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Pancreas, Insulin & Glucagon Synthesis. J

By the end of this lecture, students should be able to describe:

|. Describe the cellular arrangements and functional components of the pancreas.
List the hormones secreted by the pancreas.

Outline the regulation of insulin secretion.

Describe the mechanism of action of insulin.

Describe actions of pancreatic Somatostatin.

Outline the physiological and biochemical actions of insulin.

Describe mechanism of action of glucagon.

Outline regulation of glucagon secretion.
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Outline the physiological and biochemical actions of glucagon.

|0. Outline the effects of other hyperglycemic hormones.
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Introduction To Pancreas

»  Shape:A triangular gland, which has both exocrine and endocrine cells.

»  Location: located behind the stomach (Strategic location).

»  Exocrine product:Acinar cells produce an enzyme-rich juice used for digestion.

»  Endocrine product: Pancreatic islets (islets of Langerhans) produce hormones involved in regulating fuel (CHO, fats & protein) storage and use.

Islets of Langerhans (

islets) (important)

(Somatostatin always acts as inhibitor)

Cells types Secretion Percentage
Beta (B) Produce insulin

Alpha (a) Produce glucagon

Delta (5) Produce somatostatin

F (gammay or

PP cells) cells

Produce pancreatic polypeptide

(a)
3 Common
bile duct

Small intestine V“
(duodenum) _|

Pancreatic
duct

CELL | SECRETES:
Alphacells @  Glucagon
Dcells ®  Somatostatin
Beta cells Insulin, amylin

Endocrine
cells

Islet of

'C Langerhans
‘ D \_7 AI
pha cells
o pgg‘%/qo "T)v Beta cell
Q 0 ﬂ() @{»‘J eta cells
D cells



Glucose Metabolism Terms

»  Gluconeogenesis: synthesis of glucose from non carbohydrate precursors, lactic acid, glycerol, amino acids. Liver cells

synthesizes glucose when carbohydrates are depleted by gluconeogenesis.

»  Glycogenesis: formation of glycogen, glucose stored in liver and skeletal muscle as glycogen. Important energy reserve (In case

of excess).
»  Glycogenolysis: breakdown of glycogen (polysaccharide) into glucose molecules (monosaccharide).

»  Glycolysis: the breakdown of glucose into pyruvate by cells for the production of ATP.
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Overview & Structure of Insulin
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» Hormone of nutrient abundance.

» A protein hormone consisting of amino acid chains linked by disulfide bonds.

»  Synthesized as part of proinsulin (86 AA) and then excised by enzymes, releasing functional insulin (° | AA) and C peptide (

AA) . PROINSULIN

52 51 50 49 48
5 88 47
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»  Half life: Has a plasma half-life of
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Dr.Manan’s Explanation

Pancreas

== =P e .

Endocrine Exocrine

--> ( B) stand for beautiful lady.

+ Beta (p) cells produce insulin St (g3l g sual (el lg 3 o5hanlly Laukih byt gl Lyt aal il

--> (A) stand for alpha male.
Ina3 dad (909 (oorins (390301 L 0581 s J 93ead (9 aeh (19 s ol Janyll
9L 91 cially (ol JUT JS L allad [l s gui JS bl Tusn g 4398 ey lasad

* Alpha (a) cells produce glucagon

* Delta (§) cells produce somatostatin --> (D) stand for Dog. , which will inhibit both male and lady.

* F cells (PP) produce pancreatic polypeptide




Insulin Synthesis

» Insulin synthesis is stimulated by glucose or feeding and decreased by fasting.

(When blood glucose level is elevated, Insulin synthesis is stimulated and insulin is secreted, while fasting (hypoglycemic condition) will inhibit

insulin synthesis)

By negative feedback - reverse the direction of action whether it was increasing or decreasing ex: feeding, increase in blood sugar above normal range there is a
sensor that gives signals to the hypothalamus which give orders to the organ in charge (pancreas) which activate the beta cells to produce insulin which is like a
key for glucose to enter the cell = decrease in blood sugar to normal (most common in our body).

