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#11 Adrenal gland hormones(Glucocorticoids

Objectives:

e Describe the metabolism and physiological effects of
glucocorticoids.

e Describe the mechanisms that regulate secretion of
glucocorticoids

e Describe the main features of the diseases caused by
excess or deficiency of each of the hormones of the
adrenal gland.

. Important
Bl Male’s notes
. Female’s notes
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Resources: 435 male’s & female’s slides + guyton
Editing file: click Here


https://docs.google.com/presentation/d/1tCkAW2pu7Ty-HaBj45UNe-65yOitH4XsSUHJoN7Llug/edit?usp=sharing
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Adrenal cortex: Glucocorticoids

Main glucocorticoids in humans
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Cortisol:corticosterone produced in humans in a ratio of 10:1

Cortisol production : mainly by zona fasciculata and small amount by zona reticulari

r .

Mostly to transcortin

f : “Cortisol Binding Globulin®
4{ 90%- 95% bound }7 ' J
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Cortisol transport: Albumin ‘

4{ 6% free “active form”

Cortisol metabolism:
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Half life =60-90 minutes slisagaegiar

Metabolized in liver by reductases & Cortisol - Glucuronide-conjugated metabolites of cortisol
Conjugated to glucuronides and excreted Via aét':gg‘hf;’r';g'ge) Liver (inactive water-soluble metabolites)
kidney.

Free cortisol is excreted into urine. FigueeX4-3, Melabolisivol Goriee]

circadian rhythm of cortisol secretion

The secretory rates of CRF*,ACTH, and cortisol :

- high in the early morning ~ ranges between a high of about 20 pg/dl an hour before arising in the

T
“00

morning.
- lowin the late evening(11-12PM) ~ about5 -

pg/dl around midnight. 5
this effect results from a 24-hour cyclical alteration in TE = il
the signals from the hypothalamus that cause cortisol § 2197
secretion. § 5
When a person changes daily sleeping habits, the cycle o g e g gy oo e
changes correspondingly. Therefore, measurements of ' G '

blood cortisol levels are meaningful only when

expressed in terms of the time in the cycle at which the =~ o

Typical pattern of cortisol concentration during the day.

Note the

measurements are made sdie iy Jall v g mall RETRN 9} e oscillations in secretion as well as a daily secretory surge an hour
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or so after awaking in the morning.
Jlils (M saans JsdsSH 38 55|
Cortisol , highest in the early morning 8:00am , lowest at night 12:00pm .
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' Corticotropin-releasing hormone (CRH) also known as corticotropin-releasing factor



Physiological actions of cortisol

physiological actions

of cortisol

On metabolism :

carbohydrates proteins fat

| Has catabolic effect on extrahepatic
glucose level in blood | cells:(decrease protein stores,decrease
| protein synthesis & decrease amino |
| acids transport into extra hepatic cells) |
|
|

lipolytic effect

mobilization of fatty acid from adipose tissue .

Stimulates gluconeogenesis and | & T T
glycogen synthesis by the liver. | Increase amino acids level in the blood. The concentration of free fatty acids in the
blood.
| |
|
glucose utilization by the cells . : Has Proteoanabolic effect in the | ﬁ Their utilization for energy.
. _ . liver:(enhanced liver proteins | ooy e e g e g
adrenal diabetes increased plasma proteins & increase |
amino acids transport into hepatic cells) |

1 new

Glyc1ogen

Gl ? P Glucose ==#====== >
Glrxcuse Free fatty <—————o

precursors acids

+
Glycerol

- Cortisol tglucose in the blood like GH and opposite action of
insulin.

- Normal Glucose from 90-100 or 110. —
. . ipose
- Role of cortisol on carbohydrate : tglucose in the blood.
- Role of cortisol on protein(Extra-Hepatic) : 1 Catabolism |
Plasma
Anabolism . s Stimulaie $ Glucose
Free fatty acids
- Role of cortisol on protein(Hepatic): tAnabolism. ~ seeeeeeeeee > Inhibit 4 Amino acids

- Role of cortisol on Fat : lipolytic.
- Glucocorticoids save glucose , so we use another source which is free fatty acids .

Metabolic response to fasting:Boy’s slides only
Gluconeogenesis from amino acids (increased expression of the enzymes)
Mobilization of stored fat (activation of HSL?) and its use in /3 -oxidation and the production of ketone

bodies

2 Hormone-sensitive lipase



Anti inflammatory &Anti-allergic effect: Effect on circulation :

. rtisol h
Reduces all aspects of the inflammatory process: Co_ ESBRTES —
- Stabilizes lysosomal membrane— more difficult for these mineralocorticoid effeCt(NOt

membranes to rupture — less release of proteolytic enzymes as potent as aldosterone)'
that cause inflammation.

Na+ reabsorption and

- Reduces degree of vasodilatation.

