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ABSTRACT 

Previ ous  i nvesti gati ons  have shown that the di gesti ve acti v i ti es of  

the mammal i an G I  tract are control l ed ,  i n  part at  l east , by 
b i ol ogi cal ly  acti ve compounds rel eased from endocri ne cel l s  i n  the 

mucosa of the GI tract i tsel f .  Despi te thi s ,  comparati vely few studi es  
have been made of the endocri ne cel l s  i n  the G I  tract of sheep . There 
i s  al so a pauc i ty of i nformati on  about the sui tab i l i ty and rel i ab i l i ty 

of hi stochemi cal and immunohi stochemi cal methods for the i denti fi cati on  

of G I  endocri ne cel l s  i n  sheep . 

The a ims of th i s  study were to : ( a ) establ i sh rel i abl e techni ques 

for i denti fyi ng endocri ne cel l s  i n  the G I  tract of sheep , ( b} use 

these techni ques to i nvesti gate the effects of age on the di stri buti on  
and dens i ti es of vari ous G I  endocri ne cel l s , and  ( c )  i nvesti gate 

poss i ble changes i n  endocri ne cel l den s i ti es due to infecti on  wi th the 

hel mi nth paras i te Tri chostrongyl us  col ubri formi s .  

I n i ti al ly , vari ous h i stochemi cal and immunohi stochemi cal sta i ni ng 
techni ques were i nvesti gated for thei r su i tab i l i ty for i denti fyi ng 

endocri ne cel l s  i n  mucosal sampl es from reti cul um , rumen , body and 
antral regi ons of the abomasum , three duodenal s i tes , i l eum , col on and 
caecum , as wel l as the pancreas ,  of adul t an imal s .  As a resul t ,  the De 
Grandi techni que was sel ected to esti mate argyroph i l i c  cel l dens i ti es, 

EC cel l s  were i denti fi ed by the fast garnet techn i que , and ECL cel ls by 

thei r s i l ver stai n i ng and morphol ogi cal characteri sti c s . The PAP 

immunohi stochemical techni que was used to i denti fy G ,  S ,  and A cel l s , 
us i ng anti sera to gastri n ,  secreti n ,  
gl ucagon , respecti vely . 

and pancreati c 

No endocri ne cel l s  of any type were found i n  the reti cul urn· ·or· 

rumen . Argyrophi l i c cel l dens i ti es were greatest i n  the abomasal body 

and proximal duodenum , then decreased di stal l y .  EC cel l dens i ti es were 

highest i n  the duodenum , al though , l i ke argyrophi l ic cel l s , they were 
found throughout the abomasum and i ntesti nes . I n  contrast , ECL cel l s  
were confi ned to the abomasal body . Greatest densi ti es of G cel l s  
occurred i n  the abomasal antrum and proximal duodenum ; they were absent 

from the abomasal body , i l eum . and l arge intesti ne . S cel l s  were 
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confi ned i n  thei r di stri buti on to the smal l i ntesti ne. 

Pancreatic  i s l ets of Langerhans contai ned A cel l s , as wel l as 
cel l s  wi th sl i ght  argyroph i l i a ;  the i denti ty of the l atter cel l s  was 

not determi ned . A cel l s  were al so found i n  exocri ne ac i ni , but these 
were the only cel l s  i n  the exocri ne porti on of the pancreas that were 

sta i ned by any of the h i stochemi cal or immunohi stochemi cal techni ques 

used . No A cel l s  were i denti fi ed i n  the mucosa of the GI  tract .  

These studi es al so cl earl y establ i shed that ovi ne G cel l s  are not 
argyroph i l i c .  Th i s  fi ndi ng i s  in contrast to those reported for most  

mammal i an spec i es wi th a s impl er form of stomach .  

The effects of age on endocri ne cel l densi ti es  were studi ed usi ng 
the ti ssues from 100 - 1 10 day ol d foetuses , 2 week and 24 week ol d 
l ambs , and adul t sheep . Al l endocri ne cel l types i denti fi ed i n  adul t 

sheep were al so present at the other ages . However ,  i n  the foetuses , 

endocri ne cel l dens i ti es were l ower than i n  other age groups . The most 

notabl e age- rel ated trend was that  antral G cel l dens i ties  i ncreased 
wi th i ncreas i ng age . I n  contrast , from 2 weeks of  age , there was a 
decrease i n  i ntesti nal G cel l dens i ti es wi th i ncreas i ng age . I t  was 
al so cl ear that D cel l dens i ti es were much hi gher i n  2 week ol d l ambs 
than for any other age group .  Possi bl e expl anati ons  for these age-

* 
rel ated changes i n  endocri ne cel l dens i ti es are di scussed . 

The effects on endocri ne cel l dens i ti es of an experimental 
i nfecti on wi th 40 , 000 � col ubri formi s l arvae was i nvesti gated i n  40 
week ol d l ambs .  Al though the resul tant i nfestati on was mi l d ,  there was 
a si gni fi cant ( P<0 . 00 1 ) increase i n  argyroph i l i c  cel l dens i ti es i n  the 

proximal smal l i ntesti ne . Spec i fi c  i denti fi cati on of the argyrophil i c  
cel l type ( s )  wh i ch had i ncreased was not poss i bl e ,  however , the most 

l i kely candi dates were o1 , X and K cel l s . 

I t  was concl uded from these studi es that endocri ne cel l s ,  s imi lar 
i n  morphol ogy and stai n i ng characteri sti cs to those of other mammal i an 
spec i es , occur wi th i n  the mucosa of the abomasum , smal l and l arge 

i ntesti ne of sheep . Greatest - densi ti es of endocri ne cel l s  occur in the 

Footnot� * D (somatostatin containing) cells were located throughout 
the abomasum and intestines of all nonadult animals and in 
pancreatic islets of 2 and 24 week old lambs. 
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abomasum and proximal duodenum . Cel l types i denti fi ed i n  the G I  tract 

i ncl uded EC , ECL , G ,  S and D cel l s , whi l e D and A cel l s  were i denti fi ed 

i n  pancreati c i sl ets . I t  was demonstrated that endocri ne cel l densi ti es 

change wi th age and that si gn i fi cant changes i n  cel l dens i ti es can occur 

i n  mi l d  tri c ho strongyl os i s .  
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1.1 I ntroducti on 

CHAPTER 1 

L ITERATURE REV I EW 

1. 

Regu l ati on of GI secreti on and moti l i ty i s  ach i eved by i ntegrated 
acti on of neural and hormonal mechani sms . Bayl i s s and Starl i ng ( 1902 ) , 

wi th the di scovery of secreti n ,  were the fi rst to demonstrate the 
exi stence of hormonal control over a GI functi on . Subsequentl y many 
crude extracts from the gut mucosa , wi th effects on GI  secreti on or 

moti l i ty ,  were prepared and cl a imed to conta i n  spec i fi c  hormones . There 
resul ted a prol i ferati on of putati ve GI hormones , only a smal l number of 

wh i c h  have met the strict  cri teri a ( see Buchanan , 1979 ) for acceptance 
as true hormones . 

A maj or source of the hormones , bi oacti ve pepti des and ami nes 

found i n  the GI tract are endocri ne or endocri ne-l i ke cel l s  ( Sol c i a  
et �. , 1981�).  These cel l s , fi rst recogni zed i n  the GI  tract more than 

100 years ago by Hei denhai n { 1870 ) , are scattered through the mucosa of 
al most the enti re di gesti ve tract , mak i ng the GI  tract the l argest  and 
most di ffuse endocri ne organ i n  the body ( J ohnson , 1980 ) . Pepti de 

and/or ami ne products are rel eased by these cel l s  i nto the ci rcu l ati on 
( endocri ne ) , gut l umen ( exocri ne ) or i ntersti ti al fl ui d ( paracri ne ) i n  

response to sti mul ati on by nervous ,  hormonal , l umi nal and i nter-cel l u l ar 
factors ( see Track et �. , 1980 ). 

Al though endoc ri ne cel l s  have been demonstrated in the GI  mucosa of 

sheep ( Tehver ,  1930 ) , and some speci fi c endocri ne cel l types have been 

i denti fi ed ( see Secti on 1 . 8 . 4 ) , there i s  a general pauc i ty of 

i nformati on on the types and di stri buti on of endocri ne cel l s  in  the 
ovi ne GI tract .  

I n  rum i nant animal s such a s  sheep , a major feature of the G I  system 

i s  that fermentati ve di gesti on due to bacteri a and protozoa occurs on a 
l arge scal e i n  the forestomach . Th i s  fermentati ve di gesti on , necessary 

for the breakdown of the i ngested pl ant structural carbohydrates , 
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cel l ul ose and hemi cel l ul ose , precedes di gesti on by the an imal • s  own 

di gesti ve enzymes whi ch occurs i n  the abomasum and i ntesti nes .  

Th i s  l i terature rev i ew surveys the publ i shed data on the structure , 
devel opment , functi on and regul ati on of the ovi ne G I  tract .  Where such 
i nformati on i s  scarce or nonexi stent , parti cul arly wi th regard to 
endocri ne cel l s , reference has been made to data obtai ned from other 

spec i es . 

1 . 2 Anatomy of the Ovi ne Stomach and I ntesti nes 

The anatomi cal nomencl ature used i n  th i s  thesi s  i s  based on that 

adopted i n  Nomi na Anatomica Veteri nari a and Nomi na Hi stol ogi ca ( 1983 ) . 

Th i s  bri ef outl i ne wi l l  be confi ned to the anatomy of the stomach 

and i ntesti nes as far as , and i ncl udi ng ,  the descendi ng col on . For more 

detai l ed descri pti ons of these and other regi ons of the ovi ne GI tract 
see Habel ( 1 975 ) , Barone ( 1976 ) and Schummer and N i ckel ( 1979 ) . 

1 . 2 . 1  Gross  Anatomy 

1 . 2 . 1 . 1  Stomach 

The compound stomach of the adu l t sheep i s  di vi ded i nto four 
compartments . These are , in  aboral sequence , the reti cul um ,  rumen , 
omasum ( wh ich  together are referred to as the forestomach ) and abomasum 
( see Fi g. 1 . 1 )  . 

1 . 2 . 1 . 1 . 1 Forestomach 

Reti cul um 

The reti cul um , wh i ch i s  the most crani al compartment of the 
stomach ,  has three openi ngs : the rumi noreti cul ar open i ng ,  the cardi a 

and the reti cul o-omasal ori fi ce . The reti cul um communi cates wi th the 
cran i al sac of the rumen vi a the·rumi noreti cul ar  openi ng and wi th the 
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omasum through the reti cul o-omasal ori fi ce .  The oesophagus opens i nto 

the reti cul um at the cardi a .  

The mucosal surface of the reti cul um has a honeycomb-l i ke appear

ance due to an hexagonal arrangement of many l ow ( 2  - 8 mm) fol ds , cal l ed 

reti cul ar  ri dges . Numerous smal l coni cal  papi l l ae ari se from the mucosal 

surface of the reti cul um , thus greatl y i ncreas i ng the surface area . 

Rumen  

The rumen i s  the l argest  compartment of the sheep ' s  stomach . I n  

the adul t i t  accounts for up to 85% of total stomach vol ume ( Warner and 
Fl att , 1965 ) . 

Several muscul ar pi l l ars parti al ly  di vi de thi s compartment i nto a 

number of sac s : cran i al , dorsal and ventral sac s , and caudodorsal and 

caudoventral bl i nd sacs . The surface area of the mucosa i s  i ncreased by 
the presence of numerous papi l l ae whi c h  vary i n  s i ze ,  shape ( general l y  

spatul ate ) and dens i ty from regi on to regi on . 

Omasum 

The omasum i s  the smal l est  of the three compartments of the 

forestomach . I t  has two openi ngs : the reti cul o-omasal ori fi ce and the 

omasoabomasal ori fi ce whi ch opens i nto the abomasum . 

The most notabl e feature of the omasum i s  the l arge number ( 7 2  - 80 ) 
of omasal l ami nae wh i ch ari se from the greater curvature and project 

i nto the l umen . Each omasal l ami na cons i sts of a th i n  sheet of smooth 
mu scl e covered by mucous membrane from wh i ch numerous papi l l ae ari se . 

1 . 2 .1 .1 . 2  Abomasum 

The abomasum i s  anal ogous i n  both form and functi on to the stomach 
of speci es such as cat, dog and m�n .  I n  adul t sheep the abomasum 

represents about 12% of total stomach vol ume ( Warner and Fl att , 1965 ) . 
It  i s  di vi ded , accordi ng to gl and type , i nto cardi ac , body and antral 
regi ons . 
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The mucous membrane l i n i ng the body regi on  i s  characteri zed by 

l arge , spi ral l y  arranged fol ds wh i c h  commence at the omasoabomasal 

ori fi ce and extend as far as the angul ar i nc i sure . Hi l l  ( 1968 ) 

esti mated that the mucosal surface area of the abomasal body i s  
i ncreased more than 7 times  by these fol ds . 

A few i rregul ar mucosal fol ds are present i n  the antral regi on . 

1 . 2 . 1 . 2  Smal l I ntesti ne 

I n  adul t sheep , the smal l i ntesti ne ( Fi g .  1 . 1 )  i s  18 - 35 m l ong  
and i s  di vi ded in  aboral sequence i nto duodenum , jej unum and  i l eum . 

The duodenum cons i sts of crani a l , descendi ng and ascendi ng parts . 

At the duodenojej u nal fl exure the duodenum i s  conti nued as the j ej unum 

whi ch i s  the l ongest part of the ovi ne smal l i ntesti ne . The jejunum i s  

arranged i n  numerous cl ose coi l s  surroundi ng the spi ral l oop of the 

ascendi ng col on . The i l eum ,  wh ich  i n  sheep i s  very short , extends from 

the border of the i l eocaecal fol d to i ts termi nati on at the i l eal 
ori fi ce . 

The mucosal surface of the smal l i ntesti ne i s  characteri zed by 

permanent c i rcul ar fol ds of the mucous membrane ( P l i cae c i rcul ares ) and 
by vi l l i ,  wh i ch greatl y i ncrease the absorptive area of the mucosa . 

1 . 2 . 1 . 3 Large I ntesti ne 

In adul t sheep the l arge i ntesti ne i s  4 - 8 m l ong and i s  di vi ded i n  
aboral sequence i nto caecum , col on , rectum and anal canal . 

The caecum i s  a sl i ghtly si gmo i d-shaped , saccul ated bl i nd tube 
wh i ch i n  the adul t sheep i s  25 - 35 cm i n  l ength and 5 - 7 cm i n  
di ameter ( U1yatt et �. ,  1975 ) . I t  i s  conti nuous wi th the col on at the 
caecocol i c  j uncti on . 
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The col on  has ascendi ng ,  transverse and descendi ng  parts . I n  

rumi nants the a scendi ng  col on i s  el ongated and coi l ed o n  itsel f to form 

the spi ral l oop of the col on . I n  sheep the spi ral l oop cons i sts of 
three centri petal and an equal number of centri fugal turns and i s  
conti nuous wi th the transverse col on . The descendi ng col on i s  

conti nuous wi th the rectum . 

The mucous membrane of the l arge i ntesti ne has no vi l l i ,  however ,  
the surface i s  penetrated by the openi ngs of the many crypts o f  

Li eberkuhn .  

1 . 2 . 2  H i stol ogy 

I n  sheep , as  i n  an imal s wi th a s impl er form of stomach , the wal l of 

the stomach and i ntesti nes cons i sts of four  mai n  l ayers : from the 

outs i de i n  these are the Tun ica  serosa , Tuni ca muscul ari s externa , 
Tun i ca submucosa and Tun ica  mucosa . 

The serosa consi sts of areol ar  connecti ve ti ssue and a s i ngl e l ayer 
of squamous  mesothel i al cel l s . 

I n  most parts of the GI tract ,  two l ayers of smooth musc l e make up 

the muscul ari s externa . These are an i nner l ayer , whi ch general l y  i s  
the th i cker and c i rcul arly  arranged , wh i l e  the outer l ayer i s  
l ongi tudi nal ly  di sposed . I n  the forestomach the arrangement of 
muscul ari s externa i s  more compl ex . For exampl e ,  the l ongi tudi nal smooth 
muscl e l ayer of the forestomach di v i des at the cardi a i nto two parts . 

Furthermore , a thi rd smooth muscl e l ayer of i nternal obl i que fi bres i s  
found i n  the dorsal , ventral and bl i nd sacs of the rumen . For a 
detai l ed descri pti on see Pernkopf ( 1930 ) . 

The submucosa i s  made up of l oose connecti ve ti ssue conta i n i ng 
el asti c fi bres , bl ood ves sel s and the submucosal ( Me i ssner • s) nerve 
pl exus . Submucosal ( Brunner • s ) gl ands are found i n  fi rst 60 - 70 cm of 

the duodenum where they augment the secreti ons of the epi thel i um .  The 
gl ands open vi a short ducts i nto the base of the duodenal crypts . 
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The mucous membrane i s  made up of three l ayers : Lami na 

muscu l ari s mucosae , Lami na propri a mucosae and Lami na epi thel i al i s .  

Two th i n  musc l e l ayers , a n  i nner c i rcul ar and a l ongi tudi nal outer 
l ayer , make up the muscul ari s mucosae . In sheep , there i s  no muscul ari s 

mucosae i n  the rumen , wh i l e  i n  the reti cul um i t  i s  represented only as 

bands of musc l e re i nforc i ng the free borders of the reti cul ar ri dges . 
I n  the omasum , the muscul ari s mucosae extends i nto the l ami nae where i t  

forms termi nal thi ckeni ngs near thei r free borders . 

The l ami na propri a cons i sts of connecti ve ti s sue conta i n i ng many 

capi l l ari es , l ymphati c s , nerve fi bres and a few smooth musc l e fi bres . 
Cel l ul ar components of the l ami na propri a i nc l ude CTMC ' s  ( Tol edo et !l· ' 

1981 ) and connecti ve ti ssue fi b robl a sts ( see Kaye et !l· ' 1968 ) . I n  the 

ovi ne forestomach the l ami na propri a and submucosa merge wi th no 

di sti nct boundary separati ng them ( Wardrop , 1961!) . The l ami na propri a ,  

throughout the enti re l ength of the i ntesti nes , contai ns numerous  tubul ar  
i ntesti nal g l ands ( crypts of  Li eberkuhn ) .  

The epi thel i um i s  separated from the l ami na propri a by the 

basal l ami na . I n  the reti cul um , rumen and omasum , the epi thel i um i s  a 
strati fied , squamou s ,  kerati ni zi ng epi thel i um i n  whi c h  four cel l l ayers 

can be di sti ngu i shed : Stratum basal e ,  Stratum spi nosum , 
Stratum granul osum and Stratum corneum ( Dobson et !l· , 1956 } . At the 

omasoabomasal ori fi ce there i s  a change i n  epi thel i um to a col umnar  
mucous border .  I n  the abomasum the epi thel i um i s  i nvagi nated to form 
gastri c pi ts wh i ch i n  the cardi ac and body regi ons are short , whi l e  

those of the antral regi on are l on g .  Gastr ic  pi ts are l i ned by surface 
epi thel i al cel l s . One or more tubul ar gl ands open i nto the bottom of 
each pi t .  

Three di fferent types of abomasal gl and have been descri bed : 
cardi ac , gastri c and antral . 

Cardi ac gl ands are confi ned to a narrow ri m of mucosa at the margi n 

of the omasoabomasal ori fi ce ( Sommervi l l e , 1956 } . The gl ands are h i ghly 
coi l ed and contai n only cel l s  wh i c h  secrete. a vi scous mucus ( M . J . 
B i rtl es , pers . corn. } 
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Gastri c gl ands are found throughout the body regi on o f  the abomasum 

and occupy about two th i rds of the mucosal th i cknes s .  They are strai ght 
tubul es  whi c h  may be di v i ded i nto three equal parts : i sthmu s , neck and 

base . Murray ( 1970 ) descri bed fi ve cel l types i n  the abomasal 
epi thel i um of cattl e :  surface epi thel i al , mucous neck , pari etal , 
zymogen i c  and endocri ne . 

Surface epi thel i al cel l s  are found i ntermi ngl ed wi th pari etal cel l s  

i n  the i sthmus of gastri c gl ands ( Murray ,  1970 ) . Much of the 

supranucl ear cytopl asm i s  occupi ed by membrane-bound granul es conta i n i ng 
mucus . The nucl eus , wh i c h  i s  l ocated i n  the base of the cel l , i s  most  

often oval or pear-shaped . 

Mucous neck cel l s  are common i n  the mi ddl e reg i on of gastri c 

gl ands , but may al so be found i n  the basal reg i on ( Murray ,  1970 ) . They 

are rel ati vely  smal l ,  col umnar  cel l s  al though thei r shape may be qui te 

vari abl e due to deformati on  by l arger nei ghbouri ng cel l s . The nuc l eus , 

l ocated near the base of the cel l , i s  i rregul ar i n  shape and frequently 
i ndented by granul es . Membrane-bound granu l es conta i ni ng mucus occupy 

most of the supranucl ear cytopl asm .  

Pari etal cel l s  are found i ntermi ngl ed wi th other cel l types 
throughout the gastri c gl ands but are most common i n  the neck and 

i sthmus regi ons .  They are l arge cel l s , oval to pyrami dal in shape wi th 
a broad base wh i ch often protrudes i nto the l ami na propri a .  They have a 

round ,  central ly  pl aced nucl eus and the eos i noph i l i c cytopl asm l acks 
secretory granul es ( Murray ,  1970 ) . 

I n  the sheep , pari etal cel l dens i ty vari es throughout the body 
regi on ; the l argest numbers are found cl ose to the cardi a and frequency 
decreases wi th i ncreas i ng di stance from the cardi ac ori fi ce 

( Sommervi l l e ,  1956 ) . 

Zymogen i c  ( or ch ief )  cel l s  are most common i n  the base of the 
gastric  gl ands but are al so found i n . the neck regi ons .  They are 

col umnar cel l s  wi th a central ly  pl aced nucl eus .  The cytopl asm i s  
characteri zed by the presence of abundant rough endopl asmi c reti cul um i n  
the base of the cel l and numerous membrane-bound zymogen granul es i n  the 
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apical region . The zymogen granul es in man have been shown to contain 

pepsinogens ( Hirschowitz, 1967 } . 

Zymogenic cel l s  are usual l y  the predominant cel l type at the base 
of gastric gl ands in the cranial part of the body of the abomasum , but 

their distribution  may show considerabl e  variabil ity and they are frequ

ently absent from gl ands cl ose to the antral region ( Sommervil l e ,  1956 } . 

Endocrine cel l s  are the smal l est ,  l east numerous cel l s  in the 

gastric mucosa and usual l y  occur as singl e cel l s  scattered among other 
cel l s , particul arl y  in the basal region of the gl ands . Detail s of the 

morphol ogy and distribution of specific endocrine cel l types are 

described in Sections 1 . 8 . 2  and 1 . 8 . 4 .  

The gl ands o f  the antral mucosa are coil ed and contain four  cel l 

types : surface epithel ial , antral gl and , endocrine and parietal cel l s . 

The surface epithel ial cel l s  are identical  to those found in the body 
region . Antral gl and cel l s , which morphol ogical ly  resembl e mucous neck 

cel l s  of gastric gl ands , contain mucus in their apical cytopl asm 

( Murray ,  1970 ) . Al though parietal cel l s  have been identified in antral 

gl ands of both sheep ( Sommervil l e ,  1956 ) and cattl e ( Murray , 1970 ) , 
Sommervil l e  found that they differed in both sta ining reaction  and 

morphol ogy from parietal cel l s  found in gastric gl ands . He therefore 
regarded them as • abnormal • .  

Because of the paucity of publ ished data on the histol ogy of the 

ruminant smal l intestine , the description that fol l ows is taken from 

species with a simpl er form of stomach ( Trier and Madara , 1981 ) .  

The epithel ium of the sma l l intestine contains several different 
cel l types ,  the most  common of which are the absorptive cel l s . -These 
are highl y pol arized , tal l col umnar cel l s  with prominent striated 

borders consisting of many cl osel y packed microvil l i  ( see Trier and 

Madara , 1981} . 

Undifferentiated crypt cel l s  are the most  common cel l type found in 
the crypts of Lieberkuhn . These cel l s  prol iferate rapidl y ,  migrate up 

the wal l of the crypt and differentiate into absorptive , Paneth , 
endocrine and gobl et cel l s  ( Cheng and Lebl ond , 1974 ) . 
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I ntesti nal gobl et cel l s  are found scattered throughout the 

epi thel i um but i ncrease i n  rel ati ve frequency di stal l y .  They are 

frequently gobl et shaped , l ack wel l devel oped mi crovi l l i  and the api cal 

porti on  of the cel l i s  di stended by many muc i nogen granul e s .  

Paneth cel l s  are most common i n  the base o f  crypts o f  L i eberkuhn 
and i ncrease i n  number from duodenum to i l eum . Al though Paneth cel l s  

have been shown to be acti ve secretory cel l s  and conta i n  l ysozymes and 
immunogl obul i n s ,  thei r functi on i n  the smal l i ntesti ne i s  unknown . 

Endocri ne cel l s  are found scattered through the epi thel i um of the 

smal l i ntesti ne , but are most numerous near the base of crypts i n  the 
duodenum . Smal l numbers of endocri ne cel l s  are al so found i n  the gl ands 
of Brunner . 

Gl ands of Brunner , wh i ch are more extensi ve i n  herbi vora than i n  

carni vora ( Cooke , 1968 } , are composed of branched tubul es i nto wh i ch 

aci n i  open . The ducts open i nto the base or si des of the crypts of 

Li eberkuhn . The pri nci pal cel l type i s  one secreti ng mucus al though i n  

some spec ies  serous cel l s  have al so been i denti fied ( see Fri end , 1965 } . 

Endocri ne , Paneth and gobl et cel l s  may al so be found near the duct 
openi ngs i nto the crypts ( Fri end , 1965) . The gl and secreti on conta i n s  
cons i derabl e quanti ti es of glycoprotei n and b icarbonate and smal l 
amounts of peps i n  and muc i nase acti v i ty ( see Cooke , 1968 } . 

Nodul es  of di ffuse lymphoi d ti ssue , wh i ch i n  the i l eum ar·e cal l ed 

Peyer • s  patches , occur i n  the submucosa but may penetrate the mucosa to 
come i nto di rect contact wi th the epi thel i um .  

1 . 3  Devel opment of the Ovi ne G I  Tract 

1 . 3 . 1  Embryol ogi cal Devel opment. 

Much of the descri pti on that fol l ows i s  deri ved from Pernkopf 
( 1 931 } and Wardrop ( 1 961�} .  The descri pti on of h i stol ogi cal changes i s  
confi ned to those changes observed i n  the epi thel i um of the GI tract of 

the foetal l amb . 
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Pernkopf ( 1931 ) demonstrated that the bov i ne forestomach devel ops 

from a s impl e spi ndl e-shaped enl argement of the pri mi ti ve di gesti ve 

tube . Up  to the 7 mm stage of embryon i c  devel opment,  the gastri c 

spi ndl e i s  s imi l ar to that i n  an imal s wi th a s imp l er form of stomach .  

I n  sheep , by the 16 mm stage ( approximately 37 days ) ,  al l parts of the 
adul t compound stomach can be di sti ngui shed ( see Warner and Fl att ,  

1965 ) . Subsequent devel opment of the foetal  stomach cons i sts of 

di fferenti al growth of the forestomach and abomasum . At 56 days 

gestati onal age , the rumen represents approximately 45% of total stomach 
wei ght ,  whi l e  at 140 days i t  represents only 26% ( Wal l ace , 1 948 ) . Over 
the same peri od , the reticul um and omasum al so show rel ati ve 

decl i nes i n  wei ght ( 14 to 10% and 24 to 8% , respecti vel y )  whi l e  the 
abomasum undergoes a marked i ncrease i n  rel ati ve wei ght ( from 17 to 56% ) . 

The mucous membrane of the reti cul um di sp l ays a smal l amount of 

fol di ng  in  70 day ol d foetuses and reti cul ar  ri dges are obv i ou s  in  100 

day ol d foetuses . At b i rth , the honeycomb structure , typ i cal of the 

reti cul um , i s  wel l devel oped wi th smal l ,  rounded and conical  papi l l ae on 

and between each reti cul ar  ri dge ( Wardrop , 1961�) .  

The epi thel i um l i n i ng the reti cul um of 46 day ol d .foetuses i s  a 
strati f ied ,  cuboi dal type , about ei ght cel l s  i n  depth . I t  consi sts of a 

basal l ayer , about three cel l s  th i ck ,  of densely packed col umnar  cel l s  

and several l ayers of l arge , l es s  densely packed , roughly hexagonal 
cel l s . By 100 days the basal l ayer i s  fol ded to form the devel opi ng 

reti cul ar  ri dges . Above thi s l ayer i s  a fi ne network of swol l en cel l s  

whi ch become fl attened towards the fol ded free surface ( Wardrop ,  1961�) .  

The h i stol ogi cal appearance of the rumi nal epi thel i um of 46, day ol d 
foetuses i s  s imi l ar to that of t�e reti cul um at the same age ( see 
above ) . I n  100 day ol d foetuses the rumen mucosal surface appears 

smooth , however ,  at bi rth , the numerou s short , con i cal pap i l l ae are 

obvi ous ,  and the epi thel i um i s  s imi l ar to that of the rumen of the adul t 

( i . e .  kerati n i zed,  strati fi ed ,  squamous  type ) .  
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The omasal mucosal surface i s  fol ded i n  46 day foetuses and from 70 

days onwards the omasal l ami nae are promi nent .  The mucosa of these 

l ami nae consi st  of a s i ngl e basal l ayer of densely packed , col umnar cel l s . 

Above thi s  i s  a network of swol l en cel l s  approximately si x cel l s  thi ck . 

At b i rth no stratum granul osum can be i denti fi ed and the stratum corneum 
cons i sts of a th i n  l ayer of fl attened cel l s  ( Wardrop , 1961!) . 

Abomasal mucosal devel opment has been descri bed by Hi l l  ( 19 56 ) . 

The epi thel i um of 20 day ol d foetuses consi sts of a si ngl e l ayer of 
col umnar cel l s  wh i ch gradual ly become fol ded so that by 40 days the 

devel opi ng mucosal fol ds project i nto the abomasal l umen .  By 60 - 7 5  days 

the epi thel i um of the enti re abomasum i s  formed i nto shal l ow p i ts from 

wh i ch devel op abomasal gl ands . Ch ief  cel l s  are evi dent i n  7 5  - 85 day 
foetuses al though zymogen granul es are not numerous unti l day 1 1 9 . 

1 . 3 . 1 . 2  I ntesti nes 

In what i s  apparently the only paper on the subject ,  Toofan ian  
( 1976�) descri bed the h i stol ogi cal devel opment  of the smal l i ntesti ne i n  

ovi ne foetu ses . I n  foetuses esti mated to be 24 days ol d ,  the primi ti ve 

sma l l i ntesti ne cons i sts of a s impl e epi thel i um surrounded by a 
mesenchymal l ayer .  By the 26th day the epi thel i um has become strati fi ed 
and at 33 days the characteri sti c co i l i ng of the i ntesti ne i s  evi dent.  

Rudimentary vi l l i  are seen as outgrowths of the smal l i ntesti nal 
epi thel i um i n  39 day ol d ov i ne foetuses ( Toofani an ,  1976�) . These 

cons i st  of a central core of mesenchyme covered i n  a strati fi ed 
epi thel i um .  However ,  by 46 days gestati onal age these duodenal 
epi thel i al outgrowths are el ongated and take on the appearance of true 

vi l l i ,  wi th a core of l ami na propri a surrounded by a s impl e ep i thel i um .  
Toofan ian  ( 1976�) al so reported the fi rst appearance o f  i ntesti nal . 

gl ands i n  the duodena of 56 day ol d ovi ne foetuses . The two l ayers of 
the muscul ari s externa of the i ntesti ne are di scernabl e by 63 days 
gestati onal age , and al l i ntesti nal structures are present at 101 days 

gestati onal age . Throughout foetal l i fe ,  devel opment is more advanced 

i n  the proxi mal parts of the smal l i ntesti ne than i n  the more di stal 
porti ons . Toofani an concl uded that the devel opment of the smal l 
i ntesti nal mucosa i n  l ambs i s  s imi l ar to that descri bed i n  other 

vertebrate spec ies  ( Deren , 1968 ; Toofan i an ,  1976a ) .  
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After b i rth there i s  consi derabl e growth of the compound stomach 

rel ati ve to the entire GI tract ,  so that i t  i ncreases i n  proporti on from 

22% of the total wei ght  of the GI tract at 1 day of age , to 49% i n  the 

adul t ( Wardrop and Coombe , 1960 ) . Changes al so occur i n  the rel ati ve 
si ze of the vari ous compartments of the stomach . At bi rth the rumi no

reti cul um accounts for 3 1% ,  the omasum at and the abomasum 6 1t of the 
total wei ght  of the stomach ,  whereas i n  the adul t ,  these regi ons  account 

for 69, 5 and 23% respecti vely  ( Wardrop and Coombe , 1960 ) . 

The rap i d postnatal devel opment of the rumi noreti cul um i s  assoc i ated 

wi th the i ngesti on of dry feed ( Warner and Fl att , 1965 ) .  Warner et !l· ' 
( 1956 ) demonstrated that an important stimul us to forestomach devel opment  

i s  the presence and/or producti on in  the forestomach of  VFA • s ,  the end 
products of fermentati ve di gesti on . I n  l ambs fed sol ely  on mi l k ,  
devel opment of the forestomach i s  retarded to about the l evel found i n  
three week ol d grazi ng l ambs ( Wardro p ,  1961�) . 

After bi rth the basal epi thel i al l ayers of the rumi noreti cul um 

become more fol ded and a di sti nct stratum granul osum forms . Growth 
conti nues , parti cul arly i n  l ength of reti cul ar  ri b s  and papi l l ae ,  so 
that at 77 days of age the mucosa i s  s imi l ar i n  appearance to that of 
the adul t ( Wardrop , 1961�) .  

Duri ng the fi rst three days of postnatal l i fe ,  pari etal cel l 

numbers i ncrease about ten fol d i n  the body regi on of the abomasum 

( Hi l l ,  1956 ) . After three days the appearance of gastri c gl ands i s  

s imi l ar to that found i n  the adul t ,  except that they conti nue to 
i ncrease i n  l ength and degree of co i l i ng for some weeks after bi rth . 

� ·. . 

I n  mi l k  fed l ambs papi l l ae i n  the rumi noreti cul um are smal l er and 
the stratum granu l osum and stratum corneum l ess wel l devel oped than i n  
l ambs fed l ucerne chaff ( Wardro p ,  196 1�) . When l ambs are mai ntai ned on 

a mi l k  di et for 7 weeks after b i rth , the h i stol ogi cal appearance of the 

omasum rema i n s  s imi l ar to that of the newborn l amb . Omasal l ami nae 

rema i n  short and cl osel y packed together , muscl e l ayers are often poorly 
devel oped and the epi thel i um poorly kerati ni zed ( Wardrop , 1961b ) .  



1 . 4 Functi ons  of the Ovi ne G I  Tract and i ts Secreti ons 

1 . 4 . 1  Sal i va 

14 . 

Sheep secrete sal i va conti nuously and duri ng the course of a day 

may produce from 5 { Somers , 1957 ) to 16  ( Kay , 1960 ) l i tres . The 
rumi noreti cul ar  contents are buffered by the secreti on i n  sal i va of 

l arge quanti ti es of sodi um and potass i um sal ts . I n  addi ti on to i ts rol e 

i n  l ubricati ng  the bol us  of feed , thus  a i di ng masti cati on and 

swal l owi ng , the sal i va of rumi nants has some enzymi c acti vi ty .  Al though 
rumi nant sal i va does not contai n amyl ase acti vi ty i t  does conta i n  

pregastri c esterase { Ramsey e t  !l· , 1960 ; Ramsey , 1962 } and l i pase 

acti vi ty { Grosskopf ,  1965 } .  Sal i va al so prov i des nutrients for rumen 
mi croorgani sms , parti cul arly  muc i n ,  urea , Po4

3- , Mg2+ and Cl - { Kay ,  

1960 ; Hungate , 1966 } . 

