Lecture 1+2



Gastrointestinal System (GIT)

By: Dr Safa Abdul Ghani
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Functions of the Gastrointestinal tract (GIT)
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1. Provides the body with a constant supply of water, electrolytes and nutrients.

To do this it requires: ot entty > d””\j;”\:j‘
a. Food enters the alimentary tract - INGESTION —s weter & et ’ L)\ @
b. Movement of food through the alimentary tract - MOTILITY —> ®%~%>— sk -
c. Secretion of digestive juices and digestion of food - SECRETION and

DIGESTION oligeshon o' ~C5 ¢ (et )

d. Absorption of water, nutrients and digestive products - ABSORPTION > gwwat sakistin 'b”f’if::'j‘"
Circulation of blood through the Gl circulation to carry away the "S"‘(;M‘:‘f’”;i’“i")w;fu
a‘%sorbed\’rgnaterlal STORAGE AND ELIMINATION 9@6&\' ffj“*\ T ced

Ullag .y LBl
f. Control of these functions by local, humoral and nervous control
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“>72.Mass ‘balance - this is making sure there is equal daily input and output
3. Protection - killing bacteria in stomach acid
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» Each part of the Gl system is adapted for a specialised function



Processes of the Digestive System: Overview
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KEY

M: motility
S: secretion
D: digestion
A: absorption

Salivary gland

Upper
esophageal
sphincter

Esophagus

Lower
esophageal
sphincter

Liver
Gallbladder

Pyloric valve
Pancreas

lleocecal
valve

Rectum

Anal
sphincters

_D: carbohydrates, fats (minimal)

ORAL CAVITY AND ESOPHAGUS

_M: swallowing, chewing
" S: saliva (salivary glands), lipase

| !
- A: lipid-soluble substances such as alcohol and aspirin , '\f_\m'n

STOMACH.
e

LAY
M: peristaltic mixing and propulsnon
S HCI (parietal cells); pepsinogen and gastric lipase
(chief cells); mucus and HCO;— (surface mucous cells);
gastrin (G cells); histamine (ECL cells)
D: proteins, fats mivechiomallin - Like N

SMALL INTESTINE

M: Eﬁ'ﬁ—g}nd propulsion primarily by segmentation;

S: enzymes; HCO3;~ and enzymes (pancreas); bile (liver);
mucus (goblet cells); hormones: CCK, secretin, GIP,
and other hormones

D: carbohydrates, fats, polypeptides, nucleic acids

A: peptides by active transport; amino acids, glucose,
and fructose by secondary active transport;
fats by simple diffusion; water by osmosis; ions
minerals, and vitamins by active transport

LARGE INTESTINE l/’ 4,wu

M:'segmental mixing; mass movement for propulsnon

S: mucus (goblet cells)

_D:none (except by bacteria) Aigeshen

A-|ons water, minerals, vitamins, and small organic
“ molecles produced by bacteria

Copyright © 2007 Pearson Educatlon, Inc., publishing as Benjamin Cummings.

Figure 21-22



Processes of the Digestive System: Overview

chemlcal and mechanlcal breakdown of foods
into smaller units.™ ™™ s w
&‘I\I\(f{./\zﬁ,

movement of material in the Gl tract as a result
of muscle contraction.

active or passive transfer of substance from
the lumen of the Gl tract to the ECF

1) transfer of water and ions from ECF to the
* Secretion watel 10NS
2) release of synthesized material by Gl

epithelial cells



The Gl system is made up of:

1. The Alimentary ciféll

Y
. Py
The passage along which food passes through the

body from mouth to anus during digestion.

(~24-48n) "
Py

fr—

1. Accessory organs of digestion

An organ that helps with digestion but is not part of

the digestive tract. The accessory digestive organs
© .. 2,
are the salivary glands,@pancreas, liver, and

© _
gallbladder. N
elomwmniTo w2 —
Cownal

g b ey B0 S8 et

ol (’A’\/Hj
Quavyna
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W }a/\:)j, V\/\Ld/\OLV\;SVV\ ’\yf/v’c

(a)

Oral cavity =
Salivary === 7}
glands
Esophagus

Gallbladder — o~ Liver
Pancreas Stomach

Small = 9 Large
intestine ? s A intestine

Rectum

Copyright © 2007 Pearson Education, Inc., publishing as Benjamin Cummings.



Digestive Anatomy: Overview

* Oral Cavity: 1st stage of digestion ~
®©
* Salivary Glands: 3 pairs (Sublingual, submandibular, andc?)arotid

glands).
* Esophagus
* Stomach: hold up to_2-3L of food & fluids.

e Fundus
* Body

* Antrum
* Pyloris (pyloric valve)
e



More Digestive Anatomy

* Small intestine (complete digestion of food)
* Duodenum (first 25 cm)

* Jejunum
* lleum —
} (About 260 cm) <A~ 6D
* Pancreas
* Liver

—

* Large intestine (1.5L of chyme per day pass throught it)
e Colon
* Rectum

* Anus
_/

10



Digestive Anatomy: overview

Secretion of lubricating fluid
i that

Mechanical processing,
moistening, mixing with salivary
secretions

Pharyngeal muscles propel
materials into the esophagus

Secretion of bile (important
for lipid digestion), storage of
nutrients, many other vital
functions

Storage and concentration of
bile

e
of indigestible materials in
preparation for elimination

Copynght © 2004 Pearson Educaton, Inc.. pubistyng as Benjamin Cummings.

| Transport of materials to the

stomach

Chemical breakdown of
materials via acid and

Exocrine cells secrete buffers
and digestive enzymes;

endocrine cells secrete
hormoenes

Enzymatic digestion and
absorption of water, organic
substrates, vitamins, and ions

Sublingual,
Submandibular
parotid glands

1



Layers of the Gl tract "o ;s &

T Vg omans AoV Fama)
e The GI tract/is composed of four layers or also know as 'I\‘IEEI/C\SJ

e Each layer has different tissues and functions.
e From the inside out they are called:

Mucosa (inner) — submucosa — muscularis — serosa (outer layer)

Mesentery

Nerve

Longitudinal muscle
Circular muscle

Gland in mucosa

Duct of gland
outside tract
(such as pancreas)

rMucosa-associated
Iymphatic tissue
(MALT)

200 [ imen
Waler— oS By g
Epithelium

Lamina propia
rMuscularis mucosae

Areolar connective tissue
Epithelium

_ Submucosal plexus
Glands in (plexus of Meissner)

submucosa
Myenteric plexus
(plexus of Auerbach)

24 02



Layers of the Gl Tract

(1) MUCOSA:- - Inner lining of the Gl tract.

eyt 569 2 4 vy G/T@absorptive and secretory layer.  ..o.. p2o Tldt

< Scevekong qzl))
¢ Itis composed of simple epithelium cells and a thin connective tissue.

