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Hormone Action

s

Hypothalamus
controls secretion
of hormones of anterior
pituitary and releases

oxylocin and antidivretic

hormone

Anterior Pituitary Gland
Stimulates synthesis and secretion of
thyroxine, release of hormones from the
adrenal cortex, secretion of sex
hormanes from ovaries and testes,
stimulates growth and maturation of
2ggs in females and sperm production in
males

Adrenal Glands

cansist of the medulla

’ (inner) and the cortex
[outer). The medulla
secretes epinephrine and
norepinephrine. The
cartex produces and
secretes corticosteroid
harmones.

Testes
releases androgens,
stimulates sperm production
and development and
maintenance of male sexual
behavior and secondary male

sexual characteristics

Thyroid Gland
secretes thyroxing,
trilodothyronineg, and
calcitonin, and contraols
metabolic rate and blood

& calcium levels

Pancreas
[serves as both an

- exocring and endocrine
gland) secretes peptide
u hormones insulin and
glucagon into the blood
stream

L2

@
1
/ Ovaries
secrete estrogens and

progesterone, sustains

Q 2 pregnancy and stimulates the
development and maintenance of
female characteristics and sexual
behavior

S/




Some Definitions

A Hormone * a chemical messenger which is

carried from the organ where they are produced

to the target organ which they effect by means of
the bloodstream

A Exocrine t glands that secrete their products
through a duct

A Endocrine * glands whose products are
secreted into the interstitial compartment and
are Nabsorbedo by the



Second Messengers
cAMP I Second Messenger
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A Elevated levels of cAMP drive protein synthesis, enzyme cascades and
changes in membrane permeability




G Proteins

Intracellular Intracellular
Events Events

Intracellular
Events




Adenylate Cyclase Inhibitors
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A Phosphodiesterase (PDE) inhibited by:
I Theophylline
I Caffeine
I Theobromine

A These compounds are called xanthines.

A When PDE is inactivated, cAMP levels build up, making it easier for
patients to breathe. Is this true or false???



Second Messenger:

PIP, = PI-4,5-P,
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C kinase b —> Ckinase a

Ca 2+ mobilization \L

Cellular events «<— CHON (P)'ation

IP,

IP; drives changes in:
Ca?* concentration
Ca?* mobilization
GABA, AVP, ANG,
TSH utilize 1P,



Steroid Hormones

Steroid hormones

A Steroids drive
translation

A Functionally:
iIncreased
activity

A Structurally:
Bulking up




Overview of Hormones With
Second Messengers

Peptide/Protein Hormones

1. GnRH 2. CRF
Amino Acid Hormones 3 CRE 4 PIE?
5. PRF 6. GHIH
1. T4T triiodothyronine 7 GH 8 PRL
2. T, tetrggrcloc;(ti?])éronine I 1%'_ ALCIZ_ITH 1120|\/|I:SSII:II’?
13. TSH 14. Insulin
3. Epinephrinei Phe or Tyr 15. Glucagon 16. Somatostatin
17. Gastrin 18. Secretin
19. CCK-PZ 20. PTH
21. CT 22. Renin

23. Angiotensin



AA/Protein/Peptide Hormones

All work thru 29 messengers:

1. CAMP
2. 1P,

3. Or BOTH depending on function, e.qg.,
AVP and cAMP in kidney and IP4 In liver
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Overview of Hormones Without
Second Messengers

1. Testosterone
2. Cortisol
3. Aldosterone
4. Estrogens
5. Progesterone
6. Vitamin D

A All work through direct gene activation via an
Intra-nuclear receptor.
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Overview

Hypothalamu
Pineal Gland

Anterior Pituitar Posterior Pituitary

A Hypothalamus

A Pineal Gland

A Rel eases fAReleasing FaCtOfS/HﬁrarﬂoaneﬁsTéhi rd

A Factors! i f we donot know the struc

A 'Reié
or sequence C1eases

adrenoglomerulotropin

A Hormones ? if we know their sequences A liah
or structures Detects light 12



Pineal

! 4

Night-time

is

Adrenoglomerulotropin . .
8 P Diuresis!

l’ﬁ T
3
2
Adrenal corteX a3 Shuts Down!

