Gastro Intestinal Tract

* GIT Is an organ system which takes in food,
digests It, extracts energy from food and expels
remaining waste as feces.
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 Digestion:

* Process of breakdown of food macromolecules into
smaller molecules with the help of enzymes.
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GASTROINTESTINAL SYSTEM

Parts:

Mouth

Salivary glands
Esophagus

Stomach

Liver

Pancreas

Small & Large intestine

Salivary glands

Oral cavity Pharynx

Oesophagus

Liver -
Gall bladder

Stomach
Spleen

Pancreas

Large intestine

Small intestine




Structure of GIT wall

1. Inner most — Mucosa Tutics
2. Submucosa Rk
3. Muscular Layer ooz Musculars (outer layer)

4. Outer most -- Serosa =1 Musculars inne)

mesentery




Structure of GIT wall

1. Inner most —
Mucosa

- Epithelial layer
- Lamina propria

( glands, blood vessels,
lymph nodes)

- Muscularis mucosa

( thin layer of smooth
muscle fibers)

Serosa

~ Peritoneum

~ Connective tissue layer

Myenteric plexus

Enteric plexus
Submucosal plexus

Submucosa

Gland in submucosa

Duct from gland

Mucosa

™ Mucous epithelium

™ Lamina propria

\ .
Muscularis mucosae

layer

~ Circular muscle layer
~Longitudinal muscle

Lymph nodule



Structure of GIT wall

Lumen of gastrointestinal tract
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Structure of GIT wall

2. Submucosa

- glands,

- blood vessels

- Lymphatics

- Meissner’s nerve plexus

Mesenfery
Blood -
vessels // Za

Nerve

Serosa

~ Perifoneum

~ Connective fissue loyer

Myenteric plexus
Submucosal plexy

} Enteric plexus
3

Submucosa

Glond in submucosa

Duct from gland

Mucosa

™~ Mucous epithelium
™~ Lamina propria

™Muscularis mucosae

s

= Circular muscle loyer
~Longitudinal muscle

loyer

Lymph nodule



Structure of GIT wall

3. Muscularis Layer

- Thick layer of smooth
muscles.

- Inner circular smooth
muscle

- Outer Longitudinal smooth

muscle

Lumen

Blood

vessels mucus that lubricates

_ Land protects the Gl tract,
Lymphatic /
vessel

Nerve

7 N

The mucosa Is a mucous
membrane that lines the
Gl tract and secretes

The submucosa is a layer
of connective tissue that

| contains blood vessels,
LIymph vessels, and nerves,

-
The muscularis is made up
of two layers of smooth
muscle—one circular and
| one longitudinal,

The serosa is a connective
tissue covering that
secretes a fluid to
lubricate the outside of
the Gl tract,




Structure of GIT wall

3. Muscularis Layer

- Between two muscle layers.
- Is a network of nerve fibers|

- Myentric plexus
(Auerbach’s Plexus)

lumen

mucosa

(mucous

membrane
layer)

submucosa
(submucosal
layer)

circular
muscle

muscularis
| (smooth
muscle

layer)
longitudinal
muscle
serosa
(serous

membrane
layer)




Structure of GIT wall

4. Serosa

- Outermost layer
- Connective tissue
- Attaches gut to

surrounding structures.

Mesenfery

Blood A

vessels \ /’ \

Nerve

Serosa

~ Perifoneum

~ Connective fissue loyer

| Lamina propria

Myenteric plexus

Enteric plexus
Submucosal plexus

Submucosa

Glond in submucosa

Duct from gland

Mucosa

™~ Mucous epithelium

™Muscularis mucosae

 Musculors

= Circular muscle loyer
~Longitudinal muscle

loyer

Lymph nodule



Nerve plexus with in the gut

(Intrinsic Innervation)

 Meissner’s Plexus (Georg Meissner)

controls

- digestive secretions from glands

- Blood flow to gut

« Myenteric Plexus (Auerbach)

controls

- Contractions of smooth muscles

- Motility of gut
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Digestive system Functions

duodenum

\

Jejunum

ileum




Enzyvme classification

Carbohydrases

Nucleases

Proteinases

Lipases




\9

FUNCTIONS OF MOUTH
Ingestion of food
Chewing of food
Mixing the food with saliva
Appreciation of taste of food
Transfer of food to the esophagus



MAJOR SALIVARY GLANDS

Parotid
glamd

Sublingual
gland

T Submandibular
gland




Composition of saliva

 1000-1500 ml/day

* Water -99.55%

* Solids- 0.5%

* Specific gravity: 1.002-1.012

Inorganic substances Organic substances
Sodium, potassium, Ptyalin (Salivary amylase)
bicarbonate, chloride, Lingual lipase by Ebner’s

glands
bromide, phosphate Mucin, lysozymes,

Thiocyanate ions




 Ptyalin function is pH specific

* Doesn’t function in highly acidic medium

starch,

- | Salivary g-amylase

y

‘ Maltose ‘

Functions at
a Ph of 6.8

» Saliva contains — Lysozymes & T

/7

Thiocyanate

l

niocyanate ions

Bactericidal

function




Digestion In stomach

Bolus mixed with gastric juice.

Remains for 3 -4 hours
Peristaltic contractions of stomach.

l Complete terminal

antral contraction
Converts bolus to semi fliud chyme




Esophagus

First wave Chyme

Pyloric Q

Body of stomach
sphincter |
——

More

solid
. chyme
\\21, ~ 4
e — Second wave
Duodenum -
Pyloric f“ﬁ:,e First wave—‘
region

chyme

Digestion in stomach is by gastric juice secreted by
astric glands and aided by peristalsis




Gastric Mucosa

* |nvaginations of gastric mucosa

7
Gastric Glands Gastricpis
 Types of gastric glands =
cardiac u" q-‘s I‘
glangs &
Pyloric 8
glands §
Main L
——| Gastric
lands :

Kb)




