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Solitary lymph follicles in the lamina propria seen
throughout the Gl tract help the immune system maintan a
bamer between the environment and the internal milieu of
the body. Other contrt
n the stomach, and mucus produced my many goblet cells

wutors include luminal epthelium, HCI

in the intestines




Objectives

To understand the general
organization of organs of the
digestive system and how they
function to obtain metabolites
necessary for growth and energy for
the body, yet maintain a barrier
between the environment and the
internal milieu of the body

To identify and describe functions of
cellular structures, cells,
and groups of cells in the digestive
system.
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Thes opened toeso shows the infernal
organs of the chest and abdorminal
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stornach as wall is the large and smiall
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ly removed 1o permit 8 vew of the or-
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cavity and the wall of the back, krnown
5 the refroparitonesm. Thase include
the ureters, the acrts and the lower
veana cava as well as the pancreas and
the duodenum. In the small pelve
Cawity, the bladder can be seen, and
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the uterus
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Thes tora0 displays # rare anatomical viw

SHOn, Known a3 situs wersus, Here the
argans of the chest and abdominal caw

tes are tfamsposed through the sapttal
plane, shawiig 8 reversed mirrer amage.
the apex of the heart ponts 10 the right
insteac of the ef; the liver s on the feft
wow of the body whin the spleen 5 on the
rght. and the pancreas extends from |eft
to right aoross the spinal column instead
of vce versa. Thes anatomical variation
does not couse any disorders. The nc)

gence of this phenomenon s appron

matedy 1 in 25.000. The blagoer can be
seen in front of the rectum in the small
peivc Canty



Three Key Steps of Combating
Infections

B

i:gill the infectious agent

i}ncrease host resistance

e.g., Increase immunity
of host




Lines of Defense

First Line: Physical
Barrier

— Skin: Stratum
Cornium

— HCI in Stomach
— Mucus In Intestines

ﬁreak the cycle

of transmission




Three Basic Functions of the G.I. Tract

Absorption of digested foods, water,
and electrolytes




Adaptation of G.l. Tract for
Specific Function

Function Organ
Simple passage

from one part Esophagus
to another

Storage of food or feces Stomach

or distal colon

Digestion
Stomach, small
Intestine
Absorption of end products Small intestine,

proximal colon
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General Structure Of Large intestine
the Digestive Tract
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Mucocutaneous
Interactions

Oral cavity:
Epidermis-like
epithelium
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Non-keratinized stratified Filiform Papillae
squamous epithelium.

(73N,

¥ | 2

Mucus and
Serous glands,
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Filiform Papillae
Can be have keratinized stratified squamous epithelium




FILIFORM PAPILLAE
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Fungiform, foliate, and circumvallate
Papillae have Taste buds
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Skeletal muscle

Foliate papillae

that

Taste buds
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Sublingual gland of calf



Lymph tissue of lingual tonsil

Mucous glands  Serous glands  Skeletal muscle
Serous glands secretions contain a lipase that prevents the
formation of a hydrophobic film on taste buds that would hinder
gustation. Gustation is the act or sensation of tasting
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General organization of Stomach

Gastric mucosa
epithelium

Surface epithelium
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Glands)
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Simple Tubular -- intestine
Simple Coiled tubular -- sweat gland
Simple Branched -- stomach glands




Glandular
epithelial cells of EEEE
stomach

foce mucous cells

Surface mucous cells
Mucous neck cell

Chief cell (zymogenic cell)
Parietal cell (oxyntic cell)

Endocrine cell (Argentaffin or
enterochromaffin cell)

Figure 25-13. Diagram of an oxyntic gland from t
corpus of a mammalian stomach. (From Ito, S. In Johnso
L. R., ed.: Physiology of the Gastrointestinal Tract. Ne
York, Raven Press, 1981.)
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Figure 25-13. Diagram of an oxyntic gland from tH
corpus of a mammalian stomach. (From Ito, S. In Johnso

L. R., ed.: Physiology of the Gastrointestinal Tract. Ne
York, Raven Press, 1981.)




Fundic stomach, monkey (PAS)
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Parietal cells
Chief cells
Enteroendocrine cells
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-
Gastric atrophy

- Gastric atrophy is characterized by chronic inflammation of the gastric
mucosa, resulting in loss of gastric glandular cells, and overall atrophy of the
gastric mucosa.

