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CC 9 T : Gastrointestinal Functional

Regulation of Gastrointestinal Physiology

Unlike control systems that regulate variables in the

internal environment, the control niemisms of the
gastrointestinalsystem regulate conditions imeg
lumen of the tract. With fevexceptions, like those

just digussed for iron and other traneetals, these

control mechanisms are governed by the volume

and composition of the lumal contents rather than
by thenutritional state of the body.

Basic Prindples

Gastrointestinal reflexes ataitiated by a
relatively small number of luminal stimuli: (L
distension of the wall by theolume of the luminal
contents; (2) chyme awmlarity (total solute
concentration); (3) chyme acigjtand (4) chyme
concentrabns of specific digestionproducts like
monosaccharidedatty acids, peptides, anamino
acids. These stimuli acbn mechaoreceptors,
osmoreceptors, and chemoreceptimsated in the
wall of the tract andrigger reflexes that influence

the effectord the musclelayers in the wall of the

tractand the exocrine glands that secrete substances

into its lumen.
Neural Regulation

The gastrointestinal tract hats own local
nervous system, adivision of the autonomic

nenous system known as thenteric nervous

system.The cells in this system form two networks

or plexuses of neurons, the myemc plexus and
the submucosalplexus These neurons either
synapse witlother neurons within a given ples or
end near smooth muscleglands, and epithiall
cells. Many axons leave the myenteplexus and
synapse with ngons in the submucosal plexasd
vice versa, so that neural taty in one plexus
influences theactivity in the other. Moreaar,
stimulation at one point ithe plexus can lead to
impulsesthat are conducted both up ardbwn the
tract.

Emotional states / Hunger

Sight, smell, __ /"~

Central nervous systam
taste of food ¥

Afferent
neurans
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neurons
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Fig. 1 Long and short neuratreflex pathways activated by
stimuli in the gastrointestinal tract. The long reflexes
utilize neurons that link the central nervous system tahe
gastrointestinal tract. Chemoreceptors are stimulated by

chemicals, osmoreceptors are sensitiveto changes in
osmolarity (salt concentration), and mechanoreceptos

respond to distension of thegastrointestinal wall.

For example, tamuli in the upper part of themall
intestine may affect smoiln muscle and gland
activity in the stomach as well as in the lowertp

of the intestinal tract. Ingeneral, the myenteric
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plexus influences smooth muscle activithereas
the submucosal plexusfluences secretory activity.
The enteric nevous system coatns adrenergic and
cholinergicneurons as well as neurons thellease
other neurotransmittersych as nitric oxideseveral
neuropeptides, and ATFhe effectors mentioned
ealierd muscle cells and exocringland$ are
supplied by neuronghat are part of theenteric
nervous system. Thisepmits neural reflexes that
are completely within the traétthat is,
independent of the CN3n addition, nerve fibers
from both the sympathetic and parasympathetic
branches of the autonomic nervous systarar the
intestinal tract and synapseith neurons in both
the CN8®an

influence the motility andecretory activityof the

plexuses. Via these pathways,

gastrointestinaltract. Thus two types of neural
reflex arcs exis{Figure 1): (1) short reflexegrom
receptors through the nerve plexuseseftector
cells; and (2) long refles from receptors in the
tract to the CNS by way of afferémerves, and
back to the nervplexuses and effector cells ay
of autonomic nerve fibersFinally, it should be
noted tat not all neural reflexes aiaitiated by
signals within the act. Hunger, the sight or smell
of food, and the emotional state ofiiadividual can
have significaneffects on the gastroiestinal tract,
effects that ammediated by the CNS via tmnomic

neurons.

Hormonal Regulation

The

gastrointestinal system arsecreted mainly by

hormones that control the

endocrine cells sc&tred throughout the epithelium
of the stomach and small intestine. That is, these
cells are not clustered into discretegans like the
thyroid or adrenalglands. One surface of each
endocrne cell is exposed to the lumeof the
gastrointestinal tract. Atthis surface, various 2
chemicalsubstances in the chyme stimuldte cell

to release its hormon&®m the opposite side of the
cell into the blood. The gastrointestinebrmones
reach their teget cells via the circulationfhe four
bestundestood gastrointestinal hormonesre

secretin, cholecystokinin CCK), gastrin, and
glucose dependeninsulinotropic peptide (GIP).
Table 1 summarizeghe characteristics dhese Gl
hormones and not onlgerves as a reference for
future dscussions but also illustratéise following
generalizations(1) Each hormone participates a
feedback control system theggulates some aspect
of the GI luminal environmentand (2) most Gl
hormones affecimore than one type of target cell.
These two generalizans can be illustrated by
CCK. The presence of fatty acids and amiacids
in the small intestindriggers CCK sea@tion from
cells in the small intestineinto the blood.
Circulating QCK then stimulates the pancre&s
increase the secretion of digestive enzymes and
causes thesphincter of Oddi to relax. CCHlso
causes the gallbladder tontract, delivering to the
intesine the bile salts required fomicelle
formation. As fatty acid and amino acids are
absorbed, their concentrations in the lume
decrease, removing the signal for CCK reledse.

many cases, a singléector cell contains receptors
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for more than on@ormone, as well agceptors for
neurotransmitterand paracrine agés. The result is
a variety ofi nput s t hat can
response. One such event is pilenomenon known
as potenation which is exemplified by the
interaction between sestin and CCK. Secretin
strongly stimulates pancreatiHCOs;® secretion,
whereas CCK is aweak stimulus ofHC032'
segetion. Both hormones togetherhowever,
stimulate pancreatic HGO secretion more strongly
than would be predicted by the sunof their
individual stimulatoryeffects. This is becaasCCK
amplifies the response tsecretin. One of the
consequenceof potentiation is that smathanges
in the plasma concémation of one gastrointestinal
hormone can have large effects on théoas of
other gastrointestindlormones. In adtion to their
stimulation (or, in some cases, inhibition) of

effector cell functions, the gastrointestinal

hormones alsohave trophic (growtipromoting)

effects on various tissues, including the gastric and

intedinal mucosa and the exocrine gions of the
pancreas. Finallymany additional GI hormones
have been described, somendfich are involved in
the control of blood glucose by serving as a
feedforward signal from the GI tract to the
endocrine pancreas. Phases of Gastrointestinal
Control The neural and hormonal controf the
gastrointestinal systers, in large part, divisible
into three phaséscephalic, gastric, and
intestina® according to Wwere the stimulus is
perceived.The cephalic (from areek word or

i headod) inifiatecavehen sénsory receps in

the head are stimulatday sight, smell, taste, and

chewing. Various emotional statesin also initiate

dhfs preaseThe effenent patbveays Ifod theseflexes

are primarily mediated by parasympathetibefs
carried in the vagus nerveshése fibers activate
neurons inthe gastrointestinal nerve plexuses:
which in turn affect secretory and contractile
activity. Four stimuli in the stomach initia the
reflexes that constitutethe gastric phase of
regulaton: distension, acidity, aminacids, and
peptides formed during thdigestion of ingested
protein.The responses to thesastli are mediated
by short andong neural reflexes and bglease of
the hormone gastrirkinally, the intestinal pase is
initiated by stimuli inthe intestinal tract: distension,
acidity, osmolarity, and varioudigestive products.
The intesinal phase is mediated by bashort and
long neural reflexes andybthe gastrointestinal
hormonessecretin, CCK, and @), all of which are
secreted byendocrire cells in the small intestine.
We reemphasize that@aof these phases is named
for the site at which the various stifninitiate the
reflex and nofor the sites of effector activity. Each
phase is charéerized byefferent output to virtually
all organs in the gastrointestinahct. Also, these
phases dmot occur in temporal sequenegrcept at
the very beginning of ameal. Rather, during
ingestionand the much longer absorptiyeriod,
reflexes characteristiof all three phases ay be
occurring simultaneouslyKeeping in mind the
neural and hormonal mechanisnavailable for
regulating gastrotestinal activity, we can now

examine the specific contraleti and secretory
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processes thatccur in each segment of the salivary secretion. In theabsence of ingested
gastrantestinal system. material, alow rate of salivary secretiokeeps the
mouth moist. Thersell or sight of food induces a