1 . 4 . 2  Forestomach 

1 . 4 . 2 . 1  Rumi noreti cul um 

The rumi noreti cul um provi des a l arge chamber wi thi n wh i ch 

mi croorgani sms break down feeds by fermentati ve di gesti on . Breakdown of 
feed may be ai ded by mechani cal abras i on resul ti ng  from compl ex mi xi ng  

movements of the rumi noreticul um ( Ulyatt et  !l· ' 1985 } . Rumi noreti cul ar 
movements are al so i nvol ved i n  regurgi tati on of di gesta whi ch then under
goes further mechan i cal di srupti on duri ng remasti cati on of the regurg
i tated bol us  { U lyatt et !l· , 1985 ) . 

Other functi ons  of the rumi noreti cul um i ncl ude absorpti on of water 

( Engel hardt, 1970 ) , VFA • s ( Barcroft et !l, 1944 ; Dan i el l i  et aL , " 1945 ; 
Ki ddl e et !l· , 195 1 ; Masson and Ph i l l i pson , 1951 ; Pfander and 
Ph i l l i pson , 1 953 } and some i ons i ncl udi ng Na+ , K+ , Cl - ( Parathasarathy 

and Phi l l i pson , 1 953 )* and Mg2+ ( Care et !l· , 1984 } . N i trogenous 
compounds whi ch are absorbed across  the rumen epi thel i um i ncl ude ammoni a  
( Hogan , 1961 ; Bl oomfi el d et !l· , 1963 } , urea ( see Church , 1973 ) , lys i ne 

{ Lewi s and Emery , 1962 } �  glyc i ne ,  seri ne , threoni ne , meth i oni ne 

sul phoxi de ,  asparti c ac i d ,  gl utami ne , i sol euc i ne ,  l euci ne ( Cook et �. , 
196 5 }  and B compl ex vi tami ns ( see Church , 1973 ) . 

* ( Keynes and Harri son , 1970 ) 



1 . 4 . 2 . 2  Omasum 
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The reti cul o-omasal ori fice regul ates the fl ow of di gesta from 
reti cul um i nto the omasum ( Bost , 1 970 ) where fermentati ve di gesti on 

conti nues . I n  the omasum , water ( Engel hardt and Hauffe , 1975 ) ,  VFA • s 

( Barcroft et !l· , 1944 ) , ammoni a ( McDonal d ,  1 948 ) , Na+ and K+ 

( E ngel hardt and Hauffe , 1975 ) and Mg2+ ( Edri se  and Smi th , 1979 ) are 

absorbed , wh i l e  cl - ( Bost , 1970 ; Engel hardt and Hauffe , 1975 ) i s  

secreted . Engel hardt and Hauffe ( 1975 ) concl uded that omasal absorpti on  
of water , Na+ , K+ and  ammon i a  i s  about 20 - 30% of that in  the 

rumi noreticul um but , absorpti on of VFA • s i s  only 10 - 15% of that 

i n  the rumi noreti cul um . 

1 . 4 . 3  Abomasum 

The abomasum i s  the s i te of ac i d  di gesti on i n  the ov i ne G I  tract .  

The pH o f  di gesta enteri ng the abomasum i s  about 6 ,  whereas the abomasal 
contents are usual ly  at a pH of between 1 . 6 and 4 . 2  ( Weston and Hogan , 

1968 ) . Thi s l ow abomasal pH i s  due to the secreti on of HCl by pari etal 
cel l s  i n  the gastr ic  gl ands of the abomasal body . Hydrogen i on 

concentrati on i n  abomasal secreti on ranges from 20 ( Hi l l , 1968 ) to 1 50 
( McLeay and Ti tchen , 1970!) mmol /t . Estimates of the vol ume of abomasal 

secreti on range from 4 - 6 t/24 hrs ( Masson and Ph i l l i pson , 1952 ; H i l l , 
1960 ) to 10 - 12  t/24 hrs ( McLeay ,  1971 ) .  

The proteol yti c acti vi ty of abomasal secreti on , i n  the adul t 
an imal , i s  due to the enzyme pepsi n  ( Hi l l ,  1956 ) . Peps i nogen , the 
precursor and i nacti ve form of peps i n ,  i s  produced by the chi ef cel l s  

whi ch are confi ned to the mucosa of the body regi on of the abomasum 

( Mu rray , 1 970 ) . At pH • s  l ower than 6 . 0 ,  pepsi nogen i s  converted : i nto 
pepsi n .  

A smal l amount of pepsi n acti vi ty i s  al so found i n  secretions  from 

pouches of the antral regi on of the abomasum ( Harri son and Hi l l ,  1962 ; 
McLeay and Ti tchen , 1975 ) . 
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Mucus ,  whi ch protects the mucosa from physi cal damage by the 

di gesta , al so provi des a barri er to autodi gesti on of the epi thel i um by 

HCl and peps i n .  The antral mucosa produces a mucus ri ch secreti on of pH 
7 . 5-9 . 0  ( Harri son and H i l l , 1962 ; Mcleay and Ti tchen , 1975 ) , however , 
as the amount secreted i s  smal l ( Ash , 196 1!; Harri son and H i l l , 1962 ; 

Mcleay and T i tchen , 1975 ) i t  has  been suggested that i t  performs a l ocal 

protecti ve functi on . 

I n  the young mi l k  fed animal , renni n i s  secreted i n  the gastri c 

j u i ce duri ng feedi ng ( Fomi n ,  1939 : ci ted by Berri dge , 1951 ) .  Renni n ,  

whi c h  i s  produced by the ch ief  cel l s  ( Edk i n s , 1906 } , i s  responsi bl e for 
the rapi d  cl otti ng  of mi l k  wi thi n the abomasum ( Grosskopf , 1959 } .  I n  

the newborn , renni n i s  the only enzyme present i n  abomasal secreti ons  

( see H i l l , 1968 ) . I n  cal ves mai ntai ned on  a pure mi l k  di et it  rema i n s  

the most  important proteolyti c enzyme secreted by the abomasum ( Berri dge 
et !l· , 1943 ) , al though smal l amounts of peps i n are al so produced 

( Henschel et !l· , 1961 } .  I n  addi ti on to i ts secretory acti vi ty ,  the 
abomasum has absorpti ve functi ons . Wi l l i ams et !l· , ( 1968 ) have shown 
that VFA • s are absorbed from the abomasum at rates per uni t surface area 

s imi l ar to those i n  the rumi noreti cul um. Ammoni a may al so be absorbed 
across  the abomasal mucosa ( see Church , 1973 } . 

1 . 4 . 4  I ntesti nes 

The smal l i ntesti ne i s  the major s i te of proteolysi s ( Armstrong  and 
Hutton , 1975 } and l i po lys i s ( Leat and Harri son ,  1975 ) .  I t  i s  al so the 

primary si te for absorpti on of most organ i c  compounds other than VFA • s ,  
i ncl udi ng ami no aci ds , fatty ac i ds and some ammoni a .  I n  addi ti on i t  i s  

an important regi on of absorpti on and secreti on o f  water and many 

mi neral s ( Kay and P feffer ,  1970 ) . 

Fermentati ve di gesti on al so occurs i n  the caeca of rumi nants 
{ Barcroft et �. ,  1944 ) . Between 5 and 30% of di gesti bl e cel l ul ose i s  

di gested i n  the l arge i ntesti ne of rumi nants fed a wi de range of feeds 

i ncl udi ng fresh  herbage , hay , s i l age and cereal s ( U lyatt et !l· , 1975 ) .  
The maj or products of fermentati on are VFA • s whi ch are readi ly  absorbed 

across  the caecal epi thel i um (.Barcroft et !l· , 1944 } . Esti mates of the 
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amounts of VFA ' s produced by caecal fermentati on range from 8 to 16% of 

total producti on ( Ulyatt et !l· · 1975 ) .  

The caecum i s  parti cul arly effi c i ent at water absorpti on ; 

approximatel y 90% of water enteri ng the caecum i s  normal ly absorbed 

( Goodal l and Kay , 1965 ; Ulyatt and MacRae , 1974 ) . I n  sheep the l arge 

i ntesti ne i s  al so a major  s i te of Na+ ( Goodal l and Kay ,  1965 ; Bruce et 
al . ,  1966 ; Grace et al . ,  1974 ) and Cl - ( Goodal l and Kay ,  1965 ; Bruce 

et !l· · 1966 ) absorpti on , wh i l e  smal l amounts of K+ , Mg2+ , ca2+ and 

Po4
3- are al so absorbed i n  th i s  regi on ( Bruce et !l· · 1966 ; P feffer 

et !l· , 1970 ; Grace et !l· , 1974 ) . 

1 . 4 . 5  B i l e  

I n  sheep 500 - 1500 ml o f  b i l e  i s  produced per day . I t  conta i ns 
water and el ectrol ytes , mai nl y  Na+ , K+ , Cl - and Hco3

- , whi ch contri bute 

to the bufferi ng of the ac i di fi ed di gesta enteri ng the duodenum from the 

abomasum ( Capl e and Heath , 1972 ; 1975 ) .  B i l e  al so conta i ns conj ugated 
b i l e sal ts , parti cul arly sodi um taurochol ate ( Peri c-Gol i a  and Soci c ,  
1968 ) and fatty aci d  conta i ni ng l i p i ds ,  especi al l y  phosphol i p i ds ( Adams 
and Heath , 1963 ) .  The l atter , i n  parti cul a r  phosphati dyl chol i ne ,  ass i st  
bi l e  sal ts to render sol ubl e other l i pi ds in  the i ntesti nal contents 

( Heath and H i l l , 1969 ; Leat and Harri son , 1969 ) . 

1 . 4 . 6  Pancreati c J u i ce 

I n  sheep 300 - 400 ml of pancreati c j u i ce are secreted per day . 
It  contai ns water and el ectrolytes , mai nly Na+ , K+ , Cl - and Hco3

- ( Capl e 

and Heath , 1972 ) ,  together wi th amyl yti c ,  proteol yti c and l i polyti c 

enzymes ( Tayl or ,  1962 ; Reynol ds and Heath , 1981 ) .  Pancreati c Hco3
-

ai ds i n  the bufferi ng of duodenal contents , wh i l e  the enzymes hydrolyze 
carbohydrates , protei ns and l i p i ds .  



1 . 5 I nnervati on of  the G I  Tract 

1 . 5 . 1  Extri n s i c  Nerve Supply 
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I n  sheep the GI  tract i s  i nnervated by both di vi s i ons of the 

autonomi c nervous system . The descri pti on that fol l ows i s  taken l argely 

from Habel { 1956 ) and Coml i ne et al . { 1968 ) . 

1 . 5 . 1 . 1  Parasympatheti c 

The parasympathetic  contri buti on i s  deri ved from the dorsal vagal 
nucl ei of the medul l a  obl ongata . F i bres travel i n  the l eft and ri ght 
vagi wh i ch anastomose i n  the thorax , then di v i de to form the dorsal and 

ventral vagal trunks associ ated wi th the oesophagus .  

After recei v i ng a communi cati ng  branch from the ventral trunk , the 

dorsal trunk di v i des to i nnervate the caudal surface of the reticul um , 
rumen , omasum , and the v i sceral ( Habel , 1956 ) and pari etal surfaces of  

the abomasum { Coml i ne et �. , 1968 ) . I n  addi ti on , the dorsal vagal 
trunk suppl i es branches to the coel i ac pl exu s . Many vagal fi bres  pass 

through th i s  pl exus and fol l ow branches of the crani al mesenteri c artery 
to i nnervate the i ntesti nes as far as the l eft col i c  fl exure . 

The ventral vagal trunk i nnervates the cran i al surface of the 
reti cul um , ventral surface of the omasum and the pari etal surface of the 
abomasum . The l ong pyl ori c nerve , a branch of the ventral trunk , gi ves 
off branches to the hepati c pl exus , duodenum and antral regi on of the 
abomasum . 

Parasympatheti c i nnervati on to the descendi ng col on and rectum i s  

deri ved from the sacral outfl ow and travel s i n  the pel v i c  spl anchni c  
nerves . 

1 . 5 . 1 . 2 Sympatheti c 

Sympatheti c nerves l eave the spi nal cord of the thorac�l umbar 
regi on i n  spi nal nerves and pass  vi a the whi te rami communi cantes to the 

paravertebral sympatheti c gang-l i o·n chai n .  P regangl i on i c  fi bres pass 
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through the gangl i on chai n wi thout synapsi ng , emerge i n  the spl anch n i c  

nerves and termi nate i n  the prevertebral sympatheti c gangl i a :  coel i ac ,  

cran i al and caudal mesenteri c . The postgangl i on i c  fi b res emerge from 

these gangl i a  as mesenteri c  nerves wh i ch accompany bl ood vessel s to the 

GI  tract .  Each artery i s  accompani ed by a network of smal l paravascul a r  
nerves whi c h  supply adrenergi c peri vascul ar  fi b res  to these bl ood 

vessel s .  

1 . 5 . 2  I ntri n s i c  Nerve Supply 

The i ntri n s i c  i nnervati on of the G I  tract i ncl udes the myenteri c 

( Auerbach • s ) and submucosal ( Me i ssner • s )  pl exuses . 

1 . 5 . 2 . 1  Myenteri c P l exus 

In speci es wi th a si mpl er form of stomach ,  the myenteri c pl exu s , 
whi ch i s  l ocated between the two l ayers of the muscul ari s extern a ,  i s  

coextens i ve wi th the smooth muscul ature , wi thout di sconti nui ti es , from 
oesophagus to anal canal ( Gabel l a ,  1981 } .  Th i s  pl exus i s  al so found i n  
the ovi ne forestomach and abomasum ( Habel , 1956 ) . 

1 . 5 . 2 . 2  Submucosal P l exus 

The submucosal pl exus i s  found throughout the enti re l ength of the 
rumi nant i ntesti ne , whereas the onl y part of the rumi nant stomach that 
possesses a true submucosal gangl i on pl exus i s  the abomasum ( Habel , 
1956 ) . Many smal l nerve f ibres  are found i n  the submucosa of the non

gl andul ar  parts of the stomach , but gangl i on cel l s  are rare ( Habel � 

1956 } . The submucosal pl exus i s  made up l argely of non-myel i nated 

postgangl i oni c sympatheti c fi bres , but al so conta i ns a few termi nal 
gangl i a  of the parasympatheti c system . 

Al though there have been no reports of the i denti fi cati on of nerve 
fi bres synapsi ng wi th speci fi c  epi thel i al cel l s  of the GI tract of the 

sheep , there have been a few such reports i n  other spec i es . 
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Morphol ogi cal studi es i n  rats i nd i cate vagal fi b res di rectly i nnervate 

pari etal ( Kal ahani s et !l· ,  1974 ) and ECL cel l s  ( Kal ahani s et !l· ,  

1976 ) . Newson et !!· ( 1979 )  demonstrated a cl ose rel ati onsh i p between 
endocri ne cel l s  of the rat termi nal i l eum and nerve termi nal s whi c h  

conta i ned ves i cl es suggesti ve of adrenergi c or pepti dergi c nerves 
( Nyhus , 1982 ) . A cl ose associ ati on between EC cel l s  and chol i nergi c and 

adrenergi c nerve termi nal s has al so been shown to exi st i n  the gui nea 

pi g ( Lundberg et !!· ,  1978 ) . These fi ndi ngs provi de h i stol ogi cal -
evi dence of the poss i bl e rol e of the nervous  system i n  the regul ati on  of  

acti v i ty of  some endocri ne cel l types i n  the G I  tract ,  at  l east i n  
spec i es wi th a s impl er form of stomach .  

1 . 6 Regul ati on of  GI Secretory Acti v i ty 

Maj or exocri ne organs  contri buti ng di gesti ve secreti ons to the 

l umen of the G I  tract of sheep i ncl ude the sal i vary gl ands , abomasum ,  

pancreas ,  l i ver and i ntesti nes . Wi th the excepti on o f  the sal i vary 
gl ands , the secretory acti vi ti es of these organs  are i nfl uenced by both 

neural refl exes and hormones or pepti des rel eased from endocri ne-l i ke 
cel l s  i n  the mucosa l i n i ng the G I  tract . Secretory acti vi ti es  of the 
sal i vary gl ands are control l ed excl u s i vel y by neural mechani sms . For a 
rev i ew of the regu l ati on of sal i vary secreti on i n  sheep , see Kay ( 1966 ) . 

1 . 6 . 1  Regul ati on  of Abomasal Secreti on  

Al though secreti on of ac i d  and  peps i n  by the abomasum of the adul t 
rumi nant i s  conti nuous ( Babk i n ,  1950 ) , thi s i s  not due to an i nnate 

ab i l i ty of the gl ands to secrete spontaneous ly  ( H i l l ,  1955 } . I nstead , 

i t  i s  due to speci fi c  sti mul i wh i ch may ei ther exci te or i nh i b i t ( H i l l ,  1965 ) 

abomasal secreti ons . Endogenous chemi cal s consi dered to be important i n  

the physi ol ogi cal exci tati on of abomasal secreti ons are gastri n ,  
acetyl chol i ne ,  h i stami ne and bombesi n .  



1 . 6 . 1 . 1  Gastri n 

21 . 

Gastri n has been shown to occur i n  a number of mol ecul ar  forms : 

( a )  Mi ni gastri n ( G14 )  wi th 1 4  ami no aci d  res i dues ( Gregory and 
Tracy , 1974 ) . 

( b )  L i ttl e gastri n ( G1 7 )  wi th 1 7  ami no aci d  res i dues ( Bentl ey 
et �. , 1966 ; Gegory and Tracy , 1 964 ) ,  

( c )  B i g gastri n ( G34 )  wi th 34 ami no aci d  res i dues ( Yal ow and 

Berson , 1970 ) . 

( d )  B i g bi g gastri n ( BBG ) Mol . Wt . approximately 20 , 000 ( Yal ow and 

Berson , 1972 ) . 

( e )  Component I ( C- 1 ) s i ze i ntermedi ate between G34 and BBG 

( Rehfel d and Stadi l ,  1973 ) .  
( f ) NH2 - termi nal fragment of G17 ( NT13 )  wi th 1 3  ami no aci d  

res i dues ( Gregory ,  1974 ) . 
( g )  Tetragastri n ( G/CCK-4 ) ,  the C-termi nal tetrapepti de fragment 

of gastri n or CCK ( Rehfel d et �. , 1980 ) . 

I n  sheep only the G17 ( Agarwal et !l· , 1968 ; Shul kes et �· · 
198 1!, �)and the G34 ( L i chtenberger et !l· · 1981 ; Shul kes et �· · 1981!, 

b) forms have been found i n  GI ti s sues . Ovi ne G17 has been charact
eri zed ( Agarwal et !l· · 1968 ) and shown to have an ami no aci d  sequence 
s imi l ar to that of human , porci ne ,  fel i ne and cani ne gastri n s , except 
for 1 or 2 substi tuted res i dues i n  the mi ddl e porti on of the mol ecul e .  
These di fferences are consi dered to have l i ttl e b i ol ogi cal s i gn i fi cance 

as the acti ve part of the mol ecul e i s  the C-termi nal tetrapepti de ( Tracy 

and Gregory , 1964 ) wh i ch i s  i denti cal i n  al l bi ol ogi cal ly  acti ve forms 
of gastri n ( Kenner and Sheppard , 1973 ) .  Ovi ne G34 has been found i n  the 

mucosa of the G I  tract of l amb foetuses ( L i chtenberger et �· · 1981 ; 
Shul kes et !l· · 1981!, �) and 6 day ol d l ambs ( L i chtenberger et !l· · 
1981 ) .  Whether i t  al so occurs i n  the ti s sues of adul t sheep remai ns to 
be determi ned . 

Substanti al amounts of b i oassayabl e gastri n-l i ke acti v i ty have been 

found i n  the mucosa of the abomasal antrum ( Anderson et �· · 1961 , 1962 ; 
Ol owo-okorun , 1975 ; J ury and Mcleay , 1977 ) ,  the abomasal body ( Anderson 
et !l· · 1962 ; J ury and Mcleay , 197 7 )  and forestomach ( J ury and Mcleay , 

1977 ) of sheep . By contrast , no immunoreacti ve gastri n has been found 
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i n  mucosal extracts of the forestomach of thi s  spec ies  ( Reynol ds  et !l· , 

1984 } . The major si te of i mmunoreacti ve gastri n producti on i n  sheep i s  

the abomasal antrum wi th l es ser concentrati ons  bei ng found i n  the 

duodenum ( Reynol ds et !l· ' 1979a ; 1980 ; 1984 } . Thi s  l atter di stri buti on  
of gastri n in  sheep i s  in  accord wi th the di stri buti on of G cel l s  whi ch 

are responsi bl e  for the synthesi s ,  storage and rel ease of gastri n 
( Bunnett and Harri son , 1979�; Bunnett , 1984 } , and the di stri buti on of 
gastri n and G cel l s  i n  animal s wi th a s impl er form of stomach ( Bl oom and 

Pol ak , 1 978 ) . 

The pri nci pal phys i ol ogi cal acti on of gastri n i n  sheep , a s  i n  
animal s wi th a s impl er form o f  stomach ( see Wal sh , 1 981 ): i s  thought to 

be stimul ati on of gastri c ( abomasal ) aci d  secreti on . The importance of 
antral gastri n s  to the mai ntenance of gastri c aci d  secreti on  i n  the 

sheep was demonstrated by Mcleay and Ti tchen ( 1975 )  who found that both 
the vol ume and concentrati on of aci d  secreted by abomasal pouches was 
substanti al ly  reduced fol l owi ng removal of the maj or source of gastri n 

by antrectomy .  I ntravenous admi ni strati on o f  ei ther syntheti c gastri n 

( Onapi to et !l· , 1978 ) or the gastri n anal ogue , pentagastri n ,  ( Ca rr 
et !l· , 1970 ;  Mcleay and Ti tchen , 1970�; 197 5 ;  1977 b ) stimul ates 

abomasal secreti on of aci d .  

The regul ati on o f  gastri n rel ease i n  sheep depends on chemi cal 
stimul i acti ng at ei ther the l umi nal or basal surface of G cel l s . 

I n tral umi nal factors whi ch sti mul ate gastri n rel ease i ncl ude protei n or 
i ts breakdown products ( van Bruchem ,  1977 ) and poss i bly  VFA ' s ( Mcleay 

and Ti tchen , 1971 ) .  Perfus ion  of antral pouches i n  sheep wi th aci d  

sol uti ons i s  thought to i nh i b i t  rel ease of gastri n from the antral 
mucosa ( Mcleay and Ti tchen , 1977�) . Thus , i n  shee p ,  as i n  other speci es 
( Wal sh and Grossman , 197 5 ;  Wal sh et �. , 1975 ) , gastri n rel ease i s  
regul ated by a negative feedback l oop i nvol vi ng ac i d  secreti on  from 
gastri c gl ands . 

Factors wh ich  may act at the basal surface of G cel l s  to 

i nfl uence gastri n rel ease i ncl ude bl ood borne factors , paracri ne 

secreti ons and neurotransmi tter substances . Bl ood borne pepti des whi c h , 
when admi n i stered exogenously ,  have been shown to suppress gastri n 

rel ease and gastri c aci d  secreti gn i n  both man and dog , i ncl ude 

* al so N i l sson ( 1 980 ) 
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secreti n ,  gl ucagon , V I P , G I P  and somatostati n ( see Wal sh and Grossma n ,  
* 

197 5 ;  Oockray , 1979 ; Konturek , 1980b ) .  

I n  cal ves , admi ni strati on  of secreti n or gl ucagon reduces abomasal 

secreti on of ac i d  ( Bel l and Mcleay , 1980 ) ,  however,  thei r effect on 

ci rcul ati ng gastri n l evel s i s  unknown . The physi ol ogi cal rol e of any or 

al l of the above menti oned pepti des i n  the regul ati on of gastri n rel ease 
in sheep remai ns  to be determi ned . 

1 . 6 . 1 . 2  Acetyl chol i ne 

The secreti on of aci d  and peps i n  by the abomasum i s  sti mul ated by 
admi ni strat ion  of acetyl chol i ne or the chol i nomimeti c  agent  carbachol 
( H i l l ,  1968 ; Mcleay and Ti tchen , 1975 ) .  Acetyl chol i ne ,  whi ch i s  

rel eased from i ntramural postgangl i on i c  parasympatheti c fi b res , i s  
thought to act di rectly on pari etal cel l s  to stimul ate ac i d  producti on 
( see Sachs and Bergl i ndh , 1981 ) .  Thi s effect i s  bl ocked by atropi ne 

i ndi cati ng that chol i nergi c receptors on pari etal cel l s  are muscari n i c  

( Grossman , 1967 ; Bergl i ndh , 1977 ; Sel l , 1980 ) . Acetyl chol i ne may al so 

have an i ndi rect effect on aci d  secreti on by pari etal cel l s  by 
potenti ati ng the di rect stimul atory effects of h i stami ne or h i stami ne 
and gastri n together ( Sel l , 1981 ) .  

Aci d  secreti on by pari etal cel l s  may al so be sti mul ated i ndi rectly 

by acetyl chol i ne-medi ated gastri n rel ease . I n  sheep , aci d  and peps i n 

secreti on from pouches of the body regi on of the abomasum i nc rease 

fol l owi ng perfus i on of an antral pouch wi th acetyl chol i ne or carbachol 
( Mcleay and Ti tchen , 1977�) , i ndi cati ng that acetyl chol ine may stimul ate 
rel ease of gastri n from the antrum . However ,  the enhancement of gastri n 
rel ease i n  dogs , fol l owi ng vagotomy , i n  response to food or i ntravenous 

i nfusi on of bombesi n ( Schafmayer et !l· · 1978 ) i s  i nterpreted as 

i ndi cati ng that there are al so chol i nergi c pathways wh i ch i nh i b i t  
gastri n secreti on ( see Wal sh , 1 98 1 ) .  

Footnote * GRP is thought to be a parasympathetic neurotransmitter which , 
i n  the case of  the pig , stimul �tes antral gastrin output 
(Knutsen et �· · 1984 ) . 
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H i stami ne , whi ch occurs i n  ECL cel l s  i n  the body reg i on of the 

stomach i n  rats ( Rub i n  and Schwartz , 1979!; Sol l et !!· ,  1981 ; Kubota 

et !!· ,  1984 ) i s  al so found i n  mast cel l s  i n  the l ami na propri a of the G I  

tract in  both man and  dog ( Sol l et !!· ,  1979 ) . Systemi c hi stami ne 
stimul ates gastri c ac i d  secreti on i n  sheep ( Hi l l ,  1968 ; Mcleay and 

Ti tchen , 1975 ) as  wel l as  i n  an imal s wi th a s impl er form of stomach 

( Grossman , 1967 ) . 

Current evi dence supports the hypothes i s  that  pari etal cel l s  have 

separate receptors for h i s tami ne , gastri n and acetyl chol i ne ( see 

Konturek , 1980!) . H i stami ne acts v i a H2-receptors whi ch can be bl ocked 

by H2-receptor antagoni sts such as c i meti di ne and ranati di ne ( see Sachs 

and Bergl i ndh , 1981 ; Sol l , 1981 ) .  Several studi es have i ndi cated 
potenti ati ng i nteracti ons  between secretagogues . For exampl e ,  the 

presence of h i stami ne potenti ates  the acti ons  of acetyl chol i ne and 
gastri n when admi n i ster�d separately or i n  combi nati on ( see Sol l , 1 981 ) .  

I t  has been suggested that  potenti ati ng i nteracti ons i nvol vi ng  

endogenous h i stami ne and acetyl chol i ne may be i mportant i n  modul ati ng  

pari eta l  cel l sens i ti vi ty to superi mposed stimul ati on . However , i n  
rumi nants , no evi dence i s  avai l abl e on the rel ati onshi p between 
endogenous hi stami ne and abomasal secretory acti v i ty .  

1 . 6 . 1 . 4 Bombesi n 

Bombes i n ,  ori gi nal ly  i sol ated from the ski n of the frog Bomb i na  
bombi na ( Erspamer et !!· ,  197 2 )  al so occurs i n  the CNS ( Brown et !!• , 
1978 ; Wal sh et !!· ,  1979 ) , myentri c and submucosal nerve pl exuses 
( Dock ray et �. , 1979 ) , and endocri ne ce 1 1  s i n  the GI tract of manina 1 s 
( Pol ak et �. ,  1976 ) . I t  i s  structural ly  rel ated to porci ne GRP 

( McDonal d et �. ,  1979 ) , i n  that the mi n imal sequence of ami no aci ds 
requi red for b i ol ogi cal acti vi ty i s  the same for both pepti des ( Bl oom 

et �. , 1 983 ) . 

Bombes i n  i s  a potent stimul us  for gastri c ac i d  secreti on i n  humans ,  
dogs and cats , but not the rat ( see Wal sh , 1981 ) .  I ts effect i s  
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i ndi rect ,  resul ti ng from i ncreased rel ease of gastri n .  Whi l e  i ntra

venous i nfus i on of l ow doses of bombes i n stimul ates gastri n rel ease 

( Bertacci ni  et �. , 1974 ; H i rschowi tz and Mol i na ,  1983 ) , h i gh doses may 

i nh i b i t  aci d  secret ion  ( Varner et �. , 1980 ; 1981 ) ,  probably as the 

resul t of somatostati n rel ease { Hi rschowi tz and Mol i na ,  1983 ) .  The 

stimul atory effects of bombes i n  on gastri n rel ease are parti al l y  

i nh i b i ted by antral aci di fi cati o n ,  abol i shed by antrectomy , and not 

affected by atropi ne { Impi cc i atore et �. , 1974 ) . I n  contrast ,  Bl oom et  
!l· , { 1983 ) have demonstrated that whi l e  i ntravenous i nfus i on of GRP i n  

cal ves resul ted i n  i ncreased pl a sma concentrati ons of pancreati c 
gl ucagon , PP , i nsul i n  and somatostati n ,  there was no change i n  pl asma 

gastri n concentrati on . 

1 . 6 . 1 . 5  � 

Al though i t  i s  wel l estab l i shed that  l oweri ng pH i nh i b i ts gastri n 
rel ease and gastri c ac i d  secreti on  i n  dogs { Woodward et !!· ' 1954 ) , the 

mechani sm { s )  i nvol ved are not cl early understood . I t  i s  not k nown 

whether aci d  di rectly suppresses G cel l s  or whether i t  rel eases an 
i nhi b i tor  of gastri n rel ease from the antral mucosa . Konturek { 1980!) 
has suggested that i nh i bi t ion  of gastri n rel ease i s  a di rect effect of 
aci d  on G cel l s . 

Some workers have postul ated that l oweri ng of antral pH resul ts i n  

rel ease of antral chal one whi ch i nh i b i ts pari etal cel l secretory 
acti vi ty { see Grossman , 1974 ) . Most current evi dence , however ,  rai ses 

doubts about the exi stence of antral chal one { see Gl ass , 1980 ) . 

Cons i derabl e evi dence , however ,  exi sts for the presence wi th i n the 
mucosa of the antrum i n  man and the antrum and duodena l  bul b of. the dog , 
of an as yet uncharacteri zed substance cal l ed gastrone ( see Gl ass , 

1980 ) . When admi n i stered i ntravenou sly to dogs and rats , thi s  

gl ycopepti de i nh i b i ts gastri c ac i d  secreti on ( see Gl a s s , 1980 } . 

Somatostati n ( see bel ow } , a potent i nh i b i tor of gastri n rel ease and 

gastri c ac i d  secretion  ( Konturek et !!· , 1976!} , i ncreases markedly i n  
concentrati on i n  bl ood drai ni ng the stomach and pancreas of dogs 
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fol l owi ng antral or duodenal aci di fi cati on ( Schusdzi arra et !l· ' 1978 ) . 

Th i s  suggests that somatostati n may pl ay a rol e i n  regul ati on  of gastri c 
aci d  secreti on , acti ng as a mediator i n  antral and duodenal i nh i bi tory 

mechani sms ( see Arimura et � . ,  1978 ) . 

1 . 6 . 1 . 6  Adrenal i ne 

Catechol ami ne-contai n i ng  fi bres are found i n  the human abdomi nal 

vagus ( Lundberg et !l· · 1976 ) and the adrenergi c neurotransmi tter 
rel eased from postgangl i on i c  fi bres of the sympatheti c branch of the 

autonomi c nervous system i s  noradrenal i ne ( see Burnstock , 1 981 ) .  There 

i s  evi dence that  both i n  man ( Stadi l and Rehfel d ,  1973 ) and rat 

( Lundberg et !l· ' 1976 ) beta-adrenergi c mechani sms stimul ate the rel ease 

of gastri n .  Ash ( 1961�) demonstrated that i n  sheep , exogenous 

adrenal i ne i nh i b i ts abomasal pouch secreti on of aci d i n  response to 

i ntroducti on of buffered VFA ' s i nto the abomasum . At present ,  however , 
i t  i s  not pos s i bl e to concl ude whether adrenergi c mechani sms pl ay a 

si gni fi cant physi ol ogical rol e i n  regul ati on  of gastri n rel ease . 

1 . 6 . 1 . 7  Somatostati n 

Somatostati n ,  a cycl i c  tetradecapepti de ori gi nal ly  i sol ated from 
ovi ne hypothal ami c ti s sue ( Brazeau et !l· · 1973 ; Burgus et !l· ' 1973 ) ,  

has al so been i denti fi ed i n  other parts of the CNS ( Hokfel t et !l· , 

1978 ; Epel baum et !l· , 1977 ) , i n  the vagus nerve ( Uvnas-Wal l ensten 
et !l· , 1978 ) , myenteri c pl exus ( Hokfel t et !l· , 1978 ) , endocri ne 0 
cel l s  i n  the pancreati c i s l ets ( Luft et !l· , 1974 ; Duboi s ,  1 975 ) and 
throughout much of the mucosa of the G I  tract { Pol ak et !l· ' 1 975b ) . 

The maj or effect of exogenous somatostati n on gastri c function  i s  
to i nh i b i t ac i d  and peps i n secreti on sti mul ated by exogenous or 

endogenous gastri n ,  acetyl chol i ne or h i stami ne { see Konturek , 1980!, �; 

Wal sh , 1981 ; Chew ,  1983 ) . Recent data ( Chew , 1983 ) i ndi cates that 
somatostati n acts di rectly on pari etal cel l s  to i nhi b i t  hi stami ne 

acti vati on  of H+ secreti on . It al so acts i ndi rectly to i nh i bi t the aci d  

secretory response to gastri n s  probably  by bl ock i ng the gastri n-
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stimul ated rel ease of h i stami ne from paracri ne or endocri ne-l i ke cel l s  

present i n  gastri c mucosa ( Chew , 1983 ) . Somatostati n al so i nh i b i ts the 

rel ease of gastri n ( Konturek et �. ,  1976!; Bol man et !l· , 1978 ) . 

The poss i b i l i ty that  somatostati n i s  i nvol ved i n  regul ati on of 

gastri c ac i d  secreti on v i a  a paracri ne pathway was suggested fol l owi ng 

the fi ndi ng that  some D cel l s , i n  rat gastri c mucosa , have l ong  

cytopl asmi c processes that termi nate cl ose to : ( a )  G cel l s  i n  the 

antrum , and ( b )  pari etal cel l s  i n  the body regi on o f  the stomach 

( Larsson et �. ,  1979 ) . Further evi dence of a poss i bl e  paracri ne rol e 
for somatostati n i n  the regul ati on  of gastri c secreti on was provi ded by 
Chi ba et !l· ( 1981 ) , who demonstrated that al though i ntravenous 

i nj ecti on of anti somatostati n gamma-gl obul i n ,  i n  rats , di d not affect 

c i rcul ati ng gastri n l evel s ,  when rat antral muco sa was i ncubated wi th 
the anti serum , basal gastri n rel ease i ncreased.  These resul ts were 

i nterpreted as  i ndi cati ng  that c i rcul ati ng somatostati n does not pl ay a 

major rol e i n  the regul ati on of gastri n rel ease , but that the effect of  

the pepti de i s  l argel y at  a l ocal l evel ( i . e .  i t  has  a paracri ne 
* 

effect ) . 

