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PaNCreas

in Greek: pan: all

kreas: flesh
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Portal vein Splenic vein  Left colonic flexure

Gallbladder Pancreas Stomach

Head of o Tail of pancreas

pancreas i 3 bosp: EZ i
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Hilum of —
spleen [ L2
Pancreas R e

Concavity of E L3 j
duodenum r——

Abdominal aorta

B Inferior vena cava Aorta  Left kidney
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Fig. 9.13 Parts of the pancreas.
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Commencement of . SERASEs Splenic
portal vein vein

Origin of superior
mesenteric artery

Superior mesenteric vein

Fig. 9.15 Posterior relations of the neck of pancreas.
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Hepatic
artery

Left gastric ~——— Splenic artery
artery

Spleen

Left | gland
Right suprarenal gland eft suprarenal glan

Left colic flexure

Right kidney
Right colic flexure ::f-w\-

N

Left kidney

Left ureter

Right uret
ight ureter Duodenojejunal flexure

Superior mesenteric
vein and artery

Fig. 9.18 Visceral relations of the different parts of the pancreas.
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Anterior relations

|

1. Transverse colon

2. Transverse mesocolon

3. Jejunum

4. Superior mesenteric vessels

A
Portal vein
Pancreatic duct
Splenic vein
Superior mesenteric vein
B

Posterior
relations

!

1. Bile duct

—— 2. IVC
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Sl gl

Splenic artery Origin of superior Left suprarenal gland
mesenteric artery

Root of

transverse
Coeliac trunk . mesocolon

IVC

Spleen Spleen

Hepatic artery

-"‘

Left colic
flexure

Left kidney

Splenic vein

Left renal vessels

Superior Coils of
mesenteric : ,°' oo
jejunum
vessels
Duodenojejunal
flexure
A B

Fig. 9.17 Relations of the body of pancreas: A, anterior and inferior relations; B, posterior relations.
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Cross-sectional Anatomy T10
24

L
Gastroduodenal a.

Pancreas

bile duct
Stomach

Gall ' \C 4 Splenic
bladder 1497 \ % .~ flexure

Duodenum

-

Inf. vena cava -
1 S. mesenteric a.
S. mesenteric v.

R. renal v,

Superior Pancreatic
mesenteric artery duct
A

Body of

pancreas

Right renal
vein

Left renal
vein

| P
[ \L I \ IvC Neck of Aorta Left  Spleen
pancreas kidney

FIG. 7.85 Axial CT of pancreas and pancreatic duct ]-8
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Herringbone pattern

S
Y T -
SR _5: :
oo % AP
Minor duodenal papilla ——{;‘ % > T
Bile duct
Hepat ti I '
FU S S - ‘, Main pancreatic duct
(of Vater) : A v
(Duct of Wirsung)
Accessory pancreatic duct
Major duodenal papilla (Duct of Santorini)

Fig. 9.19 Pancreatic ducts.
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Duct of dorsal

Bile duct
{hepatic
outgrowth) Dorsal pancreatic bud
= Second part of

duod
pancreatic bud s

Duct of ventral
A pancreas B

Bile duct

Accessory
pancreatic duct

Uncinate process

Mazin pancreatic
duct

C D

Fig. 9.20 Schematic diagrams showing stages (A, B, C, and D) of formation of the adult pancreas and its ducts (main and
accessory) by the fusion of the dorsal and ventral pancreatic buds.
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Bilobed ventral P
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Splenic artery
Coeliac trunk

Hepatic artery ——-
Gastroduodenal artery - \

Superior pancreaticoduodenal

|
artery L Arteria caudae pancreatica
—Arteria pancreatica magna

Anterior pancreaticoducdenal - Pancreatic branches

artenial arcade

Inferior pancreaticoduodenal artery

Superior mesenteric artery

Posterior pancreaticoduodenal
arterial arcade

Fig. 9.21 Arterial supply of the pancreas.
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Superior
pancrezticoduodenal vein

Infericr
pancreaticoduodenal vein

Superior mesenteric vein

Fig. 9.22 Venous drainage of the pancreas.
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Splenic artery
Coeliac trunk

Hepatic artery
Gastroduodenal artery .
Superior pancreaticoduodenal

artery ' ; - — Arteria caudae pancreatica

Arteria pancreatica magna
Anterior pancreaticoducdenal

- Pancreatic branches
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Inferior pancreaticoduodenal artery

Superior mesenteric artery
Posterior pancreaticoduodenal

arterial arcade

Fig. 9.21 Arterial supply of the pancreas.
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Pancreas histology
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The Pancreas

Connective Ducts
. tissue septum A
Comgzl(;r; - Pancreatic Tail of . I\ AT f{@"
Accessory duct Lobules pancreas P 4
pancreatic

duct - 3/‘\ — _—— .-~~Exocrine cells
. ' L in pancreatic
— acini

J Y P = = = = " " Endocrine cells
{ ' > B Z o -y ; E o ,//i in pancreatic islet

Duodenal
papilla

*is a mixed exocrine-endocrine gland
*Produces both digestive enzymes and hormones.
*Anatomy :
retroperitoneal organ
*has a thin capsule of connective tissue,
*which septa extend to cover the larger vessels and ducts

*and to separate the parenchyma into lobules il SR R
Pancreatic acini (exocrine) Duct

