Bio& 242, Human A&P 2:
Unit 1/Lecture 1

Overview of Gl tract Functions
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Right lateral view of head and neck and anterior view of trunk

Stomach

Pancreas

Sigmoid colon

Mouth---bite, chew, swallow
Pharynx and esophagus----
transport
Stomach----mechanical
digestion; absorption of water
& alcohol; chemical digestion
Small intestine--chemical
digestion & absorption

Large intestine----absorb
electrolytes & vitamins (B and
K)

Rectum and anus---defecation
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Digestion includes 7 basic processes.

Ingestion: taking food into the mouth (eating).

Secretion: release by cells within the walls of the Gl tract and
accessory organs of water, acid, buffers, and/or enzymes into the
lumen of the tract.

Mixing and propulsion (Peristalsis): result from the
alternating contraction and relaxation of the smooth muscles within the
walls of the Gl tract.

Mechanical digestion: consists of movements of the Gl tract that
aid chemical digestion.

Chemical digestion: is a series of catabolic (hydrolysis) reactions
that break down large carbohydrate, lipid, and protein food
molecules into smaller molecules that are usable by body cells.

Digestion includes 7 basic processes.

Absorption: passage of end products of digestion from the GI

tract into blood or lymph for distribution to cells.

Defecation: emptying of the rectum, eliminating indigestible

substances from the GI tract.
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Mouth and it’s associated glands

» The mouth (oral or buccal cavity): is formed by the cheeks, hard

and soft palate, lips, and tongue.

» The vestibule: is bounded externally by the cheeks and lips and

internally by the gums and teeth.

» The oral cavity proper: is a space that extends from the gums

* Lips and cheeks:
contains buccinator muscle that
keeps food between upper & i

and teeth to the fauces, the opening between the oral cavity and
the pharynx or throat.

Mouth and it’s associated glands

Copynght @ The display

——Upper lip

L e,
Y labial

frenulum

Vestibule

Palatine raphe

/ ower teet h Palatoglossal - - Hard palate

arch and friction

» Vestibule: areabetween lips . imarynges b =

and teeth
» Oral cavity proper:

arch

Palatine tonsil

Tongue

roof = hard, soft palate and
uvula o

alivary duct
floor = the tongue ogfﬁzzg »
Sides = teeth and gums Submandibular
Anterior = teeth and gums

Lingual frenulum

Inferior labial
frenulum

Lower lip

12/17/2009



12/17/2009

Mouth and it’s associated glands

Parotid duct

Mouth: Ingestion
Teeth:

Mastication = Mechanical
digestion

Zygomatic arch

PAROTID GLAND

Salivary Glands:
Parotid; Stenson's duct
Submandibular; s

SUBLINGUAL GLAND

Wharton's duct
Sublingual; Rivinus' duct

(b) Submandibular gland

Mumps is an inflammation and enlargement of the parotid salivary glands
caused by infection with the mumps virus (myxovirus).

Salivation is entirely under autonomic nervous control via the parasympathetic

Mouth continued

Mouth (oral cavity)

Parotid gland L 2 Teeth
(salivary gland) Y =T Tongue
Salivary Glands: S B cur o
Water: Moistens Food and Esophagus [

dissolves food for tasting

Mucus: Lubricates and binds
food into bolus

Liver ’ A |
Amylase: Starts break- down of ]— Stomach
Gallbladder L Ay bancreas
Starch and Glycogen Duodenum =i Transuerse colon
. . ‘ Jejunum
B lcal‘ b Onate (H C03 ) N (ARG ‘ Descending colon
Buffering action neutralizes acidic Cecum llum
fOOd in the mouth Appendix R Sigmoid colon
Enzymes: (iysozymes) G

helps destroy bacteria in the mouth

Anus

Right lateral view of head and neck and anterior view of trunk
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Structure and Function of the Tongue

» Tongue: forms the floor of the oral cavity. It is composed of
skeletal muscle covered with mucous membrane.

Extrinsic and intrinsic muscles: permit the tongue to be

moved to participate in food manipulation for chewing and

swallowing and in speech.

» Extrinsic muscles: move the tongue, learned in the muscle unit.

