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The Digestive System
HIEZ45
Mouth (oral cavity)

Processes of digestion Tongue
and absorption:

Submandibular
gland
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Digestive tract L& , \3

Food
(alimentary canal): digestion 7 Pharynx
Mouth DH?E, P h arynx ﬂ@ » Chewing (mouth) : Esophagus
vz * Churning (stomach)— #
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Tissue structure of
digestive tract:

Intrinsic nerve plexuses

Myenteric nerve plexus
Submucosal nerve plexus

Glands in submucosa

4 main layers :
Mucosa $5fH)E ;
Submucosa 3fE g

Mucosa

Epithelium

Lamina propria
Muscularis mucosae

‘.,‘\

Submucosa

Muscularis externa | _f_; | m 7o e ) S oy i , c Muscularis externa
ird s | N 3 | "= Longitudinal muscle
HJ-[A FE&I\JE ,_ = ’/’/ = ~ e NV /‘- Circular muscle
// 7 ‘\%\ N 2 W) | . Serosa
40 ’)

—
Serosa ﬁﬁﬁﬁ S N @\ —Epithelium
IS o = : NN Connective tissue
Q - (3
4 Nerve !
;;," Artery Gland in mucosa Lumen
Vein _ Duct of gland outside Mucosa-associated
Mesentery Lymphatic vessel alimentary canal lymphoid tissue

(a) Longitudinal and cross-sectional views through the small intestine
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Tissue structure of

digestive tract
4 main layers
Mucosa 25H &
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;
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(b) Light micrograph cross section through the small intestine (30x)



Mouth (oral cavity):
1. vestibule FijiE or

buccal cavity ¥gHzE
2. oral cavity proper

Soft palate
Palatoglossal arch

\J

Hard palate
Oral cavity

Epiglottis

Esophagus

Trachea

(a) Sagittal section of the oral cavity and pharynx

Upper lip
Gingivae
(gums) Superior labial
frenulum
Palatine
raphe
Palatoglossal
Hard palate arch
Soft pal Palatopharyngeal
oft palate arch
Uvula
Palatine Posterior wall
tonsil of oropharynx
Tongue
Sublingual .
fold with Lingual frenulum
openings of Opening of
sublingual submandibular
ducts duct
Gingivae (gums)
Vestibule
Inferior labial
Lower lip frenulum

(b) Anterior view



Superior lip (pulled upward)

Lips and Cheeks:
help to hold food

Superior labial frenulum I

Gingivae (gums)

Palatoglossal arch

labial frenulum B4 N Fauces

Palatopharyngeal arch

Soft palate
I I n g u al fren u I u m Eﬁ% . Palatine tonsil
- nonkeratinized stratified Cheek
squamous epi. o
Molars
Lingual frenulum I
Premolars

Opening of duct of
submandibular gland
Cuspid (canine)

Gingivae (gums)

Incisors

I Inferior labial frenulum I

Vestibule

Inferior lip (pulled down)

Anterior view 8



Teeth g5 and Gums SFgiR
20 deciduous teeth (milk teeth)¥.g%5: [212-212]

each jaw: 4 incisors (for cutting)[q 4%
2 canines (for tearing) K &5
4 premolar (for grinding) FijF &5

Incisors
Central (7 yr)

Lateral (8—10 mo)

Lateral (8 yr) B
Canine 9
(eyetooth)
(11 yr)
20 deciduous teeth (milk teeth)#.&%5: Premolars |
(bicuspids)
First premolar |
_ (11 yr)
Incisors Second premolar
Central (6—-8 mo) (12-13 yr)
Molars N A%
oth—)\ J

Canine (eyeto First molar r.»\ \ ~ [\-/L

(16—20 mo) _\ (ST (6-7 yr) P, ,‘_—
Molars Q> 2L ) Second molar o _

Firstmolar ————| \ )" 4 (12-13 yr) _\ } ‘ |
(10-15 mo) ~  Deciduous = Third molar (3% L -
Second molar — ./ (milk)teeth | (wisdom tooth) \“. ./ f:;‘:l’:anent - "

(about 2 yr) (17-25 yr) 3) \ €
(a)




TeethZ& and Gums
ZHiR

32 permanent teeth:
[3212-2123]

each jaw:

4 incisors (cutting teeth) FHZF

2 canines (cuspid) K5

4 premolar (bicuspids) FijF9Es
6 molars (millstone teeth) F9i&5

*third molars = wisdom teeth &g

Superior lip (pulled upward)

Superior labial frenulum

Gingivae (gums)

Palatoglossal arch

Fauces
Hard palate

Palatopharyngeal arch
Soft palate
Uvula

Palatine tonsil
Cheek

Tongue
Molars

Lingual frenulum
Premolars

Opening of duct of
submandibular gland
Cuspid (canine)

Incisors Gingivae (gums)

Vestibule

Inferior labial frenulum

Inferior lip (pulled down)

Anterior view
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Parts of a tooth:

1. Root FfRE;
2. Crown F&;

3. Neck 8§

Gum (gingiva) i
-- stratified squamous epi.

o

[

_Oral cavity proper

Tongue

Palate

5 Lingua
/— gingiva

Molar tooth

Oral vestibule

Buccinator

Bolus of food

Buccal gingiva

Mandible

>ROWN -

r

NECK -

ROOT +

Enamel

Dentin

Gingiva (gum)

e

Pulp cavity

Pulp

Cementum

SN B R PR S
-5 S SO |

Root canal

TH ‘T,_‘:@mm‘ x
o

Alveolar bone

Periodontal
ligament

Apical foramen

Vascular supply

11

Section of a mandibular (lower) molar



* Composition of teeth:
Dentine ZFAE, enamel ZEEFE, cement &55'8, pulp FEEHE

Crown <

: Neck B
Dentin { & :

Neck { Pulp cavity
Cement

Cement
Root <

Root canal

Root
Root canal

(root foramen)
(A) (B) . .



