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#14 &15: physiology of the pancreas & insulin

Glucose metabolism terms:

e Gluconeogenesis - Synthesis of glucose from noncarbohydrate
precursors, Lactic acid, glycerol, amino acids, liver cells synthesis
glucose when carbohydrates are depleted.

e Glycogenesis - Formation of glycogen, glucose stored in liver and
skeletal muscle as glycogen, important energy reserve.

e Glycogenolysis — breakdown of glycogen (polysaccharide) into
glucose molecules (monosaccharide)

e Glycolysis - the breakdown of glucose into pyruvate by cells for the
production of ATP

- Important
- Males notes
- Females notes
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The pancreas:
The pancreas is a triangular gland, located behind the stomach (Strategic location)

It has both exocrine and endocrine cells
e EXxocrine: Acinar cells produce an enzyme-rich juice used for digestion (exocrine product)
e Endocrine: Pancreatic islets (islets of Langerhans), which are 1-2 million islets in number, produce

hormones involved in regulating fuel storage and use (glucose, lipids, and protein metabolism), they
are highly vascularized (10-15% of blood flow) and innervated by both sympathetic and
parasympathetic neurons.

Islets of Langerhans:

Cell type Products (total=100%)
Beta@®)cels | produce insulin (60-70%)
Alpha (a) cells produce glucagon (20-25%)
Delta (8) cells produce somatostatin (GHIH) (5-10%)

F cells (gamma vy or PP cells)* - = produce pancreatic polypeptide (5%)

*which inhibits pancreatic exocrine secretion of enzymes and bicarbonate.

Paracrine Signals in the Islets: *Boys’ slides only

1. Somatostatin inhibit Alpha cells (Glucagon) and Beta cells (Insulin).Somatostatin always acts as inhibitor
2. Glucagon stimulate Beta cells (Insulin) and Delta cells (Somatostatin).
3. Insulin inhibit Alpha cells (Glucagon)
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secretion
of insulin

Ca entrance

Glucose is the primary stimulator of insulin secretion
Insulin synthesis is stimulated by increase blood glucose or feeding, and
decreased by decrease blood glucose and fasting.
Threshold of glucose-stimulated insulin secretion is 100 mg/dl

promotes? Glucose rapidly increase the translation of the insulin mRNA (to form new proteins)
Insulin and slowly increases transcription of the insulin gene (in the cell nucleus)
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5) Food intake, which increases 2 other stimulators:

A. Gastrointestinal hormones: :: 1 o et oo . . .
" . e | insulin secretion but when it acts on B
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e Epinephrine (@ - receptor)

5) Sympathetic nervous system
NOTE:Sympathetic NS generally inhibits insulin
release. When it acts on (X receptors it inhibits
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‘ Islets of B cells ‘
‘ Release of insulin ‘
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| Blood glucose
| Blood fatty acids
1 Blood amino acid
T Protein synthesis
T Fuel storage




Insulin
receptor

The insulin receptor is a transmembrane
receptor

Belongs to the large class of tyrosine kinase
receptors

Made of two alpha subunits and two beta

subunits
Insulin binds to a receptor>autophosphorylation of (
receptor>activation of tyrosine kinase>activates IRS> SV lan (sl
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insulin MAIN ACTION of insulin:Increase transport of glucose, amino acids, K+ into
insulin-sensitive cells .
Action of Liver: Muscle: Adipose tissue:
insulin on | (+) protein synthesis (+) amino acid uptake (+) glucose entry (+ GLUT4
insulin- (+) lipid synthesis (+) protein synthesis in transporters)
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Actions Rapid (seconds): : Intermediate (minutes): : Delayed (hours):
classified (+) transport of : (+) protein synthesis © (+) mRNA for lipogenic and other
by glucose, amino acids, (-) protein degradation enzymes
it K+ into . (+) glycolytic enzymes and !
insulin-sensitive cells : glycogen synthesis |
! (-) phosphorylase® and E
+ gluconeogenic enzymes
Glucose GLUT1 (erythrocytes - brain)
transport

GLUT2 (Liver - pancreas - small intestine - kidney) mnemonic: ES Glut2 glie
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% Used for triglyceride synthesis & glycolysis

® Itis a water-soluble enzyme that hydrolyzes triglycerides in lipoproteins. It is also involved in promoting the cellular uptake of chylomicron remnants, cholesterol-rich lipoproteins, and free fatty acids.
HSL is activated when the body needs to mobilize energy stores (increase free fatty acid secretion). Hormones like catecholamines and ACTH can stimulate such responses. Hence the name

"hormone-sensitive lipase"

5 the principal enzyme that causes liver glycogen to split into glucose.




slides only

*Boys’ 1.

probably due to release of insulin granules close to the

capillaries. — Insulin levels then fall about halfway back.

