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Voor deze presentatie:

» |k zal niet alles (kunnen) behandelen wat insuline
doet.

» De referenties zijn over het algemeen uit de jaren
60-70-80 van de vorige eeuw ;-

» Insuline resistentie wordt zijdelings meegenomen.
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Opbouw:

1) De geschiedenis van Insuline



L Louis Bolk Insuline: Korte geschiedenisles
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1921 CE Banting & Best
Canada: Insuline ontdekil.

Diabetes = Afwezigheid van INSULINE
1500 BC

Eavol/Ind 300-500 CE India 1962-1967 CE
HQYIO 8 19 1y5e 1= Young Type 1 = Afwezigheid van Insuline
ONey LNNe 1v05e 2 = Overweight Type 2 = Ineffectieve insuline

- |
1 1 1

250 BC 1675-1776 CE 1959 CE 1971 tot NU

“Diabetes” Dr. Thomas Willis Yalow & Berson - meiwm o0
Dr. John Rollo Insulin Assays
“Diabetes Mellitus”
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Opbouw:

2) De fysiologie van Insuline
1) Complexiteit van de signalling.
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Opbouw:

2) De fysiologie van Insuline

2) Geen lineaire relatie dosis insuline en effect.
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Fie. 1. Dose-response curves for the effect of insalin on

Dose-response relationships for the effects of insulin on glucose and fat metabolism in injured
patients and control subjects.



De concentratie-effect relatie van Insuline:

Louis Bolk En wat is insulin resistentie?
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Real human data:
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c & The American Society for Clinical Investigation, Inc.
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Figure 3. Rate of hepatic glucose production in the basal state and
during graded hyperinsulinemia in nonobese NIDD (broken line)
and in matched control (solid line) subjects. The x-axis shows the es-
timated portal insulin concentrations. Values are mean+SEM. *P

< 0.05; **P < 0.01 versus control subjects.
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Opbouw:

2) De fysiologie van Insuline

3) Elk orgaan reageert op verschillende
concentraties insuline.
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Instituut  Verschillende organen hebben verschillende insuline gevoeligheden
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Opbouw:

2) De fysiologie van Insuline

4) Glucose load bepaalde insuline secretie
(incretin effect)



Glucose dosis en insulin secretie?
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Fig. 1—Plasma-insulin and blood-glucose responses in healthy subjects, prediabetics, and diabetics to varying oral glucose loads
per kg. body-weight and to a combination of oral and intravenous glucose loads. b




Glucose doses bepaalt insulin response; niet bloedglucose response:
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METABOLIC STUDIES FOLLOWING THE ORAL INGESTION OF
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Hoe je consumeert bepaalt ook je insulin response, en dus de duur

Louis Bolk van het insulin effect:
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FIG. 1. Mean plasma glucose levels in 10 normal 30 60 S0 120 150 180
subjects after ingesting 50 g carbohydrate as whole or-
and orange juice. Asterisks indicate glucose values '-'_"HJT_ES AFTE-H MEAL
significantly lower (p < 0.05) after juice than at the ~ FIG. 3. Mean serum insulin levels in 10 normal sub-
corresponding times afler fruit. jects after ingesting 50 g carbohydrate as whole oranges

and orange juice. Asferisks indicate insulin values sig-
nificantly higher (p < 0.05) after juice than at the cor-
responding times after fruit. 18
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Waarom heeft glucose load per se niet zo een direct
effect op bloedglucose curve?



Effect van isuline gedurende een maaltijd:

Louis Bolk Verschillend effect op verschillende organen
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Gastroenterology. 1953 Dec;25(4).548-52.

Oral glucose tolerance as a test of liver function.

RANKIN TJ, JENSON RL, DELP M.
- T oo e rect.

~ - Absorbed

e [F= TN |ntestine effect

" (mgfmin)

= T T I T
O 30 60 80 120 150 180 210 240
Time (minutes)

20



Wat is glucose intolerantie?:
Louis Bolk verstoord effect van insuline op de lever!
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Figure 1. Mean (£ SE) Arterial Plasma Glucose, Insulin, and Glucagon Concentrations
before and after Glucose Ingestion in 16 Normal Subjects (O) and 15 Subjects with
Impaired Glucose Tolerance (@).

22 THE NEW ENGLAND JOURNAL OF MEDICINE Jan. 2, 1992
ROLE OF REDUCED SUPPRESSION OF GLUCOSE PRODUCTION AND DIMINISHED EARLY
INSULIN RELEASE IN IMPAIRED GLUCOSE TOLERANCE

AstMINA MiTRAKOU, M.D., Davio KeLLey, M.D., Marian Moxkan, M.D., TaiEso Veneman, M.D,, 2 ]
‘Tromas PANGBURN, B.A., James ReiLLy, M.D., anp Joun Gerick, M.D.



Louis Bolk Glucose intolerantie: geen spier problem!
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Table 3. Peripheral-Tissue Glucose Metabolism during Assimila-
tion of the Oral Glucose Load.*
GLUCOSE VARIABLE NONOBESE SUBJECTS OBESE SUBJECTS
IMPAIRED IMFAIRED
GLUCOSE GLUCOSE
NORMAL TOLERANCE NDEMAL TOLERANCE
Total disappearance 40710  457x12Ff 43210  498=20%
(mmol/5 hr)
Urinary loss (mmol/5 hr) 0 1.1+0.5 0 0.5x0.5
Total tissue uptake 40610  456+2% 432+9 482+21%
*Plus—minus values are means +SE. To convert millimoles of glucose to grams, multiply
by 0.18.
p oL oo B 1P<0.05 for the comparison with the subjects with normal glucose tolerance.

