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New Human Physiology Ch 22

S t u d y  O b j e c t i v e s

       To defi ne  concepts  such as  achlorhydr ia, enterogas trones , haematemes is , inc retins ,

mac rolide, malabsorption, melaena, migrating motor  complex , parac r ine sec retion, peptide

hormone f amilies , peptic  ulcer  disease, per is tals is , segmentation, s low  w aves , and spike

potentials .

       To des c r i b e the ex tr ins ic  and intr ins ic  enter ic  nervous  s ys tem inc luding neurotrans mitters

and gas trointes tinal hormones , c holes terol and lipid metabolism,

       To expl ai n gas trointes tinal motility , gas trointes tinal s ec retion (s aliva, gas tr ic  juic e,

panc reatic  juice, bile) , diges tion and intes t inal abs orption of  nutr ients , v itamins , w ater  and

iron. To expl ai n the pathophys iology  of  common gas trointes tinal disorders  inc luding

malabsorption of  carbohy drate, amino ac ids  and f at, osmotic  and sec retory  diar rhoea, and

iron def ic iency .

       To use  the abov e c onc epts  in problem s olv ing and cas e his tor ies .

P r i n c i p l e s

       The centr a l  a utonomi c ner vous system  (hypothal amus  and b rai n s tem)  medi ates  i ts

i nf l uence on the gas troi ntes t i nal  func ti on through the i ntr i ns i c , enter i c  nervous  s ys tem ( the

so-cal l ed “ l i t t l e b rai n”) .

       Ca nnons l a w of  the gut : The per i s tal s i s  of the smal l  i ntes t i ne al ways  proceeds  i n the

oral -  ab oral  di rec t i on.

D e f i n i t i o n s

       Achlor hydr ia ref ers  to abs enc e of  HCl produc tion in the s tomac h

       De fae cat ion is  a ref lex  ac t involv ing colon, rec tum, anal sphinc ters  and many  s tr iated

musc les  (diaphragm, abdominal and pelv ic  mus c les ) . The motor  pathw ay  is  the pelv ic  nerv es .



Def aecation implies  a temporal releas e of  anal continenc e brought about by  a ref lex . The

coordinating centre is  in the sac ral s pinal cord.

       Ente r ogas tr one s  are enterogas tr ic  inhibitory  hormones  liberated f rom the duodenal mucosa

by  ac id chyme ( ie, c holecys tokinin: CCK, gas tr ic  inhibitory  peptide: GIP, sec retin,

somatos tat in, neurotens in and vasoac tiv e intes tinal peptide: V IP) .

       Hae m ate m e s is  is  def ined as  vomiting of  w hole blood or  blood c lots .

       Incr e t ins  are hormones , w hic h inc reas e i nsul i n sec reti on f rom the  -c ells  of  the

panc reatic  is lets  muc h ear lier  and to a greater  ex tent, than w hen the blood gluc ose

concentration is  elevated by  intrav enous  inf us ion (GIP, glic entin, gluc agon- like peptides -1 and

-2) .

       In t r ins ic, e nte r ic ne r vous  s ys te m  ref ers  to the large number  of  neuronal connec tions  in

the gut w all,  in par tic ular  the sub mucos al  Mei ssner  pl exus , w hich regulates  the diges tive

glands , and the myenter i c  Auerb ach pl exus , pr imar ily  c onnec ted w ith gut motility .

       M acr olide s  are antibiotic s , w hich bind to and prevent trans location on bac ter ial r ibosomes .

       M alabs or pt ion  des c r ibes  the c ondit ion result ing f rom inef f ic ient abs orption of  nutr ients  by

the gas trointes tinal trac t.

       M e lae na is  def ined as  passage of  dark tar ry  s tools  (coal-blac k, s hiny , s tic ky , and f oul

smelling) .

       M igr at ing m otor  com ple x  ref ers  to a gas tr ic  sequence of  ev ents , w here c ontrac tions

occ ur  each 90 min dur ing f as ting. There is  a quiet per iod ( I)  f ollow ed by  a per iod of  ir regular

contrac tion ( II) , and culminated w ith a  per i s tal t i c  rus h ( III)  ac companied by  inc reas ed gas tr ic ,

panc reatic  and biliary  sec retion.

       NANC ne ur ons  are non-adrenergic , non-cholinergic  pos tganglionic  neurons , w hich liberate

gas tr in- releas ing peptide (GRP)  to the gas tr in produc ing G-cells .

       Nitr ic oxide  (NO)  is  a poss ible neurotransmitter  betw een the preganglionic  and the NA NC

pos tganglionic  neurons .

       Par acr ine  s e cr e t ion  is  the release of  s ignal molecules  to neighbour  cells .

       Pe pt ide  hor m one  fam ilie s  are groups  of  hormones  that ex hibit  sequence homol ogy: They

pos ses s  a common amino ac id s equenc e, suc h as  the gas tr i n fami l y,  w hich has  s equenc e

homology  in their  terminal penta-peptide. Pepti de hormones  have autoc r i ne and parac r i ne



f unc tions  in the gas trointes tinal trac t.

       Pe r is tals is  is  a propagating contrac tion of  success iv e s ec tions  of  c irc ular  s mooth musc le

preceded by  a dilatation. The dilatated intes tinal w all is  draw n ov er  its  content in this  ref lex

mechanis m, w hic h transpor ts  the content aborally  and is  c alled the l aw of the gut.

       Se gm e ntat ion  div ides  the small intes t ine into many  s egments  by  loc alised c irc ular  s mooth

musc le c ontrac tions . Segmentation mixes  the intes tinal c ontent and propagate it at a s low

rate, w hich allow s  suf f ic ient t ime f or  diges tion and abs orption.

       Slow  w ave s  (b as i c  el ec tr i cal  rhythm)  are s low  gas trointes t inal depolar isation’s  occur r ing

at a f requenc y  of  3-18 per  min. The s low  w av es  change the res ting membrane potential of

smooth musc les  f rom -50 to -40 mV .

       Spik e  pote nt ials  are per i odi c  fas t waves  of depol ar i sati on that mos t of ten f ollow  a s low

w ave, and then alw ay s  init iate gas tr ic  contrac tions  (elic ited by  a r is e in cy tos olic  [Ca2+]) .

       V as o-act ive  inte s t inal pe pt ide  (V IP)  is  a vas odilatator  in line w ith adenos ine, A TP, NO.

The inc reased bloodf low  inc reases  intes t inal sec retion.

E s s e n t i a l s
This  paragraph deals  w ith 1. The a utonomi c a nd enter i c ner vous system , 2. The cepha l i c,

ga st r i c a nd i ntest i na l  d i gest i ve pha se,  3. M a st i ca t i on a nd swa l l owi ng, 4. Ga str i c a nd

i ntest i na l  mot i l i ty , 5. Vomi t i ng , 6. Col oni c mot i l i ty a nd defeca t i on , 7. Ga str oi ntest i na l

hor mones,  8. Sa l i va , 9. Ga str i c secr et i on , and 10. Intest i na l  d i gest i on a nd a bsor pt i on .

1. The  autonom ic and the  e nte r ic ne r vous  s ys te m

The diges tive sys tem is  innervated w ith nerve f ibres  of  both the sy mpathetic  and

paras ympathetic  div is ions , although the parasympatheti c  control  dominates  (Fig. 22-1) .

Movements  of  the gas trointes tinal trac t are brought about by  smooth mus c le ac tiv ity . There is  an

outer  longitudinal lay er , an inner  c irc ular  layer , and a submucosal musc le layer  (mus cular is

mucosae)  w ith both c ircular  and longitudinal f ibres  that moves  the v illi of  the muc osa. The inner

sur f ace is  lined w ith mucosal epithelium (Fig. 22-1) . The outer  musc le layer  is  covered by  the

seros a, w hich is  c ontinuous  w ith the mesentery  containing blood ves sels , ly mph ves sels  and

nerve f ibres .

The main CNS c entres  regulat ing diges tiv e f unc tions  are located in the brain s tem, w here the

sensory  tas te f ibres  f rom gus tatory , tac t ile and olf ac tory  rec eptors  terminate on the cell bodies

of  the motor  v agal and s alivary  nuc lei.  Many  af f erent, sensory  f ibres  in the v agus  nerve inf orm



the central  autonomi c  s ys tem about the condit ion of  the gut and its  content. The higher  c or tical

and olf ac tory  centres  inf luence these b rai n s tem motor  c entres  and their  paras ympathetic

outf low .

The parasympathetic  sy s tem i nc reas es  diges tiv e ac tiv ity  (s ec retion and motility ) , and the

sympathetic  sy s tem has  a net i nhi b i tory ef f ec t. The generally  inhibitory  diges tive ef f ec ts  of  the

sympatheti c  nervous  sys tem are caused indirec tly  by  vasoc ons tr ic tion, w hich reduc es

bloodf low  in the diges tive trac t.

The vagus  nerv e innervates  the gas trointes tinal trac t dow n to the transvers e c olon and c ontains

both ef f erent and af f erent f ibres . The las t par t of  the gas trointes tinal trac t rec eives

paras ympathetic  innerv ation f rom the pelv ic  nerves .

The ef f erent parasympathetic  f ibres  enhanc e diges tive ac tiv it ies  by  s timulating local neurons  of

the i ntr i ns i c , enter i c  nervous  sys tem located in the gut w all (Fig. 22-1) .

Fig. 22-1: The  autonom ic inne r vat ion of  the  gas tr o inte s t inal s ys te m  and the  s tr uctur e

of  the  e nte r ic w all. – A s e ns or y ne ur on to  the  CNS is  s how n to the  le f t .

The i ntr i ns i c , enter i c  nervous  sys tem cons is ts  of  tw o sets  of  nerve plex i. The sub mucosal

Mei ssner  pl exus  mainly  regulates  the diges tive glands , w hereas  the myenter i c  Auerb ac h

pl exus , located w ithin the mus c le layers , is  pr imar ily  connec ted w ith gut motility  (Fig. 22-1) . The

nerve plex i c ontain local sensory  and motor  neurons  as  w ell as  interneurons  f or  c ommunication.

Motor  neurons  in the myenter ic  plex us  releas e acety lcholine and Subs tance P. A cety lc holine

contrac ts  s mooth musc le cells , w hen bound to musc ar inic  receptors . Inhibitory  motor  neurons

releas e vasoac ti ve i ntes ti nal  pepti de (V IP)  and ni tr i c  ox i de (NO) . Thes e molecules  relax  smooth

musc le c ells .

Sensory neurons  are c onnec ted to mucosal chemoreceptors , w hic h detec t dif f erent chemical



subs tances  in the gut lumen, and to s tretch receptors , w hich respond to the tens ion in the gut

w all, c aus ed by  the f ood and c hyme. The shor t ef f ec tor  neurons  inc rease diges tive gland

sec retion and induc e s mooth musc le contrac tion. The large number  of  neuronal c onnec tions

cons titutes  the intr ins ic , enter ic  nervous  s ys tem, mediating brain inf luence on diges tive

f unc tions . The enter ic  nervous  s ys tem is  als o c alled the l i t t l e b rai n.

2. The  ce phalic, gas t r ic and inte s t inal d ige s t ive  phas e

The sec retion related to a meal occ urs  in three phas es  (Table 22-1) .

2a. The cephal i c  phase is  elic ited even bef ore f ood ar r ives  to the s tomach. The thought, s mell,

s ight, or  tas te of  f ood s ignals  to the limbic  sys tem ( inc luding the hy pothalamus )  that elic its  an

unc ondit ioned ref lex  s ec retion w ith intens ity  dependent upon the appetite.

Table  22-1: The  s e cr e t ion r e late d to  a m e al f r om  s alivar y, gas t r ic and e xocr ine
pancr e at ic g lands .

Ce phalic phas e

 Uncondit ioned ref lexes  s ec rete s aliva, gas tr ic  and panc reatic  juic e

 Condit ioned ref lex es  ( the thought of  f ood)  also.

Gas tr ic phas e  (dis tens ion of  the s tomach)

 V agal ref lexes  -  c holinergic , mus car inic  receptors

 Intr ins ic  peptidergic  neurons  (V IP, GRP)

 His tamine

 Somatos tatin (multipotent inhibitor )

 Gas tr in

Inte s t inal phas e

 Gas tr in f rom duodenal G-c ells  inc reases  gas tr ic  sec retion

 
Sec retin ( f rom S-cells )  and bulbogas trone inhibit gas tr in-s timulated ac id
sec retion

 
Cholec ys tokinin (CCK)  and gas tr ic  inhibitory  peptide (GIP)  inhibit gas tr in release
f rom G-c ells , and ac id sec retion by  the par ietal cells

 A ll these entero-gas tr ic  i nhi b i tory hormones  are c alled enterogas trones

2b. The ga str i c pha se

 is  brought about w hen f ood enters  and dis tends  the s tomach. Dis tens ion s timulates  s tretc h

receptors  and peptide s ens it ive chemorec eptors . They  prov ide af f erent s ignals  f or  both long,

central v ago-v agal ref lex  loops  as  w ell as  local, enter ic  ref lexes . Signals  in these f ibres  reach



cholinergic , muscar inic  rec eptors  on the bas olateral membrane of  the par ietal c ells .

Dis tens ion of  the body  of  the s tomac h c an releas e gas tr in f rom the antral mucosa by  vagal

ref lexes . Mos t of  the daily  gas tr ic  s ec retion of  1.5 l is  accounted f or  by  the gas tr ic  phase.

2c . The i ntes t i nal  phas e is  elic ited by  duodenal and jejunal mechanis ms  that both s timulate and

inhibit gas tr ic  ac id s ec retion. Gas tr ic  s ec retion and motility  are at f ir s t inc reased to promote

f ur ther  diges tion and empty ing. This  f ills  the duodenum w ith ac idic  and f atty  chy me. A c id chy me

reaching the duodenum w ith peptides  and amino ac ids  releases  gas tr in f rom duodenal G-c ells ,

w hich inc reases  gas tr ic  sec retion. Normally , the inhibitory  intes tinal mechanisms  dominate, w hen

the pH of  the chyme is  low . A c id chyme in the duodenum c aus es  releas e of  sec retin ( f rom S-

cells )  and of  bulbogas trone (Table 22-1) .

3. M as t icat ion and s w allow ing

The proc ess  of  c hew ing or  mas ti cati on requires  co-ordination of  the chew ing musc les , the

cheeks , the palate and the tongue. Chew ing is  normally  a ref lex  ac tion. The f orc es  involved in

gr inding and cutting the f ood are enormous , and suf f ic ient to f ragment cellulose membranes .

Finally , the f ood is  mixed w ith saliv a and f ormed into a bolus . The bolus  is  pushed back into the

phary nx , w hen the tongue is  pressed agains t the hard palate.

Fig. 22-2: Sw allow ing of  a food bolus  in thr e e  s te ps  (OES s tands  for  the  uppe r

Oe s ophage al s phincte r ) .

The gas trointes tinal trac t moves  inges ted mater ials  and sec retions  f rom the mouth to the anus .

These movements , as  w ell as  nonpropuls iv e c ontrac tions , are called moti l i ty.

Gas trointes tinal s phinc ters  possess  adrenergic  1- receptors . Stimulation of  these receptors

results  in contrac tion.



Sw allow ing (degl uti t i on)  begins  as  a v oluntary  process  by  w hich the tongue pushes  a por tion of

the f ood back agains t the sof t palate (Fig. 22-2) . Elevation of  the s of t palate c loses  the

nas opharynx , and the f ood enters  the pharynx , the larynx  is  elev ated c los ing the epiglott is  and

respirat ion s tops . The upper  phary ngeal c ons tr ic tor  contrac ts , init iating sequential contrac tions

of  the other  phary ngeal c ons tr ic tors . Thes e c ontrac tion w av es  are involuntary  and push the

f ood tow ards  the oesophagus . Per is tals is  in the oes ophagus  is  s tar ted as  the pharyngeal w ave

pas ses  through the upper  oes ophageal s phinc ter  (Fig. 22-2) . When the propuls iv e w av e reaches

the low er  oesophageal sphinc ter  (LES) , the relax ed musc le w all preceding the bolus  momentar ily

relaxes  the LES, and the f ood pass es  the cardia to enter  the s tomac h. V agal s t imulat ion relaxes

both s phinc ters  (see ac halas ia, below ) .