Release of | (There is a continuous low basal level of insulin release, regardless of stimulus)
insulin Insulin release occurs in two phases:
Immediate: In 3-5 minutes after acute rise in glucose levels,
plasma insulin levels increase 10-fold.The immediate release

Y]

Plasma insulin (i UWmil)
o83 8883
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Minutes

2. Delayed: Then rise again over about 1 hour.later rise is This graph shows result from
probably due to release of preformed insulin and new synthesis infusion of glucose
KEY
- - 4 Plasma
Actions of Insulin glucose Stimulus
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Glucogenolysis . \ f . Glycolysis :
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Proteolysis

todifed from Clinlcal Blochemlstry, & Gawetal, Churchill Livingsone, Edinbugh, 1995.

Hormonal Effects on FFA Production in Adipose Tissue:
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Insulin

| and adipose tissue
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Definition | A “9-amino-acid polypeptide hormone that is a potent hyperglycemic agent Produced
and its by in the pancreas

origin
Mechanism Atlow glucose concentrations At High glucose concentrations
of glucagon low ATP levels keep K+ channel open, increase ATP levels, closing K+ channel
Release -> membrane potential is such that -> membrane depolarization
*Boys’ voltage dependant calcium => voltage dependant Ca++ channel
slides only channel is open closes
=> elevated intracellular calcium => glucagon is not released
levels allows exocytosis of
glucagon

Comparison of Mechanisms of Release of Insulin and Glucagon:

the calcium channels are different...
In insulin-producing beta cells, calcium channels open in response to membrane
depolarization
In glucagon-producing alpha cells, the calcium channels close in response to
membrane depolarization

Synthesis DNAin o cells (chromosome ”) = mRNA — Preproglucagon — proglucagon = glucagon

Stimuli for Glucagon secretion: Inhibitors for Glucagon secretion:
- | blood glucose the most imp stimulator -1 blood glucose the most imp stimulator
e e - 1 serum amino acids (arginine &
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Secretion: - Stress & exercises«: »
- Sympathetic nervous system
stimulation

- Somatostatin
- Insulin

Its major target is liver:: i 5 = < i | On cells:
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+Plasma
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For use by brain and
i ORI e 4 Plasma peripheral tissues
feadback glucose

“ketone bodies”).
- Release of glucose to the blood
from liver cells




The Regulation of Blood Glucose Concentrations

Increased rate of glucose

transport into target cell —
TrE Increased rate of glucose =
. — utilization and ATP generation
_| Beta cells :] Blood glucose
secrete ; Increased conversion of glucose j‘> concentration
insulin to glycogen (liver, skeletal muscle) [ declines

Increased amino acid absorption ||
and protein synthesis

Increased triglyceride synthesis
(adipose tissue)

HOMECQSTASIS HOMEQSTASIS
DISTURBED RESTORED
Rising blood ROMEOSTASIS \

glucose levels Normal glucose

X levels ;

HOMEOSTASIS  (70-110 mg/d)

DISTURBED @ HOMEOSTASIS
- RESTORED

Declining blood
glucose levels

Increased breakdown of glycogen |
to glucose (liver, skeletal muscle) j

; Ngecrecteslks Increased breakdown of fats to gg::'locdeﬁtlu;?::
; 5 : :
glucagon fatty acids (adipose tissue) j 8
Increased synthesis and

release of glucose (liver)

3 'Regulation of Blood Glucose (16 min)

Diabetes Mellitus

e [t's probably the most important metabolic disease

o Affects ~2% of population: a major health problem.

e [t affects every cell in the body, and affects the metabolism of:
1. Carbohydrate
2. Lipid
3. Protein

Symptoms of DM:
Characterized by the poly-triad:

1. Polyuria (excessive urination)The high blood glucose causes more glucose to filter into the renal tubules than can be
reabsorbed, and the excess glucose spills into the urine>osmotic diuresis.

2. Polydypsia (excessive thirst)This occurs partly because glucose does not diffuse easily through the pores of the cell
membrane, and the increased osmotic pressure in the extracellular fluids causes osmotic transfer of water out of the
cells.In addition to the direct cellular dehydrating effect of excessive glucose, the loss of glucose in the urine causes osmotic
diuresis.

