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• The adrenal gland consists of:

1. Cortex >>> secrets adrenoortiosteroids and 
adrenal androgens.

2. Medulla >>> secrets epinephrine.

• The adrenal cortex is divided into three zones that 
synthesize various steroids from cholesterol and 
then secrete them:

1. The outer layer of adrenal cortex: produces
mineralocorticoids (for example, aldosterone).

2. The middle layer synthesizes glucocorticoids (for 
example, cortisol).

3. The inner layer secretes adrenal androgens (for
example, dehydroepiandrosterone).



AAdrenal Cortex and Medulla

As we studied before, the adrenal gland consists of two main parts: the cortex and the medulla.

❑ The medulla :secretes catecholamines: approximately 80% epinephrine and 20% norepinephrine. 

(We are not going to discuss them now.)

❑ The cortex : secretes adrenal corticosteroids from three different zones:

• Aldosterone — a mineralocorticoid secreted from the outer zone (zona glomerulosa). It acts on the kidney, 
particularly the nephron and collecting tubules, to increase sodium and water reabsorption, leading 
to hypernatremia and hypervolemia.

The main controller of aldosterone release is the renin–angiotensin system (RAS).

• Cortisol — a glucocorticoid secreted from the middle zone (zona fasciculata). It is called the stress hormone. It 
mainly controls blood glucose levels. Its effect on glucose is to increase blood glucose levels, mainly 
through gluconeogenesis, providing energy during stressful conditions. Therefore, chronic stress and prolonged 
cortisol elevation may contribute to the development of diabetes mellitus. The main purpose of cortisol in the body is 
to help overcome stressful conditions. 

Its release is mainly controlled by ACTH, which is released from the pituitary gland in response to CRH stimulation.

• Androgens — secreted from the inner zone (zona reticularis).

We will not discuss them now, as they are related to the reproductive/urogenital system.



Control of Adrenal Cortex Hormones 

❑Although aldosterone and cortisol are both secreted from the adrenal cortex, they have different control 
mechanisms.

Understanding these mechanisms is clinically important, especially in patients with adrenocortical 
insufficiency.

❑Adrenocortical insufficiency can be classified into three types:

✓ Primary adrenal insufficiency: The problem is located in the adrenal gland itself.

An example is Addison’s disease. In this case, both cortisol and aldosterone levels are decreased.

✓ Secondary adrenal insufficiency: The problem is located in the pituitary gland.

✓ Tertiary adrenal insufficiency: The problem is located in the hypothalamus.

• In the secondary and tertiary types, cortisol is deficient, while aldosterone remains normal because its 
secretion is mainly controlled by the renin–angiotensin system, rather than the hypothalamic–pituitary axis.

❑Regarding treatment, hormone replacement therapy is used:

• In primary adrenal insufficiency, we replace both cortisol and aldosterone.

• In secondary or tertiary adrenal insufficiency, we replace only cortisol.



• Secretion by the two inner zones and, to some
extent, the outer zone is controlled by pituitary
ACTH.

• Glucocorticoids serve as feedback inhibitors of
ACTH and CRH secretion.

• Hormones of the adrenal cortex are used in:

1. Replacement therapy

2. In the treatment and management of asthma 
as well as other inflammatory diseases, such as 
rheumatoid arthritis

3. In the treatment of severe allergic reactions

4. In the treatment of some cancers
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Uses of Adrenocortical Hormones

We have already discussed hormone replacement therapy. Now let's talk about the second major use, 
which is mainly related to glucocorticoids.

❑Glucocorticoids have many biological functions, so even in patients without glucocorticoid 
deficiency, we can prescribe them for therapeutic purposes, particularly in inflammatory 

diseases such as asthma and rheumatoid arthritis.

❑How Do Glucocorticoids Act as Anti-Inflammatory Agents?

• Under normal physiological conditions, when someone develops a microbial infection, 
inflammation is initially stimulated as a defense mechanism. 

• Once the invading microorganisms are eradicated, the body produces cortisol, which helps suppress 
the inflammatory response.

• Therefore, glucocorticoids should not be used indiscriminately during an active microbial 

infection, because their anti-inflammatory and immunosuppressive effects can weaken the body's 
defense mechanisms and allow the infection to spread or worsen.

• They may be used when the infection has been controlled but the patient continues to experience 

significant inflammatory symptoms like fever and fatigue.



decreasing the total count of white blood cells by two mechanisms:

a) Redistribution 

b) Induction of apoptosis 

Reduction of Inflammatory Mediators :prostaglandins and leukotrienes.

