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LECTURE 14 & 15

PHYSIOLOGY OF PANCREAS AND INSULIN
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» MIND MAP

Endocrine

pancreas

Exocrine

Diabetes Mellitus

Beta cells

Insulin

@

©®
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synthesis

Regulation

Glucagon

synthesis

secretion
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A
D Pancreas ©09
| Physiclogy Team

e Atriangular gland, which has both exocrine and endocrine cells, located behind the stomach
* Strategic location

* Acinar cells produce an enzyme-rich juice used for digestion (exocrine product)

* Pancreatic islets (islets of Langerhans) produce hormones involved in regulating fuel storage

and use. ? [?é??m"’» "
Islets of Langerhans high amount in the tail: ﬁg@;\ "'- \%f'jf;* Ti\ﬁ”
« 1-2 million islets (a8 A X\
* Beta (B) cells produce insulin (70%) oL C AN
* Alpha (a) cells produce glucagon (20%) oo % Somaiovaw
* Delta (8) cells produce somatostatin (5%) Ree e oo —

* Fcells\ PP Cells produce pancreatic polypeptide {: I ._,.‘1___ e
(5%) [ it’s function still unknown oy L e

D cells

* B cells stands for beautiful lady who likes to attract attention so it is located in the center. Beautiful lady is
surrounded by males! Which are alpha cells. D cells stands for dogs you can find it everywhere. Beautiful lady likes
money which are glucose, amino acids and fatty acids (nutrient). So beta cells is stimulated when there is nutrient.
Once it is stimulated, it can secret insulin.

* Alpha cells are activated only in crisis (stress, exercise).

* D cellsinhibits alpha and beta cells by releasing somatostatin.

II Slides B Important B Females’ Notes B Explanation Bl Males’ Notes I
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Insulin @9
. Physiology Team

*Hormone of nutrient abundance
*A protein hormone consisting of two amino acid chains
linked by disulfide bonds
*Synthesized as part of proinsulin (86 AA) and then excised
by enzymes, releasing functional insulin (51 AA) and C peptide (29 AA).
*Has a plasma half-life of 6 minutes.

Insulin Synthesis DNA (chromosome 11) in B cells

* Insulin synthesis is stimulated by -
glucose or feeding and decreased by :
fasting

e Threshold of glucose-stimulated§

insulin secretion is 100 mg/dI. Preproinsulin (signal peptide, A chain, b chain and peptide C which connecte A

. . ; with B) synthesized in the ribosomes
* Glucose rapidly increase  the:

translation of the insulin mRNA and :

slowly increases transcription of the Proinsulin. (in the rER the signal is cleaved so we will have A, B and C chain
insulin gene : connected by disulfide bonds)

Insulin (in golgi apparatus, the C peptide (connecting)is cleaved so we will have A

and B connected together (Insulin) and c peptide (separated)
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D Insulin release

A
/mp oﬁ/ﬂl{f

Physiology Team

uptake *

[ ]
glucose « *

insulin release -

GLUT2

&l

ATP-sensitive
potassium
channel

@ ATP
Xl

¢ .
m,

voltage-gated =
calcium channel ¢

storage granules

@EBBH EETA CELL BIOL_OQGY COMNS0ORTIUM

* the major stimulus is glucose

* receptor: GLUT 2 ( allows glucose to go
inside and outside the cell; in two ways.
This receptor is found in beta cells, kidney,
liver & intestine)

e when glucose enter the cell it will be
phospholerated. After phospholpration [
glycolysis and then it produces energy (ATP)
e another gate on the cell membrane which
is ATP-sensitive K channel. This gate allows
K to go outside the cell. However, this gate
is sensitive for ATP when there is a high
amount of ATP it will be blocked and
prevents K efflux and causes depolarization.
* since the cell is depolarized, a voltage-
gated Ca channel will open allowing Ca to
go inside the cell.

e Ca will push the storage granules toward
the cell membrane and by exocytosis it
releases insulin and the C peptide
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. (o
Insulin release Not Important ©©
| Physiology Team

(b) Beta cell secretes insulin.
(a) Beta cell at rest. The K,7p o o f Glucose in blood
: Glucose in blood Closure of Katp channel
channel 12 opan ana e ' ¢ : depolarizes cell, triggering

cell is at its resting
membrane potential.