The upper  third of  the oesophagus  is  c omposed of  s tr iated musc le, the middle third contains

mixed smooth and s tr iated musc le, and the low er  third c ontains  only  s mooth musc le.

Sw allow ing is  controlled by  brains tem neurons . They  f orm a sw allow ing c entre (Fig. 22-2) . The

vagus  nerve contains  both s omatic  motor  neurons  (or iginate in the nuc leus  ambiguus )  that f orm

motor  endplates  on s tr iated musc le f ibres , and v isc eral, preganglionic  motor  neurons  ( f rom the

dorsal motor  vagal nuc leus  to the my enter ic  plexus ) . The sw allow ing ref lex  coordinate motor

s ignals  f rom both oesophageal s tr iated and s mooth musc les  as  w ell as  s ignals  to the upper  and

low er  oesophageal sphinc ters .

Sy mpathetic  s timulation contrac ts  the LES mediated by  noradrenaline ac ting on - receptors .

When a s w allow  is  init iated v ia touch receptors  in the pharynx , or  w hen the low er  oesophagus

is  dis tended by  a bolus , it  w ill relax  the LES by  ref lexes  in inhibitory  vagal f ibres  joining the

enter ic  nervous  s ys tem. V IP and NO ac t as  transmitters .

4. Gas tr ic and inte s t inal m ot ility

In the s tomach, diges tion continues  (sal i vary amyl ase)  and the s tomac h regulates  empty ing of  its

content into the duodenum. The f undus  has  a hi gh compl i anc e, so f ood can ac cumulate w ithout

much inc rease in gas tr ic  pressure. V agal f ibres  releas ing V IP to inhibitory  neurons  of  the

myenter ic  plex us  mediate this  receptiv e relaxation. The body  of  the s tomach mixes  and gr inds

the f ood w ith gas tr ic  juice -  also by  retropul s i on  (bac kw ard or  oral mov ement)  -  and then

propels  the content tow ard the antrum and py lor ic  region f or  regulated empty ing. The dis tal

s tomach reduces  solids  to a f luid cons is tently  composed of  par tic les  less  than 2 mm. Here is  a

forceful  per i s tal s i s  ( ie, propagating contrac tions ) , s o the py lor ic  sphinc ter  opens  and the chyme

is  ejec ted into the duodenum (Fig. 22-3) . 



Fig. 22-3: Inte s t inal s m ooth m us cle  pote nt ials  ( le f t )  and contr act ions  ( r ight ) .

A long the greater  curvature of  the s tomach is  a region of  rapid spontaneous  depolar ization,

w hich is  c alled the gas tr i c  pacemak er  es tablishing the max imum rate of  gas tr ic  contrac tions .

The gas tr ic  smooth musc le w all generates  tw o ty pes  of  elec tr ic al ac tiv ity . Sl ow waves  (bas ic

elec tr ical rhy thm)  are s l ow depol ar i s ati on’ s  occur r ing at a f requency  of  three in the s tomach, up

to 18 in the duodenum and 8 per  min in the terminal ileum. The s low  w av es  are osc illations  of  the

res ting membrane potential (Fig. 22-3) . V oltage-gated (potential s ens it ive)  Ca2+-c hannels  open at

a c er tain threshold of  depolar ization, c aus ing a Ca2+- inf lux  to the s mooth musc le cell result ing in

the so-c alled spikes  and contrac tions . Spi kes  are per i odi c  fas t waves  of depol ar i sati on that

alw ays  init iate gas tr ic  contrac tions , elic ited by  the r is e in cy tos olic  [Ca2+]. These contrac tions

las t up t ill 3 s , because the Ca2+ -c hannels  open s low ly  and remain open longer  than the Na+ -

channels . Spikes  are elic ited by  v agal s ignals , by  acety lcholine (musc ar inic  receptors ) , by

s tretch, by  myenter ic  s ignals  and by  gas tr in (Fig. 22-3) . A drenaline and noradrenaline relax

smooth musc le by  hyperpolar ization through -adrenergi c  receptors . Relax ation occurs  w hen

intrac ellular  Ca2+ is  returned to the ex tracellular  f luid and to the endoplas mic  ret iculum.

The small intes t ine is  about 8 m long and commonly  div ided into three segments : the duodenum,

jejunum and ileum. The intes tinal contents  mus t be moved in a manner  that br ings  them into

contac t w ith the mucos a of  the intes t ine, and propels  the c ontents  along this  tubular  organ.

Several pac emaker  regions  in the s mall intes tine control the s low  w aves . The pac emaker  rate is

highes t in the duodenum (about 18 each minute) , and dec reas es  dow n to 8 w av es  eac h min in

the terminal ileum.

Dur ing f as ting, a migrating sequence of  ev ents  c alled the mi grati ng motor  c ompl ex  oc curs  eac h

80-90 min. The c omplex  c ons is ts  of  an 80-90 min long quiet per iod ( I)  f ollow ed by  a per iod of

ir regular  propuls ive contrac tions  ( II) ,  culminating in a per i s tal t i c  rus h ( III)  to begin in the



s tomach, accompanied by  inc reased gas tr ic , panc reatic  and biliary  sec retion. The migrating

motor  complex  is  the " i ntes ti nal  housekeeper " , w hic h c leanses  the diges tive trac t of  non-

abs orbable s ubs tances , and prov ides  an ef f ec tiv e empty ing of  the trac t all the w ay .

Dur ing the f ed s tate, segmentati on  serv es  to mix  c hyme w ith enz yme-containing diges tive f luid,

and br ings  the mix ture into c ontac t w ith the muc osal sur f ac e f or  absorption. Segmentation

div ides  the small intes t inal content into many  segments  by  localised c ircular  smooth mus c le

contrac tions  w ith only  a small propuls ive ef f ec t (Fig. 22-3) .

Propul s i ve moti l i ty is  ac complished by  per i s tal s i s . Per is tals is  is  a propagating contrac tion of

suc ces s ive sec tions  of  c ir cular  smooth mus c le preceded by  a dilatation (Fig. 22-3) .  The

dilatated intes tinal w all is  draw n over  its  content in this  ref lex  mec hanism, w hich has  been

called the l aw of the gut . Per is talt ic  contrac tions  us ually  trav el along a small length of  the s mall

intes tine, exc ept f or  the per i s tal t i c  rush related to the migrating motor  c omplex .

The i l eoc oec al  sphi nc ter  prevents  retrograde f low  of  colonic  matter . The sphinc ter  regulates

empty ing of  ileum f ive hours  af ter  a meal. The empty ing of  ileum is  s timulated by  gas tr i n,

pos s ibly  v ia the gas tro- i l eal  ref l ex , but a dis tended c olon inhibits  the empty ing. The gas tro- ileal

ref lex  is  an inc reased motility  of  the terminal ileum caused by  elevated gas tr ic  ac t iv ity . On the

other  hand, dis tens ion of  the terminal ileum dec reas es  gas tr ic  motility . The ileoc oec al s phinc ter

is  normally  pas sed by  one l i tre of  f aec al matters  per  day .

5. V om it ing

The f eeling of  nausea, and an ar ray  of  sympathetic  and parasy mpathetic  res ponses  init iate

vomit ing or  emes is . Sympatheti c  respons es  inc lude sw eating, pallor , inc reas ed respirat ion and

hear t rate and dilatation of  pupils . Paras ympatheti c  respons es  inc lude prof use salivat ion,

pronounc ed motility  of  the oesophagus , s tomac h, and duodenum, relax ation of  the oesophageal

sphinc ters . Duodenal contents  can be f orced into the s tomach by  anti-per is tals is  (Fig. 22-4) .

Dur ing the expuls ion of  gas tr ic  c ontents , the pers on tak es  a deep b reath , the py lorus  is  c l osed,

the glott is  is  c l osed so respiration s tops , and the s tomac h is  squeezed betw een the diaphragm

and the abdominal musc les , caus ing rapid empty ing (Fig. 22-4) . V omiting is  co-ordinated by  the

vomi ti ng c entre in the medulla.



Fig. 22-4: V om it ing co-or dinate d by the  vom it ing ce ntr e .

V omiting is  s t imulated in c er tain areas  of  the brain (hypothalamus )  and the cerebellum through

sensory  s timuli or  injury . V omiting is  als o provoked by  c er tain laby r inthine s ignals , and f rom the

chemoreceptiv e tr i gger  zone located on the f loor  of  the 4th v entr ic le c lose to area pos trema.

Dur ing deep anaes thes ia the vomiting and s w allow ing mechanis ms  are paral ysed. A ny  patient

mus t abs tain f rom f ood and w ater  f or  at leas t s ix  hours  bef ore deep anaes thes ia is

adminis tered. Otherw ise, the patient may  vomit into the pharynx , and suc k his  ow n vomit into the

trachea. Over  the years , many  patients  hav e c hoked to death due to this  mec hanism. The

surv iv ors  develop aspi rati on pneumoni a . Suc h events  are c lear ly  malprac tice.

The sw allow ing mechanism is  also cut-of f  by  injury  of  the 5th, 9th, or  10th c ranial nerve, by

pol i omyel i t i s , by  myas theni a gravi s  and by  b otul i sm (Chapte r  33) .

A n acute loss  of  H+ f rom the ex trac ellular  f luid (ECF)  by  v omiting c reates  a metab ol i c  al k al os i s

(high pH w ith high Base Ex ces s , see Chapte r  17) .

6. Colonic m ot ility and de fae cat ion

Colonic  trans it is  measured in days . Mix ing oc curs  in the asc ending colon, bec aus e per is tals is  is

f ollow ed by  anti-per is tals is . Sl ow waves  of  contrac tion move the c ontent in the oral direc t ion to

delay  propuls ion and inc rease absorption of  w ater  and elec troly tes . Colonic  segmentation is  a

mix ing of  the content by  regular  s egments  called haus trae . Prominent haus tration along the

length of  the c olon is  charac ter is tic  f or  the X- ray  image of  the normal colon. The c olon prov ides

an optimal env ironment f or  bac ter ial grow th. Per i s tal t i c  rushes  in the colon occur  sev eral t imes

per  day . They  of ten s tar t in the transv erse colon as  a t i ght r i ng , c ontinuing as  a l ong

contrac ti on wave.  Gas tro-colic  and duodeno-c olic  ref lexes  as s is ted by  gas tr in and by

cholecy s tokinin (CCK)  promote per is talt ic  rus hes .



Defaecati on is  a complex  ac t inv olv ing both voluntary  and ref lex  ac tions  in c olon, rec tum, anal

sphinc ters  and many  s tr iated mus c les  (diaphragm, abdominal and pelv ic  musc les ) . Def aecation is

a temporal release of  anal c ontinence brought about by  a ref lex . The rec tum is  usually  empty ,

and its  w all has  a r ich sensory  supply . Dis tens ion of  the rec to-s igmoid region w ith f aecal matter

releas es  aw areness  of  the urge to def aec ate, an i ntr i ns i c  defaecati on refl ex ,  and a s trong,

spi nal  refl ex .  There is  a ref lex  c ontrac tion of  the descending c olon and the rec to-s igmoideum.

The smooth internal anal  s phi nc ter  musc l e maintains  a tonic  contrac tion dur ing c ontinence, due

to its  sympathetic  f ibres  f rom the l umb ar  medul l a ( through hypogas tr ic  nerves  and the inf er ior

mesenter ic  ganglion) . The musc le relaxes  due to its  parasy mpathetic , cholinergic  f ibres  in the

pelv ic  s plancnic  nerv es  (S2-S4) . The s trong spinal ref lex  produces  relaxation of  the s mooth

musc les  of  the internal anal s phinc ter  (Fig. 22-5)  and contrac tion of  the s tr iated musc les  of  the

ex ternal anal sphinc ter  ( innervated by  somatic  f ibres  in the pudendal nerv e)  inhibit ing the ref lex

and caus ing rec epti ve rel ax ati on.  This  is  the las t dec is ion -  bef ore def aecation.

Fig. 22-5: De fae cat ion r e f le xe s .

The l evator  ani  musc l e c ontr ibutes  to the c los ure of  anus , bec aus e c ontrac tions  inc rease the

angle betw een the rec tum and the anus .

Des truc tion of  the low er  sac ral medulla ( the defaecati on centre)  des troys  the spinal ref lex  and

thus  the normal def ec ation. Higher  s pinal les ions  des troy  the v oluntary  control, w hereas  the

def aecation ref lexes  pers is t.  A n acc eptable s tatus  is  obtainable in paraplegic s  by  mechanical

releas e of  the ref lex  (manual ex pans ion of  the ex ternal sphinc ter )  onc e daily  f ollow ing a meal.

7. Gas tr ointe s t inal hor m one s

Gas trointes tinal hormones  are peptides  sec reted by  the gas trointes tinal mucos a, and controlling

all gas trointes tinal f unc tions  together  w ith other  hormones  and transmitters . A s  an example



insulin w orks  together  w ith acety lc holine and paras ympathomimetic s  to s ti mul ate sec retion and

motility , w hereas  catec holamines , s ympatomimetics  and parasy mpatoly t ic s , such as  atropine,

i nhi b i t gas trointes t inal sec retion and motility .

Pepti de hormone fami l i es  are groups  of  regulatory  peptides  that exhibit sequence homol ogy ( ie,

they  poss ess  a common amino ac id sequence) . The gas tr i n- fami l y and the secr et i n-g l uca gon

fa mi l y are the mos t impor tant.

7a . The ga str i n  fa mi l y

cons is ts  of  gas tr in and cholecy s tokinin (CCK)  in three dif f erent f orms  (CCK-8, CCK-22, and CCK-

33) . Gas tr in and CCK releas e panc reati c  gl uc agon f rom the is let cells . There are tw o major

f orms  of  gas tr in in the plasma, normal  gas tr i n or  G-17 and b i g gas tr i n or  G-34. They  are 17 and

34 amino ac id polypeptides , res pec tively . Gas tr in is  produced by  G-cells  of  the gas tr ic  antrum

and duodenum. The duodenal Brunner  glands  sec rete half  of  the G-34.

Gas tr i n is  the s tronges t s timulator  of  gas tr ic  ac id sec retion. Gas tr in also imposes  tropi c

(grow th-s timulating)  ac tions  on the par ietal c ells , the mucos a of  the small and large intes tine and

pos s ibly  the panc reas . Gas tr in s timulates  the peps i n sec reti on f rom peptic  c ells , and the

gl ucagon sec reti on f rom the -cells  of  the panc reatic  is lets .

Gas tr in is  der ived f rom par i etal  or  ox ynti c  c ells  in the s tomach. When s timulating gas tr ic  ac idity ,

gas tr in relaxes  the gas tr ic  mus c les , thus  retarding the passage of  chyme into the duodenum.

Feeding induces  the sec retion of  gas tr in to the inters t it ial f luid and then to the blood. Neural

s ignals  pas s  through the vagal nerve to the gas tr in-sec reting G-c el l s  of  the gas tr ic  antrum and

duodenum (Fig. 22-6) .  The af f erent input begins  w ith the smell and tas te of  f ood, and is

reinf orced by  vago-vagal ref lexes  elic ited by  oesophageal and gas tr ic  dis tens ion. Di ges ted

protei n (polypeptides  and amino ac ids )  ac t direc tly  on G-cells .



Fig. 22-6: Gas tr ic HCl s e cr e t ion follow ing fe e ding. GRP: Gas tr in  Re le as ing Pe pt ide .

NANC: Non-adr e ne r gic, Non-choline r gic pos tganglionic ne ur ons .

Vagal , c hol i nergi c  pregangl i oni c  f i b res  trans f er  s ignals  to the G-cells  v ia non-adrenergi c , non-

chol i nergi c  (NA NC) pos tganglionic  neurons . These enter ic  neurons  liberate gas tr i n- rel eas i ng

pepti de (GRP)  to the gas tr in produc ing G-cells . The gas tr in releas ed reaches  the par ietal cells

through the blood and inc reases  the HCl s ec retion. GRP thus  releases  gas tr in and hereby

s timulates  the sec retion of  gas tr ic  ac id. -  GRP cons is ts  of  27 amino ac id moiet ies  and is  also

releas ed f rom neurons  in the brain.