Inhibition of Histamine-Mediated Inflammation.

Mechanisms of the Anti-Inflammatory Effects of Cortisol:

Each mechanism will be discussed 
in the next slides 



Mechanisms of the Anti-Inflammatory Effects of Cortisol:

❑ One important effect of glucocorticoids can be observed in the CBC (complete blood count).

During glucocorticoid therapy, the total white blood cell count may decrease.

❑ There are two main mechanisms:

a. Redistribution:-

• This is the major mechanism. Different leukocytes are redistributed between the blood and tissues.

– Mast cells, eosinophils, and basophils are redistributed out of the circulating blood and into other compartments, 
resulting in a decrease in their measured blood count.

– Neutrophils, in contrast, move into the circulating blood, resulting in neutrophilia.

b. Induction of apoptosis:-

• Cortisol can also induce apoptosis of certain immune cells. However, this effect is less significant than redistribution and 
is generally considered a mild-to-moderate contributor to the reduction in circulating white blood cells.

• Since white blood cells play a major role in inflammation and immune responses, glucocorticoids suppress 
both inflammation and immune activity. Therefore, they can also be used as immunosuppressive agents.

❑ For example, during periods of significant stress, such as an exam period, increased cortisol levels may contribute to 
changes in immune function. This may be associated with conditions such as recurrent mouth ulcers or worsening of 
inflammatory/autoimmune conditions such as alopecia. Stress may also be associated with acne flares and increased 
susceptibility to opportunistic infections such as tonsillitis and pharyngitis.

❑ Because glucocorticoids have effects on certain malignant cells, they are also used in the treatment of leukemia and 
certain other cancers, depending on the specific disease.



• Glucocorticoids in Organ Transplantation

• Glucocorticoids are also used in organ transplant patients because the 

transplanted organ is recognized by the body as foreign tissue/antigen. This 
activates the immune system, leading to an immune response against the 

transplanted organ.

• Glucocorticoids suppress this immune response and therefore help prevent or 
control organ rejection.



Mechanisms of the Anti-Inflammatory Effects of Cortisol:

❑Reduction of Inflammatory Mediators

The second major mechanism of glucocorticoids is the reduction of inflammatory mediators, 
particularly prostaglandins and leukotrienes.

• The pathway begins with arachidonic acid, which is present in the phospholipid bilayer of cell 
membranes.

• Arachidonic acid is released from membrane phospholipids by phospholipase A₂ (PLA₂).

• After its release, arachidonic acid can enter two major pathways:

➢Cyclooxygenase (COX) pathway;

→ produces prostaglandins, many of which are pro-inflammatory.

➢Lipoxygenase (LOX) pathway;

→ produces leukotrienes, some of which are pro-inflammatory while others have anti-inflammatory 
effects.

→An important point is that leukotrienes can induce bronchoconstriction, which is particularly 
important in asthma.



NSAIDs and Asthma

• Non-steroidal anti-inflammatory drugs (NSAIDs) such as ibuprofen and diclofenac
inhibit the cyclooxygenase (COX) pathway, thereby reducing prostaglandin synthesis.

• However, in susceptible asthmatic patients, inhibition of COX can cause a relative shunting 
of arachidonic acid toward the lipoxygenase pathway, increasing the production of 
leukotrienes. Because certain leukotrienes cause bronchoconstriction, this can exacerbate 
an asthmatic attack.

• Therefore, NSAIDs should NEVER be prescribed for asthmatic patients.

• Why Are Glucocorticoids Used?

• Glucocorticoids inhibit phospholipase A₂ activity, reducing the release of arachidonic acid 
from membrane phospholipids.

• As a result, there is less free arachidonic acid available for both the COX and LOX pathways, 
leading to a reduction in the formation of multiple inflammatory mediators, 
including prostaglandins and leukotrienes.

• This is one of the major mechanisms responsible for the anti-inflammatory effects of 
glucocorticoids.



Glucocorticoids

Glucocorticoids

The adrenocorticoids bind to specific intracellular 
cytoplasmic receptors in target tissues.

The glucocorticoid receptor is widely distributed

throughout the body, whereas the mineralocorticoid 
receptor is confined mainly to excretory organs, such as 
the kidney, colon, and salivary and sweat glands >>>> 
glucocorticoid has wider spectrum of activity than 
mineralocorticoid.



Inhibition of Histamine-Mediated Inflammation

❑Histamine in Inflammation and Allergic Reactions ::

• Histamine is an important mediator of inflammation and allergic reactions.

• It is mainly stored in granules within mast cells (and basophils) and monocytes .

