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Endocrinology 2
Fox Chapter 11 part 2
Pituitary and HPA axis

©T. Houpt, Ph.D.

Hypothalamic-Pituitary Anatomy

Hypothalamus: brain region between brainstem and cerebrum that
integrates sensory information and generates physiological responses to
maintain homeostasis.

Pituitary Gland: attached to the underside of the hypothalamus by the
infundibulum (pituitary stalk). Hypothalamus is connected to the pituitary
by hypothalamo-hypophyseal portal veins that carry releasing
hormones to the anterior pituitary, and by the hypothalamo-hypophyseal
tract of axons projecting to the posterior pituitary.

Anterior Lobe: contains endocrine cells that secrete tropic hormones
into the circulation that stimulate target organs in the body.

Posterior Lobe: contains axon terminals of ADH and oxytocin neurons
that originate in the hypothalamus; releases ADH (water retention) and
oxytocin (uterine contractions, milk release) into the blood stream.
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Hypothalamic Pituitary axes

Hypothalamus regulates pituitary function with releasing and release-inhibitory
hormones

Releasing hormones —> pituitary to cause release of stimulatory hormones
—> increase target glands activity

Inhibitory hormones —> pituitary to suppress release of stimulatory
hormones —> decrease target gland activity
(esp. dopamine -> less prolactin)

Transection of infundibulum —> decrease of all pituitary hormones except
prolactin increases.

Examples of Hypothalamic Pituitary Axes: HPA, HPG, HPT axes

Target Hormones —> negative feedback to hypothalamus and pituitary
—> decreased levels of releasing hormones and stimulatory hormones.

Feedforward Loop

Releasing hormone: Hypothalamus

hypothalamus —> pituitary XRH
| XIH
L

Tropic hormone:
pituitary — target gland

target gland — secretes X

Peripheral
Gland

== stimulate
=g inhibit

Hypothalamic Pituitary Adrenal (HPA) Axis

Adrenal gland

Pancreas
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Examples of Hypothalamic Pituitary Axes

H-P-Adrenal Axis H-P-Gonadal Axis

Hypothal: Corticotropin-releasing hormone  Gonadotropin-releasing hormone
(GnRH)
Anterior Adrenocorticotropic hormone Luteinizing hormone
Pituitary: (Gell)
Target Adrenal Cortex Ovaries & Testes
Organ:
Function: Stimulate Corticosteroid Stimulate Estrogen &

Synthesis
(Stress)

Testosterone Synthesis
(Reproduction)

H-P-Thyroid Axis

Thyrotropin-releasing hormone

Thyroid-Stimulating hormone

Thyroid Gland

Stimulate Thyroxine synthesis
(Metabolism)

see Fox Table 11.6 & Table 11.7
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Hypothalamic-Pituitary pathologies:

Hypersecretion due to
tumors
lack of negative feedback

inappropriate synthesis/degradation

Real or Functional Hyposecretion due to
lack of releasing/tropic hormones
lack of synthetic enzymes

lack of receptors
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Hypothalamic Pituitary Adrenal Axis (HPA)
and Stress

Perturbation from homeostasis (maintenance of the constant internal
environment)

“Fight or Flight” defined in 1900s by Cannon

Defined in 1930s as general response to “stress” by Selye in war
veterans.

* increase in gastric secretion
* increase in adrenal secretion
 suppression of immune system

stress (neural input, disease, learned response)
-> hypothalamus -> immediate response & long-term response

19

Immediate Endocrine Response
via Autonomic Nervous System

hypothalamus —> brainstem
—> vagus —> increase heart-rate
—> sympathetic activation
—> spinal cord —> splanchnic nerve —> adrenal medulla

Adrenal Medulla

—> epinephrine, norepinephrine into blood stream

—> cardiovascular effects (heart rate, blood flow, blood pressure)
—> mobilize glucose, increase metabolism

Immediate Endocrine Response to Stress
via autonomic nervous system

Hypothalamus

— Sympathetic
/ Splanchnic Nerve
‘ ACh -> Nicotinic Receptors
Adrenal Medulla
7, -‘ secretes epinephrine and
norepinephrine

Kidney
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Long-term, transcriptional stress response
mediated by glucocorticoids (GC):

CRH from hypothalamus

—> long portal vessels —> anterior pituitary
—> pituitary cells called corticotropes

—> adrenocorticotropic hormone (ACTH)

ACTH in blood

—> cortex of adrenal gland

—> ACTH receptors increase cAMP

—> increased cholesterol conversion to cortisol by enzyme
P450 in mitochondria & increased cortical growth