Cardiac Glands

Main Gastric
glands

Pvloric
glands

Secretes — mucus

Oxyntic glands

MUCUS,

Gastrin

Mucus, Hcl, Intrinsic factor of
castle, Pepsinogen, gastric

lipase, histamine

(Gastric Glands

cardiac glands

pyloric glands

body
or corpus

principal or
—~ corpus-fundic

Pil e - i ..
Junction of gland ; .
and base of pit p : ,

ILamina propria - | '/‘. |
nds <Fg Ol

Muscularis Dy
mucosae

L
(stem cell compartment)

S o ) Parietal cells
S Y = i_—] (acid, intrinsic factor
{ =2 S29Y secretion)

i secretion)

(pepsinogen secretion)

glands

thromaffin cell (ANP

_—Surface
3 ¢ mucous cell
ZONE) | ¢
L& | | =—Mucous
.. neck cell

G cell (gastrin)

~ 7D cell (somatostatin)




Cells In Main Gastric

Distribution of
(Gastric Glands

gland

—_Gastric Pit
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SURFACE MUCOUS CELL
(secretes mucus)

MUCOUS NECK CELL
(secretes mucus)

Lamina
propria

PARIETAL CELL
(secretes hydrochloric
acid and intrinsic factor)

GASTRIC ——
GLANDS

CHIEF CELL (secretes
pepsinogen and
gastric lipase)

ECL cells
( secretes Histamine

Muscularis —__
mucosae =
Submucosa




Composition of gastric juice
2 — 3t /day

Water - 99.559%0
Solids- 0.5%

pH: 1- 3.5 (acidic)

Inorganic substances: Na*, Cl-, K*, Mg*, H*,
Hcl, HCO3:, So,*




Composition & Functions of gastric juice

Organic substances

1. Pepsonigegn =—> Pepsin
Hcl activates

2. Renin/ chymosion - present in infants and animals (curdles

milk)\

casein protein———— calcium paracaseinate

3. Gastric lipase === milk fat tributyrin=———p fatty acids

4. Gastric amylase =————oy onstarch
5. Mucous — gel like , lubricates food & coats the mucosa.

6. Intrinsic factor of castle =——p| Absorption of vit B,

7. Gelatinase =% | acts on meat proteoglycans




Intrinsic Factor of Castle

* Source : Parietal cells in fundus
of stomach.

 Function: Absorption of Vit B,
from terminal tleum.

 Deficiency : Pernicious anemia




 Enterochromaffin cells

e Secrete Histamine, seretonin

l

Stimulates parietal cells
for Hcl secretion

gastric aci
(HCI)

basolateral tubulovesicle
membrane
apical
membrane
secretion H:
O , [ histamine —»
stimulation of
histamine release
—_— | _'H
secretion CCK2
(CCK-B)
[vagus nerve]| ——» [acetyicholing ——>
secretion
M3 .
" Ht,K*-ATPase
gastric parietal cell

GASTRIC PIT
SURFACE MUCOUS CELL
1 (secretes mucus)
% &
. l,’rr-w: §r MUCOUS NECK CELL
Lamina A \;3 '_.-: (secretes mucus)
propria ' xﬂ [ o
SRS
o E\ PARIETAL CELL
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o
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A el &
! ;’.E\f“r’ | CHIEF CELL (secretes
'/L\ =] ;l.' pepsinogen and
1 r_\ L;;.'.g_' gastric lipase)
/f f{c*‘j‘)?\-\':: .
e (0
;‘\ /4 a, ECL cells
i ' ( secretes
Muscularis . . .
Submucosa




0.

ACTIONS OF HCI

Bacteriolytic action
Activation of Pepsinogen
Denaturization of the proteins
It causes the acidity of the chyme ==

It provides the acid medium for the action of
the enzymes.

Iron released from the organic compounds are
converted from Ferric to ferrous form.




Hormones secreted by Gastric glands

Gastric Glands

cardiac glands

Main Gastric glands Pvloric
Oxyntic glands glands

pylaric glands

hody
or COTpuUS

principal or
—= corpus-fundic
glands

_ histamine _
Cardiac Glands 2 G cells —Gastrin
. ! D cells - Somatostatin
seretonin

‘j’”’ %) (=surface
S) . 0 mucous cell

54[ & e
ZONE) | &
¢ | | =—Mucous

Pil

D Ik W ¥ neck cell
Junction of gland ; R Y 8

and base of pi p "

JLamina propria : 1 %
9.9p 040
nds <Fg Ol
e FA y '

Muscularis -2

— G cell (gastrin)
7D cell (somatostatin)

thromaffin cell (ANP

mucosae Cardia




Peptic Ulcer

Definition :
- Breakdown of mucosal- epithelium of stomach/ duodenum
due to digestive action of gastric juice.

e Cause :

1) Reduced ability of mucosal barrier to produce enough
mucus & bicarbonate ions to prevent irritation by gastric
secretion.

Mucous Layer HCO3 HCO4
l % Mucosal Sudace~pH7 t
WV I\ "Tu,r M ’J N
o 3

2) Hyper secretion of gastric acid




» Absence of Hcl secretion — Achlorhydria

Gastic juice does not have carbohydrate digesting
enzymes

Oxyntic cells of gastric glands{ :

l

Intrinsic Factor of castle

l

For vit B, absorption in ileum

stomach

intrinsic factor

terminal ileum




Digestion In Intestine

« Chyme Is mixed with 3 digestive juices

1) Bile juice

2) Pancreatic juice

3) Succus Entericus




LIVER

Left lobe

Falciform ligament

Hepatic artery

Vena cava
Portal vein

HEPATIC LOBULE:

Portal area
Central vein

PORTAL TRIAD:

Hepatic artery
Portal vein
Bile duct

- Largest gland in the body

Liver tissue is divided
Into hexagon shaped
lobules seperated by

connective tissue septa

Function: Bile synthesis

|

Choleresis



« Adigestive juice secreted by hepatocytes.
Drained in to bile canaliculi.

~

° l r
'—e R. hepatic d.

L. hepatic d.

Common
hepatic d.

Cystic d.

Common
bile d.

Distal common
biled.

Inter Lobular
ducts

1 O I

Rt & Lt hepatic ducts

1

simuscid

Common Hepatic
duct

cystic duct

Common biie
duct




Bile Juice

« Secreted by Hepatocytes.

 Drained via hepatic duct to
Gall bladder.

