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in all p,trts ot 11wd1unl' , tlwrl' has 
h<-l·n an t·,pln,tl,n Pl ml\1rm,1t1on Thi, 

thl' Sl.'((11)J (l( ;l t\\'(1 p,lrt SL'rll'S II) \\'h td) 
1ht• ,c1cnuf1L has1s upon which cl1 11 1cal 
ga,tmcntl-rl11,,c, pr,tlltL·,· i, ha,t·d i,con 
,1dcrcJ and tt>\\',trd which cltn1cal prac· 
tK<' ts mt1v1 11g 

ETHANOL 
Chrome 1ngc,1H,n ot ethanol has ii 

minimal impart on the 1t1tcstinal ab,orp 
tllllt 111° lilktum 11 hen .1,,es,eJ 111 1·1\·n. 
hut render, the hrush border nwmhranc 
bs rcrmcah k to ,.dc1um and k,, su, 
,l'puble to tlw ,11mul.111on h1 cthanol ,,f 
c.tkium tlu, ,Kross dw, ml'mhranc ( I ) 

h hanol and ,,tlwr .dw hnls mh1h1t tlw 
mtr,unal tr,111,pnrt l1f t,,larc, I 2 l Chm111L 
ethanol tn).!l'st 1011 rl'd ucc, L' n rerocytc 
1urnon·r in rat ic·1u11um and 1kum and 
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ll)(lt',l'ol'S l.1t.l,l'-l' ,ll ll\ It\ ,111d thl' 111,1:\ I 
mum t'itpac111 l\lr galall<hl' ah,llrpuon 
( ~) rhis d llrl (, pt1Sslhl\' dUl' ({) an 
inl°rl'a,nl ma!llrtt\ nt tlw entcrocv1l' pop· 
ubt1011 11f rlw I illus surt,1n• 111 rt•spon,c 
111 l·thannl 

In r,Hs 11·1th .11,·11m,1l ,L·II till1n1,? dl\L'r· 
nculum 1hli11d l""l'l. there ts a wn,1d­
nahk .1rnount o t cthanol ,1'1d1-cd m rhc 
1,?as tn111HL'st1nal lumL n l hL· rl·,ulung 
h11,?h n1nCL' ll tra11rni,, o l acl'l) laldt·hydl' in 
rhc 111tt·,tinal luml'n and tlw p<.1rtal hl1x1d 
ma1 conmhutc Ill dw dl'il'tl'nou, l'fkn 
on tlw 1,?astmin tl'sti nal m11Cn,a ,tnd liver 
I 4 J Cond1u011s ,1ssoc1att•d 11·1th c,,css11 L' 

pn,ltkr.111\ln 1,t 111tl'stm,1l m1cnx1rgan1,nb 
mil} thu, rL·sult 111 tht· producunn o t c1h­
,inol ,rnd ,Kl' tvla!tk·hydt· 

rlw ,ILUtL' .ind 1. hmnic admm1-.1rauc,n 
111 t•th,111lll mh1h11, tht' 11m•sunal absorp­
tion 11! a, ant't} 1,t nu tm·11t,. T lw add, 
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t1<>n <11 .1mdnridt·, ,1 ,11d1u m 1r,1 n,pnrt 
hlnL kL·r pnidurl', ,ubs1an11al incrl'ast's 
in ,11d1um dt·pt'l1Lknt ,c,lutc uprakt· m 
hnbt1.•d I illus Cl'll, in tlw prL''oL'IKl' n ( l'th 
.111nl I '> I. I hh sU).!1,!<'st, that .icuvauun or 
dl'\l'k1p111t'nt <1! .11111loridl' ,l'n,1t1n• ,11 
d 111111 cnnduct,m(,· th,rnnt·l, may ht· an 
l'arh const·qm·tKl' nt 1ntc,11 nal villus rl'll 
t·,po,urc• tn t•th.1m1! 

1\1. llll' ,llld ch1011IL L'tha11<1l tn).!l'S[i(lll 
,1!tt•rs 111tt·st1nal tntlhp(>rt ()f nutrtl'nts, 
Ill part du1.• en .iltl'r.1uon, 111 rhe hru,h 
hnrdt•r tnl'mhr:llll' «>11 tl'l1t nf phti,pho 
lipids l(l) T hL0 rl' ts ,1 snmul:nory effect 
,11 ethanol tin tlw mccsnnal ab,orp t1()11 
of chol111e wuh hnth ,tcllll' ,111d chronic 
l'thanol adm111tstr,1t1nn to ra ts I 7) T hts 
l'nham:cmcnt 111 dwltne ahsl1rpt1nn 1, 
l1kclv rd.11cd ((1 l'than11l nwtabol1sm, 
,ince t hl'rl' is :1 latency m this l' ffcc t of 
l'tham,J and hl'l,lllsl' pyra:ol. an in h1h1-
tl,r oi eth,rnol nwrah()ltsm, prl'vl'n ts tht· 
mcrl'asl' t11 t hol11w absorption C hol11w 
uptakl' ts u naffctted bv acctaldehydc or 
,Kctatt' f hts ra1,t·, the po,s1h1!t rv that 
tlw t·nha11c111g d kL t of alcohol on d1t1-
lmc absorption ts rl'latcd to ,n mulat1<111 
hy othl'r product, ot l'thanol nwrabc,lism 
, u rh a, ch,rn gl', 111 AT P. ADP an d 
NADH 

Chronic alcohol ln).!Csll<m 111 thc rat 
dccrca,t•s the il"Jllllill 1·illu, cell popula 
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t1on . increa~es the crypt ce ll population, 

has no effect on the crypt ce ll r m duc­

tion rate anJ appears to c:iuse a length­

ening of the cell cycle time (8). The meta· 
phase arres t tech ni q ue has abo been 

used to demonstrate a se lective increase 
in th e crypt ce ll production r;ite in the 

rectal mucosa ofcthanol fed rats (9). rl'a· 

tu re:; of this hypcrprolifcrative statl' in 
ethanol (ed animal:; arc an increased cell 

production per crypt and a n upward 
ex tension of the proliferative compart­

ment comprising thl' lower ha lf of crypts 
Mucosa! alco h()I dehydrogenasc activi· 

lll's arc increased in rectal mucosa after 
prolonged ethanol ingestion and this, or 

1hc increased scrum gastrin conccntra­

uons in alcohol treated an1mab. may give 
rise to the rectal hypcrprolifcrauon . Fur­

ther invcsug;uions .ire needed to deter­

mine whether these findings arc abo evi­

den t in humans. esr ecially with respect 
to the increased incidence of recta l ca n· 

cer found in alcolwlics 

lntraluminal ethanol in concentrations 

normally fou nd m the duod c nojejuna l 
lumen after moderate drinking causes 

morphologica l lesions a nd al teration~ 
in the m ucosa I microcircu lation Intra· 

luminal ethanol GlUses microvascular sta· 

sis manifested by vasodilatation , hemo· 

concentration, increased microv;iscu lar 

an eriovenous sh unting of hlo~ld thniugh 

non nutriuvc microvessels and enhanced 

secretory filtration o f plasma from the 

mucosa! microvasculature into the gu t 

lu men. These changes were accompa· 

nied by an enhanced mucosa! microvm,· 

cu lar permeability ( 10). Dual-si:ed iso· 

cope labelled microspheres have demon· 

scra ted microvascular stasis manifested 

by vasodilara tton, hemoconcentration. 

increased microvascular arteriovenous 
shunting o f blood through the ntin n u­

tritive microvesseb and enhanced secre­

tory fil tration o f plasma from the m uco­

sa! micrcwasculatu re into the gut lumen. 

Using colloidal carbon vascu lar labell ing 

technique, it has been demonstrated in 
dogs that 6"{, intralu minal ethanol causes 

marked accumulation of carbon parti ­

cles in the wa lls of the capillaries a nd 
microven ules o f the vi ll us ti ps, localized 

between the endothelial cell an d the 

basolamina of t he microvcssels T h e 

escape of these particles from the lumen 

probab ly occurs th rough cell ju ncuons. 
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The remarkable similarity of these find­

ings and tlwse fo llowing the production 

of acu te in fl ammation raise the possibil­

ity that the known re lease or production 
of some of the mediato rs ofacute inflam­

mation m;iy he responsible for the etha­
no l associated changes in mucosa! micro­
vascular permeability I 10). 

D EVELOPMENT, ONTOGENY 
AND AGEING 

T he sm;ill intestine of rats undergoes 

a concen of morphologic and en:ymatic 

changes during the latter half elf the third 
week after hirth . These dewlopmcn ral 

changes resu lt in a mature intestine func­

tiona lly optimal for the digestion and 

absorption of the carhnhydratc rich diet 

of adul ts. Among thc cn:ymmic changes, 

lactase activi ty decreases and sucrase 

activity appears and increases. T h is mor­

phnlngic and en:ym;iuc differentiation 

is considered co be initiated by an onto· 

genie timing mechanism wh ich b mod­

ulated by extrinsic, systemic .ind lumi­

nal factors. For cx,1mple, an on tngenic 
timing mechanism likely in itiates the 

expression ot sucrasc activity ( 11 ). 
The inimnion of the post natal onto· 

genie events in the rat gastrointestinal 

tract is probably dett'rmincd hy the ani­

mal's genetic program. while the termi­
na l p h ase nf intest inal develormen t 

seems to be 1nfluL'nced more hy envi­

ronmL'ntn l factors such as nutrients. hor­
mones and orher medimors. The mor­

phologic.ii and iunction .il developmenr 

of rhe in testine has been [he s u bJect of a 
recent review ( 12). 

