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Definitions

The Digestive System:
Eﬁf“i\ls the system of the body fool;{l}gfd of all the organs responsible for the
W ingestion, digestion, and absorption of food. It includes the alimentary
canal and the accessory glands.

The Alimentary Canal: A Zua—ﬁsll s o

Is a long continuous tube that extends from the mouth to the anus. It
includes: the mouth, parts of the ;yjﬁ’clz"}r'ynx, the é%ophagus, the stomach,
the small intestine, and the large intestine. The Gastrointestinal Tract

(GIT) includes the stomach and ifftestines only. K\G\/T g‘{d; K
o
The Accessory Glands s> 27 24 1)z A <

These produce various secretions t% help in the chemicTal breakdown
of food. They include the \salivary glandE,] th@liver, and pancreas.
Food, however, does not pass through them. @)
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o« 2 g W\ 5. d.e_J
‘ L\:&w‘p\.w\ ™ bb'
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.\5 E&SQC Cetion Mouth (oral cavity)
e contains teet
\%{'\QV\ )\\Xﬁ z&t'?“:"\ ’ Parotid gland andtongue
Functlons. el goer) Gty Ol
. . upmandlbular gland
1. Ingestions: taking food into  (saivarygland) o
mouth Esophagus
2. Secretion: release of enzymes ‘
and other substances.
. . . Liver Stomach
3. Mixing and propulsion of i Pancreas
food. Sra Gallbladder 1R
4. Digestion: mechanical and ie’”"”:_‘ | Desang
scendaing coion ) )
ZJ<chemical breakdown of food. .. Simas
5. Absorption of nutrientss ™= cecum achon
Appendix Anal canal
6. Elimination of waste. pe

Fig.1: Organs of the digestive system.




Wall of the Gastrointestinal Tract

s Wall of the alimentary canal has a general
layout.

1. Mucosa - inner lining formed of
epithelium and connective tissue (lamina@“"s"“’“’f
Mé_proprla) Separated from the submucosa 7 v 8 o
by a layer of smooth muscles (muscularis LA fongitudinal

muscie
(Iiiucosae 5

o o@D
2. Submucosa — Connective tissue layer.

Contains the submucosal plexus of |Fig.2: General layout of the
nerves. wall of the alimentary canal.

muscle

3. Muscularis — A m_b’gcular layer @ygtary or 1nv01unta@ Formed
of an outer long1tud1na1 and an inner circular layers between which
we have thefmyenteric plexus pf nerves.

4. Serosa/Adventitia — Intraperitoneal organs are covered by serosa
(visceral peritoneum). Retroperitoneal organs are covered by
connective tissue adventitia. Eeuction L2 F2°




The Abdominal Cavity

Borders:
Anterior: The anterior abdominal wall.
Posterior: Posterior abdominal wall.
Superior: The diaphragm.
Inferior: The pelvic brim.
bdoninls peluic  J) =R 2>
= Below the pelvic brim the cavity is called the pelvic

cavity. The abdominal and pelvic cavities are continuous
with each and together form the abdominopelvic cavity.

> M = B




Body cavities:

N

Dorsal body —
cavity

rCranial
cavity
(contains
brain)

Thoracic
cavity
(contains
heart and
lungs)

-

o) oo

Vertebral
cavity
(contains

Diaphragm

—

D Dorsal body cavity
[ ventral body cavity

| spinal cord) Abdominal cavity
(contains digestive

viscera) ~—  —
—

Abdominopelvic
Pelvic cavity T cavity
(contains urinary

bladder, reproductive
organs, and rectum)—

— —d el

Ventral
>— body
cavities

Fig.3: Lateral view of the body showing body cavities.




Peritoneum

= Largest serous membrane of the body.

Divided int : .
= Divided into: Jm_@,\c}zx

0 -Parietal peritoneum — lines wall of cavity. é’&

A Visceral peritoneum — covers some organs ( = Serosa). 9@0;,"}’ JEN

0 Space between i1s called the peritoneal cavity and contains the
peritoneal fluid.

m Peritoneal folds:

o Two layers of peritoneum connecting organs to each other

and to the @tenor@nd @ostenor\pbdommal walls.
ot ® AP
o Examples: greater omentum, ilesser omentum, and mesentery. |

o The space between the two walls of the greater omentum 1s
called the lesser sac (located behind the stomach). The rest of
the peritoneal cavity 1s called the greater sac.