* When chyme enters
duodenum bile is released
from gall bladder

R. hepatic d.

\ L. hepatic d.

Common
hepatic d.

Cystic d.  —
bile d.

Distal common—;
biled. 4/




GALL BLADDER

 Pear shaped dilated sac.
e Capacity — 50 — 60 ml

 FUNCTIONS

- storage & concentration of bile in
Interdigestive phase.

- MUCOS& absorbs Water, NaCI, HCO3- Perimuscu!ﬂrfihrnustissueﬂ\;_%}f ’

=l
W - =" Bils

Gallbladder -

Gallbladder
T B {cut) |

duct

.. f L
| ;:,-' _-"' - "! - =
b
Lamina prﬂp:ia—-—i!-—li Y. '
| 7 .
\i !

Muscularis —T | .

Epithelium

Serosa

- Reduces Bile ph. [8.6—> 7.6]
- Mucosa secretes mucin to lubricate chyme.

- Organic constituents 5-6 times concentrated

- Makes bile thick, viscous & dark colored.




 Colour : golden yellow
Volume : 600 — 1000ml/day
Ph: 7.8 — 8.6 (alkaline)
92% water

« Composition :
Organic In organic
-Bile salts — 6% - Electrolyte
*Bile pigments- 0.3 % ( Na*, cl-, HCOg
*Cholesterol- 0.9 % Ca?")
» fatty acids — 0.3% \Water

o[_ecithin — 0.3 %



Cholesterol

Liver

’ Cholc acid
L Primary bile acids K
4 Chenodgoxycholic acid

Intestinal bacteria

Deoxycholic acid
{Secondary bile acldsK
Lithocholic acid

Glyco cholicacid
&
Tauro cholicacid

l Combines

Sodium & potassium salts

N

Sodium &
Potassium
glycocholate

Sodium glycocholate
sodium taurocholate




Functions of bile acids

Bile Acids, Lecithin helps in digestion & absorption of

fats
Intestinal lumen Epithelial cell layer Lacteal
Fat globules 0
(i
v / UL Mioeles
o/ Free faty acids
: 4y : 8
vy (monoglycerides) * g ==
t ¥ — Ny
! 0‘-.‘ Digestion . :gn -
', Enuson TP '
. droplets g !
2}
Bile Bile NE —
salts salts "
Bile
salts




Digestion of Fats

Bile salts surrounds fat

Reduce the surface tension of
fats.

detergent action of bile salts
breaks large fat molecule to
smaller droplets.

Emulsification

Thus Increases the surface area
for the action of intestinal
lipolytic enzymes

C\iﬁ. Ay
;o;oda' \_;/ —:D Q?}) Y
emuleifer ! / A\)




Emulsified fat

Intestinal Includes lipases

n In - - -

L.es §  from pancreatic juice
[ . i ..
pases » from intestinal juice

. n .
Fatty aCIdS monog cherldes Intestinal lumen Epithelial cell layer Lacteal
Fat globules —
(pids) . ~
Miges = TOWN
Y Frepfatyacids .y &=
'y (monaghycerides]  $w S t
+ 0|. + ‘I r
v Yy Digesion -
n ¢ A B n.. — Tﬂgwm
', Emusion Lo =
' (roplets i X
. - ¢
Ble Be a0 SRR
salls salls 1 - Chylomicrons :
o = {}
s S Seoretory [ B
O s m e




Intestinal fat absorption

* By forming Micelles

Intestinal lumen Epithelial cell layer Lacteal

Fat globules
(lipids)

)
¥ ’_.
+ —p ¥ —p

; Digestion

.’ by lipases

*.  Emulsion
. droplets

Bile
salts




0 Hydraphilic head

Intestinal fat absorption

Hydrophobic tail

By forming Micelles

They are spherical 0 lobules esinl en Eiel el Lokl
- I I Fl ks = 1 I
3-6 nm In diameter o = 0 B
Formed by 20 — 40 bile salts . L
- - Fog ey aits ¢ ¢
Hydrophobic — combines : " s 1y SR ‘
: i
with fat | "ll Digsion t ::s \-Tn'glycarids
- p- - - -yl ' - 4.
Hydrophilic projecting | - ks '
outwarc Bi'|e TR _ U\
Monoglycerides & fatty acids| * “ o SN N
in its core . 5 mf 7l




the cell.

portal blood from ileum

Fat Absorption

Bile salts of micelle remains In intestine
Later gets absorbed into

When Micelle contacts intestinal epithelial cell membrane.
Fat digestion products & fat soluble vitamins diffuse into

Fat globules
(lipids)

_ _ _ +
Bile salts helps in absorption of fat soluble !
vitamins like A,D,E K X

Bile
salts

Intestinal lumen

Miceles
& Freefattyacids w g
' (monogycerides) | #w ==
LT + ]
¥y Digestion - e
" jaf -
Emulsion ks g!
droplets L -
i -
Bile gal &=
salts "
Ble =
sats ==

Epithelial cell layer

\—Triglycarida

]IM". J
) N ¥

Chylomicrons

7 f
Secretory ([

vesicle



LIVER FUNCTIONS

SYNTHESIS AND STORAGE OF
AMINO ACIDS,
PROTEINS,
VITAMINS

AND FATS DETOXIFICATION

BLOOD
GLUCOSE
REGULATION

\ + BLOOD

BILE CIRCULATION
DRAINAGE R AND FILTRATION

LIVER FUNCTIONS




1. Secretary Function :

Bilem  fat digestion &
absorption

2. Metabolism

- glycogenisis, gluconeogenesis, |
glycogenolysis , lipoprotein synthesis. | =usi=

3. Detoxification = _!,;:

P e P et

"—--

 Kupffer cells removes bacteria

* Detoxifies drugs & excretes through
™ ' ‘;i ’\‘,

bile R P

FDP HS CoA PALP

4. Storage & synthesis —“r o

Storage - Glucose, vit A,D,E,K, vit B12, i -
iron, copper, molybdenum =

Synthesis — Heparin, vit A \ / .