Recent evi dence ( Schubert et !L· , 1982 ; Schubert and Makhl ouf ,  
1982 ; Saffouri e t  !l· ' 1984 ) i ndi cates that somatostati n rel ease from 
rat stomach , i s  regul ated by chol i nergi c ( atropi ne- sens i ti ve )  i nh i b i tory 

neurons and non-chol i nerg i c  ( atropi ne-resi stant)  stimul atory neurons . 
The sti mul atory neurotransmi tter probably i s  bombes i n  or V I P . These 
pepti des are present i n  gastri c mucosal nerves ( see Hokfel t et !l· , 

1980 ) and both are known to sti mul ate somatostati n secreti on ( Ch i ba 
et �. ,  1980!,�; DuVal et �. ,  1981 ; Saffouri et �. ,  1981 ) .  

I n  ani mal s wi th a s impl er form of stomach , exogenous somatostati n 

has al so been shown to i nh i b i t  the rel ease of secreti n ( Boden et·- !!· · 
1975 ; Konturek et �. ,  1976�) , CCK ( Konturek et �. ,  1976�) , moti l i n  

( Mi tznegg et �. ,  1977 ) and PP ( Kayasseh et !l· , 1978) , and to i nh i b i t  
bi carbonate and enzyme secreti on by the pancreas , and peps i n secret ion  
by the stomach ( see Konturek , 1980�) . 

Bel l et !l· , ( 1981!,E_) have postul ated a rol e for somatostati n i n  

the regul ati on of abomasal emptying  and ac i d  secreti on i n  the cal f .  

Footnote * Further , paracrine rel ease of  somatostatin is  probabl y  the 
�ediator of the inhibitory effect of cricul ating G I P  on 
gastrin release (Holst et �. , 1983 ) . 
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gastri c empty i ng 
Bel l et al . ( 1981b )  demonstrated that i nh i b i ti on of L fol l owi ng 

duodenal aci di fi cati on coi nci ded wi th hi gh l evel s of  c i rcul ati ng 
somatostati n and further , that the i nh i b i ti on was mai ntai ned fol l owi ng  
secti oni ng of both the spl anchn i c  nerves and vagi  together ( Bel l et !!· ' 
1981!) . These resul ts i ndi cate that the i nh i b i tory process  emanati ng 
from duodenal aci d  chemoreceptors i s  at l east i n  part an endocri ne 

mechan i sm .  Somatostati n i s  the most l i kely medi ator  of thi s  mechani sm . 

However ,  the rol e of somatostati n i n  the regul ati o n  of GI  tract secretory 

functions  i n  the sheep , has not yet been i nvesti gated . 

1 . 6 . 2  Regul ati on of Pancreati c Exocri ne Functi on  

Pancreati c secreti on i n  sheep i s  conti nuous ( Tayl or ,  1962 ) and 

n u i d  secretory rate rel ati vel y  constant wi th only a sl i ght  i ncrease i n  

response to i nc reased fl ow of di gesta i nto the duodenum ( Harri son and 

H i l l , 1962 ) . However ,  when abomasal contents were prevented from enter
i ng the duodenum ,  the rate of pancreati c secreti on  decreased rapi dly to 

about 30% of the normal rate , suggesti ng that the frequent passage of 
di gesta from the abomasum to the duodenum i s  a major factor i n  the 
regul ati on of the conti nuous fl ow of pancreati c j u i ce ( Tayl or ,  1962 ) .  

Duodenal pH i s  important i n  regul ati on of pancreati c secreti on 

( Magee , 1961 ) .  I ntraduodenal i nfusi on of  aci d  stimul ates pancreati c 

secreti on ( Tayl or ,  1962 ; Capl e and Heath , 1972 ; Reynol ds and Heath , 
1981 ) ,  however ,  the response i s  smal l compared wi th that observed i n  
dogs and p i gs  ( Magee , 1965 ) .  I n  contrast ,  i ntraduodenal i nfus i on of 

peptone sol uti ons causes l i ttl e or no change in  pancreati c fl ow or 
output of enzymes ( Reynol ds and Heath , 1981 ) .  In  sheep , i ntravenous 
admi n i strati on of short-cha i n  fatty acids , parti cul arly  butyrate , 

resul ts i n  a rapi d i ncrease i n  fl ow of pancreati c j u i ce and amyl ase and 

protei n output ( Harada and Kato , 1983 ) .  These workers concl uded that 
short-chai n  fatty aci ds produced sti mul atory effects by di rect acti on on 
pancreati c aci nar cel l s . Thus , VFA ' s resu l ti ng from fermentati ve 
di gesti on i n  the rumi noreti cul um , when absorbed i nto the venous system 

may have a di rect effect on the fl ow and compos i ti on of pancreati c 
j u i ce .  
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Chol i nergi c fi bres  i n  the vagus nerve pl ay an i mportant part i n  

regul ati on  of fl ow rate and compo s i ti on of pancreati c ju i ce ( Tayl or ,  
1962 ; Capl e and  Heath , 1975 ) . Vagal nerve stimul ati on resul ts i n  a 

l arge ( 5  to 10 fol d )  i ncrease i n  pancreati c enzyme output and a smal l er 
( 2  to 3 fol d )  i ncrease i n  fl u i d  and el ectrolyte secreti on . The 

neurotransmi tter i nvol ved i s  thought to be acetyl chol i ne ( see Gorel i ck 

and J ami eson , 1981 ; Reynol ds and Heath , 1981 ) .  Recently ,  P i erzynowsk i 
and Barej ( 1984 ) have suggested that i nsul i n  potenti ates the stimul atory 

acti on of  the vagus nerve on pancreati c secreti on . 

Pepti des  wh i ch may pl ay a rol e i n  the regul ati on  of pancreati c 

secreti on i ncl ude secreti n ( Chey et !!· · 1984 ) , CCK ( You et !l· · 1983 ; 
Chey et !!· , 1984 ) , V I P  ( see Chey ,  1980 ; Hol st et !!· , 1984 ) , PP  
( Begl i nger et !!· ' 1984 ) , somatostati n ( see Wal sh , 1981 ) ,  gl ucagon 

( Nakaj i ma and Magee , 1970 ) , GRP ( B l oom et !l· · 1983 , 1984 ) , PYY 

( Tatemoto , 1982 ; Szecowka et !!· ' 1983�; Chen et !!· , 1984 ) , PHI 
( Szecowka et !l· , 1983a ) and moti l i n  ( Magee and Naru se , 1 984b ) .  

1 . 6 . 2 . 1  Secreti n 

Secreti n ,  whi ch i s  a l i near pepti de contai n i ng 27  ami no aci d  
resi dues ( Mutt et !l· , 1970 ) ,  i s  structural l y  s imi l ar to gl ucago n , V I P  

and G I P . Secreti n-l i ke acti v i ty has been extracted from the duodena of 

sheep ( Tayl o r ,  1962 ; Reynol ds and Mcleay , 1 980 ) and the extracted 
pepti de shown to stimul ate pancreati c secreti on i n  anaestheti zed rats 
and to react wi th anti bod ies  rai sed agai nst porc i ne secreti n ( Reynol ds 
and Mcleay , 1980 ) . The extract was di sti ngui shed from CCK acti v i ty by 
i ts fai l ure to cause contracti on of sheep gal l bl adder � v i tro . I n  al l 
spec i es so far studi ed , secreti n i s  confi ned i n  i ts di stri buti on to the 

upper smal l i ntesti ne where i t  i s  synthes i zed , stored and rel eased: from 

S cel l s  ( Bus sol ati et !l· , 1971 ; Pol ak et !l· , 1971�) . 

The pri nci pal physi ol ogi cal acti on of secreti n i s  to sti mul ate the 
pancreas to produce l arge vol umes of b i carbonate r ich  secreti on ( Bayl i s s 

and Starl i ng ,  1902 ) . When admi n i stered on i ts own , secreti n has l i ttl e 

effect on pancreati c enzyme secreti on ( see Mutt , 1980!) , however ,  i t  may 
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potenti ate the effects of endogenou s  or exogenou s  CCK on pancreati c 

enzyme secreti on ( see Grossman , 1973 ) .  

I n  sheep , al though secreti n i nfus i on sti mul ates secreti on of water 

and el ectrolytes from the pancreas , the effect i s  not as marked as the 
response of the l i ver ( Capl e and Heath , 1972 ) . I ndeed , the vol ume of 

b i l e  and the quanti ty of b i carbonate secreted may be 3 - 5 times  h i gher 
than for pancreati c ju i ce .  I n  addi ti on , the respons i veness  o f  the sheep 

pancreas to exogenous secreti n i s  l es s  than that observed i n  the dog . 
Thus ,  i t  i s  esti mated that for comparabl e  doses of secreti n ,  the fl ow of  

pancreati c j u i ce i n  the dog i s  5 - 10 times more than i n  sheep , and 
that b i carbonate output i s  6 times  greater than from sheep pancreas ( see 
Fawcett , 1970 ) . 

I n  an imal s wi th a s impl er form of stomach ,  the mai n  stimu l us  to 

endogenous secreti n rel ease i s  the presence of aci d  i n  the duodenum 

( Schaffal i tzky de Muckadel l and Fahrenkrug , 1978 ; K im  et !l· ' 1979 } . A 
s imi l ar mechani sm al so exi sts i n  sheep , a s  Ho and Hansky ( 1979 )  reported 

a rap i d  ri se i n  ci rcul ati ng immunoreacti ve secreti n concentrati ons 
fol l owi ng  i nsti l l ati on of aci d  i nto the duodena of anaestheti zed sheep . 

1 . 6 . 2 . 2  CCK 

CCK was ori g i nal ly  shown to have 39 or 33 ami no ac i d  res i dues ( Mutt 

and J orpes , 197 1 ; Mutt , 1976 ) . S i nce then , CCK-12 , CCK-8 and CCK-4 
have been i sol ated ( see Rehfel d ,  1981 ) and al l these forms have been 

found i n  i ntesti nal and brai n ti s sue . CCK- l i ke acti v i ty has been 

extracted from the mucosa of the duodenum of sheep ( I vy et !l· ' 1929 ; 

Reynol ds  and Mcleay , 1980 ) , but the structure of ovi ne CCK has not been 
el uci dated . However,  CCK-8 has been i sol ated from sheep b ra i n  and: shown 

to have the same ami no ac i d  sequence as porci ne CCK-8 ( Dockray et !l· , 

1978 ) . 

The cel l s  that synthes i ze and store CCK i n  the GI  tract are the I 
cel l s  of the upper smal l i ntesti ne ( Pol ak et !l· , 1975!; Buffa et !l· , 

1976 } . 
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Al though CCK was ori g i nal l y  di scovered because of i ts acti on on the 

gal l bl adder ( I vy and Ol dberg , 1928 ) , several other acti ons  were soon 

descri bed ( see Mutt , 1980 ) . One of the mai n  physi ol ogi cal effects of 

CCK i s  i ts acti on on pancreati c secreti on  ( see Grossman , 1977 ) .  

Exogenous CCK i s  a strong sti mul ant of pancreati c enzyme secreti on 
( Harada et !l· , 1982 ) and may al so stimul ate de novo synthes i s of 

zYmogens ( see Mutt , 1980 ) . It  does not , however ,  stimul ate secreti on of  

al l pancreati c enzymes ( Nakaj ima et !l· ' 1973 ) . 

CCK has al so been shown , i n  rats ( Heatl ey ,  1968 ) and dog s  ( Debas 

and Grossman , 1973 ) , to have a weak stimul atory effect on pancreati c 

secreti on of water and b i carbonate . However ,  endogenous CCK greatly 
potenti ates the effect of secreti n i n  stimul ati ng pancreati c secreti on 
of water and b i carbonate ( Meyer et !l· , 197 1 ) .  Current ev i dence 

i ndi cates that , i n  man and dog , i nteracti on between CCK , secreti n and 

chol i nergi c nerves i s  essenti al for the stimul ati on of pancreati c 

secreti on  duri ng di gesti on ( see Chey ,  1 980 ) . 

1 . 6 . 2 . 3  p p  

Th i s  pepti de whi ch was i sol ated duri ng puri fi cati on of i n sul i n  from 
chi ckens ( Kimmel et !l· , 1975 ) and i nsul i n  and gl ucagon from p i gs  and 

cattl e ( Chance et �. , 1975 ) , has al so been i sol ated from pancreati c 

extracts of several mammal i an speci es i ncl udi ng sheep and cattl e ( Fl oyd 
et !l· , 1977 ) . PP-produci ng cel l s , i denti f ied by immunohi stochemi cal 
procedures , are found mai nly  i n  the pancreas , but have al so been found i n  
the antral reg i on o f  the stomach  of dogs  ( N i l sson et �. , 1975 ) and 
rats ( Sundl er et �. , 1977 ) , and the smal l ( Paul i n  and Duboi s ,  1978 ) and 
l arge ( Buffa et !l· , 1978 ) i ntesti nes of humans . � : . 

PP both stimul ates and i nhi b i ts pancreati c secreti on i n  dogs ( L i n  
et !l· , 1977 ) . At very l ow doses i t  acts as a weak agon i st on 
pancreati c water and el ectrol yte secretory mechani sms . More commonl y ,  
however , i t  i nh i b i ts pancreat� c fl u i d ,  b i carbonate and enzyme output 

( see L i n ,  1980 ) . PP al so i nh i b i ts pancreati c fl ui d ,  b i carbonate and 
enzyme secreti on stimul ated by secreti n and CCK ( L i n  et �. , 1977 ; 
Tayl or et !l· , 1978 ) . 
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The phys i ol ogi cal functi on of PP  i n  sheep , however , i s  yet to be 

determi ned . 

1 . 6 . 2 . 4  Somatostati n 

I n  both man ( Hanssen et !l· ' 1977 ) and dog ( Konturek et !l· , 1976b ) 

somatostati n i s  a potent i nh i b i tor  of  pancreati c b i carbonate secreti on  

stimul ated by exogenous secreti n or endogenous secreti n rel eased by 

duodenal aci di fi cati on . Somatostati n al so i nhi b i ts pancreati c enzyme 

secreti on stimul ated by CCK ( Dol l i nger et !l• , 1976 ) . 

Evi dence suggests that the i nh i bi tory effects of somatostati n on 

pancreati c exocri ne functi on may be due to a number  of  mechani sms , 
i ncl udi ng : 

( a ) competi ti ve i nh i b i ti on of  pancreati c secreti n receptors 

( Konturek et !l· , 1976�) , 

{ b )  i nh i b i ti on of the rel ease of CCK from i ntesti nal mucosa 

(Konturek et !l· , 1976�) , or 

{ c )  i nh i b i ti on of the rel ease of secreti n from i ntesti nal mucosa 
( Boden et !l· , 197 5 )  al though the dose of somatostati n used 
to el i ci t  thi s  effect probably was pharmacol ogi cal . 

Al though other pepti des have been shown to have i nh i b i tory effects 

on pancreati c exocri ne secreti on , { see Chey ,  1980 ) only PP and somato
stati n appear to be i nvol ved i n  the physi ol ogi cal i nh i b i ti on of 
pancreati c secreti on . 

1 . 6 . 3  Regul ati on of B i l e  Fl ow 

I n  sheep ( Heath et !l· , 1970 ) , as i n  other mammal i an spec i es 

{ Bergstrom and Dan i el s son , 1968 ) , the rate of transport of bi l e  sal ts by 

l i ver cel l s  i s  an important regul ator  of the secreti on of the b i l e  aci d  
dependent fracti on of bi l e . However , b i l e  ac i d  i ndependent secreti on of 
the l i ver i s  probably l argely under hormonal control { see Chey ,  1980 ) . 
Vagal nerve sti mul ati on has l i ttl e or no effect on b i l e  fl ow i n  sheep 
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( Pass  and Heath , 1 976 ) . Heath ( 1970 ) has suggested that secreti n i s  an 
i mportant phys i ol ogi cal stimul us  to b i l e  secreti on i n  sheep . Secreti n 

stimul ates b i l e  fl ow and causes an i ncrease i n  i ts b i carbonate concen

trati on i n  several spec i es ( see Mutt , 1980 ) i ncl udi ng  sheep ( Capl e and 

Heath , 1972 ) .  Chl ori de concentrati on al so i nc reases but b i l e  sal t 

output , i n  dogs , i s  unaffected by secreti n admi nstrati on ( Jones et !l· , 

1971 ) .  

I n  animal s wi th a s impl er form of s tomach , chol ereti c responses 

have al so been observed fol l ow i ng admi n i strati on of CCK ( Jones and 

Grossman , 1970 ; Gardi ner and Smal l ,  1976 ) , gastri n ( Gregory and Tracy , 

1964 ; Zaterka and Grossman , 1966 ; J ones and Grossman , 1970 ) , gl ucagon 
( Morri s et !l· , 1967 ; Oyck and J anow i tz ,  197 1 ;  Jones  et !!· ' 197 1 ) or 

V I P  ( Makhl ouf et !l· ' 1974 ; Thul i n  and Hel l gren , 1976 ; Makhl ouf 
et !l· , 1978 ) . The potency of these pepti des i s  al ways cons i derably 

l es s  than for secreti n and whether or not they have a physi ol ogi cal rol e 

i n  the regul ati on of b i l e  fl ow and compos i ti on has yet to be establ i shed . 

1 . 6 . 4  Regul ati on of I ntesti nal Secreti on  

I ntesti nal secreti on i s  the net resul t of absorpti on and  secreti on  
that occur concurrently and  conti nuously across  the i ntesti nal mucosa . 

The regul ati on of i ntesti nal secreti on i nvol ves endocri ne , paracri ne and 
neural factors ( see F i el d ,  1981 ) .  

The i nvol vement of the nervous system i n  the regul ati on of 
i ntesti nal secreti on in  sheep has not been el uci dated . However ,  

Hubel ( 1976 ) demonstrated that i n  dogs chol i nergi c agoni sts stimul ate 

i ntesti nal secretion  and that the effect can be bl ocked wi th atropi ne .  
Such resul ts suggest that the parasympatheti c nervous system i nfl uences 
i ntesti nal secreti on . 

Pepti dergi c  nerves i n  the i ntramural pl exuses may al so have a rol e 

i n  the regul ati on of i ntesti nal secreti on . Pos s i bl e neurotransmi tters 

i ncl ude V I P ,  substance P ,  bombes i n ,  neurotens i n ,  somatostati n ,  enkepha
l i ns and 5-HT . For a revi ew of the di stri buti on of these pepti des i n  

nerves and thei r effects on i ntesti nal secreti ons , see Fi el d ( 1981 ) .  
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I n  sheep , pepti dergi c nerve fi bres wi th immunoreacti v i ty to V I P  

( Harri son and Wathuta , 1980 } , bombes i n o r  substance P ( Ha rri son and 

Wathuta , 1982!} have been l ocated i n  the i ntramural pl exuses of al most  

the enti re G I  tract .  The phys i ol ogi cal rol e that these or any other 

pepti derg ic  nerves may pl ay i n  the regul ati on  of i ntesti nal secreti on i n  

sheep i s  yet to be establ i shed . 

The pepti de G I P ,  whi ch i s  found i n  K cel l s  ( Buchan et !l· , 1978 } 
predomi nantly i n  the crypts of the duodenum and jej unum ( Buffa et !l· , 

1975 ; Bunnett and Harri son , 1979!} , has been shown to stimul ate 

i ntesti nal secreti on i n  dogs ( Ba rbezat and Grossma n ,  1971 ; Barbezat ,  

1973 } . Exogenous G I P  has  al so been shown to  i nhi b i t  net water 

abso rpt ion  i n  the i ntesti ne of man ( Hel man  and Barbezat ,  1976 ; 1977 } 
and to i nduce secreti on  of chl ori de i ons  ( Hel man and Barbezat ,  1977 } .  

However , more recently Barbezat ( 1981 )  has stated that  i n  some cases 
the dose of G I P  produced pl a sma concentrati ons outsi de the normal 
phys i ol ogi cal range . Further , doses of G I P  whi ch produced pl a sma 

concentrati ons wi th i n  the phys i ol ogi cal range , had no effect on net 

movements of water and el ectrolytes i n  the smal l i ntesti ne thus  casti ng  
doubt upoh the rol e of G IP  i n  i ntesti nal secreti on . 

V I P , a pepti de contai n i ng 28 ami no aci d  res i dues wi th structural 
s imi l ari ti es to secreti n ,  gl ucagon and G I P  ( Sa i d ,  1980 } , stimul ates 
i ntesti nal secreti on . In dogs ( Barbezat and Grossman , 197 1 ) and humans  
( Krej s et !l· , 1980 ) , i nfus i on of V IP  resul ts in  decreased absorpti on  of  
water and  sodi um i ons  from the jej unum .  However , the physi ol ogi cal rol e 

of V I P  i n  regul ati on  of i ntesti nal secreti on i s  as yet unknown . I t  has  

been suggested that the effects of V IP  on net  secreti on of water and 
sodi um i ons i n  the smal l i ntesti ne are due to a general i zed cardi o
vascul ar effect and a l ocal i zed effect on rel ease of acetyl chol i ne 
( Ma i l man ,  1978 ) . I nfus i on of V I P  resul ts i n  decreased i ntesti nal 'bl ood 
fl ow due to i ncreased res i stance to bl ood fl ow at the absorpti on s i te .  

These i nh i b i tory effects o f  V I P  are bl ocked by atropi ne ( Ma i l man , 1978 } . 

Al though somatostati n does not appear to affect jej unal fl uxes when 

gi ven al one ( Barbezat and Reasbeck , 1981 ) ,  i t  i s  capabl e of i nh i b i ti ng 
prostagl andi n-sti mul ated secreti on i n  rats · ( Dharms.athaphorn et !l· , 

1980 } and gl ucagon-stimul ated - secreti on i n  dogs ( Barbezat and Reasbeck , 

1981 ) .  
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Other pepti des whi ch have been shown to sti mul ate i ntesti nal 

secreti on  in dogs i ncl ude gl ucagon and pentagastri n ( Ba rbezat , 1973 ) , 

whi l e  i n  man s imi l ar responses have been noted for secreti n ( Hi ck s  and 

Turnberg , 1972 ) , CCK ( Mori tz et !L· , 197 3 )  and gl ucagon ( H i ck s  and 

Turnberg , 1974 } .  However , i n  many i nsta nces the dosages of pepti des 

used i n  these studies  were i n  the pharmacol ogi cal range . Recent 

evi dence ( Ki rkegaard et !L· , 1984 } demonstrates that secreti n ,  at very 

l ow pl a sma concentrati ons , stimul ates secreti on of b i carbonate , protei n 
and mucus from Brunner ' s gl ands of  rats . Gl ucagon , however , was wi thout 
effect . The phys i ol ogi cal rol e of any of these pepti des i n  regul ati on  

of ovi ne i ntesti nal secreti ons i s  yet to  be establ i shed . 

1 . 7  Regul ati on  of  moti l i ty of the Ovi ne G I  Tract 

Th i s  secti on wi l l  bri efl y  revi ew the regul ati on  of the moti l i ty of 

the rumi noreti cul um , oma sum , abomasum , i ntesti nes and gal l bl adder by 
neural and humoral factors . 

1 . 7 . 1  Rumi noreti cul um 

Orderly ,  synchroni zed movements of the rumi noreti cul um are requi red 

for the mi xi ng of di gesta , regurgi tati on of bol i of di gesta for 
rumi nati on , eructati on  of rumen gases , and movement of di gesta through 
the reti cul o-omasal ori fi ce . For rev i ews of rumi noreti cul ar  movements , 

eructati on and rumi nati on see Dougherty ( 1968 } ; Stevens and Sel l ers 

( 1968 } ; Ti tchen ( 1968 } ; Ph i l l i pson ( 1977 ) ;  and Wyburn ( 1980 ) . 

1 . 7 . 1 . 1 Refl ex Control 

Rumi noreti cul ar  movements have been obtai ned i n  decerebrate 

preparati ons under condi ti ons i ndi cati ng the responses are refl ex 

i n  nature ( see Ti tchen , 1968 ) . Evi dence i ndi cates  the refl ex 
centres are si tuated i n  the medul l a  obl ongata . Refl ex responses are 

evoked by stimul ati on of vari ous .parts of the G I  tract and such refl exes 
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depend on the i ntegri ty of the vagi . Orderly sequenti al movements of 

the rumi noreti cul um cease fol l owi ng secti on of the vagi  ( Duncan , 1953 ; 

Habel , 1956 ) , al though spontaneous reti cul ar  contracti ons may reappear 

{ Ph i l l i pson , 1977 ) . 

Mechan i cal stimul ati on of the b uccal ( Bo rgatti and Matscher ,  1958 ) , 

oesophageal ( Cl ark and Wei s s ,  1952 ; Kay and P h i l l i pson , 1959 ; Sel l ers  

and  T i tchen , 1959 ) , reti cul ar  ( Ti tchen , 1 958 ) , rumi nal ( Ash  and  Kay , 

1959 ; Rei d ,  1963 ) ,  omasal ( Ti tchen , 1958 ) and aboma sa l  ( Ti tchen , 
1958 ) mucosa has been shown to i ncrease the frequency of rumi noreti cul a r  

contracti ons . I n h i bi ti on of rumi noreti cul ar  contracti ons has al so been 

reported fol l owi ng severe di stens i on of the oesophagus { Sel l ers and 

Ti tchen , 1959 ) , reti cul um ( Rei d ,  1962 ) , rumen ( Dougherty ,  1940 ) , omasum 

( Schal k and Amadon , 1928) , abomasum ( Phi l l i pson , 1939 ; Wei s s ,  1953 ; 

Ti tchen , 1958 ; 1960 ) and i ntesti ne ( Ph i l l i pson and Ash , 1965 ) . 

Ten s i on receptors i nvol ved i n  the refl ex regul ati on of rumi no

reti cul ar  moti l i ty have been demonstrated i n  vari ous parts of the GI tract 

i ncl udi ng : the medi al wal l of the reti cul um around the reti cul ar  

groove , the crani a l  sac of the rumen ( Leek , 1969 ) , the omasal canal and 
abomasum ( Leek and Hardi ng , 1975 ) , and duodenum ( Leek and Hardi ng , 1975 ; 
Cottrel l and I ggo , 1984�) .  

Mucosal receptors sensi ti ve to both mechani cal and chemi cal 
stimul ati on  are found i n  the reti cul um and cran i al sac of the rumen 

( I ggo and Leek , 1970 ; Leek and Hardi n g ,  1975 ) ,  abomasum and duodenum 
( Leek and Hardi ng , 1975 ; Cottrel l and I ggo ,  1984b ) .  

1 . 7 . 1 . 2  Hormonal Control 

Several GI  hormones or  pepti des have been shown to i nfl uence 

moti l i ty of the rumi noreti cul um .  Exogenous admi n i strati on o f  pentagas

tri n ( Carr et �. , 1970 ; Mcleay and Ti tchen , 1970�; Ruckebusch , 1 97 1 ; 
Grovum and Chapman , 1982 ) i nh i b i ts rumi noreti cul ar moti l i ty .  I n fus i on  

of an impure preparati on of secreti n has been shown to reduce both the 

frequency and ampl i tude of rumen movements . More recently ,  Grovum 

( 1 981 ) demonstrated that  i ntravenous i nfus i on of secreti n reduces the 



37 . 

frequency of reti cul ar  contracti ons but has no effect on thei r 

ampl i tude . I n  sheep , CCK has a marked i nh i b i tory effect on the frequency 
of reti cul ar  contracti ons  ( Wi l son et !l· , 1976 ; Grovum , 1 981 ; 1982 } and 

causes an i ncrease i n  the strength of rumen contracti ons  ( Wi l son et !l· ' 

1976 } . What rol e ,  i f  any , these hormones pl ay i n  the regul ati on of 

rumi noreti cul ar moti l i ty has not been establ i shed . Grovum ( 1981 } ,  

however ,  has suggested that el evated pl asma l evel s of gastri n and CCK 

may be respon s i bl e for the rumi nal stasi s  frequently observed i n  
i ntesti nal paras i ti sm ( see Secti on 1 . 9 } . 

1 .  7 . 2  Omasum 

Omasal moti l i ty i s  regul ated at l east i n  part by refl ex control 

mechan i sms . Thi s i s  demonstrated by : 

( a }  contracti ons  of the omasal canal i n  the cal f are stimul ated 
fol l owi ng rap i d emptyi ng of  the abomasum ( Stevens et !l· , 
1960 } , 

( b )  the rate of omasal contracti ons i ncreases duri ng feedi ng  and 

rumi nati o n ,  (i .e. i n  peri ods of i ncreased moti l i ty of the 
rumi noreti cul um (Ohga et �. , 1 965 ) ) ,  and 

( c )  i n  the cal f di stens i on o f  e i ther the rumi noreti cul um or 
abomasum i nh i b i ts omasal movements ( Stevens et !l· ' 1960) 

The rol e ,  however , that G I  hormones or pepti des may pl ay i n  
regul ati on o f  omasal moti l i ty i s  yet to be establ i shed . Ruckebusch 

( 1971 ) has shown that exogenous pentagastri n stimul ates the 

myoel ectri cal acti v i ty and moti l i ty of the omasum . The physi ological 

s ign i f i cance of th i s  observati on i s  not clear . 

1 . 7 . 3  Abomasum 

� -. . 

Abomasal acti vi ty and emptyi ng i s  l argely regul ated by the effects 
of di gesta upon duodenal receptors sens i ti ve to vol ume and chemi cal 

stimul i ( see Bel l , 1980 ) . 
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Abomasal emptyi ng i s  stimul ated when di gesta are di verted away from 
the duodenum and i nh i b i ted , temporari l y ,  by the return of contents to 

the duodenum ( Hogan and Phi l l i pson ,  1960 ) . 

I ntraduodenal i nfus i on of i sotoni c  b i carbonate or sodi um chl ori de 

stimul ates abomasal emptyi ng ,  whi l e  di l ute HCl , KCl , cac1 2 or hypertoni c  

sol uti ons  of mono- and di sacchari des i nh i b i t  emptyi ng  ( see Bel l , 1980 } . 

I n  sheep abomasal emptyi ng i s  al so i nh i b i ted by i ntraduodenal i nfus i on  

of VFA ' s ,  parti cul arly butyri c aci d ( Bol ton et �. ,  1 976 ) . 

There i s  a parasympatheti c component i n  the regul ati on of abomasal 

moti l i ty as shown by the change s  observed fol l owi ng secti on  of  the vagi . 

Bel l et �· ( 1977 } demonstrated that i n  the cal f ,  abomasal moti l i ty ,  

particul a rl y  of the body regi on , ceases and emptyi ng i s  impai red 

fol l owi ng  b i l ateral cerv ical vagotomy .  These workers found that moti l i ty 

and emptyi ng resumes 7 - 29 days after vagotomy , probably as a resul t of 

re-establ i shment of i ntri n s i c  nervous  control . 

I n  rumi nants several G I  hormones or pepti des have been shown to 

i nfl uence abomasal moti l i ty .  Exogenous pentagastri n has been shown to 

i nh i b i t the myoel ectri c acti v i ty of the abomasum of  sheep 

( Ruckebusch , 197 1 ) .  A s imi l ar response has al so been demonstrated i n  
cal ves ( Bel l et �. ,  1977 ) . Secreti n al so has an i nh i b i tory effect on 
abomasal moti l i ty i n  the cal f ( Mcleay and Bel l , 1980 ) . I n  cal ves Bel l 
et �· ( 1981�) demonstrated that  i ntravenous i njecti on of somatostati n 
causes a dose-dependent reducti on  i n  abomasal emptyi ng and abol i shes 

antral emg ' s for as l ong  as pl asma somatostati n l evel s remai n  above 200 
pg/ml . Th i s  acti on of somatostati n may be of  phys io l ogical  importance 
as these workers demonstrated that  i ntraduodenal i nfus i o n  of aci d  caused 

pl asma somatostati n l evel s to ri se to an average of 286 + 16 pg/ml and 

thi s  concentrati on was ma i ntai ned throughout the peri od of i nfus i on . 
Mcleay and Bel l ( 1980 ) demonstrated that i n  the cal f i ntravenous 

i nfus i on of  CCK reduces abomasal emg acti vi ty and i nh i b i ts abomasal 
emptyi ng . I t  was earl i er suggested ( Bel l and Mcleay , 1978 ) that CCK i s  

i nvol ved i n  the i nh i b i ti on of abomasal empty i ng observed fol l owi ng 

i ntraduodenal i nfus i on of  fat . Such a mechani sm coul d be of consi derabl e 

importance to the suckl i ng animal to ensure that mi l k  prote i n  and fat 

was retai ned i n  the abomasum until gastri c di gesti on was compl ete . 
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L i ttl e i nformati on i s  avai l abl e on the neural regul ati on of 
i ntesti nal moti l i ty i n  sheep . I n  speci es wi th a s impl er  form of 
stomach , parasympatheti c stimul atory effects on both smal l and l arge 

i ntesti ne have been reported { fo r  a recent  rev iew of control of  

i ntesti nal moti l i ty see Roman and Gonel l a ,  1981 ) .  I nh i bi tory effects of 

parasympatheti c nerve stimul ati on have al so been reported , the effect 

bei ng medi ated by i ntramural puri nergi c or  pepti derg i c  { i . e .  non

chol i nergi c ,  non-adrenergi c )  neurons . 

I t  i s  wel l establ i shed that  the sympatheti c i nnervati on to both 

smal l and l arge i ntesti ne i s  noradrenergi c and exerts a ton i c  

i nh i bi tory effect o n  i ntesti nal moti l i ty ( see Roman and Gonel l a , 1 981 ) .  

I ntri n s i c  neural regul ati on  of i ntesti nal moti l i ty i s  compl ex . I n  

addi ti on to i ntramural chol i nergic and adrenergi c fi bres a l arge number 
of pepti dergi c fi bres have been descri bed ( see Gabel l a ,  1 981 ; Wood ,  
1981 ) .  However ,  the rol e of such pepti dergi c nerves i n  sheep has  
yet to  be  estab l i shed . 

1 . 7 . 5 Gal l Bl adder 

The gal l bl adder of sheep di spl ays rhythmi c patterns of 
contracti on ( Capl e and Heath , 197 1 )  s imi l ar to those observed in  other 

ani rnal s ( I vy , 1934 ) . The frequency and ampl i tude of contracti ons 
i nc rease rap i dl y  duri ng feedi ng and decrease duri ng fasti ng { Capl e 
and Heath , 1971 } .  Contracti on of the gal l bl adder duri ng feedi ng or 

duodenal i nfus i on of ac i d  i s  i nh i b i ted by i ntravenous i njecti on of 

atropi ne , thus  demonstrati ng  a chol i nergic  i nvol vement i n  regul ati on of 

moti l i ty of the gal l bl adder ( see Capl e and Heath , 1 975 } . The pri nci pal 
factor regul ati ng gal l bl adder moti l i ty and emptyi ng , however , i s  the 

hormone CCK ( Capl e and Heath , 1971 ) .  Recent ev i dence ( Magee and 
Naruse , 1984!) i ndi cates that i n  animal s wi th a s impl er form of stomach  

the vagus nerve pl ays a more i mportant rol e in  the regul ati on of gal l 
bl adder emptyi ng than had hi therto been thought .  
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Th i s  secti on wi l l  bri efly outl i ne the methods of demonstrati on and 
i denti fi cati on  of GI endocri ne cel l s , thei r general morphol ogi cal 
characteri sti c s , cl ass i fi cati on , ori gi n s  and growth . D i scuss i on of the 

di stri buti on of GI endocri ne cel l s  i s  l argely confi ned to studi es 

on sheep . 