Liver

Visceral peritoneum
- ] Lesser omentum
Peritoneal cavity » Sl :
containing peritoneal e ~ o ' Pancreas (retroperitoneal)
fluld (D & ~7 ' Kidney (retroperitoneal)
: . 2 .
Parietal peritoneum - gg? — Duodenum (retroperitoneal)
4)
Greater omentum g
! T Transverse colon
Omental bursa
) Mesentery proper
Small intestine ‘ 2 T
Urinary bladder .
(retroperit 0 Rectum (retroperitoneal)

Fig.4: The peritoneum and its folds.




The Mouth (Oral/Buccal Cavity)

/ E—

Upper lip

)2 2!
= Bordered by the cheeks,

#+)<lips, hard and soft palates
and the t(l_g\e Uﬁ" = Soft palate

m Vestibule of the mouth 1s the
space between the cheeks

and lips externally and the W
: | S

gum and teeth internally.

m Oral cavity proper 1s the
space that extends from the _, towerip

Zh«gums and teeth to the faueese— 2 5 A\

s The cheeks and lips help = -
keep thefOOd in the mouth. Fig.5: The mouth and its borders.

= The mouth contains the tongue, the teeth and gums and into it
open the ducts of salivary glands.

Hard palate

€ Uvula D

Palatine
_\

tonsil

Fauces
(opening)




— Epigiottis

The Tonque

— Lingual tonsi

- Palatne tonsil

m Skeletal muscles covered by
mucous membrane. | 2@l

“=— Foramen

s_Maneuvers food for chewing |ssie G
e\»"’f and forces food back for
é;é’;swallowing?é}%\ G
o Contains@gual glands Which *">1=
secrete lipase.— \, i vl
PASC—> \\ned 3 Sy B
s Dorsal surface has 3 types of -
projections .called . lingual Fig.6: The tongue. LL,
papillae: Filiform, Funglform,(dbw\\uwgwwb, i

and Vallate. The vallate type 15 the least numerous but it’s ‘the
largest and contains most of the taste buds (for the sense of
taste). Fungiform papillae also has (taste buds} Filiform
papillae has no taste buds but assist in moving food around the

— mouth.
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» Covers Dentin of

\ The Teeth: (Fig.7*)

Hardest substance

@ Enamel in the body
CROWN - -
Above the gum Dentin
Gingival sulcus
@ - < ingi Blood and
Within tNﬁg gt(tm—— " - S | A< > bl 1;':9'."3 (glum) - ymphatzc
I B 77| B ER Y Jp XY pUip cavity essels and
Qementun; nerves
Root canah

Alveolar bone ils o) il (50
‘.n’. oIS P °’<':-'

(3) aoor

Within the bone Periodontal| Attaches root of
ligament teeth to bone
Z
Com b\) ' Apical foramen\
\ooreNo (_)""A ¢ ' M\ e
L — N— \———Nerve

Function: break down food into smaller particles (mastication) 11




The Salivary Glands

Fig.8: The major salivary glands.

m Salivary glands release saliva
into the mouth:

o Ordinarily, just enough 1s
secreted to keep mouth and
pharynx moist and clean.

o When food enters mouth,

Parotid gland
Masseter muscle

| Stensen’s duct

secretion Increases to I
lubricate mouth, dissolve i ~
° . i T { ™
fOOd, and begln Chemlcal Sublingual ducts jéé ‘ ; ‘ '<' T ——-——-—Mtigzg)s membrane
digest‘ion. Submandibular gland 7} = 1

: —-—l—— Sublingual gland
Wharton's duct > \ " 4

m There are 3 pairs of major
salivary glands. The ducts of
these glands into the mouth.

1. Parotid: The largest. Located anterior and inferior to the ear.
2. Submandibular: Located near the angle of the mandible.
3. Sublingual: Located under the tongue.




