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General principles of GIT physiology

Objectives:

|. Physiologic Anatomy of the Gastrointestinal Wall.

The General Characteristics of Smooth Muscle.

The specific characteristics of smooth muscle.

Control of gastrointestinal function (ENS).

Functional types of movements in the gastrointestinal tract.

Gastrointestinal blood flow (Splanchnic circulation).
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Effects of gut activity and metabolic factors on Gl blood flow.
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General Principles of Gastrointestinal Function

GIT provides the body with a continual supply of water, electrolytes and nutrients.To achieve this requires:
|. Movement of food through the alimentary tract.

2. Secretion of digestive juices and digestion of the food.

3. Absorption of water, various electrolytes, and digestive products. o cavity Salivaryglands

Pharynx
4. Circulation of blood through the gastrointestinal organs to carry
away the absorbed substances. Oesophagus
5. Control of all these functions by local, nervous, and hormonal Liviar & ormach
systems. Gall bladder Spleen

Pancreas

This Video was included in the slides

@ Smooth Muscle Function
0:54 Rectum

Large intestine

Small intestine

rtue/medicalcentre.com


https://www.youtube.com/watch?v=yzQAgfivX74&feature=youtu.be
https://www.youtube.com/watch?v=yzQAgfivX74&feature=youtu.be
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General Principles of Gastrointestinal Motility

. 2 neuronal layers and 2 smooth muscle layer then submucosa layer (small and gray) has large blood
I. The serosa (outer layer). vessels, large lymph vessels, glands and immune cells. Then small layer called muscularis mucosae
: then laminae propria (yellow area) has capillaries small blood vessels and small lymph vessels then |
2. Alongitudinal muscle layer. t velli (finger like layer) has villi and microvilli useful to increase surface area for absorption and
! secretion there is current secretion at the top of villi and absorption at pits, more villi in small :
intestine where real digestion happens not in the stomach.These layers are from the lower /3 of

3. Myenteric plexus.
esophagus to the anus same layers but variations in type of cells and other minor changes.

4. A circular muscle layer. T Pica Mesenteric artery

5.  The submucosa (has thin neuronal layer with submucosal plexus).

6. The mucosa (inner layer)

» In addition, sparse bundles of smooth muscle fibers, the

mucosal muscle, lie in the deeper layers of the mucosa.

Muscularis
externa

Serosa (visceral
[ peritoneum) A o
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Mucosa is the innermost, moist, epithelial membrane that
lines the entire digestive tract.

(1) It secretes mucus, digestive enzymes, and hormones;
(2) absorbs digestive end products into the blood; and
(3) protects againstinfectious disease.

Consists of a lining epithelium, a lamina propria, and a
Muscularis mucosa.

Epithelium - simple columnar epithelium and goblet cells

Lamina propria - areola C.T. with capillaries and lymphoid
follicles

Muscularis mucosa - thin layer, produces local movements of t
mucosa

Sub mucosa is a moderately dense connective tissue layer
containing blood and lymphatic vessels, lymphoid follicles, and
nerve fibers.

Muscularis externa typically consists of smooth muscle
and is responsible for peristalsis and segmentation.

Contains the my enteric plexus of Auerbach, the other major
intrinsic nerve plexus. Located between the two layers of
smooth muscle, controls motility of the G.I. tract.

Serosa, the protective outer layer of the intraperitoneal
organs, is the visceral peritoneum

6
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Difference Between Skeletal And Smooth Muscles

Nervous control
Neuromuscular junctions

The Neuromuscular Junction
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skeletal muscles innervated by somatic nerve while smooth m are
innervated by autonomic innervation.

There's dilatation around nerve ending away from the schwann cells so
it's easier for neurotransmitters to diffuse.

This Video was included in the slides
Smooth Muscle vs Skeletal Muscle


https://www.youtube.com/watch?v=UNyKlwO23w4&feature=youtu.be
https://www.youtube.com/watch?v=UNyKlwO23w4&feature=youtu.be

The General Characteristics of Smooth Muscle

We only have one type of muscle in the
Gl system (smooth muscle only)

Unitary type (Single unite)

Multiunit type

Most of the smooth muscle in the Gl are unitary type.
The difference between unitary type and multiunit type are in the functions.
All of them maybe longitudinally or circularly.