7

H,0, Na, CI~ Retention

‘l,s

Antidiuresis

2
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Cell Types in Anterior Pituitary
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Anterior P|tU|tary Hormones

A AC|doph|I|c Cell S0

A Basophilic Cell ~ :
i TSH P

A Chromophobic Cell = 'a

i ACTH -

I LPH (lipotropin; lipid @
mobilizer in lipolysis (6H)
and steroidogenesis)



Posterior Pituitary Hormones

AADH (AVP) (SON)
A OT (PVN) T




Feedback Regulation of Endocrine
Function

1. Self-feedback i
ultra-short

2. Short
3. Long feedback
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Hormonal, Humoral and Neural
Stimulation of Endocrine Glands

() =

Release

TBIood Glucose

!
l

ACTH release
in to blood

Insulin
secreted
into blood
¢ T TGS Synthesis
sintns Drives Glucose s SR

Blood Glucose

Muscle Wasting

1‘mood Sugar

Myelosuppression

Vah Fight, Flight or Freeze
Tend-n-Befriend

catecholamine
secretion

HR
BP
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Hormone Functions

The Nuts and Bolts

19



Arginine Vasopressin i or Antidiuretic

Hormone = AVP or ADH
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Do To To I I

Diabetes Insipidus i an AVP Anomaly
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®-- 3% saline; normal response = osmoreceptors cause AVP release

® -- Nicotine; osmoreceptor failure = nicotine causes increased
secretion and synthesis of AVP

®--i AVP T nephrogenic Diabetes insipidus i no receptors present
®-- ¢ AVP 1 drinks excessive water

®-- £ -- no AVP endogenously i has receptors, but posterlor pltuna%/
Il s not releasing AVP an SON n o



Oxytocin -- OT

) PSYCHOGENIC sTimuL

PARAVENTRICULAR NUCLEUS
OF HYPOTHALAMUS (SITE OF
OXYTOCIN PRODUCTION)

OXYTOCIN
MIGRATES
ALONG
' NERVE

" FIBERS

SOXYTOCIN STIMULATES
|/ OUTPUT OF PROLACTIN

OXYTOCIN
PICKED UP
BY CAPILLARIES
OF POSTERIOR
LOBE

PROLACTIN STIMULATES
MILK PRODUCTION IN

ENDOCRINOLOGICALLY
PREPARED BREAST

OXYTOCIN CAUSES
MILK EXPULSION

AFFERENT IMPULSES
FROM NIPPLE

[ —

OXYTOCIN CAUSES
UTERINE CONTRACTION

AFFERENT IMPULSES FROM
CERVICAL DILATATION OR
VAGINAL STIMULATION

~——



Prolactin -- PRL

Prolactinoma:
Gynecomastia
Galactorrhea

Amenorrhea
Oligomenorrhea

Bromocriptine Tx:
Generally s 4-8 wks
of tx, sx disappear

"Breast feeding -- Fertility -- Amenorrhea"
NOT Reliable!

Birth
Witches' Milk

[PRL]

~30 YOA

Time
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GH Anomalies

Gigantism

Acromegaly

In youth

In mature people

Epiphyseal plates still growing

Epiphyseal plates sealed

Linear growth

Aspl ayi ngo

g

May OR may not have
acromegalic features

Hyperostosis T vertebra,
phalangeal tufts, skull

May OR may not have signs of
secondary pituitary insufficiency

r owt h
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Acromegaly v Glantism

THORACIC VERTEBRA IN ACROMEGALY: HYPEROSTOSIS,
ESPECIALLY MARKED ON ANTERIOR ASPECT

X—=RAY OF SKULL IN ACROMEGALY: ENLARGEMENT
OF SELLA TURCICA, WITH OCCIPITAL PROTUBERANCE,
THICKENING OF CRANIAL BONES, ENLARGEMENT OF
SINUSES AND OF MANDIBLE

