DIGESTIVE SYSTEM
PART 3, GLANDS




Salivary Glands - exocrine glands (with ducts) -

produce saliva:

- facilitates the process of tasting food, initiates of
digestion and permits of deglutition (swallowing)

- protects the body by secreting the antibacterial
agents (lysozyme and IgA)

Parotd

The major salivary glands: /" gland
- Parotid gland |
- Sublingual gland

- Submandibular gland

Sublingual
gland

T~ Submandibular
gland
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Major salivary glands
~ - connective tissue
capsule

, - septa - lobes and

lobules

Major salivary glands -
tubuloalveolar glands

secretory portion - serous
and/or mucous secretory
cells - acini (alveoli) or
tubules

duct portion



Mucous cells
- nuclei basally located
and flattened
- apical region -
abundant
secretory granules



Serous cells

- single, round,
basally (centrally)
located nuclei
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Myoepithelial cells (basket

cells)
- long processes (actin and

myosin) - envelope the acinus @

- contraction - releasing the
secretion from the acinus into
the duct of the gland

Mucous cell
o\ / Myoepithelial cell

Serous
demilune

Striated ducts

LI Lumen of acinus
Excretory duct—77 /s

Myoepithelial
. cell

Glandular
cells
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secretory acini striated duct

Ducts of salivary glands
- Intercalated ducts

(attached to the acini) — tareaTas gt
Simple cu b0|da| Both intercalated and striated ducts
epithellum (myoeplthe“al are intralobular ducts.
cells)

- striated ducts




- primary saliva (isotonic)- modified by cells of striated
ducts — secondary saliva (hypotonic - sodium and
chloride ions removed, potassium and bicarbonate

lons enter)

First secretory step: Second secretory step:

secretion of a primary isotonic fluid rich in NaCl reabsoption of NaCl and
secretion of K*and HCO,-

P

final

-
primary isotonic fluid a hypotonic
3" 3" saliva

Acinar cells Ductal cells



surrounded

by blood _~ gland
acini
Striated
duct

Intralobular

duct
Blood
vessels

Interlobular

connective

fissue

- Intralobular ducts
- Interlobular ducts

- Terminal (principal) duct delivers the saliva into the
oral cavity



Parotid gland - the largest

produces only about 30%
of the saliva

capsule - septa - lobes
mainly serous salivary
gland

salivary amylase —
ptyalin (digestion of
starch)
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Sublingual gland - the smallest

- mostly - mucous acini with
serous demilunes (small
cluster of serous cells)

- mixed (but mostly mucous)
saliva.
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Submandibular gland
- produces 60% of the total salivary output

- either serous or mucous cells but 80 -90% of the
acini produce serous saliva

-Salivary glands are
comprised of various

., amounts of mucous

. (M) and serous (S)

#% acini. Also

‘», present in this
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Pancreas - head, body, tail

- connective tissue capsule - septa - lobules

- exocrine gland - digestive juices and endocrine
gland — hormones (islets of Langerhans)

Common #
Bile Duct
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SR e B80T Exocrine pancreas-

cells, the beginning of the duct
- system.

- acinar cells - digestive
enzymes

Exocrine portions
of pancreas

Centroacinar
cells




The duct system of pancreas

- centroacinar cells - intercalated ducts - intralobular
ducts - interlobular ducts

- main pancreatic duct (to the duodenum)

—

Secretory portion Intercalated duct Intralobular duct ‘ Interlobular duct
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=xocrine pancreas

Common F :

bile duct @/ \ . I
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Exocrine pancreas — function

- acinar cells - digestive enzymes

- centroacinar cells, intercalated duct cells -
carbonic anhydrase activity - bicarbonate - rich
solution (neutralizes gastric acid)

Endocrine portin
of pancreas
(Islets of Langerhans)

Duct cells Acinar cells
secrete aqueous secrete digestive
NaHCO, solution enzymes

