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GROElen doet bloeien

“Geen inspiratie zonder transpiratie”

http://www.maastrichtuniversity.nl/web/Institutes/FHML/CARIM/DepartmentsCARIM/Physiology.htm




Onderwerpen:
e E—

* Groeihormoon en de schildklier
* “Het” hongerhormoon
* Stofwisseling

e Zwangerschap.




Medische fysiologie
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Wat hebben deze personen met elkaar
oemeen?

Eenhtomdets-juigeka-sdhmhiverweddernlewemld.lethirheeﬁeen
zeldzame aandoening genaamd Parkes-Weber syndroom waardoor haar
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&hamenvﬂanduenhspimen..lkhatmiinziektenietbepaumieikbenen
draag gewoon een leuke bikini of een schattig jurkje”, aldus de 19-jarige.
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Osteochorndrodysplasie
(fibroblast growth factor receptor 3 (FGFR3))

Groei Hormoon (hGH)




DUS!
e

Humaan groei Hormoon (hGH) is niet het enige
“hormoon” welke groei beinvloedt.




Wat is groei?
e —

*Def. Toename in: omvang, hoogte,
hoeveelheid, gradatie en ontwikkeling




Soorten Groel

3 Normal Cells /
*Hyperplasie A -
*Hypertrofie \I,
*Radiaal 1
*Longitudinaal E

Wat is nodig voor groei?
https://en.wikipedia.org/wiki/Hypertrophy#/media/File:Hyperplasia_vs_Hypertrophy.svg




Wat is nodig voor cel groei?
e

e Zuurstof

* Energie bronnen:
Koolhydraten
Aminozuren
Vetten

EXTRA: stimuli zoals hormonen om de groei te
reguleren.
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Hoe kijken wij naar groei?
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Maar!!l
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Aparte curves voor:

*Jongens
*Meisjes
° | < Catch up groei verhoogt risico op:

P rem atu ren:: Metabool syndroom en hart- en vaatziekten
o World Rev Nutr Diet. 2013;106:148-55. dei: 10.1159/000342584. Epub 2013 Feb 11.

Tu rke n Optimal growth of preterm infants.

Corpeleiin WE', Kouwenhoven SM, van Goudoever JB.

*Marokkanen
*Hindoestanen

Downsyndroom




Veranderde groei bij pasgeborenen
R

84

Textbook of fetal physiology

Fi dates babies compared to an appropriately grown baby at term. The small-for-
dates weighed 2050 g at birth and was delivered by

Caesarean section because of fetal distress (scalp blood sample pH 7.11). The
large fetus on the right was also delivered by Caesarean section for cephalo-pelvic disproportion, His birth-weight was 6600 g. A
normally grown term infant (3540 g) is shown for comparison.

Macrosome baby (rechts):

Intra uterine groei restrictie (links): bijv. moeder met diabetes

bijv. roken, ondervoeding



Foetale groei
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Hall: Guyton and Hall Textbook of Medical Physiology, 12th Edition

_ Coiirlihl © 2011 bi Saunde's| an amirmt of Elsevier, Inc. All rlihts reserved. _



Trans-placentair transport
e —

Mother’s lungs and kidneys

Waste products:

Carbon dioxide . endc:/rﬁetrial
Urea or uric acid \t/){? | el Nutrients: Harmful substances:
Bilirubin uar:]telrilgz : Oxygen Drugs, poisons, and
oth , ol # 8% Water arbon monoxide
ther substances: o Carbohydrates Rubella
RBC antigens Amino acids iruses <
Lipids Cytomegalo-
virus

(] )

) Electrolytes
Intervillous

/- metrial
~ spiral
. arteries

Strontium-90
Toxoplasma gondii

Other
substances:

umbilical
vein Placental Antibodies

membrane IgG
Vitamins

Nontransferable
substances:

Bacteria
Heparin
Transferrin
IgS and IgM

FIGURE 3-16 Summary of transfer of substances across the placenta between the mother and
fetus. (From Moore, K.L. & Persaud, TV.N. [2003]. The developing human: Clinically oriented embryol-
ogy [7th ed.]. Philadelphia: Saunders.)