¢ Contains specialized goblet cells that secrete mucus throughout the Gl tract
N

|

e Some parts can contain villi and microvilli - e.g. in the small intestine!
aMosoPhon oy £1no o g gves F e &
- Made of 3 layers:
(A) A single layer of epithelium linning

(B) The lamina propria (subepithelium connective tissue that holds
epithelium in place, contains nerves, small blood & lymph vessels, and

immune cells).
(C) The muscularis mucosa (thin layer of smooth muscle)

13



Mesentery

Nerve

Artery

Longitudinal muscle

Gland in mucosa Circular muscle

Duct of gland
outside tract
{such as pancreas)

Mucosa-associated »
lymphatic tissue

(MALT)

Lumen

Epithelium 3
SEROSA:

Areolar connective tissue
Epithelium

Lamina propia
Muscularis mucosae

. -2 Submucosal plexus
Glands in A (plexus of Meissner)

submucosa
A Myenteric plexus
Q(omc{} D le (plexus of Auerbach)
\\egeads

- \Mucosa _— 3 W\C\';X

2402 —
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Layers of the Gl Tract

(2)SUBMUCOSA:-

Middle layer, loose connective/tissue, blood and lymph vessels and submucosal

G , plexus (enteric nervous system). CL-_@J v
( Yo A Oﬁ") = (ﬂwaplp .-J\b‘,‘g)) qie) (‘B oS /W)}P@ c M/D
Ehaal Relatively thick, highly vascular, and serves the mucosa.

S, fiie= e The absorbed nutrients that pass through the mucosa are picked up in the
\fO\AAV\‘\'fj

blood vessels of the submucosa.

= Sub
e,ga())’l“{‘j\d) 1gas s MIaCOS ef
ano) b e The submucosa also has glands and nerve plexuses. Plexuses

. ) . .
= e Glands secrete mucous or digestive enzymes !
. L'w\ 00\"*”‘*"3) a4
e Different types of glands in different areas MYetriC. Plesuse s

(3) MUSCULARIS EXTERNA:-

Outer layer, 2 layers of smooth muscle: inner circular and outer longitudinal layers
for contraction.y,,,, A;QW_)\()LZ:)@——C,MW‘&]?)I/“F,JCJ\

—_—
cntrech U up g &
v Spei=
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General Organization of the Gastrointestinal Tract

Circular Muscle

Longitudinal Muscle

Serosa or Adventitia

Muscularis Propria Auerbach's (Myenteric) Plexus|—

& Qotn QJV‘?J&LJ&'\Q N oo ""M:J‘\\j IV G’L'S/\\ -V; (5513 - owovomic N\ @

9‘*—&5‘/(./1';‘-09
5|M Fe-G s I

il vimscly 2

(wehility)
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Layers of the Gl tract

Muscularis: The muscularis is responsible for

segmental contractions and peristaltic movement in ICC
the Gl tract.
longitudinal
e The muscularis is composed of two layers of muscle
muscle:
e Aninner circular layer of smooth muscle - in a glrcuiar
muscle

circle around the gut
¢ An outer longitudinal layer of smooth muscle -
arranged in long lines along the gut submucosa
e These muscles cause food to move and churn
with digestive enzymes down the Gl tract

(4) SEROSA:- Lperi'topivwm )
Outer tough connective tissue membrane for protection, a
continuation of the peritoneum.

mesentery



The Functions of Secretory glands & gmd

Seo Mucose, MunCos &
. 2O Sn , \auing Recpi g b watota e)
Secretory glands have 2 functions: e
Muctns E] ) a’lj@h‘w’ )—[\[ g ol Lt ® v Plexwy
setradions J1 ,-l‘)’ _ - hormane - ..J f_/H
Paved 3,,‘,\,{)0&, .‘-,‘Q T Sedo vracase, Fopedl hanes 4:_’\/.‘1( € Swb mucssa Wscuwhis
. . . C RN B P pe Tl P Gashin .
1.To secrete digestive enzymes (this occurs from the mouth to the terminal
4z leum) s B e e
sy L \ * These enzymes are released in response to food in the alimentary tract -
¥ e et e cal control
i3] 2 seorehons .
f'”ﬁ e The amount secreted is very exact (only the amount needed for proper
EJ‘Z digestion and no more)
Secrehms e Different types of secretions occur depending on the type of food in the tract
g\ S50, <<= @ Secretions come from different types of cells giewdii i
otwon {nvewckv)] Ep e Crypts - cells with small pits in their surface. These are present in the
Secrehon 3 4} 1o &5 ® stomach and in the intestine. In the intestine these are “Crypts of
Stwdle Lieberkuhn” , )
cretd I * Tubular glands - in the stomach and duodenum @3}9} of Jicher Robr

e Complex glands - salivary, pancreas and liver

- op% 5%"1}’) - - —*W M"



Types of glands
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The Functions of Secretory glands

Pyl ) Lyt ol ‘4//
D e~ NN JJU@J’% ((// ® @

2. To secrete mucous for lubrication and protection of
,Ls Bi carlbovuat e

the alimentary tract 61 a0 g e Giakian It S S 38 BUS 2 Lo S <=
NUWTIVE B, X ey ST 3b\ule'l‘dS
e Secreted from mucous cells (also called goblet

cells) which are located on the surface of the
epithelium
e They release mucous in response to direct

irritation

20



Sphincters of the Gl tract
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- des Yowen 3)nsa
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Esophagus
oot wwd

Lowenr size ey
AP el £y, 45 oy B Y > value ot Grodon wn
* Pyloric sphincter: A muscle sphincter  <ymhatuie

which separates the pylorus of the
.@Nf‘?)?”-é\'p stomach from the duodenum 7 7., |
Galkiaddor By a4

fﬂ'\‘_:’_.o—*'- Pancress
N\ - -

Upper and ‘ower
asophageal
phrcters

- Ol alpo

phincter of Oddi: A muscular valve
Sl o %ﬂ\) that controls the flow of digestive u,}' 3
2 9edg pmereatic juices (bile and pancreatic enzymes)cy e

Gmmen dek 59225 into the second part of them » Jﬁf’{“’d‘
A v ) (S
mmkzats:u)—“w duodenum e N3N 7
’Pw"“:;,,l; Qo Q‘“M) s Small
_, _* lleocaecal valve: A muscle sphincter e
e g ge < HEOCAECAl . S8l vwle

. Sphinacker which separates the small intestine -... /&
\e (PP . . .
355 fom the large intestine Sty e g S e