Exocrine portion of pancreas
(Acinar and duct cells)




exocrine pancreas — acinar cells — enzymes
Pancreatic amylase  Starch — Maltose

Lipase Fats — Fatty acids and glycerol
Nuclease Nucleic acids — Nucleotides

Trypsin Proteins — Peptides; zymogen activation
Chymotrypsin Proteins — Peptides

Carboxypeptidase  Peptides — Shorter peptides and amino acids

Proteases - secreted in inactive form

- Trypsinogen - activated to trypsin by brush border
enzyme enteropeptidase

- Procarboxypeptidase and chymotrypsinogen -
activated by trypsin



secretin and cholecystokinin - DNES cells

- Cholecystokinin (CCK) - | cells - the secretion of
enzyme-rich pancreatic juice

- Secretin - S cells - secretion of bicarbonate-rich
pancreatic juice

| Blcarbonate | 2 |
\ (HCOa)

CCK
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Endocrine pancreas
- islets of Langerhans
- Islets are scattered among the acini

R &
>
7 4

& A - -
L0 A BT S
st / SN @ el

.‘q ‘...\"f‘ i) ’ - S 5.
_ﬁrp G ) =) Ig \r.“




Islet of Langerhans

o-cells — connective

. ti1ssue
somatostatin- Eireile
5%

B-cells -
insulin -

Cells of islets of nerve w8 ) P e

Langerhans: \ ),
o —cells
B - cells
I a-cells -
0 - cells glucagon - —capillaries
PP — cells 20%

G —cells



a — cells (20%) -
glucagon -
Increases
glucose in blood

B - cells (70%) -

insulin -
decreases
glucose in blood

B ce |S/ Glycogen\

Glucose uptake by cells

- V.,_

—> el

Tissue cells

insulin

\‘ pancreas” formation
Blood
glucose
falls to
normal
range
Stimulus: y)
Rising blood Tayy
glucose level ce
Homeostasis: Normal blood glucose level (about 90 mg/100 ml)
/ Stimulus:
N l Declining blood
Ce glucose level
Blood
glucose
rises to
normal
range Glycogen breakdown
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/é — cells

glucagon

Stimulates
glycogen
breakdown




o (D, D,) cells (5%)
D - somatostatin -
iInhibits a and B cells,
reduces contraction
of smooth muscles of
alimentary canal and
gallbladder, inhibits
HCI production

0-

—

omatostatin

insulin
glucagon
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PP — cells - pancreatic polypeptide _
- inhibits the exocrine secretions of the Pancreatic

pancreas and stimulates the release of SE;‘;‘;[;:;?‘
enzymes by the gastric chief cells
G - cells — gastrin B~ inhibition
- stimulates production of gastric acid pancreatic
(HCI) by the parietal cells of the polypeptide
stomach .
gastrin -
Greal ECL cell C?QA Parietal cell

< G— —G- G~
O Circulation )




BILE
DRAINAGE

SYNTHESIS AND STORAGE OF
AMINO ACIDS,
PROTEINS,
VITAMINS
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. liver
% ANDFILTRATION | . pboth endocrine and
exocrine functions

hepatocyte -
formation of exocrine
secretion and
endocrine products.



Liver - connective tissue capsule,
Glisson’s capsule (at the
porta hepatis - enters the
liver - a conduit for the
s blood, lymph vessels, bile
PR ducts).

RN

Porta hepatis

porta hepatis :
- portal vein (enters)

R— - hepatic artery
| (enters)
Hepatic artery - bile duct (exits)

Gallbladder Bile duct



Liver - dual blood
supply

blood leaves the liver
through the hepatic vein

Right lobe

Left lobe

oxygenated blood from
the heart - hepatic
. . / artery (25%)
E"e leaves the liver by nutrient-rich blood from the
epatic (bile) duct — )
gallbladder bowel - portal vein (75%)



*% - liver - parenchymal
cells - hepatocytes -
+.  80% of the liver

A - connective tissue

_«¢x elements are sparse

4 % i Hepatocytes

Y. < - radiate from the
) central vein - plates
(sheets) separated by
vascular spaces -
hepatic sinusoids




"~ Hepatocytes - hexagon-
A shaped classical lobules (in
4. | human boundaries invisible)

portal area -
bile portal triad

vein duct \O — — — —
Porta;l R /.
canals
; \
/ ci

Central

portal

vein \

. epatic \
portal area (portal triad): // P ry el %
- hepatic artery / vein 0

’ ( a
- portal vein, \ ./ O
- interlobular bile ducts, /
/
/




classica
lobule




three types of liver lobules: 1. classic hepatic lobule

- based on blood flow, blood flows from the periphery
to the center of the lobule, into the central vein.