- Decreases permeability of capillaries. K+secretion.
- Decreases migration of white blood cells. . . .
- Suppresses immune system. Maintains body fluid
™ Cortisol Blocks the inflammatory response to allergic reactions volumes & vascular

by: . .
eInhibits histamine release lntegrlty — Extreme
eIt decreases fibroblastic activity and local swelling water retention
ephospholipase A2 )
sInhibits collagenase from breaking down proteins. hypertension.
, So cortisol prevent shock and death.
' BP regulation &
1-Block the early stages of the inflammation process before inflammation even . .

- cardiovascular function:

' Sensitizes arterioles to

2- If inflammation begun: It cause rapid resolution of the inflammation and . .
increase rapidity of healing. action of noradrenaline

| (Permissive effect).
3-Resolution of inflammation Decreased capillary
permeability.

release of chemical substances als e & I 550l L suay (s GBlaVL 5 shad a8 Maintains normal renal

function.
Effect On stress : Effect On RBCs :
«Stress include (trauma, infection, surgery, any debilitating disease,
increase heat or cold). eIncreases RBCs count,
ecortisol is important in resisting stress and inflammation. platelets and neutrophils .

*Decreases lymphocyte,
eosinophils, basophils
count.they r prone to infection

eprevents stress induced reaction from becoming excessive.
Without Glucocorticoids, the body cannot cope with even mild
Stressors. =g il "aslilealy Cla shoanll 8 71, 48 dicla aid Jlas jsioac Lale 53 ad il s
ool oy 53k (N Caga ) L dieliall m jag () shaanl) cin S 51 ) (oS sgall *Suppresses lymphoid tissue
ol J“T o ‘hz Qj Lol puat SU' g &;‘A ?‘f‘; :‘T:j - #lds ) systemically therefore decrease
. . el 2 S 2 Qs s IS e OY S ) des B | 8y i antibody production
Cortisol in stress causes : o : .
. e . . . decreasing immunity ,This
rapid mobilization of amino acids and FFA from their cellular . .
. . . . effect is useful in
stores, making them immediately available both for energy & . .
: . : transplantation surgery in
synthesis of other compounds, including glucose, needed by the . O
reducing organ rejection.

different tissues in the body. And fatal in tuberculosis

Increases BP and glycogen.
Maintenance of the vascular response to norepinephrine.
Vasoconstriction that's why 1 BP

Effects on CNS.




Boy’s slides only:

CNS Mineral metabolism GI

- Negative feedback control on Anti-vitamin D effect :

- Modulates perception & emotion

release of ACTH | Intestinal absorption & T Renal excretion secretion

Increase HCL

SO INCREASES
THE ACIDITY

Developmental

- Permissive regulation of fetal organ maturation

- Surfactant synthesis (phospholipid that maintains alveolar surface tension).
- Inhibition of linear growth in children due to direct effects on bone & connective tissue

THE MOST IMP Side Effects of cortisol ? 1- immunosuppressant. 2- osteoporosis. 3- diabetics. 4- Hypertension because

water retention .

Regulation of Cortisol Secretion

Stress stimulates CRH secretion by the

hypothalamus.Vental stress can cause an equally
rapid increase in ACTH secretion. This is believed to
result from increased activity in the limbic system,
especially in the region of the amygdala and
hippocampus, both of which then transmit signals to

hypothalamus.

Cortisol has a direct negative feedback
effect on both the hypothalamus and ant.
pituitary.
iy Stimulatory
sy Inhibitory

Abnormalities:

|
| |

Cushing’s
Syndrome

Addison's disease

Decrease secretiol

Stress, low blood glucose

Hypothalamus

Hypothalamohypophysial
portal system

Anterior

Cortisol
\-; - Adrenal cortex
— (zona fasciculata)
o
4,
Target tissues:
= Increases fat and protein
breakdown

= Increases blood glucose

« Anti
Yy

Abnormalities

- Increase secretion of glucocorticoids

of corticosteroid and

mineralocorticoids

~Addison's Disease vs Cushing's Syndrome (Duration: 20 min)



https://www.youtube.com/watch?v=w_I-8aKaq68
https://www.youtube.com/watch?v=w_I-8aKaq68

Cushing’s Syndrome (Hypercortisolism)

Causes:

ACTH independent ACTH dependent

Could be due to: Could be due to:
adenomas of the adrenal cortex. | adenomas of the anterior pituitary — increase ACTH.
*When Cushing's syndrome is secondary to increased ACTH by the

anterior pituitary = Cushing's disease. Cushing’s disease means increase
ACTH.
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OR
abnormal function of the hypothalamus — increase CRH.
OR
"ectopic secretion" of ACTH by a tumor elsewhere in the body,

such as an abdominal carcinoma.