Mouth, Pharynx, and Esophagus

cephalic phase of salivary secretidiis reflex can

_ be conditionedo other cues, @henomenon made
Chewing _ _ _ s
o _ famous by PavlovSalivary secretion camcrease

Chewing is controlled by theomatic nerves _ _
. markedly in response ta meal. This reflex
to the skeletaimuscles of the mouth andwa In o . _
N responsas initiated by chemoreceptofacidic fruit
addition to the voluntargontrol of these muscie o . o
_ ) ) ) _ juices are particuléy strong stimuli) and pressure
rhythmic chewing motions aneflexively activated _
) receptors in the wall®f the mouth ad on the
by the pressure of food against the gumsard _ o _
tongue.Increased saliva sedren is accomplished
palate at the roof of # mouth, and tongue. _ _ _
o by a largeincrease in blood flow to the $eary
Activation of these mechanoreceptors leats o . o _
S ) _ glands, which is mediategkimarily by an increase
reflexive inhibition of themuscles holding the jaw . . o
_ _ ) in parasympathetic neural activityThe volume of
closed.The resulting relaxation of theaw reduces _ ) _
_ saliva semted per gram of tissue is tHargest
the pressure ro the various mechanoreceptors, _ )
. ) ) secretion of anyo f the bodyods e X
leading to a new cyclef contraction and relaxation. _ ) o _ _

) o Sj°grenods S y fasginatngm eimmune ;
Chewing prolongs # subjective pleasure of taste. . _ . , .

) _ ) disorder inwhich many different exocrine glands
Chewing also breaks up food particles, creating a ) o

) ) . are rendered nonfunctionddy the infiltration of
bolus that iseasier to swallow and, possibhjigest. _ _
. . white blood cells and immune complexddie loss
Attempting to swvallow alarge particle of food can _ _ _
o ' of salivarygland function, which frequently occurs,
lead to choking if the particle lodge®ver the _ _
_ o canbe treated by taking frequent sipEwater and
trachea, blocking the entry of air into the lungs. . _
with oral fluoridetreatment to prevenboth decay.

Saliva In addition, thesepatiertsd mostly womed can
There are three pairs of salivary glabdbe have an impaed sense of taste, difficulighewing,
parotid, sublingualand submandibulaglands The and even uwers (holes) in the mucosa of the mouth.

secretion of saliva is controlled by bathmpathetic

and parasympathetic neurons.  Unlike their Swallowing

antagonistic activity inrmost organs, both systems Swallowing is a complex reflex itmated

stimulate ~ salivary  secretion,  with the when pressure receptdrsthe walls of the pharynx
parasympathetic neurongroducing the greater  are stimulated by food omidk forced into the rear
response.There is no hononal regulatia of of the mouthby the tongue Kigure 2a). These
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receptorssend afferent impulses to the swallowing
centerin the medulla oblongata dhe brainstem.
This center thenelicits swallowing via efferent
fibers to the muscles in thgharynxand esophagus
as well as to the respiratory muscleé&s the
ingested material oves into the pharynx, the soft
palate elevates and lodges agathe back wall of
the pharynx,preventing food from entering the

nasal cavityFigure2b).

(a) — Hard palate (b) Soft palate Pharynx

Lo Epiglottis

Glottis Upper

esophageal

Trachea sphincter

Esophagus

nx (e (d)

Fig 2. Movements of food through the pharynx and upper
esophagus during swallowing. (a) The tongue pushes the food
bolus to the back of the pharynx. (b) The soft palate elevates to
prevent food from entering the nasal passages. (c) The
epiglottis covers the glottis to prevent food or liquid from
entering the trachea (aspiration), and the upper esophageal
sphincter relaxes. (d) Food descends into the esophagus.

inhibit

respiration, raisehe larynx, and close the glottis

Impulses from the swallowing neer

(the area around the vocal cordaed the space
between them), laping food from moving intdhe
trachea. As the tongue forces the food farther back
into the plarynx, the food tilts a flap of tis®y the ' °
epiglottis, backward tocover the closed glottis
(Figure 2c). This prevents aspiratioof food, a
potentially dangeroussituation in which food
travelsdown the trachea and can cause choking, or
regurgitaeéd stomackcontents are allowethto the
lungs causing damageThe next stage of
swallowing occurs in the esophadisgure2d), the
tube that passes through the thoradavity,
penetrates the aphragn (which separates the
thoracic cavity from the abdominal cawvi, and
joins the stomach a fewentimeters below the
diaplragm. Skeletal muscle surroundse upper
third of the esophag, and smooth muscle
surrounds the lower twthirds. The pressure in the
thoracic cavity is negative relative to atmospheric
pressure, and this subatmosphenessure is
transmited across the thin wall of thetrathoracic
portion of the esopgus to the lumen. In contrast,
the luminal pressure in ¢hpharyx at the opening
to the esophagus is equal to atmosph pressure,
and the pressureat the opposite end of the
esoplagus in the stomach is slightlyreater than
atmospheric  pressure. Therefore, pressure
differences could tend to force kb air (from
abow) and gastricontents (from below) into the
esophagus. This does not occhowever, because

both end of the esophagus are normatlpsed by
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the contraction of sphiber muscles. A ring of
skeletalmuscle surrounds thes@phagus just below
the pharynx and forms the upper esophageal
sphincter (see Figur®, whereas the smooth muscle
in the last portion of the esophagissms he lower
esophageal sphinctefFigure 3). The esophageal
phase of sallowing begins with relaxationf the
upper esophageal spbtar. Immediately after the
food has passed, the sphincter closd® glottis
opens, and breathingesumes. Once in the
esoplagus, the food moves toward tstemach by a
progressive wave of muscle contractions that
proceedsalong the esophagus, ropressing the
lumen and forcinghe food ahead. Such waves of
contraction in the muscle layessirrounding a tube
are known as pestaltic waves. One esophageal
peristaltic wave takes abo@tseconds to reach the
stomach Swallowing can occur even wharnperson

is upside downor in zero gravity (outer space)
because it is not primarily gravityput the peristaltic
wave thatmoves the food to the stomadrhe lower
esophagal sphincter opens and remairelaxed
throughout the period of swallowing, allowirige
arriving food to enter the stamh. After the food
passes, thaphincter closes, resealing thenction
between the esophagus and the stomakh.act of
swallowing is a neural and muscular reflex
coordinated by a group of brainstem nuclei
collectively called the swallowing center. Both
skeletal and smooth muscles ameolved, so the
swallowing cente must direct efferent activityn
both somatic nerves (teskeletal muscle) and

autonomicnerves (to smooth muscle).

Upper
esophageal
sphincter

Lower
esophageal 6
sphincter

Trachea

Esophagus

Diaphragm

Stomach

Fig 3.Location of upper and lower esophageaphincters.