GLUT transporter

A Glycolysis
and
 Citric acid cycl

GLUT transporter exocytosis of insulin.

i

Metabolism |

0
@ mﬁ

0 Ca’* entry triggers
: Kises exocytosis and TATP ,
(7] insulln Insulin in channel open insulin is secreted | .2+ @ Kup chamel
secretion | secretory vesmles N i ! " closed
._.:.} \ Ca2+ :::.:.
. K* leaks out o Ca®t | a
QCelI at resting of cell channel :
Voltage~gated ~ membrane potential opens A Less K
- Ca* channel closed | — Cell e Gl
depolarizes| <2
Copynght B 2004 Paarson Educstion, Ine., publishing as Benjamin Cummings, Copynight @ 2004 Paarson Education, Inc., publishing as Benjamin Cummings.
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Factors controlling insulin secretion

Physiology Team

High f
gh food High Amino
acids

Sympathetic &
epinephrine

Insulin secretion
Decrease fatty Decrease amino Increase protein Increase fuel
ecrease glucose . : .
acid acids synthesis storage

B Slides B Important B Females’ Notes B Explanation B Males’ Notes
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Regulation of insulin secretion X

Physiology Team
Regulators of insulin secretion
Stimulators of insulin secretion Inhibitors of insulin secrction
T Serum glucose L Glucose
T Serum amino acids | 4 Amino acids
T Serum free fatty acids ! Free fatty acids
T Serum ketone bodies
Hormones I
Gastroinhibitory peptide (GIP) Somatostatin
Glucagon pimephrine (a-receptor)
Grastrin
Cholecystokinin (CCK)
Secretin
Vasoactive intestinal peptide (VIP)
Epinephrine (B-receptor)
Parasympathetic nervous system Sympathetic nervous system stimulation
I
H Slides Hl Important Hl Females’ Notes Hl Explanation Hl Males’ Notes
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: &
2 Insulin receptor

Physiology Team

 the insulin receptor is a transmembrane Insulin
receptor

* belongs to the large class of tyrosine kinase s Insulin

receptors & -S-S-@ |  receptor
* Made of two alpha subunits and two beta T_S_ | “__S_T

subunits
Glucose

Gsulin binds to the extracellular portion of tb B Cell membrane | p

alpha subunits of the insulin receptor. This, in ’
turn, will autophosphorylates the beta subunits. )
Which in turn induce tyrosine kinase activity '
which will begins a cascade of cell
phosphorylation that either increase or decrease
the activity of some enzyme, including insulin

Phosphorylation of enzymes

receptor substrate for example the glucose ! Glucose Fat Growth
receptor (GLUT4) are moved to the cell . transport synthesis and gene
membrane to assist glucose entry % expression
- From Guyton and Hall textbook Read ‘\;O Protein Glycogen
More synthesis synthesis
H Slides B Important B Females’ Notes Bl Explanation B Males’ Notes
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Actions of insulin A

Physiology Team

introduction

* Insulin ensures that excess nutrients are stored as glycogen in liver, as fat in adipose tissue
and as protein in muscle. These stored nutrients are then available during subsequent
periods of fasting to maintain glucose delivery to brain, muscle and other organs.

* The hypoglycemic action of insulin is the result of coordinated responses that
simultaneously stimulate glucose oxidation and inhibit gluconeogenesis.

* Insulin appears to have a direct effect on hypothalamic satiety center independent of the
changes in produces in blood glucose concentration

Nutrient Effect of insulin on blood level

Glucose

Fatty acids Decreased

Ketoacids

Amino acids
K+

II Slides B Important B Females’ Notes B Explanation B Males’ Notes I
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Actions of insulin

Raapid (seconds)

Intermediate (minutes)

&

Physiology Team

Delayed (hours)

Increases transport(entrance
) of glucose, amino acids, K+,
fatty acids and ketone into
insulin-sensitive cells

Increases protein synthesis
Inhibits protein degradation
Increase of glycolytic
enzymes and glycogen
synthase

Inhibits phosphorylase and
gluconeogenic enzymes

Increases mRNAs for
lipogenic and other
enzymes
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Action of insulin on Adipose

tissue

Actions of insulin .. cont.