Waarom is het ei nog steeds belangrijk voor

fysiologen?
L e N

Table 7.3. Blood gas, metabolic, and endocrine changes

associated with intrauterine growth retardation.
Decreased Unchanged Increased
PO, < pH PCO,
O, content O, carrying capacity
(Hb conc.) Zowel O, als glucose laag
Glucose <«— Lactate
Thyroxine ACTH Noradrenaline
Reverse T3 Placental Adrenaline
T3 ATeZS Cortisol
p-endorphin

Insulin
IGF-1

NG

Growth
hormone

Placenta groei restrictie

Zuurstof aanbod en nutriént v




Chick embryo as a model in fetal physiology
JMCG van Golde 1999

The fetal and infant origins
of adult disease

The womb may be more important than the home
D.P.J. Barker-hypothese (jaren 90)

Table 2: Blood gas levels in chick embryo after exposure to 100% N,
5% 0,, 100% O, on days 14-15 (stage 40 and 41).

100% O, 5% O, 100% N,

(n=9) (n=6) (n=8)
PCO, 4.52 3.89 3.88
(kPa) (+0.39) (0.17) (£0.68)
PO, 6.60 1.98 1.2
(kPa) (£1.30) (F0.43) (F0.33)
pH 7.428 7.365 7.430

(20.055) (x0.017) (20.027)

Results are expressed as mean * SD.
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Figure 2. Prevalence of underweight children under 5 years of age — globally and by WHO region, 1990-2012
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The womb may be more important than the home

D.P.J. Barker-hypothese (jaren 90)
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Emancipatie van groei? Boys
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Hall: Guyton and Hall Textbook of Medical Physiology, 12th Edition
_ CoE‘rlﬁht © 2011 b‘ Saunder:;i an -mﬁrtnt of Els.evleri Inc. All rlahts reserved. _



Hormonale aansturing van groei

NACCORDANCE WITH ARTICLE 4.2.2 OF THEWORLD ANTI-DOPING CODE, ALL PROHIBITED SUBSTANCES SHALL
BE CONSIDERED AS “SPECIFIED SUBSTANCES™ EXCEPT SUBSTANCES IN CLASSES 51, 52, 54 .4, 54.5, 56.3, AND
PROHIBITED METHODS M1, M2 AND M3.

: SUBSTANCES & METHODS
Groel Hormoon PROHIBITED AT ALL TIMES pr—
[IN- AND OUT-0OF-COMPETITION)

ANTI-DOPING

*Insulin Like Growth factor (IGF-I, IGF-1)

play true

e PEPTIDE HORMONES, GROWTH FACTORS,
‘Th y Foic h ormoon 224 RELATED SUBSTANCES AND MIMETICS
The following substances, and other substances with
similar chemical structure or similar biclogical effect(s),

*Insuline R

5. Growth Hormone |GH] and its releasing factors including:
Growth Hormone Releasing Hormone [GHRHI and its
. o analogues, e.g. CJC-1295, sermorelin and tesamarelin;
) G I u CO C O rt I CO I d S Growth Hormone Secretagogues [GHS), e.g. ghrelin
and ghrelin mimetics, e.9. anamorelin and ipamorelin;
GH-Releasing Peptides |GHRPs), e.q. alexamorelin,
GHRP-&, hexarelin and pralmorelin [GHRP-2).

*EGF/TGFa R ———

Fibroblast Growth Factors (FGFg]
° ° L3 Hepatooyte Growth Factor [HGF;
o P I a Ce nta I re e IW It h O r m O n e n Insulin-like Growth Factor-1 [IGF-1] and its analogues;
Mechano Growth Factors |MGFs);
Platelet-Derived Growth Factor [PDGF);
Vascular-Endothelial Growth Factor WEGF]

and any other growth factor affecting muscle, tendon or
ligament protein synthesis/degradation, vascularisation,
energy utilization, regenerative capacity or fibre type
switching.



Belangrijke groel hormonen na de
geboorte

Thyroid
hormones

Growth
hormone

Androgens
and
estrogens

! L A ' ' A L J

Bith 2 4 6 8 10 12 14 16 18 20

Age (y)
Source: Kim E. Barrett, Susan M. Barman, Scott Boitano, Heddwen L. Brooks: Ganong's Review of Medical Physiology, 25th Ed.

www.accessmedicine.com
Copyright © McGraw-Hill Education. All rights reserved.