Positive feedback = support the action whether it was increasing or decreasing like oxytocin during labor, platelets aggregation; to stop bleeding.

»  Threshold of glucose-stimulated insulin secretion is

mg/dl.

(when glucose level is higher than 100mg/dl, pancreas will secrete insulin and vice versa)

»  Glucose rapidly increase the translation of the insulin mMRNA and slowly increases transcription of the insulin gene.

In chromosome | |
in B cells:

DNA transcription
into mMRNA

mRNA is translated
into Pre-proinsulin:

(signal peptide, A
chain, B chain, and
peptide C)

Pre-proinsulin is
converted to
proinsulin

v

Insulin is formed
from proinsulin and
Insulin is ready to be

released
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Insulin Secretion

» Glucose is the primary stimulator of insulin secretion. oo T T T e T n
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»  When Beta cells at rest:

(a) Beta cell at rest. The K,p : ;
B open sitved e Q+ Glucose in blood ok e ok mm s ek e s e e r mm s mm n e s ek e s e ek mm s ke s ek e h e e r = e n e s

cell is at its resting
membrane potential.

GLUT transporter v" When Beta cells at rest:

i A
Metabolism

? slows
J

(6D Ok

Y Kate
o No insulin’ Insulin in channel open
secretion | secretory vesicles @ u
\ |

K*leaks out | v Beta Cells have GLUT2

of cell

Decreased glucose in blood = decreased intracellular glucose

. = decreased metabolism = decreased ATP = K channels are

- open and K leaks out = Cells at resting membrane potential

|
|
|
|
|
|
|
|
|
|
. = Ca channels are closed =2 No Insulin secretion.
|

, e Cell at resting
o Voltage-gated membrane potential

~ Ca?* channel closed |

Copyright € 2004 Paarson Education, Inc., publishing as Benjamin G




» When Beta cells secrete Insulin:

(b) Beta cell secretes insulin. : * . : :
Closure of Katp channel 9 Glucose inblood ' v/ When Beta cells secrete Insulin: :
depolarizes cell, triggering i ' I |
exocytosis of insulin. GLUT transporter | .

: Increased glucose in blood = Increased intracellular i

b ; ;

o 8 *%lycoly&s ; glucose = Increased Glycolysis and Citric acid cycle = I

o o an . -

. Citric acid cycl l '

U I Increased ATP = K channels are closed so, less K leaves 1

e Ca2* entry triggers T ' I I
exocytosis and ATP i . . .
insulin is secreted | o2+ O o channel| the cells = Cells depolarization = Ca channels will open i
\ closed : :

Ca2+ : —> Ca entry will trigger the exocytosis of insulin vesicles = i

@cr 7 : o !
channel . % , Insulin is released. |
opens Less KT A ¢ e s ek e s mm  mm ok mm s ok mm s ek e s e s ks k= s ek mm s = mm k= s e e -

Cell
depolarizes

leaves cell

Copyright © 2004 Pearson Education, Inc., publishing as Benjamin Cummings.



Dr. Manan’s Explanation

The Rel f i lin : i q i
A0 FESSRe ol AUl ;. The synthesis of insulin :

Mnemonic: It synthesizes in Beta cell from islets of pancreas.
Beta cell LIKe GLUT-2 From short arm of chromosome number 11.
Pancreas Kidney It's shape as you see below.