Action of insulin on Muscle

D

Physiology Team

Action of insulin on Liver

1-Increases glucose entry.

2- increases fatty acid synthesis and
storage .

3-increases glycerol phosophate
synthesis.

4-increases triglyceride deposition.
5-increases lipoprotein lipase.
6-inhibits of hormone-sensitive
lipase.

7- increase K uptake.

*inhibits the mobilization and
oxidation of fatty acids

1- increases glucose entry.

2- increases glycogen synthesis.

3- increases amino acid uptake.

4- increases protein synthesis in
ribosomes.

5- inhibits protein catabolism.

6- inhibits release of gluconeogenic
aminco acids.

7- increases ketone uptake.

8- increases K uptake.

1- inhibits ketogenesis.

2- increases protein synthesis.
3-increases lipid synthesis.

4- inhibits gluconeogenesis.
5-Increases glycogen synthesis and
glycolysis.

_indirectly enterance of glucose and
prevent it from going out .

 However insulin in general will induce cell growth,

 Lipoprotein lipase is an enzyme present in the capillary wall and splits circulating triglycerides into
fatty acids which is necessary for their transport into fat cells

B Slides B Important
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Glucose Transport

Physiology Team

e GLUT1 ( on cell membrane of erythrocytes, brain cells )
 GLUT2(is 2 ways receptors ) (on cell membrane of liver, pancreas, small intestines cells)
e GLUT3 (on cell membrane of brain cells )

* GLUT4, insulin sensitive transporter (on cell membrane of muscle, adipose tissue cells)

NOTES:

e Oral insulin treatment will cause the concentration of insulin in blood to be higher than i.v insulin
due to gastric release in oral insulin treatment.

e brain, RBCs and liver don’t need insulin for glucose transport.

* GLUT 4 that on muscle cell membrane are stimulated by insulin or exercise (so we recommend DM
patients to do exercises after eating meals that contain high glucose concentration) .

* Why DM patients loss Wight ?
Due to decrease in synthesis of protein and lipids.
* hyperkalemia?

in these patient we give them insulin due to its rapid action by increasing the transport of
potassium into the cells.

e glucagon increases insulin secretion while insulin decreases glucagon secretion

II Slides B Important B Females’ Notes B Explanation B Males’ Notes I
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Summery of insulin action

Actions of Insulin on Liver

T Glucose uptake (if blood glucose level is
high) '

T Glucose use _
T Glycogenesis, ) glycogenolysis
¥ Glycolysis, d gluconeogenesis

T Fatty acid synthesis and very-low-density
lipoprotein formation, | ketogenesis

d Urea cycle activity

Action of Insulin on Adipose Tissue

T Glucose uptake by increasing GLUT-4 avail-
ability |

T Glucose use
1 Glycolysis
T Production of a-glycerol phosphate

T Esterification of fats -

! Lipolysis |

&

Physiology Team

Action of Insulin on Muscle

T Glucose uptake by increasing GLUT4 avail-
ability
T Glucose use
[ Glycogenests, l glycogenolysis
T Glycolysis
TAmino acid uptake (particularly branched-
-~ chain amino acids)
1 Protein synthesis, | proteolysis

B Slides B Important

B Females’ Notes

B Explanation H Males’ Notes
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Glucagon

Physiology Team

* A 29-amino-acid polypeptide hormone that is a potent hyperglycemic agent
* Produced by a cells in the pancreas

% Glucagon Action:

* |ts major targetis liver:

* Increase Glycogenolysis

* Increase Gluconeogenesis

* Increase Lipid oxidation (fully to CO2 or partially to produce keto acids “ketone
bodies”).