Tongue &
Terminal Sulcus 7%

(V-shape) divides 2 parts:

1. oral part (anterior 2/3)
IS

2. pharyngeal part
(posterior 1/3) WA

Epiglottis

Palatopharyngeal
arch

Palatine tonsil
Lingual tonsil

Palatoglossal
arch

Terminal sulcus

Vallate papilla

Midline groove
of tongue

Fungiform papilla

Filiform papilla

13



Epiglottis

Lingual papillae #.Z&: Palatophanymges!
arc
1. vallate papillae Hggk P

2. foliate papillae TR _ |
3. filiform papillae ,%Tﬁ Lingual tonsil
4

fungiform papillaeE; ik Pal:toglossal
arc

Terminal sulcus
*Taste buds:

t‘; g

Vallate papilla

Midline groove
of tongue

Fungiform papillz
Filiform papilla




Nerve supply to tongue:

motor: hypoglossal n. (CN XIl)& 48

Sensory:

anterior 2/3: general--lingual n. (CN V=X ) iG@E - B8
special--chorda tympani (CN VIIEEE #£) X2

posterior 1/3: general & special (X%&)-- glossopharygeal n. (CN [X) & 8%

Internal laryngeal
nerve |

Glossopharyngeal
nerve (general
and special sense)

Vallate papillae

Palatoglossus
(vagus nerve)

Overlapping nerve

All other muscles supply

of tongue i

(hypoglossal Lingual nerve
nerve) (general sensory)

Chorda tympani, CN VII
(special sensory)

15



Sensory:

Anterior 2/3:

General--lingual n. (CN V=X $8£%)
fafme - RE

Special--chorda tympani (CN VIIEEH
1K) X E

ARCUATE - *
§  NUCLEUS -
OF THALAMUS

Section of Taste Buds on Cirwmvalk;h Papilla
Yie)s

(sch : P.—G y Pore with protruding
filoments; T.—Taste Cell; S.— Sustentacular Cells;
N. — Nerve Fibers; E. — Stratified Epithelium.

&
# :
b4
i
~SOLITARY TRACT .
AND NUCLEUS \
& GREAT ;
£ PERFICIAL DEEP
. TROSAL N. PETROSAL N. viol

Posterior 1/3:

General: glossopharygeal n. (CN 1X)
=R fgfmE - a8

Special -- glossopharygeal n. (CN IX)
= IE A& (IRE)

) SPHENO-
==/ & PALATINE
GANGLION

<— LINGUAL N.

CIRCUMVALLATE
PAPILLA

Larynx: vagus nerve (CN X) (IX&) = \\\



Soft palate
F) a| ate ; .LL.'; Palatoglossal arch

1. hard palate i e S
o ard paiate
2. soft palate ®Ej= Oral c‘;vity
keep food from entering the nasal passages Palatine
during swallowing. tonsil

Tongue
- Oropharynx
Incisive papilla Lingual tonsil

Transverse palatine EplglOttIS

Palatine raphe folds

Hyoid bone

Hard palate .
Lingual gingiva La ryn 90pharynx

Mouths of ducts

Palatine glands

Mandible Soft palate Esophagus
Palatoglossal arch
Palatine tonsil TraChea
Parotid gland Palatoglossus  Uvula (a) Sagittal section of the oral cavity and pharynx

(B) Inferior view
17



Uvula F&ZEE
“Small grape”

palatoglossal arch

S

palatine tonsil

S kAR

palatopharygeal arch

fSIA =

. \

Hard balate :
Soft palate

Uvula

Cheek

Molars

Premolars —

~ Cuspid (canine)

Incisors

Vestibule -

Superior lip (pulled upward)

Superior labial frenulum

Gingivae (gums)

Palatoglossal arch

Fauces

Palatopharyngeal arch}-

t Palatine tonsil

Tbngué

Lingual frenulum

Opening of duct of
submandibular gland .

Gingivae (gums)

Inferior labial frenulum

Inferior lip (pulled down)

Anterior view
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Salivary Glands &% %t

1) Parotid gland B2~ Hﬁl: largest

- parotid duct ----- > second upper molar toot
2) Submandibular gland 48~ Bﬁ&:

- submandibular duct ----- > peside lingual frenulum

3) Sublingual gland & * B:j{: smallest
- small ducts ----- > sublingual fold

Parotid

I
Ducts of gland

sublingual Parotid duct

gland
Masseter muscle
Frenulum
of tongue Body of mandible
Sublingual (cut) .
gland Posterior belly of
digastric muscle
Mylohyoid

muscle (cut) duct
Anterior belly of Submandibular

digastric muscle gland

(a)

Submandibular &

Mucous cells

(b)

Serous cells
forming
demilunes

19



Salivary Glands

Saliva HE--watery, tasteless, contain mucin, salivary amylase JEi#ES.
* Control of salivary secretion: autonomic nervous system (g% Bl fH&%)

gaﬁglion /// 7 [ M\ External nasal
. A% .- B\ nerve
Mandibular 2~ A *y_:'.' _
o el T ‘
SNy L Infraorbital

nerve

Tensor tymp
Buccal nerve

e

Tensor veli \ W ) Pterygopalatine
palatini : Y S . nerves

Lingual 7 - Pterygopalatine
TR Q‘-f- 3 > /\ y ganglion
Parotid < WA ‘

gland ~ L ‘ :,-: Y Y7

Inferior \ el

alveolar nerve N\ *::;;_l::__,{:' It

Nerve to 72 e X

mylohyoid ’ I, i

Mylohyoid \ —
Digastric nerve

tendon Submandibular
Hyoid bone nerve

(A) Buccinator




Pharynx:

an air passage during breathing & a food
passage during swallowing

1. Nasopharynx # ]
2. Oropharynx v rfF]
3. Laryngopharynx rgrF]

‘Pharyngeal constrictors {z g3
(skeletal m.)
--automatic, not autonomic nerve control.