Glucsse Fofeppttotte

CLura 7’
O Gluco- junase B ~— \‘ 1 “

1) Glucose bind to GLUT-2 (which depends on ———_)Gl’;;'“ i\"i‘
glucose gradiant) on beta cells. G(Mcase A
i i Pre-proinsulin i i
2) it get trapped inside the cells by add phspate " Pre"pr("nsu"n " P Proinsulin
group to it by glugcokinase and |t »is rate limiting :itep 1) Slgnal segment start syntheSIzed from 3) e aat deavaas IRTatHB S idiaGwiE
5olailla diags 0yye9 allay Lo (ylufic Bilay dla) das )l ooils. G’\YC\"\YS"S transcription mRNA from ch11p 3 get clea! vege | [¢] n endl piasmic ;
WJB s 13 9 cnd gendN 1 H1581 ol saly 131 ATP- Kn____ IR reticulum by the enzyme which remove signal
o L ~i P . . segment. So we have proinsulin.
3) then it enters the glycolysis pathway to produce Seasrtive ADP TAT v 2) Then go to ribosomes and build up the 9 P
ATP. A /_ complete insulin which is preproinsulin. . e i ¥
F(:"” :; g ] —ATP ST 4) This proinsulin get folded in RER to form
4) High level of ATP will trigger ATP-sensitive chonn ¥ t';:( disulfide bond between A & B segment

potassium channel to be closed, and prevent the
leakage of K+ ions out of the cells.

5) this will change the polarity and chargity of the Voltage C;E*

cell. This depolarization will open the voltage gated e # " " s
Castchannelland afiux oficasitoits ool , —— 5) Then will go to Golgi apparatus to be packed in vesicles.
©) “;e Sath ‘I’!"" lead to relsase the yiacles which 6) inside or before or even after the visgles it get cleavage
contain insulin.

t ! [ t segmentand disulfide bond all of them in the same vesicle.
N—

7) in the same quantity and number are found. If we have 100 of insulin
C segment - Active insulin we will have 100 of C segments.

g
J o

Many Drugs act on these channel to induce

- s gl

That's why the C peptide is important and can be used to measure the endogenous insulin even if

T t ral i To treat Hypoglycemia by the patient take insulin injection or exogenously.

i ing the rel f insulin: : ing insulin: : 4 .

: o = S decreasing the release of insulin For example who came with hypoglycemia and we do not know if he has secret a large amount of
+ Open the voltage gated calcium channel. « Block the voltage gated calcium channel. : : e : : : : :

s Close ATP-senaltive botassiur chahnel: e AT Barebiie Sotacalins oha o insulin by pancreas or he inject himself with high dose of insulin.



Factors Affecting Insulin Secretion

Stimulating factors Inhibiting factors
I. Increased blood glucose (the most important) I. Decreased blood glucose (the most important)
2. Increased blood free fatty acids 2. Decreased blood free fatty acids
3. Increased blood ketone bodies 3. Decreased blood amino acids
4. Increased blood amino acids 4. Hormones:

8952 T 50 Lol 88 Ay s 23 7 Lo Alon) (592 UST o Shiad cAald sy U9 ¥ i sl g2l . Somatostatin
5l (0 S ApeS 3153) g3home S5Sokr

5.  Hormones*: *  Epinephrine (Alpha receptor)

* Gastrin, Secretin & Glucagon 5. a-Adrenergic activity
(Glucagon will stimulate insulin, in contrast the insulin will inhibit glucagon). 6
0928kl 5181 Jay oz 556 (gl Loy ¢l gudVI 581 550 O3 Bslnll '

*  Cholecystokinin (CCK)

Sympathetic stimulation (sympathetic nervous system has
two receptors:

|.Alpha which is inhibit
. Gastric inhibitory peptide (GIP). pha which Is Inhibitory
2. Beta which is stimulatory.

*  Vasoactive intestinal peptide (VIP).
When it act on alpha receptor it inhibits insulin secretion but,

6. Parasympathetic stimulation; acetylcholine (Ach)
when we block alpha receptor and it act on beta receptor it

7.  B-Adrenergic stimulation
¢ el (W guui 031,3) el cdygll Gosbo e ST pasedig @all iyl (e j3Saler 3 jass
(280 el (o Ol e A + adliye j9Soka bdie yuan Y (el @l @5l oo

stimulate insulin release. However, beta cells have more alpha
receptor which makes the end result of sympathetic nervous

system (inhibition of insulin secretion).