%p) f’JLr—""",\'. el A
re7 N . 1oinkedin _J & o axlemal anal
; ecter Suaed® N Vi :
Rh)\f [4 aﬂql' 5?;"’. ab(d'{)‘)’/@ et o
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L, wenstht A Guhvaek 51 E> LG defeckion Jes) o Aoz Bradi,
(d‘:jb‘ L) Lo ethral Jdad oo v 320 anw Sndval anad 2! et onemic |

JZT;,& Functions of the Gl tract - I\/Iastlcatlon

@l j__ (\U|M}§$\3 J-X_Jmmust\o@) YY"LAS‘(‘,le Gl wbl,—. b)) Jow musdlet | u,,.wt\
- Yedax

£ e Food is ingested - the amount of food is stimulated by the de51re of HUNGER PRI\ smpwr
gl e The type of food a person seeks is determined by APPETITE 425t I esvriprtrrgrd
LS e ,\,\.uz rlf - Lo, c}Slmjuf;\,\,\,_alhﬁP)HmhvaJi FLlpdols 2y A Sl 5
Teeth: Designed for chewmg also called MASTICATION 3. <2 — J:i: s
e Anterior incisors = cuttlng actmn J_,p_) M2 e MJ,:’.; ; .
e Posterior teeth (molars) = grlndlng action B s il ke hele's
e Jaw muscles (muscles of mastication) = open and close the teeth with force ek
e Muscles of mastication are innervated by the 5th cranial nerve (trigeminal) e il s
e The process of chewing is stimulated by the brainstem
2 J%\m,_\,,‘:’\;{,»‘;_,\;\ Geol vw deotl o m@w-ﬁ"ﬁ‘d&?—"j"-\ﬁ‘-q\wﬁﬁ: lose s 5y
T 5 CHEWING REFLEX- o . J
way €HEC® < Once the food bolus enters the mouth the chewing reflex is stimulated 0>

A P : /\@“’ Q
e Initially this inhibits the muscles of mastication so that our jaw opens e :7 %JT i':;’ er

) .
(o jj e When our jaw drops this stimulates a stretch reflex and stimulates contraction of the Ci"::\f'f) d,““w" Dngt
- muscles of mastication i ﬂy r"f??‘ “
sweeh nile @, e This closes the teeth as the jaw closes and compresses the food bolus against the walls of NS e
N our mouth— repeated cycle! \/

e S . C . .
- e Chewing helps digestion by increasing the surface area that can be exposed to enzymes S 2 fleg )
- woubh J‘gw&f? mask A yelox oo Lo\ Sawg wede Y nsSe (jo> ) masticdny muscle W) condvedk s S -

A g Seihedion L Aoty matk cyages Vol ¢ (I\Q)(Lb i) @& Qhap IS5 OSB 59z se0 MuBULZ Il oig YRlow > Covdvagk (B Tyo o= w2\
@ s nwsdle A CovAvall desem S S0y Stredn Tellex Aots 5 giregh et fexmie JJl Ree  mashcodion N vdedbion 2 kit



Accessory organs of digestion

C{:)«éx\_; é—d\ o s ]_)Q;Iac_ﬂo%
%_/V/lf;/\)\——/\“) /\/L'yf_")\)

\L-\sL
ki 5 ¢ Salivary glands: -
erotning aord = Bms n1) usBN L5
e These are the parotid glanq('i
submandibular gland, sublingual gland
» Exocrine glands that produces saliva
* Approximately 800-1500 mL saliva is

éecve)\-wn Salive, ) nglﬂs
MUy 8 elegif

Malens {5;»,“_5

Parotid salivary
gland lies in
front of the ear

auliz a1 C OL_\.M'\"T" )
P \ g"
ped Sus

Saliwy duct

Tongue
moves food
during
chewing and
swallowing

Teeth
cut and
qrind food

Sublingual
salivary gland

is located under
the tonque

Submandibular
salivary gland
lies deep in the
mouth

made/day -5 LD
PN e Saliva contains{fiﬁprote(in secretions
Salives ! « Mucous — for Tubrication and
—— protection of epithelial surfaces
sencoud awslase ® Saliva moistens food for chewing
L A ! and swallowing and prevents mucous
Lol ok ‘ﬁw’m membranes from drying out
4 oo Tk U~ o Amylase — for digestion of starches
& s (carbohydrates)

(o Saliva also helps to prevent against tooth
- decay by removing pathogens

Source- http://www.infoplease.com/dk/encyclopedia/mouth.htm!

Tongue: o7 !

3_! tates n Sels

Manip at&ifood for chewing/swallowing . .5 55ic15|

¢) Main

aste organ, covered in taste buds > Siva )= ez



SALIVARY SECRETIONS  Swwnekions-

SalMvea

.. The main functions of sallva in digestion include: T "5 L cen
: v
1.” Lubrication and m0|sten|ng of food for swallowing by —
secreting musin ey
o5 T TR pretein
2. Solubilization of material for taste (oo D )
— N S“\Ml / oo ,
3. initiation gf carbo ydrate digestion (amylase) and lipid @ i vern o d
L I I D‘AJC-C\,..J\Q,); . .n )_wq//wyb a\@r\va& N A e
QX Nt Rile g ingua |pase Vit HE2
oo - ‘-’_)(JA_") “rJ_,_/ ,J /‘50")2.94/[0 BDUB o L#Mw ?H 0@055”@-—;‘) ’)’)O—J'l'aJ
ol i omn & Neutral|zat|on of refluxed gastric secretions in the P 8o Bl & ediva Jiko @
‘neshin - Oesophagus M’HQW egophegey N égfa) Salive, ) Y]\ﬂfﬂb] ﬂ@ D) Le\st A2 L_\(CUS‘)

Ji g5 N\) \J\ng GV e

5. Antibacterial actions by secretlng Lzsozyme Slejul yr T ele (PH) Y

(5P L2 e LizZo SoMd), QEARHN L Q)¢ gt ivin s St €

" 6. Secretion of Kallikrein, which convert plasma protein into
1y
( %“’M, - -y Dradykinin (vasodilator) — ... ..

Sewvekians J .1, oo gesels W 3
o Bﬁao\ﬁ’\avm_;\ 3 svie) b\M,,\J\ Y L:" Bs9m00 vesels St oip <

o s 24
Sfd’f)f‘tms )’s ’/’I\Q'T Bucd Pl . Bl venda 5



» Regulation of salivary secretion is exclusively neural;
parasympathetic innervation is most important in the response to

food. @gﬁwwf\u«c_ ., Sk

Scn_-ca«'o-" :

Superior and inferior
7 salivatory nuclei

Tractus
Submandibular gland

solitarius

Submandibular
ganglion

Facial

‘ -~ Z=Y  Chorda
@ tympani Sublinglual gland
. Parotid
land
tic ganglion ‘Taste and

(o]
\ tactile stimul
Glossopharyngeal ) —
nerve .