Can be activated by stretching, always in stomach and small intestine, Stomach always working without even food present.

Contracts spontaneously in the absence of neural or hormonal influence but in response to stretch (such as in stomach and

intestine).
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Cells are electrically coupled via gap junction.
Mass of 100-1000 smooth muscle fibers.
Contract as a single unit, Arranged in sheets or bundles.
Cell membranes are adherent at multiple points.
Many gap junctions that allow ion movements.
When action potential is generated it travel in all directions.

Ex: GIT, bile ducts, stomach, intestine, ureters, uterus, blood vessels.

plakll ouagl

* Does not contract in
response to stretch or
without neural (such as in
esophagus & gall bladder).

* Each fiber can contract
independently.

¢ Controlled mainly by
nerve signals.

Ex : Esophegus & gall bladder.

Other examples: ciliary & iris
muscles in the eye and
piloerector muscles of the
hair.
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Phasic
(rhythmical)
contraction

Periodic contractions followed by relaxation; such as in gastric antrum, small
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Tonic
contraction®
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intestine and esophagus.

Maintained contraction without relaxation; such as in orad region of the
stomach, lower esoghageal, ileocecal and internal anal sphincter.

Only internal sphincter

*Continues, can relax even when contracted, found in
sphincters and erea of stomach upper and lower sphincters
of esophagus, pyloric sphincter; iliosycal sphincter which is
between small intestine and secum and in anal canal (2
sphincters, internal and external, internal always contracted,
external voluntarily controlled consciously)

Caused by:
|- repetitive spike potentials. Spike potential = action potential
2- hormones.

3- continuous entry of ca ions (not associated with changes in membrane
potentials).

Not associated with slow waves (often lasting several minutes or hours).




The General Characteristics of Smooth Muscle

and its Function

They are
thicker and
more
powerful than
longitudinal.

Circular smooth

muscle™

Contraction
of this type
reduces the
diameter of
the lumen and
increases its
length.

They are
innervated by
ENS, both
excitatory
and inhibitory
motor
neurons.

- More gap
junctions are
available than
in longitudinal
muscle.

- Intracellular
release of Ca
is more
important.

. * For propulsion to move food forward they should relax in front of chyme.
i ** Shorten diameter and length.

Contraction
of this type
shortens the
segment of
the intestine
and expands
the lumen.

Longitudinal smooth
muscles™*

- They are
innervated by
enteric nervous
system (ENS),
and mainly by
excitatory
motor neurons.
- The Ca influx
from out side is
important in the
activity of this
type of muscle.
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The Specific Characteristics of Smooth Musclet Oy inNaes Sides

in the GIT

|. Gastrointestinal Smooth Muscle Functions as a Syncytium (Once one cell is activated the whole are is activated
because of gap junctions):

»  The individual smooth muscle fibers are to pum in length and ” to | U pym in diameter, and they are arranged in bundles
of as many as parallel fibers.

»  Within each bundle, the muscle fibers are electrically connected with one another through large numbers of gap junctions.

» Each bundle of smooth muscle fibers is partly separated from the next by loose connective tissue but they fuse with one
another at many points, so each muscle layer represents a branching latticework of smooth muscle bundles. Therefore, each
muscle layer functions as a syncytium; that is, when an action potential is elicited anywhere within the muscle mass, it generally
travels in all directions in the muscle. Extra

Extra

Sarcolemma

' IMP; f
! Electrical activity in |
' smooth muscle cells of :
. GIT is very different by: !

Thin (actin) filament Myofibril

Thick (myosin) filament

NN OO B S S N 905

i |-having slow waves and

(b) Myofibril or fibril | band A band Iband  Mline Dark Light Nucleus

i splkes loomulsysiaarals _ A band | band
! . . J Qarramere >
i 2-syncyt|um contraction composed of bundles SHICHINIS (a) Segment of a muscle fiber (cell)

of myofilaments)



Cont.

* Smooth muscle does not have the
same striated arrangement as is
found in skeletal muscle.