Hard palate

Oral cavity
proper

Genioglossus

Mylohyoid
Geniohyoid
Hyoid

@ Oropharynx ¢ Pharynx |

VIaaie corncna

Superior concha

+ Sphenoidal sinus

Pharyngeal tonsil
Opening of pharyngotympanic tube
Salpingopharyngeal fold

Soft palate

Palatoglossal arch

Fauces
Palatopharyngeal arch

Palatine tonsil in
tonsillar fossa

Phar.yngoepiglottic fold
(marks boundary between
oro- and laryngopharynx)
Epiglottis

Esophagus

Trachea

21



Esophagus Bi&

(about 25 cm long)

(H

Mucosa
nonkeratinized stratified squamous epi. |
longitudinal folds, mucous glands o |

, |t
Submucosa J

Mucosa
(contains a stratified

squamous epithelium)
Submucosa (areolar

connective tissue)
Lumen

mucous glands, blood vessels

Muscularis externa

upper 1/3 = skeletal m..54&H/l
middle 1/3 = mixed EE&HLELZE AL
lower 1/3 = smooth m.25H]],

Muscularis externa
Circular layer

Adventitia (fibrous
XA T connective tissue)
(a) Cross section through esophagus (5x)

Adventitia
lack an epithelial layery Mg

junction, longitudinal
section (85x)

22



Esophagus Location: in front of the vertebral column and behind the trachea
» Superior esophageal sphincter f54JH]l. € laryngopharynx
« Lower esophageal sphincter - Stomach

e

Neck

G

Mediastinum

7th costal ‘ f
cartilage \ \Dryrrm /

Diaphragm

Esophageal
hiatus of
diaphragm

e =

TG

y

Pharynx
Pharyngo-

esophageal
junction

Fundus of
stomach

Stomach

MAIN BODY OF
INFERIOR CONSTRICTOR
OF PHARYNX

23



ABDOMINAL CAVITY

Between parietal and visceral peritoneum = peritoneal cavity

Falciform lig

Left lobe of

Right lobe ¢

Stomach

Gallbladder

Greaterom

-transverse ¢

small intesti

24



ABDOMINAL CAVITY &

PERITONEUM RgH&E

« Mesentery JB%5H: with arteries, veins,
lymphatic vessels, nerves

* Greater omentum K&gHR
* Lesser omentum /NGRA

Diaphragm

Falciform ligament ——

O S

]

nthih ——————— Esophagu:

Porta hepatis —____
[ 3 5 - = Diaphragm
Lesser omentum . — 3 % 2 W phrag

Stomach
Finger is inserted ———&—@=

through omental
foramen into
omental bursa

Gallbladder —— .18

Costodiaphragmatic — |y
(pleural) recess i

10th rib —— Etesn
11th costal ——— rightt and Ieftt 1
cartilage gastro-omenta

arteries
Transverse —
abdominal

the greater
omentum

(A)

Greater omentum,
gastrocolic portion

Anastomosis

Transverse colon
appearing in an
unusual gap in

Liver

Gallbladder
Lesser omentum

Stomac
Duodenum

Transverse colo

Small intestine

Cecum

Urinary bladder
(b)

Greater omentum

Transverse colon

Transverse
mesocolon
Descending colon

Jejunum
esentery

Sigmoid
mesocolon
Sigmoid colon

=5 lleum
25
(c)



Falciform
ligament

Liver

ABDOMINAL CAVITY & PERITONEUM fEHE

* Retroperitoneal #&fEH&: pancreas, most of duodenum, ascending and descending colons,
rectum, abdominal aorta, inferior vena cava, kidney

* Intraperitoneal FEEZEA: liver, stomach, spleen, most of small intestine, cecum, appendix,
transverse colon, sigmoid colon

Liver
\' Lesser omentum J

Visceral | p L
peritoneum A2

Anterior

Pancreas

Stomach

Duodenum

Transverse
mesocolon

Peritoneal
cavity (with
serous fluid)
Stomach

Transverse colon
‘Mesentery

Parietal ——}
peritoneum' Kidney

\ o NI y (retroperitoneal)
B Rt

Posterior body trunk

(b) Hlustration of the peritonea in a cross section
through the superior abdomen, inferior view

Jejunum

lleum
Visceral peritoneum

Parietal peritoneum

Urinary bladder
Rectum

(d)

26



g

« Retroperitoneal &8}

10th rib
Suprarenal |

pancreas, most of duodenum, ascending and o
descending colons, rectum, abdominal aorta, 3
inferior vena cava, kidney

Secondarily Retroperitoneal Organs : 3
Initially formed within peritoneum e |
Become retroperitoneal / Fuse to posterior abdominal wall

Intraperitoneal Organs (and Their Mesenteries) Secondarily Retroperitoneal Organs (Lack Mesenteries)

Liver (falciform ligament and lesser omentum) Duodenum (almost all of it)
Stomach (greater and lesser omentum) Ascending colon

lleum and jejunum (mesentery proper) Descending colon
Transverse colon (transverse mesocolon) Rectum

Sigmoid colon (sigmoid mesocolon) Pancreas

27



STOMACH &

- J-shaped sac

Gl |

- greater curvature K& and lesser curvature /N&§ | |
- cardiac orifice BEFq and pyloric orifice B4F5 (both with sphincter)

_——— Cardial
A notch

Esophagus —___ /

\\“\- o
. <= il
Cardia ——___ e, y

Lesser curvature -

2 Fundus

Body

Angular incisure < i

(notch) \ K

Lesser omentum »
.