A n indirec t vagal route to the G-cells  is  v ia pos tgangl i oni c  chol i nergi c  enter i c  neurons  to

somatos tati n cel l s  that are located c los e to the G-c ells  (Fig. 22-6) . When thes e enter ic  neurons

releas e acety lcholine, the response of  the somatos tat in c ells  is  inhibit ion of  somatos tatin

releas e. Somatos tatin inhibits  G-c ell s ec retion by  parac r ine ac tion. The result of  both v agal

inputs  to the G-cells  is  gas tr i n rel ease (Fig. 22-6) . A n elevated [H+] in the duodenal lumen

inhibits  gas tr in release.

Chol ecys tok i ni n, CCK, according to its  f unc tion and s truc ture, belongs  to the gas tr i n fami l y.

Cholec ys tokinin empties  the gall bladder  as  the name implies , and s timulates  panc reatic  sec retion

of  an enzyme r ich juice. How ev er , CCK has  a higher  af f inity  f or  receptors  s t imulat ing gallbladder

contrac tion and panc reatic  enz yme sec retion. CCK has  a max imal ef f ec t only  in the presence of

sec retin (potentiation)  and normal vagal inf luence.

 Both gas tr in and CCK release glucagon f rom the -c ells  of  the panc reatic  is lets .

CCK is  c leaved f rom pre-pro-CCK in the duodenum, upper  jejunum ( I-cells )  and in the b rai n.  CCK

molec ules  cons is t of  a group of  peptides . CCK-8, CCK-22 and CCK 33 are the dominant f orms  in

the blood.

The mos t impor tant s timulus  f or  CCK liberation is  amino ac ids  and f atty  ac ids , w hich reac h the

duodenal mucos a. Bile is  ejec ted into the duodenum, w here f at is  emulgated to ease its

abs orption. CCK als o ac ts  as  an enterogas trone -  an intes tinal hormone that i nhi b i ts  gas tr ic

ac tiv ity  and empty ing. This  leaves  more time f or  the bile to emulgate f at.

7 b. The secr et i n-g l uca gon fa mi l y

Sec retin ex hibits  s equenc e homology  w ith panc reatic  glucagon, vasoac tiv e intes tinal peptide

(V IP) , grow th hormone- releas ing hormone (GHRH)  and gas tr ic  inhibitory  polypeptide (GIP) . A

f amily  of  f iv e genes  c ode f or  these f ive hormones .

Sec retin is  sec reted by  S-c ells  in the mucosa of  the upper  small intes tine, w hen ac id chyme (pH



below  4.5)  ar r iv es  to the f irs t par t of  the duodenum. Fatty  ac ids  f rom f at diges tion als o

contr ibute to s ec retin release.

Sec retin s t imulates  the sec retion of  bicarbonate and w ater  by  panc reatic  duc t cells , and of

bicarbonate- r ich aqueous  bile. Sec retin potentiates  the ac tion of  CCK inc luding an

enterogas trone effec t (gas tr ic  inhibit ing ef f ec t) . Sec retin antagonises  gas tr in -  and potentiates

CCK. Sec retin is  an enterogas trone that is  released by  H+ to s timulate panc reatic  juice sec retion.

Gas tr i c  i nhi b i tory pol ypepti de (GIP or  Gluc ose-dependent Insulin releas ing peptide)  w orks  as

the tw o names  imply : GIP inhibits  the gas tr ic  mucos a and releas es  insulin f rom the -cells  of  the

panc reatic  is lets .

Gl ucagon is  ac tually  tw o dif f erent molecules : Intes ti nal  gluc agon (gl i centi n)  and panc reati c

gluc agon. Both are hepatic  insulin-antagonis ts . Glucagon s t imulate glycogenolys is ,

gluc oneogenes is  (urea genes is -  gly cogenic  amino ac ids ) , and ketogenes is .

 The f unc tion of  other  peptide hormones  is  giv en in Table 22-2.

Table  22-2: Ef fe cts  of  s om e  gas tr ointe s t inal hor m one s  and t r ans m it te r s .

 

Duok r in in  s timulates  duodenal sec retion.

Endoge nous  (enk epha l i ns)  and e xoge nous  opiate s  inhibit ganglionary
transmis s ion.

Ente r ok r in in  s timulates  sec retion in the s mall intes tine.

Gas tr in  r e le as ing pe pt ide  (GRP)  and bom be s in release gas tr in f rom G-
c ells .

Glice nt in ( intes tinal glucagon)  s timulates  ins ulin sec retion as  other
inc retins .

M otilin  s timulates  gas trointes tinal motility .

Ne ur ope pt ide  Y and ne ur ote ns in s timulate neurotrans miss ion.

Nit r ic oxide  (NO)  is  a pos s ible neurotransmitter  betw een the
preganglionic  and the NA NC pos tganglionic  neurons .

Pancr e at ic Polype pt ide  (PP)  f rom the PP-cells  inhibits  panc reatic  and
biliary  s ec retion, w hich delay  the absorption of  nutr ients . PP is  released
by  meals .

Pancr e otonin: Inhibits  the panc reatic  exoc r ine s ec retion.

Som atos tat in  (Grow th hormone- inhibit ing hormone, GHIH; 14 amino ac id
moieties )  is  a s trong, univers al inhibitor  -  both blood-born and parac r ine.

Subs tance  P (11 amino ac id res idues )  s t imulates  smooth musc le
c ontrac tion and thus  the gas trointes t inal motility . 

V as oact ive  inte s t inal pe pt ide  (V IP; 28 amino ac id res idues ; vessel w all
and brain neurons )  is  a vas odilatator  in line w ith adenos ine, A TP, and NO.



The inc reased bloodf low  inc reas es  intes tinal s ec retion. V IP is  also
involv ed in penile erec tion and in bronchiolar  dilatat ion.

V illik r inin: Stimulates  the rhy thmic  mov ement of  v illi in the intes tine.

Tradit ionally , the impor tant peptides  are als o div ided into tw o func ti onal  groups :
Enterogas trones  i nhi b i t gas tr ic  motility  and s ec retion. When gas tr ic  ac id, f ats , and
hyperosmolar  solutions  have entered and dis tended the duodenum, GIP and other
enterogas trones  (somatos tatin, CCK, and sec retin)  are released and suppress  gas tr ic  ac id
s ec retion and motility  of  the s tomach

Inc ret i ns  s t imulate insulin sec retion. Inc ret ins  are liberated to the blood as  gas tr ic  chyme
enters  the duodenum -  and bef ore the gluc ose of  the chy me c an be abs orbed. Inc retins
inc reas e i nsul i n sec reti on f rom the  -c ells  of  the panc reatic  is lets  much ear lier  and to a
greater  ex tent, than w hen the blood [glucose] is  elev ated by  intravenous  inf us ion. Inc retins
are GIP, glic entin, and glucagon- like peptides : GLP-1 and -2.

8. Saliva

Saliva is  a w atery  solution of  elec troly tes  (bicarbonate and K+)  and organic  s ubs tances , w hic h

is  a mix ture of  sec retions  f rom three pairs  of  glands . The paroti d is  the larges t and serous

(w atery  s aliva) , the s ub l i ngual  is  muc ous  (v isc ous , c ontaining muc in) , and the s ub mandi b ul ar

saliv ary  gland is  build of  mucous  ac ini sur rounded by  serous  hal f moons . The pr i mary saliva is

produced in the ac ini, but secondary proces ses  in the salivary  duc ts  (s ec retion and

reabs orption)  are involved in the f inal saliv a produc tion. Saliv ary  glands  have a high bloodf low

and produce up to one l of  saliva daily . The max imal sec retion rate is  one ml of  saliva per  g

saliv ary  t is sue per  min ( ie, 60 t imes  that of  panc reas ) .

Salivary  muc i n (a gly coprotein)  and water  lubr icate f ood, dis solv e par tic les , and salivary

enz ymes  init iate diges tion. Ptyalin or  -amy lase c leaves  1-4 glyc os ide bindings  in s tarch.

Sal i vary b uffers  maintain the pH-optimum (6.8)  of  amy lase dur ing the f ir s t per iod in the s tomac h.

The saliva dilutes  injur ious  agents .

Sal i va c l eans  the mouth and phary nx  (prevents  car i es ) , and eas e s w allow ing.  Saliv ary

l ysozyme  ly s es  bac ter ial cell w alls . The salivary  epi dermal  growth fac tor  promotes  the healing of

w ounds . A nimals  ins tinc tively  lic k their  w ounds . Saliva contains  immuno-def ens ive sec retory

globulin A  ( IgA ) , amino ac ids , urea, and blood- type antigens  in s ec reting persons . Saliva may

inac tivate human immunoac tiv e v irus  (HIV ) . The mos t common inf ec tion of  the salivary  glands  is

acute paroti t i s  c aus ed by  the mumps  v irus .

The v irus  caus ing inf ec tious  mononuc leos is  is  probably  trans f er red w ith saliva by  "deep

kiss ing". Infec ti ous  mononuc l eos i s  is  a dis eas e c harac ter ised by  ly mpadenopathy , lympho-

cy tos is  and duration longer  than an ordinary  tons illit is . The condit ion is  dangerous , because

spontaneous  rupture of  the spleen occ urs .



Salivary  sec retion is  controlled by  the autonomic  nerv ous  sy s tem, and minimally  inf luenced by

hormones . Uncondit ioned ref lex es  ( tas te- , olf ac tory -  and mec hano- receptors )  c ontrol salivat ion

as  w ell as  condi t i oned refl exes  ( the thought of  f ood) . Thes e s ignals  reach the b rai n s tem

sal i vary c entres , w hich ac tivate the paras ympathetic  nerves  to the saliv ary  glands . The pr i mary

saliv ary  s ec retion into the ac ini resembles  an ultraf iltrate of  plas ma, but the f inal saliva is

hypotonic . 

Parasympatheti c , chol i nergi c  f i b res , or iginating in the sal i vary nuc l ei  of  the brain s tem, sy napse

w ith pos tganglionic  neurons  c lose to the s ec retory  c ells . These neurons  transmit s ignals  to the

chol i nergi c , musc ar i ni c  rec eptors  (Fig. 22-7) .  Parasympathetic  ac tiv ity  c an releas e max imal

saliv ary  s ec retion and bloodf low  res ult ing in a amy lase- r ich saliv a w ith muc in (gly coproteins ) .

Atropi ne blocks  the muscar inic , cholinergic  receptors  (dur ing anaes thes ia w here the mouth

bec omes  dry ) . The r ise in bloodf low  is  atropine- res is tant and c aus ed by  the vasodilatating V IP,

w hich is  released f rom peptidergic  nerv e terminals  that also contain acety lcholine.  1-

adrenergi c  agoni s ts  and V IP elevate c A MP in the ac inar  cells , an ef f ec t potentiating the

sec retory  ef f ec t of  ac ety lcholine. The v asc ular  s mooth musc le relax ation by  V IP is  probably  also

mediated v ia cA MP.

Fig. 22-7: Salivar y e nz ym e s , ions  and m ucin pr oduct ion f r om  tw o acinar  ce lls . Solid  and

das he d ar r ow s  indicate  act ive  and pas s ive  t r ans por t , r e s pe ct ive ly. Cir cle s  ar e  car r ie r

m ole cule s , w he r e as  tube s  s ym bolis e  t r ans por t  channe ls . -  To the  le f t  is  s how n

r e ce ptor s  and s e cond m e s s e nge r s .

1.         Neural or  humoral (acety lcholine)  s timulation of  cholinergic , muscar inic  rec eptors  on the

bas olateral membrane of  ac inar  cells  leads  to a r ise in intrac ellular  [Ca2+].

 2.        This  r is e tr iggers  luminal Cl- -  and bas olateral K+ -channels . Hereby , K+ is  trans f er red to

ISF and Cl- to the ac inar  lumen in a balanc ed relationship (Fig. 22-7) . Theref ore, Cl-



f low s  dow n its  elec troc hemic al potential gradient into the lumen of  the ac inus . K+ f low s

dow n its  gradient to the ISF through ac tiv ated c hannels . Thes e ion f low s  c reate a

negativ e elec tr ic  f ield in the lumen.   

3.         The init ial f all in intracellular  [K+] inc reases  the dr iv ing f orc e of  the elec troneutral Na+-

K+-2Cl- co- transpor ter  to transpor t tw o Cl-  into the cell together  w ith Na+ and K+. Thus

the elec troc hemic al potential of  Cl- and K+ is  greater  in the cell, than in the inters tit ial

f luid ( ISF)  and in the s aliva.

 4.        The negativ e f ield prov ides  an elec tr ic  f orc e that dr ives  a pass iv e Na+ f lux  into the

ac inar  lumen through leaky  t ight junc tions . Os motic  w ater  trans por t through leaky

junc tions  and trans -c ellular ly  through w ater  channels  in the c ell membranes  f ollow  the

NaCl f lux  into the lumen. The trans -cellular  Cl- transpor t is  coupled to the parac ellular

Na+ transpor t. The net result is  an isosmotic  NaCl transpor t produc ed by  a s econdary

ac tive Cl--  sec retion.

5.         The bas olateral membranes  of  ac inar  cells  c ontain a Na+-K+-pump that prov ides  the

energy  f or  the pr imary  s alivary  sec retion (Fig. 22-7) . The r is e in intracellular  [Na+] f rom

2., ac tivates  the Na+-K+-pump, w hereby  [Na+] is  kept almos t cons tant. Ouabain inhibits

saliv ary  s ec retion, because it blocks  the pump.

Sympatheti c  nerve s i gnal s , and c irculating c atecholamines  v ia  -adrenergic  receptors , inhibit

the bloodf low  and the sec retion of  serous  s aliva ( 1- receptors  in Fig. 22-7) . A  small, trans ient,

mucous  sec retion w ith a high [K+] and [bic arbonate], and a low  [Na+] is  produced, because of

the low  s ec retion rate. Noradrenaline (NA )  s timulates  both 1-adrenergic  and  1-adrenergic

receptors . Binding of  NA  or   -adrenergic  agonis ts  elevates  intrac ellular  cA MP, w hich cor relates

w ith a small inc rease in pr imary  s alivary  sec retion. This  ex plains  w hy  the mouth becomes  dry

dur ing ev ents , w here the sympathetic  sy s tem dominates  (anx iety , ex c itement etc ) .

The s al i vary duc ts  are almos t w ater tight. Theref ore, the f inal s alivary  f low  is  dependent upon

the pr imary  saliv ary  s ec retion rate in the ac ini.

The duc t sys tems , in par t icular  the small-s tr iated duc ts  w ith a subs tantial O2 c ons umption

reabs orb large amounts  of  Na+ and Cl- , w hereas  bicarbonate and K+ are sec reted. Saliv a

bec omes  more and more hypotonic  at low  sec retion rates , because the Na+ and Cl-  reabsorption

dominate.

 1.        The reabs orption of  Na+ and the sec retion of  K+ are proc ess es  s timulated by  the



mineralo-c or ticoid, aldos terone. A ldos terone s timulates  Na+- inf lux  through the luminal

Na+-H+-exc hanger  (Fig. 22-8) .  Na+ enters  the c ell in ex change w ith H+. The res ult ing

intrac ellular  r is e in [Na+] ac tivates  the basolateral Na+-K+-pump. Thus , Na+ is

reabs orbed trans -cellular ly  f rom the saliv ary  duc t. The pump maintains  the

elec trochemical potential gradients  of  Na+ and K+.

 2.        The Cl-  f ollow s  pas s ively , and is  par tly  ex changed w ith bic arbonate along the duc t

sys tem through a luminal Cl-  -  bic arbonate ex changer  (Fig. 22-8) . The sec retion of

bicarbonate is  s o great that its  c onc entration in the f inal saliv a exceeds  that in plasma.

 3.        A t the basolateral membrane Cl-  leaves  the c ell v ia an elec trogenic  Cl-  channel, w hile

Na+ is  pumped out.

 4.        K+, taken up by  the Na+-K+-pump, leaves  the cell through K+-channels  in the bas olateral

membrane, recyc ling K+ to balance the Cl- ef f lux .