* There are large numbers of actin
filaments attached to so-called
dense bodies.

* Some of these bodies are attached to
the cell membrane.

* Others are dispersed inside the cell.

* Some of the dense bodies of
adjacent cells are bonded together
by intercellular protein bridges.
through these bonds that the force
of contraction is transmitted from
one cell to the next.

12
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Slow cycling of the myosin cross-bridges.

Low energy requirement.

Slowness of onset of contraction and relaxation.
Greater max. force of contraction.

Latch mechanism.
Stress-Relaxation.
Revers stress-
relaxation.

Actin
filaments

A—— Dense bodies
A
1

Myosin filaments

Cell membrane

Figure 8-2 Physical structure of smooth muscle. The upper left-
hand fiber shows actin filaments radiating from dense bodies.
The lower left-hand fiber and the right-hand diagram demonstrate
the relation of myosin filaments to actin filaments.



2. Electrical Activity of Gastrointestinal Smooth
Muscle:

» The smooth muscle of the gastrointestinal tract is
excited by almost continual slow, intrinsic electrical
activity along the membranes of the muscle fibers. This
activity has basic types of electrical waves:

Certain cells in these layers are different in resting
membrane potentials is -50 these cells are closer to the
threshold need small activation.

Mynteric plexus and submucosal layers (neuronal layers
in ) between circular smooth muscles.
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Important

Electrical Activity of Gastrointestinal Smooth Muscle

Membrane potential (millivolts)
‘:\J ] n 1 n ]
o
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Spllfes
] Depolarization
Slow "L
waves
% + \ Stimulation by
/NN 1. Norepinephrine
" v s 2. Sympathetics
Resting Stimulation by —A
1. Stretch Bt
Hyperpolarization

2. Acetylcholine
3. Parasympathetics
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Cont.

» Most gastrointestinal contractions occur rhythmically. This rhythm is
determined mainly by the frequency of so-called "slow waves" of smooth
muscle membrane potential. These waves are not action potentials. Instead,
they are oscillating depolarization and repolarization in the resting
membrane potential with unknown cause.

» Their intensity usually varies between > and |5 mV, and their frequency
ranges in different parts of the human gastrointestinal tract from  to
per minute:

(Jejunum ilium).
¢ 3blall odd L 6,S5 4]
e Because they didn’t record this in the esophagus and the large intestine

»  Origin of slow waves: They may originate in the interstitial cells of Cajal
(ICC, the Gl pacemaker), which are abundant in the myenteric plexues.

»  These ICCs form a network with each other and are interposed between
the smooth muscle layers, with synaptic-like contacts to smooth muscle
cells .

spike potential 10 Luass 84>9 slow wave SS9 «ddé Slow waves J! o oo

| 4

Very Important

They occur automatically when the resting membrane potential of the gut
smooth muscle becomes more positive (<-4 mV) (the normal resting
membrane potential is between and mV).

The higher the slow wave potential rises > the greater the frequency of the
spike potentials (usually ranging between | and | spikes per second.)

The spike potentials last | to 40 times as long in gastrointestinal muscle as
the action potentials in large nerve fibers, each gastrointestinal spike lasting
as long as | to /U msec.

In gastrointestinal smooth muscle fibers, the channels responsible for the
action potentials are somewhat different, they allow especially large
numbers of calcium ions to enter along with smaller numbers of sodium
ions and therefore are called calcium-sodium channels.

These channels are much slower to open and close than the rapid Na
channels of large nerve fibers.

They cause muscle contraction.

Spike duration up to 5seconds

*When we want to relax like in tonic contraction we must activate NE and
sympathetic which will drag membrane potential.
NE is inhibitor, Sympathetic is inhibitor, Parasympathetic is excitatory



l Functions

Production
Interstitial = of slow waves
cells of

Cajal

Conduction of
slow waves to
smooth muscle

Depolarization
and opening of
Ca?* channels,
production of
action potentials

Smooth
muscle
cells

—~Neural input to ICC

and smooth muscle
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Very Important