- Gastric atrophy may result in extensive loss of parietal cells. This loss of
parietal cells may result in decreased secretion of intrinsic factor, which is
necessary for vitamin B12 absorption. Vitamin B12 is a necessary cofactor
required for DNA synthesis; low levels of vitamin B12 can reduce proliferation
of erythroblasts, producing pernicious anemia.
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Stomach

Muscularis mucosa
Submucosa
Muscularis externa
Histophysiology

Figure 25-23. Autoradiograph of the gastric mucosa of
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141 Pyloric stomach, monkey (PAS)
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General organization
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EPITHELIUM of the intestine - SIMPLE COLUMNAR

ABSORPTIVE CELLS
GOBLET CELLS
ARGENTAFFIN CELLS
PANETH CELLS

and cells of duodenal
glands

Submucosal Brunner’s glands
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1 Duodenum
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2 Stomach 3
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3 Gastric pits ————" [ i/
N
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4 Mucosal ridges 13 Vil antrum

5 Lamina propria
(stomach)
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14 Intervillous spaces

15 Intestinal glands
8 Pyloric sphincter

16 Lymphatic nodule

17 Muscularis mucosae
18 Duodenal glands

9 Muscularis externa

(stomach) 19 Submucosa
20 Muscularis externae
(duodenum)

10 Myenteric 21 Myenleric nerve
nerve plexus plexus (duodenum)
(stomach)

Fig. 11-11  Pyloric-Duodenal Junction (longitudinal section). Stoin: hematoxylineosin. low magnificanon




Pyloroduodenal junction, baboon
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Small Intestine

Lamina propria
Submucosa (glands of
Brunner)
Muscularis externa
Histophysiology
1) Cell turnover and
renewal

2) Secretary immune
system of intestine




Small Intestine
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- - -.' ‘ - - l . - 7; \-L ..‘r' - -
e B AR NN
. . L N 'y : ' f) ..\ o = r .
Lamina propria - W - . %M 9)aT. @
. \ \ - - i .“.‘ + .
Muscularis | > ' 5 A
mucosae ’ w* B i’ '

Lymphoid nod-
ule in the lamina
propria
Submucosa
(with vessels)

Circular muscle

Longitudinal
muscle

Serosa -~

Valve of
Kerchkring




Lamina propria
Submucosa (Glands of Brunner)

cqQe
(ir( ulurng




Surface Area Amplification

Component Size Amplification

Plicae circulares 10 mm 3 fold
or valves of kerckring

Intestinal villi 0.5t0 1 mm 10 fold

Microvilli (600/cell) lum x 0.1 um 20 fold

Total surface area 550 sq. meters






Tum x 0.1 um 20 fold

Microvilli (600/cell)
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- PROTECTION AGAINST ENZYMES
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Lamina propria

Connective tissue between
Intestinal glands and forms cores
of intestinal villi

Central lacteal

Large numbers of lymphocytes,
plasma cells, eosinophils, mast
cells, and macrophages

Smooth muscle innervated by
Meissner’s plexus




Lamina Propria

Connective tissue between
Intestinal glands and
forms cores of intestinal
villi

Central lacteal

Smooth muscle innervated
by Meissner’s plexus in
submucosa




f. conlinuows blood capillary




Lamina Propria

\4‘ 4 o';'

Exfolioting
ep?h| al

Ot ed L;;Ohi(‘
bor d; -

cells



’ :
4 —

-

ucos

~ Neuprh
v

LR TR . W

serosa myenteric plexus




Mucus of goblet cells and " "
the carbohydrates in the Sma” InteStI ne
brush border are PAS positive

for sugars Intestinal villus Intestinal absorptive cell

Macrophages

Brush border
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Right Lung

Liver

Inferior Vena Cava

Commaon Ilac Artery

Female Torso, 1999

Thes opened torso shows the infernal
organs of the chest and abdominal
cavities in thes proper positions. The
stornach as wall s the large and smiall
ntestines hawe been aimost complets-
ly removed 1o permit & vew of the or-
gans located Detween the abdorningl
cavity and the wall of the back, known
s the retroparitonesm. Thase incluce
the ureters, the aorts and the lower
vena cava as well as the pancreas and
the duodenum. In the small pelvic
cavity, the bladder can be seen, and
behind i, the uterus, which S inchned
forward with the falicpian tubes
ermerging from the sides. The tage in
testine extends dowmaasrd behind
he uterus