Figure 24.18a-c
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FIGURE 18.23 - Photomicrograph of the pancreas. This
H&E-stained specimen shows a number of pancreatic lobules
separated by connective tissue septa that are continucus with
the thin surrounding capsule of the gland. The pancreatic lobules
consist largely of the exocrine acini and their intralobular duct
system. Most of the lobules exhibit smali, round, lighter-staining
profiles, which are the islets of Langerhans {arrows). Adjacent to
the lobules, at the lower left, is a large interlobular duct that
serves the exocrine pancreas. x 25,
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* In basal lamina:
* Reticular fibers
capillary -

Centroacinar cells

Intercalated duct

Zymogen granules Acinar cells
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ICc Islets (islets of Langerhans)
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Endocrine part of pancreas

2 , R B 3
' 'l.(“‘ R g N

y 1 }
473 Islet of Langerhans @
7 » B . (secretes insulin)

A AR oy ey S0
I S "Jx ?( 6. "o. a
. l \ \) : - ¥. _
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intralobular
collecting duct

acinar cells N = intercalated duct

centroacinar cell b

FIGURE 18.20 - Pancreatic acinus and its duct system. a. In this photomicrograph of a thin, H&E-stained plastic section, an
intercalated duct can be seen beginning within a pancreatic acinus. The cells forming the duct within the acinus are the centroacinar
cells. The eosinophilic zymogen granules are clearly seen in the apical cytoplasm of the parenchymal cells. X860. b. In this schematic
diagram, observe the beginning of the intercalated duct. Note the location and shapes of the centroacinar cells within the acinus. They
represent the initial lining of the intercalated duct, which drains into an intralobular collecting duct.




Centroacinar cells

Basal lamina

Zymogen granules

«a very small lumen, without myoepithelial cells
*The acinar cells are
*polarized,
*with round basal nuclei,
«and numerous zymogen granules apically,
» typical of protein-secreting cells

Acinar cells
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intrafobular
collecting duct
intercalated duct  columnar

epithelia

- )

™ zymogen granules

centroacinar cell

short intercalated duct of simple squamous or low cuboidal epithelium

*pale-staining centroacinar cells

-~ acinar cells
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Rough ER

Golgi

Main pancreatic duct

Common bile duct )
Capillary

NS4 D | =T AT =
é"a;?’l*a’——*&‘éa

=% = A\
Intercalated duct SN ==y 1 S . Q“ =
» { 2 3 > =)

=
8 S0

Islet of Langerhans

Centroacinar
cell

Pancreatic
acinar cell

PANCREATIC ACINUS

CENTROACINAR CELL

Intercellular
canaliculi
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» The exocrine
pancreas secretes
approximately 1.5
L of alkaline
pancreatic juice per
day.

Main pancreatic duct

Common bile duct

Capillary

PANCREATIC ACINAR CELL

=Ry
\'*V» o Sy

° HCOB_ Secreted by Intercalated duct \NC = =
7 6 o

the centroacinar
and intercalated
duct cells

Islet of Langerhans

Centroacinar

Pancreatic
acinar cell

PANCREATIC ACINUS

CENTROACINAR CELL

Intercellular
canaliculi
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Exocrine secretion in Pancreas

maltose

lipase

Lipids » fatty acids + monoglycerol

proteases (are inactive zymogens) (trypsinogen, chymotrypsinogen,
proelastase, kallikreinogen, and procarboxipeptidases)

Proteins & polypeptides — small peptides
tri & dipeptides

s e d e e A A O
nucleases — C

igest RNA & DNA

e )

sodium bicarbonate — neutralizes acidic chyme because enzymes

in small intestine need an alkaline pH
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Membrane-bound
enteropeptidase

Inactive
trypsinogen Trypsin

Other inactive °

Lumen of duodenum proteases
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Intestinal Hormones control secretion of pancrease

* Secretin
— Released when pH falls in duodenum
* Occurs when chyme enters duodenum

— Primary effect is to increase secretion of bile and buffers by liver and
pancreas

* Cholecystokinin (CCK)

— Secreted when chyme enters duodenum
— Targets:

* Pancreas: accelerates production and secretion of all types digestive
enzymes

» Gallbladder: causes ejection of bile into duodenum

* Gastric Inhibitory Peptide (GIP)
— Secreted when fats and carbohydrates enter small intestine

— Inhibits gastric activity and causes release of insulin from pancreas
(islets of Langerhans)

41



Food in
stomach

Gastrin
release

Increased acid
production and
motility

Inhibition

Bile secretion
and ejection
from gallbladder

Chyme in
duodenum

Exocrine Endocrine ’
pancreas pancreas

Materials

——— 1 enter jejunum U';I‘ILI{TE‘A'?:\(!;—N
—~ BY ALL TISSUES
— Stimulation \“‘“‘k Nutrients
—l Inhibition absorbed
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>> MEDICAL APPLICATION

Pancreatic cancer, which is usually a carcinoma of duct
cells, can arise anywhere in the gland but occurs most often
in the head of the organ near the duodenum. The tumor is
usually asymptomatic until growth and metastasis are well
advanced, leading to the low rate of early detection and sub-
sequent high rate of mortality. Metast‘asis may be facilitated
by the relatively sparse connective tissue around the ducts
and vasculature of the pancreas.
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>> MEDICAL APPLICATION

In acute pancreatitis, the proenzymes may be activated and
digest pancreatic tissues, leading to very serious complica-
tions. Possible causes include infection, gallstones, alcohol-

ism, drugs, and trauma. Chronic pancreatitis can produce
progressive fibrosis and loss of plancreatlc function.
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Pancreatic Acini

> Exocrine:
* >98% of the gland

* Enzyme-rich juice Production

> Endocrine:
* 1-2% of the gland
* Pancreatic hormones ...