1 . 8 . 1  Methods o f  Demonstrati on  and I denti f i cati on  o f  Endoc ri ne Cel l s  

Techni ques for demonstrati on and i denti fi cati on of  endocri ne 

cel l s  fal l i nto four  mai n  groups : h i stochemi cal , immunoh i stochemi cal , 

el ectron mi croscopy and autoradi ography . 

One of the earl i est h i stochemi cal techni ques used to demonstrate 

endocri ne cel l s  was the chromaffi n method used to demonstrate the 

presence of chromaffi n cel l s  i n  the adrenal medul l a  and vari ous  

abdomi nal paragangl i a  ( see L i l l i e ,  1965 ) . Subsequently ,  th i s  techni que 
has been used to demonstrate enterochromaffi n ( EC )  cel l s  i n  a vari ety of 

ti ssues i ncl udi ng the stomach ( He i denhai n ,  1870 ) , i ntesti ne ( Schmi dt , 
1905 ) and duodenum ( Fal ck et !l· , 1959 ) . Th i s  method genera l l y  i nvol ves 
fi xati on of ti ssue i n  formal i n-di chromate mi xtures or  chromati on  i n  

mi xtures  of K2cr2o7 and K2cro4 • Under appropri ate condi ti ons , EC cel l 
granul es yi el d a yel l owi sh-brown col our ,  thought to be due to formati on 
of a tetrahydro-4-carbol i ne reacti on product ( Smuck l er et !l· ' 1960 ) . 

EC cel l s  may al so be demonstrated by the azo coupl i ng reacti on 
descri bed by Cordi er and L i son ( 1930 ) . Duri ng fi xati on in formal dehyde 
or gl utaral dehyde , 5-HT , wh ich  i s  conta i ned i n  EC cel l secretory 

granul es , i s  converted i nto a a-carbol i ne compound ( Barter and ?earse ,  

1955 ) . I n  al kal i ne condi ti on s ,  th i s  compound coupl es wi th a di azoni um 
sal t to y iel d an i nsol ubl e azo dye ,  the col our  of whi ch depends on the 
di azoni um sal t used ( L i l l i e et !l· ,  196 1 ) .  

A vari ety of s i l ver stai n i ng techni ques have been empl oyed to 
demonstrate argentaffi n or  argyroph i l  reacti ons i n  G I  endocri ne cel l s .  

Cel l s  wh i ch demonstrate a pos i t i ve argentaffi n reacti on possess the 
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abi l i ty to reduce s i l ver sal ts i n  the dark , wi thout the addi ti on of any 
external reduc i ng agent . I n  cel l s  that conta i n  5-HT , i t  i s  thought that 
a-carbol i ne i s  responsi bl e for the reducti on of s i l ver sal ts to metal l i c 

s i l ver ( Dawson ,  1978 ) . I t  has al so been suggested that the argentaffi n 

reacti on of formal i n  fi xed ti ssues i s  due to some phenol i c  compounds i n  

the granul es ( Thompson , 1966 ) . The most commonly used argentaffi n 

methods are the Masson-Hamperl ( Hamperl , 1927 ) , Masson-Fontana ( Pearse , 
1972 ) and a modi f ied Masson-Hamperl techni que ( Si ngh , 1964 ) . 

Cel l s  whi ch are argyroph i l i c may be impregnated wi th s i l ver , but 

l i ght  or  an external reduci ng agent i s  requ i red to produce the bl ack 
depos i t of metal l i c s i l ver ( N i chol s et �. , 1974 ) . The prec i se bas i s 
for th i s  reacti on  has not been establ i shed , however , evi dence presented 

by Vassal l o  et �· ( 1971!) suggests that i n  EC cel l s , 5-HT may be 

i nvol ved i n  the reacti on and that i n  pancreati c A cel l s , gl ucagon i s  not 
i nvol ved . The most commonly empl oyed argyrophi l i c  techni ques i ncl ude 

those descri bed by Grimel i us ( 1968 ) , vari ati ons of that techni que ( De 
Grandi , 1970 ) , and the Sev i er and Munger ( 1965 ) method . 

Cel l s  wh i ch are argentaffi n i c  are al so argyroph i l i c ,  but the 

converse i s  not necessari l y  true , thus argyroph i l i c cel l s  are general l y  
more numerous ( N i chol s e t  !l· · 1974 ) . Because many G I  endocri ne cel l 

types sta i n  wi th si l ver techni ques , ( see Tabl es 2 . 1  and 2 . 2 )  these 

methods have been used for screeni ng ti ssues for the presence of 
endocri ne cel l s . 

Immunoh i stochemi cal techni ques for the demonstrati on of endocri ne 
cel l s  depend upon an immune reacti on i nvol v i ng a spec i fi c  anti body and 
the anti gen to be i denti fi ed .  Fi rstl y ,  an anti body ,  rai sed aga i nst the 
pepti de to be i denti fi ed ,  i s  appl i ed to ti ssue secti ons  conta i n i ng the . -. .  
anti gen under study .  The subsequent steps i n  immunohi stochemi cal 
techni ques i nvol ve i denti fi cati on of the si tes at wh ich  the b i ndi ng of 
anti body and anti gen have occurred . Two of the most commonly used 
immunohi stochemi cal methods are the i ndi rect peroxi dase conj ugate method 

( see Sternberger , 1979 ; Tayl o r ,  1978 ) and the PAP method ( see Sternberger , 
1979 ; Tayl o r ,  1978 ) . A recent devel opment  i n  th i s  fi el d i s  the use of 
the streptavi di n-bi oti n system ( �onnard et �· · 1984 ) . 
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I n  the i ndi rect method , fol l owi ng  appl i cati on of a primary 

anti serum , a second anti serum i s  appl i ed to the ti s sue secti on . Thi s  
secondary anti serum , rai sed i n  a thi rd spec i es ( i . e .  not the speci es 
under study ,  nor the spec i es i n  whi ch the primary anti serum was 

produced ) ,  i s  di rected aga i nst the immunogl obul i n  components of the 

primary anti serum and therefore wi l l  b i nd speci fi cal l y  to the anti gen

primary anti body compl ex . I n  thi s  techni que , the secondary anti serum i s  

conj ugated wi th horseradi sh peroxi dase .  The l ocati on  of bonded compl ex 

i s  then demonstrated usi ng a su i tabl e chromagen to sta i n  the peroxi dase . 
Di ami nobenzi di ne ( Novi koff and Gol dfi scher , 1 969 ; Novi koff et !l· , 
197 1 )  or tetramethyl benzi di ne { Mesul am ,  1978 ) are commonly used for th i s  

purpose . 

The PAP techni que di ffers from the i ndi rect method descri bed above , 

i n  that i t  uses three anti sera : a pri mary anti serum wi th anti bod ies  

whi ch b i nd wi th the anti gen to be  i denti fi ed , a secondary anti serum 
whi ch bi nds wi th the immunogl obul i n  components of both the primary and 
terti ary anti sera , and a tertiary anti serum-compl ex . The anti serum 

i n  th i s  compl ex i s  rai sed i n  the same spec i es as the primary anti serum 
and conta i n s  anti bodi es to horseradi sh peroxi dase whi c h  are then 

compl exed wi th horseradi sh peroxi dase anti gen . The l ocati on of bound 
anti gen-compl ex i s  reveal ed by use of a su i tabl e chromagen such as u sed 
i n  the i ndi rect method . 

These techn i ques have been used extens i vely and have contri buted 
greatly to the i denti fi cati on of endocri ne-l i ke cel l s  and neurons 
produc i ng b i o l ogi cal l y  acti ve pepti des . The great advantage of these 

techni ques i s  that they are general ly  speci fi c .  Desp i te thi s ,  hormone 

homol ogy may i nterfere wi th th i s  spec i fi c i ty .  For exampl e CCK and 

gastri n have i denti cal C-termi nal pentapepti de sequences { see Buchan .. . _ . 
et !l· , 1979 ; Rehfel d ,  1981 ) , thus a s i ngl e anti body may b i nd wi th both 
CCK and gastri n .  However , because the anti gen bi ndi ng s i te i s  smal l ,  
averagi ng 3 to 8 ami no ac i ds i n  l ength { see Larsson , 1981 ) ,  i t  i s  

possi bl e to ra i se anti bod ies aga i nst a porti on of the mol ecul e whi ch i s  

un i que to ei ther CCK or gastri n .* Use of such regi on spec i fi c  anti sera 
has contri buted greatly to the i denti fi cati on of speci fi c  endocri ne 

* (Larsson and Rehfel d ,  197 7 )  
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cel l types , for exampl e ,  the TG cel l s  of the duodenum ( Larsson and 

Rehfel d ,  1979 ; Larsson et !l· , 1981 ) .  

El ectron mi croscopi c i denti fi cati on of G I  endocri ne cel l s  has 

l argel y centred on di fferences i n  the ul trastructural characteri sti c s  

of the pepti de storage granul es ( Grube and Forssmann , 1979 ) . 

Cri teri a for i denti fi cati on have i ncl uded vari ati ons i n  granul e 
si ze ,  shape , el ectron dens i ty and matri x structure . Wi th i n  any 
spec i es these characteri sti cs are uni que for each endocri ne cel l 

type , however , a uni versal G I  endocri ne cel l cl ass i fi cati on system 

does not seem poss i bl e because of spec i es vari ati ons i n  granul e 

characteri sti cs  ( Grube and Forssmann ,  1 979 ) . 

El ectron mi croscopy has al so been parti cul arl y  val uabl e i n  

l ocati ng the presence o f  mul ti pl e pepti de products wi th i n  a s i ngl e 
cel l . For exampl e ,  rat pancreati c A cel l s  exhi b i t  immunoreacti v i ty 

for an endorph i n  as wel l as pancreati c gl ucagon ( see Grube and 

Aebert , 1 981 ) .  El ectron mi croscopy has demonstrated that both 

immunoreacti v i ti es are l ocated wi th i n the same secretory granul es 
( Grube et !l· , 1 978�) .  

E l ectron mi croscopi c autoradi ography has been used , i n  
parti cul ar , to i denti fy pathways of ami ne synthesi s i n  gastri c 
endocri ne cel l s  ( see Rub i n  and Schwartz , 1 981 ) . Us i ng tri ti um 
l abel l ed ami ne precursors , Rub i n et !l· ( 197 1 )  demonstrated that al l 

endocri ne cel l types found i n  the mouse stomach are abl e to take up 

ami ne precursors and decarboxyl ate them ( i . e .  they are members of 

the APUD seri es of cel l s :  Pearse , 1969 ) . In parti cul a r ,  Rub i n and 
Schwartz ( 1 979�) have shown that al l rat gastri c EC cel l s  can readi l y  
synthes i ze appreci abl e amounts o f  5-HT from tryptopha n .  These workers 

al so demonstrated that i n  the rat , ECL cel l s  can synthes i ze and store 
5-HT , but the quanti ty i nvol ved i s  not normal ly enough to be detected 
by conventi onal argentaffi n or ami ne-fl uorescent techni ques . 

Organ cul ture studi es , us i ng rat stomach and tri ti ated hi sti di ne , 

fol l owed by el ectron mi croscopi c  autoradi ography has reveal ed that  ECL 
cel l s  i n  th i s  spec i es synthesi ze. apprec i abl e quanti ti es of h i stami ne 
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( Rub i n  and Schwartz , 1979b ) . Thi s fi ndi ng has not yet been confi rmed 

i n  other speci es . 

Al l the techni ques outl i ned have provi ded val uabl e i nformati on 
concerni ng types ,  di stri buti on , secretory products and poss i bl e 

functi ons of  GI  endocri ne cel l s . I n  general , no one techni que provi des 
compl ete answers but rather the methods are seen as compl ementary . 

I n  thi s thes i s ,  h i stochemi cal and immunohi stochemi cal techni ques 

have been used . 

1 . 8 . 2  General Morphol ogy 

Endocri ne cel l s  i n  the GI  tract are found scattered i n  the 

epi thel i um l i n i ng the stomach ,  i ntesti nal c rypts , gl ands of Brunner 

and i ntesti nal v i l l i .  Typi cal l y  the nucl ei of  these endocri ne cel l s  

are round and ves i cul ar  i n  appearance , whi l e  the cytopl asm i s  refrac
tory to most  routi ne hi stol ogi cal sta i ns .  Th i s  characteri sti c l ed 

Feyrter ( 1938 ; 1953 ) to descri be them as ' cl ear ' cel l s . However ,  
some ' cl ear ' cel l s  have been shown to be agranul ar , poorly di ffer

enti ated cel l s  ( see Sol c i a  et !l· , 1975�) and thus  are not endocri ne 
cel l s . 

Most endocri ne cel l s  l i e di rectly on the basal l ami na of the 

epi thel i um .  I n  the cardi ac and antral regi ons  o f  the stomach and i n  

the i ntesti ne , the majori ty o f  these cel l s  reach the gut l umen and 

hence are cal l ed ' open ' type endocri ne cel l s  ( Fuj i ta and Kobayashi , 
1973 ) .  These cel l s  are frequently  pyrami dal or  teardrop i n  shape 
wi th the narrow pol e of the cel l reachi ng  the gut l umen . The l umi nal 
surface i s  covered wi th mi crovi l l i  wh i ch are consi dered to serve a 

. -_ . 
sensory functi on ( Sol c i a  et !l· , 1967 ; Fuj i ta and Kobayashi , 1978 ) . 

The supranucl ear cytopl asm of these cel l s  conta i ns coated ves i cl es , a 
centri ol e ,  Gol gi compl ex and el ongated c i sternae ( see Fuj i ta and 

Kobayash i , 1977 } .  Characteri sti cal l y ,  these cel l s  have secretory 
granul es concentrated i n  the i nfranucl ear porti on of the cel l . Thus 

· ' open ' type endocri ne cel l s  di spl ay a degree of cel l pol ari ty ( see 
Sol c i a  et !l· , 1981a } .  
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In contrast , cel l s  whi ch l ack l umi nal contact show l i ttl e evi dence 

of pol ari ty ( see Sol c i a  et !l· , 1975!) . Such endocri ne cel l s ,  cal l ed 
' cl osed ' type by Fuj i ta and Kobayash i  ( 1973 ) , are most  common i n  the 

body reg i on of the stomach i n  mammal s wi th a s impl er form of stomach 

( see Sol c i a et �. , 1975!} . Most ' cl osed ' type endocri ne cel l s  l i e 

di rectly on the basal l ami na , are frequently oval or fl attened i n  shape 

and have secretory granul es scattered throughout thei r cytopl asm ( see 
Sol c i a  et �. , 1981!} . 

A smal l proporti on of endocri ne cel l s  are characteri zed by basal 
cytopl asmi c processes ( Larsson et �. , 1979 ) . These cytopl asmic  

processes have been observed pass i ng between the basal l ami na and the 

bases of nei ghbouri ng cel l s , to termi nate cl ose to other epi thel i al 

cel l s  some di stance from the endocri ne cel l ( Larsson et �. , 1979 } . 

Such cel l s  were l argel y confi ned i n  di stri buti on to the stomach where 
' targets ' for such processes i ncl uded pari etal cel l s  and antral G cel l s . 

Both ' open ' and ' cl osed ' type endocri ne cel l s  wi th cytopl asmi c processes 
have been i denti fi ed but as yet such cel l s  have not been found i n  the G I  

tract o f  shee p .  

1 . 8 . 3  Cl ass i fi cati on  o f  Endoc ri ne Cel l s  

Several attempts have been made to cl as s i fy the endocri ne cel l s of 
the human G I  tract us i ng resul ts of hi stochemi cal , ul trastructural and 

immunohi stochemi cal studi es . The l atest of these attempts , the Santa 
Moni ca ( 1980 ) cl ass i fi cati on ( Sol c i a  et !l· , 1981�) , i s  shown i n  
Tabl e 1 . 1 .  

Wh i l e  such cl ass i f icati ons have proved to be extremely useful , 

attempts to cl ass i fy endocri ne cel l s  on a functi onal bas i s  have- :been 
fraught wi th di ffi cul ti es . For exampl e ,  al though i t  has been a wi dely 

hel d concept that each GI  endocri ne cel l produces only one pepti de 

product ,  there i s  mounti ng evi dence that some may produce a number of 
secretory products . Exampl es i ncl ude :  

( a )  EC cel l s  wh i c h  produce 5-HT ( Barter and Pearse , 1953 ; Facer 
et !l· , 1979 ) may al so· conta i n  substance P ( N i l sson et �. , 



Tab l e  1 . 1  Santa Moni ca cl assi fi cati on of human GEP endocri ne cel l s ,  thei r di stri buti ons and secretory 

products ( Sol ci a  et !l· , 1981�) 

Cel l Type 

A (a cel l )  
B ( a  cel l ) 
D ( 6  cel l ) 

01 
EC 
ECL . 
G 

I 
IG 
K 
L 

Mo 
H 
p 
pp 
s 
TG 
X 

Pancreas 

+ 
+ 

+ 
+ 

+a 

+ab 

+b 

+ 

D i stri buti on 
Stomach Smal l I ntesti ne 

Oxynti c Pyl o ri c  Upper Lower 

+ab 

+ 
+ 
+ 

+ 

+ 

+ 

+ 
+ 
+ 

+ 

+ 

+a 

+a 

+a 

+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 
+a 

a found i n  other ani mal s ;  only excepti onal l y  i n  man 

Large 
I ntesti ne 

+ 

+ 
+ 

+ 

b found i n  foetus or newborn ; only exceptional ly i n  adul ts 

P roduct ( s ) 

Gl ucagon 

I nsul i n  
Somatostati n  
? 

Serotoni n + vari ous pepti des 
? + h i stami ne 
Gastri n 
CCK 

Gastri n 

G I P  
Gl ucagon- l i ke i mmunoreacti vi ty 
Moti l i n  

Neurotens i n 
? 

Pancreati c polypept i de 

Secreti n 
C-termi nal  gastri n i mmunoreacti v i ty 
? 

+ cel l s  present 

- cel l s  absent 

... 01 . 
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1 975 ) and l eu-enkephal i n  ( Al umets et !!· ' 1978 ) . 

( b )  Antral G cel l s  whi ch produce gastri n al so demonstrate 

immunoreacti v i ty for met-enkephal i n  ( Pol ak et !!· ' 1977 ; 

Larsson and Stengaard-Pedersen ,  1981 ) ,  8-endorph i n  ( Forssmann 
et !!· , 1977 ; Larsson and Stengaard-Pedersen , 1981 ; Pol ak 
et !!• , 1978 ) and growth hormone ( Hakanson et !!• , 1978 ) . 

( c )  P ancreati c A cel l s  demonstrate CCK ( Grube et !!· ' 1978!) and 
endorph i n  ( Grube et !!· ' 1978�) immunoreacti vi ty as wel l as  
immunoreacti v i ty to gl ucagon . 

Some of these mul ti pl e spec i fi c i ti es may be due to nonspec i fi c  
bi ndi ng o f  anti sera i n  immunoh i stochemi cal techni ques { Grube and Aebert ,  

1981 ) .  Support for such an expl anati on was provi ded by Buffa et !!· 
( 1979!, �) who demonstrated that thei r growth hormone anti serum reacted 

wi th G ,  A and D cel l s  i n  a non anti gen-anti body mechani sm . Thi s  reacti on  

was medi ated by the c 1 fracti on of compl ement . How extens i ve such non-q 
immune reacti ons are i s  not known . 

Larsson and Jorgensen ( 1 978 ) have demonstrated mul ti pl e secretory 
products i n  some endocri ne cel l s  i n  human and rat foetuses .  These 
workers , us i ng regi on speci fi c  anti sera , found that some duodenal G 
cel l s  contai n both gastri n and CCK . I n  addi ti on , S cel l s ,  25 - 40% of 

duodenal G cel l s ,  and up to 65% of I cel l s  conta i n  5-HT . Such fi ndi ngs 

l ed Larsson and Jorgensen ( 1978) to suggest some endocri ne cel l s  of the 
foetal duodenum are not ful ly di fferenti ated and are abl e to synthes i ze 
and store several di fferent b i ol ogi cal l y  acti ve products . 

An add i ti onal di ffi cul ty i s  that for some cel l types whi ch are wel l 
characteri zed morphol ogi cal ly , no pepti de secretory product has -yet been 
i denti fi ed . For exampl e ,  ECL cel l s  have been i denti fi ed i n  

ul trastructural studies  and have been shown , i n  rats , to synthes i ze 

hi stami ne ( Rub i n  and Schwartz , 1979!; Sol l et !!· , 1981 ; Rub i n  and 
Schwartz , 1981 ; Kubota et !l· , 1984 ) . However ,  no pepti de secretory 
product has yet been i denti fi ed . 
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Fi nal l y ,  cons i derabl e i nterspeci es vari ati ons i n  both ul tra

structural appearance and di stri buti on of some GI endocri ne cel l s  may 

precl ude the establ i shment of an acceptabl e uni versal cl ass i fi cati on 
{ see Grube and Forssmann , 1979 ; Sol c i a et !l· ' 1981�) . 

To date , workers descri b i ng endocri ne cel l s  i n  the GI  tract of 

sheep have cl ass i fi ed such cel l s  on the bas i s of systems s imi l ar to that  

shown in  Tabl e 1 . 1 .  A s imi l ar cl ass i fi cati on wi l l  be fol l owed i n  th i s  
thes i s .  

1 . 8 . 4  D i stri buti on o f  Endocri ne Cel l s  and Hormones 

The di stri buti on of endocri ne cel l s  produc i n g ,  stori ng  and 

rel easi ng gastri n ,  secreti n ,  CCK , PP , G I P ,  moti l i n ,  enterogl ucagon , 

somatostati n or neurotens i n i s  shown i n  Tabl e 1 . 1  { Sol c i a  et !l· ' 
1981�) . A more detai l ed study of the gastri c mucosa , wi th some 

references to speci es di fferences , was presented by Sol c i a et !l· 
( 1975a ) . 

I n  spec i es wi th a s impl er form of stomach , i ncl udi ng man ,  rat , cat , 
dog and baboon , the reg i ons of the gut wi th h i ghest total numbers of 
endocri ne cel l s  are the stomach and duodenum , and thereafter ,  numbers 

decrease di stal l y  al ong the i ntesti nes ( Bl oom and Pol ak , 1978 ) . Some 

endocri ne cel l types are wi dely  di stri buted throughout the GI tract 
{ e . g . EC cel l s ; Sj ol und et !l• , 1983 ) whi l e  others are l i mi ted i n  

di stri buti on { e . g .  ECL cel l s  are l i mi ted to the body reg i on of the 
stomach ;  see Tabl e 1 . 1 } . Most  endocri ne cel l s  are found i n  the mi ddl e 
and/or l ower thi rds of the th i ckness of the mucosa . 

� : . 

L i ttl e work has been publ i shed on the di stri buti on of endocri ne 

cel l s  i n  the GI tract of the sheep . Tehver ( 1930 } demonstrated 
argentaffi n cel l s  i n  the abomasum where they are common i n  the body 
regi on , but rare i n  the antrum . These fi ndi ngs were confi rmed by 
Sommervi l l e  ( 1956 ) .  Tehver ( 1 930 ) al so found argentaffi n cel l s  i n  the 

crypts of L i eberkuhn i n  the duodenum . 
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Endocri ne cel l s  showi ng immunoreacti vi ty to a porc i ne gastri n/CCK 

anti serum have been found i n  the ovi ne GI tract ( Bunnett and Harri son 

1979 !, �; Bunnett , 1984 ) . These immunoreacti ve cel l s  are most 
numerous i n  the abomasal antrum , but al so occur i n  the vi l l i  and crypts 
of the upper smal l i ntesti ne , and a few are fou nd i n  the submucosal 

gl ands of Bru nner . I n  the abomasal antral mucosa these cel l s  are 

characteri sti cal l y  pyrami dal i n  shape , of the ' open ' type and occur 
throughout the enti re mucosal thi ck ness . These workers concl uded that 

such antral cel l s  were probably excl us i vely G cel l s  a s  I cel l s  have not 

been found in the stomachs  of other mammal i an speci es ( see Tabl e 1 . 1 ) . 

Recent el ectron mi croscopi c  studi es ( Bunnett and Harri son , 1981!) reveal 
that antral G cel l s  have mi crovi l l i  on thei r api cal borders and the 

secretory granul es are general l y  basal ly  l ocated , about 180 nm i n  

di ameter and have an el ectron dense core . Thi s morphol ogical descri p

ti on i s  s imi l ar to that of human antral G cel l s  ( Lechago and Wei nstei n ,  

1978 ) . Because thei r gastri n anti serum al so cross-reacts wi th CCK , 

Bunnett and Harri son ( 1979!) suggested that the immunoreacti ve cel l s  

they found i n  the smal l i ntesti ne represent a mi xture of G and I cel l s . 

I n  sheep , G I P  immunoreacti ve cel l s  occur throughout the smal l 

i ntesti ne , but are most  numerous i n  the duodenum ( Bunnett and Harri son , 
1979!) . Typ i cal ly  these cel l s  are tear drop i n  shape , of the ' open ' type 

and l ocal i zed i n  the deeper parts of the crypts of L i eberkuhn . These 

workers al so extracted a pepti de from sheep smal l i ntesti ne whi ch ,  when 

i nfused i nto sheep or rats , i nhi b i ts pentagastri n stimul ated gastri c 
aci d  secreti on ( Bunnett and Harri son , 1981�} . Because th i s  pepti de 
extract ,  whi ch may conta i n  G I P , does not cause contracti on of i sol ated 

sheep gal l bl adder , i t  was concl uded that  the extract does  not conta i n  
CCK . 

Gl ucagon-l i ke immunoreacti ve materi al i s  present i n  mucosa1 · 

extracts of the ovi ne GI  tract ( Bassett and Madi l l , 1978 ) . H i ghest 
concentrati ons of such materi al occur i n  the di stal jej unum and i l eum , 
wh i l e  smal l or undetectabl e quanti ti es are found i n  the abomasum , 

duodenum and proxi mal jej unum .  

Bunnett ( 1 980 } us i ng an anti serum rai sed aga i nst pancreati c 

gl ucagon , demonstrated numerous ·gl ucagon immunoreacti ve cel l s  i n  the 
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di stal smal l i ntesti ne and pancreata of sheep . S imi l ar cel l s  al so occur  
i n  the mucosa of the abomasum, proximal smal l i ntesti ne and l arge 

i ntesti ne , but are absent from the forestomach . The di stri buti on of 

these endocri ne cel l s  is  s imi l ar to the pattern of di stri buti on of 

gl ucagon l i ke immunoreacti ve materi al i n  l ambs a s  reported by Bassett 

and Madi l l  ( 1978 } . Thi s  suggests that the materi al extracted from the 

mucosa by Bassett and Madi l l  ( 1978 }  was the same materi al that Bunnett 

( 1980 } l ocated i n  endocri ne cel l s . 

Immunocytochemi cal techni ques have been used to demonstrate the 
presence of substance P -l i ke and bombes i n- l i ke reacti v i ty i n  the ovi ne G I  
tract ( Harri son and Wathuta , 1982!) . Substance P- l i ke immunoreacti v i ty 
i s  found  i n  ' open • type endocri ne cel l s  i n  both the smal l and l arge 

i ntesti nes , and i ntramural nerve fi bres . Bombes i n- l i ke acti v i ty ,  
however , i s  confi ned to nerve fi bres and nerve cel l bodi es i n  the G I  

tract ( Harri son and Wathuta , 1982a ) .  

V I P  immunoreacti vi ty i n  sheep ( Harri son and Wathuta , 1980 ) , as 
in other spec i es ( Bi shop et !l· , 1980 ) , i s  confi ned to nerve fi bres and 
does not occur i n  any di screte endocri ne cel l s  i n  any regi on of the GI 

tract .  

5-HT , a product o f  E C  cel l s  ( Oey and Hoffpaui r ,  1984 ) , i s  found i n  

mucosal extracts o f  the abomasum , smal l and l arge i ntesti nes , but i s  

absent from the forestomach of sheep ( Fausti ni , 1955 ) .  Th i s  pattern 
i s  s imi l ar to the di stri buti on of EC cel l s ,  demonstrated us i ng 
h i stochemi cal techni ques , i n  both sheep and cattl e ( Ri zzotti et !l· , 
1976 ; Ri zzotti and Domeneghi ni , 1976 ) . Ri zzotti and eo-workers found 
that EC cel l s  are most numerous i n  abomasal gastric  gl ands , the duodenum 

and rectum . 

1 . 8 . 5  Origi n and Devel opment of Endocri ne Cel l s  

Al though Pearse ( 1981 ) has presented evi dence to suggest that G I  
endocri ne cel l s  ari se from the neuroectoderm , thei r ori gi n remai ns 
controvers i al ( Andrew et !l· , 1983 ) . Pearse ( 1981 ) cl a ims that the 

presence of the enzyme neuronal speci fi c  enol ase i n  neurones and APUD 
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cel l s  ( Schmechel et !l· ' 1978 ) , but not other cel l types , i ndi cates that 

APUD cel l s  and neurones have a common embryol ogi cal ori gi n .  I n  

contrast ,  Andrew ( 1982 ) suggests that the presence o f  neuronal spec i fi c  

enol ase i n  neurones and APUD cel l s  may merely  i ndicate a s imi l ari ty i n  

metabol i sm rather than a common embryon i c  ori gi n .  Al ternati vely ,  Andrew 

( 1982 ) cl a ims that any common source of  APUD cel l s  i s  " too far back i n  

devel opment to be of  any s i gni fi cance" . Evi dence from experiments us i ng  

a " b i ol ogi cal marker" system has been i nterpreted as supporti ng  the 

hypothes i s that GI endocri ne cel l s  are deri ved from endoderm { see Le 

Douari n ,  1978 ) . Thu s  the debate on the ori gi n of GI endocri ne cel l s  
remai ns unresol ved . 

There has al so been debate about the abi l i ty of  GI  endocri ne cel l s 
to di v i de postnatal l y .  Chang and Lebl ond { 1971 ) were unabl e to 

demonstrate mi tot i c  fi gures or 3H-thymi di ne l abel l i ng of  argenta ffi n 

cel l s  i n  mou se col on  and therefore concl uded that these cel l s  di d not 
have the capac i ty to di v i de .  I n  contrast ,  Cheng and Lebl ond { 1974 ) , 
us i ng the el ectron mi croscope , observed endocri ne cel l s  i n  the mouse 

smal l i ntesti ne whi ch were undergo i ng mi tos i s .  These cel l s  were l ocated 

at the crypt base and resembl ed nei ghbouri ng col umnar cel l s  from whi ch 

they were thought to ari se . As these endocri ne l i ke cel l s  acqui red more 
basal granul es  they l ost the abi l i ty to di v i de .  They then mi grated up 
the wal l of  the crypts towards the extrus i on zone of the v i l l us .  Lehy 
and Wi l l ems ( 1976 ) demonstrated that antral G cel l s  of  mi ce were capabl e 
of cel l di vi s i on ,  but were not abl e to show that new G cel l s  arose 
excl us i vely by th i s  means . 

Endocri ne cel l turnover times have been estimated from k i neti c 

studi es of the i ncorporati on of  3H-thymi di ne .  I n  the mouse , turnover 

times vary from regi on to regi on ; bei ng i n  the duodenum and j ej unum , 

3 . 9 - 4 . 0  days ( Ferrei ra and Lebl ond ,  197 1 ; Cheng and Lebl ond , · -1974 ) ,  
i n  the descendi ng col on 23 . 3  days ( Tsubouchi  and Lebl ond , 1979 ) ,  and for 
antral G cel l s  as  l ong as 2 - 4 months ( Lehy and Wi l l ems , 1 976 ) . 

Ki neti c studi es of turnover rates of G I  endocri ne cel l s  have not been 

reported for sheep . 

Studi es of changes i n  serum hormone l evel s may be a useful 

i ndi cati on of  GI  endocri ne cel l devel opment .  For exampl e ,  Shu l kes 
and eo-workers 
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( Shul kes et !l· ' 1981�, �; Shul kes and Hardy ,  1982 ) demonstrated the 

devel opment of hypergastri naemi a i n  sheep foetuses from 15 - 20 days 

pri or to parturi t ion  and whi ch conti nued for up to 14 days after b i rth . 
Compared wi th adul t val ues ( 21 + 5 pmol /1 for nonpregnant ewes ) ,  foetal 

pl a sma gastri n l evel s are l ow at 101 - 105 days ( 7  + 1 pmol /1 ) ,  however ,  

from 130 days gestati on foetal pl a sma gastri n l evel s are greater than  
adul t val ues , ri s i ng to a peak of 47  + 5 pmol /1 at 14 1  - 145  days . 

There i s  a sharp ri se i n  pl a sma gastri n l evel s i n  the immedi ate post

partum peri od ( 90 + 13 mol /1 at 1-5  days ) fal l i ng to 38 � 5 pmol /1 at 

66 - 10 days postpartum . S imi l ar resul ts have been reported by 
L i chtenberger et !l· ( 1981 ) . Shul kes et !l· ' ( 1982 ) demonstrated that 
gastri n found i n  foetal pl a sma was of foetal ori gi n and that the hyper

gastri naemi a observed di d not resul t from a fa i l ure of metabol i c  
cl earance of gastri n .  

Al though L i chtenberger e t  !l· ( 1981 ) were abl e to detect gastri n i n  

serum at 107 days gestati on , they were unabl e to l ocate immunoreacti ve G 
cel l s  i n  the abomasum unti l 1 20 - 130 days gestati on . These workers 

reported an i nc rease i n  the number of G cel l s  throughout the remai nder 

of pregnancy and the fi rst 2 week s  postpartum . Th i s  i ncrease i s  due 

l argely to an el ongation  of the antral gl ands , hence total G cel l 
numbers , rather than any change i n  G cel l dens i ty .  The i ncrease i n  
antral G cel l numbers cl osely paral l el s  the ri se i n  serum gastri n 
l evel s .  These workers di d not ,  however , report any observati ons on the 

devel opment of i ntesti nal G cel l s . 

The apparent di screpancy between the ages at whi ch serum gastri n 
and antral G cel l s  are fi rst detected , may be due to two factors . 
Fi rstly ,  R IA  and immunocytochemi cal methods are of  di fferent 
sens i ti vi ti es and secondly ,  the serum gastri n detected i n  107 day ol d 
foetuses may have been deri ved from i ntesti nal G cel l s  and not antral G 
cel l s . 

Al though the devel opment of other endocri ne cel l types has not been 
studi ed i n  shee p ,  the presence of PP and GL I has been reported i n  sheep 
foetuses . Measurabl e concentrati ons of PP are found i n  foetal pl a sma at 
101  days gestati on but val ues are only about 4% of  adul t val ues ( Shul kes 

and Hardy ,  1982 ) . These workers· found that concentrati ons remai n  l ow 
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unti l the week before b i rth when there i s  a sharp i nc rease to about  30% 

of  adul t l evel s .  Then , i n  the fi rst week postpartum pl asma PP ri ses to 
221 � 38 pmol /� , whi ch i s  wi thi n the normal range for adul t sheep . They 
suggested that foetal pl asma PP  i s  of foetal ori g i n and probably 

secreted by pancreati c PP cel l s .  Al though PP cel l s  have been reported 

to occur i n  GI tract muco sa ( see L i n ,  1980 ) , parti cul arl y  i n  the antrum , 

they have not been i denti fi ed i n  the rumi nant .  

GL I ,  measured by RIA ,  i s  found i n  the i ntesti nal mucosa of  foetal 

l ambs from 55 days of gestati on ( Bassett a Madi l l , 1978 ) . H i ghest 
concentrati ons  were detected i n  the termi nal i l eum wi th l es ser concen
trati ons  i n  the abomasum and proximal smal l i ntesti ne . These workers 

found that the concentrati on  of GL I i n  the di stal one thi rd of the smal l 

i ntesti ne i ncreased from 55 days to term , when l evel s are comparab l e to 
those found i n  adul t sheep . The endocri ne cel l respons i bl e for the 

synthes i s of GL I i n  the ovi ne foetus remai ns to be i denti fi ed .  