ICC= interstitial cells of cajal, have different resting potentials, ICC
. controls movement of everything it is the pacemaker of GIT, 8u>9 ¢} !
f LlaS g Jarad> ape cae3S i
We don’t need anything else from the outside to activate the GIT !
. because we have ICC because ICC have: :
. 1- less negative (-50)
| 2- their resting membrane potential is oscillating up and down itis
not fixed. wdsdsknown as slow wave it is not action potential -50 to -
30
! When slow wave reach threshold we will have spikes :
! 3- probability to reach threshold will increase by stimuli like ;
stretching or parasympatheic stimulation. !
. Unitary cells are well innervated by ICC . :

8403l
3L 3= activate Gewd giadbg ( Pacemaker) dswas zliss
(S5 lec ddsdl odn oyl delun 53 0 5o b Lo (LD
. action potential lda = b
.action potential J zi: MI slow waves g L)
We don’t need to activate all these cells to generate the
action potential, 1 or 2 are enough to generate it.

Sdeg) s Vg deg)

.



Please read this before you complete the lecture
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Smooth Muscles in the Gut

> Changes in voltage of the resting membrane potential:
- The resting membrane potential averages about millivolts, but multiple factors can change this level.

- When resting membrane potential becomes less negative > called depolarization of the membrane > the muscle fibers become more
excitable.

- When resting membrane potential becomes more negative > called hyperpolarization > the fibers become less excitable.

» Factors that depolarize the membrane that make it more excitable are:
l. Stretching of the muscle.
2. Stimulation by acetylcholine released from the endings of parasympathetic nerves.

3. Stimulation by several specific gastrointestinal hormones.

»  Factors that make the membrane potential more negative-that is, hyperpolarize the membrane and make the muscle fibers less
excitable-are:

l. The effect of norepinephrine or epinephrine on the fiber membrane.

2. Stimulation of the sympathetic nerves that secrete mainly norepinephrine at their endings.



The Specific Characteristics of Smooth Muscle® > inNele Stdes

in the Gut

» Calcium lons and Muscle Contraction:
- Smooth muscle contraction occurs in response to entry of calcium ions into the muscle fiber.
- The slow waves do not cause calcium ions to enter the smooth muscle fiber (only sodium ions).

- Therefore, the slow waves by themselves usually cause no muscle contraction. Instead, it is during the spike potentials, generated at the peaks of
the slow waves, that significant quantities of calcium ions do enter the fibers and cause most of the contraction.

Olae P390 (S 9 J._->gl.>3 . u»hui’\j.ﬁfw&l\ .
> Depolarization = spikes = AP. The cause: ( 80% Ca, 20% Na).

> Ca= funny current.

» Tonic Contraction of Some Gastrointestinal Smooth Muscle:
- Some smooth muscle of the Gl exhibits tonic contraction as well as or instead of rhythmical contractions.

- Tonic contraction is continuous, not associated with the basic electrical rhythm of the slow waves but, often lasting several minutes or even
hours.

» Tonic contraction is sometimes caused by:
I. Continuous repetitive spike potentials.
2. Hormones.

Continuous entry of calcium ions into the interior of the cell brought about in ways not associated with changes in membrane potential (Not via
voltage-gated Ca channels).

18
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Mechanism of smooth muscle contraction
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Control of gastrointestinal function

Nervous control Hormonal control Stretch of the muscle

Enteric nervous
system (ENYS)

Autonomic nervous
system

20



Neural Control of Gastrointestinal Function-Enteric
Nervous System (little brain)

»  Enteric nervous system is the nervous system of Gl tract (Enteric NS is the 3™ division of ANS).

» It lies entirely in the wall of the gut, beginning in the esophagus and extending all the way to the anus. It has as many neurons as spinal cord
(about million).