» *Some hormones, such as glucagon, glucose-dependent insulinotropic peptide (gastric inhibitory peptide), and acetylcholine, increase intracellular calcium levels
through other signaling pathways and enhance the effect of glucose, although they don't have major effects on insulin secretion in the absence of glucose.



T Gastrointestinal hormones

J\+

Food intake

v+

Parasympathetic stimulation

T Blood glucose
concentration

{

Major control

+

v

+ Blood glucose
{ Blood fatty acids

VV

Islet 3 cells

A 4

Insulin secretion

4 Blood amino acid |«
T Protein synthesis
T Fuel storage

that is caused by obesity.

are doing nothing.

exercise.

T Blood amino acid
concentration

Sympathetic stimulation

(and epinephrine)

Excess: stored As nutrient in muscle, liver if there is too much it get stored in adipose tissue after that synthesis start and the more storage the more synthesis.
That’s why During exercise = decrease insulin synthesis; we are burning calories lead to increase insulin sensitivity so, no need for it + it decrease insulin resistance by cells

What happen in obesity and the risk factor like smoking and not moving that number of receptor get decreased so, cell and receptor get resistance against the insulin after a
while blood sugar + insulin both will be high with no affect so, pancreas gives up. So, exercise relief the pancreas.
This thing doesn’t depend on the weight, it depend on body composition (muscle, fat water).

If we increase our muscle percentage and replace our fat tissue with muscle tissue it will increase insulin sensitivity and increase metabolism rate and fat oxidation even if you

Ex: If we gave 2 person the same meal with 800 kcal but one of them have more lean mass (muscle) than the other this person going to burn the calorie faster due to regular



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 acts on its target cells, as described in the following steps:

2. Conformational 3. Activation of

|. Insulin binds to

presence of ATP).

the alpha-subunits. —> change in the —>| tyrosine klnase. in
receptor. the beta-subunits.
|
\4
4. Beta-subunits 5. Phosphorylation of other
autophosphorylation (in the —>| proteins or enzymes (e.g. Protein

kinases).

A4

6.Activation or inhibition of these
proteins.

7. Produce the various metabolic
actions of insulin (e.g. Fat
synthesis).

Insulin
: O . nsulin
KBY Mﬁ L"W‘ ax —S-S— o receptor
o o) Bl I - |
Glucose Will be stid
attract any
be phosphd
> B Cell membrane B B th
- ) ) get activate
/, Aﬁto ?ho_sph.ovlétlih B f*r,,&others will
’ Tyrosine (Tyrosingihibited
; ~ kinase . Skinase '
s ' Insulin receptor substrates (IRS)
: R B e ORI L T
s Glucose Fat Growth
. transport synthesis and gene
\\ expression
~ Protein Glycogen The insulin like growth
synthesis synthesis hormons is very

ky and
IRS to
rylated,
em will
d and
be

important in growth

Insulin is the master and manager of fuels in our body:

*  First: it will use the glucose by glycolysis.

*  Excess glucose will be stored as glycogen.

*  If there is even more, it will be converted into fat and protein and promote their
synthesis.

* It prevents the break down of glucose by glycogenolysis or produce more glucose by
gluconeogenesis.



Glucose Transport System

Transporters

GLUTI
GLUT?2

GLUT 3

GLUT4

GLUTS

» |5

Glucose transport system

Examples

Placenta, Blood brain barrier, RBCs, Kidneys and Colon.
B cells of Pancreas, Liver, Epithelial cells of small intestines and Kidneys.

Brain (insulin independent) (o sl zlile Syl 55551l k=), Placenta and Kidneys.