Simultaneously, afferent fibefsom receptors in the
esofhageal wall send information the swallowing
center; this an alter the efferent activityFor
example, if a large fooddbus does not reach ¢h
stomach during the initial peristalticwave, the
maintained distensioof the esophagus by thelus
activates receptors thanitiate reflexes, causing
repeatd waves of peristaltic activitsecondary
peristalsis) The ability of the lower sophageal
sphincter to maintaim barrier between the stomach
and the esophagus when swallowisgnot taking
place is aided by the fact that the last portwérthe
esophagus lies below tlieaphragm and is subject
to thesame abdominal pressures asdtmmach. In
other words, if thgressure in the abdominal cavity

increases, for exapte, duringcycles of respiration
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or contractim of the abdominal muscles, the
pressures on both the gastricntants and the
terminal segmenbf the esophagus are incredse
togetter. This prevents the formatiamf a pressure
gradient between the stomachdaesophagushat
could force the stomabhs contents
esophagusDuring pregnancy, e growth of the
fetus not only increases the pressure on the
abdominal contentbut also carpush the terminal
segment of theesophagus through the diaphragm
into the thoracic caty. The sphincter is therefore
in daminal

pressure. Consequentlyuring the last half of

no longer assisted by changes
pregnancy, increased abdominakssure tends to
force some of lie gastric contents up into the
The

hydrochloric acidfrom the stomach irritates the

esophagus gastroesophageal reflux).

esophageal walls, producing paiknown as
heartburn (becaugke pain appears to be locaied
the areaof the heart). Hedourn often subsides in
the lastweeks of pregnancy prior teelivery, as the
uterus descendswer into the pelvis, decreasj the
pressure on the stomacBastroesophageal reflux
and the pain of heartburn alsocur in the absence
of pregnancySome people have less efficiémver
esophageal sphinctersresulting in repeated
episodesof gastric contents refluxingnto the
esophagus. In extremeases, ulceration, scarring,
obstruction, or perforations (holesf the lower
esophagus magcaur. Gastroesophageal reflux can
also occur after a large meal, whican sufficiently
increase thepressure in the stomach to foraeid

into the esophagus. It catso cause coughing and

irritation of the larynx in the absencef any
esophageal symptes, and it has even been
implicated inthe onset of asthmatic syngphs in
susceptible individuals.The lower esophageal
sphincter undergoes brief period$ relaxation not
orilyndtiring a swhllew but also in thebsence of a.’
swallow. Durng these periods of relaxatiosmall
amounts of the acid comits from the stomach
normallyreflux into the esophagus. Tlaeid in the
esophagus triggems secondary petiltic wave and
also stimulates increased salivagcretion, which
helps to eutralze the acid and clear ftom the

esophagus.
Stomach

The epithelial layer lininghe stomach invaginates
into the mucosa, forming many tubularlagds.
Glands in the thinvalledupper portions of the body
of the stomach HKigure 4) secrete mucus,
hydrochloic acid, and the enzyme precursor
pepsinogenThe uppermost paof the body of the
stomach igalled the fundus and is functidlyapart

of the body. The loweportion of the stomach, the
antrun , has a much thicker layer sfhooth muscle
and is responble for mixing and grinding the
stomach contents. The glandstims region secrete
little acid but contain the endocrine cellsaitisecrete
the hormone gastrihe cells at the opening of the
glands secrete mucig-igure5 ). Lining the walls
of the glands are parietal cell¢also known as
oxyntic cells), which secrete acid and intrinsic

factor, and chief cells , whickecrete pepsinogen.
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Fundus

Esophagus

Lower esophageal _
sphincter (prevention
of reflux)

Body (secretes
mucus, pepsinogen,
and HCI)

Duodenum

Antrum

(mixing and
Pyloric e g grinding;
sphincter (controls secretes
emptyin mucus,
wye pepsinogen,
and gastrin)

Figure 4 The two regions of the stomach: body

and antrum. The fundus is the ppermost portion of the
body of the somach and is functionally considered part of
the body.

The uniquenvaginations of the luminal embrane
of parietal cells shownn Figure 5 are called
canaiculi (singular, canaliculus these increase the
surface area of the parietal cells thergtgximizing
secretion into theumen of the stomacHhis again
illustrates the general prindg of physiology that
structure(increased surface area) is aatetinant of
function (efficient secretion). Thus, each of the
three major exocrine secretion$ the stomach
mucus, acigd and pepsinogénis secreted bya
different cell type. e gastric glands in the antrum
also containenteroendocrine cells, wliiicsecrete
gastrin. In additiongnterochromaffidike ( ECL )
cells , which release the paracriagent Iistamine,
and endogne cellscalled D cells, whiclsecrete the
peptide somatoatin , are scattered throughate

tubular glands orin surrounding tissue; both of

these substanceplay roles in regulatingacid

secretion by the stomach.

Acid, intrinsic factor, pepsinogen

£ Mucus layer

Mucous cells
{mucus, bicarbonate
secretion)

Parietal cells
(acid, intrinsic factor
secretion)

ECL cell
(histamine secretion)

Chief cells
(pepsinogen secretion)

Figure 5 A gastric gland in the stomach. Nashown are D
cells, which relese somatostatin and are locategrimarily
in and around the glands in the antral region. The uniqug
invaginations of the luminal membranes of parietal cellg
are called canaliculi and greatlyincrease the surface area
for secretion.

HCI Production and Secretion

The stomach secretes about @f hydrochloric acid
per day.The concentration of H 1 in tHamen of
the stomach may reacil50 mM, which is 1 to 3
million times greater than the coantrationin the

blood. This equires an efficient production
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mechanism to generate largjumbers of hydrogen
ions. Theorigin of the hydrogen ions is CO 2 in the
parietal cell. The enzyme carbonic anhydrase
catalyzesthe reaction between CO 2 wittater b
produce carbonic acigvhich dissociates to Hand
HCOs* . Primary H* /K * i ATPasesn the luminal
membrane bthe parietal cells pump thebgdrogen
ions into the lumen of the stomach ( Figérg This
primary active transporter alsmmps K” into the
cell, which then leaks back into themen through
K * channels. AsH " is secreted into the lumen,
HCOs” is secreted on the oppostile of the cell
into the bloodn exchange for G1. Removalof the
end products of this reach enhance the forward
rate ofthe reaction by the law of mass&tion. In
this way, production amh secretion of H* are
coupled. Increased acid secretion, matilated by
factors described ithe next paragraph, results from
the transfer of H /K *i ATPaseproteins from the
membranes fointracellular vesicles to thelasma
membrane by fusion of #se vesicles with the
membranethereby increasing the numbef pump
proteins in the plasmaembrane. This process is
a@mels
(aquaporins) to the plasmaembrane of kidney

analogais to the transfer of water
collectingduct cells in response to ADH-our
chemical messengers regtd the insertion of H
/K ¥ ATPases into the plasma membgamand
therefore acid secretiogastrin (a gastric hormone),
acetylchdine (ACh, a neurotransmitterfistamine,
and somatostatintyo paracrine agents). Parietal
cell membranes contaireceptorsfor all four of

these molecule

Stomach

Capillar:
P_ o Epithelial cell lumen

)

€O, + HyO
\ Carbonic anhydrase

HzCO3

K* 1—>(
L HEO:LA_:
—J\— H* OH- H* H*
K* K*
ADP

Sl
CI m—- I

g
Ccr Cr-

Figure 6 Secretion of hydrochloric acid by parietal cells. The
H 1 secreted into the lumen by primary active transport is derived
from the breakdown of water molecules, leaving hydroxyl ion
(OH 2 ) behind. This OH2z is neutralized by combination with

other H 1 generated by the reaction between carbon dioxide ang
water, areaction catalyzed by the enzyme carbonic anhydrase
which is present in high concentrations in parietal cells. The HC
32 formed by this reaction is transported out of the parietal cell
on the blood side in exchange for Gl.