* Release of glucose to the blood from liver cells

II Slides B Important B Females’ Notes B Explanation Bl Males’ Notes I
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Glucagon

Physiology Team
+* Synthesis of Glucagon: +»» Stimuli of Glucagon:
DNA in acells (chromosome 2) Stimuli for Glucagon Secretion
l % Blood glucose
mRNA Serum amino acids (arginine, alanine)
Sympathetic nervous system stimulation
\ . Stress
Preproglucagon . Exercise
I " Inhibitors of Glucagon Secretion
proglucagon Somatostatin
I . Insulin
- T Blood glucose
glucagon

* Glucagon stimulate insulin secretion while insulin inhibit glucagon secretion

II Slides B Important B Females’ Notes B Explanation Bl Males’ Notes I
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Diabetes @%

Physiology Team

v" Diabetes is probably the most important metabolic disease.
v" It affects every cell in the body and affects carbohydrate, lipid,
and protein metabolism.

characterized by the Polytriad.:

Polydipsia Polyphagia

Excessive urination Excessive thirst Excessive hunger
Next Slide [I In these patients, the kidneys comes with dropping blood
(FYK) produce excessive amounts of sugar

urine in an attempt to flush
blood sugar. This depletes the
body of water, triggering feelings
of dehydration and intense
thirst.

II Slides B Important B Females’ Notes B Explanation Bl Males’ Notes I
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How does hyperglvcemia cause excessive A
" yp_ sty lllustration is on the next slide!! @G@
urine production?

Physiology Team

To _answer this, we need to understand a little bit about how the kidney works. Each
kidney contains about a million functional units called nephrons (see figure). The first step
in the production of urine is a process called filtration In filtration, there is
bulk flow of water and small molecules from the plasma into Bowman’s capsule (the first
part of the nephron). Because of the nonspecific nature of filtration, useful small
molecules such as glucose, amino acids, and certain ions end up in the forming urine,
which flows into the kidney tubules. To prevent the loss of these useful substances from
the body, the cells lining the kidney tubules transfer these substances out of the forming
urine and back into the extracellular fluid. This process is known as reabsorption (purple
arrows).

100% of the glucose that is filtered is reabsorbed. Glucose
reabsorption involves transport proteins that require specific binding. In a diabetic that has
hyperglycemia, the filtered load of glucose (amount of glucose filtered) can exceed the
capacity of the kidney tubules to reabsorb glucose, because the transport proteins become
saturated. The result is glucose in the urine. Glucose is a solute that draws water into the
urine by osmosis. Thus, hyperglycemia causes a diabetic to produce a high volume of
glucose-containing urine

II Slides B Important B Females’ Notes B Explanation B Males’ Notes I
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) FYK.. Cont.

Physiology Team
normal glucose handling: in diabetes mellitus:
100% reabsorption filtered load exceeds
of glucose reabsorption capacity
m ;(:/\_> glucose
L inurine
normoglycemia  filtration hyperglycemia high filtered
of glucose load of glucose
# ¢ polyuria
urine urine
H Slides B Important B Females’ Notes B Explanation B Males’ Notes
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C@ Types of Diabetes:
| Physiolngy Team
b O
Type 1 DM Type 2 DM ”’Po/;fa”f
Affects children Affects adults

: : : : defect in insulin action
inadequate insulin secretion

: e e diet or OHA*
insulin injection

OHA: oral hypoglycemic agents

You

f ﬂy{h,;l m}r ,//
)

ghuner

’/zf/// T B

Tgpe 1 Diabetes: What Is IT? \/

.'(I ﬂj f.' h"} lff‘} f I‘

mE ﬂ‘f

Tgpe 2 Diabeles: What Is IT? \/ U
—— %’/// ;/Jm e,

B Slides B Important B Females’ Notes B Explanation H Males’ Notes
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Cp Diabetes Mellitus:

Physiology Team
Inadequate secretion Defects in the action
of insulin of insulin
Metabolic disturbances
(hyperglycemia and glycosuria)
L There is no “mild” type of diabetes. Type 2 is just as serious as type 1 if not properly controlled.
B Slides B Important B Females’ Notes B Explanation B Males’ Notes
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Physiology Team

Type 1 diabetes

Caused by an immune-mediated selective destruction of B cells

B cells are destroyed while a cells are preserved:

- No insulin :::: high glucagon == high production of glucose and ketones by liver.
- glucose & ketones 'T‘ m=) osmotic diuresis.
- keto acids 'T‘ ==> diabetic ketoacidosis

Type 2 diabetes

Bl lrvsealin-
producing
cellis destroyed

More common in some ethnic groups.

A T P
* Insulin resistance keeps blood glucose too high.
e Chronic complications: atherosclerosis, renal failure & blindness.
H Slides Bl Important l Females’ Notes l Explanation l Males’ Notes
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Glucose Tolerance Test (GTT) o

Physiology Team

* Both the Fasting Plasma Glucose Test (FPG) and OGTT tests require that the patient fast
for at least 8 hours (ideally 12 hr) prior to the test.