I t  i s  cl ear from th i s  di scuss i on that l i ttl e i nformati on has been 
publ i shed on the endocri ne cel l types found i n  GI mucosa of the foetal 
l amb or on the manner i n  wh i ch such cel l s  devel op . The functi ons of G I  
hormones in  the ovi ne foetus al so rema i n to  be  el uci dated . 

1 . 9 Pathophysi ol ogi cal E ffects of  Parasi tes i n  the G I  Tact 

Thi s  rev i ew i s  l argely confi ned to the effects of the nematode 
Tri chostrongyl us  col umbri formi s on GI phys i ol ogy i n  sheep . One other 
paras i te ,  Ostertagi a c i rcumc i ncta , wi l l  al so be di scussed because of i ts 
profound effect on abomasal secreti on i n  sheep . 

Recently ,  evi dence has been obta i ned i ndi cati ng GI paras i tes ·cause 
severe perturbati ons i n  the normal mechani sms regul ati ng  secret ion  of  G I  

hormones ( see Ti tchen , 1982 ) . Thus  some of  the cl i n i cal effects of 
paras i ti c  i nfestati on may be due to di sturbances of  the GI endocri ne 

system . Such di sturbances may be due to effects on the synthes i s and/or 

rel ease of  hormone , number and/or di stri buti on of endocri ne cel l s , or 
al terati on of the sens i ti vi ty of target cel l s . Possi bl e mechani sms by 

whi ch i ntesti nal parasi tes may. cause such effects remai n  l argel y 
unexpl ored . 
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Tri chostrongyl us  col ubri formi s 

Thi s  i ntesti nal nematode , commonly found i n  domesti c rumi nants , 

i nhab i ts the upper smal l i ntesti ne where they are characteri sti cal ly  

found i n  ' tunnel s '  i n  the epi thel i um { Barker , 1973 ) . 

I n fecti on may cause occas i onal d iarrhoea , i nappetence , wei gh t  l os s  

and emac i ati on accompan i ed by decreased protei n di gesti on , poor 

uti l i zati on of cal c i um and phosphorus , anaemi a ,  hypoprotei naemi a and 
hypoal bumi naemi a ;  death may fol l ow many months after the i ni ti al 

i nfecti on { Horak et !l· , 1968 ) . 

I n  sheep depressi on of feed i ntake i s  common fol l ow i ng the 
establ i shment of a �  col ubri formi s i nfecti on , the degree of depress i on 
bei ng rel ated to the severi ty of the i nfestati on . Symons  and Hennessy 

( 1981 ) suggested that the effect of � col ubri formi s i nfecti on on feed 

i ntake was due to an i ncrease i n  pl a sma CCK l evel s .  Us i ng a bi oassay ,  
these workers demonstrated the presence i n  pl a sma of a factor they 

concl uded was CCK , the concentrati on of wh i ch was el evated i n  more 

heav i l y  i nfected ani mal s .  I n  addi ti on , they demonstrated that 
i ntravenous i nfus i on of CCK octapepti de depresses  feed i ntake in  sheep . 
Other workers have al so proposed that CCK operates as  a sati ety factor 
{ see Mutt , 1980�) . Evi dence for such a rol e i n  sheep i nc l udes  the 
fi ndi ng that cerebral ventri cul ar  i nj ecti on of CCK i nh i b i ts feedi ng 

( Del l a-Fera and Bai l e , 1979 ) , whi l e  prol onged admi ni strati on of an 

anti serum to CCK i nto the l ateral ventri cl es resul ts i n  i ncreased food 

i ntake ( Del l a-Fera et �. , 1981 ) .  Grovum { 1981 )  has shown that 

i ntravenous admi ni strati on of CCK , as  wel l as  pentagastri n and secreti n ,  
i nh i b i ts feed i ntake . However ,  s i nce the doses of CCK and pentagastri n 
requi red to achi eve th i s  effect were h i gh ,  the rol e  CCK pl ays i n  the 

phys i ol ogi cal regul ati on of feed i ntake of normal sheep remai ns  ·to · be 
determi ned . I n  parasi ti zed an imal s ,  however ,  el evated pl asma CCK l evel s 

may account for the reduced feed i ntakes . 

Al though reduced feed i ntake i s  an  important  contri butor to 

impai red producti on , there are components of i mpai red growth whi c h  
cannot be  expl a i ned o n  th i s  basi s .  Part of the reducti on i n  eff ic i ency 

of feed convers i on i s  due to i ncreased rates of bl ood protei n turnover 
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( see Dargi e ,  1980 ) resul ti ng from the l os s  of up to 220 ml of pl asma per 

day i nto the G I  tract ( Ba rker ,  1973 ; Yakoob et !l· ' 1983 ) .  I ntesti nal 

paras i ti sm al so resul ts i n  impai red protei n depos i ti on ( Sykes and Coop , 

1976 ) , due l argely to an i ncrease i n  uri nary n i trogen excreti on ( Roseby , 
1973 ) , and an i ncrease i n  urea synthes i s accompani ed by an i ncreased and 

i rrevers i bl e  l oss of urea ni trogen ( Roseby and Leng , 1974 ) . 

Mucosal morphol ogy of both the upper smal l i ntesti ne ( Ba rker , 1973 ; 
1974 ) and abomasum ( Barker and Ti tchen , 1982 ) are al tered duri ng  

i nfecti on wi th � col ubri formi s .  The  predomi nant duodenal mucosal 

hi stopathol ogi cal feature of i nfected l ambs i s  vi l l us atrophy ( Ba rker ,  

1974 ) , characteri zed by shorteni ng of the v i l l i  and the presence of 

l ong , strai g�t ,  often d i l ated crypts conta i n i ng an abnormal l y  l arge 
number of cel l s  wi th mi toti c fi gures . Many epi thel i al cel l s  are of a 
rounded , l ow col umnar  type rather than the normal col umnar type ( Barker ,  

1975!) . Smal l erosi ons  of the epi thel i al surface are occas i onal ly  
observed wh i l e  eos i nophi l s  and polymorphonucl ear cel l s  are seen i n  the 

gut l umen . The l ami na propri a i s  heav i l y  i nfi l trated by mononucl ear 

cel l s , parti cul arly pl asma cel l s , and i n  some areas neutroph i l s  are 
observed i n  the subepi thel i al connecti ve ti s sue ( Barker ,  1975a ) . 

Barker ( 1974 ) al so descri bed a more extreme form of  v i l l us atrophy 
characteri zed by a compl ete absence of v i l l i  i n  the upper smal l 

i ntesti ne . Crypt openi ngs proj ect i nto the l umen and are surrounded by 

a ri ng of epi thel i al cel l s . Surface epi thel i al cel l s  are frequently 
cuboi dal i n  shape and the epi thel i um may have many di sconti nui ti es 
through whi ch eos i noph i l s and neutroph i l s l eak i nto the gut l umen .  
Sometimes the enti re surface between crypt openi ngs i s  devoi d  of 
epi thel i al cel l s , the boundary between l umen and mucosa bei ng a l ayer of 
connecti ve ti ssue . 

Barker ( 1975b ) has demonstrated i ncreased permeab i l i ty of 

capi l l aries and venul es in  the smal l i ntesti nal l ami na propri a of 
i nfected sheep . I ncreased permeab i l i ty i s  l i mi ted to i nfected porti ons 
of the G I  tract .  The severi ty of the l eakage i s  rel ated to the worm 

dens i ty wi th i n  the upper smal l i ntesti ne . I t  was suggested that l eakage 
resul ted from the devel opment of transi ent or di sconti nuous gaps i n  
endothel i al j uncti ons . 
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The only gross  changes observed i n  the abomasa of i nfected sheep 

were occas i onal areas of reddeni ng  on rugae ( Barker and Ti tchen , 1 982 ) . 

These workers observed h i stol ogi cal changes  i n  the mucosa of the body 

reg i on of the abomasum of i nfected sheep , parti cul arly i n  those ani mal s 
i n  whi c h  abomasal pH was el evated . I n  those an imal s many pari etal cel l s  
appeared poorl y di fferenti ated and EM studi es i ndi cated that these cel l s  

di d not secrete aci d .  I n  severely affected animal s ,  mucous neck cel l s  

extended i nto the depth s  of gastri c gl ands thereby poss i bl y  reduc i ng 

pari etal cel l mass . The abomasal mucosa of  i nfected animal s remai ned 

substanti al ly  i ntact al though smal l erosi ons  occurred at the edges of the 
rugae . A moderate i nfi l trati on of the l ami na propri a by mononucl ear 

i nfl ammatory cel l s  was frequentl y  seen i n  i nfected sheep . � col ubri 
formi s worms were only rarel y  seen i n  epi thel i al tunnel s i n  the abomasal 
antrum ( Barker and T i tchen , 1982 ) .  

Abomasal secreti on of aci d  i s  i nh i b i ted by i nfecti on wi th 

T .  col ubri formi s ( Barker and Ti tchen , 1982 ) . These workers reported a 
reducti on  i n  vol ume and concentrati on  of aci d secreted , such that more 

than hal f of the i nfected animal s fai l ed to mai ntai n abomasal pH at the 

same l evel as pa i r-fed control s or control s fed ad l i b i tum . Ev i dence 
suggests that the mechani sm of ac i d  secreti on i nh i b i ti on i s  an i ndi rect 
one ( i . e .  the parasi tes do not have a di rect i nh i b i tory effect on 
pari etal cel l s ) .  F i rstl y ,  very few of these parasi ti c  worms become 

establ i shed i n  the abomasum ( Barker ,  1974 ) and those wh ich  do are found 

mai nly i n  the antral mucosa . Secondly ,  profound i nh i b i ti on of ac i d  

secreti on i s  al so observed i n  animal s i n  wh i ch the paras i tes are 
confi ned to the smal l i ntesti ne ( see Ti tchen , 1982 ) . The mechani sm by 
wh i ch � col ubri formi s i nfestati ons i nh i b i t  aci d  secreti on has yet to be 
establ i shed . I nh i b i ti on of gastri n rel ease from TG or IG  cel l s  i n  the 
duodenal mucosa does not seem a l i kely expl anati on as pl asma gastri n 
l evel s do not change si gn i fi cantly fol l owi ng  i nfecti on  ( T i tchen· 'and 
Anderson , 1977 ) . Barker and Ti tchen ( 1982 ) suggested , rather , that the 

i nh i bi ti on was due to the rel ease from the paras i ti zed smal l i ntesti ne 

of a system i c a l l y  acti ng gastri c i nh i b i tory factor ,  the i denti ty of 
wh i ch i s  as yet unknown . Whi l e  somatostati n i s  a possi bl e candi date , 

parti cul arl y  because of i ts establ i shed rol e i n  the i nh i b i ti on of aci d  

secreti on , no i nformati on i s  currently avai. l abl e on the effect of 
T .  col ubri formi s i nfecti on on . ci rcul ati ng l evel s of th i s  hormone . 
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I nfestati on of the abomasum by Ostertagi a c i rcumci ncta causes a 

gastri ti s accompani ed by reduced ac i d  secreti on ( Mcleay et !!· · 1973 ) . 

The pari etal cel l s  of the abomasa of sheep exposed to i nfecti on for 24 

days di spl ay 
·
h i stol ogi cal characteri sti cs  of i nacti ve ( i . e .  non 

secreti ng ) pari etal cel l s . Mcleay et  !l· ( 1973 ) postul ated that a 

factor rel eased from the paras i tes or from the paras i ti zed mucosa , 

di rectly i nh i b i ts the pari etal cel l s . 

Ostertag i as i s i s  accompani ed by a profound hypergastri naemi a 

( Anderson et !!· , 1976�, 1981 ) .  Serum gastri n l evel s i ncrease wi thi n  
ei ght days of oral admi n i strati on of l arvae and reach a peak , i n  the 
seventh week of i nfecti on , of 14 - 65 times  that i n  control an imal s 

( Reynol ds et !!· ' 1979!) . These workers found that the change i n  
c i rcul ati ng gastri n concentrati on was di rectly rel ated to the severi ty 

of the i nfecti ons .  I t  i s  cl ear that  the hypergastri naemi a observed i n  

ostertagi as i s resul ts from an i ncrease i n  gastri n secreted by the 

abomasal antrum ( see Ti tchen , 1982 ) .  I n  the more severe i nfecti ons ,  
abomasal mucosal gastri n concentrati ons  were al so s i gni fi cantly h i gher 
than i n  control an imal s ,  whi l e  duodenal mucosal gastri n concentrati ons 

were depres sed . 

Secreti on of both ac i d  and pepsi n  from non- i nfected abomasal 
pouches i ncreases markedl y i n  animal s i n  whi ch the rest of the abomasal 
mucosa i s  exposed to � c i rcumc i ncta ( Mcleay et !!· , 1973 ; Anderson et 
!!· ' 1976!) . These effects are due to an i ncrease i n  ci rcul ati ng l evel s 
of gastri n ( Anderson et !!· , 1976�; 1981 ) and are abol i shed by 
antrectomy ( Anderson et !!· ' 198 1 )  whi ch removes the mai n  source of 
endogenous gastri n .  The i nvol vement , i f  any , of hypergastri naemi a i n  
the devel opment of th i s  syndrome i s  obscure . 

Al though there have been a few di rect measurements of changes i n  
pl asma hormone and ti s sue hormone l evel s duri ng paras i ti c G I  i nfecti ons , 
the mechan i sm whereby th i s  occurs has not been el uci dated . No 
i nformati on has been publ i shed on changes i n  dens i ty ,  di stri buti on or 

secretory acti vi ty of G I  endocri ne cel l s  of the sheep duri ng i ntesti nal 
paras i ti c  i nfecti on . 



1 . 10 Aims of  the Experiments Descri bed i n  thi s  Thes i s 

The experiments descri bed herei n were des i gned to : 
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( a )  i nvesti gate the sui tab i l i ty o f  a range of h i stochemi cal and 

immunoh i stochemi cal techni ques i n  demonstrati ng endocri ne 

cel l s  i n  the GI tract of sheep , 

( b )  i denti fy spec i fi c  endocri ne cel l types i n  the gut mucosa , 

( c )  determi ne the di stri buti on o f  endocri ne cel l s  throughout the 
GI tract and establ i sh s peci fi c endocri ne cel l densi ti es i n  

the rumi noreti cul um , abomasum , duodenum , i l eum , l arge 

i ntesti nes and pancreas , 

( d )  i nvesti gate age rel ated changes i n  both endocri ne cel l 

di stri buti ons  and den s i ti es i n  animal s rangi ng i n  age from 
100 - 1 10 day ol d foetuses to mature adul ts , and 

( e )  study the possi b l e effects o f  a T . col ubri formi s i nfecti on  

on  the di stri buti on  patterns and  dens i ti es of endocri ne cel l s  
i n  order to determi ne whether patho-physi ol ogi cal effects of 

i nfecti on mi ght be med iated by di sturbances in  the GI  
endocri ne system . 



2 . 1  An imal s 

CHAPTER 2 

MATERIALS  AND METHODS 
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Ages , wei ghts , sexes and di ets for the Romney-cross sheep used i n  

these i nvesti gati ons are gi ven i n  Tabl e 2 . 1 .  Spec i fi c  detai l s  of the 

treatment of animal s before the col l ecti on of ti sues are gi ven i n  the 

appropri ate chapters of th i s  thes i s .  

Food , but not water ,  was wi thhel d from al l an imal s for 
approxi matel y 24 hours before ti ssue sampl i ng .  

2 . 2  Col l ecti on of Ti ssue Sampl es 

Regi ons of the GI  tract from wh i ch sampl es were col l ected for 
studi es descri bed i n  Chapter 3 and 6 are l i sted i n  Tabl e 2 . 2 ,  whi l e  
those sampl ed for experi ments descri bed i n  Chapters 4 ,  5 and 7 are gi ven 
i n  Secti ons 4 . 2 ,  5 . 2 and 7 . 2 ,  respecti vel y .  The ti s sue sampl es  were 

col l ected after the animal s were anaestheti zed wi th i ntravenous pento

barb i tone sodi um ( ' Nembutal ' ,  Abbott Laboratori es Pty Ltd . , Au stral i a :  

30 mg/kg body wei ght ) , or fol l owi ng exsangu i nati on after stunni ng wi th a 
percussi on gun ( see Tabl e 2 . 1 ) . 

For anaestheti zed animal s ,  sampl es were col l ected vi a a l aparotomy 
i nci s i on wh i l e  the vi scera remai ned � s i tu .  Spec i al care was taken to 

mi n imi ze handl i ng of ti ssues and to keep them free of contami nants 
( b l ood and di gesta ) . Exposed vi scera were kept warm and moi st w1 th 0 . 9% 

sal i ne ( 37 ° C )  duri ng the peri od of col l ecti on .  

For the exsangu i nated animal s ,  the sampl es were col l ected after the 
vi scera had been removed . Th i s  method of col l ecti ng sampl es proved to 

be rap i d and obvi ated the use of an anaestheti c agent . Care was taken 
to ensure that si tes sampl ed corresponded as cl osely as possi bl e to 

those of the anaestheti zed an 1mal s .  
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Tabl e 2 . 1 :  Sexes , body wei ghts , ages and di ets of animal s and sampl e 
col l ecti on  methods used i n  the studies  descri bed i n  th i s  
thes i s  

Animal  Sex1 Body Age D i et Col l ecti on2 
number wei ght method 

1 
2 
3 
4 

5 
6 
7* 
8 
9* 

10 
1 1  
1 2  
1 3  
14 

15  
16  
17  
18  
19 
20 
21  

22 

23 
24 
25 
26 
27 
28 
29 

* Twi ns  

E 
w 
E 
E 

E 
E 
E 
R 
R 

E 
E 
R 
R 
E 

R 
w 
E 
E 
w 
R 
R 

R 

E 
E 
E 
R 
E 
E 
R 

( kg )  

40 . 5  4 yrs 
38 . 5  5 11 

33 . 3  3 11 

36 . 3  3 11 

Foetus 
11 

11 

11 

11 

6 . 8  2 wks 
7 . 3  11 

7 . 3  11 

8 . 3  11 

4 . 0  11 

28 . 5  24 wks 
26 . 0  
28 . 5  
22 . 8  
20 . 5  
20 . 5  
15 . 5  

34 . 0  40 wks 

34 . 5  11 

28 . 8  11 

32 . 0  11 

32 . 5  11 

26 . 8  11 

28 . 3  11 

33 . 0  11 

1 .  E : ewe , R : ram , W : wether 

pasture 
11 

11 

11 

mi l k  
11 

11 

11 

11 

pasture 

l ucerne nuts 
and chaff 

I 

2 .  S : stunned and exsangu i nated , A anaestheti zed 
foetuses were not wei ghed 

s 
s 
A 
A 

A 
A 
A 
A 
A 

A 
A 
A 
A 
A 

A 
A 
A 
A 
A 
A 
A 

s 

s 
s 
s 
s 
s 
s 
s 

Chapter 

3 
11 

11 

11 

4 
n 

11 

11 

11 

5 
11 

11 

11 

11 

6 

7 

11 

11 

11 

11 

11 

11 

.11 



Tabl e 2 . 2 :  Reg ions  of the di gestive system from wh i ch ti ssues 

were col l ected ( Chapters 3 and 6 }  

6 1 . 

Reg i on S i te Abbrevi ati on  

Reti cul um 

Rumen 

Abomasum 

Abomasum 

Duodenum 
Duodenum 
Duodenum 

I l eum 

Col on 

Caecum 

Pancreas 

fundus 

ventral sac 

body : 20 - 22 cm proximal to pyl orus 
antrum : 1 . 5 - 2 . 5  cm proximal to pyl oru s  

proximal : 2 - 4 cm di stal to pyl orus 
mi ddl e : 12 - 14 cm di sta l  to pyl orus 
di stal : 30 - 32 cm di stal to pyl orus 

10  - 12 cm proximal to i l eocaecal j uncti on 

1 5  - 20 cm di stal to i l eocaecal j uncti on 

2 - 4 cm from end of bl i nd sac 
head 

Re 

Ru 

Abb 
Ab a 
Duop 
Duom 
Duod 
I 1  

eo 

Cae 

Pan 
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Sampl es of ti ssues from the fi rst two animal s { Nos . 1 and 2 )  were 

l ongi tudi nal secti ons . For al l subsequent animal s onl y sampl es of 

reti cul um , rumen and abomasal body were l ongi tudi nal secti ons , al l other 
sampl es { abomasal antrum , smal l and l arge i ntesti nes ) were cross-secti ons . 

At the compl eti on of sampl i ng the anaestheti zed animal s were 

ki l l ed wi th pentobarb i tone sodi um { ' Pentobarb 300 ' , South I sl and 

Chemi cal s Ltd . , Chri stchurch ) .  

2 . 3  Sampl e P reparati on 

Ti ssue sampl es were trimmed of extraneous  ti ssues and , where eas i l y  

and qu i ck ly  accompl i shed , the muscul ari s externa removed . Each sampl e 

was then d iv i ded i nto three parts approxi mately 0 . 5  cm wi de . Cross

secti onal ri ngs of i ntesti ne were opened l ongi tudi nal ly  and formed i nto 
a ' Swi s s  rol l • by wi ndi ng round an orange sti ck . Each part was then 

pl aced on a separate pi ece of l i ght  card , the orange sti ck removed , and 
the card pl us  ti s sue immersed i n  one of three fi xati ves { see Secti on  
2 . 5 ) . I n  the case of i ntesti nal sampl es from foetuses and two week ol d 
l ambs , ' Swi s s  rol l • preparati ons were not made as cross-secti onal 
sampl es  were suff ic i ently smal l to be pl aced , i ntact ,  on card before 

fi xati on . ' Swi s s  rol l • preparati ons of reti cul um and ventral rumen were 

found to be unsati sfactory because of contracti on of the muscul ari s 
externa . Thus these sampl es were s imply immersed i n  fi xati ve . 

2 . 4  Chemi cal s and Sta i n s  

Al l chemi cal s and sta i ns used i n  h i stol ogi cal process i ng anp . 
stai ni ng are l i sted i n  Appendi x 1 .  

2 . 5  Fi xati on and Process i �  

A sampl e from each s i te was di v i ded i nto three and each part fi xed 
for whi ch 

by one of the fol l owi ng metho�s , L fi xati ves and fi xati on ti mes used 
were : 
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{ a )  Boui n ' s  fl u i d  { Cul l i n g ,  1974 ) , ti s sue immersed for up to 

24 hrs , 

{ b )  Zenker-formol fi xati ve { Cu l l i ng , 1974 ), ti s sue immersed for up 
to 24 hrs , 

{ c )  6% gl utaral dehyde i n  0 . 1M phosphate buffer , pH 7 . 4  { Sol c i a  

et !!_. , 1968 ) , ti ssue immersed for 24 h rs . 

After 1 - 2 hrs fi xati on the sampl es were removed from thei r cards 

and returned to the fi xati ve . Fol l owi ng fi xati on , sampl es fi xed i n  

Zenker-formol o r  gl utaral dehyde were washed i n  tap water for 6 - 8 hrs . 

After fi xati on al l sampl es were stored i n  70% ethyl al cohol unti l 

processed . 

Most hi stochemi cal and al l immunoh i stochemi cal sta i ni ng  techni ques 
were appl i ed to ti ssue samp l es fi xed i n  Bou i n ' s  fl u i d .  Excepti ons were 
the chromaffi n techni ques { appl i ed to Zenker-formol fi xed ti s sues ) and 

the xanthydrol and di azon i um techni ques { appl i ed to ' gl utaral dehyde fi xed 
ti s sues ) . 

An automati c ti s sue processor { Shandon El l i ott , L i verpool , U . K . ) 

was used to dehydrate , cl ear and wax impregnate the ti ssues accordi ng to 
the schedul e shown i n  Tabl e 2 . 3 .  The paraffi n wax bl ock s  were trimmed 
and mounted on smal l wooden chucks . Secti ons 5 - 6 � thi ck were cut 
usi ng a Rei chert { V i enna , Austri a )  sl i di ng mi crotome , fl oated on warm 

water,  transferred to al bumi n i zed 3 "  x 1 "  gl ass  sl i des and ai r dri ed at 

60°C overni ght .  

Before stai ni ng , al l secti ons were dewaxed and ' brought to water • 
by immers i ng them i n  xyl ene { 2  baths of 5 mi nutes each ) fol l owed by 
bri ef immersi on i n  absol ute ethyl al cohol , 70% ethyl al cohol , then 

tap water. 

2 . 6  H i stochemi cal Sta i n i ng Techni ques 

The fi rst requi rement of th i s  project was to eval uate stai n s ,  
sel ected o n  the basi s of thei r u se i n  speci es wi th a s impl er form of 

stomach ,  for thei r sui tabi l i ty to stai n endocri ne cel l s  i n  the ovi ne G I  
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Tabl e 2 . 3  Schedul e for dehydrati on , cl eari ng  and impregnati on of 
ti s sues us i ng a Shandon El l i ott automati c ti ssue processor 
( B i  rtl es , 1981 ) . 

Process Reagent T ime 

Dehydrati on 70% ethyl al cohol 1 hr 

95% 11 11 11 

Change 1 .  100% 11 11 11 

11 2 .  100% 11 11 11 

11 3 .  100'.t 11 11 11 

11 4 .  100% 11 11 2 hrs 

Chl oroform 1 hr  
Cl eari ng Change 1 .  Xyl ene 1 1  

11 2 .  Xyl ene 
Impregnati on Change 1 .  Paraffi n wax m . p .  56 °C  2 hrs 

11 2 .  11 11 11 11 11 
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tract .  L i sts of endocri ne cel l types and  thei r stai n i ng reacti on wi th 

commonly used h i stochemi cal stai ni ng methods are gi ven i n  Tabl es 2 . 4 and 
2 . 5 .  TG , IG  and P cel l s  have been omi tted from these tabl es as no 
h i stochemi cal sta i n i ng resul ts have yet been reported for these cel l 
types . 

Four s i l ver sta i ni ng methods were eval uated : the Gri mel i u s ,  De 

Grandi , Sevi er-Munger and Masson-Hamperl techn i ques . The Grimel i u s  
techni que ( Tabl e 2 . 7 )  has been used extens i vel y to i denti fy argyrophi l i c  

cel l s  ( see Secti on 1 . 8 . 1 )  and for th i s  reason was the method o f  fi rst 
cho i ce i n  the present study . When th i s  techni que fai l ed to gi ve sati s
factory resul ts ( see Secti on 3 . 3 . 1 )  it  was repl aced by the De Grandi 
argyroph i l i c techni que ( Tabl e 2 . 7 ) . Another argyrophi l i c  method , the 

Sev ier-Munger techni que ( Tabl e 2 . 8 ) , was used because i t  stai n s  a 

sl i ghtly di fferent range of endocri ne cel l s : i t  does not sta i n  D ,  G or 
L cel l s  ( see Tabl es 2 . 4  and 2 . 5 ) . The Masson-Hamperl argentaffi ni c 
techni que ( Tabl e 2 . 9 )  stai ns yet another range of endocri ne cel l types : 

i t  does not sta i n ECL or K cel l s  ( see Tabl es  2 . 4 and 2 . 5 ) . 

As descri bed i n  secti on 1 . 8 . 1 ,  EC cel l s  may be i denti fi ed us i ng a 

chromaffi n techni que ( Tabl e 2 . 10 )  wh i ch forms a yel l ow reacti on product 

wi th the secretory granul es of EC cel l s .  Because the method di d not 

gi ve sati sfactory resul ts ( see Secti on 3 . 3 . 1 ) ,  another set of sl i des was 
sta i ned usi ng a modi fi cati on of th i s  method , i n  wh i ch the di chromate 
sol uti on was repl aced by a mi xture of 100 ml of 5% aqueous potass i um 
di chromate and 10 ml of 5% aqueous potassi um chromate ( Hi l l arp and 
Hokfel t ,  1955 ) . When thi s modi fi ed method al so gave unsati sfactory 

resul ts , a further set of sl i des was sta i ned us i ng a sol uti on of 2 . 5% 
potass i um di chromate i n  0 . 1  M acetate buffer , pH 4 . 0  and contai ni ng 1% 

sodi um sul phi te ( Ja im-Etchevery and Zi eher , 1968 ) , i n  pl ace of the 

di chromate sol uti on used i n  the method descri bed i n  Tabl e 2 . 10 .  · : Th i s  
modi fi cati on al so proved unsati sfactory .  D i scu s s i on of the reasons for 
the unsati sfactory chromaffi n stai ni ng resul ts i s  gi ven on p 139 . 

EC cel l s  may al so be i denti fi ed by the col oured products resul ti ng 

from the azo coupl i ng reacti on produced by di azoni um sta i n i ng techni ques 
( see Secti on 1 . 8 . 1 ) . Such techni ques make i t  poss i bl e to di sti ngu i sh ,  

by the col our of the reacti on product ,  between 5-HT and- several other 



Tabl e 2 . 4 E ndocri ne cel l types found i n  gastri c mucosa and thei r response to vari ous h i stochemi cal 

stai ns . Numbers i ndi cate references as l i sted i n  Tabl e 2 . 6 .  

Sta i n i ng Method and Endocri ne Cel l Type 

Reference A D D1 EC ECL G p p  X 

Grimel i us ( 8 )  +8 +23 +26 +23 +23 - 14 ,+23 +7 -1 6 , +23  

De Grandi ( 5 )  
Sevi er-Munger ( 1 9 )  -29 +26 +29 +29 -29 -29 

Masson-Hamperl ( 20 )  -26 +29 - 16  -29  -29 
: Davenport ( 4 )  +9 +22 +26 - +29 +22 +26 , -29 

Hel l erstrom-Hel l man  ( 9 )  +14 - 1 1  ' +25  -7  - 12  

Bodi an ( 1 )  +22 +22 +22 +26 - 14 , +21 

Lead haematoxy l i n  ( 23 )  +23 +23 +26 +29 +23 - 1 5 ,+29  - 16 ,.:!:_23 , +26 

Chromaffi n ( 1 3 )  +29 

Di azoni um ( 24 )  +22 - 1 1  -29 

Fast Garnet ( 24 )  +24 +29 -
Fast Bl ack ( 24 )  +24 +29 -
Xanthydrol ( 24 )  +23 -29 +24 -29  +18  +29 -
Tol u i di ne Bl ue ( 22 )  +22 -29 +29 

HCl -Tol u i di ne B l ue ( 22 )  +22 +22 +26 +22 - 16 , +23  +22 +23 

Phosphotungsti c Ac i d·. ( 3 )  +26 - 26 +26 +29 +26 

Phosphotungsti c - haemati n ( 28 )  +23 - 29 -29  -29  -7 +26 

+ : stai ned - : not stai ned + : weakly sta i ned or few cel l s  stai ned 

0\ 0\ . 



Tabl e 2 . 5  Endocri ne cel l types found i n  i ntesti nal mucosa and thei r response to vari ous h i stochemi cal 
sta i ns . Numbers i nd icate reference as l i sted i n  Tabl e 2 . 6  

Sta i ni ng Method and E ndocri ne Cel l Type 
Reference D D1 EC G I K L Mo tJ s ' 

Grimel i us ( 8 )  +23 +26 +23 -14 , +23 -3  +27 +3 +6 +27 -
De Grandi ( 5 )  +17 +17 
Sevi er-Munger ( 19 )  -29 +26 +29 -29 +2 +2 -27 +27 - -
Masson-Hamperl ( 20 )  -26 +29 -29 -3 -2  -3 - 10  - 6  -3  
Davenport ( 4 )  +22 +26 +29 +22 -
Hel l erstrom-Hel l man  ( 9 )  +14 - 1 1  ' +25  
Bodi an ( 1 )  +22 +22 -14 ,+2 1  
Lead haematoxyl i n  ( 23 )  +23 +26 +29 - 1 5 , +29 +27 +17 
C h roma f f i n ( 13 ) +29 
Di azon i um ( 24 )  +22 - 1 1  -2  -27 -27 
Fast Garnet ( 24 )  +24 
Fast B l ack ( 24 )  +24 
Xanthydrol ( 24 )  -29 +24 +18 +17 -29 -
Tol u i d i ne Bl ue ( 22 )  +22 -29 
HCl -Tol u i di ne B l ue ( 22 )  +22 +26 +22 +22 +29 
Phosphotu ngsti c Ac i d  1 3 )  -26 +26 +29 +3 
Phosphotungsti c-haema

.
ti n ( 28 ) -29 -29 +17 +17 

+ : stai ned - : not stai ned + : weakly stai ned or few cel l s  stai ned 

0'1 ......... . 
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Tabl e 2 . 6 :  Key to reference numbers and spec i es used i n  publ i cati ons  
c i ted i n  Tabl es 2 . 4 and 2 . 5  

1 
2 
3 
4 
5 

6 
7 
8 
9 
10 
1 1  
1 2  
1 3  
14 
15 
16 
17 
18 
19 

20 
21 

22 

23 

24 

25 

26 
27 
28 
29 

Reference 
( Detai l s  i n  Bi b l i ography ) 

Bod i an ( 1936 ) 
Buffa et a l . ( 1975 ) 
Bussol atilet al . ( 1971 ) 
Davenport TI9'2'9") 
De Grandi ( 1970 ) 

Fri geri o et al . ( 1977 ) 
Gepts et ar.-r1978 ) 
Grimel1us-r1968 ) 
Hel l erstrom and Hel l man ( 1960 ) 
Hel mstaedter et al . ( 1979 ) 
Larsson et a l--. (�74 ) 
Lazarus and-shapi ro ( 1 970 ) 
L i l l i e ( 1965 ) 
McGui gan and Gre ider ( 1971 ) 
McGu i gan et al . ( 1972 ) 
Pol ak et ar.-r197 1a )  
Pol a k  et  aT .  ( 1971o) 
Pol ak et aT. ( 1972T 
Sevi er-anC:Munger ( 1965 ) 

Si ngh ( 1 964 ) 
Sol c i a  et al . ( 1 967 ) -- --

Sol c i a  et al . ( 1968 ) --
--

Sol c i a  et al . ( 1969a ) 
-- --

Sol c i a  et al . ( 1969b ) 
--

--

Sol c i a  et al . ( 1969c ) 
-- --

Sol c i a  et al . ( 1 975a ) 
Sol c i a  et aT. ( 1975'0) 
Terner et aT. ( 1964T 
Vassal lo-e�al . ( 1969 ) -- --

spec i es not gi ven 

Spec i es 

dog , human , pi g 
dog 

cattl e ,  dog , gui nea pi g ,  human , 
p i g ,  rabb i t ,  sheep 
dog 

human 
rat 
human , monkey 
cat , human , pi g ,  rabb i t ,  rat 
dog 

p i g  
human , pi g ,  rabb i t ,  rat 
human 
human 
human 
cat , dog , gui nea pi g ,  human 
monkey ,  opposum , rat 

dog , gui nea pi g ,  horse , human , 
rabb i t ,  rat 
dog , gui nea pi g ,  hamster ,  horse , 
monkey 
cat ,  dog ,  gu i nea pi g ,  horse , human 
monkey , mou se , rabb i t ,  rat 

dog , gui nea pi g ,  hamster,  horse , 
human , monkey , mouse , rabb i t ,  rat 
sheep 
cat , dog ,  gui nea pi g ,  human , 
monkey , mouse , rabb i t ,  rat 
dog , p i g 
dog , human , pi g 

cat 
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Tabl e 2 . 7 :  The Gri mel i us ( Grimel i u s ,  1968 ) and De Grandi ( De Grandi , 

1970 ) argyrophi l i c methods . 

Step Procedure 

1 Secti ons  i ncubated i n  freshly prepared si l ver n i trate 

sol uti on . *  

2 Secti ons  dra i ned and reduced for 1 mi nute i n  freshly prepared 

sol uti on of 1% hydroqui none and 5% sodi um sul ph i te at 45°C . 