Somatostatin nhibits acid secretion, wheredke
other three stimulate secratioThis illustrates the
physiology that

physiological functiond in this case, the secretion

general principle of most
of H ¥ into the stomach luménare controlledoy
multiple regulatory sysims, often working in
opposition.These chemical messemgeot only act
directly on theparietal cells but also infliee each
ot her 6 s s examplke,thistantine mdrkedly
potentiates the response to tbther two stimuli,
gastrin and ACh. As we wildiscuss later when
considering ulcers, this otentiating effect of
histamine is the reason that drugs thafodtk
histamine receptors in theomach suppress acid
secretionDuring a meal, the rate of idcsecretion
increases markedlhas stimuli arising rom the
cephalic, gastric, and intestingbthases alter the
releaseof the four chemical messengeaiescribed

in the previous paragph. During the cephalic
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phase, increased activity of effera

peptides in the lumen of thetomach. These

parasympathetic neural input o t he s t opepidesy dsswe have seen, stimulate aemretion

enteric nervos system results in the releaseACh
from the plexus neurons, g@n from the
gastrinreleasingells, and histamingdm ECL cells

( Figure7). Once food has reachdte stomach, the
gastric phasestimulid distension from the volum
of ingested materialral the presence of peptides
and amino ads released by the digestion of
luminal protein® produce a futter increase in acid
secretion. These stimuli use some of thense
neural pathways used durirtbe cephalic phase.
Neurons in te mucosa of the stomachspond to
these luminal stimuli ah send action potentials to
the cells of the enteci nervous system, which in
turn can relay signal® the gastrirreleasing cells,
histamire-releasing cells, and parietatells. In
addition, peptides andmino acids camct directly
on the gastrirreleasing endocrine csllto promote
gastrin secretionThe concentration of acith the
gastric lumen is itselan important determinant of
therate of acid secretion becaudé (acid) directly
inhibits gastm secretion. Italso stimulatesthe
release of somatostatin froendocrine cells in the
gastricwall. Somatostatin then acts on tparietal
cells to inhibit acidsecretion; it also inhibits the
release of gastrin and histamiriéhe net result is a
negative feeblack contol of acid secretionAs the
contents of the gastrilumen become more acidic,
the stimuli that promote acidegretion decrease.
Increasing the proteinontent of a meal increases
acid secretion. This occurs for two asons. First,

protein ingestionincreases the concentratioof

through their actions on gas. The second reason
is more complicated and reflects the effectd
proteins on luminal acidityDuring the cephalic
phase, before food enters the stomade H * 10
concentration in the lumen increases because ther
are few buffers present to bind any setad H* .
Thereafter, the ratef acid secretion soon decreases
because high acidity reflexivelyinhibits acid

secretion (see Figui@.

Cephalic phase
stimuli

Brain

T Enteric neural activity
@

= )
e Gastrin
— .
secretion
[y @ _ ’
“J Y, Histamine

secretion | Somatostatin

I

I

I

I

|

!

! 5 - I secretion
s @ le

| @ SENIE

I

I

I

I

I

|

I

I

I

I

&

Parietal cell
Acid secretion
Gastric phase stimuli:
luminal distension
amino acids & peptides

Figure 7 15.21 Cephalic and gastric phases controlling
acid secretion by the stomach. The dashed line and
indicate that an increase in acidity inhibits the secretion of
gastrin and that somatostatininhibits the release of HCI.
HCI inhibition of gastrin and somatostatin inhibition of HCI
are negative feedback loops limiting overproduction of
HCI.

The protein in food ign excellent buffe however,
so as it enters the stomach, thé Ebncentration
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decreases as "Hbinds to proteins and begins to
denature them. This decrease in acidity removes the
inhibition of acid secretion. The more pen in a
meal, the greater theuffering of aid and the more
acid secretedWe now come to the inséinal phase
that controls acidsecretio® the phase in which
stimuli in the early portion othe small intestine
influence acid secretion by the stomadHigh
acidity in the duodenum triggs reflexes that
inhibit gastric acid secretion. This inltiion is
beneficial lecause thdigestive activity of enzymes
and ble salts in the small intestines strongly
inhibited by acidi solutions. This reflex limits
gadric acid production when the ‘Htoncentration

in the duodenumincreases due to thentey of
chyme from the stoacth. Acid, distension,
hypertonic solutions, solutions containingmino
acids, and fay acids in the small intestine
reflexively inhibit gastric acid secretion. The extent
to which acid secretion is inhibited dug the
intestinal phase variedependingipon the amounts
of these substances in the intestitige net result is
the samehoweved balancing the secretogngctivity

of the stomach wh the digestive and absorptive
capacities of the small intestind.he inhibition of
gastric acidsecretion during the intestinphase is
mediated by st and long neural reflexes ary
hormones that inhibit acid seetion by influencing
the foursignals that directly control acid setion:
ACh, gastrin, histamineand somatostatin. The
hornones réeased by the intestinatract that
reflexively inhibit gastric activity are collectively

called enterogastroseand include secretin and

CCK. Pepsin SecretioRepsin is secreted by chief
cells in tre form of an inactive precursaralled
pepsinogen Exposire to low pHin the lumen of
the stomach actitas a very rapid, autocatalytic

process in which peps is produced from

pepsinogen. The synthesis and eetion of \*
pepsinogen, followedby its intraluminal activatio
to pepsin, provide an exampldf a procss that
occurs with many other secreted proteolytic

enzymes in the gastroirstnal tract. These
enzymes aresynthesized and stored intracellularly
in inactive forms, collectivelyreferred to as
zymogens . Consequently, zymogedt not act on
proteirs insde the cells that produce them; this
protects tle cell from proteolytic damag@epsin is
active aly in the presence of a high "H
concentratia (low pH). It is irreversibly inactivated
when it enters thensall intestine, where thlCOz>
secreted into the smaiitestine neutralizes the H.
The primary pathway for stimulatingpepsinogen
secretion $ input to the chief cells frortne enteric
nervous system. Ding the cephalic, gastric, and
intestinal phases, most of thecfars that stimlate

or inhibit acid secretion exert the saneffect on
pepsinogen secretiohus, pepsinogen setion
parallels acid secretiorRepsin is not essential for
protein digestion because in i&bsence, as occurs
in some pathological conditions, protein cae
completely digested by enzymes in tlsmall
intestine. However, pepsin accelerates protein
digestion and normally accounfigr about 20% of
total protein digestin. It is also important in the

digestion of collagen contained in the connective
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tissue maix of meat. This is useful because it helps

shred meat into smaller, moreasily processed
pieces with greater surface area for digestion.

Gastric Motility

An empty stomach has wlume of only
about 50 mL, andthe diameter of its lumen @nly
slightly larger than thadf the small intestine. Wime
a meal is swallowed, howevehe smooth muscles
in the undus and body relax before therival of
food, allowingthe stmac hés v ol ume
asmuch as 1.5 L with little incese in presure.
This receptive relaxation is mediated by the
paraympathetic erves to thest omac hoé s
nerve plexges, with coordination providedy
afferent input from the stoach via the vagus nerve
and bythe swallowing center in the d@n. Nitric
oxide aml serotoninreleased by enteric neurons
mediate this rebeation. As in the esophagushe
stomach produces peristalticaves in response to
the arrivirg food. Each wave begins in thedy of
the stomach and prodes only a ripple as it
proceeddoward theantrum; this cotraction is too
weak to producemuch mixing of the luminal
contents with acid and pepsin. Athe wave
approaches the largemass of wall muscle
surroundingthe antrum, however, it prodeg a
more powerful contractionwhich both mixes the
luminal contents and closes thgoric sphincter , a
ring of smodh muscle and connective tissue
between the antrum and tdeodenum ( Figur®).