Maturation of gastrointestinal function 
during the perinatal period is accompa­

nied by substantial changes in the gas-

1rninteMinal ~urfoce Tlll'se differences 
include. higher lirid to protein rauos; 

more flu idity and disorgan ized structure; 

the presence of an addnion:il calcium 
b ind ing site contributing to the h igher 

cnlcium binding capacity of th e brush 

hordcr mL'tnbrnne of neonate:,; greater 

binding o f cholera toxin to the mature 

brush bord er membrane; and alterations 

in binding nf concanavalin A as well as 
or her lcct ins ( I 1 ). 

Sm;i ll intestinal epithelium is more 

permeable in the neon mal period than 
after weaning. 'Closure' or cessation of 

immu noglobulin absorption occu rs at 

weaning wi[h concumitant mod1ficati(H1s 

of epithelial renewal and function . In 

humans. which receive their passive 

immunuy exclusively heiure birth. non-

1mmunoglobulin macromolecular trans­
fer is a lso though t to be high during the 

neonatal period because nf the immalll· 
ri ty of tlw intestinal mucosa. Horserad­

ish peroxidase i~ tran~ported by way of 

two funct ion:il pa thw;iys, a maJor mutt· 

in vo lving lysosonwl d egrad ation and a 

minor rou te allowing transport of [he 

intact protein . There appears to he a ratl' 

limiting step 111 thc aborption before the 
lysosoma l sy~tem, presumably ,ll the 

brush border nwmhrnnc. ;ind dcvclop­

mL'nt of these two transccllular pathways 
for ncm immunoglohulin protein absorp­

tion is not parallel and docs not corrt'· 

late wi1h gu t closure to 1mmLmoglohu­
lin transfer ( 14) 

It 1, generallv assumed tha t hreast milk 
is ~pecifically tailored to the nu tritional 

and dcvelormcntal needs of the new­
horn T h e di!"fcrcnccs bL·twecn ctilos­

trum and fc<.?ding artificial food formu­
las h;ive been attributed to one o( the 

trophic foctors known to be prc~ent 111 
colostrum and hurn;in milk The post 

natal de\'elopment changes m small intes­

unal cn:yme .1cti\'ity arc comrlcx and 
multifactnnal, includi ng genetic pro­

gramming, hormones and dietary com­

pc11w11ts. Lactose may havl' an imrnrtant 
function in the ,tabili:ation of newborn 

mtestinal disacch riridase enzyme ( 15). 
thereby preserving rarhl'r than inducing 

en:yme activity. Lact0se m:iy th u~ have 

a ro le in the fu nction of the developing 

small intcsune along with other mulu­
ple 'growth factors' p resent in h uman 

milk 

Several factor~ h ave heen proposed co 
reg u la rc the physiological events wh ich 

surround th e develormental changes 

which t)(CUr in the small inte~tine dur· 

ing the post n atal period . T h e factor\ 
which have heen proposed include glu­

cocortico1ds. imulin, 1hyroxin and epi­
derma l growth factors. High concentra· 

tions of epidermal growth factors are 

found in mouse and rat milk th rough­

out lactation wich maxim;i l levels be­

tween approximately o n e week and 

declining W\\'n rds we;in ing. A t this time 

there is a marked mcrease in endoge­

nous epidermal growth factor produc-

CAN J GA'>TROENTEROL 



n<•n from dw neon,Ht' ,altvary glands and 

miacr epidermal growth factor may be 
absorbed in the small 1nrest1ne Epider­

mal gro\l·th factor recl'ptor'> are present 

m mou~e ,mall 111re,t111l' wnh mmimal 

bmding at birth. This binding 111creases 
,readily throughout pmt natal life ro 

rt•ach ,id ult values by npproxim;nely one 

month of age ( 16). These point, all raisL' 

1hc JXl'>sihility that epidermal growth foc­

roris a modulator 111 the tuncnonal Jcvel -

0p111cntof the maturing gastmintcstinal 
tract Suckkd newhorn animals han: a 

~rcatcr 111testmal growth than arnmals 
which arc fed wmer or artificial form ula : 

hrca,t-milk fed arnmals also have heav-

1cr1nrest111e, which con tam mt,re DNA 

1han 1hose giwn ar1ifk1al formu la ( 17) 
Human trnnsformmg growth facwr 

bmds to an ep11helial cell line \\'1th reduc­
non in thym1dine incnrporation. vet pro­

mounn of sucrasc acttntv ( lb) This sug­

gr,r, that transform111g gro\\'th !actor may 

inhibit proliferative activity and promote 

1dul1 development of differenriatcd 

iunction 111 111 test ma I epnhclia I eel Is 
The epithelial cell populanon 111 the 

mtcsnnal nn1cos.1 "compn~ed of a 

dynamic cnnttnuum ranging Imm ac­

un:ly pronfernting stem cclb to termi­

nally d1ffrrenttaced enterocvtes lacking 

m1tot1c actl\'llY Loss of \ illw, cells mw,t 

he closely balanced by prolifera11on in 
1hr miconcally active crypt region wnh 

1hr,ubsequent maturation of che,e ce lls 

mw the highly differennaceJ funcnonal 

absorptive cell s. Mitmic nccivity is con­

fmed co the crypt rl'gion anJ mu::,t be 

finely tuneJ to thl.' rapid rate of loss o( 

mature cntcrocyces from the villw, Crypt 

cdl producuon ma) be rcgul.ited hy ncg­

att\'c control wnh suppression of prolif­
,'r,mon medi:ned through a factor pro­

duced in the villus. It"' unclear whether 
the rate of subsequent cellular d1fferen­

u.rnon is in trinsica ll y linked to the rate 

llt prolifcratton, or\\ hether this process 

1,mdependently controlled. 
Both term anJ preterm infonts h.ivc 

~,me degree of carb()hydrace malab:,orp-

11011 This may be related co the lactose 

load in the diet of healthy term infants 
which may exceed the meal capacity of 

the small 1111cst1ne co hydroly:e th1' sugar, 

or II may he due to dw sm.iller surface 

area of rhe neonatal small bowel as com­
pared to that ofolder mfanc-... Although 
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laetase act1v1cy n·achcs ns highest levl'ls 

at birth . mcomplere l:1ctose aborpnon 
mav lx' normal in healthy term infants 

Indeed , mfancs who arc malabsorbcrs 

arc more commonly formula nr mixed 

fed than hreast fed ( 19). 
The encerohepauc c1rcula11on of bile 

,alts "' important for dw maintenance 

of a htlc salt pool of sufficient si:e and 

concentration tn permit absorptHlll of 

J,cmry lipid. The factors involved 111 the 

maintenance o f a sufficien t b ile salt pool 

mcludt• the race of hepauc bile sah syn­

thesis. the concenrranon of bile salts by 

the gallbladder and efficient re.1bsorp­

t1on of hile sale coniugace, tn the 111ccs­

ttne. The bile salt pool s1:e tn newborn 

mfon ts 1s decreased when compared with 
surfact' area-matched healthv adults 

Experimental nhscn,mons 1111mm,1ture 

laboratory animals and m h uman mfanrs 

sugge,t that active transport C)fb1k' acids 

in the 1kum 1s not tully ,1perannnal and 

that the bile s;i lt pool is diminished dur­

ing rht' fecal and neonatal period Bile 

salt transport ts 11wd1ated by a ,odium 

Jepend,·nt co-transport system ch.it i:, 

similar to that dcscrihl'd for glucose. 

,1muw acid:, and 111organ1c phosphates. 

T:iurocholate transport m to rat ilea! 

brush border mcmbram' \-Csiclt's IS 111-

wmpk'tcly developed in tWO·\\'l'l'k-old 
suck mg rats but become, fully ex pressed 

by the ttme of weaning at three weeks o( 

age ( ll~l Knwttc analvsis suggests that 

macurnnon o f the rnurocholme earners 

occurs near weaning, primarily thn1ugh 

an mcrease 111 functional bile acid .:am­

er:, within the deal brush border mem­

brane ( 21 ). Usmg brush border mem­

brane \·es1cles. sodium enhanced uptake 

of caurocholatL' appeared abru ptly and 

w.is first apparent on day 17 anJ an m·er­

shoot uptake was demonstrated on Jay 
18. The lo\\'cr maximal transport ratt• and 

higher apparen t Michaelis . constant in 
voung as compared with adult rats. likely 

reflected a difference 111 the number of 

functional bile aciJ carriers. The change 

111 these kinetic constants coulJ also 

retleet developmental alteranons 111 chc 

physica l character of the membrane 

itself. with subsequent enhancement of 

earner-substrate mteracnon The appear­

ance of active ilea I transport of b ile acids 

parallels other significant developmen­

tal changes such as mcreas111g plasma lev-
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els ofcnJogenous corncrn,tero1d anJ thy­

roxm. altcrauons 111 membrane m1cro­
l'IW1ronmen t and ,'xpans1011 of the bile 

acid pool ( resulung trom coexistent mat­

uration nfhepa11c uptake. synthesi~;md 

excretton) It rcm;1ms unclear what ts che 

importance of glucocorucnids m the 
development of ilea I active hile salt trnns­

port and rhi, has hcen q u,·suoned ( 22) 

Thus, while glucocornco1d treatment 
promotl's precoc1C1us development of 

some 111tesunal transport systems such 

a, magnesium. calcium anJ gluco,e 

depcnd~'nt sodium transport and v1rn­

min BIZ aborpuon. rhis dfcct is nor uni­

form Prcrcrrn 111fancs whose mothers 

received dexamethasone or phenobar· 
hital ha\l' been fc1u11d w have larger hde 

s,1lt pool,.,, mcreased bile salt synthesis 

and reduced turnovt'r rate, for cholate 

and ch l'nodeoxychnl:11e com pared to 

,1milarly aged mfont:, of untreated mo­

ther,, an mflucncc of dexameth.isone on 

the intl'sunal con tri bution to the m:1111 

tt·n,ince of hile salt pool s1:e appe:irs 

unlikely 

In bnch rahh11s anJ rats. there tlrl' 
mcreasl's 111 the cholesterol to phospho­
ltp1d r,1t10 ,rnd a corresponding decreasl' 