The Esophaqus <c5

—

= A long muscular tube
@"" Esophagus

{. A fos — Trachea

m Course:

o Begins in the neck at the level of C6 N
vertebra. <&

g — Left bronchial artery
Runs down posterior to the trachea.
- Esophageal

o Enters the superior mediastinum and s
then passes 1into the posterior Jm——Esophagus

_— Arch of aoria
Left main bronchus

Thoracic aorta

]

mediastinum where 1t runs anterior to : > Diaphragm
the vertebral column and posterior to cccprages———7 (8 stomaen
the heart. el WY

pa— —— |_gft gastric

0 Passes through the esophageal hiatus ceiactunk—— artery

of the diaphragm (T10 vertebra) to Actenaus— &2
enter the abdomen.

o Enters the stomach at the cardia.

Abdominal
aorta

Fig.9: Course of the
esophagus in the thorax.
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= The muscularis layer of the wall of the esophagus 1s formed of:
> Upper part'— Skeletal muscles
» Middle part — Skeletal and smooth muscles
> Lower part — Smooth muscles

m The esophagus is a passageway for the food from the pharynx to
the stomach and it, thus, plays a part in deglutition

0 To facilitate this, the esophagus secretes/some muco@. And 1t
pushes food down by a series of muscle contractions and
relaxations called peristalsis:=s, ;) <>

Oral Pharyngeal Esophageal Bolus enters

Nasopharynx Peristalsis Thoracic cavity

Soft |
palate | \§P_== |

Bolus
Epiglottis

Trachea

Tongue Esophagus Stomach Diaphragm

Fig.10: The process of swallowing. 14




The Stomach

= A J-shaped dilation of the alimentary tract located inferior to the
. . . . .
diaphragm 1n the left hypochondriac and epigastric regions and
even the umbilical region when it’s distended.

m The stomach churns and breaks down food and it mixes the
food with its digestive secretions converting it into the semisolid
chyme. The stomach also acts as a reservoir for the food.

» The wall of an empty stomach shows several folds called rugae.
These increase surface area. ! 4

e

s Mucosa — gastric glands:

a 3 types of exocrine cells — mucous cells (mucus), parietal
cells@CI and intrinsic factor), and chief cells (pepsinogen
andsgastric lipase), \

0 Endocrine cells wGreells’yt secrete gastrin'

»  The muscularis of the stomach 1s formed of 3 layers.

15



Anatomy of the stomach

Esophagus Fundus

)

2)

3)
4)

Cardiac orifi
The stomach can be e ac ref,?on

divided into 4 regions:

Lesser | Ry
The Cardia — the part i °“"""“’6) ,
orus

that  surrounds the NC "3"" - |
opening of the Pyloric B

Pyloric region-{ ¢anal Greater
esophagus. TR — curvature
The Fundus — Usually . _
filled with oas Fig.13: Anatomical features of the stomach.

The Body — The main part of the stomach.

The Pyloric region — The distal part of the stomach. Ends at the
pylorus which opens into the duodenum and possesses the pyloric
sphincter (a thickening 1in the muscularis layer).

The longer left border of the stomach is called the greater
curvature. The shorterright border 1s called the lesser curvature.

At the junction between the esophagus and the stomach, there’s an
angle called the cardiac angle.

16



The Small Intestine

N2 sy part sl

s It’s a long coiled tube formed of 3 parts — duodenum,
jejunum, and aleumy,, . | s -3 ncaicar «— diopsFions) 420 2

m Its function is the digestioh of food particles delivered

from the stomach and the subsequent absorption of

nutrients. e S S35 i @ud o) siee NI
Sl

= Its wall 1s characterized by the Eesence of fol\d}called the

plicae Cljl:st‘l‘ljfl&'ﬁ ma&:j;ﬁw,@é&wx

s The bmucoséﬁ of the duodenum features numerous

_mucous glands.\ The submucosa of the ile@ features

numerous\large lymphaflc! nodules called Payer's patches.
Sworuess T B3y e W 93955 O %\‘owu 5‘):

\
(U\ch/\ LsQnu\Z_)L_§QJ|

17



Duodenum

s The duodenum 1s a C-shaped
tube connecting the stomach
with jejunum.

Jejunum

0 The concavity of the C is rLarge
directed to the left and is
occupied by the head of

e
the pancreas. |, /= 55 lleum

Veas =

20 The duodenum receives

theduct of the pancreas

s . Alss g g lsai
and the'bile duct. %27 2 = Fig.14: The small intestine.

