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Adrenal gland hormones
(Glucocorticoids)

By the end of this lecture, students should be able to describe:

|. Describe the metabolism and physiological effects of glucocorticoids.

2. Describe the mechanisms that regulate secretion of glucocorticoids

3. Describe the main features of the diseases caused by excess or deficiency of each of the hormones of the

adrenal gland.

> 2




Adrenal Cortex: Glucocorticoids
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Main Glucocorticoid In Human

Cortisol

v' Very potent.
v" Account for of

glucocorticoid activity.

Cortisol: corticosterone produced in humans in a ratio of

}
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Corticosterone

v" Less potent than cortisol.
v" Account for about 47 of
total glucocorticoid

activity.




Overview Of Glucocorticoids (Cortisol)

»  Synthesis: Glucocorticoids produced by the fasciculata and reticularis layers of the adrenal cortex. (mainly fasciculata)

» Target cells: most body tissues.

» Bound: of Glucocorticoids bound to CBG (corticosteroid binding globulin also called transcortin) and albumin, while

is free form which is active.

» Half life: min.

» Metabolized in liver by reductases & conjugated to glucuronides and excreted via kidney.

» Free cortisol is excreted into urine.
»  Glucocorticoids (cortisol) recognized early to increase plasma

glucose levels: Explanation :

Cortisol moves the amino acids
from the muscles to the
circulation, then the liver will
uptake these amino acids in order
to use it in gluconeogenesis.

I. Mobilization of amino acids from proteins.

2. Enhance liver gluconeogenesis.
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Hypothalamic Pituitary Axis
gf,‘,:\i‘;’;}‘“ - —--\ |.  Stress stimulates the release of Corticotropin-releasing hormone
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Circadian Rhythm of Cortisol Secretion
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Twpical patiern of cortisol concentration during ithe day. MNote the
oscillations in secretion as well as a daily secretory surge an hour
or so after awaking in the morning.
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I Cortisol , highest in the early morning 8:00am , lowest at night 12:00pm.
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! The secretory rates of CRF (CRH) ,ACTH, and cortisol:

v" High in the early morning: (increase by stresses)
The plasma cortisol level ranges between a high of about 20 pg/dl an hour

before arising in the morning.

v Low in the late afternoon and evening:

Low of about 5 pg/dl around midnight.

v' This effect results from a 24 hour cyclical alteration in the signals

from the hypothalamus that cause cortisol secretion.

v" When a person changes daily sleeping habits, the cycle changes
correspondingly. Therefore, measurements of blood cortisol levels
are meaningful only when expressed in terms of the time in the

cycle at which the measurements are made.
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Regulation of Cortisol Secretion
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of ACTH secretion.

(Mental 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 which secrete CRH).

* ADH is also a potent ACTH secretagogue.

(a substance stimulate another substance secretion)

* Cortisol has a direct negative feedback effect on both the hypothalamus (CRH) &
anterior pituitary (ACTH). (Unlike androgens, which can’t suppress ACTH or
CRH)

 CRH and ACTH are secreted in pulses.
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* ACTH from anterior pituitary stimulates cortisol synthesis and secretion. i
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(which mean: CRH & ACTH are released in specific time during the day as all Hypothalamic !

|

I

hormones).



Actions of Glucocorticoids (on Metabolism)

» Metabolic Response to Fasting:

v Increase in gluconeogenesis from amino acids due to increased

expression of the enzymes responsible of gluconeogenesis.

v Mobilization of stored fat by activating hormone steroid lipase
(HSL) and its use in B-oxidation and the production of ketone

bodies.

» Effect on Fat metabolism:

v Lipolytic effect. (increase lipolysis)

v Mobilization of fatty acid from adipose tissue.

v Increase the concentration of free fatty acids in the blood.

v Increase Their utilization for energy.

Explanation: cortisol increase lipolysis in adipose tissue, then free fatty acids
will be released into the circulation in order to utilize it to get energy.
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Effect on carbohydrate metabolism:

Stimulation of gluconeogenesis by the liver (rate

increases 6 to |10 fold) due to:

Mobilizing and transporting the amino acids from extra
hepatic tissues (muscles) to the liver.