The pyloric sphincter muscles conttagpon arrival

t

of a peristalticwave. As a consequence of the

sphincter fosing, only a smalamount of chyme is

expelled into the duodenum with each wave.

Esophagus

Lower
esophageal

Duodenum sphincter

Pyloric g y
sphincter Peristaltic

wave

Figure 8 Peristaltic waves passing over the stomémice a
small amount of luminal marial into the duodenum. Blac
arrows indicate movement afminal material; purple arrow

indicate movement of the peristaltic wave in the stomach v
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Most of the antral contentare forced backward
toward thebody of the stomach. Thisatkward
motion of chyme, calledetropulsion , generates
strong sheaforces that helps to disperskee food
particles and improve ixing of the chyme. Recall
that Bhe lower esophageal sphincteeyents this
retrograde movemendf stomach contda from
entering the esophagudVhat is responsible fo
producing gastric peristaltizvaves? Their rhythm
(three per minute) is generated jpgcemakercells

in the longitudhal smooth muscle layer. These
unao
depolarizatioin repolarization cyclegslow waves)
rhythm of the
stomach.These slow waves are conductédough
t he

smooth muscle cells spontaneous

known as the bas electrical
gap junctions lao n g st omach
muscle layer and also induce dianislow waves in

the overlyingcircular muscle layer. In thabsence

of neural or hormonalinput, lowever, these
depolaizations are too small to causggnificant
contractions. Excitary neurotransmitters and
hormones act upon the smbomuscle to further
depolarizethe membrane, thereby bringirtgcloser
to threshold. Actiorpotentials may be gendea at
the peak of the slowave cycleif threshold is
reached ( Figure9), causing larger contractions.
The number of spikesfired with each wave
determinesthe strength of the muscleontraction.
Therefore, whereathe frequency of contractiois
deternined by the intrinsic basic electrical rhythm
and remains essentially constant,the force of
contractio® and, consequently, the amount of

gastric emptying per conitdond is determined

reflexively by neural and hormonal iop to the

antral smooth muscle.

Action
—— potentials —
13

Threshold

potential

Slow waves—

S~— Membrane depolarization
Time

Membrane patential (mV)

Smooth muscle tension

Time

Figure 9 Slow-wave oscillations in the membrane
Botential bf §a8r@ dmboth RukciBikrs trigger bursts of
action potentials when threshold potential is reached at
the wave peak.Membrane depolarization brings theslow
wave closer to threshold,increasing the action potential
frequency and thus the force of smooth muscle
contraction.

The initiation of these reflexes dems upon the
contentsof both the stomach and small intast
All the factors previouslydiscussed that regulate
acid secretion caralso alter gastric motility. For
example, gastrin in sufficientligh concentrations
increases the forceof antral smooth muscle
contractions. Distension of thetosach also
increases the forcef antral contractions through
long and short reflexes triggere by
mechanoreceptors in the stomach wall. Therefore,
after a large meal, the force of initial stomach
contractions is great, ) that you learned about in

which results in a grater emptying per contraction.
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In contrast, gstric emptying is inhibited by
distension of the ubdenum or the presence of fat,
high acidity (low pH),or hypertonic solutions in the
lumen of the duodaum ( Figurel0). These arg¢he
same factors that lnbit acid and pepsin secretign
the stomach.Fat is the most potent of these
chemical stimuli. This prevents overfilling of the
duodenum. The rate of gastric emptying has
significant clinical implicatiors particularly when
considering what food typeis eaten with oral

medications.

Long neural
CNS reflexes
L Parasympathetic
efferents

T Sympathetic
efferents

Short neural
reflexes via

Stomach enteric neurons

1 Gastric emptying

TPlasma
enterogastrones

Begin

Duodenum
T Acidity TFat T Amino Hypertonicity Distension
| acids |
I

I SN

Y
U
Stimulate
neural receptors

g
T Secretion of
enterogasirones

Figure 10 Intestinal phase pathways inhibiting astric
emptying.

A meal rich in fatcontent tends to slow oral drug
absorption due to delay of the drug entering the
small intestine through the pyloric sphincter.

Autonomic neve fibers to the stomach can be
activated by the CH independently of the reflexes

originating in he stomach and duodenum and can
influence An increase in

gastric  motility.

parasympatheti@activity increases gastric motility,

whereas an increase in sympathet activity
decreases motilityVia these pathwgs, pain and
emotions can altemrmotility; however, different
people show differengastrointestinal responsés
apparently similar emotionastates. As we dve
seen, a hypertonic solutian the duodenum is one**
of the stimuli inhibiting gastricemptying. This
reflex prevents the fluid in theluodenum from
becaning too hypertonic. It does g1y slowing the
rate of entry of chyme and therellye delivery of
large molecules that can rapidly leoken down
into many small molecules by enzymiasthe small
intestine. Once the contentsfdhe stomach have
emptied overa period of several hours, the
peristaltic waves cease and tempty stomach is
mostly quiesent. During this time, howevethere
are brief intervals of pestaltic activity that we will
describe bpng with the events controlling intestinal

motility.
Pancreatic Secretions

The exocrine portion of thepancreas secretes
HCO;* and anumber of digestive enzymes into
ducts that coverge into thepancreatic duct, which
joins the common bile duct fronthe liver just
before it entershe duodenum The enzymes are
secreted by @ind cells at the pancreatic eafithe
duct system, whereaslCOs;* is secreted by the
epithelial cells linng the ducts ( Figurdl). The
pancreatic duct cellsecreteHCO;* (produced from
CO 2 and water) into the duct lumen via an apical
membraneCl ~ / HC032' exchanger, while ganH "
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produced is exchangddr extracellular Na on the
basolateral side of the ce(Figure 12). The H
entes the pancreatic capillaries &ventually meet
up in portal veinblood with theHCO:* produced
by the stomach during the generationiwhinal H

*. As with most tansport systems, the energy for

secretion oHCO5” is ultimatel provided by Na
/K i ATPasepumps on the basolaterakembrane.
ClI" normally does noaccumulate within the cell

because these ions are yeed into the lumen

through the cystic fibrosis transmembrane

conductance regulator ( CFTR large meal, the force

of initial stomach contractions is greaterVia a
paracellularroute, Nd& and water move intdhe
ducts due to the electioemical gradient
established bychloride movement thragh the
CFTR.

Endocrine cells
of pancreas
Exocrine cell
(secretes
enzymes)
3
g /. b
N o — Ductcell
. y&. (secretes
=% bicarbonate)
Gallbladder ( /X Pancreas

Accessory — 7 \
pancreatic > /
duct
™

————_ Main pancreatic
B, duct

Common bile
duct from gallbladder

Duodenum

Figure 11 Structure of the pancreas. The exocrinportion

secretes enzymes and HCO Binto the pancreatic ducts.

The endocrine portion secretes insulin, glucamn, and

other hormones into the blood.