Hall: Guyton and Hall Textbook of Medical Physiology, 12th Edition
Copyright © 2011 by Saunders, an imprint of Eisevier, Inc. All rights reserved.




,Uav — > actiye Wmﬁ#

neobseft NS Rop
% C cly — Passive #rwﬁ'rJ

Breod
}a etk KLY 5 achkive  dragpat
7 ap Active re-absorption of Na+x ndﬂ Passive with Cl; q Co N & P
S o Audk N el eks vt T “ ::t\:/\[# V)S - —-: CD =~ PO-SS(\/Q 'f(aw&?ad_
I Salivon - 2=#'® =7 Ducts +r~:s4>~4-7 - r—“vi—— &
. :AL, 1 am ~ _& ; U'.A)' (&) N’ﬁ 7 50 K VRS E S .":’ AN, .U,wi,)
High conc of K+ and (
HCO3 P r= e CLAG <1ift) CL7 exthnanger
- G Saliva - pa ePyimary saliva o.tt— ™ vl
cavit oy K Rl L)
Low conc of Na+ and Cl- Y) __ ihypotonic fud) asccdoiom <l I p 5L G
9 >
Volume= 1.5-1.8L 3 ‘ ] ' . - ; -
o - olololelal= ol sk lalololol s ) \’Qjcwd n \,.,_S)
ey, g r‘—{., M) ® . . . .
- . Active secretion of K+ and Passive with HCo3- __Aecvp My oW,
PR Salive
T e reo Acini
28 elecir (Saiva) Grmsm>
Cj_‘f-’ Mﬁ glﬂb 140 Na* — 140 )Ml_b&'éry
L — 320 - 120 .
- ~Lo ) é eyl [ % ~C,/'\/.Sr"a\ ol sg\':mj &
}0\ lemia — Na“ - . % 8p&>
G AT F 20 8 ioonic 1 G iS J g sedion
/./c& a3 § i HCO,- i, g d - - g b)ﬁmﬂi&é
PSSV AREY -
M.‘L/ﬁ& a-ay”"? - 40- cr 40 °_ AN @M()u?a]*nsm
20 K= 20 duchs bt \”l hyper bicacbon
o ! T X o moJ!"g'c“‘H"" J ‘);EJ
1.0 20 3.0 20 ~ g
Flow of saliva (mL/min) (A“_b;. T g i Qyp,-fm,'c ﬂ,,J v S e 26



ACINAR CELL

Interstitium

Amylase and

;! A Dt )\ YECGPYor s (= .4_.,, Aclinan é—t‘,-_,) Sy .H o
other proteins

-3 sleavl wl & _“_q Y
secreted +(1) Beta sympathetic
adrenergic
norepinephrine
receptor
(% Exostosis
of zymogen :
. gzr’a,mﬁgs + (2) Alpha-1h
sympathetic
o Release of Kinase A S
3 amylase, other Phosphorilation adrenergic
Acinar - protems norepinephrine
Pn’m Mj ¢ lumen - i receptor
Fluid and oo |
Y ion ++ é
(SAI(IV‘C//j @ e transport A B 40(2) zﬁcr,a"i);m;'):meﬂc
Doxs messenger Q:I Traic
+ £ 3 acetocholine
Na_ . receptor
K*HCO;~ g
gzecreted) : ¢ (4) Parasympathetic
Apical cholinergic
of cmar oo \——-‘ substance
permeable to H,O 3 P receptor
Acinar
cell
Basolateral
membrane



Regulation of saliva secretion

e Controlled mainly by parasympathetic stimulation > -, .
Stimulation of f glossopharyngeal and facial nerve = i increases secretion by increasing
the blood supply to the glands through vasodilation 5““’}1’;1' ex
» Afferent signals are sent to the superior and inferior sallvary nuclei in the brain
stem (located between the medulla and pons)
e Positive modulation: — 5Jo—4¥ o mdation Pov  Selivee
e Whenever food touches the mouth, tongue or pharynx (tactile stimulus)
e Taste stimuli are sent to the brainstem also and increase salivation —
especially if the taste is sour
e Smell — if we like a food this stimulates salivation
e In response to irritation in the stomach and upper parts of the intestines —
increases salivation. This is to remove the irritating factor
e Negative modulatlon Qo
©e Sleep®Fat1gue dehydration and fear inhibit
savue Al
o “e’Sympathetic stimulation/can increase salivation a little also but not as much as
e there is no vasodilation of the blood supply to the glands
» Hormones ¢.g. bradykinin cause vasodilation of the blood supply to the glands and
therefore increase salivation

S B o 2




Swallowmg has 3 stages:

,fx\

Swallowing reflex: Soft Palate & Esophagus =

.- Voluntary stage - when food ready for swallowing is pushed to the back of our
mouths into the pharynx by the movement of our tongue upwards.

Tongue pushes bolus of food from oral cavity into oropharynx

Sensory input: pressure against soft palate, signal to medulla



Swallowing reflex: Soft Palate & Esophagus
3 fenss by St o o o TS, Lo o
: __*Pharyngeal stage - involuntary As the
Opr S b
2 A food bolus enters the pharynx it N v Soft
stimulates the epithelial swallowing = <" ol palate ™
receptor areas at the opening of the ety
pharynx — impulses go to the bramstem P, ﬁ:’i
swallowing center (medulla oblongata) N

to cause: 4 LA Ly, SV
Wy\ﬁl)‘p‘/df‘b\ p)-P; =gl \Ndﬂ\—:)j) Stdes Bolus~

Q

e Automatic contraction of the
pharynx via the trigeminal and Q
glossopharyngeal nerves—>
pushes food into the
oesophagus

e Efferent impulses cause the soft
palate up move up and to Trachea
R close the posterior nares. This

il@f = :uff prevent food entering the nasal Couol ,

oo Cl__rw(q}g\ b dsl gSu

L xan€ o ) cavities Qoluwn Lo o ~ -
— chame wp 25 5.k & ps o B2 i CLlt, Shomach oy o o LT el Lo oo

Epiglottis —




e The larynx is pulled up and forward by neck muscles and the epiglottis moves
down to cover the opening to the larynx — prevents food entering the lungs

* The larynx moving up also closes the glottis which prevents food entering the
lungs

PHARYNGEAL PHASE

31



Swallowing continued = pharyngeal phase

2l o )
The whole process lasts less than 2 seconds

During each swallow the swallowing center in
the brainstem inhibits the respiratory center to
allow the swallowing to proceed