TUFTING OF PHALANGES IN HANDS AND
NARROWING OF PHALANGES IN FEET

RRLS 5.5 20 '™ 30
o

P=2

=1

SIHONI NV 1333

X—RAY OF TUMOR
PROTRUDING ABOVE
TUBERCULUM SELLAE
OUTLINED BY AIR

g PITUITARY GIANT
CONTRASTED WITH

i NORMAL MAN
(ACROMEGALY
AND SIGNS OF
SECONDARY PITUITARY
INSUFFICIENCY
MAY OR MAY NOT
BE PRESENT)

e

,\ N
/{‘N/Z%
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Thyrotropin Releasing
Hormone -- TRH

AT, has
100X the
activity of T,
AT, activates
> 180 ATP-
requiring
enzymes

27




Thyroid Glan
Superficia
Anatomy

EXTERNAL CAROTID ARTERY HYOID BONE

SUPERIOR LARYNGEAL
NERVE

INTERNAL BRANCH
EXTERNAL BRANCH

DESCENDENS HYPOGLOSSI
SUPERIOR THYROID ARTERY

SUPERIOR LARYNGEAL

ARTERY: THYROHYOID MEMBRANE

SUPERIOR THYROID VEIN THYROID CARTILAGE

COMMON CAROTID ARTERY: CRICOTHYROID MUSCLES

PYRAMIDAL
LOBE

LEFT LOBE THYROID
GLAND

RIGHT LOBE

ISTHMUS

INTERNAL JUGULAR VEIN

CRICOID CARTILAGE

MIDDLE THYROID VEIN

LYMPH NODE

PHRENIC NERVE

ANTERIOR SCALENE

MUSCLE ASCENDING CERVICAL,

TRANSVERSE
CERVICAL AND
TRANSVERSE
SCAPULAR ARTERIES

VAGUS NERVE

THYROCERVICAL

TRUNK THORACIC DUCT

SUBCLAVIAN %
ARTERY
AND : ' : - P ; : Ist RIB
VEIN B : - .

EXTERNAL
JUGULAR VEI RECURRENT (INFERIOR)
LARYNGEAL NERVES

ANTERIOR JUGULAR VEIN

AORTIC ARCH

BRACHIOCEPHALIC
(INNOMINATE) VEIN
AND ARTERY

VAGUS NERVE (LEFT)

SUPERIOR VENA CAVA

INTERNAL BRANCH AND
EXTERNAL BRANCH OF
SUPERIOR LARYNGEAL
NERVE

EXTERNAL CAROTID ARTERY

SUPERIOR THYROID ARTERY

-
ISUPERIOR PARATHYROID GLAND
COMMON CAROTID ARTERY

INTERNAL JUGULAR VEIN
INFERIOR PARATHYROID GLAND]

INFERIOR
THYROID ARTERY

RECURRENT (INFERIOR)
LARYNGEAL NERVE

=
S ’;‘:& M"\;
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T;and T,
Biosynthesis

AND OTHER
CELL FUNCTIONS

BODY CELL

KIDNEY

- THYROID HORMONE
METABOLITES IN URINE

PROTEOLYTIC

ENZYMES




Biochemistry of T, and T,

o A Are aromatic
Ho ° el ethers, hence,
"2 require binding
| | proteins for
| | transport in

blood
HO o c-c-‘{H

Hy
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T, Needs are Temperature Dependent

1. At 35 C, need 1.7 ng per day
2. At 25 C, need 5.2 ng per day
3. Atl C, need 9.5 ng per day

Cold Is stimulating to the pituitary to release TSH
to Increase T, output.

This iIs data from 1943 17 and remains undisputed.
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Thyroid Abnormalities

32



GravesoOo -DIIl seas

PERSPIRATION . NERVOUSNESS
?:;)‘:.’ JEXCITABILITY
iy 3 y RESTLESSNESS
FACIAL FLUSHING “' . EMOTIONAL INSTABILITY
e @? S '( IINSOMNIA
1 N
G (LfsJ,?Lusr? o EXOPHTHALMOS
PALPABLE LYMPH NODES p—_ P - SR
. <A (MAY HAVE THRILL AND BRUIT)
MUSCLE WASTING P
RN WARM, VELVETY SKIN