3 Ri nsed i n  di sti l l ed water .  

4 F i xed for 2 . 5  mi nutes i n  5% sodi um th i o sul phate 
5 Ri n sed i n  tap water 
6 Counter- sta i ned wi th aceti c l i ght green+ . 

7 Ri n sed i n  tap water .  

8 Dehydrated , cl eared and mounted i n  DPX . 

* For Grimel i u s method : 0 . 03% si l ver ni trate i n  0 . 1  M acetate buffer ,  
pH  5 . 6 ,  at  37 - 40 °C for 24  hrs . 

For De Grandi method :  0 . 05% si l ver ni trate i n  0 . 02 M acetate buffer , 

pH 5 . 6 ,  at 60°C  for 3 h rs . 

+ 2% Li ght green (yel l owi sh ) i n  1% aceti c ac i d .  



Tabl e 2 . 8 :  The Sev ier-Munger argyroph i l i c  method ( Sevi er and 

Munger ,  1965 ) 

Step Procedure 

70 . 

1 Secti ons  i ncubated for 1 5  mi nute s  i n  20% aqueous s i l ver n i trate 

sol uti on at 60°C i n  the dark . 

2 Ri nsed i n  2 changes of tap water . 
3 Secti ons  devel oped for 5 - 30 mi nutes i n  ammoni acal s i l ver 

sol uti on* , unti l gol den brown . 

4 Ri nsed i n  several changes of tap water . 

5 F i xed for 2 mi nutes  i n  5% sodi um th i osul phate . 

6 Ri n sed i n  water . 

7 Counter-stai ned wi th aceti c l i ght  green ( Tabl e 2 . 7 ) . 

8 Ri nsed , dehydrated , cl eared and mounted i n  DPX . 

* Col d ammoni um hydroxi de { 28 - 30% ) was added drop by drop to 50 ml 

of a 10% si l ver ni trate sol uti on unti l the dark brown prec i p i tate 
fi rst formed had al most  di sappeared . Then 0 . 5  ml of sodi um carbonate 
sol uti on ( 10% ) was added , fol l owed by 25 drops of ammoni um hydroxi de 
( 28-30% ) . The mi xture was shaken wel l  then fi l tered . Immedi ately 
before use 10 drops  of 2% formal i n  were added to the sta i n i ng 
sol uti on . 



Tab l e  2 . 9 :  The Masson-Hamperl argentaffi n method , a s  mod i f i ed by 

S i ngh ( 1 964 ) 

Step Procedure 

7 1 . 

1 Secti ons  i mpregnated for 1 5  - 30 mi nutes wi th freshly prepared 
ammoni acal s i l ver* sol uti on i n  the dark at 60° C .  

2 Ri n sed i n  di sti l l ed water .  

3 Fi xed for 30 seconds i n  1% sodi um th i o sul phate . 
4 Counter- sta i ned wi th aceti c l i ght  green ( Tabl e 2 . 7 ) . 
5 Ri n sed i n  tap water .  

6 Dehydrated , cl eared and mounted i n  DPX . 

* Ammoni um hydroxi de ( 28-30% ) was added to a 10% aqueous s i l ver n i trate 
sol uti on ,  drop by drop , unti l the preci p i tate fi rst formed had 
redi s sol ved . Then 10% s i l ver ni trate sol uti on was added , drop by 
drop , unti l a sl i ght  opal escence pers i sted . The sol uti on was di l uted 
to 1 i n  10 wi th di sti l l ed water and heated to 60°C immedi ately 
before use . 



Tabl e 2 . 10 :  Chromaffi n method ( L i l l i e ,  1965 } 

Step P rocedure 

72 . 

1 Secti ons immersed for 5 mi nutes i n  Lugol ' s  i odi ne ( Cul l i ng ,  

1974 } sol uti on . 

2 Washed i n  runn i ng tap water .  
3 Immersed for 5 mi nutes i n  5% sodi um thi osul phate 
4 R i n sed i n  tap water .  

5 Immersed for 48 hrs i n  5% aqueous potass i um di chromate 
sol uti on  ( modi f i cati ons of th i s  sol uti on are gi ven on p 65 } .  

6 Ri n sed i n  tap water .  

7 Counter- stai ned wi th Mayer ' s haemal um ( Cul l i ng ,  1974 } 

accordi ng to steps 3 - 6 of Tabl e 2 . 1 1 .  

8 Dehydrated , cl eared and mounted i n  DPX . 
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bi ogeni c  ami nes : secretory granul es contai n i ng 5-HT stai n red wi th fast  

garnet and bl ack wi th fast bl ack , wh i l e tryptami ne , dopa , dopami ne , 

adrenal i ne and noradrenal i ne produce a yel l ow or yel l ow-brown reacti on 

product wi th fast garnet and a red product wi th fast bl ack ( Sol c i a  
et 2l· ' 1968 ) . The fast garnet techni que , whi ch was used i n  al l 

experiments , and the fast bl ack techn i que , whi ch was used only wi th the 

6 month ol d an imal s ,  are descri bed i n  Tabl es 2 . 1 1 and 2 . 12 ,  respecti vel y .  

A xanthydrol method ( Tabl e 2 . 13 )  whi ch demonstrates  i ndol es 

i ncl udi ng 5-HT ( Sol c i a  et 2l· , 1969�) , was sel ected to i denti fy A 
cel l s , on the bas i s that  gl ucagon , a product of A cel l s , stai n s  bl ue

gray wi th xanthydrol , 5-HT sta i ns bl ue-green , wh i l e  lysozyme and 

tryptophan sta i n purpl e-vi ol et ( Sol c i a  et !l· , 1968 ) . 

A tol u i di ne bl ue techni que ( Tabl e 2 . 14 )  wh ich  demonstrates 

metachromasi a ( Sol c i a et !l· · 1968 ) was used to i denti fy MMC ' s  whi ch 

mi ght otherwi se be mi staken for endocri ne cel l s  ( Moral es et !l· • 1980 ) . 

Because of the water sol ubi l i ty of thi s stai n ,  post- sta i n i ng ri ns i ng and 

dehydrati on were carri ed out rapi dly .  

The al ci an bl ue/haematoxyl i n  and eos i n  method ( Tabl e 2 . 1 5 )  was 
sel ected to demonstrate the general hi stol ogi cal structure of the GI 
tract ,  and ' c l ear cel l s '  ( Feyrter ,  1938 ) . 

At l ow pH ( < 1 . 0 ) , al c i an bl ue sta i ns h i ghl y sul phated compounds 

( e . g .  hepari n i n  mast cel l s : Moral es et 2l· , 1980 ) . Thus  an al c i an 
bl ue techni que ( Tabl e 2 . 16 )  was used to ass i st  i n  i denti fy i ng non
endocri ne mucosal cel l s  that mi ght be  mi staken for endocri ne cel l s .  

Lead haematoxyl i n  has been shown to stai n a wi de vari ety of 

endocri ne cel l s  i ncl udi ng A ,  D ,  o 1 , EC , ECL and S cel l s  ( see Tabl es 2 . 4  

and 2 . 5 ) . I n  addi ti on , G ( Vas sal l o  et 2l· · 1969 ; McGui gan et !l· , 

1972 ) and X ( Sol c i a  et !l· · 1969!; Pol ak et !l· · 197 1!) cel l s  may be 
stai ned by th i s  method . I n  v i ew of the wi de range of cel l s  stai ned , a 

l ead haematoxyl i n  techni que ( Tabl e 2 . 17 )  was used i n  i n i ti al attempts to 
estimate total endocri ne cel l dens i ti es ( see Secti on 3 . 3 . 1 ) . 



Tabl e 2 . 11 :  Fast garnet di azon i um method ( Sol ci a et !l· , 1969b } 

Step P rocedure 

74 . 

1 Secti ons  stai ned for 2 mi nutes i n  fast garnet sol uti on* at 

room temperature .  

2 Ri n sed i n  tap water .  

3 Counter- sta i ned for 10 mi nutes wi th Mayer ' s haemal um ( Cul l i ng ,  

1974 } . 
4 ' Bl ued ' for 2 mi nutes i n  Scott ' s tap water ( Scott , 1 9 12 } . 

5 Dehydrated , c l eared and mounted i n  DPX . 

* 0 . 1% of fast garnet i n  0 . 1  M phosphate buffer , pH 7 . 8 .  

Tabl e 2 . 1 2 : Fast bl ack di azon i um method ( Sol c i a et !l· , 1969b } 

Step Procedure 

1 Secti ons sta i ned for 2 mi nutes i n  fast bl ack sol uti on* at 

room temperature . 

2 Ri nsed i n  tap water .  or Mayer ' s  haemal um ( Tabl e 2 . 1 1 ) .  
3 Counter-sta i ned wi th aceti c l i ght green ( Tabl e 2 . 7 )  L 
4 Ri nsed i n  tap water . 
5 Dehydrated , cl eared and mounted i n  DPX . 

* 0 . 1% fast bl ack i n  0 . 75% aqueous sodi um b i carbonate . 



Tabl e 2 . 13 Xanthydrol method ( Sol c i a  et !l· , 1969b ) 

Step Procedure 
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1 Secti ons  stai ned i n  3% sol uti on of xanthydrol i n  gl aci al aceti c 

aci d/concentrated hydrochl ori c  aci d  ( 9 : 1 ) . 

2 Ri n sed i n  tap water .  

3 Counter-sta i ned wi th aceti c l i ght green ( Tabl e 2 . 7 ) . 

4 Dehydrated , cl eared and mounted i n  DPX . 

Tabl e 2 . 14 :  Tol u i di ne bl ue sta i n  ( D i sbrey and Rack , 1970 ) 

Step P rocedure 

1 Secti ons stai ned for 2 mi nutes i n  0 . 5% tol u i di ne bl ue i n  

acetate buffer,  pH 4 . 5 .  
2 R i n sed rap i dly  i n  tap water. 

3 Rapi dly dehydrated , cl eared and mounted i n  DPX . 



Tabl e 2 . 15 :  The al c i an bl ue/haematoxyl i n  and eosi n  method 

( B i rtl es , 1981 } 

Step Procedure 
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1 Secti ons  stai ned for 10 mi nutes i n  0 . 3% al c i an bl ue i n  3% 

acetic  aci d ,  pH 2 . 5 .  

2 Ri n sed i n  tap water .  
3 Secti ons stai ned for 10  mi nutes i n  Mayer ' s  haemal um ( Cul l i ng ,  

1974 ) . 

4 Ri n sed i n  tap water .  

5 ' Bl ued ' for 2 mi nutes i n  Scott ' s tap water { Scott , 1912 ) . 

6 Ri nsed i n  tap water .  

7 Secti ons  stai ned for 2 mi nutes i n  1% aqueous eosi n .  
8 Ri nsed i n  tap water .  
9 Dehydrated , cl eared and mounted i n  DPX . 

Tabl e 2 . 16 :  Al c i an bl ue haematoxyl i n  and eosi n l ow pH method 
( Cul l i ng ,  1974 ) 

Step Procedure 

1 Secti ons  sta i ned for 10 mi nutes i n  0 . 3% al ci an bl ue i n  0 . 1  N 
HCl , pH 1 . 0 .  

2 Conti nue wi th sta i ni ng procedure as outl i ned i n  Tabl e 2 . 15 ,  
steps 2-9 . 



Tabl e 2 . 17 :  Lead-haematoxyl i n  method ( Sol c i a  et !l· · 1969a ) 

Step Procedure 

1 Secti ons sta i ned for 6 hrs wi th freshly prepared l ead-
haematoxyl i n  sol uti on* at room temperature . 

2 Ri nsed i n  tap water .  

3 Counter-stai ned wi th aceti c l i ght green ( Tabl e 2 . 7 ) . 
4 Ri n sed i n  tap water .  

5 Dehydrated , cl eared and mounted i n  DPX . 
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* 0 . 2  g of haematoxyl i n  i n  1 . 5 ml ethyl al cohol ( 95% ) and 10 ml 

di sti l l ed water was added to 10  ml of • stabi l i zed l ead sol uti on • + . 

The mi xture was sti rred repeatedly ,  fi l tered after 30 mi nutes and 

made up to 75 ml wi th di sti l l ed water .  

+ • stabi l i zed l ead sol uti on • :  50 ml of saturated ammoni um acetate was 

added to 50 ml of aqueous l ead ni trate ( 5% } , the mi xture was fi l tered 
and 2 ml of 40% formal dehyde added . 
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2 . 7  Immunohi stochemi cal Stai n i ng Techniques 

Immunohi stochemi cal stai n i ng was i n i ti al ly  carri ed out us i ng 4 

commerc i al ly  produced pri mary anti sera ( gastri n ,  pancreati c gl ucagon , 

secreti n and somatostati n )  and Hansky • s gastri n anti serum ( As . 74 } . 
These pri mary anti sera were used wi th two immunohi stochemi cal 

techni ques : the i ndi rect peroxi dase-conj ugate method ( Tayl or ,  1978) and 
the PAP method ( Sternberger ,  1979 ) . The former was chosen because of 
i ts s impl i c i ty and the l atter because of i ts greater sens i ti vi ty ( see 

Secti on 1 . 8 . 1 ) . 

The i ndi rect peroxi dase-conjugate method used i n  these studi es 
( Tabl e 2 . 18 )  was a modi fi cati on of that descri bed by Tayl or  ( 1978) . 
Modi fi cati ons were : 

( a )  The prel i mi nary endogenous peroxi dase bl ock i ng step was found 

to have l i ttl e or no effect on the amount of background 

sta i n i n g ,  wh i ch was al ready mi n imal and thus thi s  step was 

omi tted . 

( b )  The anti serum was di l uted wi th PBS ( Kruse and Patterson , 1973 ) 
contai n i ng 2% BSA , accordi ng to the suppl i er • s i nstructi ons . 
For cons i stency , 0 . 01 M PBS , pH 7 . 4  was used i n  al l washi ng 
steps i n  pl ace of the Tri s buffer ( Pearse , 1968 ) ori gi nal l y  
speci fied by Tayl or ( 1978 ) . 

( c )  Non- speci fi c  background stai ni ng  was suppressed by applyi ng  2% 

BSA i n  PBS to the secti ons pri or to appl i cati on of the primary 
anti serum . I n  Tayl or • s ( 1978 ) descri pti on , porci n� serum was 
spec i fi ed .  

Because of the poor sta i n i ng resul ts ( see Secti on 3 . 3 . 1 )  obtai ned u s i ng 
the Cal b i ochem-Behri ng gastri n anti serum wi th the above method , thi s 

anti serum was not used after prel imi nary testi ng . At the same time i t  
was dec i ded to opt for the PAP techni que to take advantage of i ts 

greater sensi ti vi ty ( see Secti on 1 . 8 ) . Thu s  the PAP techni que 
( Sternberger ,  1979 ) was used wi th each of t�e primary anti sera , wi th the 
exception  of the Cal bi och�m-B�hrtng gastri n anti serum . 



Tabl e 2 . 18 :  I ndi rect peroxi dase conj ugate method ( modi fi ed from 

Tayl o r ,  1978 ) 

Step P rocedure 

1 Sections  equi l i brated for 10  mi nutes i n  PBS . 

79 . 

2 Secti ons  covered for 10  mi nutes  wi th PBS conta i ni ng 2% BSA . 
3 I ncubated wi th primary anti serum ( for deta i l s see Tabl e 2 . 20 ) . 

4 Washed for 1 5  mi nutes i n  3 changes of PBS . 
5 I ncubated wi th horseradi sh perox i dase-conj ugated goat anti 

rabbi t  I gG serum di l uted wi th PBS ( for deta i l s see Tabl e 2 . 20 ) . 

6 Repeat step 4 .  
7 Peroxi dase stai ned for 3 - 8 mi nutes wi th freshly prepared 

sol uti on of 0 . 05% DAB i n  0 . 05 M Tri s buffer ,  pH 7 . 6 ,  conta i n i ng 
0 . 01% hydrogen peroxi de .  

8 Ri nsed wi th PBS . 

9 Counter-sta i ned i n  aceti c l i ght green { Tabl e 2 . 7 ) . 

10 Dehydrated , cl eared and mounted i n  DPX . 

Note : a .  Al l reacti ons  were carri ed out at room temperature . 

b .  I ncubati ons were performed i n  an encl osed Petri di sh 

conta i n i ng a fi l ter paper soaked in  PBS . 

c .  Between steps 2 and 3 ,  and 4 and 5 ,  excess buffer 
was shaken off and sl i des careful ly  bl otted wi thout, 
al l owi ng secti ons to dry out .  
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The PAP techni que used i n  these studi es ( Tabl e 2 . 19 )  was a 
modi fi cati on of that descri bed by Sternberger ( 1979 } . Modi fi cati ons  
were : 

( a )  The prel imi nary endogenous peroxi dase bl ocki ng step was 

omi tted . 

( b )  The primary anti sera , anti serum to rabbi t I gG and PAP 

were di l uted wi th PBS .  For cons i stency PBS was used for al l 
wash i ng steps rather than Tri s buffer as descri bed i n  the 

ori gi nal method . 

( c )  P ri or to appl i cati on o f  the primary ,  secondary and terti ary 

anti sera , the secti ons were covered wi th PBS buffer conta i n i ng 

2% BSA . Thi s  step suppressed non-spec i fi c  background sta i n i ng 

due to the affi n i ty of the protei ns ( anti bodi e s )  i n  l ow 
concentrati ons , to surfaces ,  i ncl udi ng that of the gl ass  
sl i de .  

2 . 8 Anti sera 

Sources , di l uti ons and i ncubati on ti mes for anti sera used wi th the 
immunohi stochemi cal methods descri bed above are shown i n  Tabl e 2 . 20 . 
Al l primary and terti ary anti sera were rai sed i n  rabb i ts .  

Data provi ded by the suppl i ers concerni ng the cross- react iv i ty of 

the primary anti sera wi th vari ous pepti des are gi ven in Tabl e 2 . 21 .  

( Spec i fi c  data concern i ng the cross-reacti v i ty of somatostati n anti serum 

were not avai l abl e ,  however , the suppl i er was ' not aware ' of any cross
reacti v i ty wi th other gastroi ntesti nal pepti de hormones ( T .  Boeni sth , 
Dako Corp . , Santa Barbara , USA ; pers . comm . , 1982 ) ) .  

Gastri n anti serum As ' 74 ,  rai sed agai nst syntheti c  human gastri n ,  
cross-reacts wi th ovi ne G17- I I  gastri n ( C .  Soveny , pers . corn . , 1983 ) . 

I n  RIA th i s  anti serum gi ves comparabl e standard curves wi th synthet ic  
human and  ov i ne G17- I I  gastri ns and  bi nds equal l y  wi th sul phated and 

nonsul phated forms of G17 and -G34 ( Anderson et !l· , 1981 ) .  I n  RIA As ' 74 
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Tabl e 2 . 19 :  Peroxi dase-anti peroxi dase ( PAP ) method ( modi fi ed from 

Sternberger , 1979 ) 

Step Procedure 

1 Secti ons equi l i b rated for 10  mi nutes  i n  PBS . 

2 Secti ons  covered for 10  mi nutes  wi th PBS contai ni ng  2� BSA . 
3 I ncubated wi th primary anti sera ( for deta i l s see Tabl e 2 . 20 ) . 

4 Washed for 15  mi nutes  i n  3 changes of PBS . 
5 Repeat step 2 .  

6 I ncubated wi th approximately 30 �1 of swi ne anti -rabbi t  I gG 

serum di l uted wi th PBS conta i ni ng 2� BSA ( for deta i l s see 

Tabl e 2 . 20 ) . 
7 Repeat step 4 .  
8 Repeat step 2 .  

9 I ncubate wi th approximately 30 �1 of rabb i t PAP di l uted wi th 

PBS conta i n i ng 2% BSA ( for detai l s  see Tab l e  2 . 20 ) . 
10 Repeat step 4 .  

1 1  Peroxi dase sta i ned for 3 - 8 mi nutes wi th freshly prepared 

sol uti on of 0 . 05� DAB i n  0 . 05 M Tri s buffer ,  pH 7 . 6 ,  conta i n i ng 
0 . 01% hydrogen perox ide .  

12 Ri nsed i n  Tri s buffer .  

13  Counter-sta i ned in  aceti c l i ght green ( Tabl e 2 . 7 )  

14 Dehydrated , cl eared and mounted i n  DPX . 

Note : Al l reacti ons were carri ed out at  room temperature . 

b .  I ncubati ons were performed i n  an encl osed Petri di sg 
conta i ni ng a fi l ter paper soaked in PBS . 

c .  Between steps 2 and 3 ,  5 and 6 ,  and 8 and 9 excess  
buffer was shaken off and sl i des  careful ly bl otted 

wi thout al l owi ng secti ons to dry out .  
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Tabl e 2 . 20 :  Sources , di l uti ons and i ncubati on times  of anti sera 

used i n  the i ndi rect peroxi dase and PAP methods 

Type of Anti serum to D i l uti on I ncubati on 
Anti sera Time 

Primary Gastri n1 ( syntheti c I a I I )  1 : 1- 1 : 5  24 h rs 

Gastri n2 ( Anti serum As ' 74 ) 1 : 400 24 hrs 

Secreti n1 ( syntheti c porci ne ) 1 : 20 24 hrs 

Somatostati n3 ( human ) 1 : 400 1 h r  

Gl ucagon1 ( bovi ne pancreati c )  1 : 20 24 hrs 

Secondary Horse radi sh peroxi dase 1 : 20 30 mi n 

conj ugated - swi ne anti -rabb i t  

I gG4 

Swi ne anti - rabbi t I gG3 1 : 20 30 mi n 

Terti ary Peroxi dase-anti peroxi dase compl ex 1 : 100 30 mi n 
( PAP ) 3 

Sources :  1 .  Cal bi ochem-Behri ng , La Jol l a ,  U . S . A .  

2 .  Dr  J .  Hansky , Pri nce Henry ' s Hospi tal , Mel bourne , 

V i ctori a ,  Austral i a  

3 .  Dako Corporati on , Santa Barbara , u . s . A .  

4 .  Mi l es-Yeda Ltd . , Rehovot ,  I s rael 
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Tabl e 2 . 21  Cross-reacti v i ti es {t )  of gastri n ,  secreti n and gl ucagon 
anti sera as determi ned by R IA  by the suppl i er 

( Cal b i ochem-Behri ng , La Jol l a ,  U . S .A . ) 

Cross-reacti vi t ies  
Pepti de 

Gastri n Secreti n Gl ucagon 

Gastri n I ,  syntheti c 100 

Gastri n I I ,  syntheti c 100 . -

Secreti n ,  synthet ic  porci ne <0 . 01 100 <0 . 0025 

Moti l i n ,  syntheti c porci ne <0 . 01 <0 . 5  <0 . 0025 

V I P , syntheti c porc i ne <0 . 01 <0 . 5  <0 . 0025 

I n sul i n ,  bovi ne pancreati c <0 . 01 
Gl ucago n , bovi ne pancreati c <0 . 01 <0 . 5  100 

C-pepti de , syntheti c human <0 . 5  <0 . 0025 

GL I < 1  

no i nformati on ava i l abl e 
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i s  1 , 000 t imes more sensi ti ve to gastri n than CCK ( C .  Soveny , pers . 

comm . , 1983 ) . 

2 . 9  Reconsti tuti on and D i l uti on of Anti sera 

Freeze dri ed primary anti sera , wi th the excepti on  of gastri n 
anti serum As ' 74 wh i ch was reconsti tuted wi th steri l e  normal sal i ne ,  were 

reconsti tuted i n  1 ml of steri l e , di sti l l ed water , di vi ded i nto 15 �1 

al i quots , snap frozen i n  l i qui d ni trogen , and stored at -20 ° C .  Before 

use the anti sera were thawed at room temperature and di l uted as fol l ows : 

( a )  Gastri n ( both anti sera ) , somatostati n ,  swi ne anti -rabb i t  I gG 

and PAP anti sera were di l uted wi th PBS contai n i ng 2% BSA , 0 . 05 M 

EDTA and 0 . 01 M th imerosa l . 

( b )  Secreti n anti serum was di l uted as i n  ( a ) , but th imerosal was 

repl aced by 500 K IU  Trasyl ol /ml . 

( c )  Gl ucagon anti serum was di l uted wi th 0 . 05 M barb i tal buffer , pH 

8 . 6  contai n i ng 2% BSA , 0 . 035% EDTA , and 500 K IU  Trasyl ol /ml . 

2 . 10 Mi croscopy and Photomicroscopy 

Sl i des were exami ned for the presence of endocri ne cel l s  at 64 , 

125 , 160 , 400 and 1000 times  magni fi cati ons us i ng a Lei tz Orthol ux 
mi croscope ( Ernst Lei tz , Wetzl ar ,  Germany ) wi th a tungsten l i ght  source . 
Photomi crographs were taken on Agfachrome 50L ( Agfa Gaevert N . Z .  Ltd . , 
Auckl and ) fi l m  usi ng a Lei ca 35 mm camera ( Ernst Lei tz , Wetzl ar , 
Germany ) wi th exposure times determi ned usi ng a Mi cros i x  L ( Ernst  lei tz , 

Wetzl ar , Germany ) exposure meter .  Col our pri nts i n  thi s thes i s  were 

reproduced by El mar Studi os  Ltd .  ( Pal merston North , N . Z . ) ,  from 35 mm 
col our transparenci e s .  

Most photomi crographs presented i n  th i s  thesi s  are ori entated so 
that the mucosal surface i s  ei ther towards the top or the ri ght of the 
photomi crograph . 
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2 . 1 1 Cel l Counti ng Methods 

For most secti ons endocri ne cel l dens i ti es were esti mated by 

counti ng the number of nucl eated endocri ne cel l s  i n  the epi thel i um· of 

the enti re mucosal thi ckness of 10 randomly sel ected fi el ds of v iew .  

For counti ng purposes , a 1 2 . sx o r  16x objecti ve l ens and a Lei tz 
Peri pl an GF10x eyepi ece { E rnst  Lei tz , Wetzl er , Germany ) wi th a counti ng 
grati cul e was used . The grati cul e ,  wh i ch had been cal i brated wi th an 

Olympus objecti ve micrometer { Ol ympus  Opti cal C o .  Ltd . , Tokyo , J apan ) ,  

was al i gned wi th the muscul ari s mucosa and the th i ckness of the mucosa 

recorded . The area of mucosa counted coul d then be cal cul ated . 

When the ti ssue sampl e was very smal l { e . g .  foetal sampl es ) or when 
cel l dens i ti es were very l ow ,  counti ng was undertaken us i ng a 40x 

obj ecti ve l ens and the number of endocri ne cel l s  i n  the epi thel i um of 

the enti re secti on was counted . The total area of mucosa surveyed was 

cal cul ated from the number of fi el ds counted and the average th i ckness 

of the mucosa . 

Al l resul ts are expressed as the mean number of endocri ne cel l s  per 
square mi l l i metre of mucosa { or submucosa i n  the case of endocri ne cel l s  
i n  Brunner ' s  gl ands ) + one standard error of the mean ( c . mm-2 + SEM ) . 

2 . 1 2 Stati sti cal Methods 

Endocri ne cel l densi ti es for Brunner ' s  gl ands were not i ncl uded i n  

the analyses  o f  vari ance whi ch were only performed on mucosal , not 
submucosal , cal l data . For thi s reason they were al so excl uded from al l 
hi stograms presented . 

.. :  . 

Al l estimates of endocri ne cel l dens i ti es were transformed pri or to 

stati sti cal analyses us i ng the formul a :  transformed endocri ne cel l 

dens i ty = J { x+1 ) ,  where x i s the endocri ne cel l dens i ty i n  c . mm-2 . Th i s  
transformati on was used to stab i l i ze the vari ance pri or to stati sti cal 
analyses ( Snedecor and Cochran , 1 969 ) . 
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The si gni fi cance of mai n  effects i n  each experiment was exami ned 

by anal ysi s of vari ance and tested by exami n i ng contrasts for i ndi v i dual 

degrees of freedom , based on orthogonal and non-orthogonal coeffi c i ents 

( Cochran and Cox , 1960 ) . The orthogonal contrasts were constructed ! 

pri ori to test speci fi c hypotheses . Thus , to eval uate di stri buti ons of 

endocri ne cel l s  the fol l owi ng orthogonal contrasts were exami ned : 
abomasal body vs  antrum , proxi mal duodenum v s  mi d-duodenum , proxi mal + 

mi d-duodenum vs  di stal duodenum , duodenum vs i l eum , col on vs caecum , 
abomasum vs  smal l i ntesti ne , and abomasum + smal l i ntesti ne � l arge 

i ntesti ne . S imi l arly to eval uate di fferences between stai n i ng methods 
the fol l owi ng orthogonal contrasts were exami ned : De Grandi vs fast  

garnet , anti -gastri n v s  anti -secreti n ,  anti -gastri n + anti - secreti n �  

anti - somatostati n ,  and hi stochemi cal v s  immunohi stochemi cal methods . 
Non-orthogonal contrasts were constructed to test_ addi ti onal hypotheses 

whi ch were not poss i bl e  wi thi n the constrai nts of orthogonal i ty .  

The sampl i ng si tes x sta i ni ng techn i ques i nteracti on al so was 

parti ti oned i nto s i ngl e degree of freedom contrasts us i ng orthogonal 

polynomi al s produced by cross  mul ti pl i cati on of the matri ces used to 

parti ti on each mai n  effect .  

thus : 
Level s of s i gni fi cance i n  analysi s of vari ance tabl es are denoted 

* P<0 . 05 
** P<O . O l  
*** P<O . OOl 



CHAPTER 3 

EVALUATION OF STA I N I NG METHODS AND I DENT IF ICATI ON 

OF ENDOCRINE CELLS I N  THE GI  TRACT 

3 . 1  I ntroducti on 

OF ADULT SHEEP 
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As di scussed i n  Secti on 1 . 8 there i s  l i ttl e i nformati on avai l abl e 

concern i ng morphol ogy , stai n i ng characteri sti c s , or di stri buti on of 
endocri ne cel l s  i n  the GI tract of sheep . 

Al though endocri ne cel l s  have l ong  been i denti fi ed i n  the GI  tract of 
sheep ( Tehver , 1930 ; Sommervi l l e ,  1956 ; Ri zzotti et !l· · 1976 ) , the only 

speci fi c  endocri ne cel l types i denti fied so far are G ( Bunnett and 

Harri son , 1979!, �; L i chtenberger et !l· · 1981 ; Bunnett , 1984 ) , EC 

( Ri zzotti et !l· · 1976 ) , G I P  ( Bunnett and Harri son , 1979!) and cel l s  

wh i ch conta i n  substance P ( Harri son and Wathuta , 1982!) . 

I n  sheep , the only endocri ne cel l types for wh ich  cel l dens i ti es have 

been determi ned are G ( Bunnett and Harri son , 1979!; Bunnett , 1984 ) and G I P  

( Bunnett and Harri son , 1979a ) cel l s . 

Here , experi ments are descri bed i n  wh i ch the stai n i ng characteri sti c s , 
morphol ogy and di stri buti on of endocri ne cel l s  i n  the G I  tract of adu l t 
sheep have been studi ed .  Further , an attempt has been made to i denti fy non

endocri ne cel l s  wh ich  mi ght ,  because of thei r stai n i ng characteri sti c s  and 
l ocati on , be mi staken for endocri ne cel l s . 

3 . 2  Methods 

Four adul t Romney-cross sheep ( Tabl e 2 . 1 )  were used i n  th i s  study . 
They were brought i ndoors approxi matel y 24 hrs before sampl e col l ecti on , and 
food ,  but not water ,  wi thhel d .  

Ti ssue samp l es were col l ected from the si tes l i sted i n  Tabl e 2 . 2 ,  as 

descri bed i n  Secti on 2 . 2 .  Samp l es were prepared , fi xed and processed i n  the 
manner desc ri bed in Secti ons l. 3 �nd 2 . 5 ,  respecti vely .  
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Al l the h i stochemi cal techni ques , wi th the excepti on of the fast bl ack 

method , descri bed i n  Secti on 2 . 6  were used i n  thi s  study .  The i ndi rect 

peroxi dase-conj ugate method ( Tabl e 2 . 18 )  was used wi th the Cal bi ochem 

gastri n anti serum , wh i l e  the PAP immunoh i stochemi cal method ( Tabl e 2 . 19 )  was 
used wi th the fol l owi ng anti sera : gastri n ( As ' 74 ) , secreti n and gl ucagon 
( Tabl e 2 . 20 ) . 

Sui tabl e di l uti ons for each of the pri mary anti sera ( Tabl e 2 . 20 )  were 

obtai ned from suppl i ers i nformati on or from prel imi nary experiments to 

establ i sh the techni ques . Secreti n ,  gl ucagon and Cal bi ochem gastri n 

anti sera were found to be of l ow ti tre . I n  order to obtai n reasonabl e G 
cel l stai n i ng wi th the i ndi rect peroxi dase-conjugate method , i t  was found 

necessary to use the Cal b i ochem gastri n anti serum at di l uti ons of 1 : 5  or 
l ess . Both secreti n and gl ucagon anti sera gave sati sfactory stai ni ng resul ts 

wi th the PAP immunohi stochemi cal method , when used at di l uti ons of 1 : 10 to 

1 : 20 .  

Because no data on the immunohi stochemi cal sta i n i ng characteri sti c s  of 

gastri n anti serum As ' 74 were avai l abl e ,  a di l uti on study was carri ed out 
us i ng the PAP techni que . D i l uti ons of I gG and PAP anti sera were kept 
constant at 1 : 20 and 1 : 100 , respecti vely ,  ( suppl i ers recommendati on ) , 
whi l e  di l uti ons of gastri n anti serum ( 1 : 40 ,  1 : 400 , 1 : 800 , 1 : 1600 , 
1 : 3200 , 1 : 6400 ) were appl i ed to seri al secti ons of abomasal antrum . 
Resul ts of th i s  di l uti on study are gi ven i n  Tabl e 3 . 2 .  

To suppl ement the RIA cross-reacti v i ty data prov i ded by the suppl i ers 
of the primary anti sera , the cros s-reacti vi ti es of anti sera , wi th the 
exception  of the Cal b i ochem gastri n ,  were tested by i ncubati ng each of the 

primary anti sera for 24 hours at 4°C wi th each of the pepti des l i sted i n  
Tabl e 3 . 1 , at the concentrati ons shown . Fol l owi ng absorpti on , anti sera were 

brought to room temperature and the PAP techni que used i n  the nermal manner 
to sta i n  seri al secti ons of abomasal antrum , mi d-duodenum and pancreas . 

Testi ng for non- spec i fi ci ty of the secondary and terti ary anti sera and 
DAB was carri ed out as fol l ows : seri al secti ons of abomasal antrum , mi d

duodenum and pancreas were stai ned us i ng  the PAP techni que and the anti sera , 
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Tabl e 3 . 1  Pepti des and pepti de fragments used i n  cross-reacti v i ty 
studi es ( Tabl e 3 . 3 )  

Pepti de 

Gastri n 2-17  ( human ) *  

Secreti n penta-acetate* 

Gl ucagon* 
Carboxytermi nal tetrapepti de* 

of gastri n/CCK 
Carboxytermi nal octapepti de* 

of CCK 
Somatostati n* 

Concentrati on 
( �g/ml of di l uted anti serum) 

100 

50 
so 

25 

25 

50 

* Research P l us  I nc . , Bayonne , New Jersey , U . S . A .  
* Cal b i ochem-Behri ng , La Jol l a ,  U . S . A .  



90 . 

wi th the excepti on of the Cal b i ochem gastri n anti serum , l i sted i n  Tabl e 

2 . 20 .  The fol l owi ng modi fi cati ons  were made to the PAP techn i que ( Tabl e 

2 . 19 ) , for each anti serum and each ti s sue sampl e :  

( a )  the primary anti serum ( Step 2 )  was omi tted , and repl aced by 

normal rabb i t  serum , 
( b )  the anti serum to rabbi t I gG ( Step 5 )  was omi tted , 

( c )  the PAP anti serum compl ex ( Step 8 )  was omi tted , and 

( d ) the DAB ( Step 10 ) was omi tted . 

