulates adrenal cortex (zona fasciculata) to secrete cortisol 
  → ↑ plasma cortisol level 

 
ACTH has diurnal rhythm, therefore cortisol level also has diurnal rhythm 
 
      ACTH     cortisol 
 
 
 
 
 
 
 
 
          11    1    3     5     7     9    11    1     3     5     7     9     11 
 
           a.m.   p.m. 
 
 morning cortisol level (~8:00 a.m.) should be > 3x the evening level (~11:00 p.m.) 
 

if diurnal pattern is not present (i.e., level is approximately constant) then suspect 
hyperadrenal corticism (Cushing's syndrome)  
 
peak and valley are correlated with normal periods of activity 

 ex: 3rd shift worker who sleeps during the day will be shifted to maximum 
value ~ 12:00 midnight, and minimum value ~ 2:00 p.m. 

 
 
 
 
 
 
 
 

serum 
level 
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IV. Abnormalities in Adrenal Cortical Hormones 
 
Hyper- and hypoaldosteronism: see notes on Electrolyte Balance and Renal Disease 
 
Hypercortisolism → Cushing's syndrome  
 

symptoms: fat face ("moon facies")  
   enlarged fat pad between shoulder blades ("buffalo hump") 
   fat body and skinny arms & legs ("centripetal fat distribution") 
   ↑ serum glucose level ("steroid diabetes") 
 
 1o disease of zona fasciculata cells ex: adenoma → excess cortisol without regard for  

feedback hormone concentrations; 1o hypercortisol is only ~ 10% of cases 
 
↑ FBS 

 ↑ plasma cortisol at both 8 a.m. and 11 p.m. 
 no diurnal variation   11 p.m. value is > 1/3 of 8 a.m. value; and sometimes the  

11 p.m. ≅ 8 a.m. value 
  ↓↓ ACTH at 8 a.m. 
   
 
 2o hypercortisol is almost always 1o hyper-ACTH ex: adenoma → excess ACTH  

without regard for feedback hormone concentrations 
 

↑ FBS 
  ↑ plasma cortisol at both 8 a.m. and 11 p.m. 
  no diurnal variation (as above) 
  ↑↑ ACTH at 8 a.m. 
   

When ACTH is synthesized, other hormones are synthesized as by-products in-
cluding MSH = melanocyte stimulating hormone 

   ∴ people with 2o hypercortisolism have an all-over tan 
  2o hypercortisol due to 1o hyper-pituitarism = Cushing's disease 
   Cushing's disease is the most common cause (~ 2/3 of cases) of hypercortisol 
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 Ectopic ACTH-secreting Tumor is the 2nd most common cause of hypercortisolism 
 
  Tumors (especially malignant tumors like lung cancer) often secrete ACTH or  

ACTH-like protein → 2o hypercortisolism 
 

Differentiate 1o from 2o hypercortisolism by 
 
 1. plasma ACTH at 6-8 a.m. 
 
 2. dexamethasone suppression test 
 
  dexamethasone is a cortisol-mimic 
  give dose at 11 p.m., then measure 8 a.m. cortisol 
 
  if pituitary is producing excess ACTH (i.e., 2o hypercortisol), then the big  

dose of dexamethasone will suppress it, and 8 a.m. cortisol will be  
decreased  
 
if adrenal cortex is producing excess cortisol, then it doesn't care what the  
ACTH level is, and 8 a.m. cortisol will remain increased 

 
Addison's disease = 1o hypoadrenalism = adrenal insufficiency 
 
 almost always due to destruction of the entire adrenal cortex 
 
 symptoms are all due to lack of aldosterone: ↓ serum Na+ 

       ↑ serum K+ 
       propensity for metabolic acidosis 
       propensity for ↓↓ blood pressure → shock 
       all-over tan from ↑↑ ACTH 
 
Adrenogenital syndrome 
 
 Excess adrenal androgens in adult male → no symptoms 
          in adult female → virilization  
          in fetus in utero → masculine phenotype or ambiguous genitals 
 
 Cause is congenital lack of one of the enzymes needed to synthesize cortisol → little or 

no cortisol production → ↑↑ ACTH → ↑↑ precursors that then get shunted into produc-
ing adrenal androgens 

 
  also unable to synthesize aldosterone → Addison's disease at the same time 
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