» Intrinsic Muscles: change the shape of the tongue, some
people have a gene mutation the limits the use of these muscles

Lingual frenulum: fold of mucous membrane that attaches to the

midline of the undersurface of the tongue.
+ Children born with to pronounced frenulum are tongue tied

» Papillae: cover upper surface and sides of the tongue.

lingual lipase: Enzyme produced by glands on the dorsum of the

tongue. initiates digestion of triglycerides.

Structure and Function of the Tongue

Superior constrictor

STYLOGLOSSUS
PALATOGLOSSUS
Palatine tonsil

Styloid process
of temporal bone

Mastoid process —__ A\
of temporal bone

Digastric
(posterior belly)

Middle constrictor
Stylohyoid
Stylopharyngeus

{-4—’ Hard palate (cut)

Tongue
- N 9!

T oo oo

GENIOHYOID
Mylohyoid

HYOGLOSSUS
Hyoid bone

y .
Inferior constrictor /HL
Thyroid cartilage of larynx —%

VBERY) /4 Intermediate
4 tendon of
) digastric
Fibrous loop for
. intermediate
tendon of digastric

Right side deep view Thyrohyoid
membrane
(connects hyoid
bone to larynx)

» Muscles of tongue are
attached to hyoid, mandible,
hard palate and styloid
process

» Papillae: elevations that

create a rough surface for

manipulating food and
providing sensations

Filiform: temperature, touch,
and pressure sensations
Fungiform: taste buds
Foliate: taste buds
Circumvallate: taste buds
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Structure and Function of the Tongue
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(a) Dorsal view

Structure and Function of the Teeth

» Teeth: project into the mouth and are adapted for mechanical
digestion

» Tooth principal portions: crown, root, and neck.
» Tooth composition:

dentin, a calcified connective tissue that gives the tooth its basic
shape and rigidity

enamel, covers dentin and protects the tooth from the wear of
chewing.

cementum, covers dentin of the root and is a bone-like
substance,

periodontal ligaments, attaches root to the alveolar process

pulp cavity: space in the crown and the root canals in the root.



ROOT —

Composition of Teeth

— Sagittal plane

Gingival sulcus
-'-3‘—" Gingiva (gum)

— Pulp in pulp cavity

Neck - 4 7 /7 : ) / \ .

Cementum

Root canal

Alveolar bone

Periodontal
ligament

Apical foramen

=—— Nerve
. Blood supply

Sagittal section of a mandibular (lower) molar

Dentition

Enamel

— hardest substance in
body

— calcium phosphate
or carbonate

Dentin

— calcified connective
tissue

Cementum
— bone-like

— periodontal ligament
penetrates it

* There are two sets of teeth or dentition:

deciduous (primary), milk teeth, or baby teeth
permanent (secondary) Adult or permanent teeth

* Primary or baby teeth
— 20 teeth that start erupting at 6 months

— 1 new pair of teeth per month

— Consisting of incisors, canines, and molars

* Permanent teeth
— 32 teeth that erupt between 6 and 12 years of age replacing

primary teeth

— Consisting of incisors, canines, premolars and molars
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Dentition

Differing structures of teeth
indicate function
* Incisors: biting teeth
» 4 upper and 4 lower

» Canines or “cuspids”: tearing
teeth

» 2 upper and 2 lower

* Premolars or “bicuspids”:
crushing and grinding teeth

* 4 upper and 4 lower
* lacking in primary teeth
» Molars or “tricuspids”: crushing
and grinding teeth
* 3 upper and 3 lower

» 39 molars are “wisdom”
teeth

Copyright © The MoGraw-Hil G Ine. resquired for rep ar display.

Names of teeth Age at eruption
Central inci 6-9 il

ral incisor =
@ i /~ :

Lateral mcisor\ i
Canine / 16-20
ALY
1st molar 12-16
7= A
\ (L o
2nd molar—\_ 4 ‘/—20—26

(a) Deciduous (baby) teeth

Names of teeth Age at eruption
(years)
Central incisor —, Vol

Lateral inciscw\ /—7—9
%) / \ &f

=—Canine W12—.;‘l
——1stpremolar 10-12—

)

. —2nd premalar 10120

\ I
st molar -7T— /

¥ =—2nd molar 11-13— /
~—4ard molar 17-05— % |

(wisdom tooth)

{b) Permanent teeth

PHARYNX

* Pharynx: funnel-shaped tube that extends from the internal nares to
the esophagus posteriorly and the larynx anteriorly. Moves bolus of food

» Itis composed of skeletal muscle and lined by mucous

membrane.
» Divide into three regions

* Nasopharynx: functions in respiration only,

» oropharynx: Functions in both respiration and digestion.
Located between the naso and laryngopharynx and

posterior to oral cavity.