» The enteric nervous system is composed mainly of two plexuses:

l. lying between the longitudinal and circular muscle layers, called the myenteric plexus or Auerbach’s plexus,a linear chain
of interconnecting neurons, controls mainly the Gl movements. Increase tone, rate, intensity and velocity of rhythmic contraction . some neurons
are inhibitory

called the submucosal plexus or meissner's plexus or submucosal, that lies in the submucosa, controls mainly

gastrointestinal secretion and local blood flow.
\ Sympathetic ] [ Parasympathetch

To prevertebral
ganglia, spinal (mainly postganglionic) (preganglionic)

cord, and brain >/t
\'_ Enteric /

stem
)
\:,%- Z “':yemeﬁc i Effector
plexus nervous system systems

Y

3 Central nervous
system

>
Interneurons « Muscle
Es;.r:rsoo::g » |siolloxos —>» | Motor —>» | - Secretory epithelium
« Program library neurons - Blood vessels
I Y Submpcoes] - Information processing
plexus -
Sensory Y i Gut behavior
ROULONS ’ ' Motility pattern
i i Secretory pattern
A ’ J ‘ ikl Circulatory pattern
Juuyy buyuv byuuy buuuy buuuy buuuy buuuy
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Purple color refer to both Males’ And Female’ slides

Cont.

» Connected to CNS by sympathetic & parasympathetic fibers.
»  The enteric nervous system can function on its own (autonomously), independently of the parasympathetic and sympathetic systems.

»  However, these extrinsic nerves can greatly enhance or inhibit gastrointestinal functions.

» The sensory nerve endings send afferent fibers to both plexuses of the enteric system and then to:
I. the prevertebral ganglia of the sympathetic nervous system.

2. the spinal cord.

3. the vagus nerves all the way to the brain stem.

»  These sensory nerves can elicit local reflexes within the gut wall.

Spinal cord
7 (in cross-section)

Stimulus / 7k

(e, (2)sensory neuron | (®) Integration
@ Receptor 7 AR I\ center
/ S @ Motor neuron
SKin @ Effector Interneuron

22
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Differences Between the Myenteric and Submucosal Plexuses

Differences Between the Myenteric and Submucosal Plexuses

The myenteric plexus The submucosal plexus
Consists mostly of a linear chain of many Controls local intestinal secretion, local
interconnecting neurons. absorption, and local contraction of the

submucosal muscle that causes various degrees of
enfolding of the gastrointestinal mucosa.

When it is stimulated, its principal effect is to:
|. increase tonic contraction.

2.  increase intensity and rate of the rhythmical
contractions.
3.  increase velocity of conduction of excitatory

waves along the gut wall.

The myenteric plexus has excitatory and
inhibitory motor neurons.

23



Types of Neurotransmitters Secreted by | Only in Maler Slides

Enteric Neurons

» The specific functions of many of Gl neurotransmitters are not well known, but some research workers have discovered the
effects of some of these substances as following:

Types of Neurotransmitters Secreted by Enteric Neurons
Excitatory Motor Neurons Inhibitory Motor Neurons

Evokes muscle contraction and intestinal secretion Suppress muscle contraction

NO (Nitric oxide)
VIP (Vasoactive intestinal peptide)

Neurotransmitters of motor neurons:
- Substance P

- Ach - ATP (Adenosine triphosphate)
Neurotransmitters of secretomotor neurons (releasing of Not needed in glands

water, electrolytes and mucus from crypts of Lieberkuhn):

- Ach

- VIP (Vasoactive intestinal peptide)

- Histamine

Types of neurotransmitters secreted by enteric neurons:

Acetylcholine, Norepinephrine, Substance P,Vasoactive intestinal peptide (VIP), Somatostatin, Serotonin, Dopamine, Cholecystokinin
(CCK), Gama aminobutyrate (GABA).

The gases nitric oxide (NO) & carbon monoxide (CO).

SQPIIS
So[ewag
ut fuQ

24



Autonomic Control of the Gastrointestinal Tract

Autonomic Nervous System (ANYS) is divided into :

l.
2.
3.

Sympathetic Nervous System.

Parasympathetic Nervous System.

Enteric Nervous System (ENYS).

Parasymoathetic Innervation: (Parasympathetic more imp in GIT)

The parasympathetic supply to the gut is divided into cranial and sacral divisions.
The cranial parasympathetic nerve fibers are almost entirely in the vagus nerves.

The esophagus, stomach, pancreas and the intestines down through the first half of the
large intestine are innervated by vagus nerves except mouth pharynx.

The distal half of the large intestine and the anus are innervated by the sacral

parasympathetics which originate in

sacral segments of spinal cord & pass

through the pelvic nerves (to execute the defecation reflexes).