* The oral glucose tolerance test (OGTT):
v" We do FPG test first.
v" Then blood is taken 2 hours after drinking a special glucose solution.

* Following the oral administration of a standard dose of glucose, the plasma glucose
concentration normally rises but returns to the fasting level within 2 hours.

* |f insulin 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.

II Slides B Important B Females’ Notes B Explanation B Males’ Notes I
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A
— \M?O“* oW Physiology Team
250+
The following results suggest different Dicbetes
conditions: i
=
S
Normal values: 2 o
* FPG <100 mg/dI % ]
e 2hrPPG < 140 mg/dL i
[ ] m 100 =
Impaired glucose tolerance: 2
. 2hr PPG = 140 - 199 mg/dL FU_ t |
orma
Diabetes: 50 -
* FPG 2126 mg/dl
* 2hr PPG levels 2200 mg/dL 0 | |
0 ] 2
Time after oral glucose
administration (hr)
H Slides B Important B Females’ Notes Bl Explanation B Males’ Notes
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Symptoms of Diabetes Mellitus D

Physiology Team

Symptoms of Diabetes Mellitus Main symptoms of
Diabetes
Hyperglycemia =
ot b os
e Blurred vision
Polydipsia
Polyphagia ; Bf“ﬂ;o'
Ketoacidosis (IDDM) rt’ PN OF Sorsou
Hyperlipidemia Gastric
Muscle wasting -Nausea
Electrolyte depletion ~Vomiting
' '\mmy
Eyrnaalyn
II Slides B Important B Females’ Notes B Explanation B Males’ Notes I
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Diabetes Mellitus (DM)

@

Physiclogy Team
Resulting condition of:
Organsitissue involved Frﬂﬂnr‘llsm responses Signs and
0 insulin deficiency Urine symptoms
' @ Decreased glucose cemia| Glycosuria
- uptake and utilization
' Glycogenolysis Osmatic
ﬂi‘.lrﬁ'm
' | Protein catabolism
and gluconeogenesis
' D Lipolysis and | Ketonuria
= ketogenesis
Loss of Na*,
K*; electrolyte
and acid-base
imbalances
W _ Muscle @ = Adipose tissue ' = Liver
B Slides B Important B Females’ Notes B Explanation B Males’ Notes
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® SUMMARY &

Physiology Team

e Pancreas has both exocrine and endocrine cells

* The endocrine part consists of millions of Islets of Langehans

* Beta cells are the major cell type the islets of langrhans, it secrets Insulin

* Alpha cells secret Glucagon while Delta cells secret somatostation

* Insulin is Hormone of nutrient abundance

* Insulin consists of two amino acid chains linked by disulfide bonds

* Insulinis Synthesized as part of proinsulin and then excised by enzymes releasing functional Insulin

* Insulin synthesis is stimulated by glucose

* The major control on the synthesis of Insulin is Glucose

* Diabetes mellitus is a disease caused by deficiency or diminished effectiveness of endogenous
insulin.

* Type 1 diabetes mellitus: results from the body's failure to produce sufficient insulin.

 Type 2 diabetes mellitus: results from resistance to the insulin, often initially with normal or
increased levels of circulating insulin.

 pregnant women who have never had diabetes before but who have high blood glucose levels during
pregnancy are said to have gestational diabetes. It may precede development of type 2 (or rarely
type 1) diabetes.

e Patients with Type 1 DM always need insulin treatment and are prone to ketoacidosis.

II Slides B Important B Females’ Notes B Explanation B Males’ Notes I
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SUMMARY

@

Physiology Team

Table 22-3: Insulin

Cell of origin

Beta cells of pancreas

Chemical nature

51-amino acid peptide

Bicsynthesis

Typical peptide

Transport in the circulation

Dissolved in plasma

Hali-lite

5 minutes

Factors affecting release

Masma |glucose| = 100 mg/dL; |
blood amino acids; Gl hormones
{teedforward reflex} and
parasympathetic amplify,
svmpathetic inhibits.