» laryngopharynx Functions in both respiration and
digestion. Located inferior to oropharynx.

« Two Arches

» Platatoglossal: anterior most arch
» Platatopharyngeal: posterior most arch
» Platatine tonsils sit between these arches.
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Palatogl 1
Hard palate a,%: s

Soft palate

Pharyngeal tonsil

Entrance to

Opening of ¢
Pﬂl::ﬂd guct ‘auditory tube
Upper lip = = Sk / | J Nasopharynx

Uvula
Palatine tonsil

Fauces

Palatopharyngeal
arch

Oropharynx

Lingual tonsil

Laryngopharynx

A Epiglottis
Root of tongue

Deglutition or swallowing

— starts when bolus is
pushed into the
oropharynx

— sensory nerves send
signals to deglutition

. - Nasopharynx -\
center in brfa/n.stem s =
— soft palate is lifted to g
Oropharynx
close nasopharynx Engotis

. . Laryngopharynx
— larynx is lifted as e sy
epiglottis is bent to %F
. Esophagus oy
cover glottis PRSI (o e,
(a) Position of structures before swallowing (b) During the pharyngeal stage of swallowing

© John iy & Sons, e
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Stages of Deglutition

1. Voluntary Stage:

a. Buccal or Oral

activity

formation and e /

movement of the ™=

bolus i p— <
— R
.

(a) Position of structures before swallowing (b) During the pharyngeal stage of swallowing

© Jchn Wiy & Sor, Inz

Stages of Deglutition

2. Pharyngeal Stage:

involuntary

a. Soft-palate is pulled e

A Hard palate -
upward closing off the e —
nasopharynx Orophanynx ¢

Epiglotiis

b. Palatoglossaland  =w=m— i
A\

palatopharyngeal ™ 4/7 f ]
arches are pulled medial, =" A W
forming a Sagittal Slit With s t:) Position of structures before swallowing (b) During the pharyngeal stage of swallowing
the fauces.
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Stages of Deglutition

Pharyngeal Stage:

Vocal cords ciose

Epiglottis swings

backward over larynx and ~ sae—;

larynx is pulled upward to  oomaym :

close off the opening of the  Icm —23.

larynx Lo Q /

Upper esophageal —fﬁlf /i /
sphincter relaxes to that mwwﬂgymmi‘:) Position of structures before swallowing (b) During the pharyngeal stage of swallowing
bolus can enter the

esophagus.

Esophageal Stage: Esophagus

involuntary Relaxed

muscularis
Esophagus: Moves Circular muscles
bolus from pharynx to the ontrect
stomach .
. . Longitudinal muscles E:;ve':a ecal

Peristalsis pushes the contract e

sphincter
bolus downward through \
the esophagus.

Bolus W\
Lower esophageal
sphincter relaxes and
the bolus enters the
stomach

Anterior view of peristalsis in esophagus

@ John Wiley & Sons, Inc.
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Gl Tract Structures: Stomach

||| =5— Esophagus

Lower N ] ———— FUNDUS
esophageal N
sphincter i :

Serosa

CARDIA Muscularis:

BODY lLongnudina\

Esoph layer

sophagus Lesser V7
curvature

g Fundic region
Lesser curvature 1

Cardiac orifice  PYLORUS

Cardiac region

Circular
layer
Oblique
layer

Duodenum

N ik Body

Pyloric region: N .
Pylorus 7 7 Gastric rugae f
Pyloric z J
sphincter

Greater curvature

Greater
curvature

®)

Duodenum Pyloric  PYLORIC

Rugae of mucosa
sphincter CANAL

PYLORIC ANTRUM

(a) Anterior view of regions of the stomach
@ John Wiley & Sone, Inc.