3. Polyphagia (excessive hunger and food consumption).why?7Giut3 e s i ) e s
el o1 e Aaliall (530 (IS (sl Al (ing (il Al (38 4 sl 23355 ) (ol ) e 2 Al (53 il A g A 8 (S0 a0 2 s 2 5 5hall (ol V) Gl el iy
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Other symptoms:

e Hyperglycemia

e Ketoacidosis (IDDM)

e Hyperlipidemia

e Muscle wasting

e Electrolyte depletion



https://www.youtube.com/watch?v=KYyMI0gyLYk

Type 1 (insulin-dependent DM)

Cause: inadequate insulin secretion
Type 1 Diabetes: Insufficient Insulin

: Diminished P Glucose
nsulin

Caused by an immune-mediated selective
destruction of S cells
B cells are destroyed while « cells are
preserved:
No insulin > high glucagon > high production of
glucose and ketones by liver
glucose & ketones >> osmotic diuresis

keto acids >> diabetic ketoacidosis .
J Gl G b, COMATS ke Sl e e alas 5 jladl Gl
(<) 30 0 adle 5 €Al ale &< ))‘.‘??i‘??‘.‘?ﬁ;‘.‘?&’ COMA
Coma could be as result of (hyperglycemia,ketoacidosis or
dehydration)

Treatment :
Insulin injection
In future, Type 1 diabetes might be
treated with oral insulin sprays; or
transplantation of b cells.
Artificial pancreas system®

Type 2 (non-insulin-dependent DM)

Cause: defect in insulin action (insulin resistance s

the Hallmark)
Type 2 Diabetes: Insulin Resistance
9 - Glucose
. A Tnsulin J = ~/ - P
L ~ = L > >
) . -
- ‘_'\ i

‘.

Type Il diabetes, in contrast to type |, is associated with increased
plasma insulin concentration (hyperinsulinemia). This occurs as a
compensatory response by the pancreatic beta cells for diminished
sensitivity of target tissues to the metabolic effects of insulin, a
condition referred to as insulin resistance. The decrease in insulin
sensitivity impairs carbohydrate utilization and storage, raising blood
glucose and stimulating a compensatory increase in insulin secretion

Insulin resistance keeps blood glucose too high
Chronic complications: atherosclerosis. .- v
S e el s gieae s 1 L Jasieac i oo Tenal failure &
blindness

can develop into Type 1 diabetes if uncontrolled
More common in some ethnic groups

Treatment:
Diet and change life style
OHA (oral hypoglycemic agents)
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Type 3 (gestational diabetes) Jesll S

*Boys’ slides only

Occurs in 2-5% of pregnancies.

Resembles Type 2 Diabetes.

mother’s blood to the fetus is stored as fat)

Associated with decreased insulin levels and/or insulin resistance.
Caused by hormones that inhibit the functioning of insulin. These hormones (estrogen, cortisol, and
human placental lactogen) are produced from the placenta.

Usually transient: symptoms improve following delivery.
If untreated, causes macrosomia4iles(high birth weight, because extra glucose delivered from the

¢ *Boys’ slides: The artificial pancreas is not a replica organ; it is an automated insulin delivery system designed to mimic a healthy
person’s glucose-regulating function. The closed-loop system consists of an insulin pump, a continuous glucose monitor placed under the

user’s skin, and advanced control algorithm software embedded in

a smartphone that provides the engineering brains, signaling how much

insulin the pump should deliver to the patient based on a range of variables, including meals consumed, physical activity, sleep, stress, and

metabolism.




Long Term Complications of Uncontrolled Diabetes
(MICROVASCULAR DISEASE)

Hyperglycemia damages small blood vessels:
=> diabetic retinopathy — vision loss.
=> diabetic neuropathy — damage to nerves — most common cause of amputation in Western

world.
=> diabetic nephropathy — kidney damage — chronic renal failure.