PPduct s AG v se e Lo T

Liver 2 opiibiackr

= The jejunum 1s located mostly in the leftupper quadr@of the
abdomensMosBbabsorption takes place here.

s The i1leum is located mostly in the right lower quadrant. It opens

into the cecum. This opening is guarded by thi@ec\alTa‘]E
i f x L “C\Am | L60(.\!\“\

Rectum

18



Features that increase the surface area of the

small intestine: ~
Small intestine

m  Circular folds (Plicae circulares)

o Permanent ridges of mucosa and

o Cause chyme to spiral,@
passage allowing more time for
absorption.

o illi o~ stoe e
Weph oI adey biwd

o Fingerlike projections of mucosa

o Contains arteriole, venule, blood
capillary, and lacteal (lymphatic).

n  Microvilli =< 2 T N V).
o Projections of Apical membrane of e —

absorptive cells.

Fig.15: Plicae and villi.

0 Contains(digestive enzymes.

e —




The Large Intestine G %=~

+eunlc
\'> e Fundion—> erecpation < o9eh D7)
= The terminal portion of th¢ alimentary Ci‘&?},bh&\@

m Overall functio to complete absorption (mainly water), produce
Q¥ Pcertain vitamins%l ;Vitamin K produced by intestinal bacteria), and
form and expel undigested food (};eygeﬁﬁ__ ESVE ] é}\r 2 SGah
= The longitudinal muscle layer of the muscularis is arranged in
a~><S«bundles called(taenia coliI Because of their tone, they form pouches
in the large intestine called(haustra)qeg [ IRAT Y
: : ot g eea o
= 4 I@)I‘ regions —@ecum; colongrectum, and@nal canal.

s The cecum is a}gl%pd pouch. To imttached a blind tube called the

‘—

@p_pend@ The app‘endix contains several @mphatic noa{ul@ and,

s ‘_{hus,i plays an immune role.\ ®Q‘w Juesh SR> <
5&%a Colon divided into ascending, tfnsverse; descending and sigmoid
colon. The colon is the part in which the main function of the large

intestine takes place.

20



TRANSVERSE COLON

Right colic Left colic
(hepatic) (splenic)
flexure flexure
DESCENDING
COLON
ASCENDING Teniae coli
= Omental
appendices
. | N £ S f Haustra
lleocecal : I
sphincter
(valve)
GECEM = SIGMOID
COLON
VERMIFORM APPENDIX RECTUM U—/‘;
[ANAL CANAL ‘\/( AN 1\
S
g U)

Fig.16: The large intestine.
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= The' rectum acts as a -worsos

: b
reservoir for the feces. It = &=
lies anterior to the sacrum | i

m The amal canal 1s
characterized by the
presence of longitudinal
folds called the anal
columns. The opening of
anal canal (anus) 1s
guarded by the Tnternald C gl
anal sphincter of sSmooth- .. 5}
muscle \and the
anal sphincter of ske\etal-wmw\\.)

'y
»

P
’

Anal

Anal canal

Internal anal
sphincter
(involuntary)

External anal
sphincter
(voluntary)

mUSCIG . Anus column

Fig.17: The anal canal.
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The Liver and Gallbladder

m The liver 1s the largest internal organ and the heaviest gland 1n
the body.

= It’s located beneath the diaphragm in the right hypochondriac
region and extends into the epigastric region.

= Anatomically, 1t’s divided into right and ieft lobes. The right
lobe also has the quadrate and caudate lobes.

m Functions of the liver;

1)
2)
3)
4)
5
6)

Metabolism of carbohydrates, lipids and proteins.
Detoxification.

Synthesis of bile and proteins.

Storage of glycogen, vitamins and minerals.
Activation of vitamin D.

Phagocytosis of RBCs.

23



Hepatic artery

Quadrate lobe

Falciform ligament

Fig.18: The liver.

-

The caudate and quadmte lobes lare A

.-~..5Ii -~ M

WSS AOCERNS (1A, ESTH I RON 2

| anato zgall Iwrt of tftg "lght lobe, ;§’§3
,lil e arfig e 4
4 g bu unctwnai ly part of t eleﬁ S

( - SN IR S DL ATy —-\A. ‘Q:A.x

J

Inferior vena cava

Coronary ligament

\ ’

Hepatic portal vein

Common bile duct

Bt Common hepatic duct

Cystic duct

Gallbladder
— Neck

— Body
— Fundus

Round ligament

24



= Liver is composed of: \=\e S| 2\Z e d g5t

Q
Q
Q

[N NPT

detongfe J &0 Tues NGyl inicior N1spledd

Hepatocytes — major functional cells of liver. ., pacs d&ou
Ito cells (stores vitamin A) and Kupffer cells (phagocytosis).