Glucocorticoids
—> transcriptional effects on cells expressing GC receptors

Figure 11.20
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Enhanced Stress Response

Depressed women with Posttraumatic Stress Disorder (childhood abuse)
show enhanced cortisol release in response to social stress.
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HPA axis: Positive Feed forward

Circadian Physiological “Psychological” stress
Cycle Stress

Hypothalamus
CRH

Adrenal

Cortex == stimulate
g inhibit
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Corticotropes in Pituitary
Synthesize POMC -> ACTH

preopiomelanocortin (POMC)
Signal (26) Preproopiomelanocortin (265)

] |

(146} 1 p-Lipotropin (91)

l I 4

N-terminal peptide (76 l ACTH (39 a.a.) #-Lipotropin (58) l [-Endorphin [27]
L H-[
Y p
(13} cLp

B[]
(
* D melanocyte stimulating

hormones (MSH) -
can cause skin to darken

) Peptide length
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Figure 11.18
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Steroid Synthesis in the Adrenal Gland

. DEHYDROEPIANDROS-
CHOLESTEROL ‘ TERONE SULFATE (DHEAS)

Croar-lyase

17a-hydroxylase 17a-HYDROXY-  C,;5-lyase

y DEHYDROEPIANDROS- 173-HSD’
PREGNENOLONE —————"—+ pREGNENOLONE S

TERONE (DHEA) 5-ANDROSTENEDIOL
3p-HSD/isomerase* 3p-HS | 3p-HSDIi * i’ﬂ SDfisomerase
o
PROGESTERONE L70-hydroxylase e f¥OROXY. Crravlyase ANDROST‘ENEDIONE LBHSD. ESTOSTERONE ]
21-hydroxylase 21-hydroxylase SEX STEROIDS

" DEOXYCORTISOL
DEOXYCORTICOSTERONE
| 11-hydroxylase
11B-hydroxylase B-hydroxy

CORTISOL

CORTICOSTERONE

l GLUCOCORTICOIDS
18-hydroxylase

18-HYDROXYCORTICOSTERONE

18-HSD*

*3p =3p. AS
ALDOSTERONE

© 17B-HSD = 17p-hydroxysteroid dehydrogenase

 MINERALOCORTICOIDS  16.H1SD = &-hydronysteroid dehydrogensse

http://www.glowm. 1.html

Actions of Glucocorticoids (GCs)

« Containment of stress response

+ Suppression of swelling, suppression of immune system
-> reduce tissue damage

+ Mobilization of energy from muscle and fat

+ Induce liver enzymes for detoxification

+ Suppression of “optional” activities: reproduction, growth

+ Adaptive in low doses, but problematic at high or chronic
doses

Negative Feedback of Cortisol onto
Hypothalamus and Pituitary

+ Cortisol levels are controlled by negative feedback loop of HPA.

+ High Cortisol levels in the blood act on GC receptors in the
hypothalamus and pituitary to decrease CRH & ACTH synthesis
and release

+ If cortisol synthesis is blocked (by drug that blocks synthetic
enzyme, or by a disease that damages adrenal cortex), then ACTH
levels stay elevated (trying to elevate cortisol levels)

+ If excess glucocorticoids are administered, HPA detects high
negative feedback, so then ACTH and cortisol levels should fall.

- Dexamethasone suppression test administers an artificial
glucocorticoid to confirm that HPA responds to negative feedback.
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HPA axis: Negative Feedback
Cortisol feeds back to:

pituitary —> inhibit ACTH release
hypothalamus —> inhibit CRH release

Hypothalamus
CRH

ACTH

Adrenal
Cortex

Cortisol

= stimulate
===g inhibit

Feedback Loops: block negative feedback
metyrapone blocks conversion of 11-deoxycortisol -> cortisol;

so cortisol levels fall; pituitary responds by increasing ACTH levels
20

Metyrapone
infusion

Cortisol

11-Deoxycortisol
4

200

ACTH

pgiml

100
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HPA axis: Remove Negative Feedback ACTH
& CRH levels increase

Hypothalamus
CRH

I ol

ACTH:

isol

Adrenal \ /
Cortex CoRisol

=== stimulate
=g inhibit
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Dexamethasone suppression test

preRX with artificial GC (dexamethasone)
suppresses cortisol response to CRH injection

note:
can use suppression test to assay functioning of
internal feedback loops

Dexamethasone suppression test

s response to CRH inj

100 (= ACTH

pg/ml

/ Control \ COI'EiISO|
ng 'm
50 -
- —O0— —
=r GP - J' ==~ |response to CRH inj
- &7 after Dex preRx
1 I : 1 1 |
4} ! Hours {P " 2

HPA axis: Enhanced Negative Feedback
Dex pretreatment -> blunted ACTH response to CRH

Hypothalamus

CRH
I Cortisol

dex

= dex
ACTH Cortisol

Adrenal
Cortex

Cortisol

=== stimulate
===g inhibit
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Pathologies of HPA

Points of steroid disregulation

Defects in cortisol synthetic enzymes can result in too much
mineralcorticoids (-> high blood pressure) or too much sex
steroids (progesterone & androgens -> masculinization)

Addison’s Disease: autoimmune destruction of adrenal cortex
causes loss of corticosteroids, but excess ACTH

Tumors can oversecrete hormones.