Langerhans

Intercellular
canaliculi



Exocrine Pancreas
Enzyme-rich juice Production
> ~1.5 L/day, PH=8.0
Enzyme-rich juice ingrediant
» lons: HCO, (113 megq/L), Cl, SO,, HPO,, Na, K, Ca, Mg
> Digestive enzymes (95% of protein in juice)

» Enzymes falls by as little as 10% _l

Nutrition problems

*Intestinal juice
*Pancreatic juice

*Bile juice

eutralize gastric acid
(pH 6.0-7.0)




Pancreatic enzymes

Enzyme Action

Trypsin Cleaves internal peptide bonds

Chymotrypsin Cleaves internal peptide bonds

Elastase Cleaves internal peptide bonds

Carboxypeptidase Cleaves last amino acid from carboxyl-terminal end of polypeptide
Phospholipase Cleaves fatty acids from phospholipids such as lecithin

Lipase Cleaves fatty acids from glycerol

Amylase Digests starch to maltose and short chains of glucose molecules
Cholesterolesterase Releases cholesterol from its bonds with other molecules
Ribonuclease Cleaves RNA to form short chains

Deoxyribonuclease

Cleaves DNA to form short chains




Pancreatic/Brush border enzymes Collaboration

Copyright & The MaGraw-Hill Companies, Inc. Permission required for reproduation or display.

_Oteraezr inactive ~Active
Pancreatic | (zym%gens) Tersin ek

juice

 Trypsinogen T
\

: =
MicrovilliZ=
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/ Procolipase l

Entero I!Ellirl

!

Signal to
Regulate Fat
b g stion

g Colipase

Lipase N

T rl:nlyl: Fri-l:lr.
Digestion
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Endocrine Pancreas

> Endocrine:
* 1-2% of the gland

e Pancreatic hormones

Cells o(A)cells PB(B)cells 6 (D)cells PP (F) cells
type*
Hormone Glucagon** Insulin** Somatostatin pancreatic polypeptide (PP)

 ** The most important hormones that are secreted from
pancreas.




Insulin Structure
o N p@g%i de Disulfide bonds

[
] Endoplasmic reticulung
B chﬁ: & (of beta cem - |:| |

J\A chain /
C—pepﬁe@

Preprofnsuﬁn Proinsulin

Golgi apparatus
(of beta cells)

I

Insulin C-peptide Preproinsulin: 110 aa
T, 5 6 minutes T,,, > insulin Proinsulin: 86 aa
Marker ofinsulin | Insulin: 51 aa
synthesis &

secretion




Abnormal Insulin Molecules

C- FEF‘TIDE -

SIGNAL PEPTIDE

Mutations:

-B,,: Phe— Ser

-B,:: Leu— Phe

- Al Lys-Arg — Lys-X




3-D Insulin Structure

a b

] - Storage form
Active form

Chain A

ChainB
onomeric insulin (1926) Dimeric insulin Zinc-containing hexameric insuli
(Hydrophobic Interaction)
Insulin concentration P 10 mM Zn++, pH ~6.0

Secretion from the p-cell and diffusion
into the blood favors the insulin
dissociation into its monomeric form




Early Effects /Late Effects of Insulin

Early Effects: Cell Intake, Protein Phosporylation, Enzyme Activity

Late Effects: DNA Synthesis, RNA Synthesis, Protein Synthesis, Cell

Proliferation
Insulin receptor
[l |
TR VR T AR
" --Sf_’j\-ﬂ ™ ‘. T
- j — . . '.'.’ i’,‘-\ el v
Cutside of cell 5 € 34— Bsubunit SIS R0
Il 22 el SV, P50
: w
Cytosal 15,
Iyrasine
Kinase —
Darmzins

c i



Effect of Insulin on Carbohydrate Metabolism

 Decreased blood Glucose

Insulin ~ Glucose e/ % A
Insulin is the key Glucose Insulin concentration In response to

-
ED that unlocks the channel open,
- ° latynipois e Wik a square wave of hyperglycemia
Insulin Glucose o
receptoq

the cell 480
channel
(closed) Y

300

1irsi phase
socond phasa

E B

r
J—
{
|
J
pmold

P
'
-
—
. 1
d . . 2 \“
.l
\. ‘.”‘,'v‘,
gl ST .:—
=i -
e &

0 10 20 0
Time {min}

Increased activity of glucose ®
transporters. Moves glucose into cells.