This dependence oGl explains why mutatiog in
the CFTR that cause cystifibrosis result in
decreased pancreatic HCO;” secretion.
Furthermore,the lack of normal water movement
into the lumen leads to a thickening of pandeat
secretions; this can lead telogging of the
pancreatidducts and pancreatic damagefdnt, the
cystic and fibrotic (scamg) appearance of the
diseasegbancreas was the origin of the naaighis
disease.The enzymes the pancreas sexsedigest
fat, polysaccharidegyroteins, and nucleiacids to
fatty acids, sugarsamino acids, and nucleotides,
respetively. The proteolyticenzymes are secreke
in inactive forms (zymogens), adescribed for
pepsinogen in thetomach, and then activatedthe
duodenum by other enzymdske pepsinogen, the
secretion of zymogens protects pamatic cells

from autodigestion.

Basolateral Duct lumen

Capillary
CO,+H;0

Carbonic anhydrase

Na*/H*exchanger

H.CO;

H*+ HCOg

Figure 12 lon-transport pathways in pancreatic duct cells.
(CFTR 5 Cystic fibrosis transmembrane conductance

regulator)
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A key step in this activation is ediated by
enterokinase , whichs embedded in the luminal
plasma membranes of the intestirgdithelial cells.
Enterokinase is proteolytic enzyme that splitéf a
peptide from pancreatic trypsinogen , forming the
active enzyme trypsin. Trypsin ialso a proteolytic
enzyme; onceactivated, it activates the other
pancreatic zymogens by splittingpff peptide
fragments. This activating functions in addition to
the role & trypsin in digesting ingestegrotein. The
nonproteolytic ezymes secreted by the pancreas
(e.g., amylase and lipase) aedeased in fully active
form. Pancreatic secretion ireases during a meal,
mainly asa result of stimulation yothe hormones
secretin and CCKSecretin is th primary stimulant
for HCO:® secretion, whereas CCK méin
stimulates enzyme secretioBecause the function
of panceaticHCO;* is to neutralizescid entering
the duodenum fronthe stomach, it is appropriate
that the major stimulus for setim release is
increasedhcidity in the duodenum ( Figufe3).

Pancreas ’

-~
_—

Intestinal lumen

Inactive enzymes =—————————s Active enzymes

Trypsinogen = Trypsin

Membrane-bound

enterokinase Epithelial cell
|

Figure 13 Activation of pancreatic enzyme precursor in the

small intestine.

In analogous fashiorGCK stimulates the secretion
of digestive enzymes, includintpose for fat and .
protein digestionso it is appropriate that tletimuli
for its release are fatty ad@dcaind amino acids in the
duodenum ( Figureld). Luminal acid and fay
acids alsoact on afferent nerve endings the
intestinal wall, initiatingreflexes that act on the
pancreas to increase both enzyme a@O;>
secretion. In these ways, the organutrients in the
small intestine initiate neural amehdocrine reflexes
that controlthe secretionsniolved in their own

digestion.

1 Acid from stomach

Smaill intestine
T Secrefin secretion

o

TPlasma secretin

Pancreas
TBicarhonate secretion

T Flow of bicarbonate into small intestine

—_———————— e ———————

Small intestine
Meuiralization of intestinal acid

Figure 13 Hormonal regulation of pancreatic HCO 2
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secretion. Dashed line andt indicate that neutralization of
intestinal acid VpH) turns off secretin secretion(negative
feedback).

Although most of thgpancreatic exocrine secretions

are controlled by stimuli arisg from the intestinal
phase oftdigestion, cephalic and gaststimuli also
play a role by wayf the parasympathetic nerves t

the pancreas.

T Intestinal fatty acids and amino acids

Small intestine
T CCK secretion

T Plasma CCK

Pancreas
TEnzyme secretion

T Flow of enzymes into small intestine

Small intestine
T Digestion of fats and protein

Figure 14 Hormonal regulation of pancreatic enzyme
secretion

Thus, the tasteof food or the distension of the
stomach byfood will lead toincreased pancreatic

secretion.

Bile SecretioriThe functional unit othe liver is the
hepatic lobulg Figure15 ). Within the lobug, the
portal triad is composedf branches of the bile
duct, the hepatic and portal veingnd the hepatic

artery (whichbrings oxygenated blood to tliger).
Substances absorbed frohetsmall intestine wind
up in the hepatic sinusdieitherto reach the vena
cava via thecentral vein or are taken up by the
hepatocytes (liver cells) in which they can be
modified. Hepatocytes can rid the body of’
substances by secretion into the bile candl,
which convergeto form the common hepatibile
duct . Bile contains six majr ingredients: (1) bile
salts,(2) lecithin (a phospolipid), (3) HCOs* and
other salts, (4) cholestero{5) bile pigments and
small amounts of other etabolicend products, and
(6) trace metals. Bile salts and lecithirare
synthesized in the liver and, as we have seen, help
solubilize fat in the small intestine.HCO:*
neutralizes acid in thduodenum, and the last three
ingredients represent substameatracted from the
blood by the iver and excreted via the bil@he
most important destive components of bile attee

bile salts. During the digesin of a fatty meal, most

of the bile salts entering the intestintxhct via the
bile are absorbedby specific N& -coupled
trarsporters in the ileum (the lasegment of the
small intestie). The absorbed bile salts aeturned

via the portal vein tahe liver, where they are once
again secreted into the bile.ptdke of bile salts
from portal blood into hepatocytes is driveby

secondary active transparbupled to N4 .
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Hepatic sinusoid

Hepatocytes

Central vein

Bile canaliculi

(a) Hepatic lobules

Central vein . 3 o
Bile canaliculi

Hepatic sinusoid

Hepatocyte

Portal triad

Branch of
bile duct

Branch of
hepatic portal vein

Branch of
hepatic artery

(b) Hepatocytes and sinusoids

Figure 15 Microscopic appearance of the livera) Hepatic
lobules are the functonal units of the liver. (b) A small
section of the liver showingthe location of bile canaliculi
and ducts with respect to blood and liver cells
(hepatocytes). Thehepatic portal veins communicatewith
the hepatic sinusoids andbring absorbed substances to the
liver from the small intestines. Hepatocytes take up and
process nutrients and other factors from the hepatic
sinusoids. Bile(green) is formed by uptake byhepatocytes
of bile salts and secretioninto bile canaliculi. Finally,
central veins, located at the center beach lobule, drain
blood from the lobules into the systemic venous

circulation.

This recyclip pathway fom the liver to the
intestine and back to the livas known as the
enterohepatic circulation figure 16). A small
amount (5%) of the bilsalts escapes this recycling
and is bst in the feces, but the liveynthesizes new
bile salts from chlesterol to eplace it. Duringhe
digestion of a meal, the erdirbile salt content of
the bodymay be recycled several times via the
enterohepatic  circulain. In  addition to
synthesizng bile salts from cholesterothe liver
also secretes cholesterol extracted frma blood
into the bile. Bile secretion, folleed by excretion
of cholesteroln the feces, is one of the mechams
for maintaining cholesterdiomeostasis in the kbad
and is alsahe process by which soméatesterol
lowering drugs workDietary fiberalso sequesters
bile and thereby lowers plasn@holesterol. This
occurs because the sequestered bile sattape the
enterohepatic circulation. Therefore, the liver must
either synthesize new cholestgmr remove it from
the blood, or both to produce me bile sdis.
Cholesterol is insoluble iwater, and its solubility
in bile is achieved by its incorporationto micelles
(whereas in blod, cholesterol is incorporatedto
lipoproteins). Gallstones, consisfj of precipitated
cholesterol,will be discissed at the end of this
chapter.Bile pigments aresubstances formed from

the hemeportion

Prepared By Prof. Rabindranath Majumder , Assis. Professor, Tamralipta Mahavidyalaya , Tamluk, Purba Medinipur , W.B