Legend:

Relative importance of hormones in human growth at various ages. Thyroid hormones and growth hormones drive the rapid growth
rate in the neonatal period and for the first few years of life, with the effect of the thyroid hormones tapering off thereafter. The
growth spurt of puberty, on the other hand, involves interactions between the effects of growth hormone and the sex steroids. (Used

with permission of Fisher DA.)




Thyroid Hormoon is belangrijk bij vroege groei
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Source: Kim E. Barrett, Susan M. Barman, Scott Boitano, Heddwen L. Brooks: Ganong's Review of Medical Physiology, 25th Ed.

www.accessmedicine.com

Copyright © McGraw-Hill Education. All rights reserved.

Legend:

Normal and abnormal growth. Hypothyroid dwarfs (cretins) retain their infantile proportions, whereas dwarfs of the constitutional
type and, to a lesser extent, of the hypopituitary type have proportions characteristic of their chronologic age. See also Clinical Box
18-2. (Reproduced with permission from Wilkins L: The Diagnosis and Treatment of Endocrine Disorders in Childhood and

Adolescernce, 3rd ed. Thomas; 19667)



Regulatie Thyroid Hormoon
L e N
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Actie van het amine hormoon TH via nuclear receptor TR

T4 T3
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hGH
e

1. deficiéntie 3. Receptorongevoeligheid 2. overproductie
f >

Tom Thumb (90 cm) Robert Wadlow (2.80 m)




Hormonale regulatie van groei, hGH

Anterior pituitary &

B-LPH ACTH Growth TSH FSH LH Prolactin

l l horinone | l
? ) 9} w @ Breast

| A |

17-Hydroxy- Somato- Thyroxine Estrogen Progesterone
corticoids medins
Aldosterone, (IGF-1/2)

sex hormones
Source: Kim E. Barrett, Susan M. Barman, Scott Boitano, Heddwen L. Brooks: Ganong's Review of Medical Physiology, 25th Ed.

www.accessmedicine.com
Copyright © McGraw-Hill Education. All rights reserved.

Legend:

Anterior pituitary hormones. In women, FSH and LH act in sequence on the ovary to produce growth of the ovarian follicle,
ovulation, and formation and maintenance of the corpus luteum. Prolactin stimulates lactation. In men, FSH and LH control the
functions of the testes. ACTH, adrenocorticotropic hormone; 3-LPH, B-lipotropin; FSH, follicle-stimulating hormone; LH, luteinizing

hormone; TSH, thyroid-stimulating hormone.




Negatieve feedback

Groei Hormoon |

Circadian rhythm
Stress and cortisol

Fasting
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Avond 4 — 9 december 2015

Thema: Homeostase

Spreker: Dr. Patricia Stassen
Onderwerpen die aan bod zullen
komen: Regeling glucose- en
mineraalhuishouding, insuline, glucagon, stress,
bloeddruk regeling.

Avond 5 —16 december 2015
Thema: Sport en doping

Spreker: Douwe de Boer, dopingexpert
Onderwerpen die aan bod zullen
komen: Doping, epo, spierkracht




Groei Hormoon Il

GH
l l l l / l Bot groei
Na* Decreased | | Lipolysis Protein [ |Epiphysial
retention insulin ¥ synthesis growth
sensitivity G

I T A

Insulin-like | | Antilipolytic | | Protein || | Epiphysial
activity activity synthesi growth

Source: Kim E. Barrett, Susan M. Barman, Scott Boitano, Heddwen \. Brooks: Ganong'y/Review of Medical Physiology, 25th Ed.

www.accessmedicine.com
Copyright © McGraw-Hill Education. All rights reserved.

Legend:

Direct and indirect actions of growth hormone (GH). The latter are mediated by the ability of GH to induce production of IGF-I. (Used
with permission of R Clark and N Gesundheit.)