2l o vy o (Sl 2, 5 gt dl T ohr

OL?}P (’}/jj)@;{) @%RI‘@WJ\ A émikowl’ﬂ 2L



Peristalsis N

 —-

ESOPHAGEAL PHASE
Upper esophageal sphincter open

Peristalsis propels bolus down esophagus toward stomach



Phase 3 - the esophageal phase

e The oesophagus runs from the pharynx to the stomach \
¢ |t pushes the food from the pharynx into the stomach by perista/lsis_J

)

W

\/\M’\W S 9’/J

J& s

e |t does this by primary or secondary peristalsis

* Primary peristalsis is a continuation of the way of muscle contraction from

the pharynx to the stomach

e Secondary peristalsis is when the primary peristaltic wave fails to move all the
food into the stomach. The food remains in the oesophagus and causes
stretch of the oesophagus. Contraction is then initiated by the myenteric
nervous system to cause contraction of the circular smooth muscle. This

i i Rered
causes a new wave of peristalsis ;
Flostoprarmal 004

~
Secondary peristalsis is controlled by afferent nerves in the wall of the Mapenic ufs
oesophagus which send afferent impulses to the brain. Efferent |mpulses are*.

sent from the brain ric nervous system via the daslslocs, Jf;“"\»w-

Se ot
glossopharyngeal and vagus nerves -> contraction ~— £ Yt SR PR P
t Jon Adetie s
EWAUDT S5 Lo Suglic Vs ales




e When the food reaches the opening to

the stomach the lower esophageal

sphincter which is normally contracted
—

(to keep the stomach contents from

moving up the oesophagus) relaxes as

the myenteric nervous system sends

inhibitory signals

e There is also relaxation of the stomach

wall and the duodenum to allow for the

ESOPHAGEAL PHASE

o ms g L
food that will be coming into theszPh N&gcj .

‘fgucf'/'—'c,'uL_{ d o



Epiglottis

—_—
Upper esophageal
sphincter (closed)
Esophagus Glottis moves : Upper esophageal
upward sphincter opens

and closes

Secondary wave
of peristalsis in
esophagus

Upper h | Lower h |

sphincter closes sphincter oper?s
Contracting muscles

Wave of peristalsis
travels along
esophagus

Relaxing muscles

®
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The oesophagus

= Thosl (o)
stomach

A passage for swallowed food and fluid

In an adult 25-30cm long

Protected at each end by an oesophageal sphincter (the J

upper and lower oesophageal sphincters) #

When we are not eating both these sphincters are closed ”

Has the 4 layers — mucosa, submucosa, muscularis and L g —

serosa mim (et 5

e Contains glands:

* Mucous glands : Secrete extra mucus to lubricate the bt || (A o7
tract to keep food moving o L)

 Protect against scratching of the lining of the
oesophagus

] 0 keep the pH of the oesophagus
normal (to protect against the acidic secretions from
the stomach)

Muscular organ connecting the laryngopharynx to the »/J\l

P 1 o Eophag
(00 1 Sohntr V)




e The pharynx is made from striated (skeletal miuscle)

* The oesophagus is made of striated muscle for the first % (vo'-+v4)

¢ Areas of striated muscle have greater glossopharyngeal innervation

¢ The final % of the oesophagus is made of smooth muscle - this is innervated more by
the vagus nerve though the myenteric nervous system nodudny.

¢ The difference between the different types of muscles

Voluntary Striated  Multinucleated Non-branched

canll Jio) Eloadl o dooldll Glac¥l Cllass o) G
(abasll 8panall) d4ld ddl u) e all O8L(SI
salgd dxll g0 usall g3 plaball gdo Ll 1jols alass
aad il 0 pall gabaia 3la) yuudy limg Eloadl (o
U3 il plakall quan (&Swdl gy Jie) Elosdl b Cals

Smooth @" Involuntary Monstriated  Single e poll B Brdlio

Involuntary  Striated  Single

elf vagus nerves to the oesophagus are cut - the(myenteric plexus)kan take over

without stimulation to cause secondary peristaltic waves even without efferent input
from the brain - if you have problems with the brainstem (e.g. stroke) - food fed
by a tube into to oesophagus still moves to the stomach!!!



Problems with the lower oesophageal sphincter

o4 e
Problems with the lower oesophageal sphincter: J';';t":'k
e If it doesn’t relax food can’t get in = achalasia <~ c«»m.i,?“
e |If it doesn’t contract you get reflux of the acidic gastrlc contents =

heartburn/reflux e ceeidi 3
\'é

Gastroesophageal Reflux

Esophagus

Achalasia

Lower Esophageal
Sphincter Open
Allowing Reflux

Dilatad gullet
(esophageal bedy
with stricture at th
bottom {LES).

Diaphragm

Lower Esophagus \
Sphincter Closed

Stomach

"® 2004 MedicineNet, Inc.



There are 2 types of movements:

1 Peristaltic movements which push food anng the Gl tract at a rate that allows
<\y\gb FPEL & 1> " maximum digestion and absorption. veles “5 (g v Comtia )

pos\ T 0P 2. Mixing movements - keep the contents of the intestinal mixed at all times CMQN\\MJ\S C’V\’“%\‘f-&v |

Cfﬁw Peristalsis . >
5 eThere is contraction of the the circular smooth muscle PERISTALSIS v oxh
. . b 3 - v& an

in the Gl wall -- > this pushes food/contents forward and

WY Loty contraction of longitudinal muscles which shortens the coﬁi?aac(t)ign 0%5% a(“""q Loz i
Sphinetiens Jiius length of the tube | contmet 0 Cicculor moccle
P\kj\D"/‘Q 3N . Conty oo~ Jars o - —
Spoinecier eThe contraction occurs again further along the Gl wall
—> process repeated until the contents are pushed along
eThe stimulation for the contraction is distension of the
Gl wall = this stimulates the enteric nervous system Food
( which causes parasympathetic stimulation .o - ;... bolus
( % ®Canalso be stimulated by irritants A e esophug. A ,
({) \W,/) eRequires a myenteric plexus for it to occur yyokere P51 e = } Muscular { 1 Area of ]
(904 ﬂ owde N Comvaer D1 is, B  layer [ | relaxation ! o |

|—/<_/\
Lreer g, Fiote citoher ot Py .

