Practical endocrinology —First course
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Adrenocorticotropic Hormone (ACTH) or Corticotropin.

- The principal actions of corticotropin are exerted on the adrenal cortex and extra adrenal tissue.
ACTH increases the synthesis of corticosteroids by the adrenal cortex and also stimulates their
release from the gland. Profound changes in the adrenal structure, chemical composition and
enzymatic activity are observed as a response to ACTH.

ACTH produces both a tropic effect on steroid production and tropic effect on adrenal tissue.

Cortisol is a steroid hormone Mechanism of Adrenocorticotropic Hormone _)(')
produced by the adrenal cortex In L .

CRH

response  to  adrenocorticotropic D ... i
hormone (ACTH) from the pituitary DPRAGN < lraleon g

gland. - i}
Cortisol secretion is regulated by the CRH o ] ;
hypothalamic-pituitary- adrenal (HPA) | ool mhbiton | i reased negative il

axis through a negative feedback A eads 0 loWACTH Y

mEChan ism . gy s adrenal
Adrenal Gland gland
ACTH
cortisol

hypercortisolism




1. Hypothalamic Control

The hypothalamus secretes corticotropin-releasing hormone (CRH) in response to stress, circadian rhythms, or low cortisol
CRH stimulates the anterior pituitary to release ACTH.

2. Pituitary Control

ACTH stimulates the adrenal cortex, to produce and release cortisol.

ACTH levels fluctuate based on feedback from circulating cortisol levels.

3. Adrenal Cortex Response

Cortisol is synthesized from cholesterol and released into the bloodstream.

It binds to glucocorticoid receptors, influencing metabolism, immune function, and stress response.
4. Negative Feedback Mechanism

Elevated cortisol levels inhibit CRH and ACTH secretion via negative feedback to the hypothalamus and pituitary.
5. Circadian Rhythm of Cortisol

Cortisol levels peak in the early morning (6-9 AM) and decline throughout the day.

Lowest levels occur at midnight, aligning with the sleep-wake cycle.

6. Stress Response and Cortisol

Physical and psychological stressors increase CRH release, leading to elevated ACTH and cortisol secretion.



1.Glucocorticoid hormones: The important glucocorticoids are cortisol, cortisone and corticosterone.
They bring about several biochemical functions in the body.

(a) Effects on carbohydrate metabolism: Glucocorticoids promote the synthesis of glucose
(gluconeogenesis). This is brought about by increasing the substrates (particularly amino acids) and
enhancing the synthesis of phosphoenolpyruvate carboxykinase, the rate limiting enzyme in
gluconeogenesis. The overall influence of glucocorticoids on carbohydrate metabolism is to increase
blood glucose concentration. The biological actions of glucocorticoids generally oppose that of insulin.
(b) Effects on lipid metabolism: Glucocorticoids increase the circulating free fatty acids. This is caused
by two mechanisms.

(i) Increased breakdown of storage triacylglycerol (lipolysis) in adipose tissue.

(i) Reduced utilization of plasma free fatty acids for the synthesis of triacylglycerols.

(c) Effects on protein and nucleic acid metabolism: Glucocortiocoids exhibit both catabolic and
anabolic effects on protein and nucleic acid metabolism. They promote transcription (RNA synthesis)
and protein biosynthesis in liver. These anabolic effects of glucocorticoids are caused by the stimulation
of specific genes. Glucocorticoids (particularly at high concentration) cause catabolic effects in
extrahepatic tissues (e.g. muscle, adipose tissue, bone etc.). This results in enhanced degradation of
proteins.

(d) Effects on water and electrolyte metabolism: The influence of glucocorticoids on water metabolism is
mediated through antidiuretic hormone (ADH). Deficiency of glucocorticoids causes increased
production of ADH. ADH decreases glomerular filtration rate causing water retention in the body.
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Cortisol, cortisone, and corticosterone are all steroid hormones, but differ in their function and presence in species.
Cortisol is the primary stress hormone in humans
corticosterone is the primary one in many other animals like birds and rodents.

Cortisone is a less active form of cortisol that is converted to it in the body or used as a synthetic medication



Differences Between Cortisol & Cortisone

Aspect

Cortisol

Cortisone

Biological Roles

Primary stress hormone;
affects metabolism,
immunity, blood pressure

Precursor to cortisol; anti-
inflammatory effects

Origin

Produced directly by
adrenal glands

Produced as a precursor,
converts to cortisol

Conversion

Directly active

Converted into active
cortisol in the liver

Medical Applications

Synthetic forms treat
autoimmune, allergic
conditions

Used in injections for
localized inflammation

Circadian Rhythm

Peaks in early morning

Levels depend on cortisol
conversion

Corticosterone active glucocorticoid (in rodents/birds)




(e) Effects on the immune system: Glucocorticoids (particularly cortisol), in high doses, suppress the host
Immune response. The steroid hormones act at different levels—damaging lymphocytes, impairment of
antibody synthesis, suppression of inflammatory response etc.

() Other physiological effects of glucocorticoids: Glucocorticoids are involved in several physiological functions.
(i) Stimulate the fight and flight response (to face sudden emergencies) of catecholamines.

(i1) Increase the production of gastric HCI and pepsinogen.

(ii1) Inhibit the bone formation, hence the subjects are at a risk for osteoporosis.

Mechanism of action of glucocorticoids: Glucocorticoids bind to specific receptors on the target cells and
bring about the action. These hormones mostly act at the transcription level and control the protein synthesis.




Methods for Cortisol Estimation

Sel\(eral Iaéooratory methods are used to estimate cortisol levels in biological fluids, including serum, plasma,
saliva, and urine.