OGTT’: is a test that can be used to help diagnose diabetes or pre-diabetes.
Both the FPG (fasting plasma glucose) and OGTT tests require that the

patient fast for at least 8 hours (ideally 12 hr) prior to the test. 250
(2 6 e sle co sl B Lpunlal) il oliom () 1l (o g il Ay sl 8 5 gy 5 3 |5 e
The oral glucose tolerance test (OGTT):us o =i 13 Joats casst st aal ol i
é,ug Oi(Auand S uau Sy é)sgg‘_,,w\ Nu 4y V) Y é.)su.su, Al mu sic N\ E, i
A Aasas JSes Jslae 4ip Hd5 o S oS G 55 a3 4da (Al Lade CleluB o3 Bl o seay (sl (plas (5 J 2
el S 4de aall (415 _é,wo_/\\‘\.
1. FPG test E
2. Blood is then taken 2 hours after drinking a special glucose a0 iy
solution. ; | |
- Following the oral administration of a standard dose of D b 2
glucose, the plasma glucose concentration normally rises but adminisiation (hr)

returns to the fasting level within 2 hours.
- Ifinsulin activity is reduced, the plasma glucose concentration takes longer than 2 hours
to return to normal and often rises above 200 mg/dl.
Measurement of urine glucose allows determination of the renal threshold for glucose.

OGTT Normal values Impaired glucose Diabetes
Condition / result tolerance
(prediabetes)
FPG 100 mg/dl 100-125 (Impaired 126 mg/dl

fasting glucose)

2hrs PPG? 140 mg/dL 140 - 199 mg/dL 200 mg/dL

IMPAIRED FASTING GLUCOSE Also known as pre-diabetes, this is a condition in which fasting blood glucose levels are higher than normal but not high
enough to be diagnosed as type 2 diabetes. It occurs when too much glucose is released into the bloodstream from the liver overnight. The liver is
mainly responsible for keeping a proper supply of glucose in the blood when we have not eaten for several hours. In impaired fasting glucose, the liver
does not respond normally to the hormone insulin and this is called ‘hepatic insulin resistance’ (‘hepatic’ means ‘liver’). This results in too much glucose
in the blood on waking.

IMPAIRED GLUCOSE TOLERANCE This condition is also known as pre-diabetes. Blood glucose levels are higher than normal and higher than in impaired
fasting glucose but still not high enough to be diagnosed as type 2 diabetes. It occurs when the insulin produced does not work properly or there isn’t
enough insulin released to meet the demand, or a combination of both. The result can be too much glucose in the blood throughout the day and after
meals or on waking, or a combination of all three.

- Glucose tolerance test

The oral glucose tolerance test OGTT: is a test that can be used to help diagnose diabetes or pre-diabetes.
® postprandial glucosedsY! sl


https://www.youtube.com/watch?v=q_t-KXiV0PI

e ~ Resulting condition of: Signs and
Organsitissue involved to insulin deficiency Urine =
. @ / Decreased glucose e o
uptake and utilization
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' / Protein catabolism
and gluconeogenesis
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Insulin — Increases the Glucose uptake(RESTING MUSCLE)
In contrast to the Exercising muscle it takes up the Glucose even without the action of the Insulin.



SUMMARY

pancreas

Endocrine cells

Exocrine cells

metabolism)

Islets of langerhans

produce hormones involved in regulating fuel storage and use (glucose, lipids, and protein

Acinar cells
produce an enzyme-rich
juice used for digestion

Beta( 8 ) cells produce insulin (60-70%)

Alpha( @) cells produce glucagon (20-25%)

Delta( ) cells produce somatostatin (GHIH) (5-10%)

F cells (or PP cells) produce pancreatic polypeptide (5%)

Insulin Glucagon

Cell of origin

Beta cells of pancreas

Alpha cells of pancreas

Chemical nature

51 amino acid peptide

29 amino acid peptide

release

Plasma glucose > 100 mg/dl

1 blood amino acids.

GI hormones (feedback reflex)
Parasympathetic

Inhibited by: Sympathetic

Biosynthesis Typical peptide
Transport in the Dissolved in plasma
circulating

Half-life 5-6 minutes 4-6 min
Factor affecting | Stimulated by: Stimulated by:

Plasma (glucose) < 200 mg\dl, with
maximum secretion below 50 mg\dl;
1 blood amino acids.

Target cells or
tissues

Liver, muscle, and adipose tissue primarily. Brain,
kidney, and intestine are not insulin-dependant.

Liver primarily.

tissue action

1 transport into cells or
1 metabolic use of glucose.

Target Membrane receptor with tyrosine kinase activity; G-protein coupled receptor linked to cAMP.
receptors\ 2nd pathway with insulin-receptor substrates (IRS). & el V) lalioSla gy 13U 3 ) gm0 g2 90 daslaalla
messenger

Whole body or | plasma [glucose] by: T plasma [glucose] by:

gluconeogenesis and
Glycogenolysis;
T lipolysis leads to ketogenesis in liver.