Duodenum

Pylorus Greater
Pviori curvature
yloric s,
antrium o " Greater
omentum
(A) Anterior view \y (cut)

Cardial opflte s i
of stomach

Gastric we—

L R e N A
Pyloric N\ i 8
sphincter

”~
Pyloric =~
canal

Pyloric antrum ~ Longitudinal
ridges
(B) (rugae)

Figure 2.31. Abdominal part of the esophagus, stomach, and proximal part of the duode-
num. A. Lateral view of the external surface. Observe the arteries in the omenta that supply the

stomach. B. Internal surface (mucous merr

AP PINS AR AL T 1 ik i it s s’ g e e

brane). Observe the longitudinal gastric folds,

28



STOMACH &

* 4 regions:

1. cardiac region EP9 3B

Fundus [&&} (£ L73)
Body B2l

pyloric canal (antrum) KPS &p

cardiac orifice

cardiac notch

greater curve

lesser curve
rugae
incisura angularis

muscle coat

: pyloric

orifice & sphincter

pyloric canal

Fin 4 38 |anaib

Left lobe of liver Hepatoduodenal ligament ? PSSR

Hepatogastric ligament s

Abdominal Cardiac notch (incisure)
esophagus

Fundus of stomach
Diaphragm

Spleen

- - ‘
y | .
/ | |
[ . F
i t e { t gen 3
' Y 4 ¥
Hypertonic stomach Orthotonic stomach Hypotonic stomach Atonic stomach

29



Histological view:

1. serosa

2. muscularis externa
Inner oblique layer

AL

E

middle circular layer

C

IR

E

outer longitudinal layer

SR

E

3. Mucosa

rugae g

Fundus

Esophagus

Muscularis externa
Longitudinal layer
Circular layer
Oblique layer

j> Body
g Lumen
, Rugae of

mucosa

Lesser
curvature

Greater
curvature

Pyloric Pyloric

Duodenum canal antrum

— Pyloric sphincter
(a) (valve) at pylorus

30



mucosa—rugae g8
gastric pits H/N&E

gastric glands: cardiac gland; fundic (gastric) gland, most numerous; pyloric gland

chief (zymogenic) cell §ZEHES
parietal cell: HCI & intrinsic factor [vit B12]

Lumen of stomach

Gastric pits

Surface mucous
cell

Lamina
propria
Mucous neck cell
Parietal cell

|

Lymphatic nodule

Chief cell - A
Gastric gland ) A
G cell

Muscularis mucosae

Lymphatic vessel
Venule
Arteriole

- MUCOSA

- SUBMUCOSA

— MUSCULARIS

Obligue layer of muscle
Circular layer of muscle

) ) J
Myenteric Yo Y7 il RS
< B2 ®d
plexus S ————
Longitudinal —

layer of muscle

(a) Three-dimensional view of layers of the stomach

Copyright © John Wiley & Sons, Inc. All rights reserved.

SEROSA

Gastric pit

Surface mucous cell
(secretes mucus)

= Mucous neck cell
Lamina — == " (secretes mucus)
propria
. Parietal cell
(secretes hydrochloric
s acid and intrinsic factor)
Gastric ' :
glands ;
Chief cell (secretes
pepsinogen and
gastric lipase)
G cell (secretes
Muscularis the hormone gastrin)
mucosae

Submucosa ——=— T e

(b) Sectional view of the stomach mucosa showing gastric glands and cell types

hts reserved. Photo: Hessler/Vu/Visuals Unlimited
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Mucosa
chief (zymogenic) cell §EAES
parietal cell: HCI & intrinsic factor [vit B12]

A Gastric pit
. ) " - A

Surface mucous cell
(secretes mucus)

Surface mucous cells

G_tastrlc Mucous neck cell
P! Lamina 8 (secretes mucus)
propria ¥
E&ID avout 1000x =
= 3 Parietal cell
Stomach mucosa a@q | =1/ (secretes hydrochloric
{ S’ S &= acid and intrinsic factor)
- § & D e
Pl =l &)
Gastric ‘3%@ > @
glands i",;'-' ﬁi *gg
;‘  S (o] g\} A Chief cell (secretes
A S e pepsinogen and
42 b &) gastric lipase)
/ : G cell (secretes
Muscularis the hormone gastrin)
mucosae PP BHADIFD
Submucosa ————

(b) Sectional view of the stomach mucosa showing gastric glands and cell types

Copyright © John Wiley & Sons, Inc. All rights reserved. Photo: Hessler/Vu/Visuals Unlimited



* Functions:

1. store: up to 4 liters

2. churns $#&#£-> chyme g%
3. HCI + enzyme (digest protein): Pepsinogen + HCl - Pepsin
*A protective coat of mucus--secreted by surface and neck mucous cells

Gastric ulcer §B8E

. “T‘“” Gastric pits
y . 2 r-\
/ " & Pepsin

— j — Surface epithelium
(mucouscells)

7,
S
S

Mitochondna

ms!;\;\ﬁ!'liﬁ'u ‘

Gastrie/

Mucousneckcells Parietal cel

wwt
P

Parietal cell

=13k 12100 Chiefcell

Chiefcell

Enteroendocrine
cell

(c) Location of the HCIl-producing parietal cells and
pepsin-secreting chief cells in a gastric gland

Enteroendocnnecell
(b) Enlarged view of gastric pits and gastric glands
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Gastric Ulcers & /815 K et L ockismen epclaiad cattn

-

Bacteria

Mucosa
layer of
stomach

-

(a) A gastric ulcer lesion (b) 4. Pyloribacteria liFI1EE

The Nobel Prize in
Physiology or Medicine
2005

b .-' N i
o L% RS
P (s o) ’ ¥
A I

4 y : &
? N 500
“ .

@;,,7;@& oy

Photo: C. Northcott Photo: U. Montan

Barry ). Marshall J. Robin Warren

34



Alcohol is only absorbed by stomach-> Portal system -> Liver

Right gastric Left gastric
vein vein

Short gastric
vein

Portal vein

Prepyloric vein

Pancreaticoduodenal
veins

Left gastro-omental
vein :

Splenic
vein

Right gastro-omental

vein

Inferior mesenteric

vein

Superior mesenteric
(B) vein



SMALL INTESTINE (6 m)

1) Duodenum +—_3%585%: C shape, about 25 cm.

2) Jejunum ZZf%: 2.5 m, with mesentery.