 5.        Some of  the K+ leav es  the cell by  luminal H+-K+-ex change.  A t low  sec retion rates  the

H+-K+-exchanger  (antipor t)  in the luminal membrane trans f ers  suf f ic ient K+ f or  the [K+]

in the f inal s aliva to ex ceed the concentration in plasma. The net result  is  K+-sec retion

f rom blood to the duc t lumen.

The f inal saliv ary  [Na+] and [Cl-] inc rease w ith inc reas ing saliv ary  s ec retion rate, because the

high f low  prov ides  les s  t ime f or  reabsorption in the duc t sys tem. Bicarbonate may  be s ec reted

even w ithout Cl-- reabs orption. A t low  saliv ary  s ec retion rates  the f inal saliva bec omes

hypotonic  dow n tow ard half  of  the os molar ity  of  plasma.

Fig.  22-8: Se cr e t ion f r om  s alivar y duct  ce lls .



The aldos terone ef f ec ts  desc r ibed above ( inc reas ed Na+ reabsorption and inc reased K+

sec retion)  are s imilar  to those in the dis tal,  renal tubules  and in the sw eat glands .

9.Gas tr ic s e cr e t ion

The s tomac h is  div ided into three main regions : the f undus , corpus  and py lor ic  antrum. The

gas tr ic  mucos a is  highly  invaginated and is  mainly  c omposed of  gas tr ic  glands , w ith muc ous

nec k cells , par ietal c ells  sec reting HCl, and peptic  (chief )  cells  sec reting peps inogen. The

par ietal c ells  also sec rete the peptide intr ins ic  f ac tor , w hich is  necessary  f or  absorption of

v itamin-B12. G-cells  in the muc osa produce the hormone gas tr in (Fig. 22-6) . The gas tr ic

sec retions  inc lude hydroc hlor ic  ac id (HCl) , peps in and bas ic  mucus , w hic h c ontains  muc in

(glycoproteins )  and salts .

Ef f erent s ignals  f rom the dors al motor  nuc lei of  the vagi s t imulate gas tr ic  motility  and HCl

produc tion. A cety lcholine is  releas ed f rom the shor t pos tganglionic  v agal f ibres  and direc tly

s timulates  par ietal cells  to s ec rete HCl. The par ietal c ells  contain mus car inic  receptors  on the

bas olateral membrane. V agal f ibres  w ork together  w ith intr ins ic , peptidergic  neurons  containing

vas oac tive intes t inal peptide (V IP)  and gas tr in releas ing peptide (GRP) . V IP controls  the

bloodf low  of  the gas tr ic  mucos a; GRP releases  the impor tant gas tr in f rom the antral G cells  and

the peptic  cells  s ec rete peps inogen.

The sec retion related to a meal occ urs  in three phas es  (c ephalic , gas tr ic  and intes t inal) .

The gas tr ic  juice is  hyperosmotic  (325 mOsmol/ l) ,  contains  10 mM of  K+ and is  low  in Na+ at

moderate and high s ec retion rates ; the [H+] is  170 mM and the [Cl- ] is  180 mM. Gas tr ic  juice has

an approx imate pH of  1, f orming a million- f old gradient of  H+ ac ros s  the gas tr ic  mucos a to the

blood. The HCl ac t ivates  peps inogen, maintains  the optimal pH f or  peps in ac tiv ity  and denatures

proteins  and mic robes .

The peptic  cells , located in the base of  the gas tr ic  gland, produce peps inogen. Peps inogen is

s tored in granules  of  the peptic  cell.  Peps inogen s ec retion is  s timulated by  cholinergic ,

musc ar inic  subs tances  and by   -adrenergic  agents , but peptic  cells  have no his tamine

receptors . Ex ocy tos is  releases  peps inogen into the gas tr ic  juic e, w here it  is  c leaved into peps in,

if  HCl is  pres ent. Peps in is  the major  hy droly t ic  enzy me in the s tomach, but it  is  only  ac tive in the

ac idic  gas tr ic  juic e.



Fig. 22-9: Se cr e t ion of  par ie tal and non-  par ie tal ce ll ju ice .

A dult humans  produce up to tw o l of  gas tr ic  juic e daily . The gas tr ic  juic e is  produced f rom tw o

dif f erent sourc es : The par i etal  cel l  j ui c e w ith 170 mM [HCl], 10 mM [K+], and a low  [Na+].  A

juice w ith an ionic  compos it ion s imilar  to that of  plas ma is  produced f rom other  cells  -  the non

par i etal  j ui ce . Each of  the tw o s ec retion produc ts  has  almos t a cons tant compos it ion.

Inc reased sec retion of  gas tr ic  juice means  inc reas ed sec retion of  par ietal cell juic e. This

explains  w hy  the [HCl] inc reas es  more and more in the mix ed produc t, w hereas  [Na+] f alls  w ith

inc reas ing sec retion rate.

Fatty  chy me enter ing the duodenum delay s  gas tr ic  empty ing by  negative f eedbac k through

duodenal ref lex es  and by  the release of  gut inhibit ing hormones  (so-called enterogas trones :

somatos tat in, V IP, gas tr ic  inhibitory  peptide, GIP, neurotens in and s ec retin) . Thes e inhibitors  not

only  inhibit gas tr ic  motility ; they  als o inhibit  the gas tr in release f rom the antral G cells , and also

the HCl produc tion f rom the par ietal c ells . Muc us  contains  muc in (glycoproteins )  and elec troly tes

w ith bicarbonate that protec t the gas tr ic  muc osa f rom advers iv e ef f ec ts .

Stimulat ion of  the par ietal cells  w ith ac ety lcholine, his tamine and gas tr in has  tw o c ons equenc es

f or  their  content of  sec ond mes sengers  (Fig. 22-10, r ight) . The cellular  [Ca2+] and [cA MP] is

elev ated.



Fig. 22-10: HCl s e cr e t ion f r om  par ie tal ce ll in  the  s tom ach ( le f t ) . Se cr e tor y r e ce ptor s

on the  par ie tal ce ll ar e  als o s how n (r ight ) .

 1.        Thes e s econd mess engers  ac tiv ate luminal Cl--  and K+-channels . Cl- and K+ pas s  into

the lumen, w hereby  their  cellular  c onc entrations  dec rease (Fig. 22-10 lef t) . The luminal

[K+] ac tiv ates  the K+-H+-pump. In addit ion, more pumps  are inser ted into the luminal

membrane f rom c ellular  tubulo-ves ic les .

 2.        The f all in cellular  [Cl-] , and a r ise -see below  -  in cellular  [bicarbonate], s t imulates  the

bas olateral Cl--bic arbonate ex changer , w hereby  the cellular  [bicarbonate] is  reduced.

The f all in cellular  [H+] and [bicarbonate] s t imulates  f ormation of  H+ and bicarbonate,

under  the inf luenc e of  carbo-anhy drase ( *) . The H+ and bicarbonate are der iv ed f rom

metabolic  carbon diox ide f rom the blood. Bicarbonate dif f us es  f rom the inters tit ial f luid

space ( ISF)  into the blood. Ev ery  t ime the gas tr ic  juice receiv es  one H+, the blood w ill

receiv e one HCO3
-. This  explains  w hy  the pH of  the gas tr ic  v enous  blood inc reas es

af ter  a meal -  the alkaline t ide.

 3.        Cellular  [H+] is  a subs trate f or  the luminal gas tr ic  proton pump ( the K+-H+-pump) , already

ac tivated by  K+. The net result  is  H+-sec retion to the lumen in a balanced relat ions hip to

Cl--s ec retion. The s ur f ace of  the gas tr ic  muc osa is  alw ays  elec tr ically  negative w ith

respec t to the serosa. H+ mov es  agains t a large concentration gradient into the gas tr ic

lumen. The intrac ellular  [H+] of  the par ietal cells  is  10-7 mol/ l, s o w ith a [H+] of  10-1 mol/ l

in the gas tr ic  juice, a million- f old concentration gradient is  pres ent ac ross  the luminal

membrane. A ccordingly , energy  is  required f or  the transpor t of  both ions . The HCl

sec retion requires  A TP.



 4.        The cellular  concentrat ion of  cations  is  maintained by  the basolateral Na+-K+-pump.

The par ietal cells  contain more mitochondr ial mass  per  volume unit than any  other  cells

in the body , indic ating a r ich ox idativ e metabolism.

His tamine, acety lc holine and gas tr in s timulate ac id sec retion. We have tw o types  of  his tamine

receptors  in the human body :  H1 receptors  (blocked by  diphenhy dramine)  and H2 receptors .

Only  H2 receptors  are located on the par ietal cells . 

 1.        The H2 receptors  make his tamine a potent s t imulant of  HCl s ec retion. When his tamine is

bound to the H2 receptor  it ac tiv ates  adeny lcy c las e, an enz yme generating c A MP f rom

A TP. This  inc reas e in intracellular  [c A MP] is  s pec if ic  f or  his tamine. The cA MP binds  to

and ac tivates  cA MP-dependent protein kinase (cons is t ing of  a regulatory  and an ac tive

cataly t ic  s ubunit) . The cA MP binding releases  the ac tiv e c ataly tic  subunit, w hich

phosphory late a var iety  of  target proteins .

H2 receptor  antagonis ts  (c imetidine and ranit idine)  prev ent his tamine f rom binding to the

H2 receptors  of  the basolateral membrane of  the par ietal cells , w hich reduc es  ac id

sec retion. Synthetic  analogues  of  pros taglandin E can inhibit  both the cA MP and the

Ca2+ release mechanis ms , thus  promoting ulcer  healing (see later ) .

2.         A cety lcholine (A Ch)  is  released by  v agal s t imulat ion that leads  to a s timulation of  ac id

sec retion. This  sec retion is  inhibited by  atropine. Thus  the par ietal c ells  contain

mus car inic , c holinergic  receptors  (M3) .

 3.        Gas tr in is  the mos t potent s timulant of  ac id s ec retion in humans . Gas tr in receptors  w ere

prev ious ly  supposed not to be present on human par ietal cells . Gas tr in f rom G-c ells  w as

thought to release his tamine f rom the granules  of  the mas t cells  in the gas tr ic  glands

(Fig. 22-10) . This  is  probably  not the cas e. A  direc t gas tr in ef f ec t on human gas tr in

receptors  occ urs , and an addit ional indirec t ef f ec t v ia his tamine inc reases  the HCl

sec retion markedly  (H2 receptors ) . How ever , the three- receptor  hypothes is  is  s till under

debate.

Gas tr in and acety lcholine release inos itol- tr iphosphate ( IP3) , w hich is  produc ed w ith

diac y lgly cerol (DA G)  by  a membrane phos pholipas e. The target sys tem f or  IP3 is  a Ca2+-

channel protein located in the endoplasmic  retic ulum. Ca2+ is  released f rom the

reticulum, and Ca2+ also enters  the cell through the basolateral membrane.

Combined s timulation of  all three rec eptors  res ults  in max imal gas tr ic  sec retion



(potentiation) .

10. Inte s t inal dige s t ion and abs or pt ion

A lmos t all of  the dietary  nutr ients , w ater  and elec troly tes  that enter  the upper  s mall intes tine are

abs orbed. The small intes tine, w ith its  epithelial f olds , v illi,  and mic rov illi,  has  an internal sur f ace

area of  200 m2.

10a . Ca r bohydr a tes

Carbohy drates  are the mos t impor tant energy -containing components  of  the diet. The energetic

value of  mos t carbohy drates  is  17.5 kJ per  g, so that a daily  diet of  400 g carbohy drates  c overs

7 000 kJ, w hic h is  56% of  the usable energy  in a diet of  12 500 kJ daily . The f ormation of

metabolic  w ater  on a mix ed diet is  0.032 g of  w ater  per  J.

Fig. 22-11: Abs or pt ion of  car bohydr ate s  by the  e nte r ocyte .

The common sourc es  of  diges tible carbohydrates  are s tarc hes  (amy lose) , table s ugar , f ruits  and

milk. Plant and animal s tarc h (amy lopec tin and glycogen)  are branched molec ules  of  glucose

monomers . Indiges tible carbohydrates  are present in v egetables , f ruits  and grains  (cellulos e,

hemic ellulose, pec tin)  and in legumes  ( raf f inos e) . Indiges tible c arbohydrates  are also ref er red to

as  dietary  f ibres .

Diges tion of  s tarches  to s imple hex oses  occurs  in tw o phas es : The luminal phase begins  in the

mouth w ith the ac tion of  saliv ary  amy las e (ptyalin) , but mos t of  this  phas e occurs  in the upper

small intes tine as  panc reatic  -amy las e reach the chyme. The s tarch polymer  is  reduced to

maltose, maltr iose and - limit dex tran or  dex tr ins  (Fig. 22-11) . The three s ubs trates  are pushed

through the intes t ine and are now  ready  f or  the brus h-border  phase. Some of  the s ubs trate

molec ules  get into contac t w ith the brush-borders  of  the absorbing mucos al c ell v ia the uns tir red

w ater  layer . Enterocy tes  car ry  disacchar idas es  and tr isacchar idas es  (oligos acc har idases )  on



their  sur f ace that c leave these subs trates  to gluc ose, G.

Milk sugar  ( lac tos e)  and c ane sugar  (suc rose)  only  require a brush-border  phas e of  diges tion,

s inc e they  are disacchar ides . Suc rose is  reduced to glucose and f ruc tose (G-F) , and lac tos e to

gluc ose and galac tos e (G-Ga)  by  the ac tion of  disacchar idas es  (s uc ras e and lac tase) .

Glucose in the intes tinal lumen is  absorbed by  ac tive trans por t.

 1.        The mechanis m of  ac tiv e glucose trans por t is  a car r ier -mediated, Na+ -  gluc ose

cotranspor t. A s  the luminal [glucose] f alls  below  the f as t ing blood [gluc ose], ac t ive

gluc ose transpor t becomes  essential and s eques ters  all remaining luminal glucos e into

the blood. Gluc ose and Na+ bind to apical membrane transpor t proteins  (a gluc ose-

trans por ter , GLUT 5) . The tw o s ubs tances  are depos ited in the cy toplasm, bec aus e of

conf ormational c hanges  in GLUT 5, w hereby  the af f inity  of  GLUT 5 f or  gluc ose-Na+

changes  f rom high to low . Glucos e accumulates  ins ide the cell to a level that exceeds

blood [gluc ose].

 2.        Glucos e theref ore dif f uses  dow n its  concentrat ion gradient, through a spec if ic  unipor t

car r ier  in the basolateral membrane, out into the inters tit ial space and into the blood

(Fig. 22-11) . The basolateral unipor t c ar r ier  f or  gluc ose is  highly  s pec if ic  (gluc ose

only ) , and does  not depend upon Na+. Galac tose is  also ac tively  transpor ted by  the

luminal glucos e c ar r ier  sys tem, and is  a competit ive inhibitor  of  gluc ose transpor t.

Phlor rhiz in blocks  the glucose abs orption, w hen its  gluc ose moiety  binds  to the

trans por ter  ins tead of  glucose.

 3.        Cy toplasmic  Na+ is  ac t ively  pumped out through the bas olateral membrane by  the Na+-K+-

pump. The low  intracellular  [Na+] c reates  the Na+ gradient and energises  the trans por t

of  hexos es  over  the luminal enterocy te membrane. 

4.         Fruc tose has  no ef f ec t on the abs orption of  gluc ose and galac tos e. Fruc tose is  not

ac tively  transpor ted by  the Enterocy tes , but is  absorbed by  a car r ier -mediated,

f ac ilitated dif f us ion sys tem, w here energy  is  not required.

10 b. P r otei ns

The ty pical Wes tern diet contains  100 g of  protein, w hich is  equiv alent to an energy  input of

1700 kJ daily , although an adult needs  only  les s  than one g pr  kg of  body  w eight. This  lux ury

combus tion is  an inappropr iate us e of  global res ources . Moreov er , a high protein intake implies  a

long- term r isk of  ur ic  ac id acc umulation f rom pur ine degradation (Chapte r  20) . Meats , f ish,

eggs , and diary  produc ts  are high in proteins  and expens iv e. V egetable proteins  are not as



expens ive as  animal proteins .