Action at
molecular level

1 glycogen synthesis ( T glycolysis & glycogenesis).

1 aerobic metabolism of glucose.
1 protein and triglycerides synthesis

Alters existing enzymes and stimulate synthesis
of new enzymes.

Feedback | plasma [glucose] 1 plasma [glucose] shuts off glucagon secretion.
regulation

Other Member of secretin family along with VIP ,
informations GIP and GLP-1. = 2Pdls ) sinyod sa 5a daslaalla

& el V) laligSLa




Diabetes:

(most important metabolic disease)
affects the cells and metabolism of: carbohydrate, lipid and protein

Type 1 Type 2 (non-insulin- Type 3 (gestational
(insulin-dependent DM) dependent DM) diabetes)
Occur in Children Adults (more common in Pregnancies
some ethnic groups)
The cause Inadequate insulin secretion, due | Defect in insulin action Decreased insulin levels
to destruction of B cells by (insulin resistance) and/or insulin resistance due
immune-mediated selective to hormones (estrogen, cortisol,
destruction Insulin resistance keeps | human placental lactogen) that
blood glucose too high inhibit the functioning of insulin.
Resembles Type 2
Diabetes.
Symptoms Polyuria, Polydipsia, Polyphagia
Blood tests FPG 2126 mg/dl
(OGTT) 2hrs PPG 2200 mg/dL
complicatio | No insulin, high glucagon (by « Atherosclerosis, - Ifuntreated, causes
ns cells): renal failure & macrosomia (macro=
T glucose and ketones (by Blindness big, soma= body, = high
liver)— osmotic diuresis - can develop into body weight of the
1 keto acids— diabetic Type 1 diabetes if baby)
ketoacidosis uncontrolled
Treatment Insulin injection. Diet and change life usually transient:
In future, might be style. symptoms improve
treated with oral insulin OHA (oral following delivery
sprays; or hypoglycemic
transplantation of b cells. agents).
Artificial pancreas
system.

Long Term Complications of Uncontrolled Diabetes

(MICROVASCULAR DISEASE)

- Retinopathy — vision loss.

=> kidney damage — chronic renal failure.

-> damage to nerves — most common cause of amputation in Western world.

Adipose tissue

4+ Glucose uptake

4 Lipogenesis = )

¥ Lipolysis i
=

Striated muscle
4 Glucose uptake
4+ Glycogen synthesis
4 Protein synthesis

Tj —

Liver

¥ Gluconeogenesis
4 Glycogen synthesis
4+ Lipogenesis




MCQs

1. Which type of pancreatic cells produce
pancreatic polypeptides:

Beta (B) cells

Alpha (a) cells

Gamma (y) cells

Delta (8) cells

oo oo

. Nutrient abundant

. Consist 2 amino acid chains linked by
covalent bonds.

Synthesized as a pre-prohormone
None of above

2. Which one is not true regarding insulin:
a
b

o o

3. Which of the intracellular receptor is the
Insulin receptor :

a. Phospholipase ¢

b. Tyrosine kinase

c. cAMP

d. cGMP
4. Which glucose transporter is insulin
sensitive:

a. GLUT1

b. GLUT2

c. GLUT3

d. GLUT4

5. Which one is not an action of insulin:
a. Decrease protein catabolism
b. Increase glucose uptake
c. Increase gluconeogenesis
d. Increase K uptake

6. At high blood glucose level glucagon .....:
a. Release elevate
b. Is not released
c. is Released in little amount
d. Is not related to blood glucose level

Answer key:

7. happen because of a defect in insulin
action:

a. Diabetes type 1

b. Diabetes type 2

c. Diabetes type 3

8. (Rising of insulin after an hour due to
release preformed insulin and new synthesis)
This is called :

a. Immediate Release of insulin

b. Intermediate Release of insulin

c. Delayed Release of insulin

9. Long Term Uncontrolled Diabetes could
lead to :

a. Retinopathy

b. Neuropathy

c. Nephropathy

d. All of the above

10. Somatostatin in habit :
Beta (B) cells

Alpha (a) cells

Delta (&) cells

Both A& B

oo oo

11. arginine & alanine are considered as
special Stimulation factor for Glucagon
secretion:

a. True (T)

b. False (F)

1©C)12@)3B)14D) 5(C)| 6(B)] 7(®B)[ 8(C)| 9(D)[ 10(D)[ 11(A)
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