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Introduction

* Among most
important and vital
endocrine organ

- Small bilateral
yellowish
retroperitoneal
organ

« Lies just above
kidney in gerota’s
fascia

Adrenal glands
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The Adrenal Gland

Anatomy was first described in 1563.

Is located above (or attached to) the upper
pole of the kidney.

Is pyramidal in structure and weights about 4-
5 grames.

Consists of the adrenal cortex and adrenal
medulla

Activities are regulation of fluid volume and
stress response
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Anatomy

= Right adrenal is triangular, related to upper
pole Right kidney

- Left adrenal is crescent shaped, related to
upper and medial part Left kidney

- Size : 3-6cmlong, 0.9 —3.6cm
- Weight: 3-5gm app
« Width : 2-3cm

Cut-section of adrenal pland

Left adrenal
, gland

Right adrenal
gland

| Left kidney
Right kidney
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Adrenal Histology
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Glomerulosa

Fasciculata

Reticularis

1 Androgens
Cortisol

Catecholamines
Aldosterone

Adrenal Cortex

- Is divided into 3 zones in the adult gland:
- Zona Glomerulosa,
- Zona Fasciculata,
- Zona Rericularis.

- Is divided onto 4 zones in the fetal gland.

« The three zones of the permanent cortex
constitutes only 20% of the fetal gland’s
size.

« The remaining zone (fetal cortex) comprises
up to 80% of gland’s size during fetal life.
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—H Adrenal cortex and medulla

Adrenal Cortex: Steroid
Hormone Production

GIR corresponds with Salt
Nat), Sugar

Cortex (from mesoderm) (
A edila from newral crest) (glucocorticoids), and Sex
(

androgens).

. “The deeper you go, the
» Aldosterone, sex hormones, cortisol Primary _ ' s
regulatory confrol ~ Anatomy Secretory products sweeter 1t gebs.

Pheochromocytoma—most

« Synthesized from cholesterol—steroid ring Capstle

common bimor of the adrenal

Renin-angiotensin = Zona 1| = Aldosterone .
Glomerulosa medulla in adults.
, [ ; . Nenroblastoma—maost
ACTH, hypothalamic  — Zona kel = Cortisol, o
CRH Fasciculata sex hormones common in children,
H e hormones Pheochromacitoma causes

ACTH, hypothalamic ~ — Zona
CRH Reticularis (e.9, androgens) episodic hypertension;

neroblastoma does not.
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Adrenal steroids
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Figure 23-2: Synthesis pathways of steroid hormones
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Region of adrenal gland

Adrenal
medulla

Zona
reticularis

Adrenal Zona
cortex fasciculata

Zona
glomerulosa

Capsule
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Adrenal Medulla

phenylethanolamine-N-

methyltransferase

Norepinephrine———
Epinephrine
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Physiology

« Adrenal cortex produces
-Glucocorticoids  (Zona Fasciculata)
-Mineralocorticoids (Zona Glomerulosa)

-Adrenal androgens (Zona Reticularis)
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Physiology

« Adrenal medulla produces
-Epinephrine (adrenaline)
-Norepinehrine (noradrenaline)

« Help inc in cardiac output, vascular resistance
and mediate stress response

- All are absolutely required for life
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Functions

- Aldosterone helps in Na reabsorption &
potassium excretion & preventing dehydration

« Cortisol stimulate protein breakdown,
inhibition of tissue response in injury &
antagonism to action of insulin

« Androgens helps in early development of male
sex organ in childhood
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(S : ~ HYPOTHALAMUS
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to Stress

- Permissive effect on glucagon
« Memory, learning & mood

« Gluconeogenesis

- Skeletal muscle breakdown

- Lipolysis, calcium balance

- Immune depression

« Circadian rhythms
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to Stress

Plasma cortisol
concentration

T T T
Noon 6 PM Midnight 6 AM Noon

Figure 23-4: Circadian rhythm of cortisol secretion
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Feedback Loops

Circadian Stresk
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Figure 23-3: The control pathway for cortisol

Ortisol. roie 1n vis

Medication

« Use as immunosuppressant
= Hyperimmune reactions (bee stings)

o Serious side effects

« Hypercortisolism (Cushing's syndrome)
= Tumors (pituitary or adrenal)
= Tatrogenic (physician caused)

« Hypocortisolism (Addison's disease)
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Aldosterone

- Exclusively synthesized in Z. Glomerulosa
- Essential for life.

« Promotes sodium retention and Potassium
elimination by the kidney.

- Expands ECF volume
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Regulation of Aldosterone Secretion
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Aldosterone: Role in diseases

- Complete failure to secrete aldosterone leads
to death (dehydration, low blood volume).

- Hyperalsdosterone states: Contribute to
hypertension associated with increased blood
volume.
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A Modified Sympathetic Ganglion

« Sympathetic stimulation
= Catecholamine release to blood
+ Epinephrine
* Norepinephrine
> Travel to:
+ Multiple targets
- Distant targets
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A Modified Sympathetic Ganglion

(@
7 r Adrenal cortex is a true endocrine gland.
® B
-  ~ — Adrenal medulla is a modified
- > e

sympathetic ganglion.

J i
Adrenal gland
/
/ é i - ! The chromaffin
| of Kidney cell is a modified
’ | postganglionic Blood vessel
ACh sympathetic
neuron.
(c) e \
: " Preganglionic L7 g
Nz / sympathetic
neuron =

- * MAdrenal
Spinal cord _— medulla enters the blood.

o 4 4
( AL Epinephrine is a
\ \ neurohormone that \*To target tissues

Figure 11-10: The adrenal medulla

Release and Recycling

o Action potential arrives

Axon varicosity at the varicosity.