SHORTNESS OF BREATH
PALPITATION, TACHYCARDIA

POOR RESPONSE TO DIGITALIS

\ INCREASED APPETITE
\ \\
LN

]y \\\ DIARRHEA (OCCASIONAL)
N

RAPID PULSE 5\ g

BREAST ENLARGEMENT;
GYNECOMASTIA IN MALE

TREMOR

CLUBBING OF FINGERS
(IN SOME PATIENTS WITH
SEVERE EXOPHTHALMOS)
OLIGOMENORRHEA'
OR AMENORRHEA
MUSCULAR WEAKNESS,
FATIGABILITY

€ g

©CIBA
w
o
Z :
=) "
z o Bk 1'% uprake
% i ’ ELEVATED
S ELEVATED ¥ 5% to 90%)
g (+35% to +60%)
g E 33
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Sometimes the tremor is

so Afineo that a
paper is needed to
detect the tremor.
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Hyperthyroidism: Thyroid Adenoma

LESS PERSPIRATION,
LESS FLUSHING :‘;2;2::;:555' LESS THAN
THAN IN GRAVES’ DISEASE T ecenig TN GRAVES'
S | Disease
EMOTIONAL
PATIENT USUALLY 40 INSTABILITY,
YEARS OR OLDER INSOMNIA

NO LYMPH NODE ENLARGEMENT NO EXOPHTHALMOS

NODULAR GOITER

LESS MUSCLE WASTING

THAN IN GRAVES’ DISEASE
LESS SKIN WARMTH

THAN IN GRAVES’ DISEASE

MARKED SHORTNESS}

OF BREATH MARKED TACHYCARDIA,
FIBRILLATION COMMON,

HEART FAILURE COMMON,

NO BREAST ENLARGEMENT
POOR RESPONSE TO DIGITALIS

OR GYNECOMASTIA

LESS TREMOR THAN
IN GRAVES’ DISEASE

@
W NO FINGER CLUBBING

OR NAIL CHANGES

WEIGHT LOSS LESS
THAN IN GRAVES’ DISEASE

VERY RAPID PULSE

PALMS LESS MOIST

THAN IN GRAVES' DISEASE
LESS MUSCULAR WEAKNESS

PATIENT USUALLY THAN IN GRAVES’ DISEASE
POSTMENOPAUSAL

ANKLE EDEMA
(HEART FAILURE) e
i (4
! »
| M'
'L; ©CIBA

w

o

=

g B.M.R. 131 UpTAKE
= MODERATELY ELEVATED LESS

% ELEVATED THAN IN GRAVES'
o] (+25% to DISEASE (40% to
5 +301.) 55%]) LOCALIZED

o i N FUNCTIONING
-

-



HypOthyroidism -- Cretinism

Myxedema

1. Thickening and puffiness of the
skin and SQ, particularly of the
face and extremities. Skin is
dry and coarse. Characteristic
expressionless or mask-like
facies.

2. Came from an earlier belief
that it was 2 mucus
accumulation in tissues.

-~ A - 3. DOES contain mucin, a
mucopolysaccharide that is
e highly ionized with huge
a7 | osmotic activity that drags
. { ‘ water into the tissues.
A oy : [.:‘ 4. May be athyrotic; may be
IV 29 & goitrous
o 5. Round face; extruded tongue;
heavy set; short stature 36




Calcitonin (CT)
and

Parathormone
(PTH)

<-

secrete

¢ Blood Ca2*

Lactation
Detected by parathyroid glands
2+

Blood Ca

\ causes bone

destruction:

"clasts

excreted

Mllk

T Blood Ca2* /—V

M parafollicular cells

Oxyphll cells secrete PTH

2t reabsorbed

PTH

Detected by thyroid

Parafollicular

cells (detectors!)




HypOmagnesemia




HypERmMagnesemia
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Acute HypOcalcemia

TROUSSEAU'’S
SIGN

CHVOSTEK'S

» g g M
HYPERREFLEXIA il

40



SUPRARENAL ARTERY

(ONE OF MANY)

CAPSULAR
PLEXUS

% CAPSULE ———
% GLOMERULOSA —

CORTICAL

Adrenal Cortex

CAPILLARIES

% FASCICULATA —

MEDULLARY

ARTERIOLE

% RETICULARIS ——

MEDULLARY
CAPILLARIES

% MEDULLA

CENTRAL VEIN

MUSCLE FIBERS

ST

SCHEMATIC STEREOGRAM OF
INTRINSIC SUPRARENAL CIRCULATION

MR T

“.}’o 3

0
3
.
.-
e
2T

203

.
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W
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.
.
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o

ps \.
.