111 memhr:rne tlu 1d1ty 111 deal brush hor· 

Jer rncmbrant· ,II the t1111e of wearnng 

(2 >l \Vnh increasmg po,1 natal age. rhe 

m 1Crn\ illus membrane chokstl'rol con ­

tent rises while tht' phosphnl1p1d cnn­
tl'nt remains unchangL'd S1multaneouv 

ly. the m1cmv1llus membrane fatty acid 
compos1tton ch angt's from prcdnm1-

nantly saturated to un!>aturateJ species 

111 horh JCJlmum and ileum (23). How­

ever. the absencl' uf Ou1d1ty change at 

n°c suggests that rht' association of 

,1lccrauons in actl\ e deal bile salt trans­

port .ind microvdlus membrane l1p1d 

compos1tton and tlu1ditv may not be 

phys1olog1l'.,1lly s1g111fkant or mtl'rrclmed 

What .ire the factors rc,ponsib lc for 

the ontogcntc expression of tntescmal 

d 1gesttvt• and tran,port funcuon I Regu­

latory factors th:11 may initiate mawra­

nonal changes 111clude che pitu1tarv­

adrenal-thyrmd secretion Whtie these 

hormones m.iy modulate the develop­

mental changes, che minacion of mtcsn­

nal maturation IS nm dependent upon 

these factors. Forex.imple. , tUllies us111g 

a transplantation technique 111 which 

Jl'JUnal 1sographs from newhorn rats were 
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implanted under the skin of newborn 

hosts, demonstrated an ontogenic tim­

ing mechanism in the Jejunum which ini­
tiate~ the expression of sucrase activity 

(24). This activiry i5 modulated hy extrin­

sic systemic and lummal factors, hut rhe 

riming for sucrase nctiv ity exrress1on 

nprenrs to he a stringent inherent rror­
erry nf the tbsuc ttself. The cellular hasis 

for rhe riming of the expression of sucra~c 
activity b unknown bur mny he medi­

ated hy the number of cell divisiom The 

weaning period 1s characterized by n shift 
from n liquid, far rich. low min diet sup­

plied hy the rnmher tn n solid diet which 
1s nch 111 cnrbohydratcs and iron The 

prorortion of rnrhohydrntc rclnnve to 

fat and the iron content of the weaning 

diet n re critical tor the mnt u ram)n of 
intestinal microvillus en:ymcs hut not 

for the onrogentc changes in DNA 

synthesis. 
l111t1atinn of changes 111 intcstinnl cell 

pmltfcrntion, DNA synthc,is and muco­

sa I enzymes arc not diet dependent. hut 

mav he tnggcred hy the mtnactic,n nf 
the genetic program and hormnn:11 medi­

ators. The protc111 content of 1hc weaning 
diet modL;.lare, the onmgcnic chnnges in 
DNA synthesis and appears robe ,1 tac­

tor 111 the compkuon of the gn)wth nf 
rhe gnsrro1ntes1111al tract t 2 51. The t·xact 

mechanism hy which lummal nutrients 

modify this devclopmenr.il proct'Ss re­
m:11ns an enigmn However, the rracu­

cal impact of. for exnmrk·. thc use of 
total pnrentern l nutriuon for numuonal 

suprort of infants with dborders of the 

gc1stromtcstinal tract b clear. with r\'· 
duccd development \1f ,mnwch, small 

howd and pancreatic gro\\'th (26) Thus. 
despite normal weight g:1111. coral serum 

prll!ein and lwmatocrit concentrntions. 
intravenously fed animals failed to 

dcvelop normallv. 
Dietary in~ult at an l'nrlv age may affect 

the normal development of some of the 

functional propernes of the gastrninrcs­

nnal tract Thc~e effects may c\rntmuc 

into later life nnd impair later develop­
ment of the mtesunal tract ror exnm­

plc. a t\1'(' week pcri(1d 1if undcrnutri­

tion in the rat followed by later nutritional 
rehabi litation is a:.soc1ated with signifi­

cantly elevated intestin;1l lacwse activnv 

as compared with a well nounshed con­

trol grour (27). The protein contcnr of 
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thl' weanling d iet nwdulates the onto­
genie changes 111 DNA synthesis and may 

he a factor in the com rleunn of the 
gro\\th of the gastrointl'Stin al tract ( 261. 
However. while diet plays an imporrant 

mle in maintaining incestinnl lactase 
:1rnvity during the sucking period (28). 
such lummal factors likely have a lim­

ned temporal role. 

b intc:-tin,11 transport of sugars and 
amino acKls subject to cricicnl period pro· 
gramming' The brilliant pionecring 

work of Kara~ov nnd co-workers ( 29) has 

rabcd this 1mpc,rrant qut'suon. Critical 

period phenomena arc cn:nts in \\'hich 

a h1olngical mcchantsm 1s tllrncd irre­

versibly on or off only once during an 
ind1v1dunl's It fen me in response town­

dit1ons pre\·atling ,ll some cnucal sragc 

Early diet changes in the carbohydrate­

prmem ratio hnve irreversible effects on 

gur and body si:e. but l'arly changes 111 

dietary comprn,ition of dwse macronu­

tricnts do not appear 10 exert ,pccitk 

1rrev1.;rsihlc l'f"fccts on crnnspc,rt of glu­

cose, choline, lcucint', lysine \1r asparrate 
l11s unclear \\'11\ early diet had 1rrevers-

1blc anatcHn1c cftccts which persisted 

when mice were switched to the same 

or oppnsitc rations at an early age, but 

did not haw a specific effect 1111 glucnst' 

transport 111dependcnt of thc effect on 

i ntcstma I mass. 

Understanding of tlw regulatory me­
chanism of 111tesunal differentiation ong­

inmcs mamly tfom studies on the rat nn<l 

mouse. Howe\ er. the morpholog1cal and 

functional development of the hum;in 
intcstme is unlike that of the rat and 

mouse. the fetal human intestine orga­
ni.:es villi covered with well d1ffcrcnt1ated 

enrcrocytcs during the end of the first 

term 111 utCr\, By 12 \\'ccb of g\'Sr:ttion . 

maltase and sucn1sc show an activity 

about half that of a young child. Alka­

l111e phosphatase i~ present at 10 weeb 

nnd rist's until week 2 > of gestation. Lac­
rnsc acuvity remains low during the 

en ti re gestnU\1nal penod and 111crcases 
during the last weeks of pregnancy. Us111g 

organ culrnreofhuman fctnl small intes­

nne, specific increases of lacrnse and alka­
l111c pho::,phatase activiucs were induced 

hy the addition ofhydrocorttsone to the 

culture medium. As well, DNA synthesis 

was increased, together with an incrcase 

in the labell111g index of the epithelial 

cclb ( "30). 
Factors controll111g enzymnc1c marurn· 

non durmg ontogenes1s of the gut are 

no\\' being exnm1ned in human fecal 

intesune maintained in organ culturl' 

( >l) The addinon of dexamethasont', 
insulm or amntotic fluid tn rlw culrurc· 

medium did not further t'nhancc hrush 

hordcr enzyme ac1ivit1cs , except for lac­

rasc, the levels of \\'h1ch w,·n· doubled 

hy th1.; lkx:1nw1 ha,onc Thus. 111 add1· 
rion 10 tl1c' d1ffercnccs \\'h1ch L'x1st nmong 

mammalian species m the 11ming of 

en:vme Jc\ elopmcnt, rherc may he a 
spt'Cies spec1ficny 1n the factors mvolvcd 

111 fecal en:ymatic ma1ura11on. Feeding 

.imtn\> acids\\ 11h a two or thrct' carbon 

skeleton (except iorcVMC111L', but includ· 
ing n-amin<, 11cids and nonmernholi:ahk 

,1111111<) acids) strongly 111duccd 1ntest1nal 

nrni1h1nc decarboxylase acti\'1ty. The 

.11111nn ;ic1ds that 111ducc heprltlc orn1-
tl111w dt'carhoxylnsl' h,11·c no specific 

~tructural cha ractenst ic. Accu111 u ln11on 
of ammo acids sL'l'tnS to be nccessary tor 

1nductt\lll of hcpmic orn1th1nc dccarh­
oxylasc because, regardlcsslif the adm111-

istrnt1on route. the enzyme was 111duccd 
I lowcvcr, humoral factors do not nppear 

to he related to mducuon of intcsunal 

or111th111c decarhoxylasc. hecnusc the 
en:vmc 11•;1s induced only 111 the ,cgmcm 

pcrfu:,cd with ,ollllion, nf ,pecific nm1110 

aCtds ( >2 ). 
The process (lf agc111g alter, the ,true· 

wrc 11nd funcuon of the small intewne 

The cpithcl1al cells that line small intcs· 

nnal crypts and v1l11 exhihn proltfcra 

t1on, migration and differentiation. Dur­

ing differenuauon. cnrcrocvtes lose the 

nhili!V tn svnthe,1:c DNA and acquire 
spec1f1c en:ymc~ ~uch a:. the disacchan­

dases, alkaline phn~phmasc and t'n:ymc, 
of tlw DNA ,;11\'agc parhw;iy. The order 

pattern of enzyme expression is main­

ra111ed in agcmg rats hut the 1niti11uon 
,111d duration arc dclayt·d (,, l Because 

peak specific cn:yme neuv111cs arc sim­
ilar in young and ageing animals, tlw 
rt'duced ,pecitic ,1c1ivi11cs 1n mucosa! 
homc,gcnalL's from ageing animals must 

be duel(' an 111crca,c in the proponion 
1)f rclauwly undtflcr,·ntiatcd villus cp1-

thel1al cells. 
Fn1111 the umc of h1rrh co '>L'1wsce1Kt', 

there nre ,dtc'r:l!lnns in the digt':.!lvc nm! 