Tyrosineg 9 Depolarization cpens

voltage-gated Ca®* channels.

e Ca®* entry triggers
exocytosis of synaptic vesicles.

Action
opotentiaj\
\rolr.gge—g ated
Ca™" channsl

ca?*

NE binds to adrenergic
receptor on target.

Active transport

() Diffuses away Activity ceases when NE

Blood
vessel

NE is transported back
into the axon.

Adrenergic racsptor
Effector cell

) NE can be taken back into
synaptic vesicles for re-release.

KEY

NE is metabolized by

® NE inephri
(norepinephring) monoamine oxidase (MAQ).

Figure 11-9: Norepinephrine release at a varicosity of a sympathetic neuron

diffuses away from the synapse.
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Motor & Autonomic

AUTONOMIC PATHWAYS

Somatic motor  Parasympathetic Sympathetic Adrenal sympathetic
pathway pathway pathways pathway
CNS CNS CNS CNS

e
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ACh _
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/T Blood vessel
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Figure 11-11: Summary of efferent pathways

Catechalomines: Activity

- Stimulates the “fight or fight” reaction
« Increased plasma glucose levels

- Increased cardiovascular function

- Increased metabolic function

- Decreased gastrointestinal and genitourinary
function
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ACt|V|ty Of Ep | neph ri ne Biologic Actions-Mineralocorticoids

PANCREATIC
ISLETS

Aldosterone

MOA: transcription of enzymes and proteins
Major actions: 1rNa reabsorption in distal tubule

Extrarenal effects: Na reabsorption in saliva, sweat,
stool

MUSCLE

ADFOSE TISSUE
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Pathophysiology

Hvypersecretion of Aldosterone

1° aldosteronism — Conn’s syndrome

2° aldosteronism — liver/kidney
disease

SXS: hypertension
hypokalemia

metabolic alkalosis
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Pathophysiology

Primary Hyperaldosteronism

A ECF volume
MNAldosterone = A Na retention = + >
VRenin A Renal perfusion
pressure

Secondary Hyperaldosteronism

M Na
retention VRenal perfusion = 1 Renin = M Aldosterone -
+ pressure M ECF

volume
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Pathophysiolo

Hvyposecretion of Aldosterone

1° hyposecretion — Addisons’ dse

2° hyposecretion — kidney damage

SXS: hypovolemia
hyponatremia

hyperkalemia
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Anatomy

The Adrenal Gland
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!nalomy

DMOOLN ana Caraiac muscies
+\ Some endocrine and exocrine

{1 glands. Some adipose fissue

~ sAdrenal cortex
{ ﬁ,Adnnal medulla

|
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Biologic Actions-Glucocorticoids

R Irrrmm:%;:fesswe
—increased Hinflammatol
wastular tone anh—l;:ﬂmrs g
Fatcells— . BEE]
Increased Cortisal muscle
lpotysis and other tissues
: L . Liver
MEease Increased I d
roobization of gluconeogenesis, nﬁﬁﬁ on
ohyeesol and fatty glycogenesis of amino acids
acids olycogen storage,
and enzyme activity
(2.0 gucose
E-phosphate)
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Pathophysiology

Secondary hypersecretion due
to hypothalamic problem

v
Anterlor
phultary tacm
/4
4
|
1
Vo
1
|
Adrenal | Cortisol -~
cortex: Negative
fesdback
talls
v
Symptoms of excess
CRH levels ~ high

ACTH levels - high
Cortisol levels- higH
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Pathophysiology

Secondary hypersecretion
due to pituitary problem

Adrenal | cortigol - - - -
cortex

v

Symptoms of excess

CRH levels - low
ACTH levels - high
Cortisol levels~ higt
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Pathophysiology

Primary hypersecretion due to
problem with adrenal cortex

Hypothalamus {CRH I

S22 e |

ADRENAL
cory | FConisol ===~

v
Symptoms of excess

CRH levels - low
ACTH levels - low
Cortisol levels- high

jor Functions of Cortisol and Their Clinical F:
Clinical

Cortisol Cortisol
Effect Deficienc Excess

Carbohydrate metabolism

Inereased ghiconesgenesis Hypoglycsmis Hypergiyeemia

Decreased glucose utilization

Decreased sensitivity toinsulin.  Insulin sensitivity Insulin resistance

Protein metabolism

Decreased extrahepatic amino Hypoglycemia
acid utitization
Inereased gluconeogenesis
Fat metabolism
Increased lipolysis, decreased Weight loss
fipogenesis
Distsibution of fat
Circulatory
Maintain BCF voluss Vasodilation
Maintain capillary inte grity hypotension
Mineralocorticoid
Sodium retention Hypovolemia
Hyponatremia
Potessinm excretion Hyperkalemia
Inflammatory and iramune
responses
Stabilize Iysosomes Propensity
Suppress synthesis of taveard
antibodies autoimemne
Decrease capilary disease
penmesbility
Decrease phagocylosis
Hematopaietic
Stimulate red cell production Ansmia
Lympholysis Lymphocytosis
Tnhibit nevtrophil
ascumulation st inflammatory
sites
Central nexvous system Anocrexia
Fatigue
je-pituis I d ACTH
feedbacek control of ACTH secretion
Pigmentation

Decreased protein sturcture of bone,
skin, mascle
Foor weund healing

Hyperfiperia

Redistribution of body Fat, trancal
obesity

Hypeension

Hypervolemia
Hypematremia
Hypokalemia

Decreased inflammatory response
Incressed susceptibility to infection

Decreased fibrous tissue formation

Erythrosytosis
Lymphopenia
Leukocytosis

Euphoria

Depression

Decreased ACTH secretion
If secondary to stinmlation by
fypothalamic-pituitery wdis,
ACTH increased
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