 Liver sinusoids — Kupffer cells

Ingested pathogens
In_Intestine oo

Branchof
Portal Vein

Reaches liver via -
portal vein

Destroyed by
Kupffer cells

Hepatocytes

Hepatocyte

Central Vein

(feeds into
hepatic vein)

Sinusoid

Short
gastric veins

Left, right
- gastric veins

Portal vein '
= Gastro-

Veins from epiploic vein

 Inferior
mesenteric

vein

——— Superior

O Sinusoidal endothelial cells
T ——

descending
& sigmoid colon can

——-
3 ©
= i T — . Veins from
2 - - Kupffer cells ascending
‘5 colon vn;tiz:enterlc
A
- —
g5 8 % %‘“--"- Stellate cells
S B
Y - . ) " Veins from




Gall Bladder

 Pear shaped structure

e |Inferior surface of liver

 Storage and concentration of bile.
« Gall stone:

- cholesterol, calcium carbonate
- btlirubon A
* Treatment — Lithotripsy 1% 7N
-cholecystectomy = - &4

002 WiehMD, Inc. All rights




GALL STONES

Cholelithiasis/ cholecystolithiasis
Cause : Precipitation of Cholesterol in bile
cholesterol : bile salts - 1: 20

Hepatic duct

When ratio < 1:13 e’ h -

l

Cholesterol
precipitates
forming stones




Pancreatic Jmce(\’ée,

body of pancreas
bile duct
accessory pancreas duct

head of pancreus

duodenum




PANCREAS

 Accessory digestive gland

 Location : Retroperitoneal

e Parts :

| (
T Yo

{ . Y
| ' ) f'.:" i ~
' J v‘
|
]
[\ y l‘
! ( . &
N, Tl v
i
Y .'-, !
! W \
x |
|

Duodenum

() Healthwice, Incororated




Functions of Pancreas

* Exocrine:
secrete pancreatic juice

e Endocrine:

secrete Insulin,
glucagon, somatostatin




 Pancreatic Ducts

» Duct of wirsung

* Wirsung + CBD

Ampulla of Water

Gaurded by

Sphincter of Oddi

Bile duct
from liver

Duodenum

/' .\'/ \ R G /3

Stomach

Hormones
(Insulln,
glucagon)
Blood
/ | '-‘?_.""-, " 2 [7..

Endocrine portion
of pancreas
(Islets of Langerhans)

Figure 16.13

The glandular portions of
the pancreas are grossly

W




Pancreatic Juice

Volume : 1200 — 1500 ml/day

Colourless fluid

Highly alkaline —-Ph 7.8 — 8.4

Due to

High conc of HCO; 1ons

Duodenum

I Figure 16.13

Bile duct
from liver Stomach

/

Endocrine portion

of pancreas
(Islets of Langerhans)

| The glandular portions of
rtion of pancr the pancreas are grossly
exaaaerated




Composition of Pancreatic Juice

* 96 % H,0 + 4% Solids

T,

Organic In Organic

l \

Pancreatic Amylase Na* K+
Pancreatic Lipase Ca2*, Mg?*

Pancreatic Protease A
Trypsin Inhibitor HCO*, CI




Functions of Pancreatic Enzymes

starch glycogen

Pancreatic
amylase

Amylopsin

Disaccharides



Proteolytic enzymes

Inactive when Enterokinase of small intestine o e#:;:r,:s

secre'tred activates tripsinogen ".‘{i;:g; Trypsin
trypsinogen > trypsin | ¢ A
chymotrypsinogen chymotrypsin

procarboxypolypeptldase —_—>
Carboxypolypeptidase




protein

trypsin

1 <

peptides

Milk casein

chymftrypsin

—

.

Amino acids

para casein

Carboxypolypeptidase




~—@

F_’ancreatlc fats . Fatty acids and
lipase

monoglycerides

glycerol

Steapsins




Trypsin _Inhibitor

» Secreted by Acinar cells .

* Prevents activation of trypsin in the pancreas

* prevents the digestion
and other enzymes




Regulation of Pancreatic secretion

* Entry of acidic chyme to duodenum g omta sl X

phases, stimulation by
J/ vagal nerve fibers causes

release of pancreatic juice -

I Pancreatic secretion

@ Acidic chyme entering
duodenum causes the

By releasing two hormones ool
from duodenal cells oottty [

protein-rich chyme induces
release of cholecystokinin

\ {
‘ )
‘ y . &
v 02 4
A O~ =
3 ! ' ~ .—" L
‘ (@) Cholecystokinin  {s "\ o220 o °
A and secretinenter e\ A ¢ ,° = \
4 (R, AW o
i bloodstream o\’ 7 @Upon hing the
o .
K ?

Secretin cholecystokinin o

o/. -}. Uiy induces the secretion of
° /__°_ enzyme-rich pancreatic juice;
e o % .~,' oW . PSR

@  secretin causes copious

\L \L ’ mo;ub:.nmﬁd‘
Acetylcholine (Ach)
ITHC03- secretion Tenzyme secretion | < __released by vagus nerve




Small intestinal secretions

« Between adjacent villi

l

crypts of lieberkhun

Intestinal glands




Intestinal juice/ Succus Entericus

1800- 2000 ml/day
Transparent yellowish fluid
Alkaline pH (7.5-8)

Water — 98%

Solids-organic , inorganic malnestne




Succus Entericus

Organic Inorganic
; S\_ctlva}tmg enzymes > Sodium
»Bicarbonates
» Mucus by Goblet cells
Enzymes a8

*Enterokinase

*Sucrase, maltase, lacatase
Amino peptidase, dipeptidase
Lipase

Hormones

Secretin, CCK-PZ,
Enterogastrone, VIP ,GIP

Nutrients

Anoikis




Enzymes :
1. Activating Enzymes

- Enterokinase
activates pancreatic trypsinogen

2. Digestive enzymes
- sucrase, maltase, lactase —— disacch —— monosacharides

- amino, dipeptida{ peptidg;amino acids

Erepsins
- Intestinal lipase fats fatty acids,glycerol




Amylase

Starch —>

alpha dextrins

\L\A}mylase

Maltase
Maltose > | glucose + glucose
Lactase
Lactose | —/——
glucose + galactose
Sucrase
Sucrose | ——
glucose + Fructose

