Adrenal gland disease




Adrenal Anatomy

. Asmall, triangular glands loosely attached
to the kidneys

Adivided into two morphologically and
distinct regions

- adrenal cortex (outer)

- adrenal medulla (inner)







Adrenal Medulla

N

L/

Lecture Objectives:

Awhat are the adrenal medulla hormones?

Awhat are their endocrine effects?

Awhat is pheochromocytoma?




Anatomy and Origin

N

Aembryologically derived from
pheochromoblasts

Adifferentiate into modified neuronal cells

Amore gland than nerve
Achromaffin cells

Aacts like sympathetic ganglion




Function of the Adrenal Medulla

«.Aan extension of the sympathetic nervous
system

Aacts as a peripheral amplifier

Aactivated by same stimuli as the
sympathetic nervous system

(examples T exercise, cold, stress,
hemorrhage, etc.)
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Hormones of the Adrenal Medulla

" Aadrenaline, epinephrine

Anoradrenaline, norepinephrine

A80% of released catecholamines are
epinephrine

Adormones are secreted and stored in
the adrenal medulla and released In
response to appropriate stimuli




Catecholamine Synthesis

tyrosine

N

\ tyrosine hydroxylase

dihydroxyphenylalanine
L-aromatic amino acid decarboxylase
dopamine
\ dopamine-B-hydroxylase
norepinephrine
phenylethanolamine-N-methyltransferase

epinephrine




Mechanism of Action

Areceptor mediated i adrenergic receptors

Aperipheral effects are dependent upon the
type and ratio of receptors in target tissues

Receptor o B
Norepinephrin | +++++ ++
e
Epinephrine ++++ F+++

Relative effecis of epinephrine and norepinephrine on o and P adrenergic receptors.
Guyton




Differences between Epinephrine
and Norepinephrine

N

# Epinephrine >> norepinephrine 1 in terms of
cardiac stimulation leading to greater cardiac
output (B stimulation).

# Epinephrine < norepinephrine 1 in terms of

constriction of blood vesselsi leading to
Increased peripheral resistancel increased
arterial pressure.

# Epinephrine >> norepinephrine T1in terms of
Increasing metabolism Epi = 5-10 x Norepi.
= 100% normal




Effects of Epinephrine

Ametabolism

- glycogenolysis In liver and skeletal
muscle

Acan lead to hyperglycemia

- mobilization of free fatty acids

- Increased metabolic rate

AO, consumption increases




Pheochromocytoma

< Aa catecholamine-secreting tumour of
chromaffin cells of the adrenal medulla

adrenal pheochromocytoma (90%)

Aparaganglioma i a catecholamine
secreting tumour of the sympathetic
paraganglia

extra-adrenal pheochromocytoma



Signs and Symptoms of Pheochromocytoma

.. Atreatment resistant hypertension (95%)

Aheadache

Asweating \ classic triad
Apalpitations e

Achest pain

Aanxiety

Aglucose intolerance
Aincreased metabolic rate




Diagnosis and Treatment

-Adiagnosed by high plasma free
metanephrines and normetanephrines

Ano precious test for adrenal or extra-
adrenal

Atreatment is surgical resection




The Adrenal Cortex

ar

ecture Objectives:

Aidentify the regional production of
adrenal cortex hormones

Awhat are the physiological actions of
cortisol?

Awhat are Addi sonos
Cushingodos syndr ome?







Adrenal Cortex

s produced by the adrenal cortex are
referred to as corticosteroids.

hese comprise mineralocorticoids,
glucocorticoids and androgens.

Arhe cortex is divided into three regions:

fona glomerulosa
Azona fasciculata
Azona reticularis




N

Zona Glomerulosa

# Outermost zone i just below the adrenal capsule
# Secretes mineralocorticoids.

# Mineralocorticoids are aptly termed as they are

Involved in regulation of electrolytes in ECF.

# The naturally synthesized mineralocorticoid of most
Importance is aldosterone.




N

Zona Fasciculata

# Middle zone T between the glomerulosa and
reticularis

# Primary secretion is glucocorticoids.

# Glucocorticoids, as the term implies, are involved the
Increasing of blood glucose levels. However they
have additional effects in protein and fat metabolism.

# The naturally synthesized glucocorticoid of most
Importance is cortisol.




N

Zona Reticularis

# Innermost zone i between the fasciculata and
medulla

# Primary secretion is androgens.

# Androgenic hormones exhibit approximately the
same effects as the male sex hormone 1
testosterone.

NB.: Overlap in the secretions of androgens and
glucocorticoids exist between the fasciculata and
reticularis.
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Hormones of the Adrenal Cortex

"~ Aall adrenal cortex hormones are steroid

CH,OH
HO

I
Cc=0
OH
HO
O

(0]

testosterone cortisol

Anot stored, synthesized as needed




Aldosterone

Aa steroid hormone

N

L/

fessential for life (acute)

Aresponsible for regulating Na*
reabsorption in the distal tubule and the
cortical collecting duct

At arget cells are cal

- stimulates synthesis of more Na/K-
ATPase pumps
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Effects of Aldosterone