transport tuncuon o( the intcstlnt'. Many 
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I the 1n\·t',t1gat1on, ha\'t' hL'l'n per· 
lormeJ in rodl'nt, and have shown. t<,r 
namplc. ,1 recluct1\ln 111 the earner med, 
,ucJ absorpt1on ,1f \',dllll' and lys111L' (HI 

Th1"ugge,h that tlw ,\Cll\ll) ( number I 
ol carrier molccuk, for ,1bs11rpr1on <ll" 
r:ic,c am111c1 and, JcLlmcs ll'l[h agcmg 

The clfl'Lt ol .1g1·1ng on tlw ah,c,rp 
r1t1n of st111w nutrient, 1, likch ,1 specif1L 
dkct nn the• upuh· rncch.1111,m rnthl'r 
th.in an) dkL t Pll till' 1m 1rph, ,I, ,l.!y ot rlw 
,mall bL1\1·t'I I >'>l h1r L·,.1mpk·. the tr,111, 
ix1rt tit plwsphatL' arr1,s, thl' small intL',· 
tllll' C<llb1,ts ll! t\\·11 (11mpo11l'nls. ,1 s;l( 
urahle l'k·ctro11eutral sodium dt'pcndL·nt 
component and ,m u11,arurahk ,11d1um 
m,kpcndl'n 1 ,om !'<lllL'n t Tlw e1wrgy 
dr1rn1g tlw frr,t compllnl'lll is pnll'idL•d 
b an c,tracdlular l\\ mtrac.:t'llular s11 
d1um gradient ma1111a11wd h\ dw s11J1u111 
rmassium ATPasc ,11 the hasolateral 
mt•mhranc B11th compc111ent, 11t phov 
rh,llL' L1p1akl' dt'c.:i111t' \\'Ith ilgL'll1g ( )(11 

ThcrL' 1, 111creasL•d in1c,1111,1l pernw 
ability 1,1 ill\\ molecular ll'e1ght p11lyeth\­
lcnc glycol 111 old a, n,mpatt'd wuh 
\otmg rats ( > 7. 38 l. , uggestmg that dw 
mtcstm,11 pn >teclin• harner tll rlw abs11rp· 
uon 11f p11tt'nt1alh harmtul L'lll 11\lnmL'Il 
t,1l st1bst,ll1CL", mav lw ll'ss eftk1cnt 111 ;1g1'­
mu a111mak HC11l'L'l'l'r, the ahsC1rpuc1n Cll 
stlllll' s1,lu1es ,u(h ,is ,\ l,1,,· ,in· unat 
IL•ctcd by ageing ( NJ 

DIABETES MELUTUS 
Thc ga,troime,unal trace 1s frequently 

affocll'd 111 diahl'tl's mdlm1, There may 
h· redun·d pl'n,talsis .md dilatat1C1n 111 
1hr e,orhaglls, ga,tnc rctent11m. d1,or 
J,•rL·d small 1n1e,1111.tl 11111\'L'ment and 
.:11lt1111c ,Hon\ l,r nwg,KolC1n ~m.,11 ho11l·l 
tr,tnsll m,t) he rapid .111d there may be 
,J1mi111,hl'd 111tc,11n,d wne 111 ,1,me pa 
urnt, ll'llh d1.,hl·t1r d1,1rrhea. whereas 
11hl'r pau,·111, may h,1\·e delayed transit 
through ti1L· 1k·um ,111d 111ne,tsl·d mt,·,. 
11nal m11t1ir act11·11y There ma) lw 
1hsL'llt post prand1,tl g;istn,colonic re ­
,ponse, 111 d1abc1k patient, ,uffenng 
t ,m c11n,upac1on 

rnhanced absCll J1110Il ot .ltlllll\l ac1Js, 
glucose, bile adds, phosphates, cholcs 
tao!. fat1v ,K·,:~ and fam akohols has 
ht'1'11 rcp11rtl·d m rat, wnh l'XpenmL'n· 
1alJiabetl'' (.f0.41) Acute J1ahetes md 
nus 111 the rat 1s ass11('1ated \\ 1th enhanCL'd 
,c.,dium d1'1'L'ndl'nt uptake 11f phosph.m· 

\\,I 2 No. 4. Nnvt.'mber Jl)KK 

into Jl'Junal brush border mcmbr.rnt' ves­
icles (.fl) 1 his was likely due to nn 
mcreast' 111 the acm·1t) ot ,c1d1um-phos­
phatl' co-transporter, rather than Jue to 
any change in tlw ,odiu m driving force 
(or tr,1nspor1. ,t gradient mamtamed by 
dw ,11d1um potassium ATPase 111 the 
basolmeral nwmhrnnc 

Thcr,· art' als11 mnea,L•d :111l c<1ncen· 
cra11on, 111 tlw many 11rgan,, 111 d1ahL't1C 
animals; th1, ,, likely due to a rnmh1na· 
ci11n ul d,abetl'' induced h) pcrphag1a 
and alterl·d ahsorpt1on and rett'1H1on Clt 
:me Results from an isotope dilunon 
,wJv ha\'e 111d1cated that Jiaheuc . hut 
not L11ntml. nn1mals ,tre capable of ab­
s<1rh111g 1nLrea,ed :ml 111 response m 
enh.rncL·d k·"cls ot dietary :inc and that 
the amount 111 :me e,c.:retcd b\ thL' 1ntev 
llt1l' 1s les, in d1abet11 1h,111 control an1· 
mals 14 )). Thu,, dcc.:rl'ased 1n11•st111al 
e'-L'rt'tiC1n of L'ndogennw, :me m,w he a 
h111ncC1st,lltC n•sp11nsL' to the increased 
urinary excrL't1on of endC1gen11u, :mL in 
thl' d1ahet1..: rats and may also lead m 
dL'I ,llt'd :111l ull1Cl'ntratl\1nsobsL'rl·eJ in 
sollll' C1rgnns ot chc d1ahL'llC rat 

Thl'se altcrauons 111 ahsorpt1<1n hn\'e 
be•en ,tssoci.nL·d 11 tch ch.mgc, in tlw max· 
imal transpm1 capacinc:-., passive pnme 
,1hd11y prnpert1L's of thl' mtL'stmL'. alter­
,ltlons m unstirred water layer,, 111nl'a,,,.-d 
mucusal mass, alterations 111 brush bor­
der lllL'mbrane lipid contl'nt and rL·cruit· 
ment ()f addmonal brush hordl'r larn· 
ers for sugar, prnbahly m the m1d-l'dlu:-. 
to crypt region t 44). 

Diarrhea Gm be onL' of the most cn,u­
hieMlmL' gastn11ntesunal c11mplicat1ons 
in diabetes. Pat1l'nts wnh this problem 
arL' usual!) m,ulm dependent, han· .1uto­
nomll' ncurnpathy and h,1ve little or 11ll 
e\'1dence of nutrient 11rnlabsC1rpt1on or 
cnten1pathy hequcntly the diarrhea ,~ 
intL'rm1tte111, ,11mct1mes altcrnaung ll'rth 

constipation, Inn 1T1,1y bl' persistent and 
,e1L·re Nocturnal fecal mcontmence 1s 
common ,rnd treatment with cnn\'en· 
tional ant1Jiarrheal agents and anti· 
b111t1c.:s may he <1f limned u,e Impaired 
.1dn·nl'rgic rl'gulauon of 11Hest1nal llu1d 
and ek·ccrolytc transport has hecn sug· 
gested as the pmhophys1ological has1s for 
d1.1hct1c diarrhea. chesl' animal, han· 
intL'sttnal adrcncrg1c ncu rnpathy. im­
pa1rL·d l'lectrnl 7te ah,orpt1on and tm· 
paired adrL'nL·rg1c.: 11111L·r1·,1tion The d1,1· 

Small bowel revrew (port 2) 

henc diarrhea ()('lll rnng 111 chror.1c dia­
bcuc r.its appears co he due to impaired 
adre11l·rg1c regul.1t1on of mucosa! inn 

transport accompa111cd hy a post syn­
.1ptic dencrvau11n hypersensitivity that 
can hL' rl'\'ersl'd hy clomdmc ( 45 J 

In rt'l'l'IH years, much L'lton has heen 
n1ncL'ntrated on rl'ductio11 of post pran­
dtal hlood glucost' lel'els 111 pauents 1,·1th 
diabL·tes mdlnu, hy d1et.1ry man,pula-
11011. Ingestion of viscous p<1ly,acchamks 
wllh nwab may delay carhohvdratc 
.1bsorpt111n hv 11npn1nng ml'-mg 111 thL' 
small 11Hestine and also hy sln11111g the 
ddl\'l'I'\' ot !nod 111m tlw ,m;1ll 1111est1m· 
from rlw ,t11mach lncorp11rauon 111tC1 thl' 
diet of slowly or 111compktdy d1ges1ed 
ca rbc,lwd rntl' 1 n l he form of lcgu ml', 
offers ,t11Cllher way ot retard111g glucose 
absorpuon. Infusion of foe emubions 111w 
the ileum nr duodenum ,dso slows tlw 
transit of a meal through the stom,Kh 
and small 111 test111e of human 1·olunteers 
.rnd signihcan d) rL·ducesor ,1boli, hes che 
111111wd1.tte post prand1al rises 111 hlood 
glunN' and msulin (46) While deal pcr­
fu,i11n ma\ hal'l' limited practical appli­
cau11n. fel'J111g a high l111ole1c acid tliet 
d1m1111slws the l'nhanced 111tesc111al up­
rake o t glur,1sl' and galacwse in J ia lwnc 
rats (.f7l 