Effect of Insulin on Carbohydrate Metabolism

e Stimulates glycogenesis
E1ycos (Liver, Muscle)

Glycogen \
; Nonreducing ends

% @ \ i * Inhibits glycogenolysis

th
synthase ' - N

Q UDPG ~ /Q ' 5 v
Bond jf E E

i @ QQ W

o v

y

§ Bona




Effect of Insulin on Carbohydrate Metabolism

* Inhibit Gluconeogenesis

* Induce Gycolysis
| @, 0,0

Pyruvate (2)
200, |~ 2ATP =

I Biotin | 2 ADP o Pyruvate carboxylase
Oxaloacetate (2) G

2GTP
2C0, Phosphoenolpyruvate
2 GDP carboxykinase (PEPCK)

o00

f;ﬂ Phosphoenolpyruvate(2)

nhibits
ranscription

P ,P
Fructose-1,6-bisphosphate
H,0 P P G
Fructose-1.0

0000 |t

Fructose-6-phosphate
P

Gfucose-6~phosphate G
e (4]
g Glucose-6-phosphatase

oO0O0000

Glucose




Effect of Insulin on Lipid Metabolism

* Induce Lipogenesis

* Decrease Lipolysis &
Decrease blood FFA

Acetyl-CoA

Malonyl-CoA

VLDL i i
/ e (Adipose tissue)

Insulin
Receptor

/Insulin-mediated
inhibition of lipolysis|
-~ Triglycerides (Triglyceridé Lipas

“-"\

Diglycerides

Basal lipolysis? \
--------------- >

Mbnoglycérfides

f® |
Ketogenesisl




Effect of Insulin on Protein Metabolism

e Stimulates protein synthesis

ENTrICELN A Fpad

AMPE
rrirs ONLLIr EEEc i
p 705 4E-BP1 elF4G

T )
I muscle protein synthesis

(Muscle)

Increase aa uptake




wpesot DIABETES
types of
TYPE 1 DIABETES
Gady does nat produce enough insulin

TYPE 2 DIABETES

Body produces insulin dut can't use it well

e GESTATIONAL DIABETES
A temparary ceadition in pregrancy

#diabetes 7% World Health

wwwwhoimidistetesiziotoi-seport He Organization




Regulation of Insulin Release

4 Plasma
glucose
> ~

)|

KEY
Stimulus
< Integrating center
| Efferent path
() Effector
() Tissue response
¢ D Systemic response

Muscle, adipose,
and other cells

v

4+ Glycolysis
+ Glycogenesis
t+ Lipogenesis

[f Glucose transport j

Negative

|

+ Plasma
glucose




Diabetes

Diabetes

v

v

v

Type 1 Diabetes

Type 2 Diabetes

Gestational Diabetes

‘,, ..‘
» b
-~

Q

(i
LA

-

-
i3,

Body is not able to

Bbdy doesn’t |

- generate sufficient
insulin for glucose

Insufficient insulin
secretion for blood
glucose regulation

produce insulin for
glucose regulation

*Always hungry
*Unexpected weight loss
*Numb or tingling hands/feet
*Frequent urination

*Sexual disorder

*Extreme fatigue

*Always thirsty

regulation during pregnancy
\ |
Y 1
Symptoms Complications

*Wounds heal slowly
*Peripheral neuropath
*Cerebrovascular disease
*Diabetic Nephropathy
*Coronary heart disease
*Eye damage




Glucagon Structure

Proglucagon
1 160
Pancreas Gut/Brain
1 30 33 61 72 158 1’ 69 78 1Q7 126 158
GRPP Glucagon Major Glicentin | GLP-].. GLP-2

Proglucagon
Fragment

1 30 33 69

GRPP Oxyntomodulin

Proglucagon: 160 aa

GRPP: Glicentin-related pancreatic polypeptide Glucagon° 29 a3

GLP: Glucagon-like peptides




Effect of Glucagon on Carbohydrate Metabolism

e Stimulates glycogenesis

\
\ }
\
\

- \
% Glycogen \ ,
synthase

- UDPG.’ /Q -

Bond jf
1-6

Bong

(Liver)

* Inhibits glycogenolysis

Nonreducing ends

o~

sr“w
{{{{{{-(/

-
Q .‘P"

» ucago

—_—
Phosphorylase

‘(

"§<

: 1-6
Bond




Effect of Glucagon on Carbohydrate Metabolism

* Induce Gluconeogenesis

Pyruvate (2)
20, 2 ATP o ’
Biotin ' 2 App Pyruvate carboxylase
Oxaloacetate (2)
261 *
2C0, Phosphoenolpyruvate
P. 2GDP carboxykinase (PEPCK)

o0

Phosphoenolpyruvate(2)

nduces
ranscription

P ,P
Fructose-1,6-bisphosphate
H,0 P P ’
Fructose-1.0

0000 |t

Fructose-6-phosphate
P

6!ucose-6~phosphate ’
e (4]
g Glucose-6-phosphatase

oOO000

Glucose




Effect of Glucagon on Lipid Metabolism

* Decrease lipogenesis * Increase lipolysis

(Liver, Adipose tissue)

Insulin
Receptor

/ Insulin-mediated

inhibition of lipolysis|

| Triglycerides (Triglyceride INpase
‘.-\

CQ 4 X n o
: Diglycerides
e l Basal lipolysist \
............... -’
Monoglycerides

Ketosis «— KetogenesisT %



Regulation of Glucagon Release

/¥ Plasma

KEY

1 Stimulus

O Integrating center
| Efferent path

[’E —1 . () Effector
4 Glucagon ¥ Insulin J () Tissue response

- —

l ot oyrenle l () Systemic response
Liver.-- =1~ amino acids
SO ‘ Muscle and
Fatty acids adipose tissue
Prolonged
hypoglycemia