Increase the enzyme’s activity that required to convert
amino acids into glucose by activating the DNA
transcription.

(Cortisol moves the amino acids from the muscles to the
circulation, then the liver will uptake these amino acids in order
to use it in gluconeogenesis)

Increase the glycogen synthesis and storage in liver cells.

Decrease the glucose utilization by the cells (by blocking
GLUT-4 receptor) which will lead to Increase Glucose
level in blood = “Adrenal Diabetes”.



Cont.

Effect on Protein metabolism:
Proteocatabolic effect in all body cells except the liver. (increase the catabolism of protein)
Mobilization of amino acids from non-hepatic tissues. (transporting amino acids from different tissue to the liver)

Decreased amino acids transport into extrahepatic tissues like: muscles & lymphatic tissues.

(decrease transporting the amino acids from liver to other tissues to use it in gluconeogenesis)

2.
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Increase Amino acid level in the blood.

Decreased protein synthesis & stores in all body except the liver. (decrease the anabolism of the protein)
It has Proteoanabolic (Anabolic) effect in the liver which is:

Glucocorticoids enhance the synthesis of liver proteins.

Glucocorticoids increase the plasma proteins. (because it has anabolic effect on liver cells)



Actions of Glucocorticoids (on Stress)

» Stress include (trauma, infection, surgery, increase heat or cold, any debilitating disease like: Rheumatoid Arthritis & Schizophrenia).

» Cortisol causes rapid mobilization of amino acids and free fatty acid (FFA) from their cellular stores, making them immediately

available both for energy & synthesis of other compounds, including glucose, needed by the different tissues in the body.

Permissive Actions of Cortisol enhances the capacity of glucagon and catecholamines.

» Increase BP & glycogen will prevents stress induced reaction from becoming excessive.

»  Without Glucocorticoids, the body cannot cope with even mild stressors.
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» Fat & glucose metabolism (Redistribution ajsidlssle| of Fat, increase of glucose).

» Maintenance of the vascular response to norepinephrine.

» Effects on CNS.
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Actions of Glucocorticoids (on Inflammation & Allergy)

» Damage to the tissues by trauma or infection almost always leads to inflammation.

» Inflammation can be more damaging than the trauma or disease itself.

» Attenuates fever mainly because cortisol reduces release of interleukin-1 from white blood cells.

» Cortisol blocks the inflammatory response to Allergic reactions = prevent Anaphylactic shock = prevent death.

» In pharmacological doses it have anti-allergic effects:

I. It decreases fibroblastic activity and local swelling.
2. Decrease phospholipase A2 which will Inhibit production of prostaglandins and leukotrines that mediate inflammation.
3. Inhibits collagenase from breaking down proteins.

4. Inhibits histamine release.



Anti-inflammatory Effects of Glucocorticoids

» Glucocorticoids are used to alleviate inflammation (has anti-inflammatory effect) How?

|. Reduces all aspects of the inflammatory process:  Only in Females’ Slides

v By stabilization of the intracellular lysozomal membranes — more

: 2. Block the early stages of the inflammation process
difficult for these membranes to rupture — less release of y Stag P

proteolytic enzymes that cause inflammation. . before inflammation even begin.

v Inhibit production of prostaglandins and leukotrines that mediate

inflammation via inhibiting phospholipase A2. . . ' )
3. If inflammation begun: It cause rapid resolution of

v Reduces degree of vasodilatation = vasoconstriction. i ) ) o ]
the inflammation & increase rapidity of healing.

v Decrease permeability of capillary membranes. Therefore, reducing

swelling.

v Decreases migration of white blood cells. - 4. Resolution of inflammation.

v Suppresses immune system.



Glucocorticoids on RBCs
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Suppression of Immune System By Glucocorticoids & Effect of L '

Cortisol increases the RBCs
count, platelets and neutrophils.

Decreases lymphocyte,

eosinophils and basophils count.

Administration of large doses of
cortisol causes significant atrophy
of lymphoid tissue throughout
the body.

Suppresses lymphoid tissue
systemically therefore decrease T cell
and antibody production decreasing
immunity. This decrease immunity
effect of cortisol is useful during
transplant operations in reducing
organ rejection.

Suppression of Immune System
By Glucocorticoids & effects on
RBCs

Decrease immunity could be fatal
in diseases such as tuberculosis.