biliary
canaliculus

o
3.— ———-0 . central vein bile to interlobular blood from
/

- \ gallbladder bileduct | gut via branch Mload T
/ flows thru \ :
i ids
/ s1Tnuso1l \
to central
/ \ vein
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The portal lobule - based on bile
secretion - the triangular region - portal
area in the center - periphery is bounded
by imaginary straight lines connecting
the three surrounding central veins.

Liver lobule

Endothelial
cell of
sinusoid

Trabecula
of hepatocytes



Hepatic

Portal area (PA) acinus

Hepatic artery

Bile duct
\

T A" The hepatic acinus
Portal vein—gp 1 @

(acinus of

Rappaport)

- the functional
unit of the liver.

Liver lobule



hepatic acinus (acinus of Rappaport)

Central vein

- ovoid to diamond-shaped
lobule - two angles
occupied by portal triads

Hepatic  and two opposite angles

occupied by central

veins

Portal vein

- is supplied by a branch of
the portal vein and
hepatic artery

Hepatic
riad

Central vein



S nuﬁoid

m-}. caém periphery of the classical
\/ lobules.

Hepatocytes

cord = hepatocytes . hepatocytes - two domains:
\ / lateral and sinusoidal.
fenestrated - lateral domains - bile
endothe laum _ _ _
canaliculi - conduct bile
between hepatocytes to the

space of Disse

- the sinusoidal T ﬂﬂ fl ]

domains —
with the space of

Disse

bile canaliculus

sinusoid
-<=—c:l

In contact ==U:-U U-:U J-U .VC‘

sinusoid bile duct




Perisinusoidal space space of Disse

- between hepatocytes and a sinusoid

- contains Ito cells (hepatic stellate cells) - store fat
or fat soluble vitamins (vitamin A)

Kupffer
Cell

Sinusoidal Lumen

Endothelial Cell

Hepatocytes | !

Bile Canaliculus



liver sinusoid - sinusoidal blood vessel (fenestrated,

discontinuous endothelium)

- oxygen-rich blood from the hepatic artery and the
nutrient-rich blood from the portal vein.

biliary
canaliculus

bile to intgrlobular
gallbladder bile duct

ia branch




Stellate macrophages (Kupffer cells) - inside
sinusoids

- destroy foreign material (bacteria)

Space of Disse

'v- mm——id

Kupffer cell Stellate cell Endothelial cell
(Ito cell)

Blood vessel

(sinusoid)



The liver performs over 500 vital functions

Detoxification: \ _
Drugs/Alcohol Production of Cholesterol:

Fatty acids « Precursor to sex
Steroid hormones hormones, Vitamin D

Ammonia > Urea Storage of Micronutrients:
Environmental * Minerals: Copper, Zinc,

toxins/allergens Magnesium, Iron

\ « Vitamins: Vitamin A, D,
E, K, Bl2
Metabolism: /

« Conversionof T4 > T3

» Detoxification of fat N ~——.  Blood Sugar Balance:
» Storage of glycogen
Immune System:
« Contains viruses and e \ Production of Bile:
pathogens » Needed for digestion

« Maintenance of the » Gl anti-microbial
hepatic and portal vein

iImmune system

Protein Synthesis:

Blood clotting (prothrombin)
Cholesterol transport (lipoproteins)
Immune Function (globulins)

Oncotic pressure (albumin)

Copper bioavailability (ceruloplasmin)



The liver — functions

- production of blood plasma proteins: prothrombin,
fibrinogen (formation of blood clots) and albumins
(regulate the osmotic pressure of the blood - bind
water, cations (Ca?*, Na*, KY)

Major Types:

Albumin (60%)

Major component of osmotic pressure of plasma

Globulins (35%)

Antibodies (immunoglobulin) and transport proteins

~ Fibrinogens (4%)