• When these cells are activated, they undergo degranulation, releasing histamine into the surrounding tissues.

❑Effect of Glucocorticoids on Histamine

• Glucocorticoids reduce histamine-mediated inflammation by suppressing inflammatory-cell activation and 

mediator release, including reducing histamine release from mast cells. 

➢ Glucocorticoids →↓ mast-cell activation/degranulation →↓ histamine release →↓ inflammation and 
allergic response

❑ Important: 

This mechanism is different from that of antihistamine drugs.

• Glucocorticoids: decrease inflammatory mediator production/release.

• Antihistamines: act mainly as histamine-receptor blockers (especially H₁ receptors), preventing histamine 
from producing its effects.



❑ Anaphylactic Shock ::

• Anaphylaxis is a severe, rapidly developing systemic allergic reaction characterized by massive release of inflammatory 
mediators, particularly histamine. 

❑Major Effects of Histamine ::

1. On blood vessels

• Histamine → H₁ receptors → vasodilation → ↓blood pressure (hypotension) → ↓ tissue/brain perfusion → loss of conscious .

2. On bronchi

• Histamine → H₁ receptors → bronchoconstriction → severe airflow limitation → hypoxemia → cyanosis .

➢ Severe patient may present with: Severe hypotension + bronchoconstriction → unconsciousness + cyanosis.

❑ Emergency Treatment of Anaphylaxis

1. Antihistamines : antagonists to prevent the binding of histamine on the receptors and stop the action of already existing 
histamine 

2. Glucocorticoids: To prevent the synthesis and release of new histamine

3. Epinephrine (not norepinephrine) :the FIRST and most important treatment ;

➢ Epinephrine works rapidly through several mechanisms:

• α₁ receptors on blood vessels → vasoconstriction → ↑ blood pressure → physiological antagonism of the hypotension 

• β₂ receptors in the lungs → bronchodilation → improves airflow→ physiological antagonism of the bronchoconstriction.

• β₂ receptors on mast cells → decreases further mediator release→ this is the most wanted DIRECT effect of EPI. 

✓ This three drugs are given together to make Synergic response to safe the patient’s life as fast as possible in emergency 
situations.

✓ Rout of administration is: IV for the three drugs 

✓ ((note: Epi IM :for first-line in anaphylaxis// Epi IV: only for severe/refractory cases with close monitoring because of 
arrhythmia and hypertension risk.))

❑ Norepinephrine is not used as the first-line treatment in anaphylactic shock because it lacks 

β2 stimulation, so it does not cause adequate bronchodilation or reduce airway obstruction



Glucocorticoids and Leukemia

❑ can they be used to treat cancers?

• Yes, Since glucocorticoids decrease the number and activity of white blood cells ,but only certain types, such 
as acute leukemia.

❑What is leukemia?

– Leukemia = a cancer of blood-forming tissues characterized by uncontrolled proliferation of abnormal 
white blood cell precursors.

❑ Therefore, glucocorticoids can be used in acute leukemia because they:

– ↓ White blood cell count

– ↓ White blood cell activity



❑Catabolic Effects :Glucocorticoids have catabolic effects on:

• Proteins →↑ protein breakdown →↓muscle mass → thin extremities // Lipids →↑ lipolysis

• Carbohydrate metabolism → glycogen breakdown and gluconeogenesis→↑ blood glucose to provide energy, 
especially during stress

Therefore, prolonged glucocorticoid therapy can produce iatrogenic Cushing syndrome. 

❑ If glucocorticoids are catabolic, why does the patient with Cushing syndrome usually gain weight?

✓Glucocorticoids are steroid hormones, not peptides, so they are highly lipophilic. Therefore, they have wide 
distribution throughout the body and can cross barriers, especially the blood–brain barrier. 

✓Once they enter the CNS, they can produce several central effects, including: ↑ Appetite →↑ food intake →
weight gain

✓ This can be understood physiologically during stress:

↑ Stress →↑ energy requirement →↑ cortisol →↑ blood glucose + ↑ appetite →more energy available

❑So, although cortisol has catabolic effects that contribute to muscle wasting and thin extremities, the patient 
may still have overall weight gain because of increased appetite and food intake. 

Glucocorticoids: Catabolic & CNS 

Effects



❑Other CNS Effects of Glucocorticoids ::

Glucocorticoids can also stimulate the CNS and increase the sensitivity of the sympathetic system. 

• Therefore, the patient may become:

More nervous + More irritable or aggressive + More excited/alert + More likely to develop sleep disturbances. 

❑This explains why glucocorticoids are preferably given in the morning??