Gl Tract Functions: Stomach

Stomach: Stores, mixes, and dissolves food, converts food

into chyme, regulates emptying of chyme into small
intestines

Ascending
colon

Greater
omentum

Small
intestine

(a)

12/17/2009
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Gl Tract Functions: Stomach

Stomach continued:

1. Mucus: lubricates and
protects the stomach
mucosa

2. Hydrochloric acid:
dissolves food particles and
Kills most microorganisms

3. Pepsinogen: inactive form
of the enzyme pepsin. It is
activated by HCI. Splits apart
peptide bonds to begin the
digestion of proteins

Simple
columnar
epithelium

Lamina ——
propria

Gastric
gland

Smooth ——
muscle
fiber

Muscularis

Gastric pit

Submucosa —

Mucous surface cell
(secretes mucus)

Mucous neck cell
(secretes mucus)

- Parietal cell

(secretes hydrochloric acid

5% and intrinsic factor)

Chief (zymogenic) cell
(secretes pepsinogen
\ and gastric lipase)

Enteroendacrine cell (G cell)
(secretes gastrin)

(b) Stomach mucosa showing gastric glands and cell types

@ John Wiy & Son, Inc

Gl Tract Functions: Stomach

Stomach continued:

4. intrinsic factor: required
for the absorption of vitamin
B12

5. Gastrin: hormone that
controls HCI release along with
other activities to be discussed
later

Gastric pit

Simple
columnar
epithelium

Lamina ——
propria

Gastric
gland

Smooth ——
muscle
fiber

Muscularis

Submucosa —

Mucous surface cell
(secretes mucus)

Mucous neck cell
(secretes mucus)

- Parietal cell

(secretes hydrochloric acid

5% and intrinsic factor)

Chief (zymogenic) cell

| (secretes pepsinogen
4 and gastric lipase)
| 4l

Enteroendacrine cell (G cell)
(secretes gastrin)

(b) Stomach mucosa showing gastric glands and cell types

@ John Wiy & Son, Inc
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Gl tract functions: Small Intestine

Small Intestine:

Segmentation: mixes chyme N

with digestive juices (from small o
intestine, pancreas, and liver) and
brings chyme into contact with the
mucosa for absorption, peristalsis
propels chyme toward the large
intestine. ILEUM

Stomach

DUODENUM

Large intestine

JEJUNUM

Anterior view

@ John Wiksy & Sons, inc

Gl tract functions: Small Intestine

o o

Copyight® The

il il |
Greater

omentum
h (retracted)

Mesocolon

Mesentery

Sigmoid
colon

(b)
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Gl tract functio

Gl tract functions: Small Intestine

Duodenum
Stomach

Large
intestine

Pancreas

Kidney

Adipose
capsule
of kidney

Erector
spinae
muscle

Copyight® o

Transverse colon

Gallbladder

Small intestine

Mesenteric
arteries and veins

Mesentery
Descending colon - #
ceoun— RN

Sigmoid colen

Capyright € The MeGraw-Hil Companies, Ine. Fequined for e ar display.

Subcutaneous
fat

Rectus

abdominis
muscle

Superior mesenteric
artery and vein

Inferior vena cava

Liver

Peritoneal cavity

Peritoneum

Aorta
Vertebra
Dorsal Spinal cord

ns: Small Intestine

12/17/2009
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Gl tract functions: Small Intestine

Small Intestine:
1. Duodenum: shortest region,
about 25cm.

—  Continues the digestion of | oy— e
carbohydrates, proteins, and T;‘;{ s

Stomach

lipids. Begins the digestion ,L_;K{" =~ Large intestine
of nucleic acids. RN ﬂ N
—  Receives the digestive fluids 1eum 4—?%& ),
from the pancreas and liver . %
via the hepatopancreatic "
ampulla.

Anterior view

Gl Tract Functions : Small Intestine

Small Intestine:

2. Jejunum: Middle region of the
small intestine, about 1 m (3 to 4 ft)

d (8 ft in a cadaver due to smooth
muscle relaxation)
—  Completes the digestion of
carbohydrates, proteins, lipids,
and nucleic acids

3. lleum: final and longest region of the
small intestine, about 2m (6 ft).

* (12 feet in a cadaver)
* Involved in absorption of about 90%
of the nutrients produced by digestio

12/17/2009
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Functions of the Small Intestinal Mucosa

1.

2.