Functions in blood clotting

Other (<1%)

Various roles (a-1-antitrypsin, coagulation factors, etc.)



carbohydrate

metabolism:

- Gluconeogenesis -
synthesis of glucose

- Glycogenolysis -
breakdown of
glycogen into glucose

- Glycogenesis -
formation of glycogen
from glucose

" Glycogenesis



storage of vitamins (vitamins A, D, E, K), and
minerals (iron-Fe and copper-Cu)

vitamins| | minerals |



elimination of ammonia — converting into urea




Protection
immune system - IgA from the mucosa of alimentary
canal transported to the liver - released to the bile)

Kupffer cells - macrophages (phagocytosis)

Kupffer Cells-
The rubbish collection service of the liver



Detoxification - enzymes in hepatocytes metabolize
many toxins, alcohol and drugs into inactive

metabolites | | |
Medications, Alcohol, Allergenic Foods,
Food Chemicals, Environmental Toxins

Intestinal Tract

Liver

Phase 1 detxlﬂcatlon
,‘5 T;.

e i s 25

s

Phase 2 detoxification

In an unhealthy liver
toxins can leave the liver
and be stored in fat tissue
and in brain and central nervous
system cells. Stored toxins may

redrcul;te in the blood and contribute
to chronic disease.




Liver - production of the bile

Hepatic portal vein

Liver ‘ bile salts — resorbed in ileum, enter ‘

the liver via portal vein, endocytosed
by hepatocytes, transported into bile
canaliculi and released back into the
duodenum

: Capillaries
1 only 10% bile salts is produced

| de novo in hepatocytes

| Common
Gallbladder bile duct

Bile salts

Duodenum



Fat globule

- bile salts — fats Y -
emulsification — digestion .. }*""“7% oo

Emulsification aalt

by pancreases lipase -

into fatty acids and e A\ €

monoglycerides 7 & W_l_m
3

Micelles of bile salts,
cholesterol, and lecithin

From
stomach

Fat Emulsified
droplets fat droplets
(triglycerides) (triglycerides)



Endocrine function of
the liver

Insulin-like growth
factor 1 (IGF-1) -
regulation of cell
growth and
development
(proliferation of
chondrocytes of
growth plate)

Pituitary gland =~ ¢

_ Growth
hormone




Endocrine function
of the liver

Angiotensinogen -
angiotensin precursor -
increases blood
pressure
(vasoconstrictor)

Thrombopoietin -
production of
megakaryocytes -
production of blood
thrombocytes
(platelets)

Lung capillaries

Kudney

Liver y ‘ .;,

Angiotensin-
converting
enzyme

, l E 2 7
(Lngiotominogcn —» Angiotensin | ——» Angiotensin Il
Bloodstream

= Vasoconstriction

= Increased
aldosterone
secretion

* Increased

bloodstream

‘ * Release into

Stimulation ADH secretion
= Increased thirst
= Thrombopoietin
é o From kidneys and liver

Myeloid stem cell

Megakaryoblast

Megakar yocyte

\ Platelet precursor
‘ nnnnnnnnn

Platelets




Gallbladder

- stores and concentrates the bile | |

- releases the bile into the
duodenum

Galibledder ~  duodenum

The wall of gallbladder
- mucosa (folded)
- simple columnar
epithelium
- lamina propria
- submucosa
- muscularis
- adventitia




—|  Fats,
E pephides, Liver
I | amino
Fatty meal — DNES -.é arids G albladder
cells (I cells) of )
duodenum — E 4}@
cholecystokinin @
(CCK) — contraction of =t
gallbladder — the bile ?E CCK T
IS released into the 7 | secretion
duodenum +
—
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branch of
portal vein




gallbladder

#57° lOOx 5 R “ZAV.LAD HISTOLOGII 1 EMBRIOLOGII 1
- . } ... . P . http://histologia.wum.edu.pl |
o . ' o AT LTl TS T ™



¥..o
\-\sh.- o e L

-
.
3

L 5




lleum
(small intestine)

The appendix (or vermiform

appendix) - connected to the
cecum

Cecum
(large intestine)