Nucleosidase

Nucleotides

>

Pentose + Nitrogen
bases




HORMONES

SOURCE

ACTIONS

GASTRIN

G - Cells 1n stomach

Increases
-Gastric juice
- Gastric motility

CCK -PZ

| — Cells of duodenum,
jejunum
Stimulus- acidic chyme in

deuodenum, fat and protein
breakdown products in

chyme

SECRETIN

Succus entericus
- enzyme rich pancreatic
juice
- contraction of gall bladder
to release bile
- Intestinal motility

S — Cells of duodenum ,
jejunum

-l Alkaline watery pancreatic
& Dbile secretion




\ A Vagus nerve
J NV (vagovagal reflex)
|
/
Intrinsic /
factor /
" [
+
\ H Fat
) protein
/ §
/ / 4 \\ 5

Pepsinogen

N s cells
Mucus 0 / H o
Chief 9

4 \ cell $ FAS\ / b 4 K o~
[ wr . cells A 1o e
N Gells | L AAs s ¢ " o
Y, M ] g- lcells O e
~ sk, g i
S .| Peptides ™ [ cells 7 N
Mucous secrein | F;inO W \/To/ =R Len
cells . —/  LOLGT "Wf[/o‘ cells
o sy oy \ , 5]
Gastrin (to circulation) | HCO3 . S T G
| Enzymes | s 5 i 20

G —cells |
\‘

Gall- —£5%
bladder

Stomach|

Acid chyme
Intestinal
juice

Pancreas

Duodenum of
kmall intestine



gastric secretion
GIP mucosa of -1 gastric motility
(gastric inhibitory duodenum,
polypeptide ) jejunum
VIP Jejunum in response | - Intestinal secretions
(vasoactive intestinal |0 fatty meals -~ Inhibits gastric
polypeptide ) juice
Duocrinin cells of duodenum I Intestinal secretions

(Brunners gland)

Enterocrinin

small intestinal
epithelium

- I Succus entericus

Somatostatin

delta cells of Islets of
Langerhans

1 iInsulin , glucagon
from pancreas




Intestinal Phase

Arrival of food in duodenum

triggers release of hormones
that inhibit gastric motility &
secretions.

GIP, VIP, Somatostatin,
enterogastrone

Enterogastric reflex helps to terminate
gastrlc secretion when stomach is empty.

Circulation



Parts of large intestine

Ceacum
Appendix
Ascending colon
Transverse colon
Descending Colon
Sigmoid colon
Rectum

L —— |eftcolic

(splenic)
flexure

TRANSVERSE COLON

Right colic -

(hepatic) S —

lexure #F ; e

‘ / A g - - e
{ ) By 1 1 DESCENDING
SCENDING —— JIi ‘
COLON V’ﬂ‘*‘ : S

lleocecal
sphincter

(valve)
CECUM
‘ \HECTUM
\ ANAL CANAL
ANUS

(a) Anterior view of large intestine showing
major regions

i Teniae coli
o\ |

o‘_?i

)il o 1

L Epiploic

appendages

P 3 Haustra

T,
¥ SIGMOID
COLON




ecretions of LT

ight colic flexure left colic flexure Regions of the large intestine

+ Highly alkaline “Fe, R
» Composition OG0 ] e
- Mucus y

- NaHCQO3 — w9

rectum
\ ileocecal

valve i openings of crypts
r taeniae <

appendices
descending colon —

- Chloride ions 4 B .

- Wate r external anal sphincter ——y | | :}anal canal

internal anal sphincter

qoblet cells

' '
o | % crypts
muscularis Mucosae ———————t—or g 4

/ ’ . Z — 5erosa
submucosa .//
circular muscle layer v

longitudinal muscle layer

N 2003 Encyclopadia Britannica, Inc.




Functions of LI

Absorption : water, electorlytes.

Synthesis: production of some vitamins (vit K, B —comp, vit K,

folic acid)

Excretion : waste products (mercury, lead)

Formation of Feaces

Defecation

H,0
T ——

Na Rt H0
=
1¥-
|II s
[ HO

' Acfive transport
L Diffusion

Dsmosm" I NG s Na {142 mEglL)
| \ E0mEqL)
}HHD-I‘. mmmme=- H.0

Na Y R A 40



Bacterial Flora of LI

Good and Bad Bacterial Flora

 Stagnation , low oxygen
tension favours bacterial
growth .

BIFIDOBACTERIA ESCHERICHIA COLI LACTOBACILLI
The various sirains help to regulate  Several types inhabit the human gut. Beneficial varieties produce
levels of other bacteria in the gut,  They are involved in the production vitamins and nutrients, boost
modulate immune responses to of vitamin K2 (essential for blood immunity and protect
invading pathogens, prevent clotfing) and help to keep against carcinogens.
tumour formation and bad bacteria in check.
produce vitamins. But some strains can lead fo illness.

e Harmless : - E.coli
-enterobacter aerogenes

CAMPYLOBACTER ENTEROCOCCUS FAECALIS CLOSTRIDIUM DIFFICILE
C Jejuni and C coli are the strains most A common cause of Maost harmfull following a course of
commonly associated with human disease.  postsurgical infections. antibiofics when it is able fo proliferate.

Infection usually occurs throught the
ingestion of contaminated food.