H1,tC1logic stud1t·s of thl' my<.!nter1c 
plexus ol hum.in large ,md ,mall 111te,-
11nc have• revealed nCl ahnormalny spe· 
..:1ftc fC1r the diabl't1C state, ,1lthough swcll­
mg, 'irregularity' and d1srupuon of the 
parnsympachcm lihrc, 11·tthm the myen· 
tl'nc plexus of the esophagus ha\e been 
noted. 1:lectrical fidd sumul:mon ,tud­
lL'S pl'rfC1rl11L'd 111 d1abet1c rats demon 
stratl'd loll'er atrop111e-sens1t11·e contrac· 
t1on 111 strips from distal l11ngitud111a l 
rnu,ck 111 d1abeuc as compared w1th 
t1C1nd1aheuc comm! animals (48) This 
suggests that streptomtocm induced d1a· 
heccs mdlnus 1s associated with Jdec· 
lll'e cholinerg1c t1L'Uromuscular transm1s· 
s1011 111 the myenteric plexus of thL' d1s1.1I 
,mall 11Hl'Sllnc Insulin therapy seems to 
1111pr0\T this abnormality. lnsulm rl'Cl'P· 
tors ha1·e heen ,dcn[lficd on rat 111test1· 
nal cell, and insulin tnJecuon. as ll'di as 
islet cell mmsplnnmrion, normalt:c the 
enhanced intcsunal uprnke of hl·,oses 
,lllJ lipids 111 d1ahet1c rats (4lJ) While 
there appears to be no s1gnthcant change, 
111 gastromtesunal mu,,car1111c recep1ors 



URRUTIA el al 

and adenylate cyclase activity m experi­

mental diabetc~. the il-adrcnergic and 
:.eroconcrgic receptor activities arc sig­

nificantly decreased ( 50). Diabetic rat~ 
have a marked decrease in calcitonin ­

gcnc related peptide-like immunorcac­

tivn y nerve (ibres around the g.inglion 

cells of the myentcric plexus of ileum and 

proximal colon, wi t hou t associated 

ch ange in substance P-like 1mmunorc· 

activity in the enrcn c system ( 51 ). T here 
is also effecti ve cholincrgic neuromus· 

cular trnnsmission in th e mycnteric 
plexus of th..:: distal small in tcstine of di:i ­

bctic animals. imrroved with insulin 
rherary (48). 

Diabetes alters mernholic :ictivities 111 

the enierocyte· acute msulin defickncy 

(induced by inicctinn ol ant1·1n,ulin 

~erum) d iminishes che rare of lac rare pro­

duction from glucose in jL'juna l segments 

in \'itm and b accomr,micd by inhibi­

tion of phosphofructokin:isc and ryru­

van: dehydrogenasc. Lipogenesb and 

cholesterol synthesis share a common 
precursor. accryl CoA, derived from pyru­

vare gencrnted by mtcstinal glycolysb 

The lower acti\·iues of phosphntrucco­
kinase and pyru vatc dehydrogcnasc in 

the intestine would be expected to de­

crease the av.iilahility fo r lipogcnesis of 

accryl CoA formed from glucose . How­
ever. the rate (>f lipogenesis in rat sm;ill 

in tesu ne mcrcase, on oral glucose load­
mg and decreases after mduction of acu te 
insu lm de(iciency (52). The 1mra1rmenr 

of lipogcnesb can bc partiall y re,·crscd 

by .idministrauon of insulin and paral­

lel ch,mgcs in the rare oi lipogencsis arc 

found in the liver. 

Li pogencsis is known to he inh ibited 

by high levels of dietary fat rmd polyun· 

satu rmcd /arty ;ic,d, gencrn lly havl' the 

greatest effect. Dietary linoleic acid is 

much more pmcn t than sucrasc in reduc· 

ing hepatic 6. 9 desaturase acti,·ity. Both 

fony acid synthcsb and 6. 9 dcs::nurn~c 

.ire insulin dependen t There is no rela­

tionship between 6. 9 dcsmurnse activity 

.ind either plasma insulin concentrations 

or rates of insulin re lease when assesscd 

in both obese and lean male Zucker rats 

( 5 3 ). However. hepatic microsomal 6. 9 
desaru rase activities arc inversely related 

to the rroportion of linoleic acid in liver 
lipid. Thus. changes in plasma insulin 

concentration arc 1wt primarily rcspon· 
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s1hle for diet induced vanatiom in the 
activiry of hepatic microsomal 6. 9 dcsa­

turase activity. While 6. 9 desaturasL' 

acti\'ity of rat liver can he reduced by 

chemical diabetes and increased by insu­

lin mjecrion. changes in insulin secretion 

within the r hysiological range ;irc prob­
,ihly not the primary rcgul.imr of this 

cnzyme activi ty. The potent ial rok of 

usmg polyunsaturated fatty acid diets 
in the treatment of diabetes mcllitus 

needs robe exrlorcd in man. 

GASTROINTESTINAL 
P EPTIDES 

The endocrine cclb of the digestive 

sy,tcm. the amines. pepudes and their 
modes of .icn on h,1ve rcccntlv been 

rc\'iewed I 54) The distribution of rcgu­

lawrv rept,dc, ,n human JCJunum ha~ 

been reported I 55 ). Gastrin , secrcrin, gas­
rric in h ibitor y polypeptide . ..::nteroglu­

cagon and ncurotensin 1mmu noreactiv-

1ry were almost confined to the endo­

crine cell-containing mucosa! epithelium 

nnd only minor amounts of mmilin were 

detected in nnnepithclial layers Vaso­

acrive intestinal polypeptide, substance 

P and mammali,1t1 bombcsin were vir­

tua lly li mited to nnn..::ri t helial layers . 

Only somarostatin was found in all layers. 

Vasoactive intestina l p o lypeptid e: 

Vasoacttve intestinal pnlyrcptidc is 
found in the central and reriphcrnl auto­

nomic nervous system and is .ibu ndantlv 
rrcsen t in thc submucosal neu rons that 

project onto the intestinal mucosa. Vaso­

active intesti n al polype[)ti d c h.is the 

potentia l of havin g a putative neu ro­
tran~minor role acti ng locally as a pan1-

crinc substance. or at a di-.rant mrget ;is 

a hormone The vaso,ictivc in testinal 

rolyrep1ide stimu la t ion of intestinal 

secretion and inhih1non of sodium chlo­
ride absorption is associated with a rise 

in cyclic AMP within enrcrocyrcs. Vaso­
active intestin al polypeptide als() in­

creases excitability of myen teric neuron:,, 
enhances muscarinic cholinergic trans­

mission in sympathetic and p;irasympa­
rhctic ganglia and increases the affinity 

of muscarinic receptors. Vasoactive intes­

tinal polypeptide and other suhstancl's 

that simulate secretion by increasing cyclic 

AMP levels in cntcrocytcs potenriate the 

calcium dependent. cholinergic phase o f 
the ch loride secre tory response evoked 

by neural stimulauon. but de, not act as 

a mediator of the nonchol111t'rg1c ph,he 

o( this rcponse I 561 
Vasoacrive in testinal polvpepnde in­

h ihits the response nf 1310 lymphncvtc, 

to concanavalm A an d phyt()hemagglu-

1 in in ( 57). Duodenal acid ification re­

leases vasoactivc intestinal polypcrndc . 
as docs a meal con rain rng a h igh fot con­

cen tration ( 58). Vaso.ictl\'e 1ntesunal 

polypeptide is also ,1 p()tenr \':1soddawr 

that can activate \'ascula1 smooth mus­

ck adenylate cyclase :md thus pNcnriallv 
contribute, t() the rl'gulatinn ()( ,·;iscular 

tone ( 59 ). Vasoactivc mtcsrinal polypep­
tide induces conrracu<,ns of longitudi­

nal smooth mll',cle directly as well n, md1-
recrly by the sumulauon of borh chol,­

nergic neurons and nonchol,nt'rgic 

exc1tory neurons 1601 As a nL'urotranv 

mi tter. vasoactiw mresri nnl polypcptidt 
is released ad jacent to its targ..::t tissue and 

1s then rapid Iv degrndl'd. A vasoactl\'l' 

intestinal polypeptide recercor anrago· 
n ist has been developed (61 ). 

M o til in : Du r111g the 111 rcrd ige,tive state 

m humans and dogs . thL'rc is a cycling 
migrating motor and electrical complc:-­

in the gast rointesti nal trnct and ,t peri­

odic cycling in the plasma wnccntrntion 
of motilin . Cycling changes 1n pl.isma 

moti lin concentration reach a re,,k dur­
ing initiation of complexes ,n the stom· 

ach . This ohservauon has led t<) the ,ug· 

gcstion th,n motilin initiate', rlw 1111grat111i_: 

motor complex in that snc. 