Skeletal Muscles, Cardiac muscles and Adipose tissue.
Which one is insulin-sensitive transporter? : )lisYb «SJlud
Glut4 L_J\j:_:J\

Jejunum and sperm.



Action of Insulin

Effect on adipose tissue Effect on muscle Effect on liver

V" Increase: V" Increase: V" Increase:
I.  Glucose Uptake (by increasing GLUT-4 |.  Glucose Uptake (by increasing GLUT-4 availability). = |.  Protein synthesis.

availability). 2. Glucose synthesis & use. 2. Lipid & very LDL synthesis.
2.  Glucose use. 3. Glycogenesis & Glycolysis. 3.  Glycogen synthesis.
3. Glycolysis. 4. Amino acid uptake. 4. Glycolysis.
4. Fatty acid synthesis. 5. Protein synthesis in ribosomes. 5. Glycogenesis.
5. Alpha Glycerol phosphate synthesis. 6. Ketone uptake. 6. Glucose Uptake (if blood glucose level is
6. Triglyceride deposition. 7. K+ uptake. high)
7.  Esterification of fats. v' Decrease: 7.  Glucose use.
8.  Lipoprotein lipase. |.  Protein catabolism (proteolysis). v Decrease:
9. K+ uptake. 2. Release of gluconeogenic amino acid. |.  Ketogenesis.
v Decrease: 3.  Glycogenolysis. 2. Gluconeogenesis & Glycogenolysis.
I. Hormone sensitive lipase. 3. Urea cycle activity.
2. Lipolysis.

Insulin in general increases the cell growth.
growth hormone JI &l ;e Ja5 Y 501l pgo 193 4 o) gudVl

» |6



Actions Classified By Duration

Rapid (seconds)

V' Increase:

|. transport of glucose into insulin
sensitive cells (muscle adipose
tissue).

2. transport of amino acids into insulin
sensitive cells.

3. uptake of K+ into insulin sensitive

cells.
That’s why if you have patient with hyperkalemia you
cant treat them with insulin injection to increase the
potassium uptake by the cells and then give him/her

glucose to avoid hypoglycemia,

> |7

Actions classified by duration
Intermediate (minutes)

v' Increase:

|. Protein synthesis.

2. Glycolytic enzymes and glycogen
synthase.

v' Decrease:

|. protein degradation.

2. phosphorylase and gluconeogenic

enzymes.
Inhibit the phosphatase enzyme which removes phosphate
group from G-6-P and lead to leakage of glucose out of the
cell. So, insulin prevents that by inhibiting this enzyme and

delay glucose secretion from the cells.

Delayed (hours)

v" Increase mRNAs for lipogenic and

other enzymes.



Overview & Synthesis of Glucagon

Overview:

» A 29-amino-acid polypeptide hormone that is a potent hyperglycemic agent.

» Produced by a cells in the pancreas.

Synthesis:
In chromosome 2 .
in a cells: mMRNA is
. . || translated into Pre-
DNA transcription proglucagon
into mMRNA
|
v
Glucagon is
Pre-proglucagon is formed from
converted to —>| proglucagon and
Proglucagon glucagon is ready
to be released




Factors Affecting Glucagon Secretion

Factors affecting insulin secretion

Stimulating factors Inhibiting factors
|I. Decrease blood glucose. I. Increase blood glucose
2. Increased blood amino acids (arginine, alanine). 2. Somatostatin.
(The glucagon is secreted to stimulate the uptake of amino acids into the cells of the liver (Remember: it inhibit both insulin and glucagon)
for gluconeogenesis) 3. Insulin.

3. Sympathetic nervous system stimulation. (beta receptors are more than alpha)
4. Stress.

5. Exercise.

» |9



Glucagon Action on Cells

Its major target is liver.