Dreamstime.com




O Fe L pioeie Bl g Yoo <\

Qumicol. @
< How
o y
. ® ‘Gesnmon g s -
Mlxmgmovements = W ek -
welhaniC

ONUYNE S aps S8 i i 2 1

Occur in different ways in different parts of the Gl tract

In some areas the contractions that occur during peristalsis can cause mixing also

This tends to occur if there is a valve or sphincter which stops the movement
created by peristalsis - e.g. at the opening to the small intestine. Here the food
can be moved as far as the “blockage” but the distension caused by the contents
of the Gl tract mean the peristalsis waves continue as they want to push the food
further but cannot. The contractions end up “churning” the food in this situation

JUsEs

In other areas there are contractions of the gut wall every few centimeters - in
segments

There is no relaxation of the circular muscles after the bolus so the bolus of food
doesn’t move - it just gets compressed — e o :

These contractions Ias : T e

They then move to another part of the wall and contract again o

This chops and shears the food up




(a) Peristaltic contractions create forward movement.
Contraction Bolus Receiving segment

Time zero , R R

Direction of
movement

Bolus moves forward.

Seconds later £

(b) Segmental contractions are responsible for mixing.

No net forward movement

Copyright © 2007 Pearson Education, Inc., publishing as Benjamin Cummings.
Figure 21-4 - Overview



peristalsis movements - contraction of the circular muscle before the

food and relaxation after
ﬁ

Mixing movements -

Contraction of segments -
not pushing food along
but simply breaking it up

(into smaller portions)-
no relaxation_of circular

muscle after the bolus

Contracted
muscle

Direction of :
food movement |



Electrical activity of
gastrointestinal smooth muscle

Electrical activity of the Gastrointestinal smooth muscle e ;w L=) kT‘S Vg g\ Qewvwmck 1V dS ®
acki Via 2 types luj;-lectrlcal waves “F 15 b e d Swooth  muscle
(P&h:\f,, ('° 0)""“9 I ",85 4«)
AUAVARIEE %‘%""ﬁ"es [ N e L3 atkon 2 ndvadhen \g 3o emostln musde Ji>

b wA
2. Spikes —J

La2) eletivical W Qe oA
Wolepa\ofﬂfw& P Qo2 thvicol  ackvit]  C _.
Slow waves 5 -

lN"Z = "\wa\&f‘1uv¢\ €< 1200\ = dlowdiemmn @ < R Wone O.u..(.lS < b’gg s /\«)‘E ¢/d velaX 2 Covdrntk "\;’ML_}’\’
a” £
Most Gl contractions occur rhythmically and the rhythm is determined by SLOW WAVES

These are small wave like changes in the resting membrane potential of the smooth muscle cells by 5-15 mV

@l -~ b
THEY ARE NOT ACTION POTENTIALS thredrod. | _o rgs_Da_L_ Hatho J 3> to 0
Occurs at a range of 3-12 waves per minute — E((ng Lemel- S_'MN) £ noges
3 waves per minute in the stomach (Spile) mﬁ*‘w PorHnaal
;2 waves per minute m;helduodenum d’ep()}\.MIZaIL ;@ﬂéw}f
waves per mmutil‘nd;cw(il leum Jrren o Qb N { B SEASD vl o g fedh Ly

Exact cause of these waves is unknown - by likely to be due to pacemaker type cells called CAJAL CELLS that have
ion channels which open - particularly Na channels which allow ions into the cell and K+ out of the cell D

NO CALCIUM IONS MOVE INTO/OUT OF THE CELLS DURING SLOW WAVES o —— Ry o B

M pvern



Membrane
potential
(mV)

Qo LynmPartleatic Threshold

s 8 ('/\qu =) Lo 4Z

Action
potential

Action potentials fire
when slow wave

potentials reach
threshold.

ahon _ .
pawm‘vob &> 5,8, WNe
. 2SI
Force of
muscle
contraction

The force and duration
of muscle contraction
are directly related to
the amplitude and
frequency of action
potentials.

Time ——>

Copyright © 2007 Pearson Education, Inc., publishing as Benjamin Cummings.

Figure 21-3



Electrical activity of
gastrointestinal smooth muscle

Spike waves or spike potentials
THESE ARE ACTION POTENTIALS - because there is depolarisation of the cell membrane

Occur when the membrane potential of the smooth muscle cell becomes more positive

When the charge of the slow wave rises above -40mV - this stimulates an action potential and
therefore a spike wave

The ion channels which cause the action potential in GI smooth muscle are calcium-sodium
channels (this means Ca and Na ions move into the cell to change the charge from -ve to +ve.
This is different from “normal” action potentials when only Na ions move into the cell)

These cause long action potentials (like in the heart) because of the slower Ca channels and
therefore prolonged contraction of Gl muscle

Spike waves occur when there is stimulation via efferent nerves directly from the enteric plexus
to increase the membrane potential of the cells - called & reflex mechanism>) o

Can be under control of the higher brain centers and autonomic nervous system




//’- - _——\/\Ov\/\:\_j

Depolarisation: When the action potential
becomes less negative and the cells MEMBRANE POTENTIAL

become excitable
——

v Hyper po_larisation: When the membrane » : DEPOLARIZATION
o S & potential becomes more negative and the | —_——
2 ® cells become less excitable ‘
—_— | SLOW WAVES

—_—

. RESTING PERPOLARIZATI
Factors that make cells excitable (cause N PO AREATEN

depolarisation):
1. Stretching of the muscle

2. Parasympathetic stimulation
(acetylcholine) ™ <s.w

SRR o lpavizt 0 Cuds Hhrethod Y s100wamy

3. Stimulation by acetylcholine directly

Things that make the cells less excitable (hyper
polarisation)

1. Adrenaline or renaline

2. Sympathetic stimulation 3 ™% ” 252
-%reﬂ,\,e‘ Jias

4. stimulation by certain Gl hormones



Stomach < e <&

oaktim
Qupers gowigherr .

e AJshaped muscular organ -

remember our 4 layers!!!

* Has a lesser and greater curve

¢ Divided into 4 regions:

Cardia

Fundus

Body - the biggest part of the
stomach

Antrum

Pyloric - this eventually reaches
the pylorus and pyloric sphincter
before the start of the

duodenum

(b) The stomach

Esophagus Fundus

Pyloric
valve

Rugae: Surface
folding increases
area

gastric pits
7ﬁ—mveonn gastricas)

gastric glands
- rucesa

- submucosa

circular muscle layer ~— Muscularis

longitudinal muscle layer

connective tissue layer - serosa
wvisceral peritoneum

48



Yﬁﬁx 0O

The stomach B HecvOriows A M)
B CANRINy

The functions of the stomach are:

e Storage of large quantities of food until it can be processed

* Mixing of good with gastric secretions

e Slow emptying of CHYME from the stomach to the small

intestine to allow proper digestion and absorption



Functions of the stomach

Ao SV st /V“;{D \
g Yy p QA;‘__A,\.-,XBN\“\T,J\Q‘__, ﬁ/(‘/w o0 :7;’\,‘ s{/,\__,\.xlfb
Store large quantities of food until it can be processed e \;‘/ e . Peristakeris
) BLY; Y yes ek I Seqmankal
¢ It takes approximately 4 hours to remove a meal from the stomach e b Sha
ST \shass 2 )