Appendix

22002 WeblD, LLT:

$ SEROSA

IMUSQUQAR}S,E)‘{?ER‘N\A B

e v”’“\,‘ R The wall of

SoaharRl ST e s appendix

"..: . .‘_‘.rr\; “ \c j‘,‘:. \_ Mucosa (|ympho|d
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TS \J - Submucosa

Soe eronouies © - Mascularis
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Appendix - a role in the
Immune response in children

10 - year-old child

M — mucosa
SM — submucosa
F — lymphoid follicles

36-year-old men

Disappearance of follicles




Your appendix could actually
be useful. There's evidence
that it functions as a 'safe
house' for good bacteria, which
can flush out infection in your
large intestine.
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appendix (no. 53) ™ PG ver









bile salts

cholesterol, fatty acids, bilirubin (toxic product of

degradation of hemoglobin)
electrolytes (sodium and bicarbonate ions)

IgA

Bile salts
61%

Proteins Fatty acids

7% | 12%
Others / e o
’ = olester
5% Bilirubin

Phospholipids 9%
3%
3%




liver (no. 54)
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Gallbladder

Liver

- the bile flows through the
hepatic ducts into the
gallbladder

- the gallbladder contracts
and releases its contents
Into the common bile
dUCt Gall Bladder

- the union of the
pancreatic duct and the ampullaof

. Vater
common bile duct —

hepatic
ducts

common bile duct

ampulla of Vater pancreatic duct . . .
RHD: Right hepatic duct

Pancreas LHD: Left hepatic duct
CHD: Common hepatic duct

Duodenum



o (D, D,) cells

D - somatostatin - inhibits a and 3
cells, reduces contraction of smooth
muscles of alimentary canal and
gallbladder

D, - vasoactive intestinal peptide
(VIP) — induces glycogenolysis
(formation of glucose from glycogen),
inhibits motility of the gut, controls ions

and water secretion by epithelial cells
a—

Glycogen Glucose-6-Phosphate 1—}@




long axis

\ -/-’-Hepatic venule

R

Zone3 -

short axis

L}
|
1
Z20N€S  cantal vein '
1
|

Portal tract—

- three concentric regions of hepatic parenchyma,

- the outermost layer, zone 3 - the most oxygen-poor of
the three zones.

- zone 1 is the richest in oxygen.




Bile transport

- bile canaliculi, canal of Herring, bile ductules,
bile ducts, common hepatic duct, cystc duct -
gallbladder

Portal Triad Cholangiocyte

Hepatic Artery Canal of Herring

Bile Canaliculus
Portal Vein \ Bile Duct
v \

Hepatocyte

Central Vein

e np A
amamu —p Blood flow

—p Bile flow
HSEC HSC Kupffer Cell Sinusoids



- The ileum - absorption of vitamin B12, bile salts and
products of digestion that were not absorbed by the
jejunum

Duodenum

© Jejunum

[leum

lleum - Peyer's patches - unencapsulated lymphoid
nodules (differentiate the ileum from the duodenum and
jejunum).



The wall of ileum
Mucosa (Peyer’s patches in the lamina propria)
- Submucosa

- Mascularis externa

- Serosa

- lymphoid
nodules in
submucosa -
strong immune
response




Peyer's patches - immune

response within the mucosa - B

and T cells, macrophages, and

dendritic cells

- the part of Mucosa Associated
Lymphoid Tissue (MALT) -
lymphoid nodules in the mucosa
of the respiratory, digestive, and
urinary systems.

GALT/BALT/NALT
(gut/bronchus/nasal-
associated lymphoid tlssue)



B lymphocytes - in the follicles'
germinal centers.

T lymphocytes - between follicles



Lumen

ntigen Intraepithelial §
Mucosal *‘ \(os

lymphocyte %g\ —— é
epithelium = (0|
S vinie Z Mecell IgA ‘

Lamma4 g 0) .
propria S \cd; —
Effectofsite \:@@ @
~
Iymphoid

follicle

- M (Microfold) cells transport antigens (endocytosis) to
APC (presentation) — activation of T cells
- B cells differentiate into plasma cells and produce IgA.
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