Pheochromacytoma Tumors of adrenal medulla -> elevated
epinephrine

Cushing’s Syndrome: elevated cortisol

Tumors of Pituitary Gland (adenoma) or Lung (lung carcinoma)
can produce too much ACTH

Tumors of Adrenal Gland can produce too much cortisol

Steroid Synthesis in the Adrenal Gland

DEHYDROEPIANDROS-
CHOLESTEROL TERONE SULFATE (DHEAS)
Caoar-lyase
0
y _ 17a-hydroxylase 17a-HYDROXY-  C,;5-lyase | DEHYDROEPIANDROS- 178-HSD
PREGNENOLONE = oY% pop GRENOLONE — -t TERONE (DHEA) ~— S-ANDROSTENEDIOL
3p-HSD/isomerase* 3p 3p-HSD/i * 3p-HS ase
Y 0
. 17a-HYDROXY-  Cyp.pp-lyase| 17B-HSD
PROGESTERONE L7erhydroxylase o RONE — 2| A E LBHSD ESTOSTERONE
21-hydroxylase 21-hydroxylase SEX STEROIDS
e DEOXYCORTISOL
DEOXYCORTICOSTERONE
| 11B-hydroxylase
11B-hydroxylase
CORTISOL
CORTICOSTERONE
GLUCOCORTICOIDS
18-hydroxylase
18-HYDROXYCORTICOSTERONE
18-HSD®
*3p =3p. ASA
ALDOSTERONE 9 17B-HSD = 17p-hydroxysteroid dehydrogenase
MINERALOCORTICOIDS * 18-HSD = 18-hydroxysteroid dehydrogenase
http://Awww.glowm. 001.html
Steroid Synthesis in the Adrenal Gland
defect in 11-hydroxylase
DEHYDROEPIANDROS-
CHOLESTEROL TERONE SULFATE (DHEAS)
Caoar-lyase
)
y 17a-hydroxylase 17a-HYDROXY-  C,, -lyase | DEHYDROEPIANDROS- 17B-HSD
PREGNENOLONE = OV pop GRENOLONE — TERONE (DHEA) “———" S5-ANDROSTENEDIOL
3p-HSD/isomerase* 3p 4 3p-HSD/i 3p-HS ase
Y 0
-hy 17a-HYDROXY- 17-HSD
PROGESTERONE L7o-hydroxylase o ONE Crnavlyase ENEDIONE 20, 1 GrOSTERONE
21-hydroxylase 21-hydroxylase SEX STEROIDS
e DEOXYCORTISOL
DEOXYCORTICOSTERONE
| 11p-hydroxyla
%Il&hydroxyh friydrexylase
* 3q. =1B. A
B p 2
© 17p-HSD = 17p-hydroxysteroid dehydrogenase
. - X
MINERALOCORTICOIDS fluid retention, ~ 18-HSD = 18-hydroxysteroid dehydrogenase
— high BP
hitp:/www.glowm 001.html
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Steroid Synthesis in the Adrenal Gland
defect in 17- or 21-hydroxylase

CHOLESTEROL

Croar-lyase

PREGNENOLONE L7e-hyOuiyls

3p-HSD/isomerase*

PROGESTERONE 79 Rdroxyls

XI-hy xylase SEX STEROIDS
' l
androgen
synthesis
masculinize

* 3 =3p. ASA

- RS

9 17B-HSD = 175-hydroxysteroid dehydrogenase
¥ 18-HSD = 18-hydroxysteroid dehydrogenase

http://www.glowm. 1.html

Pheochromacytoma tumors

Hypersecretion of epinephrine and norepinephrine from
tumors of the adrenal medulla

Dramatic clinical episodes after stress (or even just
change in posture):

headache, palpatiations, chest pain, cold sweats, anxiety
and impeding sense of death.

hyper-epinephrine — increase heart rate

hyper-norepinephrine —> decreased heart rate

Addison’s disease
Extreme adrenal steroid deficiency

Caused by autoimmune or infectious destruction of
adrenal cortex.