Cushing's syndrome may occur when large amounts of glucocorticoids are administered over prolonged
periods for therapeutic purposes.
e.g. patients with chronic inflammation associated with diseases such as rheumatoid arthritis :’((

Signs and symptoms:

On Carbohydrate Metabolism:

High blood glucose level. Due to increased gluconeogenesis and decreased _
glucose utilization by the tissues. Ry
On Protein Metabolism: Y .

eeeeeeeee

Decreases tissue proteins. Almost everywhere in the body (except liver).
Severe weakness, Due to protein loss from the muscles.

Thinning of the skin.Striae. What is the pathophysiology of striae?Breakdown of protein —
Breakdown of collagen — striae. Tnams

Loss of connective tissue. Due to protein collagen fibers in the S.C.
Severe osteoporosis. Due to severely low protein deposition in the bones.
Suppressed immune.

Abnormal Fat Redistribution:
Truncal obesity. Due to mobilization of fat from the lower part of the body,
with concomitant extra deposition of fat in the thoracic and upper abdominal “&&e™

uuuuu d healing

regions, giving rise to a_buffalo torso.
Moon face.
80% of patients have hypertension, because of the mineralocorticoid effects of cortisol.

Treatment : Reducing corticosteroid use - Surgery - Radiation therapy - Medications




Addison’s disease

Addison’s disease results from an inability of the adrenal cortices to produce sufficient adrenocortical hormones,Auto deficiency of
cortisol and aldosterone.

Adrenocortical insufficiency

Primary causes, ie. Addison’s disease Secondary causes
Autoimmune disease, tumors, infection (e.g. TB), Hypopituitarism
hemorrhage, metabolic failure, ketoconazole Suppression by exogenous
(glucocorticoid antagonist activity) steroids. as s sl sl sl L
Al et a5 Jaid) rliagle J 68 J ged 28 Sl 00
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Clinical manifestation of addison’s disease: ADDISON'S DISEASE

Due to Mineralocorticoid Deficiency,
absence of aldosterone:

the volume depletion(Reduction in ECF volume)may be severe. of Skin —§

Fostural

Increased excretion of sodium and water.|Na— hyponatremia / Changes ln —¢ i
Hypotensior

hyperkalemia. / [water — hypovolemia, postural hypotension , shock. E%i‘fﬂ
Tendency toward low blood pressure, which falls further when

standing, making the patient feel dizzy. P
Craving for salt, salty foods and drinks. The person is allowed to eat

large amounts of salt and drink large amounts of water to balance

— Weight Loss

Weaknsss ——

the increased urine output of salt and water.
Acidosis> Hypercalcemia
ACcidosis sy 0 soved 2m (A8 5 se 50 Citnad O i AV ST Cpm s ped) 3 ke (5 s sl

Due to Glucocorticoid Deficiency:
Hypoglycemia.
General weakness and becoming easily tired.indicating that
glucocorticoids are necessary to maintain other metabolic functions of the tissues

in addition to energy metabolism.

Decrease appetite and weight loss

Cramps and pains in muscles.

Feeling sick and vomiting from time to time.

Abdominal pains, diarrhea or constipation, which may come and go.

e Lack of adequate glucocorticoid secretion also makes a person with
Addison’s disease highly susceptible to the deteriorating effects of Endocrine Images: Adrenal Insufficiency
different types of stress, and even a mild respiratory infection can cause
death

Dueto T ACTH :
Darkened areas of skin (Generalized pigmentation, but

especially deposition in the palmar skin creases, nails and

gums).t ACTH will stimulate synthesis of melanin

Z- [ VEJM 3371666, 1997
This slide of identical twins is from Dr. Hammer’ s lecture and is meant to
emphasize the hyperpigmentation and thin body habitus that is often seen
n primary adrenal insufficiency (the woman with adrenal insufficiency is
on the right). Hyperpigmentation may also be seen in the extensor
surfaces of the limbs (knuckles, elbows, knees), in newly formed scars and
in palmar creases and buccal mucosa. (What s the cause?)



SUMMARY OF ABNORMALITIES OF ADRENOCORTICAL FUNCTION

Abnormalities of adrenocortical function:

Conn’s (primary

Cushing’s Syndrome Addison's disease hyheraidistaranién
Increase secretion of Decrease secretion of
corticosteroid (cortisol) glucocorticoids (cortisol) Increase
Increase or decrease ACTH and mineralocorticoids aldosterone
(depending on etiology) (aldosterone)

Altered appearance, bruising, iypoclve o,

s : hyponatremia, Hypertension,
muscle wasting, Hypertension, . : — ) .
s Hyperkalemia, raised hypokalemia, alkalosis.
hypokalemia, diabetes.
urea.
Acute: abdominal pain, vomiting, Chronic: fatigue, pigmentation, anorexia,

dehydrationand hypotension. weight loss and postural hypotension.

Secondary
hyperaldosteronism

Increase
aldosterone and
Renin

Hypertension,
hypokalemia, alkalosis.
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Thanks to this amazing team!
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