Pancreas

J\- Rght Kadney
’ Pancreas

Aorta Aocta

Left Ureter
Rectum

Large Intestine

Bladder
Faliopuan Tebw

N Bladaer oL V.

wvon Hagens' S *

ODYAWORIDS'

The Anatomical Exhibition of Real Human Bodies

Digestive System continued

Gatitagder

Liver
Duodenem
Left Kudney

Infonor Vera Cava

Male Torso
with Situs Inversus, 1999

Thes tora0 displays # rare anatomical viw

Shon, Known as situs inversus, Here the
argans of the chest and abdominal caw

tes are tramsposed through the sagttal
plane, shawniig & reversed mirrer smage

the apex of the heart DOrs 10 the ngnt
instead of the ief; the liver s on the ieft
woe of the body whie the spleen 5 on the
rght; and the pancreas extends from left
tO reght aCross the spinal column insiead
of vce versa. Thes anatomical varlation
does not cause any disorders. The nci

gence of this phenomenon s appros
matedy 1 in 25.000. The blagoer can be
seen in font of the rectum in the small
peinc Canty
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Objectives

To understand the general
organization of organs of the
digestive system and how they
function to obtain metabolites
necessary for growth and energy
for the body, yet maintain a barrier
between the environment and the
iInternal milieu of the body

To identify and describe functions of
cellular structures, cells,
and groups of cells in the
digestive system.
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ure 26-31. Scanning electron micrograph of a corro-
1 cast of the microcirculation of a rat intestinal villu

wing a dense capillary network arising from an arteriole
he margin of the villus. (From Komuro, T. 1990. Cell
sue Res. 239:183.)
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Duodenum
Lamina propria

Villus
Submucosa
(glands of Brunner)
Mesentery
Intestinal S/eroso ?&%cr%\gris
‘ Crypts of
Submucosal ' " . . 3 ! A e L

/ gland

_~Submuco

Muscularis

Mucosae
—Epith
lining
Brunner's
Glands

\\Muscu\ori

LammeoNMD









Brunner’s
glands

Crypts of
Lieberkuhn




simple branched tubuloacinar gland

Compound

Submucosal intestinal glands of Brunner -
duct



Submucosal intestinal glands of Brunner -

simple branched tubuloacinar gland

SIMPLE BRANCHED
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Submucosal intestinal glands of Brunner -
simple branched tubuloacinar gland

Located at first few cm of duodenum
mainly between pylorus and papilla of
vater where pancreatic juices and bile
empty into duodenum. Also found in
proximal jejunum in horse, pig, and
large ruminants.

Secretion in response to
A. direct tactile stimuli or irritation
B. vagal stimulation
C.intestinal hormones



Submucosal intestinal glands of Brunner -
simple branched tubuloacinar gland

Function of secretions

* Protect duodenum wall from
digestion

Secretion strongly inhibited by
sympathetic

* 50% of ulcers occur In
duodenum

e Mucous - ruminants & dog
« Mixed - mucous-serous in cats
e Serous - horse, pigs
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PLASMA




1 Taeniae
call

2 Myenteric
nerve
plexus

3 Serosa

4 Epithelium —

S Intestinal —
glands

6 Lamina ——
propria

7 Muscularis £5. WS |
mucosae ! o 2 . g : 12 Temporary

: 5’5 SN fold

11 Lymphatic
nodule

8 Submucosa
13 Muscularis

extema

9 Lymphatic —__
nodule
14 Myenteric
nerve plexus

10 Taeniae ~
——
coll

15 Quter
longitudinal
muscle layer

16 Inner circular
muscle layer

17 Serosa of
meseantery

-,')('\'\?\ { J 18 Mesentery

Fig. 12-6 Iargc Intestine: Colon and \h-wnler\ (panoramic view, transverse section).
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Large Intestine

Taeniae coli: longitudinal
muscle in three flat bands
INn humans, 1-4 bands In
horses, and none in some
species

Haustrations: sack-like
bulges

No villi yet, thick mucosa

Numerous goblet cells In
Intestinal crypts (of
Lieberkuhn)