Because the morning administration → ↓ reduce sleep problems (anroxia) + mimics physiological cortisol secretion.

❑Physiologically,

cortisol secretion is highest in the early morning and afternoon then falls throughout the day. 

Therefore, in replacement therapy, if the dose is divided:

⅔ of the dose → early morning
⅓ of the dose → afternoon 

→ This mimics the natural pattern of cortisol secretion.

Glucocorticoids and Blood Pressure
• Glucocorticoids can increase blood pressure through two mechanisms: 

1.  Sensitivity to the Sympathetic System by increasing the responsiveness of BVs to epinephrine. 

Glucocorticoids → ↑ response to epinephrine → ↑ vasoconstriction → ↑ blood pressure

2. Mild Mineralocorticoid Effect :Glucocorticoids have some mineralocorticoid activity, which causes: 

↑ Na⁺ and water retention → ↑ blood volume (hypervolemia) → ↑ blood pressure.



• Cortisol is the principal glucocorticoid.

• Glucocorticoid production is diurnal, with a peak early in the morning 
followed by a decline and then a secondary, smaller peak in the late 
afternoon.

• Factors such as stress influence secretion.

The effects of cortisol are:

1. Glucocorticoids favor gluconeogenesis and stimulate protein 
catabolism (except in the liver) and lipolysis >>>> providing the 
building block for glucose synthesis >>>> Hyperglycemia

Glucocorticoids
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2. Increase resistance to stress: (HOW?!) By raising plasma glucose levels
>>> provide the body with the energy it requires to combat stress.

3. Glucocorticoids can cause a modest rise in BP, apparently by
enhancing the vasoconstrictor action of adrenergic stimuli on small
vessels.

iii.

4. Alter blood cell levels in plasma: (HOW?!)
ii. Glucocorticoids cause a decrease in eosinophils, basophils, 

monocytes
Lymphocytes by redistributing them from the circulation to 
lymphoid tissue

iv. Increase the blood levels of hemoglobin, erythrocytes, platelets, and
neutrophils.

Glucocorticoids

Glucocorticoids



6. Have anti-inflammatory action:

vi. Reduce the inflammatory response

vii. Suppress immunity

The mechanism may be due to:

A. The lowering and inhibition of peripheral lymphocytes and 
macrophages

B. Indirect inhibition of phospholipase A2, reduced COX-2 synthesis in
inflammatory cells.

C. Decreased histamine release.

Glucocorticoids

Glucocorticoids



7. Affect other components of the endocrine system:

vii. Feedback inhibition of ACTH and TSH
production by glucocorticoids.

viii. In contrast, GH production is increased (important).

8. Adequate cortisol is essential for normal renal GF

9. High doses of glucocorticoids stimulate gastric acid
and pepsin production and may exacerbate ulcers.

10. On CNS, they influence mental status.

11. Chronic glucocorticoid therapy can cause severe
bone loss. Myopathy and weakness.

Glucocorticoids

Glucocorticoids

❑Glucocorticoids can increase the risk of gastric 
mucosal injury through two main effects: 

1. ↑ Pepsin Activity and increase conversion of 
Pepsinogen to Pepsin
→↑ digestive activity in the stomach →↑ potential 
mucosal injury.

2. ↓ Prostaglandin Production
Glucocorticoids decrease prostaglandin synthesis. 

Normally, prostaglandins:
↑Mucus production + ↑ Bicarbonate secretion + 
Maintain gastric mucosal blood flow
So:
↓ Prostaglandins →↓mucosal protection → gastric 
erosion → ulcer

Clinical Point
For patients at significant risk of GI complications, 
the physician may add a proton pump inhibitor (PPI) 
for gastric protection. 



:رسالة من الفريق العلمي

،أغُلققدالطريقأنيعنينريدماتأخّرأننظنأحياناً

.خيرهومالنايهُيئّلأنهالشيءيؤخّرقداللهأنوننسى

،هذاحدثلماذاالآنتفهملاقد

،تمنّيتكماالأمورتسرلمولماذا

…جديدمنتبدأأناضطررتولماذا

.عبثاًشيئاًلكيكتبلااللهأنثقلكن

،لكيكنلمفاتكما

،سيأتيكلككُتبوما

.منعهعلىكلهمالناساجتمعولو

،قلبكفهدأ

.رتدبيفيهلكيكنلمفيماالتفكيربكثرةنفسكترُهقولا

…للهاتركها
،نفسكمنبكأرحمفالله

،لكيصلحبماوأعلم

.تتمنىماكلمنبكوألطف
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