» It stimulates:
|. Glycogenolysis (the process of is the breakdown of glycogen into glucose)

2. Gluconeogenesis (is 2 metabolic pathway that results in the generation of glucose from non-carbohydrate carbon substrates

such as amino acids)

3. Lipid oxidation (In the body lipid oxidation is important for several physiological reactions, for instance when utilizing fatty acids

for the production of energy through B-oxidation).
(when lipids are fully oxidized they change to CO?2 or partially to produce keto acids “ketone bodies”).

4. Release of glucose to the blood from liver cells.

» 20



The Regulation of Blood Glucose Concentrations
“Summery of Both Insulin & Glucagon”

L G- e N
5 L

2 -:_ et 2
Beta cells

secrete
insulin

HOMEOSTASIS
DISTURBED
Rising blood

glucose levels

HOMEOSTASIS
- DISTURBED
Declining blood
glucose levels

-

- : :);) A

=N

| Alpha cells
. secrete
4 glucagon

)

)

> 2]

—>
e
(i
s
Ry

-~

Increased rate of glucose
transport into target cell

Increased rate of glucose
utilization and ATP generation

Increased conversion of glucose
to glycogen (liver, skeletal muscle)

Increased aminoc acid absorption
and protein synthesis

Increased triglyceride synthesis
(adipose tissue)

Blood glucose
concentration
declines

HOMEOSTASIS )
. Normal glucose

\ levels
" (70—110 mg/dl)

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

Increased breakdown of fats to
fatty acids (adipose tissue)

Increased synthesis and
release of glucose (liver)

HOMEOSTASIS
RESTORED

HOMEOSTASIS
RESTORED

Blood glucose
concentration
rises




Summary of Insulin Action on Cells

4+ Plasma ORI oo,
glucose Stimulus I I
o <> Integrating center ' Insulin is secreted from the beta cells of the |
Efferent path 1 |
. () Effector I pancreas in response to elevated blood glucose.
e -G ‘:)acnecrias [ ) Tissue response . |
' ¢ Systemic response | .
' . |
1 .
: ! Effects muscle, adipose tissue and liver: l
L] 1 -
' = . |
: el 1 . Increases glucose transport :
: v | | ;
- . 2. Increases glycolysis :
' Liver Muscle, adipose, . |
S other cells . :
‘ l B = ! 3. Increases glycogenesis l
. 1 "
' ‘ . 1
- : : : :
: AR ] G Sltcone fransport j I 4. Increases lipogenesis !
' 4+ Glycogenesis : [
' 1+ Lipogenesis | |
1 .
' | . . . .
' | - This then decreases blood glucose which in turn !
' |
' . |
: I inhibit the release of insulin I
- r - E I -
: " -Ne_get':’e ————— A:“ Plas —E mmm R EEm 5 EEm N R M R MM R EEm N M EEm R EEM R EEm R EEm N N W M R M R M F MmN mm -4
feedback glucose



Summary of Insulin (fromslides)

Insulin
Origin Beta cells of pancreas
Chemical nature -amino acid peptide
Biosynthesis Typical peptide
Transport Dissolved in plasma
Half life minutes
v" Increased plasma glucose
Factors affecting its release | v' Increased blood amino acids.
v Gl hormones (feedforward reflax) (examples: Gastrin, CCK, Secretin etc...)
v" Parasympathetic amplify (Increase & stimulate) & sympathetic inhibit.
Target cells v"  Liver, muscle, adipose tissues mainly. Brain, kidney, and intestine not insulin dependent.
Target receptor v" Membrane receptor with tyrosine kinase pathway with insulin receptor substrate.
v Decreases plasma glucose
Whole body action v" Increases transport of glucose into cells
v" Increases metabolic use of glucose
v" Increases glycogen synthesis
Action at cellular level v" Increases aerobic metabolism of glucose
v

Increases protein and triglyceride synthesis

> 23



Summary of Glucagon Action on Cells

+ Plasma

glucose ~ _

~
~
-~
~
-~

i KEY
“h B cells o .
St Stimulus
O Integrating center
Efferent path

() Effector
4 Glucagon ¥ Insulin
() Tissue response
Lactate, pyruvate, l () Systemic response