Mucus: lubricates chyme and

protects mucosa
Assorted enzymes:

a. pancreatic enzymes
b. brush-border enzymes
(details later)
Secretin: stimulates
pancreatic bicarbonate
secretion.
Cholecystokinin:
stimulates gallbladder
contraction, pancreatic
enzyme secretion, and
stomach emptying

Blood

Lacteal

Lamina

Mucosa -
propria

| mucosar
[Cympha
Submucosa- yesse!

[Venule

capillary

Intestinal
gland (crypt
of Lieberkiihn)

Muscularis

o

tic—|__

Arteriole — =

uicrovili

S
=474 Absorptive cell

1 (digests and
4 o2 @ absorbs nutrients)

s Goblet cell
/3 | (secretes mucus)

Enteroendocrine cell
(secretes secretin,
cholecystokinin, or
glucose-dependent
insulinotropic
peptide)

2878
";éé'}’% Paneth cell
S8 (secretes lysozyme

‘ﬁcﬁ and is capable
= of phagocytosis)

-

(b) Enlarged villus showing lacteal, capillaries, and intestinal gland and cell types

@ John Wiy & Son Inc.

Functions of the Small Intestinal Mucosa

4. Gastric-inhibitory peptide:
inhibits stomach acid secretion

and motility

Blood
capillary
Lacteal

Lamina
propria

Mucosa -

Intestinal
gland (crypt

Muscularis
|mucosae

of Lieberkiihn)| f:-

| Venule

_Lym phatic — [

|vessel
Submucosa Arteriole — =

R

“icrovill

"L Absorptive cell
" (digests and
absorbs nutrients)

Goblet cell
=3 (secretes mucus)

Enteroendocrine cell
(secretes secretin,
cholecystokinin, or
glucose-dependent
insulinotropic
peptide)

Paneth cell
(secretes lysozyme
and is capable
& of phagocytosis)

(b) Enlarged villus showing lacteal, capillaries, and intestinal gland and cell types

© John Wilsy & Sons, Inc.
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CEPHALIC PHASE
= Receptors for sight, smell,
and taste of food activated
* Thoughts of food

Key: Cerebral cortex
—= Stimulatory hormone and hypothalamus

effects
— = Inhibitory hormone Medulla

effects
—» Stimulatory neural
effects Parasympathetic impulses
— - Inhibitory neural along vagus (X) nerves
effects

Submucosal
plexus

GASTRIG PHASE ' °°f
« Stretch receptors
detect distention
of stomach
* Chemoreceptors .
detect increased pH| Enteroendocrine
of gastric juice (G) cells secrete
gastrin into bloo

ncreased <44
gastric
juice

Increased
gastric | =gF----—- -
Increased peristalsigl — ' 1
gastric
emptying

INTESTINAL PHASE

=Stretch receptors detect
distention of duodenum

*Chemoreceptors detect
fatty acids and glucose
in duodenum

\
i

i

i

i

i

i

i

i

i

I

I

i

I

i

IJJ

m—
Secretin -
Enterogastric reflex - - —-——-—~

(via medulla)

Enteroendocrine cells secrete
cC

@ Jobn Wilsy & Sons, Ine,

Foed entering the
stomach disrupts
homeostasis by

Increasing

pH of gastric juice
Distention (stretching}
of stomach walls

Chemoreceptors
and stretch receptors
in stomach

detect pH increase
and distention

Input Nerve
impulses

Return to homeostasis
when response brings
pH of gastric juice and

= distention of stomach
== walls back to normal
== (pre-eating status)

Submucosal plexus

Output | Nerve impulses
~ (parasympathetic)
Effectors
Parietal cells secrete -HCI
HCI and smooth
muscle in stomach wall =
contracts more ~
vigorously

Increase in acidity of
stomach chyme; mixing
of stomach contents;
emptying of stomach

@ John Wilsy & Sons., Ine.

INGESTED ABSORBED
AND SECRETED

Saliva 3
(1 liter)

Overview of

Ingestion
of liquids

fIUid intake (2.3 liters)

Gastric juice

and secretion
comparedto ..

(1 liter)

(2 liters) —

B

fI u i d Pancreatic

juice

- (2 liters)
absorption by .. y
h . . {1 Tten) (8.3 tors)
t e d I g est I Ve Total = 9.3 liters Large
intestine
(0.9 liters)

tract

Total = 9.2 liters

Excreted in feces l
(0.1 liter)

Fluid balance in Gl tract

@ Jobn Wiley & Sons. Inc
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