Y

[GlycogenolysisJ [Gluconeogenesis] [ Ketones ]

i N

Negati '\ For use by brain and
e VRO AR 4 Plasma peripheral tissues




Pancreatic Hormones, Insulin and Glucagon,
Regulate Metabolism

(a) Fed state: insulin dominates (b) Fasted state: glucagon dominates

G/(_,
Ca
90 n

B
1 ATP production ﬁ 4 Glucose oxidation .
: 4 Glycogenolysis (Liver)
4 Glycogen synthesis :
_ 4 Gluconeogenesis
4 Fat synthesis

4 Ketogenesis

4 Protein synthesis

Metabolism is controlled by insulin and glucagon



Somatostatin (SS)

FPreprosomatostatin (116 AA)

=i =
1 12 13 14 15 25
NH; l 33 | ARG ‘AFIG Lv$| SOMATOSTATIN-14 -*GGC*
e, S sl A L T I T e
$528 is more active SS14 in (o)
insulin secretion @)

Native somatostatin-14



Somatostatin

Somatostatin J
|

Brain and pituitary Eye Gastrointestinal tract Pancreas Adrenals

SSTlR 1-5 SSTR1-3 SSTlRI—S SSTR1,2,3 and 5 SSTRF and 5
Inhibition of NE, Inhibition of VEGF Reduces the secretion of Reduces the Inhibits the secretion
DA, CRH, TRH, gastrin, secretin, gastric acid, secretion of of medullary
TSH and GH motilin, CCK, glucagon, insulin, catecholamine and

enteroglucagon, VIP, pepsin, and PP aldosterone

GIP, neurotensin, intrinsic
factor, and bile




Regulation of Somatostatin Release

Somatostatin is secreted by almost all factors related
to the ingestion of food stimulate:

- Increased blood Glucose

- Increased Amino Acids

- Increased Fatty Acids

—p Stimulation
- =& Inhibition

F-CELLS
Panggeatic
Polypepetide

O CELLS
Glucagon

Fig. 19.2: Paracrine modulation of hormone secretion
within the pancreatic islets of Langerhans




Pancreatic Peptide (PP)

PreproPP ——— ProPP ——— PP 36aa

Function: Pancreatic Enzymes secretion,
Pancreatic H20 and Electrolytes secretion



Regulation of Pancreatic Polypeptide Release

Pancreatic Polypeptide is secreted by:
- Increased blood Glucose

- Increased Protein

- Increased TGs

- Exercise

F-CELLS

Panlieatic

Polypepetide

D-CELLS

Soma%statin




Islets of Langerhans

Cells B (B)cells a(A)cells 6 (D) cells PP (F) cells
type*
Hormon Insulin®**  Glucagon™* Somatostatin pancreatic
e polypeptide (PP)
Function { blood Mblood - I release of hormones from - L exocrine
sugar sugar endocrine pancreas and enzymes secretions of
from exocrine pancreas pancreas

- L activity of the digestive tract - { release of bile by
the gallbladder

* 4 main types of cells in each islet Cannot be differentiated from one another by routine
stains.
« ** The most important hormones that are secreted from pancreas.

A further three types of islet cells have been described in the literature. These cells
contain

Ghrelin, serotonin (enterochromaffin cells), gastrin (G-cells) (tproduction of HCI by
parietal cells of the Stomach), and small granules of unknown content (P/D1- cells).




Human pancreatic polypeptide

Human pancreatic polypeptide is a linear polypeptide that contains 36 amino
acld residues and is produced by F cells in the islets.

Human pancreatic polypeptide is closely related to two other 36-amino acid
polypeptides, @ polypeptide YY, a gastrointestinal peptide

“neuropeptide Y, which is found in the brain and the autonomic nervous
system.

All end in tyrosine and are amidated (NH2)at their carboxyl terminal.
Human pancreatic polypeptide secretion IS UNC . panereatic Polypaptde
plasma |EVE|S c_1nn o .- - -l 4i__4dl_ .- £ _1L.__

carboxy lerminu

aming tEnminus
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**Complete digestion of food

oot —Ogaezg, mggtive T -~ Active
requires action of bot Pancreatic | Gvaoaens _ enzymes
pancreatic and brush border juice {&yinogens) Trypsin

enzymes.  Trypsinogen I

* Most pancreatic enzymes T
are produced as zymogens. \\@//y
* Trypsin (when activated by X ¢

enterokinase) triggers the

——

7
-
&,
\\\Q\\
Ty
W 11/ %
1A
HR

activation of other S “~ZMicrovilli E é_é
pancreatic enzymes. == == = =
“*Pancreatic trypsin inhibitor == == £ ==
attaches to trypsin. SE =4 == ==
: = - N SR
e s e WS Z, 7)) NS Z 7 I
* Inhibits its activity in the TN 2NN\, 2

pancreas.
Epithelial cell of duodenum

+** Colipase (CLPS): A protein co-enzyme required for optimal enzyme activity of
pancreatic lipase. It is secreted by the pancreas in an inactive form, procolipase,
which is activated in the intestinal lumen by trypsin. Its function is to prevent the
inhibitory effect of bile salts on the lipase-catalyzed intraduodenal hydrolysis of
dietary long-chain triglycerides.