3) lleum FTHG: 3.5 m, with mesentery,

* Plicae circulares BAREEEE, villi Z4F, microvilli f&E

—> increase absorptive surface (600x)

Jejunum

"1GURE 23.17 Smallintestine.
Mesentery

yop from superior Duodenum
esenteric artery
testinal branches) —#=

raight arteries
rteriae rectae)

rrosa (visceral Jejunum
ritoneum)

Longitudinal
muscle layer

Circular
muscle layer

Submucosa

Mucosa
/
ircular folds <
it Kerckring)
Salitar v Large intestine
follicle (nodule) —~
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Muscle
layers

Circular
folds

Villi

Microvilli

capillaries

e
Tn

- /
o
:
3 '
| —
B — < v
TR TR
> g e »
- \ N
2, <9 ) 4 &
4N - - -

»)

.

associated
lymphoid

PR

g~

D)

Intestinal Enteroendocrine

Ty

1\ “ st

{

Muscularis
mucosae

Duodenal \{Q 4

’

Lymphatic vessel

(c) Intestinal crypt

Plicae circulares (Circular folds) ZRAREREE, villi Z4F, microvilli fHEHATE

—> increase absorptive surface (600x)

Microvilli

Brush
border

Simple
columnar
epithelial cell

=L 46,800x

(d) Several microvilli from the duodenum

Courtesy Michael Ross, University of Florida
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1) Duodenum +—_3%5k%: C shape, about 25 cm.

Right and left
hepatic ducts
of liver

Common hepatic
duct

Cystic duct

Bile duct and sphincter

Accessory pancreatic duct

7. 1. # = ",'
| A{QB‘-‘?#‘.‘,’

e a Bt et e C
. !?.‘;:! Ao SR

Mucosa .

with folds Tail of pancreas
Pancreas

Gallbladder

. Jejunum
Major duodenal J

papilla
Main pancreatic duct and

Hepatopancreatic sphincter

ampulla and
sphincter Duodenum Head of pancreas 38



2) Jejunum ZERG: 2.5 m, with mesentery.
3) lleum FRE: 3.5 m, with mesentery, ileocecal valve 1 &

Jejunum

Duodenojejui
num junction

Mesentery

»op from superior
esenteric artery
testinal branches)

raight arteries
rteriae rectae)

'rosa (visceral
rritoneum)

Longitudinal
muscle layer

Circular
muscle layer —

Submucosa
Mucosa

rcular folds
t Kerckring)

Solitary lymph
follicle (nodule

lleum
Mesentery
Arterial arcades from

superior mesenteric
artery branches

Straight arteries
arteriae rectae)

Serosa (visceral
peritoneum)

.

Longitudinal
muscle layer

Circular

Barium radiograph of ileum
muscle layer

Submucosa

Mucosa

Circular folds

Solitary lymph follicles (nodules)

Aggregate lymph follicles (Peyer’s patches)
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Frenulum of
ileocecal valve

Orifice. of
appendix

(A)

3) lleum #EfE: 3.5 m, with mesentery, ileocecal valve JE 5.

Haustrum

'i,>(saccmaﬁon)
of ascending

colon
lleocecal
orifice

lleocecal
valve

Terminal
ileumn

Pressure and chemical
irritation relax sphincter
and excite peristalsis

Fluidity of contents
promotes emptying

|

X

lleocecal sphincter

lleum

Pressure or chemical irritation
in cecum inhibits peristalsis
of ileum and excites sphincter

Emptying at the ileocecal valve.
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*Aggregated lymph nodules
Especially in the ileum: Peyer’s

lleum

Mesentery

Arterial arcades from
superior mesenteric
artery branches

Straight arteries
(arteriae rectae)

Serosa (visceral
peritoneum)

Longitudinal
muscle layer ~.

Circular
muscle layer

Submucosa
Mucosa
Circular folds
Solitary lymph follicles (nodules)

Aggregate lymph follicles (Peyer’s patches)

e

/NG destroy microorganisms
patches

Lumen of ileum

Villus

Solitary lymphatic
nodule

Submucosa

Muscularis

P 14x
(c) Lymphatic nodules in the ileum
Courtesy Michael Ross, University of Florida
2 N5
A3
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Cell Types:

I\ A AR AE 2

1. columnar absorptive cells

R

2. mucous goblet cells

MR

3. enteroendocrine cells

i pappiaiiliial

4. Paneth cells
(secrete enzymes: lysozyme
AEES—> antibacterial)

5. undifferentiated cells

i vagluciiliial

- Microvilli of
absorptive
cell

— Goblet cell

Mucosa -

Submucosa -

Blood

capillary
Lacteal

Lamina
propria

Intestinal
gland

Arteriole
Venule

Lymphatic

|_vessel

Muscularis e
|_mucosae —[ ——

. j— Microvilli

Absorptive cell
(digests and
absorbs nutrients)

Goblet cell
(secretes mucus)

Hormone-
producing cell
(secretes secretin,
cholecystokinin, or
GIP)

Paneth cell

(secretes lysozyme
and is capable

of phagocytosis)

(b) Enlarged villus showing lacteal, capillaries, and intestinal glands 42



Functions:

* Digestion of carbohydrates and proteins is completed ->bloodstream
* Digestion of most fats = lacteal (chylomicrons) #. & > lymphatic system

Absorptive cell

Goblet cell
Lacteal

Lamina propria
Enteroendocrine cell
Paneth cell

Arteriole

Lumen of small intestine

Blood Lacteal Villi
capillary

QLY

Opening of
intestinal gland

— MUCOSA

Lymphatic nodule ,4 ' e 4 —
Muscularis mucos BN VAN LSO 8947 [— SUBMUCOSA

Venule
Lymphatic vessel

Circular layer of muscle

Myenteric plexus

MUSCULARIS

SEROSA

Longitudinal layer
of muscle

(b) Three-dimensional view of layers of the small intestine showing villi

Copyright © John Wiley & Sons, Inc. All rights reserved.
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Segmenting contractions 43EfUg%E Peristaltic contractions EES)L4E

Rhythmic local contractions of the intestine Major means of propulsion
Mixes food with digestive juices Adjacent segments of the alimentary canal relax
and contract
From
mouth

(b) Segmentation: Nonadjacent segments (a) Peristalsis: Adjacent segments of
of alimentary tract organs alternately

alimentary tract organs alternately
contract and relax, moving food along
the tract distally.

contract and relax, moving the food
forward then backward. Food is mixed
and slowly propelled.