- Harmful :gas gangrene bacilli

/ rolonic flow-through 24-28 hrs

polysaccharides
colonic
~ flora
N v
T colonic
fermentation of
polysaccharides

intestinal fe{menlauon
cellsy bi-products
absorbed




Significance of Colonic Bacterial Flora

1. Synthesis : Vit C, Vit B group ,folic acid , Vit K,

- Indole , skatole — faecal odour

2 Convert bile pigments ———> Stercobilinogen , urobilinogen

3. Production of intestinal gases (7-10L/day)

Imparts colour
to feaces

Imparts colour
to urine

!

breakdown of undigested nutrients

|

600ml/day is released
out




Summary of Digestion & Absorption

 Absorption mainly occurs in ileum of small
Intestine by intestinal villi.
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Blood vessels 4O}
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CHO digestion

Small
intestine

Starch

Salivary a-amylase

v
1 Maltose |

—

*v* Pancreatic a-amylase

‘ ~ Starch ---- maltose, '
sucrose , lactose

Brush border
enzymes

Intestinal ' X Al :
lining Monosaccharides in . %o e e —————
and [ese e, 113138 18 bk 19373213131
blood stream o scoartine

(o)

: icose (e
% Qn OC Qg d)oo
R TR £ £EE s SEEPE




CHO absorption

Srusn Basoatera
barder membrane
) o 3Na
MNa* -—-- - : - ATF
” -
GluCOsSa = SGLT —_— 2
Or '-7 . A
o~ - K- :
fGalactose '
el Gluccse
- Galactose —e GLUTZ —e
= Fructose
o p—— - . "
e A
B —

Glucose, galactose --- sodium dependent active transport
Fructose --------- Facilitated Diffusion




DIGESTION OF PROTEINS

Autocatalysis

t ] Digestion
Pepsir{ogen —  Pepsin W
A . .
[ - Pepsin in presenc of
Frotein l hydrochloric acid
Gastric s
LHGI .-

lame 4 Peptide fragments

Pancreatic enzymes

{trypsin, chymotrypsin,
corborypeptidase)

F 8§ 8 ;‘: ) Brush-border enzymes | ,
¢ §E B 2§ E& (ominopepfidases ond | ERESTAES
Y B : %’ & 6 dipeptidases ’

3 g -, & - e




Protein_absorption

* Na+ dependent

Active transport.

« ATP dependent

Lumen of
mtestme

QOQO

Pancreatic
proteases

Na o
3?00
S Ansative |

\ \epithehal

rve transport
sive transport



DIGESTION OF FATS

Stomach
We Gastric lipase

Insignificant




Digestion of Lipids

Fatglobules
(pis]

i

Ble
salls

Inestinal lumen

Mioales =
\ Fegltyaots 1.4
'y [ronoghences) 4 5=
y' ' I
"W Digsin :.; :
Emsion L /!
dropes !
[
Blle 1L
salls '
Blg
sl

Epithelial cell layer

"4
e Prola
N

S+

\
|
\!
\ l

* Insmall Intestine
1) Bile salts of liver
2) Pancreatic Lipases
3) Intestinal Lipases

Fat globule
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Nonpolar —J& _ pgigr
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i ragions
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Fat droplets
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Pancreatic \

lipase Neutral fat . Fatty acids and
monoglycerides

Steapsins

intestinal lipase fats > fatty acids,
glycerol




Intestinal fat absorption

 Small intestine has villi

 Lipids are absorbed as micellg]

Lacteal In its center

INTESTINAL VILLI

Longitudinal section through a villus

Thin epithelium
- one cell thick to increase
diffusion rate

- microvilli increase surface Blood capilary

area for absortion absorts glucose
Lacteal o
. . and amino acids
(tiny lympatic vessels)
Absorbs fatty acids
and glycerol




Intestinal fat absorption

» Micelles — spherical water soluble droplets formed

by bile salts , phospholipids with fat in the center

Fat globules
(lipids)

Intestinal lumen

Micelles -
' Freefatyacids w4
vy (monoglycerides)  #.w
T + l
*,»  Digestion op
i g
Emulsion chme !
droplets g !
i
Bile
salts I
Bile
salts

Epithelial cell layer

o
"= Protein

e,

+

\Tngryceride

Chylomicrons

vesicle

Secretory |\

Product Micelle

Shell Core (active substance)

30nm







 Lacteal after absorption of lipids

¢ H aS Wh ite CO I Ored fl U id Left subclavian

'! vein : Villus (greatly enlarged)
2 / ,

.
Short Chylomicron
‘ chain [ Y
' /Hm fatyacd 8|
 Chyle " g
‘\ » ey capillary
.‘ \¥ & 4 A

Lacteal

Arteriole




\Water reabsorption

* \Water reabsorbed with

electrolytes
&
water soluble vitamins

H,0
Na ‘ % b b el H,0
\
S
H,0
\ Active transport =
v #(50 mEq/L)
\
\Hzo 4'{' f ----------- H,0
Na V ST, | H,0
_




Vitamin B,, reabsorption

e From Terminal lleum

 With Intrinsic Factor of castle

* Released from parietal cells
of stomach

stomach

intrinsic factor

terminal ileum




Absorption In large intestine

e \Water

Stomach

* Vit — B complex
° Vlt K LARGE INTESTINES
& \
Appendux Small
Friendly intestine
bacteria B ol Rectum / Large
Anus intestine

water I

B




Egestion

» Excretion of undigested remains of food.

n
\
NS o A
. e |
n i
- A A {
. Internal anal sphincter = b
l I l 4
eaCeS IS OW E i <A /
External anal sphincter ———— A d
O~ . .
l/ WP Intersphincteric groove

 Urobilin & stercobilin

« Defecation Is by movements
of stomach, large intestine , rectum &
anal sphincters.

Feces

\REEHMH
Anus




Movements of GIT

* Deglutition

« Segmentation Contractions

)
@ )

e Peristalsis




Deglutition is a process by
which bolus is moved from
mouth into stomach via
esophagus.




Stages of deglutition

1.0RAL STAGE
[voluntary]

2.PHARYNGEAL STAGE
[ Involuntary]

3. ESOPHAGEAL STAGE
[ Involuntary]




ORAL STAGE

- Voluntary stage

- Bolus i1s pushed from oral cavity
Into the pharynx

-Tongue Is elevated and pressed
against hard palate .

- Develops positive pressure in

the posterior part of the oral cavity

- Which pushes bolus into pharynx



PHARYNGEAL STAGE

* involuntary stage

 Bolus is pushed from pharynx into esophagus




PHARYNGEAL STAGE

4 possible exits for bolus

“*back into mouth Nasopharynx

/)

a Oral cavity
(’ﬂ 7 /

“» upwards into Food bolus
naSOpharynX Pharynx

< forward into larynx

Vocal cords

“s*entrance into esophagus Laynx

Oesopha-
qus




BACK INTO THE MOUTH

Tongue Is positioned against palate

|

Raised intraoral pressure

|

Prevents backward movement
of bolus Into mouth




2. Upwards into nasopharynx

Upward movement of soft palate

Pharyngeal phase

v

blocks posterior nares

Soft palate blocks
nasopharynx

Tonque blocks
oral cavity




3. Forward into larynx

* Approximation of vocal folds

* Forward and upward movement of
larynx

 Epiglottis swing back over the
laryngeal opening

Prevents bolus from entering
trachea

- Causes temporary arrest of

Epiglottis

Upper
esophageal
sphincter

breathing.