Motil in is a gastrointestinal hormone 

in thL' dog re,ponsihk fc)r induction l>I 

the p h ase III component of the inter­

digestive migrating motor complex. Scro· 

ron in ( 5-hydroxytrypca11111w ) 1s pre~l'nt 

in the enterochromaffin cells Both 5-

hydroxytrypmrhan and hydroxvtrypta· 
mine initiate a pha~c lll -1,ke ncm 11v 162J 

Motilin appears tn in itime phasic con­
tractil iry in ermi ne jcjun u m chrnugh the 

cholincrgically mediated relea,e of muco­

sa I serotonin (6 3). Motil in 1s fou nd in thL' 

mucosa! cell s of the small bowel and in 

the brain 111 thL' pmeal gland. pituitary. 

hyrothalamus and the PurkinJc cells ol 
the cerebellum. However. initiation of 

nmurnlly occu1-r1ng migrating 111l)l<lr com· 

plexcs in the dog may not be dependent 
on endogenous release of mocilin from 

the ccnrrnl nervc,u , ,y,1em ((141. 
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Corticotropin releasing factor: Cor· 
11,.~trop111 rclca,111g factor 1, a lw11nrha­
bm1c hllrmLH1l' \\'h1ch ,t1muL1tL'~ the 
,l·crcuon ni ,ld rt·nncnr 11cL,tn 11,h ll hor­
:c1onc and H-cnth1rph111, \\'hen 111JL'Ctl'd 
hi' the llltr.lCl'rL·hrnl \L'l11ncular rL)Ufl' 
Cnrtiwtropm rcll',1,i11g l,ll"tt,r hind,, tlw 
,·ding pcab nl rla,ma mc111l111 and 
;upprcssL'S migrntmg mot<>r n1mple,,•, 
I~)) 

Somatostati n: ( '1rn1 L11111g rLisma s11-
mato,t;1t111 ma, he ,l plw,111log1c,1I mod 
ulat,ir nf 111011'111 rck.1,e an,I tlw pl rhtn,l 
'.l\lltil111 dc•dmc 'L'L'n during infu,ion 1,t 
rharm,1colog1cal d<lsc•, 111 "'crt'tll1 mav 
h,· c·xplai11cd h, tlw 'L'crc11n 111duced 
"1matn,tat1n rdl'ase "h1ch 1)ccur, ,1 
multancL,u,lv I{)(,) The L'ffcct of ende1-
~,·m1u, ,Pmato,t.11111 on tlw ga,tru111tL''-ll 
nal mict ha, rL'Cl'lltl\' hcL'l1 rL'\'lc'\\'L'd ( (, 71 
Thi, hormone 1, 1hought t,, regulate 111 
-.()ml' \\·a, the ah,orpt111n and ,c•,rc•tion 
rrocc,,c, of tlw intL'stinc• ,1, \\'ell a, dw 
h<,mcosta,i, nf 111f.!L'st,·d nutriL'llh S0-
11ato,1at1n ha, an 111h1h111ng cffcc1 c,n dw 
,ecrctagnguc ;inion of \'asoactivt' 111tl's· 
tinal p<1lypcptidc' mc•d1ated hv cvcl1c 
A\1P. mcr,·a,,·, chl,,ridL· and ,odium 
ahsorpt1nn 111 rahh1t ili:um. inhihn, intcs­
unal ahsnrpuon 1,i glucn,c' and ,ylo,e , 
mglycendc·,. L,ilr1u111 , .1minll and, and 

~alact<'''' I Nl I 
Somatt1'tann ,upprt•,,e, chnkra tnxm 

mduccd secrc1orv diarrhea and tlw 
appearance <if glyc0en:yme, 1111he mtl's 
unal lumen and lymph. hut d11c·, not 
,-ifect dll' ckvat,·d mucosa! cvclk AMP 
cnncl'ntr,111011 ((ll)J This ,uggc•,ts that tl1L' 
inhibitory face1 of so111,1t<i-taun acts 011 
a process hcynnd cyclic A~IP formation 

Recently. an octapeptide somatostatin 
analogue (SMS 201-997) has been devel­
oped It is structurally stabilized against 
enzym.ttic degradauon. has a circulating 
half-life of approximatdy 70 mins. can 
be given hy suhcurnncous 111jecuon and 
has a drnmaticnlly beneficial effect on 
diarrhea caused hy VIPomas or ileal 
resection (70). Mouth to cecum transit 
ume. as measured by the appenrancc of 
nitrogen in the hremh. is prolonged hy 
approximately fourfold after adminisrra­
uon of this somatostatin analogue ( 71 l 
It also 111creases iL·cal fat excretion. sup· 
presses scrum concentrations of galac­
tose after duodenal infusion. depresses 
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duodenal trypsin. lipase and bilirubin 
increases in response to endogenous 
stimulation hy a Lundh meal, abolishes 
cholccystokinin release rind gallbladder 
c0ntraction. and d1m111ishes pancreatic 
amylase. trypsin and l1pa~e output nfter 
st1mulauon with ch0lecysmkin111 (72). 

Serotonin: Manv h,1rrn01w,. including 
'l'ro!l111111 I:; l1\·dn1,, tr\ ptam111,'I. ,uh­
st,111ec P. g.i,rrin. mot1l111. cholecys1ok1-
11111. ,omntc1,rnrin ,rnd ,·asoactiv,• m1,•,t1· 
nal polvpq,11Jc han· hcen demonstrated 
w11h111 the gastrointestinal tract lumen. 
e1tl1l'r undl'r hasal condmons or after 
,·ag.11 ,umulanon l:nddummal rl•k·ase 
c1f <,t'l'Cl(()llin. ,uh,t;lnCl' p ,Ind 1110lliin 
tllCUr, attn l'il'ctr1cal vngal ,nmulauon 
a, \\'c•II ,,, airer local lllLrL·a,,·, 111 mucn· 
sal hlll,1d tln\\' Sl'rownm and substance 
r ,ire potent ,ecrL't,lgllgu,·s c,n the pn,x1-
mal jejunum ,mJ ,uh,rnnce P may ,Ill as 
a h1ral mt,dulator tit ga,1ro111te,unal 
hlnlld flow ( 7 3 ). Release oi ,ernron111111to 
thl' 111tcst111.1l lum,•n i, mcreasl'd alter 
,agal ner\'l' ,umul.1t10n, kl'dmg and 
mcrcasing 1111raluminal pr,•ssure This 
1111rnlum111al rdea,e llf ,l'rot,,11111 play, a 
phy,1olog1c wk 111 the mc1dulauon ol 
intl',1111al mnrdnv 174) 

'>l'rnt111111 1, a ('<ltent 1ntc'st111al 't'nl'· 
tagogue in in ,·1tro and in ,·1vo a111mal 
modds. and 111tr,l\'L'l1l\Us 5-hydroxvirvp· 
1a111111e 1nfu,1ons (\\ h1ch pn1duce circu­
la1111g hlond ~ern1onin ccH1Le111ra1ions 
,1111dar tn th11sL' seL'n 111 the Larc1rn>1d ,vn· 
droml'l produce sign1firnnt Jl'Junal seer,'· 
t1nn of watn and clcctrolvt,'s. B,•cau,e 
patlL'nts \\'1th carcmo1d ,ynJromL' fre­
quL·ntly have CC\l''(ISl111f.! hypt'l",l'rCllO· 
rw1111a d1arrhl'a. a cau,al rdat1on,h1p has 
hl'l'n proposed Other mtcstinal sl'cn·­
tagogue, such a, ,uh,canr,· P and pn,s· 
1aglandins have ,dsn ht'L'n found in 
supranornrnl cirrulaung conccn1rn11t,ns 
Ill pa11ents w1tl1 this di,orLkr Seroton111 
,11111ul:1tcs nl'I secrl't1on of \\'atl'r and L'lec­
trolyws without alil'ring mucosa I ade­
nvl,H,' cvcl,hL' acmw,:. rycill A MP or cyclic 
gua no,ine 111ont1phc1sph,m· I GM P ). Th..: 
calcium dependcn1 electrolyte trampon 
pnKt's:-. is pre,t·nt 1n 1hc lllll''tinl' and i~ 
sllmtil,11,·J hv ,cr1isal applicaunn of 
5-hydroxytrvpmmmL', suhsr,mce P. neur­
otens111 and cirhachol. Thu,. rnk1um 
m,l\' he 1111pc1rtant in modulaung thl' 
cffL' lf', of Sl'rC\tC1nll1 ( 75) 
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Angioten~in: l:xtrart•llular volum,· 
L'xran,1011 \\'1th 1sot<1n1C snline lead, 11> 
,111 111h1h1tin11 u! 1011 ,md wain ahsorp· 
lilln from dw JL')Una l lumen of animal, 
111a1111,1med on a normal ,odium diet In 
contrast. cxtrncellular volume expansl()n 
fail, to ,upprl'ss 1e1unal ah,orp11c,n 111 .1!11 

mals m;11nta1rwd <1n a lo\\' sodium d1L'I. 
Prt·,umahly ,aline 111fu,ion leads t11 
hemt1ddut1on and a rL·ducnon m plasma 
onro11c pressure. which alters the bal­
ance of Starl111g tnrcc's acro,-s L'111L'nc cap­
dlanL'' and thereby favours thud secre· 
rion inm the intestine A hormonal factor 
1s not implicated 111 the ieiunnl responsl' 
t<1 volume expansion and decreased Jl'JU· 
nal ahsorption in animals giwn a high 
,odium diet is 1101 duL' to volume expan­
sion t1r m inhihiuon of the ren1n-angi<,­
r,·nsin-aldosteronc a'1s (76) Inhibition 
of the renin-ang1ocen,111 srtem prevents 
1he cll'varion nf 1eju11al absorp1ion oh­
"'r\'ed atter ,·(ilume deplenon and ang10-
1ensm when it mu~t first be converted 
tn .ing1ote1b111 II heforl' Jejuna! absorp· 
t1nn 1~ ~nmulatl'd (77) 

Intravenous infusion 0f angiotensin II 
at dosL'' close m the Circulating concen· 
tration of the peptide enhances jejuna I 
absorption This increase in jejuna! 
absorpuon followmg volume depletion 
can be prevented by captopril and by an 
angiotensin rl'ccptor nntago111st Local 
generation of angiorensin II may piny ;i 
role in the control of intestinal ;ibsorp· 
110n followmg extracellular volume de­
pletion. The jejunum is rhe si te of con· 
sidcrahle ang1otensmasc activity and the 
mcrease in JCJunal absorption following 
addition of ;ingiotensi n I can be pre­
vented by inhibition of jeiunal convert· 
ing enzyme (78). 