The postganglionic neurons of the gastrointestinal parasympathetic system are located
mainly in the myenteric and submucosal plexuses. More extensive near the oral cavity
and anus. Stimulation of these parasympathetic nerves causes general increase in activity

of the entire enteric nervous system.

25
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ll. Sympathetic Innervation:

»  The sympathetic fibers to the gastrointestinal tract originate in the
spinal cord between segments T-5 and L-2.

» Enter sympathetic chain then pass to ganglia: Celiac ganglia, Superior
mesenteric ganglia, Inferior mesenteric ganglia.

»  The sympathetics innervate essentially all of the Gl tract, rather than
being more extensive nearest the oral cavity and anus as is true of the

parasympathetics.

»  The sympathetic nerve endings secrete mainly norepinephrine.

» Stimulation of the sympathetic nervous system inhibits activity of the

Gl. Strong stimulation of the sympathetic system can inhibit motor

movements of the gut so greatly that this literally can block movement

of food through the gastrointestinal tract.
» Postganglionic fibers spread to all parts of the gut.

» Stimulation inhibit intestinal tract smooth muscle (except mucosal
muscle)

26
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lll. Afferent Sensory Nerve Fibers from the Gut:

»  Many afferent sensory nerve fibers innervate the gut. Some of them have their cell bodies in the enteric nervous system and
some in the dorsal root ganglia of the spinal cord.

Only in Females’ Slides

»  These sensory nerves can be stimulated by:
» irritation of the gut mucosa,
» excessive distention of the gut

» presence of specific chemical substances in the gut.

»  Signals transmitted through the fibers can then cause excitation or inhibition

of intestinal movements or intestinal secretion.

»  Other sensory signals from the gut go all the way to multiple areas of the
spinal cord and even the brain stem. For example, 507 of the nerve fibers in
the vagus nerves are afferent rather than efferent. These afferent fibers
transmit sensory signals from the gastrointestinal tract into the brain medulla, §

which in turn initiates vagal reflex signals (vagovagal reflexes).




. *Beyond entericnervous system.
| **Vagovagal both afferent and effernt by vagus.
i All events in GIT are regulated by reflexes.

Gastrointestinal Reflexes

» The anatomical arrangement of the enteric nervous system and its connections with the sympathetic and parasympathetic systems
support types of gastrointestinal reflexes that are essential to gastrointestinal control. They are the following:

These reflexes transmit signals long
distances to other areas of the
gastrointestinal tract.

|. the gastrocolic reflex: signals from the
stomach to the colon

I. **Reflexes from the stomach and
duodenum to the brain stem and back
to the stomach—by way of the vagus
nerves—to control gastric motor and
secretory activity

2. Pain reflexes that cause general
inhibition of the entire gastrointestinal
tract

3. Defecation reflexes that travel from
the colon and rectum to the spinal
cord and back again to produce the
powerful colonic, rectal, and
abdominal contractions required for
defecation (the defecation reflexes).

CSyall 0 -09ls5 (par oS Bas (pm 97wl
28590 Aoulyg Baaall e (§) g Bl @il g
sl 3U 1359 0 gl 5ol
2. the enterogastric reflexes: signals from
the colon and small intestine to inhibit
stomach motility and stomach secretion.
3. the colonoileal reflex: reflexes from the
colon to inhibit emptying of ileal contents
into the colon.

Controls secretion, peristalsis, mixing
contractions and local inhibition
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Hormonal Control of Gastrointestinal Motility R
(GI Peptides) Kol () Jpad ol

Hormone Site of secretion Stimuli for secretion Actions
G cells of the antrum, |* Protein gastric H* secretion
duodenum and jejunum. |*  Distention of the stomach |and growth of gastric mucosa.

e Vagal stimulation (GRP)

* Acid inhibits release

Gastrin

| cells of the duodenum, * Protein pancreatic enzyme secretion, pancreatic HCO; secretion,
Cholecystokinin (CCK) jejunum, and ileum. * Fatty acids gallbladder contraction, growth of the exocrine pancreas, and
* Acids relaxation of the sphincter of oddi.

gastric emptying.