LARGE INTESTINE Xi&

.cecumg &

(vermiform) appendix FEE ;

. ascending colonF&5H5

. transverse colont&%SHE

. descending colon[#&4EH5

. sigmoid colon (S-shape) ZAREGES
rectumERE

NoOUNWNPR

Left colic
(splenic) flexure

Transverse
mesocolon
Epiploic
appendages

Right colic
(hepatic) flexure

Transverse colon

Superior
mesenteric artery

"
Haustrum‘i

Ascending colon
lleum

Descending colon

Cut edge of
mesentery

lleocecal valve Teniae coli

Sigmoid colon

Cecum

Vermiform appendix

Rectum

Anal canal‘[

(a)
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1.cecumGiG
2. (vermiform) appendix g ; appendicitispgE R (appendectomypiEUIER)

lleocecal valve
lleocecal orifice

lleum

Unusually long appendix
extending into pelvis
% (barium radiograph)

Opening of
Cecal vermiform
folds appendix
Fixed retrocec:
appendix Vermiform
¥ & appendix
(€) : Cecum

Mesoappendix
Serosa (visceral p('rll(mvulm
Longitudinal muscle
Circular muscle

Submucosa

Aggregate lymph
follicles (nodules)

Crypts of Lieberkuhn
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3. ascending colonF&5i5

4. transverse colonissiE

\‘
-

FAF O
RS

5. descending colonf&&ERE

6. sigmoid colon (S-shape)
VNS

7. rectumEpG

Ascending —=
colon -

"

. [
AN Transverse colon » ¥/

- N

Descending
colon

il

r
.

.




LARGE INTESTINE
S = KFPRGGE

1. taeniae coli &5 (from outer
longitudinal muscle)

2. haustra 5543

3. epiploic appendages
(Omental appendices) iBH5EE

TRANSVERSE COLON __

Left colic

Right colic ;
(hepatic) (splenic)
flexure flexure
DESCENDING
COLON
ASCENDING Teniae coli
COLON
Omental
appendices

—— Haustra

lleocecal

sphincter

(valve)

CECUM SIGMOID

RECTUM COLON

ANAL CANAL
ANUS
(a) Anterior view of large intestine showing

major regions
Copyright © John Wiley & Sons, Inc. All rights reserved.

VERMIFORM APPENDIX
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Large intestinal gland ~ openinesof

intestinal glands

Absorptive cells

Lamina propria

Intestinal gland .
Absorptive cell

(absorbs water)

Goblet cells

Intestinal crypts

Goblet cell (secretes mucus)

Muscularis ; Lymphatic
mucosae \[ I' nodule
Submucosa i

Muscularis

mucosae (b) Sectional view of intestinal glands and cell types

Copyright © John Wiley & Sons, Inc. All rights reserved. 49



Lumen of large - NO Villi, plicae circulares
intestine numerous goblet cells, many

lymphoid n I
Mucosa Lamina ymphoid nodules
propria _ _
* Functions: reabsorption of
Intestinal gland 'MOT€ Water, salts and vitamins.
Submucosa
. Opening of intestinal gland
Lymphatic
nodule o Lumen
Muscularis
. fucosae Goblet cel
Muscularis
Intestinal gland
Lamina propria
Serosa

(8"l 300x

(c) Portion of the wall of the large intestine

Courtesy Michael Ross, University of Florida (d) Details of mucosa of large intestine



Rectum B Anal Canal [T & Anus HLFY

"Rectum: retroperitoneal * Hemorrhoidal veins 578 53k

* Internal anal sphincter (circular smooth m.)
* External anal sphincter (skeletal m.)

Anal columns; anal valves (simple columnar epi.)
* Anus (keratinized stratified squamous epi.)

Rectal valve \‘\\ " = Rectum
el == -
\'\; [\
Rectum { \\ “Wf
. L “
Hemorrhoidal EW\
. B
veins e s N\
AR Q\ A\
Levator ani muscle — ¥ \ G Anal
NN canal
Anal canal
External anal
sphincter
) Internal anal
Internal anal sphincter
sphincter (involuntary)
Anal columns
External anal
Anal valves sphincter
(voluntary)

Pectinate line

Anal sinuses

Anal
Anus  column

Anus

(b)

(b) Frontal section of anal canal
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FrEHemorrhoid BATERER FEEE FHRAIEE » $4 R MBONMBEREA - TR
FFHRERYRR © EEEERFRIAEER M - %98 - APV - IREF - FEIEIMRERE
fir B R E » NIRRT AR @ (EEDHER AL ERIEN - SNFRIER GERALFIEE

A EALRERERSE

Rectal valve

Rectum RE{EMAL AEFEAL
NRARHERRRZMSE - R ) BEY - RZFER

Hemorrhoidal R MIHHE © AR A ;\Zﬁggﬁﬂﬁ 18

BN BRENERE 2

veins B REMRER

B

External anal
sphincter

™ o ™
Levator ani muscle D
@ FEres s gl
Anal canal R 52 B AR = IEFNEXNE - BAWEE
SERNEZE BE

—\_
N =
7 A : by
{ \ “7\ AR \\ _— -
R

\\

)
)

I

Internal anal
sphincter
Anal columns

AR A/
! (_\, {{? Y 19075
.' e e J/
- 4 aTad

‘
/
" )) A

1
4 ( .
-~ "1
=T\
~ \EfL
=y X
(Zrey

Wl ST
B4
-\

Anal valves

Pectinate line

i

[N
A=A

e CE R
= Ay

AN

‘ \‘\‘\\\g

-

—_— N
: 1

Anal sinuses

Anus

(b)
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Defecation Reflex

* Mass movement: 3-4
times/ day (following meals)

Cerebral
cortex

A

Glottis diaphragm
abdominal muscle
Sensory nerve

i fibers

|

Pelvic splanchnic
nerves (parasymp.div.)