Cholecystokinin: Pepudcs w1th cholc­
rystokinin im rnunorcacriviry arc known 
to occur 111 endocrine cells nl the sm;ill 
111tes1111l' a, well as 111 CL'n tral and pcriph­
l'ral nl'urnns. Cholccysmkinin-like pep-
11de, present 111 can111e brain and mtes· 
t1nl' ha\'c been ,uh1ectcd to m1crosc­
quencl' analysis and rholccysmkin1n-5 
1s thl' m,1j0r nnc play111g a physiolog1cal 
r<>ll' in brain function 179).1 -1ryptophan 
mav directly regulate thl' rclcn~l' oi chn­
lecysLClki111n and membrane dl'polariza­
tinn and 111traccllular generauon of cyclic 
AMP may play n role in aetivaung elm-
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lccysrokinin-containing cells (80). The 

action of cholccystokinin on smm,th 

muscle is either direct or a mixture of 

Jirecr and neurally mediated effects. The 

direct effect t:, usually contractile. where­

a:, the neurally mcJiaceJ effect may be 

rnntractile or inhibitory. 
There appears tu be a difference in 

sensitivity of cholccystokinin receptors 

between muscle cells and neurons from 

the snmc location as well as differences 
111 sensitivity between muscle cells from 

various locations (81 ). Cholccystokinin 

may be a 'physiological' mediator of intes­

ttnal motility in human:, and re:,ponses 

o( the intestine to the peptide would 
appear to vary regionally (82). 

Galanin: Galanin is a 29 amino acid 

peptide which occurs in the brain and 

intestine oi rats, pigs and man. Two 
molecular forms exist in humans (83) 

anJ it is found exclusively in nerves (84 ). 
The abunJance of galanin in the tnner­

vation of the mammalian gut and its 

reported action on smooth muscle con­

tractility suggests that this peptide b a 

novel regulatory factor in the control of 

bowel function. 

Substance P: Substance Pis contained 

in enterochromaffin cells as well as within 

nerves of the intestinal plexuses. Electri­

cal ~timulntion of the v:igus provokes 
simu ltaneous intraluminal relca:,e of 

5-hydroxytryptamine, substance P and 

motilin. The release of 5-hydroxytryp­

tamtne and substance P appe.irs to be 

under boch cholinergic anJ adrenergic 

control (85) . 

Others: ln traluminal gastrin enh:mccs 

galacrose and glyctne absorption in the 
small intestine oi rat (86). 

Pancreatic polypeptiJe is localized in 
the endocrine cells oi the pancreas and 

released after a feed ( particularly pro­
tein) or cholincrgic sumulation. The 

plasma levels of pancreatic polypeptide 

cycle with migrating motor complex, 

pcakmg in the late phase ll in the fore· 
gut. It has been suggested that this hor­

mone could be responsible for the trans­

formation oi fasted to fed type motility 

pattern that occurs after a meal. Pancre­

atic polypeptide docs not appear to play 

any role 111 fasted intestinal motility, but 

may contribute to the postprandial sup­

pression of mtgrattng motor complexes 
(87). 

172 

Bombesin is located in the brain, gut 

and sktn of mammals. The inhibitory 

effect of this peptide on gastrointestinal 

transit, resulting from intrathecal admin­
istration of this tetradecapeptide. de­

pends upon an intact pituitary-adrenal 
axis (88). 

SECRETION, ABSORPTION 
AND DIARRHEA 

Intestinal ion tramport and Jiarrheal 

disease have heen reviewed (89) and rhe 

prospects for new agents in anudiarrheal 
therapy have also been considered (90). 

The role of corticosteroid in intestin:il 
ion transport has been reviewed (91 ). 

Cholinergic agonises stimulate small 

111testinal secretion, whereas adrenergic 

agonises enhance absorption of salt water. 

Cholinergic and adrencrgic binding 

receptors have been demonstrated on 
intestinal epithelial cel ls. Vagal stimula­

tion induced by sham feeding reduces 

absorption of salt and water from the 
human jejunum and psychological :,tress 

induceJ by dichotomous lisrening re­

duced water. and sodium chloridL' ab­

sorption, without altering intestinal 

motility (92). This effect may be medi­

ated by a cholinergic parasympathetic 

nervous mechanism. 

Activation of local nervous reflexes 

plays an important role in the pathogen­
esis of several Jifferent types of secre­

tion. The intestine is suprlicd with 

extrinsic adrenergic fibres of sympathetic 

origin. Alpha-adrenergic agon ists Jc­

crease short circuit current by reducing 

e lcctrogenic anion secretmn (bicarbo­
nate anJ/or chloride secretion) anJ as 

well. these cx-adrencrgic agontsts in ­

crea:,e e lectroneutral sodium chloride 

uptake. Stimulation of the regiona l 

sympathetic fibres increa:,c:, jejuna! food 

and sodium absorption. 

ln the cat, the sympathetic nervous 

ourflow to the gut controlling fluid rrans­

rort t:, reflexly regulated by input from 

cardiovascular high and low pressure 

receptors. In man, reducing the circu­

lating hlood volume significantly in­

creases net absorption of fluid and 

sodium chloride without affecting glu­

cose transport (93). This sugge:,ts that 

the activity in the sympathetic nervous 

system ts initiated from unloading of the 

cardiopulmonary volume receptors and 

enhances mtestinal ab:,orption of fluid 

and electrolytes, acuvaung the compen­

satory mechanisms during hypovolem1:i 

due to, for example, hemorrhage. 

Prostaglandins, particularly thm,e of 

the E series. snmulatc adenylatc cycla~e 

activity in the intestine The metabolic 
precursor of the proscanotds, arachidonic 

acid. also increases rnucmal cycltl AMl1
. 

Agents such as prostaglandins that in­

crensc mucosa! cyclic AMP evoke water 

and electrolyte secreuon A number of 
hormones desensitt:e as they ~timulate. 

thcrehy limiting ussuc responses to them 

and rendering ttsSLtes relracrory co suh­

sequent additions of the hormone. The 
nucleoridc-indepcnJent pathways lor 

secretion may be rnlcium dependent and 

may involve protein kinase C. 
Protein kinase C stimulation has been 

shown to have a crucial role 111 signal 
transduction wirh breakdown of most­

LOI phospholiptds and release of dmcyl­

glycerol. The diacylglycerol then in ­

creases the affin ity of protein kinase C 
(or calcium 111 the presence of ac1Jic 

pho:,pholipids such ;is phosphatidyl ser-

1 ne . Phorbol esters directly stimulate 

protein kinase. Protein kinase C activity 

and phorbol ester binding has been de­

monstrated in isolated intestinal cpithdi;il 

cells of the pig (94 ). The role of protctn 

kinase in hum:in diseases requires fur­

ther study. 
After the creation of an tlcmtomy, ,1 

process of adaptation occurs whereby the 

loss of water in the tk-P~tomy effluent 

becomes less than the I. 5 to 2 L/Jnv 

entering the colon in the intact suhJect; 
volumes of the ileo~tomy ef!luent arc 

approximately 0. 5 L/ day 111 the nrst tW(l 

weeks after an established ileosromy. In 

the adapted ileostomacc. the low volume 
and high potassium concemration of fast­

ing effluent suggc:,ts that soJ1um and 

wacer absorption arc ccH1unuously sum­
ulated by chronic sr1lt depiction (95) . 

Diarrhea may occur following rhole­

cystectomy and bile acid 111al,1hsorption 

has been suspected of playing a role in 
the pmhogenesis of thb disorder. How­

ever. a study in 2 5 post cholL'cy~tl'Ctomy 
patients wnh persistent diarrhea dem­

onstrated that, in spite of the presence ot 

marked hile acid malahsorpuon, the 

aqueous phase con centrations of the 
Ji hydroxy bile acid~ (chrnodec1xycholtl· 
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and dcm;ydmlK ,llllbl did nut u,uallv 
rl'ach the secretory levd <1f I. 5 mM. 1-ecil 
h1lc arid rnmro,1t1<m -.,h()\n'J .1 ,hitr from 
~.:condan l<' pnmar) hill' a(lll, .ind thl' 
rdau\'ely km aq ueou~ conu'n 1rm1011s (11 
he bilt' ac1J, were dw rl'sulr (ll l<l\\ ~ol 
uhilitv due to an ac1d1c kc.ii pH ·1 hnl' 
11asan mconsi,tcnt 1hcrnpl'ut1c rl'sponsl' 
iocholl'~tyram11w This 111d1catL'" that 111 
,pm: of thl' prl'sl'nce 111 111crl',hl'd 24 h 
,tool hile auJs. the ,1,so-:1<Hcd J 1arrhe,1 
,not nece,,.,arilv hde acid 111du-:cd (96\ 

D1arrhl',l may <'Ccur i11 palll'nts ,,·1th 
tamil1al amylrnd nl'uropathy, p<1ss1hlv 
due to altl'rcd ga,tro111te,.,tinal nmultrv 
,luc to ,Ill aut1111<1m1L neun,p,11hy Th, .... 
in turn. lead, to cntl'rK hactcnal O\"L' I 
crowth and suhsl'qUL'llt d1arrhl'.I :md ste 
.uorrhl'a \\'h1ch Ldn he lL'tnpor.mlv allc 
1ated hy n1mnwxa:(1lc (97) 

BLOOD FLOW 
hidcnCl' f\1r countl'r current ml'd1a 

nisms m the mammalian gastro111tes11 
nal rract h.1, h1.'l'n rl'\ll'\\'l'd ( 9S) Blood 
tlow through the hum,rn small 111te,t111l' 
and colon ha, been assessed \\'Ith l.isl'I 
Doppb tl11\\nwtr) f99,J(\)) Serial me.1 
~urements Qf hydrogen clcarancl' m,l) 
also Ol' usefu l in -:haracteri:1ng the rult· 
ti! muco,al hlood 1111,, 111 rhl· pathug<'n 
cs1s of varioll', forms of human d1sl'asc 