13




Cont. Actions of Glucocorticoids
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Effect on circulation:

Maintains body fluid volumes & vascular integrity.
Cortisol levels vary with water intake.

Cortisol has mineralocorticoid effect:
Na+ reabsorption and K+ secretion.

Not as potent as aldosterone.

BP regulation & cardiovascular function: Sensitizes arterioles to
action of noradrenaline (Permissive effect).

Decreased capillary permeability.

Maintins normal renal function.

Mineral metabolism:

Anti-vitamin D effect: reduces osteoblast differentiation.

That’s why chronic elevated cortisol level cause osteoporosis

>
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Effect on CNS:

Negative feedback control on release of ACTH.

Modulates perception & emotion.

Effect on 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.

Effect on GIT:

Increase HCL secretion = Increases the acidity = Might cause

ulcers.



Glucocorticoids Abnormalities
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Abnormalities

!

Increase secretion of corticosteroid

Cushing’s Syndrome

|5

}

Decrease secretion of glucocorticoids
and mineralocorticoids

Addison's disease




Cushing's Syndrome

»  Cushing’s syndrome results from continued high glucocorticoid levels. ° o
» Patients’ ages are usually 30-60, the ratio between female and male is 4:| (respectively).

Causes of Cushing's Syndrome

ACTH independent ACTH dependent Other causes

Could be due to: Could be due to: Pharmacologic:
|.Adenomas of the anterior pituitary (75-90%) — increase ACTH.
Adrenal adenoma or
carcinoma.

Cushing's syndrome may occur
when large amounts of

S Cushing's diseasel! 9 Cushing's syndrome JI ¢ 3,81 il glucocorticoids are
L) ol ! a5 LhS W1 ey 5031 ¢y0 8,448 de gazead ple J22) ga Cushing's syndrome Ji administered over prolonged
- (B8 e o139 51,3]) :amg | Periods for therapeutic
Ja5)591 31,9 (8 85L3) e SJ9 «Cushing’s syndrome Jl o zydie o2 98 Cushing’s diseases I | PUFPOSEs:
(ACTH Dependent) ACTH » Jas a9 Jaias 9 L

.disease Ud dowl e 1) Pituitarydl § a9 oo O 13 Y] el SO syndrome 950 451 190! E.G. Patients with chronic
i inflammation associated with

diseases such as rheumatoid
arthritis.

When Cushing's syndrome is secondary to increased ACTH by the anterior pituitary =
Cushing's disease.

2.Abnormal function of the hypothalamus — increase CRH.

3. Ectopic secretion of ACTH by a tumor elsewhere in the body, such as an abdominal or
pulmonary carcinoma.



https://www.youtube.com/watch?v=ea1sXgd5ui8&t=4s
https://www.youtube.com/watch?v=ea1sXgd5ui8&t=4s
https://www.youtube.com/watch?v=oqCOGWXvuPs
https://www.youtube.com/watch?v=oqCOGWXvuPs

Diagnosis of Cushing's Syndrome

» How to differentiate between ACTH-dependent and ACTH-Independent Cushing's syndrome?
¢ Lt JUydl o 1 cPituitaryll oo SEIACTH I B3L5 o 80 5o Jo By oS (o

By administrating large doses of cortisol (dexamethasone).

»  ACTH-dependent:

Baldness and facial
hirsutism in females

In patients with T ACTH — No suppression of ACTH secretion.

»  ACTH-Independent:

Patients with primary adrenal overproduction of cortisol (ACTH-independent) —

! Levels of ACTH.
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We recommend you to see the biochemistry Cushing’s syndrome lecture to more differentiate
between ACTH-dependent and ACTH-independent.
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Acne

Moon face

Buffalo hump : Plethoric cheeks
Hypertension Osteoporosis
Increased
/ abdominal fat
Skin thinning
///) ||— Abdominal striae
/Q.
Avascular necrosis
of femoral head
Easy bruising
Muscle weakness
Poor wound
healing