1.

Enzyme-Linked Immunosorbent Assay (ELISA)

A commonly used method based on antigen-antibody interactions.

Utilizes enzyme-labeled antibodies and a colorimetric reaction for detection.
High sensitivity and specificity. Used for both serum and saliva samples.

2. Radioimmunoassay (RIA)

* Involves radiolabeled cortisol and antibodies to measure hormone levels.
* High accuracy but requires special handling of radioactive materials. ELISA)) a2 3i¥h Jai sl Lolial) Fiaall gal 4
* Mostly replaced by safer immunoassays in modern laboratories. Bidaal) sluadly ddelunal) S (o saiad pladudd) dadlh 43y
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= Commonly used in clinical settings. CLIA)) (sl (el Aslid) a3
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* The gold standard for cortisol estimation due to its high specificity and accuracy. A ed) SIEY) B il S8y arkiod
« Capable of distinguishing cortisol from similar steroid hormones. LC-MS/MS)) AL itaa-Jid L8 £ silag 5.4
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Sample Collection and Handlingl
1.Serum/Plasma Cortisol Estimation

Sample Type: Blood collected in a plain or heparinized tube.
Timing: Samples should be collected in the morning (6—-9 AM) and evening (4-6 PM) to assess diurnal variation.

Storage: If not analyzed immediately, serum/plasma should be stored at -20°C.

2. Salivary Cortisol Estimation 142 Jalaill g Cilial) 2an
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Advantages: Non-invasive, convenient for multiple sampling. Ol glas sl gole gl B Ay a3 ad sl £
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Collection: Passive drool or salivette swabs.

3. Urinary Free Cortisol (UFC) Estimation

Sample Type: 24-hour urine collection. Basia clipe Y qubiayg Al o8 il
Sladll o) eadead) ladl) Cilavsa s zaall
Purpose: Evaluates overall cortisol secretion over a day. Sl s Agia daa 20- 5 s Aa 3 die dana 10 AT
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Storage: Refrigerated during collection, then frozen for analysis.



*Normal Reference Ranges for Cortisol

* Morning Serum Cortisol: 6—-23 pg/dL (165—-635 nmol/L)
* Evening Serum Cortisol: 3-13 pg/dL (83—359 nmol/L)
e Salivary Cortisol (Morning): 3.5-27.0 nmol/L

e Urinary Free Cortisol: 20-90 pg/24 hours

Normal Reference Ranges for ACTH

 Morning (around 8 AM): 9 to 52 pg/mL (picograms per milliliter)
O Afternoon (around 4 PM): 5 to 20 pg/mL
J ACTH levels fluctuate throughout the day, typically being highest in the morning and

lowest in the evening, in accordance with the body's natural circadian rhythm.
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Clinical Significance of Abnormal Cortisol

A Elevated Cortisol Levels (Hypercortisolism)

« Cushing’s Syndrome: Excess cortisol production due to adrenal adenomas or prolonged steroid use.
« Cushing’s Disease: ACTH-secreting pituitary adenoma leading to increased cortisol levels.

« Chronic Stress: Persistent activation of the hypothalamic-pituitary-adrenal (HPA) axis.

« Ectopic ACTH Syndrome: ACTH-producing tumors (e.g., small cell lung cancer).

A Reduced Cortisol Levels (Hypocortisolism)

« Addison’s Disease: Primary adrenal insufficiency causing low cortisol levels.
« Secondary Adrenal Insufficiency: Pituitary dysfunction leading to decreased ACTH and cortisol.

« Congenital Adrenal Hyperplasia (CAH): Enzyme deficiencies affecting cortisol synthesis. ) o
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High ACTH Levels can be caused by:

1.Cushing's Disease — A tumor in the pituitary gland that secretes excessive ACTH, leading
to overproduction of cortisol by the adrenal glands.

2.Ectopic ACTH Syndrome — A condition where non-pituitary tumors (like lung cancers)
produce ACTH, resulting in high cortisol levels.

3.Addison’s Disease — Primary adrenal insufficiency where the adrenal glands do not
produce enough cortisol, and the pituitary compensates by producing excess ACTH.
4.Chronic Stress — Prolonged stress can cause increased ACTH secretion as part of the

body’s stress response.
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Low ACTH Levels can be caused by:

1.Adrenal Insufficiency — Secondary adrenal insufficiency occurs when the pituitary
doesn’t secrete enough ACTH to stimulate the adrenal glands. This can result from
pituitary damage or dysfunction.

2.Cushing's Syndrome (Exogenous) — Caused by taking corticosteroid medications that
suppress ACTH production and the adrenal glands' function.

3.Pituitary Dysfunction or Tumors — Damage to the pituitary gland from tumors or other
conditions can result in insufficient ACTH production.

4.Hypopituitarism — A condition where the pituitary gland produces insufficient
hormones, including ACTH.
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Dynamic Function Tests for Cortisol

When baseline cortisol levels are inconclusive, dynamic tests assess adrenal function:

1. Dexamethasone Suppression Test (For Cushing’s Syndrome Diagnosis) Low-dose (1 mg):
Administered at night, followed by morning cortisol measurement.

High-dose (8 mg): Differentiates between Cushing’s disease and ectopic ACTH production.

2. ACTH Stimulation Test (For Adrenal Insufficiency Diagnosis)Synthetic ACTH is injected, and
cortisol response Is measured.

Failure to increase cortisol indicates adrenal insufficiency.

3. Insulin Tolerance Test (I'TT) (For HPA Axis Function)Insulin-induced hypoglycemia should
stimulate cortisol release. Used in cases of suspected secondary adrenal insufficiency.
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