Semi-mush

Poor motility couses
greater absorption, and

hard feces intransverse
colon couses constipation

couses less absorption
and diarrhea or loose feces




Compare luminal surfaces of the
small and large intestines

S EURTESIRES large intestines




No villi yet, thick mucosa

Numerous goblet cells in intestinal glands (Crypts of
Lieberkuhn)

N




Large intestine or Colon, monkey



http://viewer.serenusview.com/Viewer.aspx?SlideId=e50522c8-797e-4317-a299-b6a250ea0ab2
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Large Intestine

General organization
The appendix

The cecum and colon
The rectum and anus

Histophysiology of the
Intestine

Poor motility couses
greater absorption, and

hard feces in fransverse
colon causes constipation

couses less absorption
and diarrhea or loose feces




Epithelium, lamina propria, muscularis mucosa, submucosa,
muscularis externa, and serosa

Intestinal

Muscularis
villi \

/ externa

Plica circularis
.Submucosal

_~"gland

S N\ _—~Submucosa
Gend S of e

igestive tube

W Mucosa

— Epithelial
lining

~~~Lamina
propria

Mucosal glan s
(cryptso? le%erkuhn)

“SMuscularis
mucosae

Circular musclé

. \
Longitudinal Lymphoid Cells of Meissner's plexus

nodule




‘ells of
uerbach's plex

& — Epithelial
lining

The Appendix

~~Lamina
. propria
SIS PR AN RATRS Mucosal glands~
Tunica muscularis externa ((;rymso? te%erkuhn)
“Muscularis
mucosae

Circular muscle

|
Lymphoid Cells of Meissner’s plexus

Lonqnudm'ol
nodule
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Figure 26-20. Cross section of appendix from a 23-year-old man. x 22 (After Sobotia.)




Intestinal Glands
(Crypts of Lieberkuhn)

Secretion - 3000 ml
per day

Neutral pH (6.5 to 7.5)

Secretions provide
vehicle for
absorption

Mitosis to replace
epithelium

Paneth cells at base




EPITHELIUM of the intestine - SIMPLE COLUMNAR

ABSORPTIVE CELLS
GOBLET CELLS
ARGENTAFFIN CELLS
PANETH CELLS

\\' e N ko

Submucosal %w}' Bt i/
) ’(&“:' & N W BN

Brunner’s gland \\3:’ & 2




Absorptive cell

Brush border
Glycocalyx

* Protection against
enzymes

« Active in digestion
Terminal web
Elongated mitochondria
Golgi complex large
SER & RER

Lateral surfaces -
Interdigitation




ucopolysaccharide
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Brush border
Glycocalyx
— Protection against
enzymes
— Active in digestion

3
:

]
a
:

&
'
3

¥

.

213
{5

A8 T R RNe
Striated

i1y
N

i

‘)




Enzymes of Intestinal

Absorptive Cell

Several peptidases

polypeptides to amino
acids

Four disaccharides

disaccharides to
monosaccharide

Lipase
neutral fats to glycerol
and fatty acid

Carbohydratases small
amount of amylase

Intestinal lumen

Brush border :
membrane I

'____

Lactose
» Glucose e~
// \\\

£ \\

/ , Fructose ~Q\
/ \
[ #Golactose
4 ,
Go

Lactase

Sucrose

\

Glucose  Fructose
carner corner

Starch
glycogen

a-Amylase

70%

o-Limit dextrins Malto-oligosaccharides
Gs'G': 533 G;‘GO
40%

25%

» Glucose «
/

e o-Dextrinase Glucose

carner .,
Glucoamylose




BILIARY ACIDS ~ete LIPI DS <@ LIPASE
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BILIARY ACIDS i LIPI DS <@ LIPASE
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Protein

>

Lubricates

and” t

protects against
self digestion

~
\

Collagenase?

salts
acids
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Lymph choledochus
= a : )
stream S L I

Sphincter (of Oddi) papilla
(of Vater)

Blood stream

D f
-3 Intestinal gland (

QLET-®” ~ Duodenal gland

L

-
= - o
Pancreatic duct \Bilu duct
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Paneth Cells Ra ™ W ‘ 1

Depths of crypts of Lieberkuhn
Stable population
Abundant in humans, horse, & ruminants
— (Absent in other domestic species)
Organelles indicative of protein synthesis
Large secretory granules -
Granules 9o
_ Acidophilic (Eosin)
— Lysozyme capable of
lysing bacteria
Concentration of
radioactive zinc




Meissner’s plexus c

Paneth cell



http://viewer.serenusview.com/Viewer.aspx?SlideId=6ffb3aec-4a6a-4227-915c-eb85797f128f




Goblet cell

Unicellular gland

Theca
Flattened nucleus —