STUDY MATERIAL for PHYSIOLOGY (Hons) Semester IV (CBCS) TAMRALIPTA MAHAVIDYALAYA UNDER V.U

Duodenum
Fatty acids

T CCK secretion

TPlasma CCK

Galibladder
Contraction

Sphincter of Oddf
Relaxation

T Bile flow
into duodenum

T Bile flow into
commaon bile duct

Figure 16 Regulation of bile entry into the small intestine.

of hemoglobin when old or damaged @rgicytes
are broken down in the spleen and lveThe
predomirant bile pigmentis bilirubin , which is
extracted from the blood by liverells and actively
secreted into # bile. Bilirubin is yellow and
contributes to the color of bile. During their pagsa
through the intestinal tract, some othe bile
pigments are absorbethto the blood and are
eventualy excreted in the urine, givingrine its
yellow color. After entang the intestinal tract,
somebilirubin is modified by baarial enzymes to
form the brownpigments that give fees their
characteristic color.The components of bile are
secreted by two different celypes. The bile salts,
cholesteol, lecithin, and bile pigmentare secreted
by hepatocytes, wdreas most of théiCO;* rich
solution is secreted by the epithelial cells linihg t
bile ducts. Secretivof theHCOs> rich solution by

the bile ducts, justlike the secretion bythe
pancreas, is stimulated by secretimgsponse to the
presence of acid in the duodenuithough bile
secretion is geatest during and just aftereeal the
liver is always secteng some bile. Surrounding the
common bile duct at the point where it enters tHeé
duodenunis a ring of smooth muscle known as the
sphincter of Oddi When this sphincter is closed,
the dilute bile secreted by thieer is shunted into
the gallbladde Here, the organic component$
bile become concerdted as some NaCl and water
are absorbed into the bloo&hortly after the
beginning of a fatty meal, the sphinctesf Oddi
relaxes and the gallbladder caatts, discharging
concentratedbile into the duodeum. The signal for
gallbladdercontraction and sphincter relon is
the intestinal hormoneCCKd appropriately so,
because, as wieave seen, the presenaffat in the
duodenum is a mao r stimul us
release. It is from this ability to causmntraction of
the gallbladderthat cholecystokinin eived its
name:
summarizes the factors

mo v e . gure Ko

controlling the entry of bile into the small intestine.
Small Intestine Secretion

Approximately 1500 mL of fluids secreted by the
walls of thesmall intestine from the blooto the
lumen each day. One othe causes of water
movement (seretion) into the lumen is thahe
intestinal epithelium at the baséthe villi secretes

a numberof mineral ion$ notably, N&, Cl ", and
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HCO,* & into the lumen, and water follows by
osmosis. These secretions, alowgth mucus,
lubricate the suece of the intestinal tract arlp
protect the epithelial cells fro excessive damage
by the digestive enzymes in the lumen. Some
damage to these celtsill occurs, however, and the
intestinal epithelium has one the highest cell
renewal ates of any tissue in the bodgs stated
earlier, water movement into the lumalsooccurs
when the chyme eering the small intestine from
the stomach is hypertonic kmee of a high
concentration ofsolutes in the meal and besa
digestion breaks down largmolecules into many
more smdlmolecules. This hypertonicityauses the
ognotic movenent of water from the isotonic

plasma into the intestinal lumen.
Absorption

Normally, virtually all of the fluidsecreted
by the small intestings absorbed back into the
blood. In addition, a much largenlume of fluid,
which includes salivary gastric, hepatic, and
pancreatic secretions, as well agdasted water, is
simultaneouslyabsorbed from the intestll lumen
into the blood. Thuspverall there is a large net
aborption of water from the smalintestine.
Absorption is achieved by theatisport of ions,
primarily via Na 1 and nutrient ¢@nsportfrom the
lumen

intestinal into the blood, with water

following by osmosis.

Motility

In contrast to the peristaltic was that sweep over
the stomachthe most common motmwin the small
intestineduring digestion of a meal is a statiogar
contraction and relaxation dhtestinal segments,
with little apparent net movement toward the large
intestine ( Figurel7 ). Each contracting segmeist \*°
only a few centimeters longnd the contraction
lasts afew seconds. The chyme in themen of a
contracting segment ferced both up and down the
intedine. This rhythmic contractioand relaxation
of the inestine, known as segmentatigoroduces a
continuous division and sdlvision of the intestinal
contents, thoroughly miing the chyme in the lumen
andbringing it into catact with the intestinal wall.
These segmenting movents are initiated by
electricalactivity generated by pacemakesils (the
interstitial cells ofCajal ) in the circular smooth
musde layer . As with the slow waves in the
stomach, his intestinal basic electricathythm
produces oscillation in the smooth muscle
membranepotential. If threshold is reached, action
potentials are trigged that increase muscle
contraction The frequency of segmentatimnset by
the frequency of the ingéinal basic electrical
rhythm; unlike the stomach, however, whi
normally has a single rhyth(three per minute), the
intestinal rhythm varies along e@hlength of the
intestine,each sucessiveregion having a slightly
lower frequency than the one abovear Fexample,
segmentation in theduodenum occurs at a
frequeng of about 12 contractions/mimhereas in
the last portion of the ileum the rate is orfly

contractionsmin.
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Site of first contraction

Time

Figure 17 15.34 Segmentation ontractions in a portion of
the small intestine in which segments of the intestineg
contract and relax in a rhythmic pattern but do not
undergo peristalsis. This ighe rhythm encountered during
a meal. Dotted lines are referenc@oints to show the site of
the first contraction in time (starting at the top). As
contractions occur at the nextsite, the chyme is divided

and pushed back and forth, mixing the luminal contents.

Segmentation prodes, therefore, a slow migration
of the intesghal contents towardhe large intestine
because morechyme is forced downward, on
average, than upward. The intensity of segmamntat
can be altered by hormonethe enteric nervous
system, and autonomic nerveparasympathetic
activity increases the foec of contraction,and

sympathetic stimulation degases it. Thus, cephalic
phasestimuli, as well as emotional stategn alter

intestinal motility. As is true for the stomag these

inputs produce changeim the force of smooth
muscle contraction but doot significantlychange

the frequencies of the basic electrical rhythAfser

most of a meal has been absorbed, the segmenting
contractions cease and are replaced by a pattern of
peristaltic activity known as the migrating*
myoelectrical complex ( MMC )Beginning in the
lower portion of the stomach, repeated waweds
peristaltic activity travel about 2 feet along the
small intestineand then die out. The next MMC
starts slightly farther down themall intestine so
that peristaltic activity slowly migratedown the
small intestine, taking about 2 to reach the large
intestineBy the time the MMC reaches the end of
the ileum, new waveare beginning in the stomach,
and the process repeatfhe MMC moves any
undigested material still remainingn the small
intestine into the large intestine and afsevents
bacteria from remaining in the small intestine long
enough to grow and multiply excessively. In
MMC,

bacterial overgrowth in thesmall intestine can

diseases characterizetty an aberrant

become a major pblem. Upon the arrivalof a meal
in the stomach, the MMC rapidly ceases in the
intestineand is replaced by segmentation.