Modi fi cati on ( a )  was empl oyed routi nely as a test for non-speci fi c 

sta i ni ng i n  al l subsequent immunohi stochemi cal sta i n i n g .  

Day to day vari ati on o f  sta i n i ng resul ts for the D e  Grandi and fast 
garnet techn i ques , the two hi stochemi cal techni ques used wi th al l 

animal s ,  and the PAP techni que , us i ng gastri n anti serum As ' 74 as the 

primary anti serum , was checked i n  the fol l owi ng  manne r :  

( a )  D e  Grandi : ti ssue secti ons from the abomasal body regi on of 

11  an imal s ( Nos  1 to 4 and 15  to 21 , i ncl us i ve )  were stai ned i n  

a s i ngl e batch . A further seri es of secti ons from the mi d
duodenal s i tes of the same an imal s ,  were al so sta i ned i n  a 
si ngl e batch . 

( b )  Fast garnet : ti ssue secti ons from the mi d-duodenum of each of 

the above 11 animal s were sta i ned i n  a si ngl e batch . 

( c )  PAP techn i que : ti s sue secti ons from the abomasal antrum of 
each of the above 1 1  an imal s were sta i ned on the same day 
usi ng gastri n anti serum As ' 74 as the primary anti serum . 

Endocri ne cel l counti ng was carri ed out i n  the manner descri bed i n  

S ecti on 2 . 11 . Fol l owi ng th i s ,  endocri ne cel l dens i ti es for each of the 

batch  stai ni ng methods descri bed above , were compared wi th the resul ts 
obtai ned when secti ons were sta i ned on di fferent days ( i . e .  i n  the 

course of routi ne stai n i ng of ti ssue from these adu l t and 6 month ol d 
animal s ) . These l atter data were u sed i n  the analyses of vari ance 

summari zed i n  Tabl es 3 . 6  and 6 . 1 .  I n  each case the vari ance for data 
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obta i ned when sl i des were stai ned i n  a s i ngl e batch cl early contai n s  

components of animal vari ati on , whi l e  the vari ance for data obtai ned on 

di fferent days wi l l  i n  addi ti on contai n components of day to day 

vari ati on . Thus the rati o of these vari ances wi l l  test  whether day to 

day vari ati on i n  sta i n i ng resul ts i s  s i gni fi cantly greater than that due 
to ani mal to animal vari ati on . To further i l l ustrate that vari ati ons i n  

endocri ne cel l dens i ti es were substanti al l y  due to an imal to animal ( and 

presumably si te to si te vari ati ons ) , the l i near regressi ons ( see F i gs . 

3 . 1 1 to 3 . 14 )  between si ngl e and separate batch sta i n i ng resul ts were 

cal cul ated by the method of l east squares ( Snedecor and Cochran , 1969 ) . 

The correl ation coeffi ci ents for these l i near regres s i on s  were cal cul ated 
accordi ng to the method descri bed by Snedecor and Cochran ( 1969 ) . 

3 . 3 .  Resul ts 

3 . 3 . 1  Performance of Sta i n i ng Techni ques 

Endocri ne cel l s  were i ntensely and rel i ably stai ned by the 
De Grandi ( F i g .  3 . 1 )  and Sev i er-Munger ( Fi g .  3 . 2 )  techn i ques . No 
endocri ne cel l s  were sta i ned by the Grimel i us techni que . Sl i ght non
spec i fi c  background stai ni ng ,  frequently observed wi th the Sevi er

Munger,  but not the De Grandi techni que , di d not cause any probl ems i n  

i denti fyi ng  endocri ne cel l s . 

The Si ngh ( 1 964 ) modi fi cati on of the Masson-Hamperl techni que gave 
vari abl e resul ts . Occas i onal ly  endocri ne cel l s  were i ntensely stai ned , 
but often such cel l s  were found together wi th poorly sta i ned cel l s  ( Fi g .  
3 . 3 ) . More frequently al l argentaffi n cel l s  were very pal e ( Fi g .  3 . 4 ) , 

mak i n g  them di ffi cul t to i denti fy and hence count .  When stai n i ng 
resul ts were poor ,  the procedure was repeated on addi ti onal secti ons 

from the same ti ssue b l ock , but wi thout any noti ceab l e improvement .  I n  

the case of one animal ( No .  2 ) , no endocri ne cel l s  were stai ned wi th 

thi s techni que . 

The di azoni um techni que , us i ng fast garnet , was found to be 
rel i abl e and sati sfactori ly  sta i ned endocri ne cel l s  i n  i ntesti nal 
mucosal sampl es ( F i g .  3 . 5 ) . However,  endocri ne cel l s  i n  both the body 



F i gure 3 . 1 :  Argyroph i l i c  cel l s  ( b l ack ) near bases of  crypts of 

L i eberkuhn . D i stal duodenum ; De Grandi method ; 
magn i fi cati on x 300 . 

Fi gure 3 . 2 :  Argyroph i l i c  cel l s  ( bl ack ) near bases of gastri c gl ands . 

Abomasal body ; Sevi er- Munger method ; magn i fi cati on 
X 300 . 

Fi gu re 3 . 3 :  Argenta ffi n cel l s ,  some wel l stai ned ( bl ack arrows ) others 
poorl y sta i ned ( whi te arrows ) .  Mi d-duodenum ; Masson
Hamperl method ; magni fi cati on x 740 . 
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Fi gure 3 . 4 :  Poorly sta i ned argentaffi n cel l s  ( a rrows ) near bases of 

crypts of Li eberkuhn . Mi d-duodenum ; Masson-Hamperl 
method ; magni f icati on x 740 . 

Fi gure 3 . 5 :  EC cel l s  ( arrows ) near bases of  crypts of L i eberkuhn . 

Proximal duodenum ; fast garnet method ; magni fi cati on 
X 1850 . 
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( Fi g .  3 . 6 )  and antral regi ons of the abomasum were poorly stai ned . The 

cytopl asm of some non-endocri ne epi thel i al cel l s  was sta i ned yel l ow ( see 
F i g .  3 . 22 ) , wh i l e  i n  some connecti ve ti ssue cel l s  i t  sta i ned red and i n  

others yel l ow ( see Fi g .  3 . 23 ) . 

As outl i ned i n  Secti on 2 . 6 ,  chromaffi n techni ques were general l y  

found to be unsati sfactory .  Thu s , al though the cytopl asm o f  EC cel l s  

was occas i ona l ly wel l sta i ned ( Fi g .  3 . 7 ,  3 . 8 )  by chromaffi n methods , more 

frequentl y sta i n i ng was very pal e ( Fi g .  3 . 9 ) . There was no di scerni bl e 
di fference i n  sta i n i ng i ntensi ty between the three chromaffi n methods 
tri ed , and no improvement  was observed wi th any of these methods when 

stai n i ng ti me was i ncreased from 2 to 7 days . I n  the case of one an ima l  

( N o .  1 )  no EC  cel l s  were found at  any of the samp l i ng si tes us i ng 

chromaffi n sta i ni ng techni ques . 

The al c i a n  bl ue/H and E ,  al c i an bl ue and l ow pH , and tol u i di ne bl ue 
methods al l produced i ntense stai n i ng and such resu l ts were repeatabl e 
( see Fi gs . 3 . 31 to 3 . 42 ) . Deta i l ed presentati on of these resul ts i s  

gi ven i n  Secti on 3 . 3 . 3 .  

The l ead- haematoxyl i n  and xanthydrol techni ques fa i l ed to gi ve 
pos i ti ve resu l ts i n  any of the ti ssues studi ed . 

Immunohi stochemi cal stai ni ng us i ng the PAP techni que wi th the 
anti sera l i sted i n  Tabl e 2 . 18 gave good and consi stent sta i n i ng 

i ntens i ti es ( e . g .  Fi g .  3 . 1 0 ) . Occasi onal fai l ure of the techn i que was 
attri buted to the use of di l uted anti sera that had been stored at 4 °C  
for more than a week . No  fa i l ures occurred when freshly di l uted 

anti sera were used . 

Stai n i ng of G cel l s  us i ng the i ndi rect peroxi dase-conj ugate : method 
wi th the Cal b i ochem gastri n anti serum ( di l uti on range 1 : 1  - 1 : 5 )  was 
general ly  poor .  Th i s  was attri buted to the l ow ti tre of the gastri n 

anti serum and l ow sens i ti v i ty of the techni que . For G cel l sta i n i ng 
th i s  method was abandoned i n  favour of the PAP techni que usi ng Hansky • s  
As 1 74 .  



Fi gure 3 . 6 :  Poorl y sta i ned EC cel l s  ( arrows ) near bases o f  gastri c 

gl a nds . Abomasal body ; fast garnet method ; magn i fi cati on 

X 1850 . 

Fi gure 3 . 7 :  EC cel l s  (yel l ow )  wi th wel l sta i ned basal granul es , near 
bases of crypts of Li eberkuhn . Proximal duodenum ; 

chromaffi n method ( J a im-Etchevery and Zi eher ,  1968 ) ; 

magn i fi cati on x 1850 . 

Fi gure 3 . 8 :  Wel l sta i ned EC cel l s  (yel l ow )  near bases of crypts of 

Li eberkuhn .  Prox imal duodenum ; chromaffi n method ( J a im

Etchevery and Zi eher , 1968 ) ; magni fi cati on x 300 . 
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Fi gure 3 . 9 :  Poorl y stai ned EC cel l s  ( arrows ) near base of crypt of 

L i eberkuhn . D i stal duodenum ; chromaffi n sta i n  ( Ja im

Etchevery and Zi eher , 1 968 ) ; magni fi cati on x 300 . 

Fi gure 3 . 10 :  Immunoreacti ve G cel l s  ( brown ) i n  antral gl ands . Abomasal 
antrum ; gastri n anti serum As 1 74/PAP method ; magni fi cati on 
X 1850 . 
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Resul ts of the di l uti on study usi ng the PAP techni que wi th gastri n 

As ' 74 are gi ven i n  Tab l e 3 . 2 .  

Tab l e 3 . 2 :  E ffects of di l uti on of gastri n anti serum As ' 74 on 

G cel l counts i n  abomasal antral mucosa 

( sheep No . 4 ;  n = 10 ) 

Oi l uti on 
of gastri n 1 : 40 1 : 400 1 : 800 1 : 1600 1 : 3200 1 : 6400 
anti serum 

G cel l 134 139  128 125  60  0 
den s i t� 
( c .mm- ) 

SEM 9 . 5  10 . 4  7 . 9  8 . 9  7 . 8  0 

There were no si gn i fi cant di fferences between G cel l dens i ti es for 
gastri n anti serum di l uti ons of 1 : 40 to 1 : 1600 , however ,  at the 1 : 3200 
di l uti on G cel l counts were si gni fi cantl y ( P <0 . 00 1 ) l ower than for 

l esser di l uti ons . No cel l s  stai ned wi th the 1 : 6400 di l uti on . 

At a di l uti on of 1 : 40 ,  G cel l sta i n i ng i ntens i ty was excel l ent ,  
however non- speci fi c  background sta i n i ng was undes i rably promi nent . At 

a di l uti on of 1 : 800 , G cel l sta i n i ng was fa i rly  pal e and somewhat 
vari abl e  over the secti on . Stai ni ng resu l ts at 1 : 400 di l uti on were 
excel l ent wi th wel l stai ned G cel l s  and l i ttl e or no non- speci fi c  
background stai n i ng and therefore th i s  di l uti on was used routi nely for 

gastri n anti serum As ' 74 .  

When the primary ,  secondary or terti ary anti sera were omi tted from 

the PAP techni que , no endocri ne cel l s  were stai ned and no background 

stai n i ng occurred apart from s l i ght stai ni ng of red b l ood cel l s . These 
resul ts i ndi cate that onl y speci fi c  sta i n i ng was obtai ned wi th each of 
the anti sera used i n  th i s  study . 
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The resul ts of i ncubati on of the primary anti sera wi th a range of 

syntheti c pepti des ( Tabl e 3 . 1 )  pri or to use i n  the PAP techni que are 

shown i n  Tabl e 3 . 3 .  Resul ts i ndi cate that stai n i ng wi th al l the pri mary 
anti sera was compl etely i nh i b i ted when each was i ncubated , at di l uti ons 
shown i n  Tabl e 2 . 20 ,  for 24 hrs at 4° C ,  wi th the pepti de/pepti de 

fragment agai nst wh ich  they were rai sed . Wi th the excepti on of As . 74 ,  

none of the anti sera cross-reacted wi th any other pepti de fragments . I n  

the case of As 1 74 ,  there was evi dence of sl i ght  cross-reacti vi ty wi th CCK 
C-termi nal tetra- and octapepti des . Thi s  i nh i b i ti on took the form of 

pal er endocri ne cel l sta i n i ng ,  however ,  endocri ne cel l dens i ti es were 

not s i gni fi cantl y  depressed . G cel l dens i ti es observed when the primary 
anti serum was gastri n anti serum al one , or gastri n anti serum whi ch had 
been prei ncubated wi th ei ther CCK C-termi nal tetra- or octapepti des 

were : 146 � 18 , 139 � 21 and 1 54 � 24 c . mm-2 , respecti vel y .  

F val ues for day to day vari ati on compared to si ngl e batch 

sta i n i n g ,  cal cul ated as outl i ned i n  Secti on 3 . 2 ,  for the argyroph i l i c ,  

fast garnet and PAP techni ques , were al l l es s  than 1 ( range 0 . 55 - 0 . 82 
wi th 99 degrees of freedom for both the numerator and denomi nator ) , 
hence not stati sti cal ly si gni fi cant .  

The mean endocri ne cel l dens i ti e s ,  for the three methods menti oned 
above , obtai ned from sl i des stai ned on one day and sl i des stai ned on 
di fferent days , are pl otted i n  F i gs . 3 . 1 1 to 3 . 14 ,  i ncl us i ve .  Equati ons 
for the l i near regress i ons  shown i n  these fi gures are : 

( a )  for argyroph i l i c  cel l s  i n  the abomasal body reg io n  

Y = 1 . 0 15X  - 4 . 99 
wi th a correl ati on coeffi ci ent of 0 . 9697 , 

( b )  for argyroph i l i c  cel l s  i n  the mi d-duodenum 

Y = 1 . 109X - 13 . 58 
wi th a correl ati on coeffi ci ent of 0 . 9918 , 

( c )  for EC cel l s  i n  the mi d-duodenum 
Y = 1 . 43X - 50 .82 
wi th a correl ati on coeffi ci ent of 0 . 9663 , and 

( d ) for G cel l s  i n  the abomasal antrum 
Y = 0 . 87X + 15 . 1 3 

wi th a correl ati on coeffi ci ent of 0 . 9185 
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Tabl e 3 . 3  Speci f i c i ty of primary anti sera a s  i ndi cated by i nh i b i ti on 

of sta i n i ng ,  fol l owi ng i ncubati on of pri mary anti sera wi th 

pepti des or pepti de fragments 

Pepti de/pepti de 
fragment 

Gastri n 

Gastri n + 
{ human 2 - 17 ) 

Secreti n 
( penta-acetate ) 

Somatostati n * 

Gl ucagon 
( syntheti c )  

CCK tetrapepti de + 

CCK octapepti de + 

+ compl ete i nh i b i t i on 

+ Parti al i nh i b i ti on 

no i nh i b i ti on 

* see Chapter 4 

Pr imary anti sera 

Secreti n Somatostati n 

+ 

+ 

' "'( - ' ' \ . 

Gl ucagon 

+ 
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Fi gure 3 . 1 1 :  Argyroph i l i c cel l densi ti es from sl i des of 
abomasal body mucosa , stai ned i n  si ngl e or · : 
separate batches . L i near regressi on ( b  = 1 . 0 15 ) 
i s  gi ven by sol i d  l i ne . Broken l i ne i s  a 4So  
l i ne through the ori gi n .  
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Fi gure 3 . 1 2 :  Argyroph i l i c cel l dens i t i es from sl i des of mi d
duodenal mucosa , sta i ned i n  s i ngl e  or separate 
batches . L i near regress ion  ( b  = 1 . 109 ) i s  gi ven 
by the sol i d  l i ne .  Broken l i ne i s  a 45 ° l i ne 
through the ori gi n .  
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l i ne .  Broken l i ne i s  a 45° l i ne through the ori gi n .  



Ill 
Q) 

= �  
o u  
S... +..l 

'+- res  
..0 -

N Q) 
I +..l 

� � 
· res  

u o.  
- Q) 

Ill 
Ill 
Q) S::: .,... •r-
+-) 
..... "0 
II'I Q)  
s::: s::: 
Q) •.-

-o res  
+-) 

..... Ill 
..-
Q) II'l  
u Q) 

"0 
(.!J ..... r-

Ill 

200 

150 

100 

50 

/ 

0 

/ 
/ 

/ 

/ 
/ 

/ 

50 100 150 

G cel l dens i ti es ( c . mm-2 ) from 
sl i des stai ned i n  a s i ngl e batch  

103 . 

200 

Fi gure 3 . 14 :  G cel l dens i ties  from sl i des of abomasal antral 
mucosa , stai ned i n  si ngl e or separate batches � · 
L i near regress i on ( b  = 0 . 870 ) i s  gi ven by sol i d  
l i ne .  Broken l i ne i s  a 45°  l i ne through the 
ori gi n .  



104 . 

where Y = endocri ne cel l dens i ty from sl i des stai ned i n  separate batches 

and X = endocri ne cel l den s i ty from s l i des sta i ned i n  a s i ngl e batch . 

For these regress i ons the proporti ons of the vari ance of Y that coul d be 

attri buted to i ts l i near regress i on on X were : 94 . 1% ,  98 . 4% ,  93 . 4% and 
84 . 4% ,  respecti vel y .  

3 . 3 . 2  Compari son o f  Hi stochemi cal Stai n i ng Methods 

Because of the u nsati sfactory resu l ts obta i ned wi th the chromaffi n 
and Masson-Hamperl techn i ques ( see above ) , data for endocri ne cel l 

den s i ti es were i ncompl ete for sheep Nos .  1 and 2 ,  respecti vel y .  For th i s  
reason compari sons of the chromaffi n wi th di azoni um ,  and o f  the Masson
Hamperl wi th De Grandi and Sev i er-Munger techn i ques , were analysed 

separately ( Tabl es 3 . 4  and 3 . 5 ,  respecti vel y ) . Resul ts from chromaffi n 
and Masson-Hamperl sta i n i ng methods were excl uded from the ma i n  analys i s 

of vari ance ( Tabl e 3 . 7 ) . 

Analys i s of vari ance ( Tabl e 3 . 4 )  of the data shown i n  F i g .  3 . 55 

reveal ed a s i gn i fi cant ( P<0 . 00 1 ) overal l di fference between the fast 

garnet and chromaffi n sta i n i ng techn i ques . The former method gave 
h i gher cel l counts at al l si tes , parti cul arly i n  the duodenum 
( i nteracti on component D ( i i ) ,  Tabl e 3 . 4 ) . 

Analysi s of vari ance of  the data shown i n  Fi g .  3 . 50 di d not reveal 

any s i gn i fi cant overal l di fference between the number of cel l s  stai ned 
by the De Grandi and Sevi er-Munger methods ( Tabl e 3 . 5 ) . The absence of  

any si gni fi cant component i n  the s i te x sta i ni ng method i nteracti on for 
these two techn i ques i ndi cates that the resu l ts were s imi l ar for each of 
the sampl i ng s i tes . There was ,  however ,  a si gni ficant di fference 
( P <O . OO l ) between the two argyroph i l i c and the argentaffi n techn.1 qties . 

Th i s  was due to the general l y  l ow counts obta i ned wi th the argentaffi n 
method . 

There was a s i gni fi cant di fference i n  the di stri buti on of cel l s  

demonstrated by these three techn i ques as shown by the si gni fi cant 
i nteracti on components Di - i i i  ( Tabl e 3 . 5 ) , al l of wh i ch i nvol ved 
compari sons i n  wh i ch the abomasum· was i ncl uded . Th i s  was due to the l ow 



105 . 

Tabl e 3 . 4 :  Summary o f  analys i s o f  vari ance o f  data obta i ned us i ng 

the chroma ffi n a fast garnet sta i n i ng methods* 

Source of Vari ati on OF Vari ance Rati os  

A .  Animal s 2 1 . 84 

B .  S i tes 7 
( i )  Duop + Duom v s  Duod 1 4 . 65* 
( i i )  Duo vs  I l  1 30 . 14*** -
( i i i )  Ab vs  S I  1 45 . 51*** 
( vi )  Ab + S I  v s  L I  1 16 . 36** 

Rema i nder 3 0 . 61  

c .  Sta i n i ng methods 1 35 . 73*** 

D .  I nteracti on : s i tes x sta i n i ng methods 7 
( i ) Duo vs I l  x Chr vs  FG 1 8 . 33* 
( i i ) Ab vs  S I  x Chr v s  FG 1 15 . 63** 

Rema i nder 5 0 . 91 

Res i dual  mean square 14  4 . 36 

Data for sheep No 1 not i ncl uded 
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Tabl e 3 . 5 :  Summary of anal ys i s of vari ance of data obta i ned us i ng 
three s i l ver stai n i ng methods ( De Grandi , Sev i er-Munger 
and Masson-Hamperl } � 

Source of Vari ati on OF Vari ance Rati os  

A .  Anima l s 2 2 . 92 

B .  Si tes 7 

( i }  Abb vs  Aba 1 232 . 44*** 

( i i )  Duop + Duom � Duod 1 92 . 70*** 

( i i i }  Duo vs  I l  1 276 . 04*** -
( i v )  Ab v s  S I  1 1 3 1 . 71*** 

( v )  Ab + S I  vs L I  1 271 . 96*** 

Rema i nder 2 0 . 71 

c .  Stai n i ng Methods 2 

( i ) DG vs  SM 1 1 . 1 1 -
( i )  DG + SM vs MH 1 1 26 . 18*** 

D .  I nteracti on : si tes x stai n i ng methods 14 

( i ) Abb vs  Aba x DG + SM � MH 1 79 . 96*** 

( i i )  Ab � SI  x DG + SM � MH 1 14 . 34*** 

( i i i ) Ab + SI  vs L I  x DG  + SM vs MH 1 8 . 50** 
Rema i nder 1 1  0 . 91 

Res i dual mean square 46 1 . 1 3 

* Data for sheep No . 2 not i ncl uded 
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dens i ty ( <8 c . mm-2 ) of argentaffi n cel l s  i n  the aboma sal body . The 

di stri buti on of argyrophi l i c and argentaffi n cel l s  i s  descri bed i n  
detai l i n  Section  3 . 3 . 4 .  

3 . 3 . 3  Morphol ogy of Endocri ne Cel l s  

Argyroph i l i c  cel l s  i n  the body regi on of the abomasum were 

typi cal l y  smal l ,  i rregu l arly shaped and of vari abl e stai n i ng i ntens i ty 

( Fi g .  3 . 1 5 ) . Many were of  the ' c l osed ' type , wi th no apparent cel l 
pol ari ty ( i . e .  cytopl asmi c sta i n i ng was not confi ned to any parti cul a r  

regi on of the cel l ) .  Some argyroph i l i c  cel l s  i n  the body reg i o n  of  the 

abomasum had basal cytopl asmi c proj ecti ons conta i n i ng granul es ( Fi g .  

3 . 16 ) . Such cel l s  were commonly found next to pari etal cel l s . The 

basal cytopl asmi c process of some cel l s  was observed to pass between the 
basal l ami na and the base of other cel l s  before termi nati ng cl ose to a 

pari etal cel l ( F i g .  3 . 17 ) . 

Argyrophi l i c cel l s  i n  the antral regi on of  the abomasum were al ways 

of the ' c l osed ' type . A few had basal cytopl asmi c processes . 

Most  i ntesti nal argyrophi l i c cel l s  were of  the ' open ' type , and 
pol ari zed , the i ntens i ty of cytopl asmi c sta i n i ng bei ng greatest i n  

the i nfranucl ear part o f  the cel l . Cel l s i ze ,  al though not measured 
di rectl y ,  appeared vari abl e .  Argyroph i l i c  cel l s  were commonl y pyrami dal 
or teardrop i n  shape ( F i g .  3 . 18 ) , whereas nei ghbouri ng non-endocri ne 

( i . e .  non-argyrophi l i c )  cel l s  were col umnar .  

E ndocri ne cel l s  l i ghtl y stai ned by the De Grandi techn i que , were 

found th roughout many pancreati c i s l ets . The secretory granu l es of such 
cel l s  were parti cul arly  fi ne , gi vi ng  the cytopl asm a sandy appearance 

( Fi g .  3 . 1 9 ) . Some i s l ets , however , di d not contai n any pos i ti vely 
sta i ned cel l s  and overal l ,  the majori ty of i s l et cel l s  were not sta i ned . 
No Sev i er-Munger posi ti ve cel l s  were i denti fi ed i n  the pancreas . 

I n  any gi ven regi on of the G I  trac t ,  the number , di stri buti on and 
morphol ogy of  the argyrophi l i c cel l s  stai ned by the De Grandi techni que 

were i ndi sti ngu i shabl e from those sta i ned by the Sevi er-Munger 



Fi gure 3 . 1 5 :  Argyroph i l i c cel l s  ( arrows ) of vari abl e shape and stai n i ng 

i ntens i ty near bases of gastri c gl a nds . Abomasal body ; De 

Grandi method ; magni fi cati on x 740 . 

F i gure 3 . 16 :  Argyroph i l i c cel l ( arrow) , wi th basal cytopl asmi c process ,  

adj acent to pari etal cel l ( P ) . Abomasal body ; De Grandi 

method ; magn i fi cati on x 1850 . 

Fi gure 3 . 1 7 :  Argyroph i l i c cel l ( a rrow ) , wi th basal cytopl asmi c process 

termi nati ng on di stant pari etal cel l ( P ) . Abomasal body ; 
De Grandi method ; mangi fi cati on x 1850 . 
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Fi gure 3 . 18 :  Pyrami dal shaped argyroph i l i c  cel l s  ( arrows ) , wi th i nfra

nucl ear cytopl asmi c granul es ( bl ack ) , i n  crypt of 
L i eberkuhn . Mi d-Duodenum ; De Grandi method ; 
magn i fi cati on x 1850 . 

Fi gure 3 . 1 9 :  Groups of argyroph i l i c  ( b l ack arrows ) and non-argyroph i l i c 
( whi te arrows )  endocri ne cel l s  wi th i n  i s l et of Langerhans . 

Pancreas ; . De Grandi method ; magn i fi cati on x 740 . 
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techn i que . For th i s  reason , and because the l atter techn i que frequentl y  

produced consi derabl e non- speci fi c  background stai n i ng ,  the maj ori ty of 

photomi crographs used to demonstrate argyroph i l i c cel l s  are of secti ons 
sta i ned by the De Grandi techni que . 

Argentaffi n cel l s  ( i . e .  those sta i ned by the Masson-Hamperl method } 
i n  the body regi on of the abomasum were of the ' cl osed ' type and 

conta i ned pal e sta i n i ng i nfranucl ear granul es  ( Fi g .  3 . 20 } . In the 

i ntesti nal mucosa and gl ands of Bru nner ,  argentaffi n cel l s  were of 
simi l ar morphol ogy to the argyroph i l i c  cel l s  i n  these regi ons .  

I n  the abomasum fou r  di fferent  cel l types were di sti ngui shed u s i ng 
the fast  garnet techn i que . A summary of thei r sta i ni ng characteri sti c s , 

type , di stri buti on and the probabl e i denti ty of these cel l s  i s  gi ven 
i n  Tabl e 3 . 6 .  The reasons for cl assi fyi ng these cel l s  i n  th i s  manner 

are di scussed on p 145- 147 . 

Al l abomasal EC cel l s  were poorly stai ned ( F i g .  3 . 2 1 } by the fast 

garnet techn i que . Wi th th i s  techn i que yel l ow sta i n i ng of the cytopl asm 

made red granul es di ffi cu l t to demonstrate i n  photomi crographs ,  even 
though they were vi s i bl e  upon careful mi croscop i c  exami nati on .  Thu s ,  
al though red cytopl asmi c granul es were di ffi cu l t to see 

they were cl early observed i n  most  cel l s  when exami ned at lOOOx 
magn i fi cati on . 

MMC ' s  ( F i g .  3 . 22 }  were smal l ,  frequentl y  round i n  shape wi th fi ne 
cytopl asmi c granul es most  of wh ich  sta i ned yel l ow ,  wh i l e  the remai nder 
sta i ned orange-red wi th the fast garnet techni que . 

genera l l y  

CTMc • s  ( F i g .  3 . 23 ) Lwere o f  vari abl e s i ze and shape , some conta i n i ng 
predomi nantl y  red and others mai n ly  yel l ow or yel l ow-brown sta i n i ng 

cytopl asmi c granul es . Such cel l s  were found i n  connecti ve ti ssue at al l 

si tes exami ned wi th i n  the ovi ne GI trac t .  

Gl obul ar l eucocytes ( Fi g  3 . 30 )  were read i l y  di s ti ngui shed from 
the three cel l types descri bed above by the presence of very l arge 

cytopl asmic  granu l es wh i ch stai ned yel l ow or yel l ow-brown wi th the 
fast  garnet techni que . Fre q u e n t l y  the se g ra n u l e s  were d i f f i c u l t to 

demons trate i n  photom i c rogra p h s  ( F i g . 3 . 24 ) . 



Fi gure 3 . 20 : Argentaffi n cel l ( arrow ) near base of gastri c gl a nd . 
Abomasal body ; Masson-Hamperl method ; Magn i fi cati on 

X 1850 . 

F i gure 3 . 21 : Poorl y stai ned EC cel l s  ( a rrows ) near bases of gastri c 

gl a nds . Abomasal body ; fast garnet method ; magn i fi cati on 
X 1850 . 

F i gure 3 . 22 :  MMc • s  ( a rrows ) ,  i n  gastri c gl ands , conta i n i ng 

predomi nantly  fi ne ,  yel l ow cytopl asmi c granul es . The 

l arge granul es are red . Abomasal body ; fa st garnet 

method ; magn i fi cati on x 1850 . 
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Fi gure 3 . 23 :  CTMC ' s , one conta i n i ng yel l ow ( b l ack arrow ) the other 

yel l ow and red ( wh i te arrow ) cytopl asmi c granu l es ,  
i n  abomasal submucosal connecti ve ti ssue . Abomasal 

antrum ; fast garnet method ; magn i fi cati on x 1850 . 

Fi gure 3 . 24 :  Gl obul ar l eucocyte ( arrow ) wi th yel l ow cytopl asmi c 
stai n i ng ,  i n  antral gl and . Abamasal antrum ; fast garnet 

method ; magn i fi cati on x 1850 . 



Tabl e 3 . 6 Cytopl a smi c sta i ni ng characteri sti cs ,  type , di stri buti on and probabl e i denti ty 
of cel l s  demon strated wi th i n  the abomasal mucosa u s i ng the fast  garnet 
stai n i ng techn i que 

Cytopl asmi c sta i ni ng 
c haracteri sti c s  

pal e pi nk , 

u neven stai ni ng 

f i ne ,  yel l ow granul es 

some coarser ,  orange-red 
granul es 

fi ne red or yel l ow to 

yel l ow- brown granul es or 
a mi xture 

coarse yel l ow or 

yel l ow-brown granul es 

Type 

• c l osed • 

• cl osed • 

-

• c l osed • 

Cl assi fi cat i on i nappropri ate 

D i stri buti on wi th i n  
the mucosa 

epi thel i um ,  near base 

of gastr i c  gl ands 

epi thel i um ,  throughout 
gl ands 

throughout c onnecti ve 
ti ssue 

epi thel i um ,  near base 
of gl ands 

Probabl e cel l 
i denti ty 

EC  

MMC 

CTMC 

gl obul a r  
1 eucocyte 

Fi g .  

3 . 2 1 

3 . 22 

3 . 23 

3 . 24 

...... 
...... 
w . 
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The vast maj ori ty of i ntesti nal EC cel l s  were of the ' open ' type 
and typ i cal l y  pyrami dal i n  shape , wi th many i ntensely sta i ned red 

cytopl asmi c granul es l ocated i n  the basal porti on of the cel l ( Fi g .  

3 . 25 ) . These EC cel l s  were most  common near the base of crypts of 
L i eberkuhn , however a few were al so found i n  the depth s of the gl ands of 

Brunner ( Fi g .  3 . 26 ) . Al so found i n  the gl ands of Brunner were cel l s  

s imi l ar i n  appearance to abomasal EC cel l s  ( i . e .  of the ' cl osed ' type 
wi th an uneven , pal e p i nk sta i n i ng cytopl asm ( Fi g .  3 . 27 ) ) ,  but these 
cel l s  were rare . 

Brunner ' s  gl ands al so conta i ned oval shaped cel l s , consi derably 
smal l er than the nei ghbouri ng col umnar epi thel i al cel l s , wi th the nuc l eus  

l ocated at  one pol e of the cel l and the cytopl asm sta i n i n g  yel l ow ( Fi g .  
3 . 28 ) . Such cel l s  were most  common i n  the epi thel i um of the duct of 

Brunner ' s  gl ands , parti cul arly around the l evel of the muscul ari s  

mucosa . These cel l s  may be gl obul ar  l eucocytes , but  the i r i denti ty i s  

by no means certa i n  ( see p 146) .  

Cel l s  thought to be MMC ' s  ( F i g .  3 . 29 ) and gl obul ar l eucocytes ( Fi g .  
3 . 30 ) were found i n  the depths of the gl ands of Brunner . The cytopl asm 
of both cel l types sta i ned yel l ow wi th fast  garnet .  MMC ' s  were smal l ,  

frequently rou nd i n  shape wi th very fi ne cytopl asmi c granul es , whereas 

gl obul ar l eucocytes were characteri zed by very l arge cytopl asmi c 

granu l es . 

Many ' cl ear ' cel l s  were i denti fi ed i n  the abomasal body regi on by 
the al c i an bl ue/haematoxyl i n  and eos i n stai n i ng method . They were 
smal l ,  frequentl y oval or pyrami dal i n  shape wi th a round , central ly  
pl aced nucl eus and cl ear ( i . e .  unsta i ned ) cytopl asm ( Fi g .  3 . 31 ) .  Many 
such cel l s  were observed to l i e di rectl y on the basal l ami na of the 

gl ands and were of the ' c l osed ' type . They were found throughout the 

epi thel i um ,  but  were most  common i n  the l ower th i rd of the gastri c 

gl ands where they occurred as si ngl e cel l s .  Frequently  they were i n  
cl ose proximi ty to pari etal or ch i ef cel l s . 

' C l ea r '  cel l s  i n  the abomasal antrum were more di ffi cu l t to 
i denti fy than those of the body regi on because of sl i ght  cytopl asmi c 

basophi l i a ( F i � .  3 . 32 ) . Most of .the endocri ne cel l s  seen were of the 



F i gu re 3 . 25 :  I n testi nal EC cel l s  ( red granu l e s )  and CTMc • s  (yel l ow 
granul es ) near base of crypt of L i eberkuhn . P roximal 

duodenum ; fast garnet method ; magni fi cati on x 1850 . 

Fi gure 3 . 26 :  EC cel l ( red granul es ) wi th i ntense i nfranucl ear sta i n i ng ,  
i n  depths of Brunner • s  gl and . Proximal duodenum ; fast  
garnet method ; magn i fi cati on x 1850 . 

Fi gure 3 . 27 :  Poorl y sta i ned • c l osed • type EC cel l ( a rrow ) i n  depths 
o f  Brunner • s  gl and . Mi d-duodenum ; fast garnet method ; 
magn i fi cati on x 1850 . 
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Fi gure 3 . 28 : D i azon i um pos i ti ve (yel l ow cytopl asmi c sta i n i ng )  cel l s , 

poss i b ly  gl obul ar l eucocytes , i n  epi thel i um o-f duct of 

Brunner ' s  gl and . Proximal duodenum ;  fast garnet method ; 
magni fi cati on x 1850 . 