AN s
.

R

A ORR
R0

Ne Tt

~ e 0}",'.
27 Lo fagnbele
NN

[21s 4=
.

Gy s
RN e
e Loy ? oA

o
ol o) v

* * NOT Under ACTH Control

Aldosterone

Cortisol

Androgens”

Epi & Norepi*
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Adrenocorticotropic Hormone (ACTH

SUPRARENAL ARTERY
(ONE OF MANY)

CAPSULAR
PLEXUS

—> carsuie
— GLOMERULOSA — farS

CORTICAL
CAPILLARIES

% FASCICULATA —

MEDULLARY
ARTERIOLE

Electrolyte Regulation
(Na* and K* directly;
CI~ indirectly;
H20 indirectly)

Aldosterone

Cortisol Gluconeogenesis

B NN DS
APILL, \ ) S

) 2 0 \9"\“-‘\‘4’@‘3 ) % Secondary Sexual Characteristics
% MEDULLA S Ao L 5 ) , : Androgens
= o 5 X J

(Primarily Females)
CENTRAL VEIN

MUSCLE FIBERS
INTRINSIC SUPRARENAL CIRCULATION

]

- n‘% Epi & Norepi*
%NW -

©CIBA

% * NOT Under ACTH Control



ortisol

MUSCLE
WASTING

FAT
DEPOSITION
(CENTRIPETAL)

RESORPTION
OF BONE
MATRIX

INCREASED
INSULIN
OUTPUT

, INCREASED
GASTRIC
ACIDITY;
ULCER
FORMATION OR
AGGRAVATION

IMPAIRMENT OF
CALCIUM ABSORPTION
(VITAMIN D ANTAGONISM)

CALCIUM
RESORPTION

INCREASED RENAL
EXCRETION
OF CALCIUM

INITIALLY
INCREASED

ANTIBODY
INCREASED
RELEASE GLOMERULAR
FILTRATION
(WATER DIURESIS)
EVENTUALLY

DECREASED
ANTIBODY
PRODUCTION

POTASSIUM LOSS
SODIUM RETENTION

: NOREPINEPHRINE

MAINTENANCE OF ARTERIOLAR
TONE AND BLOOD PRESSURE
(WITH NOREPINEPHRINE)

INCREASED
NEURAL
EXCITABILITY

ANTI-ALLERGIC ACTION

ANTIFINFLAMMATORY ACTION



Cushingodos Synd
‘f&wb A Depression/psychoses

e . A Mood alterations
S Acataracts
/ A Moon-face
/ g A Hirsutism
s A Hypertension with secondary
{ cardiomegaly
| ¥ . A Elevated glucose
A Muscle weakness

HEALING

A Osteoporosis/necrosis
A Peptic ulcer
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Adult Adrenogenital Syndrome

A Detected in the lab by

measuring urinary levels
of 17-ketosteroids.

17-ketosteroids are
metabolites (break-down
products) of androgens
and other steroid
hormones that are
secreted from the adrenal
cortex.

Excess levels of 17-
ketosteroids may be
present due to -ACTH
levels or hyperplastic
adrenal or overactive
cortices or due to a
cortical tumor.

iiiiiiii

ENLARGEMENT

GENERALIZED
HIRSUTISM
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Glucagon, Insulin T A Cortisol Connection
4 Rlood)

; — =) '/CQL[
= @y(u_wéf’ R o

s
f (‘(\\.U Se

LowBlood  High Blood |, soer
Glucose Glucose L‘//
/4
G ".‘L',gu oM

Pancreas (

& -3
= 10
o |
o |°

e il

o

Glucagon Released Insulin Released
by Alpha Cells by Beta Cells
of Pancreas of Pancreas

ce'!