I Mucigen < g/
Short lived - one drophars 5 X
A
Mucus

 Raw egg white
* Lubricate and protect
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MUCIGEN

NUCLEUS

MITOCHONDRION

RIBOSOMES




Function of Mucus In
Large Intestines

Protects wall against excoriation

L TV DNG . .
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Provides adherent gualities to
feces

4
.
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3

Protects wall against bacterial
activity




Three Key Steps of Combating _ ]
Infections Skin and Gl tract function as part of the

B reak the cycle of transmission First of Defense against infections

mill the infectious agent -

| nncwewc host resistance
First line - physical
barrier

 Skin - stratum
corium

e HCIl in stomach
e Mucus In intestines

B






Argentaffin
(basal granular cells)

In crypts and villi
Granules at base

Widely scattered throughout Gl
tract

Secretions - serotonin

vigorous contraction of
smooth muscle nervous
system




They
extend into
the lumen

to detect
luminal
contents
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PEBEEBEBED

Product

Gastric inhibitory
polypeptide (GIP)

}?}”74':!' f{.' [_C

Glucaqgoniike

: ot .
ubhstancs

A-Hydroxytryptamine
Gastrin

Unknown

Secretin

Unknown




Basal Granular Cells (Argentaffin)

Organ

Stomach
Duodenum
Jejunum and lleum
Appendix

Abundance
Moderate
Common
Sparse
Abundant




Secretions of Gut
Argentaffin Cells

Cell Name Location Product Major Action

A Stomach Pancreatic Hepatic
glucagon glycogenolysis

B Pylorus, duodenum Somatostatin Local inhibition of

endocrine cells (?)

D Stomach, intestines Vasoactive lon/water secretion,
intestinal peptide  gut motility
(VIP)

EC Stomach, intestine, Serotonin (5-HT),  Gut motility

submucosal glands, motilin, substance

appendix, etc. P



Cell Name

G

Secretions of Gut

Argentaffin Cells

Location

Pylorus, duodenum

Small intestine

Small intestine

Small intestine, colon

Small intestine
Small intestine

Product
Gastrin

Cholecystokinin

Gastric inhibitory
peptide (GIP)
Gut-type
glucagon,
pancreatic
glucagon

Neurotensin
Secretin

Major Action

Gastric acid
secretion

Pancreatic enzyme
secretion,
gallbladder
emptying

Inhibition of gastric
acid secretion
Hepatic
glycogenolysis

Pancreatic and
biliary ion/water
secretion



Types of
Movements

i
Rhythmic Segmentation gass

 Mixing
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Types of Movements

Peristalsis
Progressive Forward
Rotation



http://www.youtube.com/watch?v=LeVAeNM3Kd4&NR=1

Nervous Stimulation

Parasympathetic - Activates Auerbach's
Plexus

Sympathetic - inhibitory to Gl tract
movements

» Excites lleocecal Sphincter
 Internal Anal Sphincter



Intramural nerve plexus extends from
esophagus to anus
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Muscularis epithelial cell

sheet
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Auerbach’s Plexus (“Myenteric Plexus”
sandwiched between the two layers ¢
muscle in the muscularis externa

_ peristals
Ganglia - collectigg

Smooth muscle Smooth muscle




Auerbach's plexus over smooth muscle cells
: - "\' \”:,,. \ ‘} : 3 - '




Auerbach's plexus:
control of contraction

Tonic contraction
(tone)

Intensity of rhythmic
contraction

Rate of rhythmic
contraction

Velocity of
conduction of
excitatory waves
along the gut wall
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Solitary lymph follicles in the lamina propria seen throughout the

Gl tract help the immune system maintain a barrier between the
environment and the internal milieu of the body. Other contributors Eas
iInclude luminal epithelium, HCI in the stomach, and mucus -
produced my many goblet cells in the intestines.

Large mtestlne or Colon monkey



http://viewer.serenusview.com/Viewer.aspx?SlideId=e50522c8-797e-4317-a299-b6a250ea0ab2
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A. Upper part of amal canal

B. Lower pant of anal canal

1 Muscularis externa of
the rectum thickened
circuler layer (imtermal
anal sphincter)

2 Muscularis externa
outer longitudinal layer