Y

— H H —
Liver,-~ “] amino acids
L et Fatty acids Muscle and
N adipose tissue

Prolonged
hypoglycemia

LGlycogenolysisJ [Gluconeogenesis] [ Ketones ]

Negative

feedback

For use by brain and
peripheral tissues

: Ist when the body plasma glucose level are

i below the normal range:

i This will be detected by the pancreases

: especially the (alpha cells) which will secrete

Glucagon to restore body’s normal glucose level '

1 by two mechanisms:

|. Glycogenolysis.

2. Gluconeogenesis.

1 * The pancreases will also inhibit release of
insulin to increase glucose level in the blood.

* At the end, increased blood glucose level

1 will inhibit the release of glucagon from

pancreas. (-ve feedback)



Summary of Glucagon (fromslides)

Origin
Chemical nature
Biosynthesis
Transport

Half life

Factors affecting its release

Target cells

Target receptor/second messenger

Whole body action

Action at molecular level
Feedback regulation

Other information's

> 25

Glucagon
Alpha cells of pancreas
-amino acid peptide
Typical peptide
Dissolved in plasma
minutes

Stimulated by plasma (glucose) mg/dL, with maximum secretion below
Increase blood amino acids.

Liver primary.
G protein-coupled receptor linked to cAMP.

Increase plasma glucose by glycogenolysis & gluconeogenesis.
Increases lipolysis leads to ketogenesis in liver.

Alters existing enzymes & stimulate synthesis of new enzymes.

Increase plasma (glucose) shuts off glucagon secretion.

AN N N N N N N NN

Member of secretion family along with VIPBGIP and GLP-1.

mg/dL.



Summary of Glucagon

Summary

Pancreas
A triangular gland, which has both exocrine and endocrine cells, located behind the stomach

Endocrine cells Exocrine cells

Islets of Langerhans
produce hormones involved in regulating fuel storage and use.  Acinar cells produce an enzyme-rich juice used for digestion

* Beta (B) cells produce insulin (60%)

e Alpha (a) cells produce glucagon (25%)

* Delta (6) cells produce somatostatin (10%)
* F cells produce pancreatic polypeptide (5%)

» 2%



Summary of Glucagon

> 27

Chemical Half-

Cell of origin target Receptor

nature life
-transmembrane receptor
belongs to the large class

- of tyrosine kinase

= Beta cells of 51 amino 6 receptors

2 pancreas acid peptide  min.

- -Made of two alpha
subunits and two beta
subunits

g .

& Alpha cells of 29.c.';|m|no.d G- protein coupled

= AT acid peptide min receptors linked to ¢ AMP

(U}

Factor affecting release

Stimulated by:

* ‘M Plasma glucose

* P amino acids.

* /M free fatty acids

* GIT hormones

* Parasympathetic N.S stimulation
Inhibited by:

* Jglucose

*« J.amino acids

* | free fatty acids

* Somatostatin

* Epinephrine

(o - receptors )

* Sympathetic N.S stimulation

Stimulated by:

¢ lglucose

* > amino acids.

¢ Stress

* Exercise

¢ Sympathetic N.S stimulation
Inhibited by:

¢ Somatostatin

¢ Insulin

¢ " Blood glucose

Action

Raapid (seconds)

(+) transport of glucose, amino acids, K+ into
insulin-sensitive cells

Intermediate (minutes)

(+) protein synthesis

(-) protein degradation

(+) of glycolytic enzymes and glycogen
synthase

(-) phosphorylase and gluconeogenic
enzymes

Delayed (hours)

(+) mRNAs for lipogenic and other enzymes

Its major target is liver:

Glycogenosis

Gluconeogenesis

Lipid oxidation (fully to CO2 or partially to
produce keto acids “ketone bodies”).
Release of glucose to the blood from liver
cells
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