S cells of the * Acids and fat in the pepsin secretion, pancreatic HCOj™ secretion,biliary
Secretin duodenum, jejunum, and duodenum. HCO;" secretion, and growth of the exocrine pancreas.
ileum gastric H* secretion.
Glucose-dependent K cells of the duodenum  Protein insulin secretion from pancreatic B cells.
insulinotropic peptide |and jejunum. * Fatty acids gastric H* secretion.
(GIP) * Oral glucose
M cells of the  Fat
Motilin duodenum and jejunum | Acid e Gastric motility
* Nerve * Intestinal motility
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Hormonal control

i Only in Males’ Slides l Important
Only in Females’ Slides oo ;

Ho Acti GASTROINTESTINAL PEPTIDES
Hormones Paracrines Neurocrines
Food in
st h
omac = - KEY Endocnne cell of the Endocrine cell of the Neuron of the
Acid pr::::lc.ﬂon by e Gl tract ! Gl tract
! inhibits
—i| in _ o Action
Stimulation of gastric Secretion Diffusion potential
‘motility; mixing waves
increase in intensity o ) o
000 000 000
Release of insulin e ° o
from pancreas = Portal circulation R R
e e : : Target cell Target cell
enzymes and buffers - A 4
= Liver
Bile secretion and E i
ejection of bile from =
gallbladder - 4
facilitate: W >
= Systemic circulation
Dilation of intestinal H i
capillaries —
B E ) 4
facilitates - (o]
- v 000
NUTRIENT ©
Material Nutrient absorption UTILIZATION R
arrives in
o Target cell
Fig. 24-23, p. 897

Costanzo: Physiology, 4th Edition.
Copyright © 2010 by Saunders, an imprint of Elsevier, Inc. All rights reserved.
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The movement of materials along the digestive tract, as well as many secretory
functions, is primarily controlled by local factors. Short reflexes are triggered
by chemoreceptors or stretch receptors in the walls of the digestive tract; the
controlling neurons are located in the myenteric plexus. These reflexes are
often called myenteric reflexes. Long reflexes involving
interneurons and motor neurons in the CNS provide a higher
level of control over digestive and glandular activities, generally
controlling large-scale peristaltic waves
that move materials from one region of
the digestive tract to another. Long
m:::. reflexes may involve parasympathetic
motor fibers in the glossopharyngeal,
”w' vagus, or pelvic nerves that synapse in
the myenteric plexus.

swrmonal Co g e

1 2 2 3 i
e e e

e

DoGa
Local Factors

Local factors are the primary stimulus for
digestive activities. They coordinate the |. _J
responses to changes in the pH of the

. contents of the lumen, physical distortion bloodstream  are peptides produced by
of the wall of the digestive tract, or the ' cells,
presence of chemicals—either specific
nutrients or chemical messengers
released by cells of the mucosa.
e ‘o)




Functional Types of Movements in the GIT

» Two types of movements occur in the Gl tract: Animation

I. Propulsive Movements — Peristalsis:(Doesn’t care about absorption only cares about moving the food) E
- Peristalsis which is inherent property of syncytial smooth muscle tube.

«  Organizes propulsion of material over variable distances within the Gl lumen.

«  Usual stimulus is distention. Other stimuli that can initiate peristalsis include chemical or physical irritation of the epithelial lining in the gut. And

Stimulation of enteric nervous system
- Myenteric plexus is important !! ( can not occur without it).
Relaxation
- Atropine (cholinergic blocker) depresses propulsion. l

- Contractile ring moves forward.

. Contractile ring 2-3 Cm behind stimulus. Contraction

:

» Receiving segment : |.contraction (longitudinal M) 2. relaxation (circular M).

» Propulsive segment: |.contraction (circular M). 2. relaxation (longitudinal M).