Increased intra

abdominal pressure \ \

Voluntary motor nerve
to external sphincter

-«

Involuntary motor Nn
(leading to contraction
& relaxation of bowl
muscles for defecation) Stretch receptors

in wall
Pudendal nerve ——

(Reflex action) l

External anal
sphincter
(skeletal musle)

Internal anal
sphincter

DEFECATION - INTEGRATED

REFLEXES

sy ,.O“¢ Wilepw 8 _wrgarver v Pecrman s cadeood be iageama v s Bapeay

Presence of food
in the stomach

Stomach

Presence of
chyme in the Colon
duodenum
Stimulates
mass
movement
Stimulation of local C
defecation reflexes (' Stimulation of
parasympathetic
Rectum controlled defecation
reflexes
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PANCREAS JERg : lies transversely, behind stomach, retroperitoneal 74f8fE2E

- 3 parts: head, body, tail
*Exocrine: acini f#-> main or accessory pancreatic duct - duodenum
e % ;::l % ’, P, N * -v 5 g o

Diaphragm
Liver
Spleen Acinar
cells
Pancreas
Tail
Body
Head

(b) Photomicrograph of the exocrine
acinar cells of the pancreas (160x)

L

Duodenum

Small
duct

Acinar cells

Tail of pancreas L X\ : ’f'— Basement
B 0o | membrane

Zymogen

granules

Duodenum

Common bile duct Body of pancreas

Major duodenal

papilla Pancreatic duct

(duct of Wirsung) Rough

endoplasmic
reticulum

Head of pancreas

Uncinate process

MEDIAL LATERAL

(€) Anterior view 'c) lllustration of the pancreatic acinar cells

Dissection Shawn Miller, Photograph Mark Nielsen



PANCREAS B

*Exocrine:

pancreatic enzymes

acini /= main or
accessory pancreatic duct
- duodenum

Endocrine:

Islet of Langerhans
BN

- Fenestrated capillaries
—> bloodstream

Glucagon (alpha cell)
Insulin ( beta cell)
Somatostatin (Delta cell)

Falciform ligament
Diaphragm

Left hepatic duct

Gallbladder Common hepatic duct

Neck

Round ligament

Body Commoqbile duct

Fundus

Tail
Body

Pancreatic duct
(duct of Wirsung)

Head

y &

-

Duodenum

Accessory duct

(duct of Santorini) Jejariomm
Hepatopancreatic .

ampulla (ampulla Uncinate process
of Vater)

(a) Anterior view
Copyright © John Wiley & Sons, Inc. All rights reserved.

Coronary ligament
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LIVER FTBg
* Left lobe /=%E<= falciform lig. $ik#)7%=> right lobe 53
quadrate lobe 5 & caudate lobe B

Coronary ligament

Right
lobe

Left
triangular
ligament

: * Left lobe

Falciform
v ligament

Ligamentum
teres

Gallbladder

(C) Diaphragmatic surface
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LIVER FTBg
* Left lobe Z=EE<= falciform lig. S&iRE2=> right lobe AEE
quadrate lobe 5 & caudate lobe B

Sternum ‘i S
e e

Nipple ;,', =3 Bare area

Liver —\ “
Falciform
ligament
Left lobe
of liver

Right lobe of liver
Round

Gallbladder ligament
(ligamentum
teres)
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Visceral Surface of the Liver

* Ligmentum teres (round ligment) [E&#]#7= left fetal umbilical vein
* Ligmentum venosus j#ikE)H= fetal ductus venosusiik’s

Hepatic portal vein Hepatic veins .
Inferior vena

Ccava

Caudate
lobe

Bare area
Left lobe
Ligamentu
venosum in
fissure Right hepatic
oy oS
Porta hepatis E” artery
' e Right hepatic
Left hepatic artery / duct
Q
Left hepatic duct Cystic duct
Common hepatic
duct Gallbladder
Fissure
Right lobe

Falciform ligament

(b) Ligamentum ter Quadrate lobe
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1. Hepatic a. ( Oxygen-rich) FF&ffik

2. Portal v. (food-rich) F5H&

1+2 = sinusoids [& > central v.rBEF]Kk = hepatic v. fTEEHk

- inferior vena cava REERAR

* Bile &+- bile canaliculi &/ & > bile duct &% > hepatic ductffE

* Portal area = portal v. + hepatic a. + bile duct + lymphatic +

Nutrient-rich, deoxygen-
ated blood from hepatic

portal vein

Liver sinusoids I

Central vein '

| Hepatic vein '

I Inferior vena cava I

I Right atrium of heart I

Copyright © John Wiley & Sons, Inc. All rights reserved.

TpPanT

nerve

Sublobular vein Sublobular veins

Central vein

Sinusoids

Portal
triad

Sinusoids

Central
vein

Portal |
triad

Portal triads

7

/ > /:’ \ ._/
‘ i\ 7
3 ] nd T
\‘ Proper hepatic artery

\
\
\
; Portal vein
D =

Fibrous (Glisson’s) capsule
extending into porta hepatis
along vessels and bile duct

Nek>

Common hepatic duct
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* Bile J&;+—> bile canaliculi J&/|\&-> bile duct J&%& > hepatic ductffE
* Portal area = portal v. + hepatic a. + bile duct + lymphatic + nerve

Portal
triad

Sinusoids

Sublobular vein Sublobular veins

Central vein

Portal
triad

Sinusoids

Central
vein

Portal triads

| 778}

"\
D
epatic artery

Proper h

£

Portal vein

Fibrous (Glisson’s) capsule
extending into porta hepatis
along vessels and bile duct