Res idents  of  areas  w ith c arbohydrate dominated nutr it ion and protein hunger  dev elops  diseases

of  protein def ic iency , s uch as  Kwashi orkor  (Chapter  20) .

Diges tion of  dietary  proteins  begins  in the s tomach, w ith the ac tion of  the gas tr ic  enz yme peps in

(pH optimum is  1) , w hich c leaves  proteins  to proteos es , peptones  and polypeptides . Peps in is

produced f rom peps inogen in the presence of  HCl. Peps inogen is  sec reted by  the gas tr ic  c hief

cells . The diges tion is  continued in the intes t ine by  proteoly t ic  enzy mes  of  the panc reas .

Enteropeptidase conver ts  try ps inogen to try ps in. Try ps in ac ts  auto-cataly t ically  to ac tivate

tryps inogen, and also conver t chy mo- tryps inogen, pro-carboxy -peptidas es  A /B, and pro-

elas tas e to their  ac tiv e f orm. When the chyme is  pushed into the duodenum, the panc reatic  juice

neutralises  the chy me and the ac tiv ity  of  peps in is  s topped. The proteolys is  in the s mall intes tine

play s  the major  role, because the diges tion and absorption of  dietary  protein is  not impaired by

total absence of  peps in.

Cy tos olic  peptidases  f rom the enterocy tes  and brus h border  peptidas es  f rom the brus h borders

of  the v illous  cells  then c leave the s mall peptides  into s ingle amino ac ids  (Enteropeptidase,

amino-polypeptidas e and di-peptidases ) . The end produc ts  of  protein diges tion by  panc reatic

proteases  and brush border  peptidases  are di-  and tr i-peptides  and amino ac ids . The cy tos olic

peptidases  are abundant and par t icular ly  ac tive agains t di-  and tr i-peptides .

Hy droly t ic  diges tive produc ts  s uch as  tr ipeptides , dipeptides  and amino ac ids  c an be abs orbed

intac t ac ros s  the intes tinal mucos a and into the blood. Tw o transpor t routes  are dominant:

1.         A  peptide transpor ter , w ith high af f inity  f or  di-  and tr i-peptides , is  absorbing the small

peptides  (Fig. 22-12) . The sys tem is  s tereospec if ic  and pref ers  peptides  of  phys iologic

L-amino ac ids . This  peptide trans por t ac ros s  the brush border  membrane is  a secondary

ac tive process  pow ered by  the elec trochemical potential dif f erence of  Na+ ac ross  the

membrane. The total amount of  each amino ac id that enters  the enteroc y tes  in the f orm

of  small peptides  is  c ons iderably  greater  than the amount that enters  as  s ingle amino

ac ids .

 2.        The abs orption of  s ingle amino ac ids  f rom the intes tinal lumen is  an ac tiv e proces s  that

involves  a Na+-dependent, car r ier -mediated cotrans por t sys tem s imilar  to that f or

gluc ose. Competit ive inhibit ion, s aturation kinetics , Na+ dependency , and expenditure of

metabolic  energy  in this  cas e also charac ter is e ac tiv e transpor t.

Selec tive car r ier  sy s tems  appear  to be pres ent f or  cer tain groups  of  amino ac ids :

neutral, ac idic , imino and bas ic  groups . The neutral brush border  (NBB)  sys tem



trans por ts  mos t of  the neutral amino ac ids . The imino ac id sys tem handles  proline and

hydroxyproline.

Fig. 22-12: Abs or pt ion of  pe pt ide s  and s ingle  am ino acids  by the  e nte r ocyte .

Bas ic  amino ac ids  and pheny lalanine are absorbed pr imar ily  through f ac ilitated dif f us ion f rom the

gut lumen to the blood.

The basolateral membrane is  more permeable to amino ac ids  than is  the brush border  membrane.

Theref ore dif f us ion is  more impor tant f or  the basolateral trans por t,  es pec ially  f or  amino ac ids

w ith hydrophobic  s ide chains .

The amino ac ids  are car r ied in the blood to the liver  v ia the por tal vein.

Half  of  the amino ac ids  absorbed in the intes tine are f rom the diet,  the remaining par t is  f rom

diges tiv e s ec retions  and f rom desquamated muc osal cells .

Only  1 % of  the dietary  protein is  ex c reted in the f aeces , the remaining f aecal protein is  der iv ed

f rom mic ro-organisms  and desquamated cells .

The reabsorption of  amino ac ids  (and glucos e)  in the renal tubules  bares  many  s imilar it ies  to the

ac tive abs orption mechanism in the intes tine.

A  rare genetic  disease inv olves  def ec tive intes tinal absorption of  neutral amino ac ids  and a

s imilar  def ec tive renal reabs orption. This  condit ion is  c alled Har tnups  disease, w hic h is  caused

by  def ec ts  in the NBB transpor t sy s tem of  the brush border  coated epithelial cells  of  the jejunum

and the prox imal renal tubules . 

10 c. Li p i ds

The ty pical Wes tern diet contains  100 g of  lipids  (3900 kJ)  daily . Mos t of  the dietary  lipids



consumed are tr igly cer ides  (only  2-4% is  made up of  phospholipids , choles terol,  choles terol

es ters  etc ) . Lipids  w ould c ompr ise jus t abov e 30% ( ie, 100 g = 3900 kJ)  of  a s tandard diet of  12

500 kJ daily . A n optimal diet should contain only  20% lipids , suc h as  the lipids  of  f ish oil and

olive oil.

A bsorption of  excess  lipids  results  in accumulation (obes ity ) . The consequences  of  long term

obes ity  are des c r ibed in relation to diabetes  mellitus  in Chapte r  27.

Ess ential dietary  f atty  ac ids  are poly -unsaturated and cannot be s ynthes ized in the body

( linoleic  ac id, linolenic  ac id and arachidonic  ac id) .

Dietary  tr iglyc er ides  are broken dow n into s impler  molecules , to f ac ilite absorption. A  small

f rac tion of  the tr iglyc er ides  is  diges ted in the mouth and s tomach by  saliv ary , lingual lipase.

Mos t dietary  tr iglyc er ides  (TG)  are diges ted in the s mall intes tine. How ev er , tw o problems  mus t

be solv ed bef ore diges tion c an occ ur . Tr iglycer ides  are insoluble in w ater , and the chyme in the

intes tine is  an emuls ion of  large f at par t ic les  in w ater . A ll the lipase proteins  by  contras t are

w ater -soluble. It f ollow s  that, tr iglycer ides  mus t be dis solv ed in the aqueous  phas e bef ore they

can be diges ted.

The lipoly tic  ac tiv ity  requires  the emuls if y ing ac tion of  bile s alts  in order  to dissolve tr iglyc er ides

in w ater . Panc reatic  lipase binds  to the sur f ace of  the small emuls ion par tic les .

1.         Simple bile micelles  are aggregates  of  bile salt  monomers  that f orm s pher ic al s truc tures

w ith a diameter  of  5 nm, and the mic elles  have a negative charge. Follow ing a meal, bile

micelles  are f ormed above a c er tain concentrat ion of  bile salts , called the c r it ic al

micellar  concentration. The lipophilic , hydrophobic , apolar  end of  the bile ac ids  f aces

inw ard c reating a hy drophobic  core (Fig. 22-13) .  The hydrophilic  polar  end of  the bile

salts  (hy droxy l- ,  carboxy l-  and amino-  groups )  points  outw ard, so that they  are mixed

w ith the polar  w ater  molecules . The s imple lipids  mus t pass  a dif f us ion bar r ier  -  an

uns tir red w ater  lay er , w hic h is  the w ater  lay er  immediately  adjac ent to the mucos a,

w here the intes tinal f low  rate is  es sentially  zero. This  w ater  layer  c ontains  the w ater -

soluble lipas es  and choles terol es terases .



Fig. 22-13: Abs or pt ion of  l ip ids  by the  e nte r ocyte  (2-M G is  2-m onoglyce r ide ) .

2.         Mix ed micelles . Simple lipid molecules  (c holes terol, phos pholipids , f atty  ac ids , 2-

monoglyc er ides  or  2-MG, f at-soluble v itamins  and ly so- lec ithin)  dif f use into the lipophilic

core of  the s imple bile micelles  and f orm a mix ed micelle (Fig. 22-13) . A  solution of

micelles  is  w ater -c lear  and s table.

The mixed mic elles  car ry  the major  par t of  all the lipids  that are abs orbed by  the intes tinal

mic rov illi.  When the lipids  of  the mix ed micelle have dif f used into the enterocy te, emuls if y ing

more hydroly sed lipids  rec yc les  the empty  bile mic elle. Neither  bile salt mic elles  nor  bile salt

molec ules  dif f use into the enterocy te (Fig. 22-13) .

The f atty  ac ids  w ith a s hor t chain (up to 12 C-atoms )  are more hy drophilic  than the res t. They

can dif f use direc tly  to the por tal blood as  f atty  ac ids . Once f atty  ac ids  enter  the enterocy te,

they  are pr imar ily  ac t ivated to acety l coenzy me A  by  a proces s  that requires  A TP and acety l

coenzy me A  synthetas e. A cety l c oenzyme A  enters  one of  tw o pathw ays : the 2-MG and the -

glyc erol phos phate pathw ays . Both br ing about the resynthes is  of  tr igly cer ides  (TG)  in the

enterocy te.

In the enterocy te the lipids  are ref ormed to tr iglyc er ides , c holes terol, phos pholipids  etc . The

ref ormed tr iglycer ides , choles terol,  phospholipids , f atty  ac ids , es ters  and f at-s oluble v itamins

reach the endoplas mic  ret iculum, w here they  are packed in another  lipid-c ar ry ing par tic le: the

chy lomic ron.

The centre of  the c hy lomic ron is  a choles terol es ter  (E in  Fig. 22-13) . Chy lomic rons  are packed

into ves ic les  in the Golgi-sys tem. These ves ic les  reach the basolateral membrane, and their

contents  pas s  through this  membrane by  exoc y tos is .  Thus  the c hy lomic rons  reac h the lymphatic

channel of  the v illus  ( the central lac teal) . The lymph delivers  the c hy lomic rons  to the blood

through the thorac ic  duc t. Plasma is  milky  ( lipaemic )  f ollow ing a f atty  meal.



A ll of  the dietary  lipid is  normally  absorbed in the intes tine. Faecal f at der ives  f rom bac ter ial

lipids  and lipids  of  desquamated mucosal cells . -  Disorders  s uch as  galls tones , panc reatit is ,

Crohn's  disease, and liver  disease can lead to f at malabsorption (s teator rhoea or  f at-diar rhoea) .

Lipids  are mainly  absorbed through the enteroc y te and transpor ted by  the ly mph, w hich reac hes

the blood v ia the thorac ic  duc t. Lipids  thus  reach the liver  through the hepatic  ar tery , w ith the

exc eption of  shor t-chain f atty  ac ids  that enter  the por tal blood direc t ly . Other  nutr ients  are

abs orbed direc tly  to the blood and reac h the liver  through the por tal vein.

Fat-s oluble v itamins , suc h as  v itamin A , D and K, are absorbed in the c hy lomic rons  along w ith

lipid nutr ients  (Fig. 22-13) . In contras t, the w ater -soluble v itamins , s uch as  v itamin-  B and -C,

c ross  the mucos a by  dif f us ion and by  as soc iation to s pec if ic  membrane trans por ter  proteins .

V itamin B12 (cyanoc obalamine)  is  the larges t of  the v itamins , and its  abs orption in the terminal

ileum utilis es  a s pec if ic  transpor t muc oprotein called intr ins ic  f ac tor .

10.d Fl u i ds a nd el ect r o l ytes

The intes t inal content is  isosmolar  w ith plasma, and the w ater  is  absorbed f rom the lumen to the

blood by  pass ive osmos is . The membranes  of  the intes t inal mucosal cells  and even the t ight

junc tions  are highly  permeable to w ater . Hereby , ac tive transpor t of  Na+ and Cl- f rom the lumen

to the small inters tit ial s pac e builds  up a f orc ef ul osmotic  gradient, draw ing w ater  the same w ay

by  a pass ive process . In the small inters tit ial s pac e w ater  c reates  a hydros tatic  overpressure.

Since the capillary  and lymph endothelial membranes  are no bar r iers  f or  Na+, Cl- and w ater , a

bulk f low  of  f luid f rom the inters tit ial s pac e pass es  into the blood-  and lymph v ess els . The

intes tinal mucos a poss ess es  elev ations  called v illi,  and pitted areas  called c rypts . The v illous

cells  have a typic al brush border  respons ible f or  net abs orption of  ions  and w ater , w hereas  the

c rypt cells  c ontain sec retory  mechanis ms  c aus ing net sec retion.

The v illous  cells  absorb Na+ through the luminal brush border  membrane by  three mec hanisms :

 1.        A n inw ard dif f us ion gradient through a Na+-c hannel,

 2.        A  Na+-H+-exc hange, and

3.         A  Na+ -solute coupled cotrans por t ( the solute being glucose, galac tose, bile s alts ,

w ater -soluble v itamins  and amino ac ids ) .



Fig. 22-14: Ion t r ans por t  pr oce s s e s  in je junal e nte r ocyte .

 A d 1.: The [Na+] is  kept low  (14 mM)  in the c ell, w hereas  [Na+] is  140 mM in the intes tinal lumen.

This  concentrat ion gradient w ork together  w ith an elec tr ical gradient, s ince the cy tos ol

of  the c ell is  -40 mV  w ith the intes t inal content as  a ref erenc e (Fig. 22-14) . Thus  Na+

can eas ily  pas s  the luminal brus h border  membrane pass iv ely . The intes tinal muc osa has

ion permeable t ight junc tions  -  it  is  leaky . This  paracellular  transpor t is  so great that the

net absorption of  Na+ and Cl-  through the c ells  only  amounts  to 10% of  the total

trans por t through the muc osa.

 A d 2.: The transpor t of  Na+ into the enterocy te (Fig. 22-14)  is  through a co-ex change protein

(Na+/H+) . Par t of  the energy  released by  Na+ mov ing dow n its  gradient is  used to

ex trude H+ into the intes tinal lumen. Here H+ reac ts  w ith bicarbonate f rom bile and

panc reatic  juice to produce CO2 and w ater , thus  reduc ing the pH of  the intes t inal f luid.

 A d 3.: Na+ -solute coupled c otranspor t.

The basolateral membrane of  the enteroc y te contains  a Na+-K+-pump, w hich maintains

the inw ard direc ted Na+-gradient. The pump is  energised by  the hydrolys is  of  A TP,

w hich prov ides  the dr iv ing f orce f or  Na+ entry . Thus  an ac tive process  pumps  Na+ out

in the small inters tit ial space and K+ is  pumped into the cell.  The basolateral membrane

also contains  many  K+-c hannel proteins , so K+ w ill leak back to the inters tit ial space

almos t as  s oon as  it has  entered the c ell. The K+ is  abs orbed by  dif f us ion -  a daily  net

total of  80 mmol.

A  Na+-K+-2 Cl-  co- transpor ter  located on the basolateral membrane (Fig. 22-15)  maintains  the Cl-



gradient, w ith an elev ated intracellular  [Cl- ]. This  transpor ter  drags  Cl- f rom the inters tit ial f luid

( ISF) .

Fig. 22-15: Ne t  Cl--s e cr e t ion by cr ypt  ce lls  of  the  s m all inte s t ine .

The transpor ter  sy s tem us es  the elec troc hemic al Na+ gradient to trans por t K+ and Cl- into the

cell (Fig. 22-15) . The c ry pt cells  hereby  can sec rete Cl- through the luminal membrane v ia an

elec trogenic  channel. The Cl-  sec retion produc es  a net luminal elec tronegativ ity , w hich drags

Na+ ac ross  the t ight junc tions  res ult ing in net s ec retion (Fig. 22-15) . Water  (about 2 l daily )  is

sec reted by  pass iv e osmos is . 

A  dramatic  r is e in Cl- and w ater  s ec retion -  caused by  gut inf lammation w ith cholera -  can lead

to sec retory  diar rhoea.