Insulin Structure
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Brezar et al. Insulin and -Cell Autoimmunity Endocrine Reviews, October 2011, 32(5):623—-669

Insulin: 51 amino acids
Proinsulin: 86 amino acids
Preproinsulin: 110 amino acids




Specific Targets of Insulin Action: Lipids

B Activation of acetyl CoA carboxylase. Stimulates production of
free fatty acids from acetyl CoA.

POST-PRANDIAL
© Crauin)
‘ l Lipogenesis
@, /

alonyI-CoA

Acetyl(oA




Effect of Insulin on Carbohydrate Metabolism

Lipid
accumulation




Effect of Insulin on the Liver

* Increased production of TGs, cholesterol, and VLDL
* Inhibits glycogenolysis

* Inhibits ketogenesis

* Inhibits gluconeogenesis

Effect of Insulin on the Brain

* Insulin is not needed for glucose transport into most brain cells

Effect of Insulin on Skeletal Muscle

« Promotes protein synthesis

 Stimulates glycogen synthesis

Effect of Insulin on Fat Cells

« Stimulate lipid synthesis from FFA and TGs in adipose tissue

\ 4

Increases the rate of glucose conversion to fat
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Specific Targets of Glucagon Action

Activation of phosphorylase, which cleaves off Glu-1-P produced
from glycogen breaking.

Inactivation glycogen synthase by phosphorylation (less glycogen
synthesis).

* Increasing PEPCK expression, stimulating gluconeogenesis.
« Activation of lipases, breaking down triglycerides.

* Inhibition of acetyl CoA carboxylase, decreasing FFA formation
from acetyl CoA

 Result: more production of glucose and substrates for metabolism




3-D Insulin Structure

= | b C

Chain A

Chan B '
Monomeric insulin (1926) Dimeric insulin Zinc-containifg hekameric insu
T Insulin concentration 10 mM Zn++, pH ~6.0
Interactions among hydrophobic
The monomer is the active form of insulin, while amino acids in insulin dimer
the hexamer is the storage form of insulin. structures favor aggregation as
concentrations rise.
Ref: Curr Diabetes Rev. Author manuscript;
available in PMC 2014 Eeb 25. Once the hexamers are secreted from the
Published in final edited form as: B-cell and diffuse into the blood down their
Curr Diabetes Rev. 2013 Jan 1; 9(1): 25-53. concentration gradient, a combination of
Regulation of Insulin Synthesis and Secretion and electrostatic repulsion and decreased
Pancreatic Beta-Cell Dysfunction in Diabetes concentration of insulin favors the

Zhuo Fu, Elizabeth R. Gilbert, and Dongmin Liu dissociation of insulin into its monomeric

form.




Effects of Glucagon

Acts on the tissues (liver as primary target, muscle,
and adipose) to cause breakdown of glycogen

(glycogenolysis), releasing glucose into the
bloodstream.

Inhibits glycolysis

Increases production of glucose from amino acids
(gluconeogenesis).

Increases lipolysis, to free fatty acids for metabolism.
Increases Ketogenesis.

Result: maintenance of blood glucose levels during

fasting and hypoglycemia prevention by increase of
cell production of glucose.




Specific Targets of Glucagon Action

Activation of phosphorylase, which cleaves off Glu-1-P produced from glycogen
breaking.
Inactivation glycogen synthase by phosphorylation (less glycogen synthesis).

Epinephrine
Insulin iver and muscle)
(liver, Glycogen Glucagon : AMP
muscle) (liver) (muscle)
-«:'. ..'. i ’::.
) i ® ® o
®
Glycogen UoP \ Glycogen
synthase phosphorylase
(and branching (and debranching
enzyme) enzyme)

@ UDP-Glucose

\ o«

Glucose 1-P

Glucose 6-P | Giycolysis (ATP)

Glucose (muscle) CO, + H0

6-phosphatase
(liver)

Glucose Pyruvate Lactate



Specific Targets of Glucagon Action

Increasing PEPCK expression, stimulating gluconeogenesis.

Oxaloacetate ——— PEP— Glucose
CO,
NAD+
Oxalo

Oxaloagetate

co,

Pyruvate N AD .
"7 Lactate




Specific Targets of Glucagon Action

Activation of lipases, breaking down triglycerides.

Inhibition of acetyl CoA carboxylase, decreasing FFA formation from acetyl
CoA

FASTING

j Lipogenesis

Malonyd=CoA
Lipases

ﬂ@}\
Acyl-CoA

Acetyl-CoA




Regulation of Glucagon Release

* Increased blood glucose levels inhibit glucagon release.

* Amino acids stimulate glucagon release (high protein, low
carbohydrate meal).

* Stress: epinephrine acts on beta-adrenergic receptors on alpha
cells, increasing glucagon release (increases availability of
glucose for energy).

* Insulin inhibits glucagon secretion.




Somatostatin
Somatostatin 14 (5SS 14) and its amino terminal-extended form somatostatin
28 (5S 28) are found In the D cells of pancreatic islets, SS 28 Is more active
than SS 14 in inhibiting insulin secretion

Somatostatin has an extremely short half-life of only 3 minutes in the
circulating blood.