Extreme intolerance of stress, loss of appetite, malaise,
fasting hypoglycemia, low blood pressure, salt craving

No glucocorticoids, so:

—> no negative feedback

—> hypersecretion of ACTH

—> hyperpigmentation of skin (because ACTH acts as
melanocyte-stimulating hormone)

Treatment: administer exogenous corticosteroids to replace
function of adrenal cortex
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Addison’s disease - low corticosteroids, elevated ACTH

Hypothalamus
CRH

ACTH!

R venal
Con- -

== stimulate

=g inhibit

Addison’s disease - low corticosteroids, elevated ACTH

- Note the generalised skin
pigmentation (in a Caucasion
patient} but especially the
deposition in the palmer skin
creases, nails and gums.

www-clinpharm.medschl.cam.ac.uk

Cushing’s Syndrome (1 in 100,000 people)
hypersecretion of cortisol

Loss of bone mass, loss of muscle mass, fragile skin and connective
tissue(because cortisol mobilizes tissue for energy)

Obesity in abdomen and “hump” of hunchback

Enhanced infection without immune response (because cortisol suppresses
immune system)

Insomnia, euphoria, or depression (because cortisol can cause mood swings)

Causes of Cushing’s Syndrome:

Pituitary adenoma = Cushing's Disease (65%)
Ectopic ACTH production (e.g. lung tumor) (15%)
Adrenal adenoma (15%)

Adrenal carcinoma (5%)

(iatrogenic induced by chronic glucocorticoid drug use)
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Cushing’s Syndrome

Harvey Cushing
1st use of x-rays for surgery, blood pressure to monitor anesthesia,
imported BP cuff from Europe, role of pituitary

Cushing’s Syndrome

M Fig. 51-15  An individual suffering from cortisol excess (Cushing’s syn-
drome). A, Note the loss of muscle mass in extremities and sclective accumu-
lation of fat in the abdomen and above the clavicles. B, The extremely thin skin
reveals blood flowing through vessels just below.

HPA axis: Analysis of Dysfunction

Hypothalamus

CRH
I Cortisol

ACTH Cortisol

Adrenal

Cortex Cortisol

Response to CRH or ACTH? = stimulate
e inhibit
Dexamethasone suppression test?

Expression of Glucocorticoid receptors?
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Diagnosis of Cushing’s Disease

Overnight dexamethasone suppression test:
Test negative feedback 1. Dexamethasone 1 mg PO given at 11 pm
2. Plasma cortisol level measur
9 hr later (8 Am)
Normal
Plasma cortisol Plasma cortisol Excludes Cushing’s
>5 pg/100 ml* <5 ug/100 ml syndrome

negative feedback not working -

48-hr low-dose dexamethasone suppression test:

could be stressed, try 1. Dexamethasone 0.5 mg qoh for 48 hr

: 2. Measure 24-hr urinary free cortisol or
bigger feedback plasma cortisol

3. Measure 24-hr urinary 17-hydroxysteroids (17-OHS)

Normal response:

1. 24-hr urinary free cortisol <30 pg
2. Plasma cortisol <5 pg/dl

3. 24-hr urinary 17-OHS <3.5 mg

negative feedback still not working: Al’c":’sﬂ}:“’; e
Cushing’s syndrome :

Diagnosis of Cushing’s Disease

negative feedback still not working Abpormal esporse:

ine if deficit is in pituitary: 48 high-dose dexameh P—
determine if deficit is in pituitary: 1. Dexarmethasone 2 mg PO qoh or 48 -
is ACTH decreased by GCs? 2. Measure 24-hr urinary free cortisol or plasma corisol

3. Measure 24-hr urinary (17-OHS)
4. Measure plasma ACTH level

negative feedback on i 1 }

pituitary OK, so adrenal\ ACTH undelectable o | [ ACTH normal or | [ ACTH increased

out of control decreased increased No suppression
Ngjulfm_sswn ; PunioL suppression 24-hr urlinary free

-hr urinary free 4 i i
el ||| 2hre || eyl
/:%séz;;z"mﬂ/’ I<50% base||ine >5 ug/day
T ’ Pl i 24| i
pituitary doesn’t respond hurinory =76 e O, 5 mg
to neg feedbaCk, so / 17-OHS >3.5 mg

pituitary out of control
= Cushing’s Disease

[_rifcitary excess
{Cushing’s disease]

Adrenal neoplasm

ACTH actually above
normal, so must be coming

TR CT scan of chest and
- CT scon of adrencls® * ey ond cbdomen o rule aut
from extrapituitary source. et acind neoplasm of lung, kidney,
or pancreds
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