3 Lovator and muscle
(skeletal muscle)

Fig. 12-10

Anal Canal (longitudinal section).

71K

4 Reclal epithelium

5 Muscularis mucosae

6 Lymphatic nodule

7 Intestinal gland

8 Lamina propria

9 Submucosa

10 Anorectal juection

11 Anal valve

12 Terminal muscularis
mucosae

13 Epsthelium and lamina
propria of the anal mecosa

14 Internal amal sphinctes
{smooth muscle)

15 Internal hemorrhoidal
plexus

16 External anal sphincter
(skeletal muscle)
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Slide 66: Recto-anal junction

Keratinized stratified
squamous epithelium

Hair follicles ‘
.
Sebaceous glands

Gland ducts

Apocrine glands




Large intestines Anal skin
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Protein

A

Trypsin

-

Lubricates
and”
protects against
self digestion

i

Mucus

~

Collagenase?

Trypsinogen

Bile J salts
andgl acids

Wy,

'\--s\&\ﬁ Yo

/)

L yase

Mzaltase

Lymph
stream

-~
=

—

Sphincter (of Oddi) papilla
'( (of Vater)

Pancreatic duct

Blood stream
Goblet Intestinal gland

cell ~ Duodenal gland
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Many illustrations in these VIBS Histology YouTube videos were modified from the
following books and sources: Many thanks to original sources!

Bruce Alberts, etal. 1983. Molecular Biology of the Cell. Garland Publishing, Inc., New York, NY.

Bruce Alberts, etal. 1994. Molecular Biology of the Cell. Garland Publishing, Inc., New York, NY.

William J. Banks, 1981. Applied Veterinary Histology. Williams and Wilkins, Los Angeles, CA.

Hans Elias, et al. 1978. Histology and Human Microanatomy. John Wiley and Sons, New York, NY.
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Obesity Revealed, 2005

These specimens are the first of thew kind. Due to a breakthrough in polymer technology for plastination, it
15 now passible 1o preserve fat tissue in its natural white coloe. Comparnng the sagitally cut slices of an obese
person (300 pounds) to those of a slim one (120 pounds) shockingly reveals the burden that the inner oe-
gans endured during this person’s shortened life. As cbvious from the enlarged heart and supported by his

clnical data, the heart was finally not able 1o supply the body with unsnterrupted blood flow. The person died
of a malfunction in his heart at the age of about 50
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Right Lung

Liver

Inferior Vena Cave

Comman Ilac Artery

Female Torso, 1999

Thes opened toeso shows the infernal
organs of the chest and abdominal
cavities in thes proper positions. The
stornach as wall i the large and smiall
ntestines hawe been aimost complets-
ly removed o permit & vew of the or-
gans located Detween the abdorningl
cavity and the wall of the back, known
5 the refroperitonesm. Thase inclucde
the ureters, the acrta and the lower
vena cava as well as the pancreas and
the duodenum. In the small pelvic
cavity, the bladder can be seen, and
behind it the uterus, which S inchned
forward with the falicpian tubes
ermerging from the sides. The lage in
testine extends dowmasrd behind
he uterus

Thyroud Glang

Wnopioe

Collarbone

Left Ureter
Large Intestine

Faliopian Tebe
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Gativtagder
Liver
Duodenum

Left Kudney

Inforor Vera Cava

Male Torso
with Situs Inversus, 1999

Thes tora0 displays # rare anatomical viw

Bhon, Known as situs iwersus, Here the
argans of the chest and abdominal caw

tes are tramsposed through the sagttal
plane, Showeig & reversed mirrer-mage

the apex of the heart ponts 10 the rgnt
instead of the ief; the liver s on the ieft
woe of the body whie the spleen 5 on the
rght; and the pancreas extends from left
to right across the spinal column instead
of voe versa. Thes anatomical varlation
does not couse any disorders. The nti

gence of this phenomenon s approx)

matedy 1 in 25.000. The blagoer can be
seen in front of the rectum in the small
peinc cCanty
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Liver, Gallbladder, Pancreas, and
Salivary Glands
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