TABLE 18-3

Stimuli that affect growth hormone secretion in humans. Ghrelin
Stimuli that increase secretion | l
Hypoglycemia ®
I Newpepie ¥ Growth o v i
) | IL-1p
Exercize | 2.
5 STATS  Fox0I [L-6
Fasting Tlun Body ! <l ' ® " e
Mass 1GF-1 "> NFxB activation 4
Increase m circulating levels of certam ammo acids {
Protem meal IGFP P-3 Ub-proteasome
| J
Infusion of argimine and some other amimo acids : S,yﬂcm
| (Atroginl/MuRF1)
Glucagon v
A TMuscle Protein 9 )
Ve VASOPTEss Anabolism l ll;x:cle:n?(em
Gome to sleep gradation
L-dopa and o-adrenergic agonists that penetrate the braim Fig.5. Schematic representation of ghrelinfits mimetic therapeutic action in cancer,

COPD, CKD, unloading induced muscle wasting,

Apomorphme and other dopamine receptor agonists
Estrogens and androgens
Stressful shmuh (meludme vanous psychological stresses)

Pyrogen
Stimuli that decrease secrefion

EEM sleep

Glucose

Cortizol

FFA
MMedroxyprogesterone

Growth hormone and IGF-I

FFA, free fatty acud: IGE, msulm-like growth factor; REL, rapid eve movement.

Copvnght © 2015 McGraw-Hill Education. All rights reserved.



hGH ritme van een 23-jarige vrouw

20
15
Growth
hormone
(ng/liter)
5

8am

/N

Sleep

4 N

Boron & Boulpaep: Medical Physiology, 2nd Edition.
Copyright © 2009 by Saunders, an imprint of Elsevier, Inc. All rights reserved.
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Copyright © 2009 by Saunders, an imprint of Elsevier, Inc. All rights reserved.

hiEH In blos=d (gt mii
a0

1E

. I
LN ]
NIWAVAVVAY

4 :] 12 1€ o0 24 4
uLr

B |aar
—— 35 |aar

Figur 24.2 Krbep vm o2 EEaiOmaceonominetie i dat Aloas in i
afroa! &Y n @nd en A7 aan IoiFesRng.



Gigantisme voor sluiting epifysaire groeischijf

Acromegaly na sluiting epifysaire groeischijf (na pupertijd)

© Telegraf

A

Source: D. L. Kasper, A. S. Fauci, S. L. Hauser, D. L. Longo, J. L. Jameson, J. Loscalzo: Harrison's Principles of Internal Medicine, 15th Edition.

L eg en d www.accessmedicine.com

Copyright © McGraw-Hill Education. All rights reserved.
Features of acromegaly/gigantism. A 22-year-old man with gigantism due to excess growth hormone is shown to the left of his
identical twin. The increased height and prognathism (A) and enlarged hand (B) and foot (C) of the affected twin are apparent. Their
clinical features began to diverge at the age of approximately 13 years. (Reproduced from R Gagel, IE McCutcheon: N Engl J Med
324:524, 1999; with permission.)




Synergie van groei hormoon en insuline

op groei van een rat
B e

Growth hormone
and insulin
250 *_*

200 -4 Depancreatized and
hypophysectomized

Weight (grams)

0 : I I T T
0 50 100 150 200 250

Hall: Guyton and Hall Textbook of Medical Physiology, 12th Edition
Copyright © 2011 by Saunders, an imprint of Elsevier, Inc. All rights reserved.



Samenvattend

B e,
Wat beinvloedt groei?

* Adequate voeding en zuurstof

* Aanwezigheid relevante hormonen en
groeifactoren: hGH, IGF-1/2, insuline,
geslachtshormonen, thyroid hormoon, e.a.

* Afwezigheid van stress i.e. ziekte, honger etc.
(cortisol)

* Genetische factoren (afkomst)
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Vragen?
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Omne Vivum Ex Ovo (Harvey 1578-1657)

nd 3 -2 december 2015

Van Leeuwenhoek (1632-1723) ema: Homeostase
Animalculae seminales van de man onder zijn microscoop Spreker: Dr. Ron van Golde,
gynaecoloog en
De Graaf (1641-1673) voortplantingsgeneeskundige

Onderwerpen die aan bod
zullen komen: Het vrouwelijke
_ en het mannelijke hormoon,
Hertwig (1849-1922) hormonale afwijkingen en
Eerste beschrijving van de bevruchting en embryogenese ziekten.

Testes muliebres van de vrouw (Graafse follikel)