¢ The stomach expands with a meal because as the new food enters the stomach the old wiKioey
A KNS

ﬂwr W ehr 2o

send impulses to the brain via the vagus nerve, The brain increases the parasympathetic

Solr Lot QB P i Famy Q2L (Aaric. P ) o b Lo 0t &
stimulation to allow the walls of the stomach to relax Sh ~ 7 j (@ )
SwWall D) el g8 kplpo wih aSUl &

P&\fw\S:j\,\,\_o\k]\,\c’2~ - ()S\g c)s{,:u — Rin Y — SHeAUn YEfCCk({J

¢ Mechanical digestion — this is when the muscular walls of the stomach break up food enrric. 0 olesd
NAVOAD sy
through peristaltic mixing waves. C g orei €y o Supmnt-

food is pushed towards the walls of the stomach — stimulates stretch receptors which
Mixing of food with gastric secretions

* Occurs in the mid section of the stomach and force of waves become more g =z ohon 11 1= o
intense towards the antrum. el

e This helps force food through the pyloric structure (at high pressures) Ot cos ~e w33 cowhvacky
h s 4 Senedd

(
ggﬂ

o~

¢ Chemical digestion — by digestive juices released from gastric glands in the stomac



rUNCtions OoT the stomacn

Slow emptying of CHYME from the stomach into the small intestine at a rate suitable

- Vo &0 A BB —
for dlgestlon (this occurs via the pyloric sphlncter)+ Jostvic ‘PW‘? sol S
SOt IS o Sy M~ el
o After food is mixed well with the stomach secretions the mixture is now called =~ S
i CHYME J¢ &~ e Ll
. f—a{/' Adgestinad oS
bip ﬂPfOHJ\'/\

. e “Hunger contractions” occur when the stomach has been empty for several hours
2w, P

LS % siameck® These are peristaltic contractions that start in the body of the stomach = mild pain

é&iﬁ‘:’g “2 4 Sometimes these contractions can “join” together to last for 2-3 minutes at a time

_ . ¢ These are felt most in young, healthy people as the muscles in their stomach are
Cttlo ) Pop) &=
Coap @ ins S strong (good muscle tone)

Ofeea)) ¢ * Also felt when a person’s blood sugar is low
S v e JSY¥ 4D oS 8 e )
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Gastric secretion: Gastric Glands

!

Q q\ho\\w..] maess @
Y

’ udé’))‘l\"ﬁ\]&\&ﬁ gp'\\lh Bl (,42' Uas

ssl‘zg, S
i Parietal cell Wt b B an e win . @
—Surtace s m C L, o lpans Jemtkon
epithelium \ ' : )
5 B - G
7 e 0 a
(derinsic Rodw; 20
Mucosa —— | LaBeoudsp s
Pr s @ S
— Gastric gland
Lamina
propria
Muscularis Chief cell W R
|_mucosae = BRIy R ]
Submucosa —
Oblique layer
Muscularis — Cireular layer
externa Longitudinal
layer

Serosa \\
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Gadstric secretion

e The stomach also contains 2 types of tubular glands
e The tubular glands are called:
o OXYNTIC GLANDS —> v Redoy -
e Contain mucous neck cells which secrete mucous (alkaline mucous)
* Contain chief cells which secrete pepsinogen
e Pepsinogen is activated to pepsin when it comes into contact with
hydrochloric acid
® Pepsin is an enzyme that breaks down proteins in an acidic
environment o
e Contain parietal cells which secrete hydrochloric acid and intrinsic factor
(necessary for the absorption of B12)
¢ Located in the body and fundus of the stomach

o PYLORICGLANDS 2Ll
e Secrete mucous (alkaline mucous)
e Secrete the hormone GASTRIN from G cells in response to proteins

e |ocated in the antrum




Baely B < Al #leg
OXYNTIC GLAND

PYLORIC GLAND CSCAN@,\' Ihovrrowne )

GASTRIC PIT
(FOVEOLUS)

- Surface
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WESS — Mucous Cell

ISTHMUS }
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GASTRIC GLANDS: SECRETIONS

* Gastric glands

* Mucous neck cells
secrete protective
mucus and HCO3-

* Parietal cells secrete
hydrochloric acid
and intrinsic factor

* Chief cells secrete
pepsinogen and
gastric lipase

* G cells secrete
hormone gastrin
which stimulates
gastric secretions

ta PN NS

WL % RO YO Qac}m(‘-
Parietal cell---------------] _

Chief cell

Ly feRsin 3 Lipese (1)
G cell --

I—> G‘l A.S-Hllr\




GASTRIC GLANDS: SECRETIONS

* Gastric acid (HCI): ] |,
o o

o W~ Kills bacteria and other organisms

£l- Denatures proteins by destroying tertiary structure &
. —_
breaking bonds Proein ) olestoym) oppimal I P
Prime sttuckortdl Proter I IS 225 v e Demabinw dione™ P

* Pepsin (protease): initial digestion of proteins (esp. meat)
* Gastric lipase: (10% of fat digestion)

* Carbohydrates digestion continues in the stomach
(salivary amylase is inactivated at low pH)



GaStric secretion

Concentration of hydrochloric acid (HCL) is very strong enough to cause tissue damage but the

stomach is protected by: Hel
——
* the mucosal cells O Roree syugalie B gastein B Wachumins

* the tight junctions between the cells

A @cﬂ(r\ Sj"/li)u’:\’\
(‘Bm” ~)oe The control of HCL secretion from the parietal cells via 1) netyous control and 2) substances
Nl et &

SV AL EEEY

released into the stomach from Enterochromaffin like cells (ELC).

ELC release histamine— 4 W
—_—

/ Histaminelis released in response to:

e Gastrin - causes increased histamine release which increases acid release from parietal
cells L1 HelL-.

® Parasympathetic stimulation

Pepsinogen is released by exocytosis in response to:

parasympathetic stimulation or when there is acid in the stomach




Cell Types of the Gastric Mucosa

A0S @
source Substance stimulus function
secreted
Mucous neck cell | mucus Irritation of mucosa [\barrier
— . . . .
WIS MCOT bicarbonate Secreted with Buffers gastric acid
— Cmucous)

Parietal cells Gastric acid g Acetyl%}cl)line, Activates pepsin,

—_— (&) gastrin; histamine kills bacteria

Cakviaste el | Intrinsic factor Complex with vit.
(octor B12 to permit

absorption
D cells Somatostatin Acid in the stomach | Inhibit gastric acid
secretion
G cells Gastrin Acetylcholine, Stimulate gastric
peptides, AA acid secretion
Enterochromaffi | histamine Acetylcholine, Stimulate gastric
n-like cell gastrin acid secretion
Chief cells Pepsin(ogen) Acetylcholine, acid, | Digest proteins
— secretin :
Gastric lipase Digest fats




Lumen of
stomach
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Interstitial
fluid

@70 +C, ——
o

CIL NN
Peral @ I

N2 Y?"-‘; channels St e 3_,_!)