Common hepatic duct

Interlobular veins

(to hepatic vein)
\ }& ‘ Central vein
—— —— e~ h
= {

~— L=
Sinusoids

Plates of
hepatocytes

Bile duct (receives
bile from bile
canaliculi)

Fenestrated

- lining (endothelial
cells) of sinusoids

Bile duct

Portal triad
Portal arteriole

o Portal venule
Hepatic

macrophages in
sinusoid walls

Portal vein

(c)
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GALLBLADDER [&3

- storage of bile, pear-shape

* Biliary system:

1. Gallbladder figs

2. left and right hepatic ducts
IEAE

3. cystic duct #EE

4. common bile duct 2EjEE

Right and left
hepatic ducts
of liver

Mucosa
with folds

Gallbladder v
Major duodenal\

papilla
Hepatopancreatic

ampulla and
sphincter Duodenum

) Tail of pancreas
Pancreas

Jejunum

Main pancreatic ductand
sphincter

Head of pancreas

Hepatic ducts
s

-~
ﬁRight Left

Cystic duct
SHESECAT

~
Spiral Smooth
part part

Common
hepatic
duct

Gland
openings

Infundibulum
(Hartmann's

Gallbladder

Common
bile duct

Descending
(2nd) part of
duodenum

Pancreatic

Ampulla (of Vater) ot

Major duodenal papilla (of Vater)
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Bile flow: gallbladder (storage) <= cystic duct
left and right hepatic ducts = common hepatic
duct - common bile duct

* Sphincter of common bile duct & sphincter of
hepatopancreatic ampulla 73 (sphincter of Oddi)

Liver

Fundus

Gallbladder
Body

Spiral valve
in cystic -
duct

Common
hepatic duct

Neck

(Common)
bile duct

Accessory
pancreatic
duct

Hepatopancreatic

ampulla
i v duct

Duodenum

(B)

Common bile duct

Pancreatic duct

Key: 4" from pancreas
[ Liver Sphincter
Gallbladder Y

| Pancreas Duodenum

(c) Ducts carrying bile from liver and gallbladder and
pancreatic juice from pancreas to the duodenum
Copyright © John Wiley & Sons, Inc. All rights reserved.



Falcitform and round ligaments Umbilicus Esophageal veins

- Blood from superior
mesenteric vein

Blood from splenic,
and inferior mesent

- Mixture of above tw
- Caval tributaries

M5 g Left gastric vein
A :

Paraumbilical veins

,‘,
g
et

Right

Liver Metabolic functions:

Portal ; by
vein o A N e She

< . 4 | - “ . gas‘
veir

1. Formation of urea from amino acids.

Posterior,
Anterior

superior ‘#
pancreatico- £

2. Manufacture of blood (plasma) proteins. iy

<o=000

3. Formation of erythrocytes during fetal life. Superior mesenteric vein l [ Zamay N A \
o 'yﬂ > A ‘ . Splenicy

3
s

9 i\ L s
Posterior, _& S N oneting
3 N e S Y y
Anterior 3 = - . Right ga

interior

4. Synthesis of the blood-clotting agent fibrinogen. i

veins

epiploic
omental

=it D

Inferior

. . . Maﬁcdlvim — vein .
5. Detoxification of many poisons. | ol
S(iﬁilztvein Sigmoid

rectosigl
veins

6. Synthesis of bile salts. leocolc

vein

Leftand ri
superior
rectal veir

Anterior, 2
Posterior
cecal
veins

Appendicular
vein

Middle rectal veins

Levator ani muscle
Portacaval anastomoses

1 Esophageal 2 Paraumbilical

: Inferior rectal veins
3 Rectal 4 Retroperitoneal



Overview of the Functions of the Gastrointestinal Organs

Organ

Mouth and
associated
accessory
organs

Pharynx and
esophagus

Stomach

Major Functions*

m Ingestion: food is voluntarily placed into
oral cavity.

m Propulsion: swallowing initiated by
tongue; propels food into pharynx.

®m Mechanical digestion: mastication
(chewing) by teeth and mixing
movements by tongue.

® Chemical digestion: chemical
breakdown of starch is begun by
salivary amylase present in saliva
produced by salivary glands.

® Propulsion: peristaltic waves move food
bolus to stomach.

®m Mechanical digestion and propulsion:
peristaltic waves mix food with gastric
juice and propel it into the duodenum.

m Chemical digestion: digestion of
proteins begun by pepsin.

m Absorption: absorbs a few fat-soluble
substances (aspirin, alcohol, some
drugs).

Histology of the Mucosa

Mucosal epithelium composed of stratified
squamous cells (21X).

Gastric glands in the mucosa of simple
columnar epithelium secrete mucus,
hydrochloric acid, and enzymes (21 X).
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Organ

Small intestine
and associated
accessory
organs (liver,
gallbladder,
pancreas)

Large intestine

Major Functions*

® Mechanical digestion and propulsion:
segmentation by smooth muscle of the
small intestine mixes contents with
digestive juices, and peristalsis moves
food along tract and through ileocecal
valve at a slow rate.

m Chemical digestion: digestive enzymes
conveyed in from pancreas and brush
border enzymes attached to microvilli
membranes complete digestion of all
classes of foods.

m Absorption: breakdown products of
carbohydrate, protein, fat, and nucleic
acid digestion, plus vitamins,
electrolytes, and water, are absorbed
by active and passive mechanisms.

m Chemical digestion: some remaining
food residues are digested by enteric
bacteria (which also produce vitamin
K and some B vitamins).

m Absorption: absorbs most remaining
water, electrolytes (largely NaCl), and
vitamins produced by bacteria.

m Propulsion: propels feces toward rectum
by peristalsis, haustral churning, and
mass movements.

m Defecation: reflex triggered by rectal
distension; eliminates feces from body.

Histology of the Mucosa

Villi, projections of the mucosa, and microvilli
on the absorptive cells increase the surface
area for digestion and absorption (21 X).

Large numbers of goblet cells secrete mucus to
aid the passage of feces (21 X).
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