Bile canaliculi — narrow spaces between hepatocytes that
collect bile secreted from the hepatocytes. Canaliculi unite to
form small bile ducts. Eventually bile leaves the liver through
the right and left hepatic ducts. These unite to form the
common hepatic duct 2 v 2ftw J

Hepatic sinusoids — highly permeable blood capillaries
receiving oxygenated blood from hepatic artery and
deoxygenated nutrient-rich blood from hepatic portal vein.

portal triad composed of: bile duct, branch of the hepatic
artery and a branch .of the portal vein. 0 ;JEA <) < /\5]
”*r’,"*“wd)’séj owj_pyf}su U T S3ero

UWQ

corcmult N Po,‘__q\ [WE

)S’)’J‘L‘{Douj;‘_?p Lg]l \'\4@’+'C K)LLLP&ZI vain

SNt I °_J‘~L e> oA o—
Tkohent o Usdl BrBcinalotiond 2y OO =0\ Sy
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Blood flow through the liver

Nutrient-rich, deoxygen-
ated blood from hepatic
portal vein

m Liver receives blood from:

a) Hepatic artery carrying P Y W T—
oxygenated blood.

b) Hepatic portal vein ! =
carrying deoxygenated © [ centalven
blood with newly !
absorbed nutrients and O |  Hepaticvein
possibly drugs, |
microbes or toxins P Y e ——
from the alimentary =
tract. l

G Right atrium of heart

26



The Gallbladder

= The gallbladder is a pear-shaped organ situated on the under
surface of the liver.

= It’s composed of 3 parts: a large fundus which protrudes from
the anterior margin of the liver, a body, and a narrow neck (the
last two are located under the liver). The neck opens into the
cystic duct. The cystic duct joins the common hepatic duct to
form the common bile duct.

m Function: storage and concentration of bile and the release
of bile into the small intestine when needed.

PATH OF BILE FLOW FROM THE LIVER INTO THE DUODENUM
Hepatocytes ==» Bile capillaries == Small bile ducts === Right and left hepatic ducts ==
Common hepatic duct == Common bile duct (or cystic duct for storage in gallbladder) ==
7 e .
— u - S Hepatopancreatic ampulla (ampulla of Vater) —
VINCE S

27



The Pancreas

s The pancreas is an elongated gland located posterior to the
stomach. It has both exocrine and endocrine functions.

= It is formed of: head, neck, body, and tail.

m The head 1s the expanded right part of the pancreas. It’s located in
the concavity of the duodenum. The neck 1s a constricted region
after the head. To its left, the body passes upwards and to the left.
The tail 1s the left tapering end of the pancreas that’s related to the
spleen.

= Histology: 99% of cells are
exocrine  acini  that  secrete
pancreatic juice (mixture of fluid
and digestive enzymes). 1% of cells
form the endocrine pancreatic islets
(islets of Langerhans) that secrete
hormones like glucagon, insulin and |
others.

W= pancreatic
islet

Fig.20: Histology of the pancreas. | paorostc some
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Falciform ligament
Diaphragm

Coronary ligament

Gallbladder
Neck

(dact o Wirsung)

Head
Jejunum

Duodenum

Accessory duct
(duct of Santorini)

Uncinate process

Fig.21: The pancreas. -




m Pancreatic juice secreted into
the main and accessory
pancreatic ducts and then pass
to the small intestine:

0 The main pancreatic duct
joins the common bile duct
to form the hepatopancreatic
ampulla (of Vater). This
opens into the duodenum at
the major duodenal papilla
which’s guarded by the
sphincter of Oddi.

o The accessory pancreatic
duct opens into the minor
duodenal papilla superior to
the major duodenal papilla.

(S ood lucl<

Common bile duct Pancreatic duct
(duct of Wirsung)

Hepatopancreatic
ampulla (ampulla \
of Vater)

Mucosa
of duodem

Major
duodenal
papilla

Sphincter of the hepatopancreatic
ampulla (sphincter of Oddi)

Fig.22: The hepatopancreatic
ampulla.

<d§>b Rl &CS?M}
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