P & ( ) (long ) —— Movement of contents

. E] .
Peristaltic Reflex and the "Law of the Gut”. L. _(.)Pl.y_n.l_l\/llalle_s_ S]fdefc —.
When a segment of the intestinal tract is excited by distention and thereby initiates
peristalsis, the contractile ring causing the peristalsis, which normally begins on the Sral Caiidad
Orad side of the distended segment and moves toward the distended segment, pushing Koeppen and Stanton: Beme & Levy Physiogy, 6t Edion
. . . . . . . Copyright © 2010 by Mosby, an imprint of Elsevier, Inc. All rights reserved.

the intestinal contents in the anal direction (Caudad direction) for - to |0 cm before
dying out.
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25
Motor neurons
stimulate contraction
behind bolus

Interneurons activate
motor neurons

L

1
Bolus of food
stimulates sensory
neurons

U

Interneurons activate
motor neurons

U

28
Motor neurons
produce relaxation
in front of bolus

«  Provides mixing of intestinal contents (know as chime) with
digestive juices (Blend different juices with the chime).

- Bring products of digestion in contact with absorptive surfaces.
- Segment of bowel contracts at both ends.

- A second contraction occurs in the center of the segment.
- Chime is forced forward and backward.

- Can occur independent of central input.

- Cares about absorptions.

Animation

P>—< Motor neurons
’ Interneurons

._ Sensory




Cont.

» Migrating motor complex (MMC):
- Cycles of motor activity migrate from the stomach to the distal ileum.
- Have * phases:

quiescence.

Ladorem «

irregular electrical & mechanical activity.
. tegrmng
burst of regular activity. > e
« Occurs during fasting.
+ Initiated by motilin.
- Migrate at a rate of “cm/min.
« Occurs at intervals of min.

- Accompanied by increase gastric, bile and pancreatic secretion.

- Serve to clear the stomach and small intestine of luminal contents.
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Gastrointestinal Blood Flow "Splanchnic Circulation”

»  Splanchnic circulation includes the blood flow through the Vena cava

gut itself plus blood flows through the spleen, pancreas, and Hepatic ~ Hepatic vein
sinuses

liver.

»  The design of this system is such that all the blood that
courses through the gut, spleen, and pancreas then flows
immediately into the liver by way of the portal vein.

» In the liver, the blood passes through millions of minute liver
sinusoids and finally leaves the liver by way of hepatic veins
that empty into the vena cava of the general circulation.

Capillary
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Celiac Trunk

Transverse
colon

* |t arises from the
abdominal aorta
immediately below the
aortic hiatus of the

Branch of
infenor
mesenteric.

Middle colic

Ascending ————
colon
Superior

diaphragm anterior to Right col mesenteric
the upper part of - Descending

vertebra LI.

* |t divides into the:
— left gastric artery,
— splenic artery,
— common hepatic artery.

lleal




Effect of Gut Activity and Metabolic Factors on
Gastrointestinal Blood Flow

* Decreased oxygen concentration in the

Most of vasodilators such as the peptide Some of the Gl slands release into the sut gut wall can increase intestinal blood
hormones, including cholecystokinin (CCK), & & flow at least percent.

L : ) ) wall two kinins, kallidin and bradykinin
vasoactive intestinal peptide (VIP), gastrin, ; y
. (vasodilators).
and secretin.

| e EEEEEm e = - O o B e B o ==
i * Blood flow in GIT is directly related to local activity On]}’ in Females’ Slides :
I * Blood flow in villi during active absorption increased up to © folds

i * After a meal blood flow increases greatly then return to resting level over 2-4 hrs
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Nervous Control of Gastrointestinal Blood Flow

»  Stimulation of the parasympathetic nerves going to the stomach and lower colon increases local blood flow at

the same time that it increases glandular secretion. Only in Females’ Slides
Sight, smell, taste, thought of food
»  Sympathetic stimulation, by contrast, has a direct effect on y
Central nervous system
essentially all the gastrointestinal tract to cause intense 4> Lons
- xeos
vasoconstriction of the arterioles with greatly decreased blood o/
P
flow. But the local metabolic vasodilator mechanisms override y
Afferent impulses Efferent impulses
the sympathetic vasoconstriction effects, returning the normal : ¥
Chemoreceptors, LO0m ::‘::::'"
blood flow to Gl muscle and glands. osmoreceptors, o L| () Lot COOR
mechanoreceptors plexus or gland
Gastrointestinal Change in
wall (site of short el
reflexes) activity
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