Somatostatin  is secreted by almost all factors related to the ingestion of
food stimulate:

(1) increased blood glucose,

(2) Increased amino acids,

(3) Increased fatty acids, and

(4) increased concen-tra
released from the upper g’

TEE

eSs

OISO
AT

Mative semalastalin-2e Malie somatostatin-14

Somatostatin is secreted by almost all factors related to
the ingestion of food stimulate:

- Increased blood Glucose

- Amino Acids

- Fatty Acids




Somatostatin

* Chemistry
* 14 amino acid peptide
* Prosomatostatin
e G-protein linked receptor
* Produced and secreted by many tissues

* Action
* Paracrine Factor
* Inhibits insulin & glucagon secretion

* Regulation
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The Endocrine Pancreas

, Head of ~ Body of Pancreatic islet
Common bile duct  pancreas PANCTeES  |opule  Tail (islet of Pancreatic acini

Langerhans) (exocine cells)

intesting N
(duodenum) (b)




Communication systems for regulation
of body functions

Endocrine
1. Neural . T
2. Endocrine Hormone ~ Hormone
3. Neuroendocrine Nouroerine
4. Paracrine o~ il
5. Autocrine B




Islet of Pancreatic
Langerhans acini

Delta cell

Alpha cell

Beta cell

- Figure 78-1

Physiclogic anatomy of an islet of Langerhans in the pancreas.



Endocrine part of pancreas (Islets of langerhans)
Cells and hormones

Insulin and its synthesis

, 2EBEOOCCORG . .,

Connectin
59 g
60 @ Peptide

peptide

32
i 0 77 Y2 T3 14 15 s 695,
/7
2 W @)
@ //
S

- eZ
@ B Chain ®®
?9®®®@@@®@@@?

15 3¢ 17 18 19 20

B Fig. 41-3 The structure of human proinsulin. The solid area is the insulin molecule released by
cleavage of the connecting peptide. (From Shaw WN, Chance RE: Diabetes 17:737, 1968. )




Mechanism of action

Insulin

.-"M‘-. [H‘w"ﬁ"

Insulin
o —S5-5-

o receptor
-5 | \ ‘ —S S5

Glucose

| B  Cellmembrane | B |

! A b ,,-

i/ yrosine yrosine
~\kinase,  \kinase )

Insulin receptor substrates (IRS) 1}
|
|

Phosphorylation of enzymes

T

Glucose Fat Growth
., transport synthesis and gene
A A L expression

. _O Protein Glucose
synthesis synthesis

Figure 78-3
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Glycogen < Transcription
o X factors
\L =
Pyruvate
&
co, -
Lipids

- Protein synihésis, ;

_ —— 5-S bond
Insulin
L o
¥ o
o 0 £ Autophosphorylation
o Glucose :
) e 2 2 a
=3 = Insulin e Amino o: @
receptor . : X acids e T ¥®
e Potassium
Plasma < . o Phosphate
membrane Y o Magnesium

M Fig. 41-10 Mechanisms of insulin action on cells. Binding of insulin to the o subunit of its
receptor causes autophosphorylation by ATP of intracellular B-subunit receptor tyrosine sites. This
generates tyrosine kinase activity. The receptor tyrosine Kinase then phosphorylates insulin receptor
substrates. The latter begin a cascade of serine and threonine phosphorylations, which activate or
deactivate target enzymes of glucose metabolism. Activation of phosphoinositide phosphate-3 kinase
(PIP-3K) generates inositol 3,4,5-trisphosphate (PI-3 phosphates), which causes translocation of glu-
cose transporters to the plasma membrane, where they facilitate glucose entry. Also independently,
amino acid, potassium, magnesium, and phosphate entries into the cell are facilitated. Docking of
other regulatory proteins to the insulin receptor substrates initiates other cascades that stimulate or
repress gene transcription via insulin response elements (IREs) in DNA molecules. Mitogenic pro-
teins are also activated that increase transcription factors required to stimulate gene expression con-

cerned with cell growth. (From Scientific American Medicine, WebMD Corp. 9 Metab, August
2001.)
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Proglucagon

1 160
Pancreas Gut/Brain
1 30 33 61 72 158 1. EQ 78 IQ? 126 158
GRPP Glucagon Major Glicentin G|_p-1. GLP-2
Proglucagon
Fragment
1 30 33 69
.anp. dx\rntom‘udulin
Glicentin-related pancreatic glucagon-like peptides (GLP-1, GLP-2),

polypeptide oxyntomodulin and glicentin
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FIGURE 78-38

Approximate insulin secretion at different plasma glucose levels.



Insulin release

* Glucose Insulin
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FIGURE 78-7

Increase in plasma insulin concentration after a sudden increase in

blood glucose to two to three times the normal range. Note an initial
rapid surge in insulin concentration and then a delayed but higher and
continuing increase in concentration beginning 15 to 20 minutes later.