Bile. pancreatic l'n:ynws and undi­
~<·,ted food h,l\"l' n11 d°fel t (111 lntc",llllal 
hlooJ flow Gluco,e. prol<.·in hydro,ylate, 
and m1cdlar lipids 111crl'aM:' blood il<nv 
m the 111 lL'Stl nL' whl'n pl.,c<·J 1n I hl· 
lumrn The means hv which thesl' nutri 
l'llts mJucl' a d1ang<' 111 vascular rl's1, 
L1nce h not clear .• dthough d1,lllgl'S 111 

us,uc metabolism and the rck.1sc of h1s-
1am111e. ,·asoac11vc inccsllnal pcpt1dl's, 
prostaglandm, ( hu1 lll>I neun1tl'lh111 I 
may hl' invohl'd ( IO I l 

:-.1a111tenan1:e L)f 1ntc·strn,11 o:qgen 
uptake Je,p1re redull1on of rq.::1011.il pn· 
lus1on prcssLlrL' 1s nl'cessary 10 ma111 ta111 
mtcstmal ,1ahd1tv and function 1'.laturL' 
111tcsune dL'l11(ll1Str,llL'S pr(''l'J"\",llllln of 
<•xygen uptake dur111g hyp11tension due 
10a reducuon 111111te,t111,1l vascular re~1s-
1ance, this ,tahdn·, 1nte,11nal blood tlo\\' 

and ma111t1111s a cnm·t'Ctl\'L' flux of oxygl'n 
to the llltL'stmal 1..apdlanl's In add1t1on, 
the diffusive llux 111 oxvgL'n Imm ,apil 
lary co cdl 11K1Ta~1..'s as pl'rlus1on pres· 
,ure 1s rl'dllCl'd a, c, 1den-:cd hv an 
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llllTL';l,l' Ill thl' ,lrtt'r!(l\"l'llllUs PX)"gl'n ((111 • 

tent difference :icrnss the intl'stinl'. 
In thl' 1wonaral p1gll't int1..'sllllL'. which 

1" <..'xposed t11 reJuCl' pntu,Jl111 prl',surc. 
t 1ssul' oxygen uptake 1, maintained by 
regul.n111n nf dw ,Hteri11vem1u, nxygl'n 
n111t1.'nt d1ffer<..'IKl' ratht•r than h\ rc).!u· 
l:n111n of hlnod f11,w ( 102 l ~umulatil>n 
of .1n1,·l' 111t1..·,t1n,d tran,p11rt rron.'-.,sl'' 
( h< nh ahs11rrm t' ,md 'l'lTet< 'r\ I .ire ,i-si ,. 

L liltl'd w1th an incrca,t:: 111 oxygen uptake 
This mcreasL' 111 owgen uptake is dirl'cdy 
reiatl'J to dw rate t•I tran,mun"al trans· 
port anJ Is ml'l by ,111 111creasl' 111 hlood 
tlo\\ .111d/11r oxygl'n l'xtract1(1n. Ct1ntr,ll-
11011, <lf 111te,tinal ,mnoth muscle m,1,· 
.d,p 111<..rL';lSL' 11Hcst111al (1XY).!l'l1 uptakL· 
and mav co1Hrihutl' to the o, erall oxy· 
gl'n dcmanJslifthc tntestinl' undcrct111· 
d1t11ll1Slll fa,1111g.111d il'l·d111g( il~)I 011l' 
,,t the c•,1rl11..•-.,1 man1kst,1l1ons til th1.• 
mucns.11 damage produLl'd hv 1sclwm1;1-
rqwrfu,1l1n 1, enh.1ncl'd cap1llar) pL'r· 
llll'ahilitv Thi, rl.'sulc, 111 11,,ul' 1'dl'm,1 
,111J mm·emL'lll l,f fluid 111r11 th1..• 11Hl'st1-
n.1l luml'n 

Rl'act1, l' (1xvg1.•n mct,1h11l1tcs -.,uch as 
supl'rt,,1<k, lwdwgen peroxide and 
lwdn,xvl lreL' rad1<al, nll'd1,llc tlw c.1pd· 
l,irv p1..•r111eahilitv 1..hangL'~ ohsl'rH'd 111 
p<ht 1,ch<·m1t mucosa! m1ury. !'vlucos.11 
protc'Ctltll1 -:;111 he achlL'\"l'd h\' trL',llll1L'11l 
wuh the ,lllllnxidant cn:vme ,uperox 
1de di,,mutasl' (>r mhih11or, nf xanth111e 
,,x1d.1-.,l' [-.,clll'ml,1 ,llld rl'pl'r1Lhl<ll1 111,1, 
rl',ult in xamh11ll' ox1da,e generated. 
supt·rox1dl' dependent ,Kcumulanon <if 
mtlammaton IK'Utrophd, in tht· muni...a 
,, hl'rl' 11l'Utrophd dl'rin•J rl'activc oxy­
gen 1111..·tahollll's ml'dtate nnd/or 1..•xa..:cr· 
h,Ht' intest111.tl 111Jlll\ ( IL)4 J X,111th111e ox1· 
dase 1, a maJor source of oxygen frl't' 
r.1d1l,1ls produced during rl'J'l'rfusmn ,if 
tlw 1,dwmil ,mall h11\\el ( 105) Such 
ther,q,y 1s .111111..•d m mamta111111g ..:ell func· 
t1t>n hy 11npr<i, mg rec1<m,tl blond flti,,· 
,,·11h agl'nts such ,ls va,oddawrs, posi· 
11, c• 11HitrPpll agcnb, mcmhra1w ,wh1 
li:ing .igenrs, b\' pnwidmg Clll'rg, directly 
1, 1 l'l•lls hv infusi<>ll of the high 1.'nl'rgv 
phosphat<..' compound ATP, or hy ad m 111-
1,tcnng ,uhstratcs lll compounds that can 
hl' uuli:cd w11hin cl' lls under adn·r,c c1r­
<Ulatnry ...-1,ndll1on, Th 1, latter approach 
111cludes dw LlsL' tit hypoton11. glun"l' Ill 
cnmhmaunn w11h 111sul111 and p11tass1um. 
which m.1y he u,ctul to redu...-e the• dam-
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.1g1ng l'ill'cts ,11' 1sdw1111a rqwrfusmn tin 
l.',lllll1l' small 111t1.·st111t· ( il16 J 

DRUGS 
C1,ap11dc 1, a pnik111c11L .ll.!l'llt ,, hu:h 

f,1,il 1t,llL'" tht• n·lcasl' of acetylclwl111t· 
ln,m mwnt1.·n-: 11cn·1..•s C1,apnde there· 
h, L'llhances sp<1111,11wous and l'lecmcalh 
111t· re.1,ed tont1 ac11nns of 1ntl's11nal 
,11)(iorh must le ,llld .l<cekratl', tht• pas· 

S.11.!L' <'I fo<,J do\\'n dw l'snphagus and 
l1UJ l1f dw stomarh Cisapnde 111duc<'" ,1 

L·11n11nuc1u, ph,h<' ll-l1ke mmc,r pattl'rn. 
t·11h.111lTs prnpul,1,T .1r11,·11y, mdun·, a 
prolonged ,llld highly 11wp.1ga11n• ph.1sc· 
ll-l1ke Jl'JUll,ll mll!()r ,lCll\ It\ 111 lasung 
humans . .ind .icrekratl's small hP\\d 
transit l 1071 

TrinK·huum· h .1 nl'\\' therapeutic ,lgl'l1t 
,, h IL h 1, used for I rc',ll 11ll'IH ut irrita hie 
b(,\\'l'l s\ ndroml' ,ind postopnal!Vt' 1ku, 
Tri111ebut11ll' induces n pattern of 1nlt's· 
un.d motor ncti, II\' ,1111ilar to ph,hl' Il l 
<•I the d1gl'sl1Yl' mnmr complex .md th<· 
llllltor auion of 1h1, agent in the small 
llltt·,1111l' m,l\ 111n1he penphl'ral opl,Hl' 
n·ct·ptor, 1 rinwhullnl' 111ducL•d pha,e 
Il ls ,in· ;11."Cnmpanicd hy sharp rises in 
pla,m,1 i:11n(<'ntr,111on,ot moulin ,md hy 
,1 mu I ta n1..'t ll1S hu I oppl is1tt· l'ffl'l ts on gas· 
trill and 111,ul111 It has hl'1.'n suggcstL'd 
th,H tnmehu111w 111flul'nces th1.• genera· 
tion of ,tell\ ll\ frnncs hy ahl'nng the cqui­
lihnum h,·c,,Ten ,umulat<H) and inh1h­
itl,r\ forc1.', 1n ,uLh ,1 m.111ner that m the 
p1"1 prand1.1l pl'rllld. rhc ,cimulawry 
nwch.111rsm hl'comcs prl'dominant ( l()K) 

fhl· ptllt'nt 111h1h11111n l'f ,mall 111tl'st1· 
nal motility lw / adre1111n'ptC1r agonises 
,ud1 as clon1d11w m.iy paru;illy expl.1111 
their hl·nehn.il ,Kllon 111 th1.' 111\irphuw 
\\'1thdrawal st:lll' , ns \\'l'II a, in the trL':H· 
111l'l1t of ,omt' causes pf d1arrhl'a I 109 ). 
Thl' hde ,alt l'H1ked thud ,eLrl•tio11 111 

thL' ,111,dl intL'sllnl' may re,ult thn,ugh 
act1\':ll111n of thl' l'llll'llt: n<·rvous ,y,tl'm 
I Ill) I 

\'1ncnsti1w i, an dkcn,·c clwmnthl'r· 
apt'UllL agent ,nlkly thL'd 111 the trl'at· 
mt·nt of ,·:1r1uu, 1wopL1,t1r d1st1rdl' r .... 
G;1,tn)1ntest1nal symp1oms arc common 
and the as..ociatcd ahdommal pa111 and 
con,t1pc111011 m,l\' ht· dul' to hi-.,c11log1l 
d.imagL· to thl' myentl'ric plexu,. as \\'di 
a, alteration, of mvtwleLtnc acm lly .111d 
assnc1;1ted changl's 111 int<·sunal tran,it 
11111 
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