Fluid absorption in the colon is  determined by  the abs orption of  NaCl. The Na+ trans por t involves

1. Elec trogenic  Na+ trans f ers  v ia Na+ channels , and 2. Na+-co-ex change as  in the small intes t ine

(Fig. 22-14) . Both trans por t processes  are dr iven by  the Na+ gradient maintained by  the

bas olateral Na+-K+-pump. (The Na+-solute coupled co- transpor ter  is  not present in the human

colon) . The colonic  Na+-K+-  pump is  more sens it iv e to aldos terone than that in the small intes tine.

A ldos terone is  a s teroid hormone. Steroids  bind direc tly  to cy tosolic  rec eptors  and do not need

sec ond mes sengers . The c olonic  Na+-K+-pump ac tiv ity  ac cumulates  K+ in the enterocy te, and

this  gradient dr ives  the K+ sec retion ac ross  the luminal K+ c hannel. The Cl- abs orption is

acc omplis hed by  dif f us ion along a Cl--gradient, and by  a luminal Cl--bicarbonate exc hanger

produc ing bic arbonate sec retion.  We have a bicarbonate-chlor ide-shif t  jus t as  in the red cells .

Since elec troly te absorption ex ceeds  sec retion, there is  a net w ater  absorption in the healthy

colon (1-1.5 l daily  and w ith a colonic  salv age capac ity  of  4 500 ml) .



Nutr ient malabsorption of  the small intes tine inc reas es  the f luid volume delivered to the colon and

can prov ide an osmotic  ef f ec t in the colon w ith diar rhoea. Up t ill 4 600 ml of  f luid normally

pas ses  the ileocoecal valve w ithout c aus ing diar rhoea.

In c ondit ions  s uch as  cholera, the excess  f luid f rom the ileum exc eeds  the colonic  salv age,

leading to lif e- threatening diar rhoea. The cholera tox in can enhance the Cl--sec retion dras tic ally

and cause sec retory  diar rhoea w ith large quantit ies  of  Cl-  and w ater .

In inf lammatory  dis eas es  of  the c olon, the colonic  salv age capac ity  is  markedly  reduc ed,

result ing in c olonic  diar rhoea.

10.e Ir on a bsor pt i on

Tw o- third of  the iron content of  the body  (3-4 g)  is  s tored in the haeme group of  haemoglobin.

The ability  to trans por t O2 depends  on the pres enc e of  haeme. Haeme gives  the red c ell its

charac ter is tic  red c olour . Only  haemoglobin w ith iron in the f er rous  s tate binds  O2, w hereas  the

dark red methaemoglobin w ith the iron in f er r ic  s tate cannot bind O2. Soluble f er r it in f orms  an

intrac ellular  s tore (25% of  total) . Essential, but minor  amounts  of  iron, is  bound in my oglobin and

in the elec tron- transpor t ing enz ymes  of  the mitoc hondr ia in all respir ing cells . Haemos ider in is  an

insoluble degradation produc t of  f er r it in that aggregates  into cy toplasmic  granules . Haemos ider in

is  a normal mic ros copic  f inding in the spleen, bone mar row  and the Kupf f ers  cells  of  the liver .

1.    A scorbate in the f ood reduces  Fe3+ to Fe2+, and f orms  a soluble complex  w ith iron, thereby

ef f ec t ively  promoting the iron absorption. We normally  inges t about 20 mg iron daily , and

les s  than 1 mg is  absorbed in healthy  adults , bec aus e iron f orm ins oluble s alts  and

complex es  in the gas trointes t inal sec retions .

2.       Iron is  transpor ted f rom the lumen of  the upper  jejunum, ac ross  the mucos a, and into the

plasma by  an iron-binding protein c alled gut trans f er r in.

3.            Receptor  proteins  in the brush border  membrane bind the trans f er r in- iron complex , and

the c omplex  is  taken up into the c ell by  rec eptor -mediated endocy tos is  (Fig. 22-16) .



Fig. 22-16: Ir on abs or pt ion thr ough an e nte r ocyte .

4.       There is  a f ree pool of  iron in the cy tos ol. Iron ex is ts  in one of  tw o s tates  in the cy tosol:

The f er rous  s tate (Fe2+)  or  the f er r ic  s tate (Fe3+) . The Fe2+ ions , af ter  absorption into the

muc osal cell, are ox idised to Fe3+ (Fig. 22-16) .

5.       When intrac ellular  iron is  av ailable in ex ces s , it is  bound to apof er r it in, an ubiquitous  iron-

binding protein, and s tored w ithin the mucos al c ells  as  f er r it in. The synthes is  of

apof er r it in is  s t imulated by  iron. This  trans lat ional mec hanism protec ts  agains t ex ces s ive

absorption.

6.       A t the bas olateral membrane the Fe3+ are reduced to Fe2+ and pass es  f rom the inters tit ial

space to the blood. Here Fe2+ are again ox idised to Fe3+ and binds  to plasma trans f er r in.

Cellular  iron s tores  are mobilis ed by  autophagocy tos is  of  enterocy te f er r it in, w hen body

s tores  of  iron are def ic ient.

Normally , serum- iron is  12-36 M, w hich is  about one- third of  the total iron-binding capac ity  in

the plasma of  adults . This  means  that one- third of  the c irculating plasma trans f er r in is  s aturated

w ith iron.

In iron def ic iency  the serum- iron is  f alling, w hereas  the iron binding c apac ity  inc reases . The red

cell count, haematoc r it  and the haemoglobin concentration f all in c ontinued def ic iency , as  does

the c onc entration of  iron containing cellular  enzy mes . Latent (or  untreated)  iron def ic iency

anaemia is  f ound in 25-33% of  all f er t ile f emales .

Inc rease of  the total iron content takes  place by  enhanc ed intes tinal iron absorption or  by  blood

trans f us ions .

Fer r it in is  f ur ther  saturated w ith iron to f orm Haemos ider in in the liver  and els ew here, w hen



abnormal amounts  are inges ted ov er  months . Ex treme ac cumulation of  exc ess  iron in c ells

throughout the body  (hear t,  lungs , panc reas , kidneys , glands  and s kin)  f inally  damages  v ital

organs  and is  c alled haemochromatos i s .

When blood-containing produc ts  are inges ted, proteoly t ic  enzy mes  releas e the haeme groups

f rom the haemoglobin in the intes t inal lumen. Haem is  abs orbed by  f ac ilitated transpor t.

A pprox imately  20% of  the haem iron inges ted are absorbed.  Blood containing produc ts  are

ef f ec tiv e in iron def ic iency  anaemia.

P a t h o p h y s i o l o g y
The f ollow ing is  a s hor t des c r iption of  c las s ical gas trointes tinal dis orders , such as :

1. Acha l a si a , 2. Ga str o-oesopha gea l  r ef l ux,  3. Ga str i t i s, 4. P ept i c u l cer  di s eas e, 5.

Ga str i c tumour s, 6. Ga str oi ntest i na l  b l eedi ng , 7. Coel i a c d i sea se, 8. Cr ohns di sea se a nd

ul cer a t i ve col i t i s,  9. Di a r r hoea , 10. Acute a bdomen,  11. Col on i r r i ta bi l e, d i ver t i cul osi s

a nd const i pa t i on, 12. M ega col on , 13. Col oni c ca ncer , 14. Dr y mouth , and 15.

Ca r bohydr a te ma l a bsor pt i on .

1. Achalas ia

Ac hal as i a is  a disease charac ter ised by  l ack  of per i s tal s i s  in oes ophagus  and relaxation f ailure

of  the low er  oes ophageal s phinc ter  (LOS or  amer ic an LES)  in response to sw allow ing (Fig. 14-

2) . V omiting and w eight loss  is  major  s ymptoms . There is  no recepti ve rel axati on, bec aus e the

myenter ic  plex us  does  not w ork. The aetiology  is  unknow n.

There is  ab sence of gangl i on cel l s  in the myenter ic  plex us  of  the oesophageal w all and the LOS.

The peptidergic  neurons  in the LOS normally  s ec rete V IP (V asoac tive Intes tinal Peptide) , w hich

relaxes  the LOS, but these neurons  are los t in achalas ia.

The f ood gets  s tuck because of  the lack of  per is tals is , the oesophagus  dilates  and the patient

regurgitates . Intermittent dysphagia dur ing meals  is  typical.  Many  patients  leave the table,

provoke v omiting and are relieved. V omiting is  a c lass ical vagal ref lex  phenomenon relax ing LOS.



Fig. 22-17: Oe s ophage al d is or de r s

The diagnos is  is  c onf irmed by  ches t X- ray  in par ticular  f ollow ing a bar ium sw allow , and

oes ophagoscopy  is  necessary  to ex c lude malignancy  in the region.

A  pneumatic  bag is  plac ed in the LOS opening and press ur ised until LOS is  s uf f ic iently  dilatated.

Surgical div is ion of  the LOS musc le is  per f ormed by  laparosc opy .

A mer ican trypanosomias is  (Chagas ´  di sease in Latin A mer ica)  produces  ac halas ia by  mic robial

des truc t ion of  the ganglion cells .

2. Gas tr o-oe s ophage al r e f lux d is e as e

Gas troes ophageal  refl ux  w ith oesophagit is  is  c aus ed by  incomplete c losure of  the LOS. Gas tr ic

contents  w ith ac id reac tion then ref lux  into the oes ophagus  c aus ing inf lammation, eros ion and

bleeding.

This  dis order  is  als o c alled refl ux  oes ophagi t i s . It  results  f rom regurgitation of  gas tr ic  c ontents

(w ith HCl and peps in)  into the low er  oes ophagus  c aus ing long las ting damage of  its  mucos a. The

w all becomes  hyperaemic , and w hite patc hes  are seen on the epithelium ( leuc oplakias ) . The

dys phagia mos t of ten presents  as  hear tb urn . A s  dy sphagia progress  it is  likely  that an

oes ophageal s tr ic ture is  dev eloping. If  the s quamous  epithelium of  the low er  oesophagus  is

replac ed by  columnar  epithelium, as  a response to long las ting injury , there is  an inc reased r isk

of  trans f ormation of  the epithelium into an adenoc arc inoma.

The mos t impor tant bar r ier  to the ref lux  is  the LOS.  Normally , LOS contrac ts  as  soon as  the f ood

has  passed into the s tomac h, and the oesophagus  is  c leared by  s econdary  per is tals is .

Gas tro-oes ophageal  refl ux  di sease  is  usually  treated w ith H2- receptor  antagonis ts , w ho inhibit

the gas tr ic  ac id produc tion, or  w ith proton pump i nhi b i tors ,  w hich inhibit the gas tr ic  proton pump



and thus  ef f ec tiv ely  reduc e gas tr ic  ac idity . Major  complications  s uch as  s tr i c tures  usually  need

surgery .

3. Gas tr it is

Gas tr it is  occurs  as  at leas t tw o typic al manif es tations : A cute, eros ive gas tr it is  and chronic ,

non-eros ive gas tr it is .

Focal  i nfl ammatory l es i ons  of  the mucosa charac ter is e acute gas tr it is . Sometimes  the eros ions

ex tend into the deeper  layers  of  the w all (beyond the lamina propr ia)  to f orm ac ute ulc ers  (Fig.

22-18) .  A cute gas tr it is  is  produc ed by  alcohol, drugs  (cor t icos teroids , A SA  and NSA IDs )  or

inf ec t ions  w ith Helicobac ter  py lor i or  v irus . A f ter  severe s tres s  the gas tr it is  may  dev elop into a

lif e- threatening c ondit ion w ith s tres s  ulcers  and haemor rhage. The s tress  condit ions  are s evere

burns , trauma, shock, and s eps is . 

Chroni c  gas tr i t i s  is  a long- las ting inf lammation of  the gas tr ic  w all.  The s uper f ic ial lay ers  are

inf iltrated w ith lymphoc y tes  and plas ma c ells . A trophia dev elops  w ith los s  of  both par ietal and

chief  cells . Helic obac ter  py lor i are the chief  cause of  chronic  gas tr it is  in the antrum. The loss  of

par ietal c ells  leads  to achl orhydr i a (abs ent HCl produc tion) , and to def ic iency  of  i ntr i ns i c  f ac tor .

A utoimmune gas tr it is  is  a pangas tr it is , w here autoantibodies  to par ietal c ells  can be

demons trated in the blood. V itamin B12 is  not absorbed in the ileum in the abs enc e of  intr ins ic

f ac tor , so the res ult is  pernic ious  anaemia (Chapte r  8) . 

Fig. 22-18: Pe pt ic u lce r s  e xte nd be yond the  lam ina pr opr ia, w he r e as  e r os ions  ar e

s upe r f icial.  

4. Pe pt ic u lce r  dis e as e

Peptic  ulcer  disease is  a mucus al ulcer  in an ac id-  produc ing z one in the dis tal s tomach or  the



prox imal duodenum.

The normal s tomac h produc es  enough muc us  and alkaline juice to protec t the gas tr ic  and

duodenal mucos a agains t HCl. The muc ine molec ules  sw ell and f orm a non-s tir red layer  c over ing

the muc osa. In duodenum the panc reatic  bicarbonate c reates  a pH of  7.5 at the luminal membrane

of  the mucos a.

Epidemiological oc cur renc e c an be explained on the prevalenc e of  Hel i cob ac ter  pyl or i  inf ec t ion

of  the s tomach and the c olonisation of  the upper  gas trointes t inal trac t w ith this  bac ter ia. 

Helicobac ter  py lor i inf ec tion des troy s  the protec tiv e s ys tem, and at the s ame time provokes

exc ess  ac id s ec retion.

The patient, w hose pain c omplains  typically  oc cur  a f ew  hours  f ollow ing a meal or  aw aken the

patient at night, points  out Epigas tr ic  pains .

Bleeding f rom ulcers  can be fatal . Upper  gas trointes tinal trac t bleeding implies  a s ignif ic ant los s

of  blood into the lumen of  the f oregut. Haematemes is  and melaena demons trate such a bleeding.

Haematemes i s  is  def ined as  vomiting of  w hole blood or  blood c lots . Mel aena is  def ined as

pas sage of  dark tar ry  s tools  (coal-black, shiny , s t ic ky , and f oul smelling) .

Ris k f ac tors  f or  peptic  ulcer  disease are drugs  (A SA , NSA IDs  and cor tic oids ) ,

hyperparathyroi di sm ( the high Ca2+ level s timulates  gas tr ic  ac id s ec retion) , and gas tr i n-

produc i ng tumours  of  the panc reas  (Zollinger -Ellisons  s yndrome) . Other  c ontr ibuting f ac tors  are

inc reased  peps i nogen f rom the chief  cells , inc reased par ietal cell mass , reduced s omatos tatin

sec retion f rom the antral D cells , and damage of  the mucos a. A cety lsalicy lic  ac id and other  non-

s teroid anti- inf lammatory  drugs  deplete the gas tr ic  mucos a f or  pros taglandins , w hic h leads  to

mucosal damage. Strong alc oholic  beverages  als o damage the gas tr ic  mucos al bar r ier  and

s timulate ac id s ec retion. Caf f ein s timulates  gas tr ic  ac id sec retion.

Geneti c  fac tors  mus t be cons idered, s inc e persons  w ho do not s ec rete blood group 0 antigen

into the s aliva and gas tr ic  juic e, hav e an inc reas ed r is k of  developing duodenal ulc ers .

The diagnos is  is  c onf irmed w ith endoscopy  and biopsy  or  w ith double-c ontras t bar ium

tec hnique.

The f ollow ing f ive therapeutic  s trategies  are us ed in the treatment of  peptic  ulcer  disease:

1.   Eradication of  Helic obac ter  py lor i w ith anti b i oti cs  is  the treatment of  c hoic e f or  mos t cas es

of  peptic  ulcer  disease, s ince it s eems  to cure the patient. Cl ar i thromyc i n is  a mac rolide

that binds  to and prevents  trans loc ation on Helic obac ter  py lor i-  r ibosomes , w hich is  an

ef f ec t ive bas ic  therapy  of  peptic  ulcers .



2.       Inhibit ion of  the gas tr i c  proton pump  in the luminal membrane of  the par ietal cells .

Omeprazole is  a proton pump i nhi b i tor ,  w hich reliev es  symptoms  and c ure mos t duodenal

ulc ers  w ithin f our  w eeks  -  of ten in combination w ith antibiotic s . Omepraz ole and s imilar

antagonis ts  to the gas tr ic  proton pump are espec ially  ef f ec t ive in treatment of  pers i s tent

HCl-sec retion c aus ed by  the Zollinger -Ellison sy ndrome.