ROLE OF REDUCED SUPPRESSION OF GLUCOSE PRODUCTION AND DIMINISHED EARLY
INSULIN RELEASE IN IMPAIRED GLUCOSE TOLERANCE

Asmaina Mitrakou, M.D., Davio KeLLey, M.D., Marian Mokan, M.D., Triemo VeEneman, M.D.,
Tuomas Panceury, B.A,, James ReiLy, M.D., anp Joun Gerica, M.D.
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Verstoorde remming glucose productie door de
lever bij insulin resistentie

-

J. Clin. Invest.

c & The American Society for Clinical Investigation, Inc,
o 0021-9738/89/07/0205/09 $2.00
§ Volume 84, July 1989, 205-213
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Figure 3. Rate of hepatic glucose production in the basal state and
during graded hyperinsulinemia in nonobese NIDD (broken line)
and in matched control (solid line) subjects. The x-axis shows the es-
timated portal insulin concentrations. Values are mean+SEM. *P

< 0.05; **P < 0.01 versus control subjects.
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En onthoud AUB dat de lever de meeste insulin
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Gasiroenterology. 1953 Dec:25(4).548-52.

Oral glucose tolerance as a test of liver function.
RANKIN TJ, JENSON RL, DELP M.
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Opbouw:

3) Insuline heeft een circadiaans ritme, secretie en
effect op de organen.
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- Affect food metabolism and energy balance
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Circadiaans ritme door clock genen binnen in insulin signalling
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Fig. 2| Circadian clocks regulate glucose metabolism, insulin sensitivity and insulin
secretion. The molecular clock consists of a transcriptional translational feedback loop
involving the clock proteins CLOCK, ARNTL, PER and CRY and the nuclear receptors

NR1D1, NR1D2 and ROR. The central and peripheral clocks are responsible for a variety
of functions. SCN, suprachiasmatic nucleus.
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Circadiaans ritme ook te zien in OGTT: meer glucose

Louis Bolk intolerant/insuline resistent gedurende de dag.
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LOUiS Bolk Opbouw:
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4) Insuline het anabole hormoon.
1) Insuline verlaagd totaal energy expenditure

30
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K. S. Nair et al.: Energy expenditure in Type 1 diabetes 15

Table 2. Basal energy expenditure before and after insulin treatment, predicted basal energy expenditure, plasma glucose and serum bicarbonate

Patients Predicted Before insulin treatment After insulin treatment
basal energy " :
expenditure Observed Plasma f-hydroxy- szrum Observed Plasma P-hydroxybutyrate
(kcal/24 h) basal energy glucose butyrate  bicarbonate  basal glucose (mmol/1)°
expenditure (mmol/1y  (mmol/1)* (mmol/1)° energy (mmol/Ty*
(kcal/24 h) (kcal/24 h)
Group 1
1 1620 1732 1341 - 18.0 1668 6.8 -
2 1825 2165 23.0 1.17 21.0 1862 10.6 0.06
3 2050 1958 231 4.5 24.0 1778 5.7 0.67
4 1775 1908 15.6 - 26.0 1740 11.0 -
5 1800 2120 224 - 230 1732 4.5 -
6 1825 2319 22.3 - 18.0 1796 3.6 -
Group 2
7 1725 1862 16.2 2.18 28.0 1604 3.7 0.068
8¢ 1460 2256 19.0 4.6 13.0 1763 34 0.086
9 1800 2166 19.1 1.8 22.0 1960 34 0.064
10° 1560 a 191 5.76 16.0 ¥ 3.4 0.124

Mean £ SEM 1744+ 52 193+11 3.34+076 209%15 58+08 0.078 £0.009

2042 + 60

¢ Normal range 3.2-10 mmol/T; fifige 1.7 + 0.2 (women) 0.9 + 0.2 mmol (men); ° nd pPU=30 mmol/1; ¢ measured during steady
state; ® female patients
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4) Insuline het anabole hormoon.

2) De anabole effecten op orgaan niveavu.

32



Insulin
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\J v

Skeletal muscle Liver Adipose tissue
| | |
T glycogenesis T glycogenesis T adipogenesis
T protein synthesis 1 gluconeogenesis + lipolysis

Tissue metabolic spectrum

INSULIN j

Catabolism

Anabolism

Tissue breakdown
Giycogenolysis, gluconeoganesis,
protein catabolism, lipolysis

Tissue buildup
Giyvcogen, protein,
fat synthasis
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Muscle Adipose Tissue
INSULIN
REGULATION

Glucose Glucose

Glycerol \'
Triglycerides
Free Fatty <

Acids —}

Amino
Acids

Plasma

1 Glucose | Ketoacids
| Free Fatty Acids | Amino Acids

=P Nigh insulin (postprandial)

=y |OW iNSUIIN (early morning, fasting, LC etc) 34
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4) Insuline het anabole hormoon.

3) Een poging tot totaal plaatje:
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Het anabole effect van Insuline: Postprandiaal
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8 hours of sleep
(fasting)

iy

Breakfast Lunch Dinner
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b Louis Bolk  En wat is er eigenlijk aan de hand?
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Breakfast Lunch Dinner
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En dan hebben we de hersenen nog
L Louis Bolk overgeslagen:
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nstituut Diet modulates brain network stability, a biomarker for
brain aging, in young adults

Lilianne R. Mujica-Parodi*®~%"2, Anar Amgalan®“"(, Syed Fahad Sultan®, Botond Antal®, Xiaofei Sun®, Steven Skiena®,

Andrew Lithen?, Noor Adra®, Eva-Maria Ratai®, Corey Weistuch®f, Sindhuja Tirumalai Govindarajan?,
Helmut H. Strey®®, Ken A. Dill?, Steven M. Stufflebeam®, Richard L. Veech??, and Kieran Clarke"

www.pnas.org/cgi/doi/10.1073/pnas.1913042117
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Dank je wel.
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