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6 Endocrine system — hormone physiology

hormones send messages or commands
from one part of the organism to another

tasks of the endocrine system:

e whole-body metabolism — energy (glucose metabolism, ...)

e maintainance of internal environment (water, sodium, calcium, ...)
e growth and development

e reproduction and sexual development

endocrine system sends signals to the body by
secreting hormones directly into the circulation

HORMONES vs. CYTOKINES c"
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e pituitary and hypothalamus
(Hypophyse, Hypothalamus)

e thyroid gland

(Schilddrise)

e parathyroid glands
(Nebenschilddrtsen)

e adrenal gland

| _ (Nebenniere)

\prafraddenss | @ pancreas

(Pankreas = Bauchspeicheldriise)
e testes and ovaries

(Hoden, Ovarien = Eierstdcke)

Pituitary gland

nonclassical
endocrine organs:

heart, brain, kidney, liver, o.
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6 Endocrine system — hormone physiology

composition of hormones:

e protein or peptide variety

e glycoproteins

(luteinizing hormone LH, follicle-stimulating hormone FSH, ...)
e catecholamines (modification of tyrosine) (thyroxine T4)

e steroid hormones (precursor cholesterol)

(cortisol, aldosterone, estradiol, testosterone, ...)

e eicosanoids (precursor fatty acid) (prostaglandins, ...)

e jons such as calcium have hormone-like effects

thyroxine:
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how hormones work:

RECEPTOR IN

HORMONE-RECEPTOR [
COMPLEX DIFFUSES |
TO NUCLEUS

HORMONE

NUCLEUS

PROTEIN
TRANSCRIPTION

non-polar hormones —
directly to the nucleus

carrier proteins
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'CASCADE' OF ONE R MORE %
SECOND MESSENGERS
RESULTS IN EFFECT ON NUCLEUS

/I-;)FMONE-RECEPTOR

COMPLEX ACTIVATES
SECOND MESSENGER(S) /USRS §

HORMONE

PROTEIN
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6 Endocrine system — hormone physiology

hormonal regulation:

endocrine disorders:

TROPHIC e target organ is damaged or
absent and produces insufficient
| HORMONE hormone (hypofunction)
CEEDBACK e target organ produces too_
INHIBITION much hormone (hyperfunction)
INHIBITORY
BY END HORMONE  receptor defect/hormone
PRODUCT . resistance

e excess trophic hormone

ENDOCRINE

e deficiency of trophic hormone
GLAND

e administation of excess
exogenous hormone
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@”/ 6 Endocrine system — hormone physiology

example: THYROID

thyroid regulation:

thyroid disorders:

e primary hypothyroidism
(e.g. Hashimoto's thyroiditis)

9 HYPOTHALAMUS

? """""""""" e e primary hyperthyroidism

: Negative Feedback TRH# (eg Graves‘ dlsea‘se)

:  thyroid receptor
msssssssennans > gty defect/hormone resistance

e secondary hyperthyroidism
- TSH (increased TSH levels)

e secondary hypothyroidism

T4& T3 (decreased TSH levels)

T EEEENEENEENENESN

‘ e ,hamburger thyrotoxicosis*
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@’/ 6 Endocrine system — hormone physiology

example: PITUITATY AND

HYPOTHALAMUSTHYROID
,master glands*: i et e o 8 sl s

ACTH: adrenocorticothrophic hormone or corticotropin — adrenal cortex
GH: growth hormone or somatotropin — bone and muscle

PRL: prolactin — milk producing glands of breast

TSH: thyroid-stimulating hormone or thyrotropin — thyroid

LH: luteinizing hormone — ovaries and testes

@
FSH: follicle-stimulating hormone — ovaries and testes o
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6 Endocrine system — hormone physiology

example: GROWTH HORMONE
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calcium involved in:
e muscle contraction

e synaptic transmission in the nervous system

 platelet aggregation and coagulation
e intracellular messenger

LOW IONIZED
CALCITONIN
gnt ¢ (weak anfagonist)

lallssessssnuns INCREASED
IONIZED Ca2+

VITAMIN D

(Diet, sun) PTH 1

|
\\\

250HD,
; DIETARY Cal+

¢ \
=i

Ca?+, POy
absorption

y

smsmencmssadipe CaZ* release

Ca2* reabsorption
POg4 excretion

6.1 Calcium Metabolism

therefore
TIGHTLY
REGULATED
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parathyroid hormone (PTH):
Increased resorption of Ca from
bone

Increased reabsorption of Ca from
the kidney

Increased calcium absorption from
the intestine

calcitriol (active metabolite of

vitamine D):
Increased calcium absorption in the

intestine
<

calcitonin:
weak antagonist of PTH
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./ | 6.1 Calcium Metabolism El-Samad et al..
J theor Biol (2002) 214, 17-29

feedback loop of calcium homeostasis:

V.-V

ol

Set point 1 [Ca] »
-
C Uﬂtrﬂl E - Vol .[

[Ca], ... plasma calcium concentration
d 1
—|Cal, =— V() -V, (L
a’t[ 1, vo/( - (£) =V, (7))

e setpoint r e(t) =r —[Ccal (¢t
feedback: tracking error e (£) [cal, ()

<
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proportional feedback:

Integral feedback:

Set point

El-Samad et al.,
J theor Biol (2002) 214, 17-29

V: =K, €e

6.1 Calcium Metabolism

V, =K, e+K,|e

[Ca],

Vol j
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Calcium concentration (g l‘l)
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W/ | 6.1 Calcium Metabolism

realizing integration by means of hormones:

only one hormone:
V. o [Hormone A]

i [Hormone Al < | error + K i error
at at

two hormones:

V, oc [Hormone A] o« error

% [Hormone B] « [Hormone Al  V, « [Hormone B]

for calcium homeostasis: © Hormone A: PTH
e Hormone B: calcitriol

non-linear effects: “milk fever”
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