Sign & Symptoms of Cushing's Syndrome

Sign & Symptoms of Cushing's Syndrome

On Carbohydrate Metabolism On Protein Metabolism Abnormal Fat Redistribution
v Chronic increase in Glucose level | v* Decrease tissue proteins almost everywhere in the body = v' Central obesity:
& gluconeogenesis = causing (except liver). Mobilization of fat from the lower part of the
adrenal diabetes. body, with concomitant extra deposition of fat
v" Protein loss from the muscles in particular causes severe | i, the thoracic, upper abdominal regions,

weakness. giving rise to a buffalo hump (truncal

obesity).

v May cause beta cells to die.
/ . .
v Decrease glucose utilization by Protein collagen fibers in the Subcutaneous (loss of CT).

the tissues. v . . v" The appearance of the face described as a
Loss of collagen will lead to sever osteoporosis. . ., )
moon face” (subcutaneous fat in cheeks

v" Thinning of the skin > Purple striae (purple stretch and submandibular).
marks).
What is the pathophysiology of striae! Breakdown of protein
— Breakdown of collagen — striae. | Cushing’s Syndrome = el §) <lg=9

Q83U T edoa> 515 Thin e 7l 8.4l @ d9-=gall gl pads 13
. striaedl 99 84l 335 Zly Oyl

of patients have hypertension (because of the mineralocorticoid effects of cortisol)

» Treatment: based on cause. (Reducing corticosteroid use, Surgery, Radiotherapy, Medications)

» 18



Addison's disease

» Definition: Addison’s disease results from an inability of the adrenal cortices to produce sufficient adrenocortical hormones,

Auto deficiency of cortisol and aldosterone. ADDISON'S DISEASE CUSHING'S SYNDROME

Thinning of scalp hair
Emotional instability
Acne

Moon face

Increased facial hair

Personality changes

Anorexia, nausea,

vomiting
. . 5 Buffalo hump
Causes of Adrenocortical insufficiency Hyper oot
pigmentation
. . Cardiac Cardiac
v" Autoimmune disease. insufficiency, hypertrophy
hypotension and pyper-
tension
v Tumor. Acimtn Adrenal:
a o H lasi
- v Infecti R o
Primary causes nfection. = nfootion Truncal
: : ) metastasis obsaity
i.e. Addison’s v Hemorrhage. Diarrhea, Striae of
disease abdominal skin
v' Metabolic failure. £28
Easy bruising
v Ketoconazole (glucocorticoid antagonist activity).
Muscle wasting:
* Weak
Secondary v Hypopituitarism. e wesinoss - Trin extremities
causes , ,
v' Suppression by exogenous steroids.
Diabetes
mellitus
A



https://www.youtube.com/watch?v=V6XcBp8EV7Q
https://www.youtube.com/watch?v=V6XcBp8EV7Q

Clinical Manifestation of Addison’s Disease

Clinical Manifestation Of Addison’s Disease

Due to Mineralocorticoid Deficiency

Due to Glucocorticoid Deficiency Due to 1 ACTH
(absence of aldosterone)
v The volume depletion(Reduction in v" Hypoglycemia (Reduced cortisol results in | v Darkened areas of
ECF volume) may be severe = Shock. poor blood glucose regulation). skin
v" General weakness and becoming easily tired (Generali?ed pigmentation,
v" 1 Excretion of sodium and water. (indicating that glucocorticoids are necessary | Put especially deposition in

the palmar skin creases,
nails and gums) because of |
ACTH will stimulate
Fatigability. synthesis of melanin.

to maintain other metabolic functions of the

v" Tendency toward low blood pressure tissues in addition to energy metabolism)
(Hypotension), which falls further
when standing, making the patient

feel dizzy. Anorexia (Decrease appetite) & weight loss.

v Craving suidl & )lifor salt, salty foods Cramps & pains in muscles.
and drinks.The person is allowed to eat Nausea (Feeling sick and vomiting from time
large amounts of salt and drink large to time).
amounts of water to balance the
increased urine output of salt and water.

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

» Treatment: glucocorticoid replacement, mineralocorticoid replacement.

» 20

Other causes

Women loss of
axillary and pubic
hair.

Irregular or
stopping menstrual
periods.

Adrenal crisis:
asthenia, severe
pains in the
abdomen, vascular
collapse.