29,
e'v 4
@ ON 4 G
S 1)
Liver Releases Fat Cells Take in ‘
Gilucose into Blood Gilucose from Blood \

Achieve
Normal Blood
Glucose Levels



Insulin T Normal and Diabetic Responses to Glucose
Load

[IRI]

a7



Pathologies of Diabetes

LOSS OF VIBRATION SENSE

ORTHOSTATIC
HYPOTENSION

EXTRA—= OCULAR MUSCLE PARALYSIS

(PTOSIS, STRABISMUS, DIPLOPIA)

TABETIC "“CRISISLIKE" PAINS
NOCTURNAL DIARRHEA

URINARY RETENTION

IMPOTENCE

ARTHROPATHY
(CHARCOT'S JOINTS)

NEUROPATHIC (PAINLESS) ULCER
(FLUORESCEIN DEMONSTRATION
OF GOOD BLOOD SUPPLY)

AUTONOMIC DYSFUNCTIONS

Mellitus - 1

Artery with High Blood Glucose, High Blood Pressure and
Fibrous Plaque (atherosclerosi)
@ (gpecont Witams & Wit

€2006 Amatomical Chart Company
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Pathologies of Diabetes Mellitus - 2

A The dorsalis pedis pulse is
located just lateral to the
extensor tendon of the big
toe, which can be identified
by asking the patient to flex
their toe while you provide
resistance to this
movement. Gently place
the tips of your 2nd, 3rd
and 4th fingers adjacent to
the tendon and try to feel
the pulse. If you can't feel
It, try moving your hand
either proximally/distally or
more laterally and repeat.

A Common pitfalls include

pushing too hard and/or

mistaking your own pulse
for that of the patient.
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Hypoglycemia

>>Tlnsulin

/

Blood Unconsciousness
j A

ce\."(Glucose

Cytosol

\ lBs

A Pancreatic
membrane is very
nfineo.

A Makes it hard to
suture.

A Causes adhesions
because of the
proteases released.
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C-protein (C-peptide)

A From endogenous Insulin
A Not from exogenous Insulin

AUsed to detect HfAHiIi gl
Level so

AAnd Munchausenos/ |
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Renin-Angiotensin-Aldosterone AXIs

\b Blood Volume

‘l, serum Na*
+ ANG-II
fserum K
Aldosterone
ANG-I
enin
ANGogen
Na* retention Blood volume @ Blood volume
K¥ loss 1‘ Blood Pressure Blood Pressure

Slt H20 retention
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AVP and Aldosterone are Synergistic

AVP Release

Detected by
hypothalamus

»,Lalnod Volume

.b serum Na*

N ANG-II X
fsErurn K
Aldosterona
AMNG-I
enin
ANGogen
2
Ma* retention +B.and '.'D.JI'IH'.-@ .}Emml volume
K loss E— Blood Pressure
50t H:J_O retention

Blood Pressure

sweating
H,0 Reabsorption

water loss
w/ secondary Na'

reabsorption
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Primary HypERaldosteronism

A Positive 1. - ECF
Chvost-ekOs 2. - Body Na*
grimace 3. ®Body K*

A Positive 4. - fecal K*
Trouss-eauobs 5 Polydipsia
carpospasm 6. Polyuria with = urinary

aldosterone

7. = Blood Pressure
8. - pH (®[H*] and ®[K*])
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MUCOUS
MEMBRANE
PIGMENTATION

SKIN PIGMENTATION

DARKENING OF HAIR

PIGMENT
ACCENTUATION
AT NIPPLES,
AT FRICTION
AREAS,

PIGMENT
CONCENTRATION
IN SKIN CREASES
AND IN SCARS

LOSS OF WEIGHT
EMACIATION:
ANOREXIA
VOMITING
DIARRHEA

'MUSCULAR
WEAKNESS

Qﬁ’?
< .
o 14
)

| 9/} @t’}«

[

Al
. [5/(5@&:\

Addlil sor
Disease

A Cortical
atrophy, CA
and/or trauma
all lead to
reduced levels
of circulating
aldosterone
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Acute Adrenal Cortical Insufficiency (Waterhouse-
Friderichsen Syndrome)

A Prevalent in camps
and where young
people congregate

A Common during
times of high
Incidence of
meningococcal
meningitis

A May be confused
with individuals
seeking drugs

I NV Case
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Catecholamines:
Adrenal Medulla
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