Target cells or tissues

Liver, muscle, and adipose tissue
primarily; brain, kidney, and
intestine not insulin-dependent

Target receptor

Membrane receptor with tyrosine
kinase activity; pathway with
insulin-receptor substrates

Whole body or tissue action

| Plasma |glucose| by 1
transport Into cells or §
metabolic use of glucose

Action at cellular level

I Glycogen synthesis; | E-El'ﬂl.'l'ii.'.

metabolism of glucose; T protein
and triglvceride svnthesis

~ 7 feedback

KEY
Stimulus
< » Integrating center
Efferent path
[ Effector
[ ] Tissue response
¢ Systemic response

Muscle, adipose,
and other cells

L) 'i

] Er Glucose transport J

Megative

Pias
glucns.e

I B Slides
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Physiclogy Team

Increased rate of glucose

transport into target cell —— |
e,
=

Increased rate of glucose

utilization and ATP generation

(>
Beta cells Lﬁ
secrete : ";’___:> Increased conversion of glucose
ot
.

Blood glucose
concentration
declines

{

insulin to glycogen (liver, skeletal muscile)

Increased amino acid absorption
and protein synthesis i

Increased triglyceride synthesis
(adipose tissue)

HOMEOSTASIS
RESTORED

HOMEOSTASIS
DISTURBED
Rising blood

glucose levels

£/ HOMEOSTASIS
MNormal glucose |

levels 3
\ (70-110 mg/dl)

HOMEOSTASIS
DISTURBED

HOMEOSTASIS

Declining blood R RESTORED
glucose levels Increased breakdown of glycogen |
W - P —~ to glucose (liver, skeletal muscle)
N::;gg's . Increased breakdown of fats to j :;> Blood Qtlu:t?ﬂﬂ
. : . concentration
glicagon fatty acids (adipose tissue) j sk
Increased synthesis and
release of glucose (liver) F—"
B Slides B Important B Females’ Notes B Explanation Bl Males’ Notes
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® QUESTIONS c®

1. Which one of the following inhibits 4. What is the effect of insulin in
insulin secretion: hyperkalemia :
A) Sympathetic stimulation A) Causes hypokalemia
B) High levels of amino acids B) No effect
C) Parasympathetic stimulation C) Increases k transport into the cells
D) CCK D) A+C
2. When insulin is secreted, which one
of the following will happen: 5. What is the major stimulator
A) Decrease in protein synthesis for insulin secretion:
B) Decrease in blood fatty acids A) hyperglycemia
C) Increase in amino acids B) hypoglycemia
C) ketoacidosis
D) Glucagon 1] A
3. What is the effect of ATP on the ATP R
sensitive K channel: el EN
A) It allows more K to leave the cell 3| c
B) It prevents Ca from entering the cell 4| D
C) It prevents K from leaving the cell 5|lA
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Physiology Team 432 Endocrine Block Lecture: 14 + 15




® QUESTIONS

D
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6. Which one of the following organs

don’t depend on insulin for glucose transport :

A) Brain
B) muscle
C) RBCs
D) A+C

7. A fasting blood glucose test level

of indicates diabetes.:

A) 50 mg/dl to 69 mg/dI

B) 70 mg/dl to 99 mg/dI

C) 100 mg/dl to 125 mg/d|I

D) 126 mg/dl or higher on two separate tests

8. A fasting blood glucose test level

9. A fasting blood glucose test level of
is

considered normal.:
A) 50 mg/dl to 69 mg/dl
B) 70 mg/dl to 99 mg/dI
C) 100 mg/dl to 125 mg/dI
D) 126 mg/dl or higher on
two separate tests

6|D
of indicates prediabetes: =
A) 50 mg/dl to 69 mg/dI —
B) 70 mg/dl to 99 mg/d|I 8 c
C) 100 mg/dl to 125 mg/dI 9|8
D) 126 mg/dl or higher on two separate tests
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If there are any Problems or Suggestions,
Feel free to contact us:

Physiology Team [.ea«
Mohammed Jameel & Shaimaa Al-!

432Physiology@gmail.com

THARKX YOU

IF YOU WANT TO SHARE ANY INFORMATION REGARDING PHYSIOLOGY OR
ANY OTHER SUBJECT ,, YOU CAN MENTION THIS ACCOUNT @MEDA432