2. Insulin promotes liver uptake, storage, and use of
glucose by :
- Inactivation of phosphorylase
- Activation of glucokinase
- Activation of glycogen synthase

Glucose is released from the liver between meals because of :
- Reduction In insulin secretion
- Activation of phsphorylase
- Activation of glucose phosphatase

Insulin promotes conversion of excess glucose into fatty
acids and inhibits gluconeogenesis in the liver




The Regulation of Blood Glucose
Concentrations

Increased rate of glucose

transport into target cell —
L v n Increased rate of glucose
R ",)‘;ﬁ(’ *s utilization and ATP generation
| Beta cells | == Blood glucose
secrete Increased conversion of glucose :> concentration
insulin to glycogen (liver, skeletal muscle) [ declines

Increased amino acid absorption
and protein synthesis

Increased triglyceride synthesis
(adipose tissue)

HOMEOSTASIS _ HOMEOSTASIS
DISTURBED £ 2 RESTORED
Rising blood { HOMEOSTASIS |

glucose levels Normal glucose

levels

HOMEOSTASIS \ Y {(70-110 mg/dl)

DISTURBED Vs HOMEOSTASIS
Declining blood RESTORED
glicoseielolS Increased breakdown of glycogen |

AR AVATY e to glucose (liver, skeletal muscle)
i s
' A'g:f,:fé's : Increased breakdown of fats to j :> Blood Qtlu??se
1 fatty acids (adipose tissue concentration
glucagon Hy-acids fadlp Issue) j rises
Increased synthesis and
release of glucose (liver) —




Effect of insulin on fat metabolism

1. Insulin promotes fat synthesis and storage
synthesis in the liver
storage In the adipose tissue

2. Insulin deficiency causes increased metabolic use
of fat

- Insulin deficiency causes lipolysis of storage fat and release of

free fatty

acids
- Insulin deficiency increases plasma cholesterol and

phospholipid
- Excess usage of fats during insulin lack causes ketosis and

acidosis
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Dose-response curves for insulin action in humans

580

i o

60 340
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B Fig. 41-15 Dose-response curves for insulin actions in humans. Note the marked sensitivity of
inhibition of lipolysis and glucose production by insulin, with lesser sensitivity for insulin

stimulation of glucose uptake by muscle. The effects on amino acid metabolism are intermediate.




Effect of insulin on protein metabolism

1. Insulin promotes protein synthesis and storage

2. Insulin lack causes protein depletion and increased
plasma amino acids

3. Insulin and GH interact synergistically to promote
growth Growth hormone

and insulin

250 l 1
200 Depancreatized and
. hypophysectomized
w
E 150
=2 hGrowth Insulin
- ormone
— B
= 100- 1_1 l l
(a5
=
O T T T T ]
O 50 100 150 200 250
Days

Effect of growth hormone, insulin, and growth hormone plus insulin
on growth in a depancreatized and hypophysectomized rat.



Metabolic effects of Insulin

Site of Action Process Affected Net Result
Liver | Muscle A.:iz‘Ease Carbr:'hf.:imre mefabolism
| X £ Palucose transport
bl X 'I‘glycngmsynihesis Jhlood glur.use
£ X \lfgl}.rcugeml;rsis ’T‘glucl:lse wilization
X Jeluconeogenesis
Lipid metabolism
£ )¢ PMipogenesis Vplasma free fatty acids
4 Vipolysis Vhetogenesis
Frofein mefabolism
Pamino acid uptake Jplasma amino acids
Pprotein syrthesis \rutinary nitrogen
Vorotein degradation positive nitrogen halance
L WV aluconeogenesis




A1C test

The A1C test Is a common blood test used to diagnose type 1
and type 2 diabetes and then to measure how well you're
managing your diabetes.

The A1C test goes by many other names, including glycated
hemoglobin, glycosylated hemoglobin, hemoglobin A1C and
HbAlc.

The A1C test result reflects your average blood sugar level for
the past two to three months. Specifically, the A1C test
measures what percentage of your hemoglobin — a protein in
red blood cells that carries oxygen — is coated with sugar
(glycated). The higher your A1C level, the poorer your blood
sugar control and the higher your risk of diabetes
complications.



http://www.mayoclinic.org/tests-procedures/a1c-test/home/ovc-20167930

Hemoglobin is found in red blood cells, which carry oxygen
throughout your body. When your diabetes is not controlled (meaning
that your blood sugar is too high), sugar builds up in your blood and
combines with your hemoglobin, becoming "glycated.” The average
amount of sugar in your blood can be found by measuring your
hemoglobin Alc level. If your glucose levels have been high over
recent weeks, your hemoglobin Alc test will be higher.

What's a Normal Hemoglobin Alc Test?

For people without diabetes, the normal range for the hemoglobin Alc
test is between 4% and 5.6%. Hemoglobin Alc levels between 5.7%
and 6.4% indicate increased risk of diabetes, and levels of 6.5% or
higher indicate diabetes. Because studies have repeatedly shown that
out-of-control diabetes results in complications from the disease, the
goal for people with diabetes is a hemoglobin Alc less than 7%. The
higher the hemoglobin Alc, the higher the risks of developing
complications related to diabetes.



http://www.webmd.com/heart/anatomy-picture-of-blood
http://www.webmd.com/diabetes/guide/blood-glucose

200 + Diabetes

E g B

120 - Mormal

Blood glucose level
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100 -

Figure 78-12

Glucose tolerance curve in a normal perscon and in a person with
diabetes.
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Glucagon secretion
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Proglucagon
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" Metabolic Effects of Glucagon

SITE
Liver D glycogenolysis
A luconeogenesis
M lipolysis
A ketogenesis
Admose t1ssue M lipolysis

Heart

force of contraction

A cardiac outout

Pancreatic b cells

M insulin secretion




Counter Regulatory Hormones

s Early response
~ © Glucagon

> Epinephrine
 Delayed response

o Cortisol

> Growth hormone
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