L% ph\ryngml .
e » constrictor '\
\ | “— .i - ol
( |
\ N | 8 \
1

A\\
‘\\1—:} ,.
\)(\\

‘“
\
\



Frontal sinus _ | *

Nasal cavity ~_

Soft palate -

Hard palate ——

Teeth —

Oral cavity ,,

Tongue —




4. BOLUS INTO ESOPHAGUS

» Upward movement of larynx by
neck muscles

|

Relaxes upper esophageal sphincter

* Bolus enters esophagus

Epiglottis

Upper
esophageal
sphincter




Tongue

Bolus

Pharyngeal phase

Tongue blocks
oral cavity

Epiglottis

Upper
esophageal
sphincter

Soft palate blocks
nasopharynx




Pharyngeal stage of deglutition

Involves co-ordinated movements of soft palate,
larynx, vocal folds and upper esophageal sphincter.

Entire process is involuntary (reflexive)
Called Deglutition Reflex

Time — 2 seconds




What iIs a Reflex ?

* Is an instantaneous movement in response to
stimulus due to neural pathways.

» Components of reflex arc

Stimulus Sensory neuron

Response . _ }
Motor neuron i |
Spinal cord

(CNS)




DEGLUTITION REFLEX

Glossopharyngeal
nerve

Vagus

Stimulus : Bolus Iin pharynx

Trigeminal nerve

Rece pto I'S- Swallowing

center

Mechano & tactile receptors.in | Medis
tonsilar pillars,posterior pharyngeal
wall, soft palate, epiglottis

Pharynx

Afferent — Vv, I1X, X cranial nerves




DEGLUTITION REFLEX

Afferent — V, I X, X cranial nerves

Deglutltlon center-
lower pons & medulla

Glossopharyngeal
nerve

Trigeminal nerve

SwaIIowmg
center

Medulla

H— Bolus of food

Uvula

Epiglottis
) } o

1l / Vocal cords

Peristalsis

Nucleus Tractus solitarius, N Ambiguis




DEGLUTITION REFLEX

Efferent — Motor impulses via
V,IX, X, XII cranial nerves

o | Cranial nerves

Pharyngeal
slage
(Involuntary)

Effect — muscular contraction in
pharynx & larynx

Vagus

I

L

Swallowing
center

Medulla

>

Glossopharyngeal
nerve

Trigeminal nerve

Bolus of food

Pharynx

1

) Uvula
/

Epiglottis

Esophagus

Vocal cords

Peristalsis



DEGLUTITION REFLEX

Glossopharyngeal

Vagus

Stimulus : Bolus Iin pharynx

Receptors- Mechano & tactile
receptors in tonsilar pillars,posterior- |saioving

pharyngeal wall, soft palate, epiglottis Centler
Medulla

Trigeminal nerve

Afferent — V, IX, X cranial nerves
Deglutition center-lower pons & medullgy

[ Epiglottis
-;S / PIg

Vocal cords

Efferent — V,IX, X, XII, cranial nerves

Effect — muscular contraction in
pharynx & larynx




DEGLUTITION REFLEX

Food in Pharynx S stimulates tactile
receptors of pharynx
to Deglutition centre | afferents via sensory
in Pons & Medulla division of V, IX nerve
// \ I
inhibits Motor impulses bl
respiratory centre V, IX.X, X1l [

Medulla F—— Bolus of food
X

Uvula « PI

I . movement of Soft palate

Epiglottis

v
Deglutition e approximation of vocal o

cords , closure of epiglottis >
* esophageal sphincter relax || seosbuct

Vocal cords

Apnea




Chanages in Pharynageal stage of deglutition

Upward movement of soft
palate

- closes posterior nares

Approximation of vocal folds
Upward movement of larynx

Relaxes upper esophageal
sphincter

Epiglottis swings over glottis
Temporary arrest of breathing

Strong wave of contraction
begins in pharyngeal muscle




ESOPHAGEAL STAGE

* Movement of bolus from upper esophagus
to stomach -

* Involuntary stage

* By Peristaltic contractions of
muscular wall of esophagus

Time — 8 — 10 seconds




Anatomy of oesophagus

Hollow muscular organ
Length: 25cm

Upper 1/3" : skeletal muscle
Lower 2/3": smooth muscle

Striated

)‘“
Wragaarew 2

Innervation of muscles
Intrinsic — Myentric plexus
Extrinsic — Vagus nerve




Esophaqgeal stage iIs aided by

two types of peristalsis

—

Primary Peristalsis

Secondary Peristalsis

.
A
.'. ‘P
v L
W
"]‘,q:

Peristaltic//"fﬁ W
wave /7R
./




Primary Oesophageal peristalsis-

A wave of contraction preceded by wave of relaxation

propels the food through the esophagus to ’rhe
stomach s

Is the continuation of pharyngeal peristaltic wave.

Mediated by --- Vagus (extrinsic) Nerve from

deglutition centre. 3o




If the primary peristaltic wave fails to push bolus

Accumulated food In esophagus

Stimulates stretch & tactile
receptors of esophageal wall

l

Stimulation of myentric plexus

Initiates secoLdary peristalsis
Later supported by vagus nerv




\O) Submucosal Plexus
4

Myenteric Plexus

To ganglia and CNS

Sympathetic

Parasympathetic

Sensory nerves from receptors sends signals to
myentric plexus and to medulla




Disorders of deglutition

1) Absence of deglutition reflex

Cause: Paralysis of V, IX, X cranial nerve.

Effect : Regurgitation of food into nasal cavity
Aspiration into trachea.