An increase in the plasma concentration of the
intestinalhormone motilin is thought to initiate the
MMC. Feeding inhibits the releaseof motilin;
motilin stimulates MMCs vigboth the enteric and
autonomic nervous systems.The contractile activity
in various regions of the smaihtestine can be

altered by reflexes initiated at different poiatsng
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the gastrointestinal tract. For exammegmentation
intensity in the ileum increases during periods of
gastric emptyingithis is known as the gastroileal
reflex. Large distensionsf the intestine, injury to
the intestinal wall, and variousacterial infections
in the intestine lead to a comepe cessationof
motility, the intestineintestinal reflex As much as
500 mL of air may be swallowed duringnaeal.
Most of this air travels no farther than the
esophagusfrom which it is eventually expelled by
belching. Some of thair reaches the gstwach,
however, and is passed on to the intestimdgre

its percolation through the chyme as the
intestinalcontents mix produces gurgling sounds

that can be quite loud.
Large Intestine

Anatomy and FunctianThe large intestine is a tube
about 6.5 cm (2.5hches) in diameteand about 1.5
m (5 feet) long. Although the large intestihas a
greater diameter than the small intestine, its
epithelial surface area is far smaller because the
large intestine is shortéhan the small intestine, its
surface is notonvoluted, and itsnucosa lacks villi
found in the srall intestine. The first portion of the
large intestine is the cecum . A sphincbatween
the ileum and the cecum is called the ileocecal
valve (or sphincter ) and is composed primarily of
circularsm@th muscle innervated by sympathetic
The

distension of the colon and limits the movement of

nerves. circular muscle contracts with

colonic contents backward into the ileum. This

prevents bacteria from the large intestine from
colonizing thefinal part of he small intestine. The
appendix is a small, fingerlikeorojection that
extends from the cecum and may participate
immure function but is not essentiallhe colon
consists of three relatively straight segméntise >
ascending, transverse, and descendorygns. The
terminal portion of the descending colon is- S
shaped, forming the sigmoitblon, which empties
into a relatively straight segment dhe large
intestine, the rectum, which ends at the aritse
primary function of the large intestine is to r&to
and concentrate fecal material before defecation.
The secretions dhe large intestine are scanty, lack
digestive enzymes, and congmsbstly of mucus and
fluid containingHCO;* and K . About 1500 mL

of chyme enters the large intestine frohe small
intestine each day. This material is derived largely
from the secretions of the lower small intestine
because mosbf the ingested food is absorbed
before reaching the largetestine. Fluid absorption
by the large intestine normalgccounts for oyl a
small fraction of the fluid absorbed by the

gastrointestinal tract eachday. The primary
absorptive process in the large intestinthesactive
transport of N& from lumen to extracellular fluid,
with the accompanying osmotic absorption of
water. Iffecalmaterial remains in the large intestine
for a long time, almostall the water is absorbed,
leavingbehind hard fecal pelletsThereis normally

a net movement of Kfrom blood into thelarge
intestine lumen. Severe depletion of tetady

potassiumcanesult when large volumes of fluid are
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excreted in théeces. There is also a net movement
of HCO;” into the lumercoupled to CI absorption
from the lumen, and loss of thH#CO;* (a base) in
patients with prolonged diarrhea can
causemetaboli@acidosis. The large intestine also
absorbs some of the produtsmed by the bacteria
colonizing this region. It is now recognizéuat the
colonic bacteria make a vital metabolic contribution
to health. Undigested polysaccharides (fiber) are
convertedto shortchain fatty acids by bacteria in
the large intestine amabsorbed by passive diffusion
as well as actively via specifghortchain fatty acid
transporters. This route of absorptioan represent

a significant source of ingested calories and loan
even more in obesity. The HG® secreted by the
large intestinehelps to neutralize the increased
acidity resulting from thdormation of these fatty
acids. These bacteria also produce s@malbunts of
vitamins, especially vitamin K, for absorption ant
the blood. Although this source of vitamins
generally provideonly a small part of the normal
daily requirement, it may make a&ignificant
contribution when dietary vitamin intake is low. An
individual who depends on absorption of nutrients
and vitamins formed by bacteria in the large
intestine can have adverse heattinsequences if
treated with antibiotics that inhibit other specdds
bacteria in addition to the diseasausing bacteria.
Other lacterial products include gaiatus ), which

is a mixture of nitrogen and carbon dioxide, with
small amount®f the gases hydrogen, methane, and
Bacterial fermentation  of

hydrogen sulfide.

undigested polysaccharides produtiesse gases in

the colon (except for nitrogen, which is derived
from swallowed air) athe rate of about 400 to 700
mL/day. Certain foods (beans, for example) contain
large amounts ofcarbohydrates that cannot be
digested by intestinal enzymesut are readily
metabolized by bacteria in the large intesting
producing large amounts of gas.

Motility and Defecation

Contractions of the circular smooth muscle in the
large intestingproduce a segmentation motion with
a rhythm considerablglower (one every 30 min)
than that in the small intestinBecause of the slow
propulsion of the largentedine contentsmaterial
entering the large intestine from the small intestine
remains for about 18 to 24 h. This provides time for
bacteriato grow and multiply. Three to four times a
day, generallyfollowing a meal, a wave of intense
contraction known as mass movement spreads
rapidly over the transverse segmaegit the large
intestine toward the rectum. The large intesiige
innervated by parasympathetic and sympathetic
nerves.Parasympathetic input increases segmental
contractions,whereas sympathetiaput decreases
colonic contractionsThe anus, the exit from the
rectum, is normally closedy the internal anal
sphincter, composed of smooth musclend the
external anal sphincter, composed of skeletal
The sudden
distenson of the walls ofthe rectum produced by

muscle under voluntary control.
the mass movement of fecal materrdb it initiates

the neually mediated defecation reflexThe

Prepared By Prof. Rabindranath Majumder , Assis. Professor, Tamralipta Mahavidyalaya , Tamluk, Purba Medinipur , W.B



STUDY MATERIAL for PHYSIOLOGY (Hons) Semester IV (CBCS) TAMRALIPTA MAHAVIDYALAYA UNDER V.U

conscious urge to defecate, mediated by
mechanoreceptorsaccompanies distension of the
rectum. The reflex responseconsists of a
contraction of the rectum and relaxation of the
internal anal sphincter but contraction of the
external anal sphincter (initiallyand increased
motility in the sigmoid colon. Eventually,@essure

is reached in the rectum that triggersflex
relaxationof the external anal sphincter, allowing
the feces to be expelleWia descending pathways
to somatic nerves to the exterrahal sphincter,
however, brain centers can override theflex
signals that eventually would relax the sphincter,
therebykeeping the external sphincter closed and
allowing a person talelay defecation. In this case,
the prolonged distension of the rectum initiates a
reverse movement, driving the rectal contdrask
into the sigmoid colon. The urge to defecate then
subsides until the next mass movement again
propels morefeces into the rectum, increasing its
volume and again initiatinghe defecation eflex.
Voluntary control of theexternalanal sphincter is
learned during chihood. Spinal cord damagean
lead to aloss of voluntary control over defecation.
Defecation is normally assisted by a deep breath,
followed by closure of the glottis and contraction of
the abdominal andhoracic muscles, producing an
increase in abdominal pressuhat is transmitted to
the ontents of the large intestine and rectdrhis
maneuver (termed the Valsalva maneuver) also
causesan increase in intrathoracic pressure, which
leads to a transienincrease in blood pressure

followed by a decrease in pressuretias venous

return to theheart is decreased. The cardiovascular
changes resulting from excessive strain during
defecation mayn rare instances precipitate a stroke
or heart attack, especiallyn constipated elderly

people with cardiovascular disease.
24
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