3.    His tamine ac ts  through H2 receptors  on the basolateral membrane of  the par ietal cells . The

second messengers  f or  his tamine is  cA MP. A ll other  cells  c ontain H1 receptors .

A cc ordingly , H2 receptor  antagoni s ts  (c imetidine, ranit idine, f amotidine, and niz atidine)

inhibit ac id sec retion because they  f it  the H2 rec eptors  s pec if ic ally . The H2 rec eptor

antagonis ts  prevent his tamine f rom binding to the H2 rec eptors  on the bas olateral

membrane of  the par ietal cells .

4.    Pros tagl andi n E1 anal ogues , suc h as  mis opros tol,  inhibits  gas tr ic  ac id sec retion by

unspec if ic  inhibit ion of  the s econd mess enger , c A MP, in the par ietal c ell and elsew here.

Pros taglandin E1 analogues  hereby  promote ulcer  healing.

5.       Surgi cal  management  is  rarely  used unless  complications  occur . Highly  selec t ive

vagotomy , in w hich only  the nerve f ibres  to the par ietal c ells  w ere cut w as  prev ious ly

us ed, but this  is  not an alternativ e to c hemic al v agotomy  (procedure 2., 3., 4.) .

A ll treatment procedures , w hich w ork by  inhibit ion of  gas tr ic  ac id sec retion, have a common

draw bac k. To the ex tent that gas tr ic  ac id sec retion is  reduc ed there is  no inhibit ion of  the

gas tr i n rel ease f rom the antral G cells . A c cordingly , the blood [gas tr in] inc reas es , and dur ing

treatment of  the patients  this  concentration is  cons tantly  inc reas ed. The high gas tr in level

counterac ts  the expec ted ef f ec t on the ac id produc tion. Since gas tr in is  a trophical hormone f or

the gas tr ic  mucosa, long- term treatment w ith ac id suppress ion might result in mucos al

hyper trophy w ith a f ur ther  r is e in ac id produc tion and in cellular  modif icat ions . Thes e

complications  are probably  related to the rather  high ulc er  recur rence rate of  mos t treatment

procedures . Obv ious ly , the only  rational s trategy  is  to eliminate the cause of  the peptic  ulcer

disease.

5. Gas tr ointe s t inal tum our s

The  l ei omyoma  is  the mos t f requent benign gas tr ic  tumour . This  is  a tumour  of  smooth musc le

cells . Leiomy oma are usually  discovered at autops ies  or  by  c hance, as  they  do not produce

symptoms  ex cept w hen they  ulc erate and bleed.

Carc i noma of the s tomach is  f requently  located in the antrum and is  almos t alw ay s



adenoc arc inoma.

Ris k f ac tors  f or  gas tr ic  cancer  are Helic obac ter  py lor i colonisation w ith chronic  gas tr it is ,

atrophia and metaplas ia. Dietary  f ac tors  inc lude s piced, salted or  smoked f ood (w ith benzpy ren) .

Nitrosamines  are probably  c arc inogenic  in man, and they  are produced in f ood and w ater  w ith a

high nitrate content.

One third of  the general population have blood group A , but 50% of  all patients  w ith gas tr ic

cancer  belong to blood group A .

Enterochromaf f in cells  of  the intes t inal w all f orm carc inoid tumours . The tumour  sec retes

serotonin, bradykinin, his tamine, tachykinins  and pros taglandins .

Somatos tatin is  an almos t universal hormone- inhibitor . A  s omatos tatin analogue, oc treotide,

inhibits  the sec retion of  many  gut hormones  inc luding those outlined above. Of ten the typical

s igns  of  carc inoid tumour , f ac ial f lus hing and diar rhoea are totally  allev iated w ith oc treotide

treatment.

6. Gas tr ointe s t inal ble e ding

Ac ute gas troi ntes ti nal  b l eedi ng occurs  in the f orm of  haematemes is  or  dramatic  vomit ing of

blood.

A  bleeding peptic  ulcer  c aus es  mos t cases . Less  f requent is  bleeding oes ophageal v ar icos e

veins , and gas tr ic  carc inoma.

The danger  is  bleeding shock, w ith tachycardia, f alling blood pressure and pallor  in a cold

sw eating patient. Urgent and adequate blood trans f us ion is  lif e sav ing.

Ulc ers , inf ec t ions , tumours , polyps , and var ic ose veins  throughout the gas trointes tinal trac t

cause chronic  gas trointes tinal bleeding. These patients  present w ith iron def ic ienc y  anaemia

(Chapte r  8) .

The patients  are f ir s t examined w ith gas trosc opy , of ten f ollow ed by  Colonoscopy  or

enterosc opy .

7. Coe liac dis e as e

Gluten-sens it iv e enteropathy  or  coeliac  dis eas e (sprue)  desc r ibes  a condit ion w here the

duodenal and jejunal mucos a is  more or  les s  des troyed by  hy persens it iv ity  tow ards  gluten (see

Chapte r  32) .

8. Cr ohns  dis e as e  and ulce r at ive  colit is



These tw o disorders  may  be dif f erent manif es tations  of  a s ingle dis eas e, non-s pec i f i c

i nf l ammatory b owel  di s eas e (see Chapte r  32) .

9. Diar r hoe a

This  term is  usually  used f or  an i nc reas ed s tool  frequenc y and implies  a larger  than normal s tool

w eight (Fig. 22-19) .

One pathophys iological dif f erentiation of  diar rhoea is  the f ollow ing:

1.       Zollinger -Ellis ons  sy ndrome w ith tremendous  gas tr ic  sec retion c an cause diar rhoea.

Fig. 22-19: Diar r hoe a of  d if fe r e nt  or ig in .

2.       Bac ter ial or  Sec retory  diar rhoea is  caused by  inc reas ed Cl -   -s ec retion and reduced Na+

-  reabsorption. Enterotox ins  f rom bac ter ia on the mic rov illus  s ur f ace af f ec t the tox in

receptors , w hic h inc reas es  the cA MP lev el in the c ell. This  in turn ac tivates  the chlor ide-

channel and inhibits  the NaCl reabsorption process .

3.    Inf lammatory  diar rhoea is  caused by  muc osal des truc tion w ith outf low  of  f luid and blood

such as  in ulcerative colit is .

4.       Osmotic  ac tiv e s ubs tances  in the gut lumen cause osmotic  diar rhoea. These subs tances

are normal nutr ients  in cas e of  malabsorption, or  non-absorbable subs tances  taken f or

some reason or  other .

5.    Diar rhoea f ollow ing ileal resec tion. Bile ac ids  are normally  reabsorbed in the terminal ileum.

Follow ing ileal resec tion the bile ac ids  enter  the colon. Bile ac ids  are tox ic  to the c olonic

muc osa and s timulate colonic  sec retion of  large v olumes ,

10. The  acute  abdom e n



A cute appendic it is  is  the dominant cause of  acute ab domen. Mechanic al obs truc tion of  the

or if ic e of  the appendix  by  a f aecolith is  demons trated in les s  than half  the operated c ases .

Sec retions  dilatate the obs truc ted appendix , until the muc osa ulc erates  and the w all is  inv aded

by  intes tinal bac ter ia. In many  cas es  only  generaliz ed inf lammation is  f ound, and in 10% of  all

removed appendic es , the mic roscopy  is  normal.

The patient typic ally  exper ienc es  per iumbilical or  dif f use pain, w hich moves  tow ards  the r ight

iliac  f ossa w ithin hours . The patient is  subf ebr ile and there is  nausea and vomit ing. The

examinator  f inds  a tender  r ight iliac  f os sa w ith def enc e musculaire (guarding) , show ing local

per itonit is . Rec tal exploration of ten reveals  tendernes s  to the r ight.

Per f oration of  an inf lamed appendix  can cause several sev ere c omplic ations : Per iappendic eal or

hepatic  abscesses , f is tulae, generalized per itonit is , and s epticaemia w ith septic  shock.

A ppendec tomy  is  per f ormed as  ear ly  as  poss ible by  open surgery  or  by  laparoscopy .

A  his tory  of  more than 48 hours  of  abdominal pain, w ith a s olid mass  in the r ight f oss a iliaca

indic ates  disas ter . Per f oration is  mos t likely  present w ith f ormation of  a per iappendiceal

abs ces s . Here, the patient is  pref erably  treated w ith antibiot ics  f or  some days , and

appendec tomy  is  delay ed (French: a f raud)  until the danger  of  generaliz ed spread to the

per itoneal cav ity  is  minimal. 

A cute per itonit is  is  f requently  c aus ed by  per f oration and presented as  a sudden, sev ere

abdominal pain. High f ev er  develops  rapidly  w ith nausea, v omiting and paraly tic  ileus . A s  the

bac ter ial inf ec t ion spreads  to af f ec t the per itoneum in general,  the c ondit ion becomes  s er ious

and septic  shock may  dev elop.

Spontaneous  per itonit is  w ith as c ites  in adults  is  caused by  hepatic , alcoholic  c ir rhos is  w ith

por tal hy per tens ion (see Chapte r  23) .

11. Colon ir r itabile  ( ir r itable  bow e l) , d ive r t iculos is  and cons t ipat ion

These are disorders  of  s l ow c olonic  motility .

The patient w ith i r r i tab i l e b owel  s yndrome c omplains  of  abdominal pain (dif f us e or  localised to

the lef t iliac  f ossa) , w hich is  relieved by  def ecation or  f latulence. There are of ten f requent

small- volume s tools , but the patient f eels  that the empty ing is  inc omplete. The abdomen is

dis tended. This  is  a condit ion w ith painf ul s pas ms  c aus ing cons tipation alternating w ith mucous

diar rhoea. The condit ion is  related to s tress  and sedentary  lif e s ty le, and is  reliev ed by  daily

exerc ise.



Fig. 22-20: Fr e que nt  colonic dis or de r s

Di ver ti cul os i s  or  di ver t i cul ar  di sease is  a c ondit ion w ith herniation of  the mucosa through the

musc ular  layers  of  the c olon, c aus ed by  inc reased intraluminal pres sure. The diver tic ules  are

recognized f ollow ing a bar ium enema, and if  they  are inf lamed the c ondit ion is  called

di ver t i cul i t i s .  Pers ons  w ith dis turbed s tool-habits  are likely  to dev elop inc reased intraluminal

press ure dur ing def aecation, and they  may  develop hernias  at w eak spots  in the gut w all. The

inc idenc e is  high in inac tiv e persons  and low  in vegetar ians  or  in persons  w ith a high dietary

f ibre content.

Mild c linical cases  can be treated w ith light daily  exerc ise suc h as  w alking in a hilly  env ironment.

Emergency  cases  may  need surgery .

Cons ti pati on is  f requently  c aus ed by  a low  f ibre intake in s edentary  pers ons . They  of ten exhibit

i r regul ar  def aecation habits , and ir rat ional us e of  laxatives . Such habits  suppress  the natural

ref lexes .

The condit ion is  improved by  a high- f ibre diet or  by  daily  w alking. Suppos itor ies  may  be

nec ess ary , but long- term use of  lax ativ es  is  c ontraindic ated.

12. M e gacolon

Megacolon c overs  several disorders , w here the colon is  dilatated.

Congeni tal  megac ol on or  Hi rschprungs  di sease is  colonic  dilatation res ult ing f rom c ongenital

abs enc e of  ganglion cells  in the my enter ic  plexus  at the region, w here the c olon passes  into

rec tum. Migration of  c ells  f rom the neural c res t is  dis turbed.

The cause is  mutation of  a gene localised on chromosome 10. The a-ganglionic  segment is

permanently  c ontrac ted and s tenotic , so the intes t inal content is  ac cumulated prox imal to



s tenos is . The markedly  dis tended c olon giv es  r is e to the term megacol on.  Large amounts  of

f aecal matters  acc umulate, because per is tals is  and mass  movements  are imposs ible.

The diagnos is  is  c onf irmed by  a transmural rec tal biops y  s how ing absent ganglion cells . Surgic al

removal of  the segment cures  mos t of  the y oung patients .

Fig. 22-21: Hir s chpr ungs  dis e as e  w ith a-ganglionos is  and m e gacolon.

Ac qui red Megacol on usually  occ urs  in adults  w ith Parkins onis m, diabetic  neuropathy , Chagas

disease (Chapte r  33)  or  any  other  disorder  that af f ec t the innervation of  the s mooth musc les .

13. Colonic cance r

Colonic  cancer  is  related to s low  pas sage of  f aecal mater ial w ith carc i nogens  through the colon.

Carc i nogens  are c hemic als , w hos e end-produc ts  bind to DNA  and damage it.

Sedentary  persons  hav e a high f requenc y  (morbidity )  of  cons ti pati on and a high mor tality  of

col on cancer , but not of  rec tal cancer . The c olon cancer  is  c lear ly  related to an i nac ti ve l i fe

s tyl e, and regular  ex erc ise reduces  morbidity  and mor tality .

Prolonged ac cumulation of  f aecal content w ith c arc inogens  in the c olon inc reases  the exposure

time of  the mucos a and may  be of  impor tanc e. Hi gh- f i b re di et and dai l y wal k i ng reduc e the

exposure t ime. There is  a f irm cor relat ion betw een colonic  cancer  and the ac tiv ity  level of

persons  in indus tr ial s oc ieties . The same is  true f or  groups  of  persons  liv ing on a low  f ibre diet

w ith a high c ontent of  meat and animal f at.

Us ually  the rec to-s igmoid area is  involv ed, a location w here the f aec al c ontent is  moved to and

f ro f or  vary ing per iods  (Fig. 22-22) .

Patients  w ith chronic  gas trointes t inal bleeding us ually  pres ent w ith iron def ic iency  anaemia.

Meas urements  f or  f aecal oc cult blood are easy  to per f orm and of  value as  a mass  populat ion



sc reening f or  large bow el malignancy .

Fig. 22-22: Colon cance r  in  the  as ce nding colon (polypoid)  and in  the  s igm oid

(cons tr ict ing cance r ) . – A r e ctal cance r  tum our  is  s how n in  the  uppe r  r e ctum .

A  cor relation betw een rec tal  cancer  and exposure t ime f or  carc inogens  is  not to be ex pec ted,

bec aus e the f aecal content pas ses  this  par t of  the trac t w ithout delay . A  c or relation has  also

been disprov ed in large population groups .

14.Dr y m outh

Patients  w ith a rare autoimmune disorder  ( the Sj ögren s yndrome)  suf f er  f rom dry  mouth

(x eros tomi a) , dry  ey es  (x erophtal mi a)  and rheumatoid ar thr it is .

In patients  lac king f unc tional salivary  glands , xeros tomia, inf ec t ions  of  the buc cal mucosa, and

dental car ies  are prevalent.

In mos t cas es  of  xeros tomia the condit ion is  therapy - res is tant and unexplained. Some c ases  are

caused by  dehydration or  by  antidepres sants .

15. Car bohydr ate  m alabs or pt ion

The mos t c ommon chronic  disorder  in humans  is  lac tose malabsorption or  hypol ac tas i a ( lac tose-

induced diar rhoea or  lac tos e intolerance) , w hich is  due to a geneti cal l y defi c i ency of l ac tas e in

the brus h-border  of  the duodeno- jejunal enteroc y tes  (see Chapte r  31) .

 S e l f - A s s e s s m e n t
M ult ip le  Choice  Que s t ions

I. Each of  the  fo llow ing s tate m e nts  has  Tr ue /Fals e  opt ions :



 A.       The receptiv e relaxation response of  the s tomach dec reas es  Gas troesophageal ref lux .

 B.       The intr ins ic  innervation of  the diges tiv e, sec retory  epithelium responds  to

paras ympathetic  input w ith dec reas ed sec retion.

 C .       The sy mpathetic  nerve f ibres  to the gut ac t presynaptically  to inhibit acety lc holine

releas e in the my enter ic  ganglia and ac tivate - receptors . Hereby , s phinc ter  musc les

are c ontrac ted, blood v ess els  are c ons tr ic ted, and sec retion is  inhibited.