N

#Renal and circul atory
volume regulation, sodium and potassium
ECF concentrations)

# Promotes reabsorption of sodium from the
ducts of sweat and salivary glands during
excessive sweat/saliva loss.

# Enhances absorption of sodium from the
Intestine esp. colon. 1 absence leads to
diarrhea.




Regulation of Aldosterone Release

" Adirect stimulators of release

- Increased extracellular K*
- decreased osmolarity
-ACTH

Aindirect stimulators of release (RAAS)

- decreased blood pressure
- decreased macula densa blood flow




Glucocorticoids - Cortisol

N

Aa steroid hormone

- plasma bound to corticosteroid
binding globulin (CGB or transcortin)

Aessential for life (long term)

Athe net effects of cortisol are catabolic

- prevents against hypoglycemia



Physiological Actions of Cortisol

«-Apromotes gluconeogenesis

Apromotes breakdown of skeletal muscle
protein

Aenhances fat breakdown (lipolysis)
Asuppresses immune system

Abreakdown of bone matrix (high doses)




Anti-inflammatory Effects of Cortisol

N

Areduces phagocytic action of white blood
cells

Areduces fever
Asuppresses allergic reactions

Awide spread therapeutic use




Effect-on Blood Cells and Immunity

# Decrease production of eoisinophils and lymphocytes

# Suppresses lymphoid tissue systemically therefore
decrease in T cell and antibody production thereby
decreasing immunity

# Decrease immunity could be fatal in diseases such as
tuberculosis

# Decrease immunity effect of cortisol is useful during
transplant operations in reducing organ rejection.




Regulation of Cortisol Release

N

L/

Acortisol release is regulated by ACTH
Arelease follows a daily pattern - circadian

Anegative feedback by cortisol inhibits the
secretion of ACTH and CRH




N

Hypothalamus
CRH®

Cortisol




Synthesis In the Cortex
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Regulation of Cortisol Release cont

“Enhanced release can be caused by:

Aphysical trauma
Ainfection

Aextreme heat and cold
Aexercise to the point of exhaustion
Aextreme mental anxiety




Adrenal Cortex Dysfunctions

N

ypoadrenalismi Addi sonos Di s

Aadrenal cortex produces inadequate
amounts of hormones

Acaused by autoimmunity against
cortices 80%

Aalso caused by tuberculosis, drugs,
cancer

Aplasma sodium decreases and may
lead to circulatory collapse



N

Mineralocorticoid Deficiency

# Lack of aldosterone:

A

A

A

ncreased sodium, chloride, water loss
Decrease ECF volume

Hyperkalemia

A Mild acidosis
A Increase RBC concentration
A Decrease cardiac outputi shock - death

within 4 days to a 2 weeks if not treated




Glucocorticoid Deficiency

N

# Loss of cortisol
A Disruption in glucose concentration
A Reduction in metabolism of fats and proteins
A Patient is susceptible to different types of stress

A Sluggishness of energy mobilization result in weak
muscle even when glucose and other nutrients are
available T cortisol is needed for metabolic
function




Melanin Pigmentation

N

#Characteristic of
uneven distribution of melanin
deposition in thin skin eg. Mucous

membranes, lips, thin skin of the
nipples.

# Feedback and effect on MSH




Treatment

N

#® Total destruction, if untreated, could
lead to death with a few days.

#®Treatment i small quantities of

mineralocorticoids and glucocorticoids
daily.




lyperadrenalismi Cus hi ngos Syr

N

L/

Acaused by exogenous glucocorticoids
and by tumours (adrenal or pituitary)

Azg tumour increases aldosterone
-Increased sodium, blood pressure
-80% suffer from hypertension

Azr tumour increases cortisol
- excess protein catabolism,
redistribution of fat



Characteristics

N

# Buffalo torso

A Redistribution of fat from lower parts of
the body to the thoracic and upper
abdominal areas

#Moon Face
A Edematous appearance of face

A Acne & hirsutism( excess growth of facial
hair)




Effects on Carbohydrate
: Metabolism
0 Adr enal di abet eso

A Hypersecretion of cortisol results in
Increase blood glucose levels, up to 2 x
normal (200mg/dl)

AProl onged oversecret.
outo the beta cells o
resulting in life long diabetes mellitus




Effects on Protein Metabolism

N

# Decrease protein content in most parts of the
nody resulting in muscle weakness

# |n lymphoid tissue T decrease protein
synthesis results in suppression of the
Immune system

# Lack of protein deposition in bones can result
IN 0Steoporosis

# Collagen fibers in subcutaneous tissue tear
forming striae







Treatment

N

# Removal of adrenal tumor if this is the
cause

# Microsurgical removal of hypertrophied
pituitary elements to reduce ACTH
secretion

# Partial or total adrenalectomy followed
by administration of adrenal steroids to
compensate insufficiencies that develop




ENDOCRINOLOGY
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Structure of Adrenal Gland

N

# Cortex
A Zona glomerulosa
A Zona fasciculata
A Zona reticularis

# Medulla

A Modified post-ganglionic neurons intimately
connected to sympathetic neurons.







/Adrenal Gland