Patient cannot
cope with stress.
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(a) Secondary hypersecretion due
to hypothalamic problem

(b) Secondary hypersecretion

due to pituitary problem
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Anterior }ACTH
pituitary
Adrenal 3 cortisol - - - - -
cortex Negative
feedback
fails
(_S'ymptoni\s;
“of excess’

CRH levels — high
ACTH levels — high
Cortisol levels— high

Hypothalamus = §CRH | |- e

> _( $ACTH
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ANTERIOR
PITUITARY

@ ;,

v

Adrenal *Corﬁsol _____

cortex

‘:'(?:/" ,

(éym ptoms,
“of excess’

* CRH levels — low
* ACTH levels — high

* Cortisol levels— high

(c) Primary hypersecretion due to
problem with adrenal cortex

Anterior
pituitary

\\ y
ADRENAL
CORTEX

— . {Cortisol --------
7

\ 4
“of excess’

CRH levels — low
ACTH levels — low
Cortisol levels— high




Summary
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Types

Transport

Secretion

Actions

Regulation

Glucocorticoids

1- Cortisol (more potent, more abundant)
2- Corticosterone (less potent, less abundant)

1- Bound (transcortin (Cortisol Binding Globulin) + Alboumin) 95%
2- Free (Active) 6%

- Circadian rhythm (high= early morning \ low= late evening)

A. On metabolism -carbohydrate: 1*Glucose level in blood - |, Their utilization for energy
-ErDtEin: ’]‘Amino acid level in blood — (\ a.a transport into extra-hepatic cells - Ma.a transport into hepatic cells)
-Fat: Mree fatty acids level in blood - M Their utilization for energy

B. On Stress - making metabolite immediately available for energy
- Permissive effect to noradrenaline (T*BP)

C.On - Stabilizes lysosomal membrane.

inflammation - Reduces degree of vasodilatation.
- Decreases permeability of capillaries and Decreases migration of WBC
- Suppresses immune system. (Suppresses lymphoid tissue: decrease T cell and
antibody production) *useful in transplantation

D. Allergicreactions - prevent shock and death (J, phospholipase A2 + Inhibits histamine release)
E. On blood cells - Increases RBC count, platelets, neutrophils
- Decreases lymphocyte “T cell”, eosinophils, basophils

F. On circulation - Excrete water load
- mineralcorticoid effect ("BP)

- Stress — stimulates CRH secretion by the hypothalamus.
- negative feedback (on hypothalamus + ant. Pituitary)


https://drive.google.com/open?id=1aih3-z7oY0NXZmqcw9vone06mU1So06a

Summary

Cushing’s Syndrome

Increase secretion of corticosteroid

Causes:

1-adenomas of the ant. Pituitary
(Cushing's disease)

2-"ectopic secretion" of ACTH by a
tumor

3-adenomas of the adrenal cortex.
4-glucocorticoids administered over
long periods (as therapy)

-Adrenal Diabetes

-Abnormal fat redistribution (truncal
obesity-moon face-buffalo torso)
-muscles weakness

-osteoporosis

-striae

-hypertension

-suppressed immune system.
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Addison's disease

Decrease secretion of glucocorticoids
and mineralocorticoids

Adrenocortical insufficiency

Causes:

1-primary (autoimmune disease,
tumors, infection, ketoconazole)
2-secondary (hypopituitarism,
exogenous steroids)

-Hypoglycemia
-J ECF volume.
-l BP

-Skin pigmentation

ADDISON'S DISEASE

Personality changes

Anorexia, nausea,
vomiting

Hyper-
pigmentation
Cardiac
insufficiency,
hypotension

Adrenal

atrophy:

* Autoimmune

* Infection

* Tumor
metastasis

Diarrhea,
abdominal
pain

Muscle weakness

CUSHING'S SYNDROME

Thinning of scalp hair
Emotional instability
Acne

Moon face

Increased facial hair
Buffalo hump
Osteoporosis

Cardiac
hypertrophy
and hyper-
tension

Adrenal:
* Hyperplasia
* Tumor

Truncal
obesity

Striae of
skin

Easy bruising

Muscle wasting:
* Weakness
* Thin extremities

Diabetes
mellitus



https://drive.google.com/open?id=1aih3-z7oY0NXZmqcw9vone06mU1So06a
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