 D.       Relaxation of  the low er  oes ophageal s phinc ter  is  not caused by  inc reased v agal

inhibitory  f ibre dis charge.

 E.         Oesophageal ref lex  ac tiv ity  is  c ontrolled by  pr imary  per is tals is  that are co-ordinated by

a s w allow ing centre in the s olitary  trac t nuc leus , vagal nuc lei, and retic ular  f ormation.

Loc al dis tens ion s timulates  the s econdary  per is tals is .

II.  Each of  the  follow ing s tate m e nts  has  Fals e /Tr ue  opt ions :

 A .       Gas tr in or iginates  in the antral and duodenal mucosa, w here it is  released f rom G-cells .

 B.        Sec retin is  a hormone that is  released f rom the duodenum in respons e to HCl.

 C .        Panc reozymin (CCK)  contrac ts  the sphinc ter  of  Oddi.

 D.       GIP s t imulates  insulin s ec retion.

 E.         GRP is  involv ed in v agal gas tr in sec retion.

III . The  fo llow ing f ive  s tate m e nts  have  Tr ue /Fals e  opt ions .

A .        The major  sourc e of  choles terol is  f ood intake.

B.        A  sw eat tes t result ing in a Na+ -concentrat ion above 60 mM in the sw eat, is  s trongly

indicative of  c ys t ic  f ibros is .

C.        G-cells  in the panc reatic  is lets  produce large amounts  of  a cer tain hormone, but they  are

named af ter  their  G-protein sy s tems , w hich amplif y  a s ignal, by  produc tion of  s econd

messengers .

D.        Glucagon s timulate gly cogenolys is , gluconeogenes is , ureagenes is  and ketogenes is .

E.         V IP controls  the bloodf low  of  the gas tr ic  muc osa, and GRP releases  gas tr in f rom the

antral G-c ells .



IV . Each of  the  fo llow ing f ive  s tate m e nts  have  Fals e /Tr ue  opt ions :

 A :        The bas ic  elec tr ical rhy thm is  an elec tr ical ev ent that alw ays  causes  c ontrac tions  in the

diges tiv e s ys tem.

 B:        The bas ic  elec tr ical rhy thm determines  the max imal rate of  per is talt ic  contrac tions .

C :         Slow  w aves  in the c olon cannot res ult in anti-per is tals is .

 D:       The major  role of  the human c olon is  to reabs orb w ater  and elec troly tes .

 E:         The only  entirely  voluntary  motor  proc ess  of  the motility  patterns  in the diges tiv e trac t is

chew ing.

V .  Each of  the  fo llow ing f ive  s tate m e nts  have  Fals e /Tr ue  opt ions :

 A .       Hot and ac idic  liquids  are buf f ered by  saliv a in the mouth, and the salivary  epidermal

grow th f ac tor  promotes  the healing of  w ounds .

 B.       The parotid s ec retion is  w atery  and serves  to s olubilize f ood, so it can be tas ted.

 C .       Salivary  buf f ers  maintain the ac tiv ity  of  amy las e dur ing the f irs t per iod in the s tomach.

 D.       Saliv a has  bac ter ic ide ef f ec ts  due to lys ozy me.

 E.         A IDS is  trans f er red v ia saliva.

V I. Each of  the  fo llow ing f ive  s tate m e nts  have  Fals e /Tr ue  opt ions :

 A.       A cety lcholine, gas tr in and his tamine s timulate gas tr ic  ac id sec retion.

 B.       H2 blockers  bind to his tamine receptors  at the basolateral membrane.

 C .       The par ietal cells  inc rease their  O2 c ons umption, ac id s ec retion, intracellular  [c A MP] and

[Ca2+], w hen s t imulated by  his tamine.

 D.       The H+-K+-A TPas e is  respons ible f or  gas tr ic  ac id sec retion.

 E.        Gas tr in and acety lc holine does  not release IP3.

Cas e  His tor y A

A res ti ng mal e pati ent, age 54 years , b ody wei ghts  76 kg, i s  suspec ted of Zol l i nger -El l i s on

syndrome and ex ami ned i n the morni ng after  fas ti ng overni ght. The throat i s  s prayed wi th

l i gnoc ai ne and a gas troscope i s  i ntroduc ed i nto the pharynx  under  di rec t vi s i on and pas sed



down the oesophagus  i nto the s tomac h and duodenum. No ul c ers , tumours  or  b l eedi ng i s  found.

A b i ops y of the mucosa shows  an overgrowth of par i etal  cel l s . A sampl e of gas tr i c  j ui c e i s

aspi rated. Fol l owi ng s ti mul ati on b y an i nj ec t i on of pentagas tr i n, gas tr i c  j ui ce i s  as pi rated vi a a

nas ogas tr i c  tub e for  one hour . The hydrogen i on c onc entrati on i n the aspi rate i s  150 mM, and

the vol ume i s  350 ml . 

Due to l ung c ompl i c ati ons  the b l ood gas ses  of the pati ent are measured i n the morni ng (PaCO2

40 mmHg,  pHa 7.40 , Base Ex ces s   zero, ac tual  b i carb onate  24 mM)  and j us t after

compl eti on of the aspi rati on (PaCO2 40 mmHg, pHa 7.48, Base Excess  7 mM, ac tual

Bi carb onate 30 mM) . The nex t morni ng b l ood gases  were normal i sed.

1 .   Cal cul ate the gas tr i c  ac i d s ec reti on rate of the pati ent, and compare the resul t wi th a normal

val ue of 30 mmol  per  hour .

2 .   Desc r i b e the ac i d-b ase s tatus  of the pati ent j us t fol l owi ng the as pi rat i on.

3 .   Expl ai n the normal i s ati on of the ac i d-b ase s tatus  the fol l owi ng morni ng.

4 .   Sugges t a b etter  di agnos ti c  tool  for  the Zol l i nger -El l i s on syndrome.

Cas e  His tor y B

A nervous , smok i ng mal e, age 36 years , i s  admi tted to hospi tal  wi th severe hunger  Epi gas tr i c

pai n reduced b y eati ng, ac i d hi c cups , di ar rhoea, and s teator rhoea ( i e, fatty s tool s ) . He has  a

s tres s ful  work , and over  the l as t months  he has  frequentl y used drugs  c ontai ni ng ac etyl

sal i cyl i c  ac i d for  headache, and used whi sky on the rock s . Radi ol ogi c al  exami nati on of the

s tomac h and duodenum sugges ts  the pres enc e of an ul cer  i n the duodenal  b ul b . Thi s  i s

confi rmed b y endoscopy. Gas tr i c  j ui ce i s  removed b y aspi rati on. The b as al  rate of HCl

sec reti on i s  found to b e 5 t i mes  normal . Hi s tol ogi cal  exami nati on of the gas tr i c  muc osa reveal s

a hi gher  dens i ty of par i etal  cel l s  and gas tr i c  gl ands  than normal , b ut no hyperpl as i a of antral  G

cel l s .

The s erum [gas tr i n] of the pati ent i s  10 t i mes  hi gher  than normal , and does  not i nc reas e

fol l owi ng a tes t meal .

One dose of the proton pump b l ocker , Omepraz ol e, reduces  the HCl  s ec reti on rate of the

pati ent to normal  for  24 hours .

1. Present a l i kel y ex pl anati on for  the devel opment of the pati ent’ s  duodenal  ul cer .

2. W hy does  the pati ent have el evated s erum [gas tr i n]?



3. Expl ai n why a tes t meal  di d not i nduc e a r i se i n serum [gas tr i n]?

4. Expl ai n the mechani sm for  the pati ent’ s  s teator rhoea and di ar rhoea?

5. W hy i s  one dose of omeprazol e effec t i ve for  s uch a l ength of t i me?

6. Transpor tat i on of one mol  of H+ from the c ytos ol  of the par i etal  c el l  to the gas tr i c  l umen

cos ts  at l eas t an ox i dati on of 30 mmol  of gl ucose. Cal cul ate the free energy nec ess ary

for  the ac ti ve transpor t of one mol  of H+.

Cas e  His tor y C

A 35-year  ol d mal e computer  ex per t vi s i ts  hi s  general  prac ti t i oner  compl ai ni ng of ex haus ti on.

For  weeks  he has  s uffered from cons ti pati on, fatty s tool s  and ab domi nal  pai n. He i s  l oos i ng

wei ght and gets  out of b reath when he i s  s tai r  c l i mb i ng.The pati ent l ooks  pal e and emac i ated.

Pal pati on of the ab domen reveal s  a soft mas s  i n the r i ght i l i ac  fossa. Haematol ogi cal  tes ts

show that the b l ood haemogl ob i n i s  5.2 mM, the red cel l  count i s  (3.1*1012)  l -1 and the mean

cel l  vol ume i s  68 f l . Endos copy wi th a duodenal  b i ops y show a normal  mucosa wi th l ong i ntac t

vi l l i .  Col onos copy shows  patc hy reddeni ng of the mucosa and b i ops i es  s how granul omas  i n the

l ami na propr i a. A b ar i um exami nati on reveal s  nar rowi ng of the termi nal  i l eum.

1.         W hat i s  the haematol ogi cal  di agnos i s?

2.         W hat i s  wrong wi th the i ntes t i ne of the pati ent?

3.         W hat i s  the therapy of thi s  c ondi t i on?

4.            Desc r i b e the compl i cati ons  of thi s  c hroni c  c ondi t i on.

5.            Desc r i b e two di sorders  whi ch may mi mi c  the condi t i on of thi s  pati ent.

Try to s ol ve the prob l ems  b efore l ook i ng up the a nswer s.

H i g h l i g h t s

       Epi thel i al  and gl andul ar  cel l s  of the gas troi ntes ti nal  trac t produc e i mpor tant di ges ti ve

sec reti ons  that c ontai n el ec trol ytes , enz ymes  and hormones . The control  of gas troi ntes ti nal

sec reti on i s  effec ted ny neurons  and b y hormones .

       Sal i va i s  a hypotoni c  f l ui d wi th hi gh b i c arb onate and potass i um concentrat i ons , and an -

amyl ase that c l eaves  -1-4-gl ycos i de b i ndi ngs  i n s tarc h.

       Sal i va c l eans  the mouth and pharynx  (prevents  c ar i es ) , and ease swal l owi ng. Sal i vary



l ysozyme l ys es  b ac ter i al  cel l  wal l s . The sal i vary epi dermal  growth fac tor  promotes  the

heal i ng of wounds .

       Swal l owi ng i s  a refl ex  control l ed b y  b rai ns tem neurons  formi ng a swal l owi ng centre.

       The s wal l owi ng and vomi ti ng mec hani sms  are b l oc ked b y deep anaes thes i a and b y i nj ury of

the 5.th, 9.th or  10.th c rani al  nerve.

       Gas tr i c  moti l i ty mi xes  food wi th gas tr i c  j ui ce and s ub di vi des  sol i ds  to form a f l ui d

compos ed of smal l  par ti c l es .

       Gas tr i c  gl ands  and mucosa sec rete gas tr i n (G -c el l s ) , HCl  (par i etal  cel l s ) ,  peps i nogen

(pepti c  cel l s ) , and mucus  (muc ous  neck  cel l s ) . Muc us  and b i carb onate protec t the gas tr i c

muc osa from adverse HCl  effec ts .

       Segmentati on mi xes  the content of the smal l  i ntes t i ne.

       The mi grati ng motor  c ompl ex  i s  the “ i ntes ti nal  housek eeper ”, whi ch c l eanses  the

gas troi ntes ti nal  trac t.

       Vagal , c hol i nergi c  pregangl i oni c  f i b res  trans fer  s i gnal s  to the gas tr i n-produc i ng G-c el l s  i n

the mucos a vi a non-adrenergi c , nonchol i nergi c  (NANC)  pos tgangl i oni c  neurons . These

enter i c  neurons  l i b erate gas tr i n- rel eas i ng pepti de (GRP)  to the G-cel l s .

       The i l eocoecal  sphi nc ter  prevents  retrograde f l ow of c ol oni c  matter . The sphi nc ter

regul ates  emptyi ng of i l eum some fi ve hours  after  a meal . The emptyi ng of i l eum i s

s ti mul ated b y gas tr i n, pos s i b l y vi a the gas troi l eal  ref l ex , b ut a di s tended col on i nhi b i ts  the

emptyi ng. The i l eocoecal  sphi nc ter  i s  normal l y pas sed b y one l i tre of faecal  matters  dai l y.

       In the as cendi ng c ol on, per i s tal s i s  i s  fol l owed b y anti per i s tal s i s , whi ch al l ow ti me for

ab sorpti on of water  and el ec trol ytes .

       Gl uten-s ens i t i ve enteropathy or  coel i ac  di sease desc r i b es  a condi t i on where the duodenal

and j ej unal  muc osa i s  more or  l ess  des troyed b y hypersens i t i vi ty to wards  gl uten. G l uten i s

found i n b ar l ey, rye, wheat and oats .

       Ac etyl sal i cyl i c  ac i d and other  non-s teroi d anti - i nf l ammatory drugs  depl ete the gas tr i c

muc osa for  pros tagl andi ns , whi ch l eads  to muc osal  damage. Strong al cohol i c  b everages

al s o damage the gas tr i c  mucos al  b ar r i er  and s t i mul ate ac i d sec reti on. Caffei n s ti mul ates

gas tr i c  ac i d s ec reti on.

       Pepti c  ul cer  di s eas e i s  a mucos al  ul c er  i n an ac i d-produc i ng zone i n the di s tal  s tomach or



the prox i mal  duodenum.

       Al l  treatment proc edures , whi ch work  b y i nhi b i t i on of gas tr i c  ac i d sec reti on i n pepti c  ul cer

di s eas e, have a common drawb ack . To the ex tent that gas tr i c  ac i d sec reti on i s  reduced

there i s  no i nhi b i t i on of the gas tr i n rel eas e from the antral  G  cel l s . Acc ordi ngl y, the b l ood

[gas tr i n] i nc reases , and dur i ng treatment of the pati ents  thi s  concentrat i on i s  cons tantl y

i nc reased. The hi gh gas tr i n l evel  counterac ts  the expec ted effec t on the ac i d produc ti on.

       Eradi cati on of Hel i c ob ac ter  pyl or i  wi th anti b i oti cs  i s  the treatment of choi ce for  mos t c ases

of pepti c  ul cer  di sease, s i nc e i t s eems  to c ure the pati ent. Cl ar i thromyc i n i s  a mac rol i de

that b i nds  to and prevents  trans l ocati on on Hel i cob ac ter  pyl or i -  r i b osomes , whi c h i s  an

effec t i ve b as i c  therapy of pepti c  ul cers .

       Inhi b i t i on of the gas tr i c  proton pump i n the l umi nal  memb rane of the par i etal  cel l s .

Omeprazol e i s  a proton pump i nhi b i tor , whi c h rel i eves  s ymptoms  and c ure mos t duodenal

ul c ers  wi thi n four  week s  -  often i n c omb i nati on wi th anti b i ot i cs . Omeprazol e and s i mi l ar

antagoni s ts  to the gas tr i c  proton pump are es pec i al l y effec ti ve i n treatment of pers i s tent

HCl -sec reti on c aus ed b y the Zol l i nger -El l i son s yndrome.

       Hi s tami ne ac ts  through H2 receptors  on the b asol ateral  memb rane of the par i etal  cel l s .

The s econd mes sengers  for  hi s tami ne i s  cAMP. H2 receptor  antagoni s ts  (c i meti di ne,

rani t i di ne, famoti di ne, and ni zati di ne)  i nhi b i t ac i d s ec reti on b ecause they f i t the H2

receptors  spec i f i cal l y. The H2 receptor  antagoni s ts  prevent hi s tami ne from b i ndi ng to the H2

receptors .

       Crohns  di sease i s  a c hroni c  i nfec ti on or  i nfl ammati on of the gut wi th a par ti cul ar

preval enc e for  the termi nal  i l eum, b ut i t can b e l ocated al l  the way al ong the trac t.

       Ul cerati ve col i t i s  i s  al ways  confi ned to the col on. Ul c erati ve c ol i t i s  i s  a muc osal

i nf l ammati on wi th haemorrhage and rec tal  b l eedi ng.
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