5Iossopharyngeal

vagus

JFalse vocal cords




2) Aerophagia 2
.~

unavoidable swallowing of air along with food and
liguids

Cause : Reduced tone of upper esophageal sphincter

Swallowed air

St T

Regurgitates to oral
cavity (burp)

passes into colon

N
L~ %y colonic bacteria
Y _Bore

converts it to flatus




3) Dysphagia
- Difficulty in swallowing

EX: - presence of foreign body in pharynx
- Pharyngitis
- Inflammation of oral cavity



http://images.google.co.in/imgres?imgurl=http://offlinehbpl.hbpl.co.uk/news/NIH/020_streptococcalmi.jpg&imgrefurl=http://www.healthcarerepublic.com/rss/clinical/article/765967/Prescribing-sore-throats/&usg=__rgyRSSmQEFsF6FZ2zyVIWNAxGCk=&h=100&w=200&sz=9&hl=en&start=16&um=1&tbnid=BNFlUzROrID4TM:&tbnh=52&tbnw=104&prev=/images?q=Acute+pharyngitis&um=1&hl=en&sa=G

4) Achalasia cardia

- Accumulation of food in lower part of
esophagus resulting in massive dilatation and
Infection of esophagus.




Achalaslia cardia

» Cause:

Degeneration of inhibitory
fibers of Myentric plexus at
lower2/3"d of esophagus

l

Defective release of inhibitory

neurotransmitter - NO (nitri
oxide) VIP (vasoactive intestinal

polypeptide) i

Lower esophageal sphincter

Esophagus

Crural diaphmgm.\

LES doesnot relax

Increased tone of LES




Achalaslia cardia

Disturbed emptying

——— Esophagus

Esophagus
dilates

Esophageal accumulation
for months & years

Lower esophageal
sphincter doesn't
relax

Lower esophageal
sphincter (LES)

Massive distension &
Infection

Normal Achalasia

*



Achalaslia cardia

* Treatment:
1)Pneumatic dilatation

Restored
" flow complete

- Balloon insertion and
Inflation.

completely inflated
Balloon inserted and
inflated, expanding LOS

» Endoscopic injection
into LOS.

Relaxes
LES




5) Gastric Reflux Disease

« LES Incompetence

* Reflux of acidic gastric
contents into esophagus.

« Features: Heat burn
- Esophageal ulcer

* Trt: Fundoplication

Lower
Esophageal

Sphincter (LES)

010§
(\ Nissen Fundoplication
\\\ \/’“\

)
A

Portion of fundus Is wrapped
around lower end of esophagus.
Thus LES is inside stomach




Segmentation contraction

Mixing / Churning movements

Small intestine is divided into
segments 2 — 5¢cm in length

Alternate contracted & relaxed

segments.
Function:

Helps in digestion and
absorption of nutrients.







Segmentation Contraction

on contraction
Recelvmg

Bidirectional mont
propulsiony - Propulsive Propulsive

chyme moves back & forth v\s"g’“e’“ /, Y\Segmem/y \

up fL down MW \ﬁxm / \Elxm(i/

on relaxation of the Segment Same length of intestine later in time
Receiving Receiving
segment Propulswe segment
chyme moves back into the /y \seg"‘e“‘ /y y\
segment




Long transit time helps in thorough Mixing,
digestion , absorption of the Intestinal
Contents



Peristalsis

A wave of contraction
& relaxation of circular
muscles.

 In oesophagus, small
Intestine & large
Intestine.

* Function: Propels food







Balanced diet

Diet which contains nutrients in appropriate
proportions for the normal growth and
development.

Proteins: 1/5 (Body builders)
Fat: 1/5 Energy
CHO: 3/5 producers




Hypercholesterolemia

Excess cholesterol level in blood
Excess saturated fat intake

|_eads to :

Thrombosis
Heart attack




Fluorosis

Excess Flouride intake

Features:
Tooth Decay
Bone decay




Kwashiorkor

* Protein Deficiency
disorder

* Inchildren 1-5 years

-Retarded growth of body and
mind.

- Muscle wasting

- Swelling of ankles, feet, belly

- Enlarged liver

- Immune deficiency.




Marasmus

Severe deficiency of all
nutrients.

Features :

Stunted growth
Wasting of all tissues
Anemia

Infections

Seen In Infants below 1 year.



Kwashiorkor
Above 1 year of age

Deficiency of proteins
only

Extensive oedema

Subcutaneous fat
present

Under weight

Marasmus

Below one year of age

Deficiency of both
proteins & calories

No oedema

Subcutaneous fat
absent

Severely emaciated




Dyspepsisa

* Indigestion

* Features

« Heart burn

« Abdominal pain
* Nausea
 Bloating

To Intastines

'. =" (Fstphagus)

Thiod

L Initaion
b (oo

- Stomach

0 totents (acid,
nzymas}




JAUNDICE

Definition :
Jaundice is a condition characterized by yellowish

discolouration of skin, sclera & mucus membrane due
to increased plasma bilirubin concentration.




« Normal Plasma Bilirubin - < 1.2 mg/dI
(< 25 umol/L)

Plasma Bilirubin > 2.5 mg/dl

disorder

|

Jaundice




JAUNDICE

Normal Liver Liver with Cirrhosis

o Causes :

* Hepatitis
 Liver cancer

» Gall stones
 Pancreatic cancer

Pancreatic Cancer




Constipation

e Defn : Difficulty / failure of voiding of feces.
. Reduced colon motility

Slows faecal movement

. EXCess apsorption of water
Causes : Hard , dry faeces

1. Irregular bowel habit
2. Lack of dietary fibers
3. Endocrine disorders- hypothyroidism , Diabetes Mellitus




Diarrhoea

* Frequent discharge of soft / fluid stools.
* |rritation of colon ----- I/Iass peristalsis

* Causes:
. Infections — amoebic dysenteries

1

2. Presence of irritants
3. Anxiety

4. Thyrotoxicosis




Vomiting (EMESIS)

« Abnormal emptying of the stomach
and upper intestine through esophagus
and mouth.




Stimuli that induce vomiting:

Gastritis
Gastroenteritis
Pyloric stenosis
Over eating
Cholecystitis
~ood allergy
Pancreatitis
Hepatitis o i,

Normal Pyloric

LaCtOSG i N to I erance Anatomy Stenosis