Bo90s>
H PumP — on limd sorbee CIT
RO P —> om Rasolatevel  swdoc .
L vt QWMU@O}V
@\oJA)

oliZ ol yS el 2 Y

Parietal cell secretes
hydrochloric acid.
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Figure 21-6



Fhases OT gastric secretion

There are 3 phases to gastric secretion:
- == CEPHALIC PHASE

Moty v * Cephalic phase (pre _ gosiric ) —» &2d) LI dSBideslo

9mﬁv{nJ‘d—-"- ﬂa et {fa:) _J__'&—" v’d\ u-'l/ 8"'.'““‘"

s Gastric phase F orthoughts o food
el 4

C)"L_“L o | lz NS0 &

{‘ts—fvsd's.—) * Intestinal phase CpPsst - 925710 N
Cephalic: This secretion occurs before the food enters the T

stomach - especially as it is being eaten

_—

* Itresults from sight, taste, smell or thought of food

i) s

Newvs

e Stimulus for secretion comes via parasympathetic SCLS,——-
signals via the vagus nerve which receive signals from %}
Q’:DF""‘W“”J )
the cerebral cortex or appetite centres of the brainstem | W
T Naguws e

and via submucosal plexus (enteric nervous system)
A — i QQMQ( S‘jvx/"}
? X / // m - J
i X > sk | ST
: e L RN PRSIV
QQQ_N\L)’\"}

¢ This makes up 20% of the total gastric secretions that cerbr:
v
occur during a meal hoyfo Hroloms  Jier
Y

e Stimulation of gastrin release by G cells bm"" ster~ N’
Cemime navem S99 700 G Shpmatle 31 1, omn o Parmsuyvx/d)\ \jar



Duration: Long (3-4h) ,
o o §TEP ) GASTRIC PHASE
e This occurs one food enters the stomach - due to the

stretch of the stomach ~ (fastric  Plhouy )

Mechanism:

G)
Neural: - hee o
e RaE 05 SO sion = Ml G I M i ot
U «)Stretch receptor: Food stimulates parasympathetic signals
Sensor S to be sent from the brg n via the vagus nerve. It also causes

VN0 W

Rroin A stimulation of the local yenterlc and submucosal plexus .
|
to stimulate/parasympathetic nerves deskrsion pg, 4 @
y w2 Vil 8
(}g()’(c}tpj Y9 Stimulation of chemoreceptors as PH changes. ococsptay }

4
Hormonal: stimulation of gastrin = chuwrecepioes £25 Peprids St , <yt

Qara S‘jws{)\f'fli IWE08 Qa5 P s 23 CRorasqud®) mearon shimnlebsVys o o
Local: release of histamine e Clhmnign I~ Ve (7>
] ) RIS AN P T . o
Action: Increase acid and pepsinogen production, increase
J, d—o—ﬁ )Dj"p _

Yw;\jev\\-@\f" c motility and inming wave

2 s waase This forms 70% of the total gastric secretions that occur with a

e
D\exun meal



A semsion ST — AMQ}V\M 3 _(; Chyme 2\ 32;;@
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Inhibition of gastric secretion

e Occurs due to the presence of food or acid in the SMALL INTESTINE

e Turns off secretion through a reflex called the reverse enterogastric

reflex which causes the myenteric plexus to increase sympathetic
stimulation to the stomach
e Also can occur due to irritation of the intestinal mucosa or the presence of
acid, fat or protein breakdown products in the small intestine

¢ This causes the release of intestinal hormones such as secretin which

\stops stomach secrefion
* Gastric inhibitory peptide, vasoactive intestinal polypeptide (VIP) and

somatostatin can also be released which help to inhibit gastric

secretion



Stomach emptying

The amount of chyme that exits the stomach is controlled by several factors:

¢ The pyloric pump - This is the increasing peristaltic contractions from the antrum of the stomach that forces
chyme through the tight pyloric sphincter at high pressure
¢ Increased food in the stomach = increase emptying from the stomach.
¢ Increased emptying is caused by stretching of the stomach which stimulates the myogenic nerves
and increases the pyloric pumps working

fehoradion 2 w\’w\\mhg \ro%.l ‘gﬂ\:e/rs (nediakd ty \FP%N‘GB Esewd—\'n.

¢ The pyloric sphincter gosic Mdbitony  Pepid

Cowktickiong Anolinergic \1@\ ol Qoer wpadhatic Ebev-, hovmane ek
e This is normally contracted - so only a smal lumen for t%od to move through is present

e This small lumen still allows water and other fluids to exit the stomach easily

—_—

¢ The contraction means that food cannot exit the stomach until the food particles have become

properly mixed in the chyme to a fluid like consistency

e The pylorus is supplied by both sympathetic and parasympathetic nerves and can be made to

constrict further or dilate o
e When there is increased stretch of the stomach the myogenic nerves prevent the pylorus from ;

constricting — therefore dilates and increases the lumen for food to pass
e———




Stomach emptying

Stomach emptying can also be decreased
e This occurs if the volume of chyme entering the duodenum s too much, the duodenal mucosa becomes

irritated or the chyme has a low pH due to a lot of gastric secretions.

¢ Neural control
C-)‘ Sending local inhibitory signals from the duodenal nerves directly to the stomach nerves
¢ By sending afferent signals to the brainstem which sends back efferent inhibitory signals

-

e Hormones can also affect emptying

¢ Cholecystokinin (CCK) is released from the jejunum when there is a lot of fatty substances in the

chyme. This decreases the work of the pyloric pump and increases the constriction of the pyloric
—

sphincter. (Gastrin increases the pyloric pump and cholecystokinin decreases it)
—

e Secretin and GIP also decrease emptying
——
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Regulation of the Stomach Digestive Activities

Food

l

Amino acids

or peptides

| Pepsin H F'epsinogenJ-—

[&5:] Input via
vagus nerve
Gastric mucosa
Sensory
neuron
G cell
Gastrin
42
« D cell Somatostatin F----- L
ik -
=,
;|| Enteric
Sensory ;|| plexus
neuron
S i
cell e mmmm e Hh———

Food or cephalic reflexes
initiate gastric secretion.

Gastrin stimulates

acid secretion.

Acid stimulates short reflex
secretion of pepsinogen.

Somatostatin is the negative
feedback signal.