Fi gu re 3 . 29 : MMC ( arrow ) wi th yel l ow cytopl asmi c sta i n i ng ,  i n  Brunner ' s  
gl and . Mi d-duodenum ; fast garnet method ; magn i fi cati on 
X 1850 . 



Fi gure 3 . 30 :  Gl obul ar  l eucocyte ( arrow ) , wi th l arge , yel l ow sta i ned 
cytopl asmi c granul es , i n  depths of Brunner ' s  gl ands . Mi d
duodenum ; fast garnet method ; magn i fi cati on x 1850 . 

F i gure 3 . 31 :  ' Cl ea r •  cel l s  ( arrows ) ,  wi th very pal e or un stai ned 

cytopl asm , i n  gastr i c  gl ands . Abomasal body ; al c i an 

bl ue/H and E method ; magni fi cati on x 1850 . 

Fi gure 3 . 32 :  ' C l ea r '  cel l s  ( arrows ) ,  wi th l i ghtly  stai ned cytopl asm , i n  

antral gl ands . Abomasal antrum ; al c i an bl ue/H and E 
method ; magn i fi cati on x 1850 . 
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' cl osed ' type and were most  numerous i n  the l ower ha l f of the antral 

gl ands . 

I n  both body and antral regi ons of the abomasum , al c i an bl ue 
pos i ti ve cel l s  were observed i n  the connec ti ve ti ssue and epi thel i um .  

Three di fferent cel l types were di sti ngu i shed : 

( a )  Round  or oval cel l s , of the ' cl osed ' type and found as si ngl e cel l s  

scattered throughout the gl and epi thel i um .  Cytopl asmi c stai n i ng 
i ntensi ty vari ed between cel l s  and ,  in  any one cel l frequentl y was 

uneven ( Fi g .  3 . 33 ) . I t  was concl uded that these cel l s  were MMC ' s . 

( b )  E l ongated cel l s  wi th fl attened nuc l ei found cl osely assoc i ated wi th 

gastri c ( Fi g .  3 . 34 )  and antral gl ands . I t  was not pos s i b l e to 

determi ne whether these cel l s  l ay wi thi n  or outsi de the basal 

l ami na as they appeared to be part of the l ami na . There were many 
cel l s  of s imi l ar appearance and l ocati on whose cytopl asm di d not 
sta i n wi th al c i an bl ue ( Fi g .  3 . 3 5 ) . Both the sta i ned , but more 
parti cu l arl y  the unsta i ned cel l s  were common near the bases of 
gastri c and antral gl ands and appeared to form a sheath surroundi ng 

the bases of the gl ands . Both the stai ned and the unstai ned cel l s  

were most  l i kel y fi brobl asts , formi ng the subepi thel i a l fi brobl asti c · 

sheath . 

( c )  Connecti ve ti ssue cel l s  of vari abl e shape but frequentl y of 
fl attened oval appearance . Thei r nucl ei  were al so of vari abl e 
shape but the cytopl asm was evenl y  and i ntensel y stai ned ( Fi g .  
3 . 36 ) . These cel l s  probably were CTMC ' s . 

Tol u i di ne bl ue reveal ed three defi n i te metachromati c cel l types i n  

the G I  mucosa : 

( a )  Cel l s  thought to be MMC ' s  were found at al l s i tes . General ly they 
were round or oval cel l s , of the ' c l osed ' type , wi th cytopl asmi c 

granul es wh i ch were stai ned a bl u i sh- purpl e ( Fi g .  3 . 37 ) . 

( b )  A fl attened and often very el ongated cel l type was cl osel y 
associ ated wi th the gastri c .  gl ands , parti cul arl y  near thei r base . 



Fi gure 3 . 33 :  MMC ( arrow ) wi th al c i an bl ue posi ti ve cytopl asm , i n  

gastri c gl and . Abomasal body ; al c i an  bl ue/H and E 

method ; magn i fi cati on x 1850 . 

Fi gure 3 . 34 : Al c i an bl ue pos i ti ve ( arrows ) fi brob l asts  of 
subepi thel i al fi brobl asti c sheath . Abomasal body ; 
al c i an bl ue/H and E method ; magn i fi cati on x 1850 . 

F i gure 3 . 35 : Al ci an bl ue negati ve ( arrows ) fi brob l asts of 
subepi thel i a l fi brobl asti c sheath . Abomasal antrum ; 
al c i an bl ue/H and E method ; magni fi cati on x 1850 .. 
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Fi gure 3 . 36 : CTMc • s  ( arrows ) wi th al c i an bl ue  posi ti ve cytopl asm i n  
�bomasal submucosal connecti ve ti ssue . Abomasal body ; 

al c i an bl ue/H and E method ; magn i fi cation  x 1850 . 

Fi gure 3 . 37 :  MMc • s  ( b l ack arrows ) and subepi thel i a l fi brobl ast ( wh i te 

arrow ) near base of gastri c gl and . Abomasal body ; 
tol u i di ne bl ue method ; magn i fi cation  x 1850 . 
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They appeared to l i e wi th i n  ( Fi g .  3 . 38 ) , to be part of , or l i e 

outsi de the basal l ami na ( Fi gs .  3 . 37 ,  3 . 39 ) . I t  was concl uded that 

these cel l s  were subepi thel i al fi b robl asts . 

( c )  Gl obul ar l eucocytes were found i n  al l sampl es  of mucosa exami ned 

and were di sti ngui shed by the presence of very l arge metachromati c 

cytopl asmi c granul es  ( Fi g .  3 . 40 ) . These cel l s  were vari abl e i n  

si ze and shape and were fou nd scattered throughout the depth of 
mucosa . 

Other smal l ' cl osed ' type cel l s  conta i n i ng metachromatic  granul es 
were found  i n  the gl ands of Brunner .  I n  the depths of the gl ands these 
cel l s  were oval or bean-shaped , wi th thei r l ong axi s ori ented al ong the 

basal l ami na of the gl and ( Fi g .  3 . 41 ) . I n  the ducts of the gl ands these 

cel l s  were oval i n  shape wi th an eccentri cal l y  pl aced nucl eus and wi th 
the l ong axi s of the cel l at ri ght angl es  to the basal l ami na of the 
duct ( Fi g .  3 . 42 ) . I t  i s  l i kely that these cel l s  were ei ther MMC ' s  or 

gl obul ar  l eucocytes . 

Antral G cel l s  were of the ' open ' type and al though cel l shape was 

vari abl e ,  pyrami dal and teardrop shapes ( F i g .  3 . 43 )  were common . 
Sec retory granu l es  were found throughout the cel l cytopl asm ( Fi g .  3 . 44 ) , 
but sta i n i ng was general l y  most  i ntense i n  the basal porti on of the 
cel l whi ch was i n  contact wi th the basal l ami na . 

I ntesti nal G cel l s  were general ly  teardrop i n  shape ( Fi g .  3 . 45 ) , 

of the ' open ' type wi th secretory granul es  concentrated i n  the 

i nfranucl ear regi on . The few G cel l s  found near the ti ps  of vi l l i  
di ffered i n  morphol ogy from those descri bed above i n  that they were 
tal l , col umnar cel l s  wi th fl attened nuc l ei ( F i g .  3 . 46 ) . Cel l s  s imi l ar 
i n  morphol ogy to those fou nd i n  i ntesti nal crypts were observed · i n - the 

gl ands of Brunner ( Fi g .  3 . 47 ) . I n  al l i ntesti nal G cel l s , peroxi dase 
stai n i ng was observed throughout the cel l cytopl asm . 

Immunoreacti ve S cel l s  were of the ' open ' type and were densely 
stai ned throughout thei r cytopl a sm . S cel l s  i n  the i ntesti nal crypts 
were pyrami dal or tear-drop i n  shape ( Fi g .  3 . 48 )  whereas those i n  the 

i ntesti nal vi l l i  were tal l , col umnar cel l s  ( Fi g .  3 . 49 ) . 



F i gure 3 . 38 :  Subepi thel i al fi brobl asts ( arrows ) ,  wi th i n basal l ami na of 

gastri c gl and . Abomasal body ; tol u i di ne bl ue method ; 
magni fi cati on x 1850 . 

Fi gure 3 . 39 :  Subepi thel i al fi brobl asts ( arrows ) outs i de basal l ami na of 

gastr ic  gl ands . Abomasal body ; tol u i di ne bl ue method ; 
magn i fi cati on  x 740 . 

F i g u re 3 . 40 :  Gl obul ar l eucocytes ( arrows ) wi th l arge , metachromati c 
cytopl asm i c g ra n u l e s , i n  g a s t r i c g l a nd s . Aboma s a l  body ; 

tol u i di ne bl ue method ; magn i fi cati on  x 1850 . 
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Fi gure 3 . 41 :  ' Cl osed ' type cel l ( a rrow ) wi th metachromati c cytopl asmic 

stai n i ng ,  in  depths of Brunner ' s  gl and . Proximal 

duodenum ; tol u i d i ne bl ue  method ; magni fication x 1850 . 

F i gure 3 . 42 : ' Cl osed ' type cel l ( arrow ) wi th metachromati c cytopl asmi c 

sta i n i ng ,  i n  duct of Brunner ' s  gl and . Proximal duodenum ; 

tol ui di ne bl ue method ; magn i fi cati on x 1850 . 

Fi gure 3 . 43 : I ntensel y stai ned ( b rown )  antral G cel l s , ' teardrop ' or 
' pyrami dal • in shape , in antral gl and . Abomasal antrum ; 
gastri n anti serum As ' 74/PAP method ; magn i fi cati on x 1850 . 



re 
Fi gure 3 . 44 : Antral G cel l ( b rown ) wi th sectory granu l es concentrated 

i n  i nfranucl ear cytopl asm .  Abomasal antrum ; gastri n 

anti serum As . 74/PAP method ; magni fi cati on x 1850 . 

Fi gure 3 . 45 : I ntesti nal G cel l ( b rown ) , showi ng typi cal teardrop shape , 
near base of crypt of L i eberkuhn . Proximal duodenum ; 

gastri n anti serum As . 74/PAP method ; magni ficati on x 1850 . 

Fi gure 3 . 46 : I ntesti nal G cel l ( brown ) near ti p of v i l l u s ,  showi ng 

typi cal col umnar shape . Mi d-duodenum ; gastri n anti serum 
As . 74/PAP method ; magni fi cati on x 1850 . 
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Fi gure 3 . 47 : Immunoreacti ve G cel l ( arrow ) i n  depths of Brunner ' s  

gl and . Proximal duodenum ; gastri n anti serum As ' 74/PAP 
method ; magni fi cati on x 740 . 

F i gure 3 . 48 :  I ntensel y stai ned ( brown ) , pyrami dal shaped S cel l i n  

crypt of L i eberkuhn . Proxi mal duodenum ; secreti n 

anti serum/PAP method ; magn i fi cati on x 1850 . 

Fi gure 3 . 49 :  Col umnar  shaped i ntesti nal S cel l s  ( b rown ) near ti p of 
v i l l u s .  Mi d-duodenum ; secreti n anti serum/PAP method ; 
magni fi cati on x 1850 . 



3 . 3 . 4  D i stri buti on o f  Endocri ne Cel l s  

126 . 

The di stri buti ons of argyrophi l i c and argentaffi n i c  cel l s  are shown 

i n  Fi g .  3 . 50 .  

Large numbers of argyrophi l i c cel l s  were reveal ed by the De Grandi 

and Sev i er-Munger techni ques i n  the abomasal body ( 1 1 9  � 35 and 1 53 + 6 

c .mm-2 ) ,  proxi mal ( 146 � SO and 1 2 2  � 36 c .mm-2 ) and mi d-duodenum 
( 1 5 2  + 8 and 149 + 8 c . mm-2 ) ,  wi th dec reas i ng dens i ti es i n  more di stal  

si tes� Argyrophili c  cel l s  were rare ( <5 c .mm-2 ) in  the abomasal antrum 

and gl ands of Brunner .  

I n  the abomasal body , argyroph i l i c cel l s  were commonl y found 

scattered in the epi thel i um of the l ower hal f of the gastri c gl ands 

( Fi g .  3 . 51 ) , wh i l e  i n  the antral regi on they occurred onl y i n  the depths 

of the gl ands . Argyrophi l i c cel l s  were found scattered throughout the 

i ntesti nal epi thel i um ,  but were most numerous i n  the l ower hal f of the 

crypts of L i eberkuhn ( Fi g .  3 . 52 )  where they often occurred i n  smal l 
groups . The argyrophi l i c cel l s  of the gl ands of Brunner occurred as 
si ngl e cel l s  in the depths of the gl ands and gl and ducts ( Fi g .  3 . 53 ) , or 

i n  smal l groups ( Fi g .  3 . 54 ) . 

Argentaffi n cel l s  ( i . e .  those cel l s  stai ned by the Masson-Hamperl 
techni que ) were most common i n  the proxi mal ( 102 + 14  c . mm-2 ) ,  mi d 

( 1 19  + 20 c . mm-2 ) and di stal ( 39 + 1 1  c . mm-2 ) duodenum . Few ( < 10  c .mm-2 ) 

argentaffi n cel l s  were found i n  the abomasal body, wh i l e  i n  the abomasal 

antrum , i l eum , col on and caecum they were rare . 

Al though argentaffi n cel l s  were found scattered throughout the 
mucosal th i ckness i n  the abomasal body and i ntesti ne , they were most . : . 
numerous i n  the l ower hal f of the mucosa . I n  the abomasal antrum they 

were confi ned to the deeper parts of the antral gl ands . I n  the duodenal 

mucosa argentaffi n cel l s  commonly occu rred i n  groups wh i l e  at other 
si tes , i ncl udi ng  the gl ands of Brunner , they general ly  occurred as 
si ngl e cel l s  i n  the depths of the gl ands or i n  the epi thel i um l i ni ng the 
ducts of the gl ands . 
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Fi gure 3 . 51 :  Argyroph i l i c  cel l s  ( b l ack ) i n  deep hal f of gastri c gl ands . 

Depth of gl ands i nd icated by arrows . Abomasal body ; De 

Grandi method ; magn i fi cati on x 300 . 

Fi gure 3 . 5 2 : Argyroph i l i c  cel l s  ( b l ack ) i n  deep hal f of crypts of 
L i eberkuhn . Depth of crypts i ndi cated by arrows . 
Proximal duodenum ; De Grandi method ; magni fi cati on x 300 . 
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Fi gure 3 . 53 :  Pyrami dal shaped argyroph i l i c cel l ( b rown ) i n  duct 
of Brunner ' s  gl and . Proximal duodenum ; De Grandi 
method ; magni fi cati on x 1850 . 

F i gure 3 . 54 :  Smal l groups of argyrophi l i c  cel l s  ( brown ) i n  depths of 

Brunner ' s  gl and . Proxi mal duodenum ; De Grandi method ; 
magni fi cati on x 740 . 
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EC cel l s , stai ned by the fast garnet techni que , were most common i n  

the duodenum where they ranged i n  densi ty from 182 � 37 c .mrn-2 i n  the mi d

duodenum to 79 + 13  c .mm-2 i n  the di stal duodenum ( Fi g .  3 . 55 ) . They were 

uncommon i n  the abomasal body , i l eum , col on and caecum and rare i n  the 

abomasal antrum . No EC cel l s  were i denti fi ed i n  the pancreas . 

I n  the body of the abomasum ,  EC cel l s  general l y  occurred si ng ly  and 
were most common i n  the l ower hal f of the gastri c gl ands . I ntesti nal EC 
cel l s  were most common i n  the depths of the crypts of L i eberkuhn , where 

they frequently occurred i n  smal l cl usters ( F i g .  3 . 56 ) . A few EC cel l s  
were i denti fi ed i n  the gl ands of Brunner . 

Immunoreacti ve G cel l s  occurred i n  hi ghest dens i ti es i n  abomasal 
antral mucosa ( 1 5 5  + 11 c .mm-2 ) .  G cel l s  were al so common in the 

duodenum , parti cul arl y the proxi mal and mi d-duodenum , but were l es s  

numerous  ( <40 c .mm-2 ) than i n  the abomasal antrum ( Fi g .  3 . 57 ) .  No G 

cel l s  were found i n  the abomasal body , i l eum , col on , caecum or pancreas . 

Antral G cel l s , al though found scattered throughout the epi thel i um 
of the gl ands , were most common i n  the mi ddl e and upper regi ons of the 

gl ands ( F i g .  3 . 58 ) . I ntesti nal G cel l s  ( F i g .  3 . 59 )  were most common i n  
the deeper parts of the duodenal crypts of L i eberkuhn . A smal l number 

of G cel l s  were observed i n  the depths of the gl ands of Brunner ( Fi g .  
3 . 60 ) . 

Immunoreacti ve S cel l s  were restri cted i n  thei r di stri buti on to the 

smal l i ntesti ne . 
( 34 + 1 2  c . mm-2 ) 

( F i g .  3 . 5 7 ) . 

Here they were most common i n  the proximal  duodenum 

and decreased i n  densi ty i n  more di stal mucosal sampl es 

Al though S cel l s  were found scattered throu ghout the depth · af · the 
smal l i ntesti nal crypts and vi l l i ,  they were most common i n  the upper 
parts of the crypts . There were no S cel l s  i n  the gl ands of Brunner . 

Cel l s  that stai ned wi th the anti serum to pancreati c gl ucagon were 

i denti fi ed i n  both pancreati c i sl ets and pancreati c exocri ne ac i ni . I n  

the i sl ets they were frequently i rregul ar i n  shape and occurred ma i n ly 

near the peri phery of the i s l et (Fi g .  3 . 6 1 ) .  Immunoreacti ve cel l s  i n  
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Fi gure 3 . 56 :  Smal l cl usters of i ntesti nal EC cel l s  ( red ) near bases of 

crypts of L i eberkuhn .  P roximal duodenum ; fast garnet 

method ; magni fi cati on x 740 . 

F i gure 3 . 58 :  Antral G cel l s  ( b l ack ) ma i nly i n  upper two th i rds of 
antral gl ands . Depth of gl ands i ndi cated by arrows . 

Abomasal antrum ; gastri n anti serum As ' 74/PAP method ; 

magni fi cati on x 300 . 

Fi gure 3 . 59 :  I ntesti nal G cel l s  ( b l ack ) mai n ly i n  l ower two th i rds of 
crypts of L i eberkuhn . Depth of crypts i ndi cated by 

arrows . Proximal duodenum ; gastri n anti serum As ' 74/PAP 
method ; magni fi cati on x 230 . 
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Fi gure 3 . 60 : Immunoreacti ve G cel l s  ( bl ack ) i n  Brunner ' s  gl ands . 

Proxi mal duodenum ; gastri n anti serum As ' 74/PAP method ; 

magni fi cati on x 740 . 

Fi gure 3 . 6 1 : Immunoreacti ve A cel l s  ( bl ack ) , of vari abl e shape , mai nly  

near peri phery ( i ndi cated by arrows ) of  i s l ets of Langerhans . 
Pancreas ; gl ucagon anti serum/PAP method ; magni fi cati on 
X 740 . 

Fi gure 3 . 62 : Immunoreacti ve A cel l ( a rrow ) i n  pancreati c exocri ne 
ac i nus . Pancreas ; gl ucagon anti serum/PAP method ; 
magni fi cati on x 740 . 
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the exocri ne aci n i  were pyrami dal i n  shape wi th most of the stai n i ng  

in  the basal part of the cel l , adj acent to  the vascul ar  suppl y ( Fi g .  

3 .  62 ) . 

No pancreati c gl ucagon immunoreacti ve cel l s  were found i n  the 
mucosa of the GI tract .  

N o  endocri ne cel l s  were i denti f ied , u s i ng  any of these stai n i ng  
techni ques , i n  mucosal sampl es from the reti cul um or rumen . 

Anal ysi s of vari ance ( Tabl e 3 . 7 )  demonstrated a s i gn i fi cant 

( P<O . OO l ) overal l di fference i n  cel l dens i ty between animal s .  Th i s  
was l argel y due to l ow counts obta i ned from two s i tes i n  sheep �Jo .  2 .  
Thu s , l ow endocri ne cel l counts were obta i ned for the abomasal body 

reg i on u s i ng the De Grandi techni que , and for the proxi mal duodenum by 
the De Grandi , Sev i er-Munger and fast garnet techni ques . These l_ow 

counts undoubtedl y contri buted to the l arge SEM for these two s i tes 

( see F i gs . 3 . 50 and 3 . 55 ) . 

Overal l ,  there were s i gni fi cantl y ( P<O . OOl ) fewer EC cel l s , as 
demonstrated by the fast garnet method , than argyroph i l i c cel l s  ( Tabl e 
3 . 7 , component C ( i i ) ) .  The cel l dens i ti es and di stri buti on patterns 
of EC and argyroph i l i c  cel l s  wi th i n the duodenum were s imi l ar ( Fi gs .  
3 . 50 and 3 . 55 ) , whereas there were s i gn i fi cantly ( P <O . OOl ) more 

argyrophi l i c than EC cel l s  i n  the abomasal body reg i on ( Tabl e 3 . 7 ,  
i nteracti on component D ( i ) ) . 

The di stri buti on of S cel l s  di ffered from those of both G cel l s  
( Tabl e 3 . 7 ,  i nteracti on components D ( i v )  and ( v ) ) and argyrophi l i c  

cel l s  ( Tabl e 3 . 7 ,  i nteracti on components D ( xi v-xvi ) )  i n  that they were 
found onl y i n  the smal l i ntesti ne . Overal l S cel l s  al so were l ess 
numerou s ( P<O . O S )  than G cel l s  ( Tabl e 3 . 7 , component C ( i i i ) )  and much 

l ess numerous ( P<O . OO l ) than argyroph i l i c cel l s  ( Tabl e 3 . 7 ,  component 
C ( v i ) ) .  
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Tab l e 3 . 7 :  Summary of anal ys i s of vari ance of data for sta i n i ng 

methods wh i ch demonstrate argyroph i l i c ,  EC , G and S cel l s  

Source of Vari ati on OF Vari ance Rat i os 

A .  An i mal s 3 9 . 39*** 

B .  Si tes 7 

( i )  Abb v s  Aba 1 10 . 86** 

( i i )  Duop + Duom � Duod 1 36 . 58*** 

( i i i ) Duo vs I l  1 134 . 1 1*** -
( i v )  Ab V S  S I  1 59 . 10*** 

( v )  Ab + S I  vs  L I  1 164 . 09*** 

Remai nder 2 1 . 88 

c .  Sta i n i ng methods 4 

( i ) DG vs SM 1 0 . 07 
( i i )  DG + SM vs FG 1 13 . 27*** 
( i i i )  Gas vs Sec 1 5 . 70* 
( i v )  Hi sto v s  Immuno 1 16 1 . 36*** 

Non-orthogonal contrasts 
( v )  DG + SM v s  Gas 1 86 . 56*** 
( vi ) DG + SM vs Sec 1 145 . 10*** 

D .  I nteracti on : s i tes x sta i n i ng methods 28 
( i ) Abb vs Aba x DG + SM � FG 1 33 . 45*** 
( i i )  Duo V S  I l  x D G  + SM vs FG 1 4 . 44* -
( i ;  i ) Duo vs I l  X DG + SM V S  FG 1 25 . 44*** 
( i v )  Abb � Aba x Gas � Sec 1 49 . 10*** 
( v )  Ab v s  S I  x Gas vs Sec 1 43 . 98*** -
( v i ) Abb vs Aba x Hi sto � Immuno 1 137 . 78*** 
( v i i )  Duop � Duom x Hi sto � I mmuno 1 5 . 55* 



Tabl e 3 . 7  conti nued 

( vi i i )  

( i x )  

( x )  

Duo v s  I l  x H i sto v s  Immuno 

Ab vs SI  x H i sto vs Immuno 

Ab + SI  v s  LI x Hi sto vs Immuno 

Remai nder 

Non-orthogonal contrasts 

( xi ) Abb v s  Aba x DG + SM � Gas 
( xi i )  Duo vs I l  x DG + SM vs  Gas -
( xi i i )  Ab vs S I  x DG + SM vs Gas 
( xi v )  Abb v s  Aba x DG + SM v s  Sec 
( xv )  Duo v s  I l  x DG + SM vs Sec -
( xv i ) Ab + S I  vs  L I  x DG + SM vs Sec 

Resi dual mean square 

137 . 

1 14 . 61*** 

1 44 . 62*** 

1 8 . 47** 

18 2 . 04 

1 216 . 75*** 

1 4 . 28* 

1 50 . 79*** 

1 43 . 97*** 
1 4 . 95* 

1 1 1 . 31** 

1 1 7  2 . 73 



3 . 4  D i scuss i on 

3 . 4 . 1 Rel i ab i l i ty and Speci fi ci ty of Sta i n i ng Techni ques 

138 . 

I t  i s  c l ear from the resu l ts presented i n  Secti on 3 . 3  that the De 
Grandi , fast garnet and PAP immunohi stochemi cal methods were rel i ab l e .  

Val i d  compari sons of data obta i ned on di fferent days was possi bl e as i t  

was estab l i shed that day to day vari ati ons i n  resu l ts were l es s  than the 

between an imal vari ances ( see Sect ion  3 . 3 . 1 ) . 

The cross- reacti v i ty study establ i shed that the gastri n 

anti serum ( As ' 74 )  was the only pri mary anti serum to show immuno

reacti vi ty wi th any pepti de or  pepti de fragment ,  other than the pepti de 
aga i nst wh ich  i t  had been ra i sed . As the parti al i nh i b i ti on of As ' 74 

took the form of l i ghter sta i n i ng of cel l s  and not a reducti on i n  
endocri ne cel l count , i t  i s  concl uded that th i s  anti serum conta i n s  a 
h i gh proporti on of anti bod ies  whi ch b i nd wi th a porti on of the 
gastri n mol ecu l e other than the C-termi nal tetrapepti de . Howeve r ,  the 

anti serum probably al so conta i n s  very smal l amounts of anti bodi es that 
are speci fi c  for the C-termi nal tetrapepti de of gastri n/CCK . As the 

duodenal endocri ne cel l s stai ned by th i s  anti serum were al l i ntensely 
sta i ned , it  is  concl uded that they were duodenal G cel l s  and not I cel l s . 

3 . 4 . 2  Factors Affecti ng Sta i n i ng Performance 

In vi ew of the rel i ab i l i ty of the De Grandi and Sev i er-Munger 

techni ques , the reasons for the poor resul ts obta i ned us i ng the Gri mel i u s  

and modi fi ed Masson-Hamperl techni ques are not obv i ou s . Other workers 
( Hol mes , 1943 ; Romanes ,  1950 ; Si ngh , 1964 ) have al l uded to the 
capri c i ous natu re of si l ver sta i n i ng techni ques i n  general . Factors 

wh i ch have been i mpl i cated i n  fa i l ures of these techni ques i ncl ude : 
puri ty of the water and reagents used , temperature of sol uti ons , concen
trati on of reagents , and pH of sol uti ons ( see Young , 1969 ) . Throughout 

the studi es descri bed in th i s  thesi s ,  the sou rce of di sti l l ed water and 

sources of reagents rema i ned unchanged . Care was taken to ensure that 
the concentrati on of reagents , pH and temperature at wh ich  stai n i ng was 

carri ed out was exactly as speci fi ed i n  the ori g i nal methods .  When i t  
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had been demonstrated that the De Grandi techni que was thoroughl y 

rel i abl e ,  reasons for the fai l ure of other si l ver stai ni ng  techni ques 

were not pursued . 

The fast  garnet techni que gave excel l ent sta i ni ng  resul ts i n  the 

i ntesti ne , however ,  abomasal cel l s  were poorl y sta i ned , probabl y  due to 

the l ower content of 5-HT i n  gastr ic  EC cel l s  ( see Sol c i a  et �. , 

1975a ) . 

I t  i s  apparent that the chromaffi n methods u sed i n  th i s  study were 

unrel i abl e when appl i ed to the mucosa of the ov i ne GI tract .  Al though 

ti ssues were fi xed in  Zenker-formol fl u i d ,  wh i ch contai n s  approximately  
2% formal dehyde , a nd  a post-fi xati on  chromati on step was carri ed out ,  

stai n i ng i ntens i ty was general l y  poo r .  Even when the chromati on step 

was buffered at pH 4 . 0  ( J a im-Etchevery and Zi eher , 1 968 ) the i ntens i ty of 
stai ni ng  di d not di ffer from that obtai ned us i ng  unbuffered di chromate 

or a chromate/di chromate mi xture . 

Prev i ou s  studi es ( see L i l l i e ,  1 96 5 )  i ndi cate that the chromaffi n 

reacti on i s  sometimes unrel i abl e ,  however ,  no sati sfactory expl anati on 

has been advanced for th i s .  Wh i l e  there i s  some evi dence that the 

presence of formal i n  or l ow pH ( Hi l l arp and Hokfel t ,  1955 ) i nh i b i ts the 
chromaffi n reacti on , L i l l i e ( 1985 ) noted that chromaffi n sta i n i ng was 
good fol l owi ng fi xati on of ti ssues i n  ei ther Spul er ,  Orth or Kose • s  
fl u i ds , al l of wh i ch contai n approxi mately 4% formal dehyde . The 
reason ( s )  for the un sati sfactory chromaffi n sta i n i ng resul ts i n  the 
present study rema i n  unknown . 

At al l si tes sampl ed , the chromaffi n reacti on was found to be l ess 
sens i ti ve than the di azoni um reacti on in  i denti fyi n g  EC cel l s . The 
number of chromaffi n posi ti ve cel l s  was al ways l ess than the number of 
di azoni um pos i ti ve cel l s  and , i n  the abomasum i n  parti cul a r ,  chromaffi n 
pos i ti ve cel l s  were frequentl y very poorl y sta i ned . I t  has been 
observed ( see Sol c i a  et al . ,  1975a ) that the chromaffi n method i s  not as - -
sens i ti ve as other techni ques , speci fi cal ly  the argentaffi n and 

di azoni um methods ,  for demonstrati ng  EC cel l s . I n  parti cul a r ,  gastri c EC 

cel l s  may escape detecti on by the chromaffi n method because they 
frequently store l ess 5-HT than i ntesti nal EC cel l s  ( Fausti n i , 1955 ) . 
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Resu l ts presented here , however , demonstrate that the chromaffi n method 

i s  l ess sens i ti ve than the di azoni um method at al l s i tes studi ed and 

many i ntesti nal EC cel l s  al so escape detecti on wi th the chromaffi n 

method . 

3 . 4 . 3  Stai n i ng Characteri sti cs  and I denti fi cati on of 
Endocri ne Cel l s  

Many endocri ne cel l s  were demonstrated i n  the duodenum us i ng  the De 

Grandi , Sev i er-Munger and fast  garnet techni ques . Cel l dens i ti es i n  

thi s  reg i on were s imi l ar wi th each o f  these stai n i ng methods i ndi cati ng  

these three methods stai ned the same endocri ne cel l types ( s ) .  I t  i s  

therefore concl uded that the bul k of the argyroph i l i c  cel l s  found i n  the 
ovi ne duodenum are EC cel l s . Th i s  i s  supported by ev i dence ( Sol c i a et 

�. ,  1 975a ) that i n  other spec i es EC cel l s  are al so argyroph i l i c .  

I n  the abomasal body reg i on , however , EC cel l s  represent onl y about  

5% of the argyroph i l i c cel l s  at  th i s  s i te .  The questi on therefore 

ari ses as to what cel l types th i s  l arge popu l ati on of argyroph i l i c ,  non
argentaffi n i c, di azoni um negati ve cel l s  represents . Many of these cel l s  
were of the ' cl osed ' type , were most  numerous i n  the deeper parts of the 
gastri c gl ands and some had basal cytopl asmi c processes . Cel l s  whi ch 
exh i b i t one or more of these characteri sti cs  i ncl ude the A ,  0 ,  o 1 , ECL 

and X cel l s . 

Evi dence wh i ch suggests that a l arge proporti on of the abomasal 
argyroph i l i c ,  non-argentaffi n cel l s  i denti fi ed i n  these sheep represent 
ECL cel l s  i ncl udes : 

( a )  I n  man ( Sol c i a  et �. ,  1975�) and rats ( Hakanson et �. ,  1976 ) the 
majori ty of the argyroph i l i c ,  non-argentaffi n cel l s  of the fundi c 

mucosa have been i denti fi ed as ECL cel l s . 

( b )  I n  most  mammal i an spec i es , but  not the cat ( Vas sal l o  et �. ,  1969 ) , 
ECL cel l s  have been shown to be Gri mel i u s posi ti ve ( Sol c i a  et �. ,  
1969�) ,  Sev i er-Munger pos i ti ve ( Vassal l o  et �. , 1969 ) , but Masson
Hamperl negati ve ( Pol ak et �. ,  197 1a ) .  
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( c )  I n  al l speci es so far i nvesti gated , ECL cel l s  have been found 

al most excl u s i vely i n  the mucosa of the aci d secreti ng porti on of 
the stomach ( Sol c i a  et !l· · 1978 ; 1 980 ; 1981�, �) . 

( d )  ECL cel l s  have been found to be of the ' c l osed ' type ( Capel l a  et 

!l· · 1969 ; Vassal l o  et !l· · 1969 ) , were most common in  the deeper 

parts of the gastri c gl ands and someti mes exh i b i ted basal 

cytopl asmi c processes ( see Sol c i a et !l· · 1975�) .  

I t  i s  unl i kely that ei ther A ,  D ,  o1 or X cel l s  make up any 

si gn i fi cant part of the popul ati on of the argyroph i l i c ,  non-argentaffi n 

cel l s  of the abomasal body for the fol l owi n g  reasons :  

( a )  Ri zzotti et !l· · ( 1980b ) were unabl e ,  i n  an EM study ,  to i denti fy A 

cel l s  i n  bov i ne abomasal mucosa . Th i s  confi rmed the fi ndi ngs of 

thei r earl i er hi stochemi cal studi es ( Ri zzotti et !l· · 1976 ) , 
showi ng A cel l s  were ab sent from the abomasa of both sheep and cattl e .  

( b )  I n  other spec i es D cel l s  have been shown to be cons i stentl y 

unreacti ve wi th the Grimel i u s ( see Sol c i a  et al . , 1975a ) , Sev i er-- - -
Munger ( Vassal l o  et !l· · 1969 ; Capel l a  and Sol c i a ,  1972 ) and 
Masson-Hamperl ( Sol c i a  et !l· • 1975�) techni ques . S imi l ar stai n i ng 
characteri sti cs have been reported for bov i ne antral D cel l s  

( Ri zzotti et al . ,  1980a ) .  - -

( c )  Al though Ri zzotti et !l· ·  ( 1979 ) have demonstrated that o1 cel l s  

found i n  bov i ne rectal mucosa were Gri mel i u s posi ti ve and Masson
Hamperl negati ve , o1 cel l s  were scarce i n  bov i ne gastri c mucosa 
( Ri zzotti et al . ,  1980b ) .  - -

( d ) X cel l s , i n  other spec i es ,  are both Sevi er-Munger and Masson
Hamperl negati ve ( Vassal l o  et !l· · 1969 ) , however ,  thei r reacti vi ty 

wi th the Grimel i u s techni que vari es wi th spec i es ( see Sol c i a  

et a l . ,  1969�; Pol ak e t  !l· , 1971�) .  

I t  i s  now general y agreed that the component of EC cel l secretory 
granul es that gi ves a posi ti ve ( i . e .  red )  di azoni um reacti on wi th fast 
garnet ,  is  5-HT ( Hakanson et !l· ; 1970 ) . Cel l s  other than EC cel l s  
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whi ch have been shown to conta i n  5-HT i ncl ude ECL cel l s  i n  the cat and 

rabbi t ,  A cel l s  of the porc i ne pancreas ,  and CTMC ' s  i n  the rat ,  mouse , 
horse and dog ( see Sol c i a  et �. ,  1969�) . However ,  ovi ne ECL cel l s  
contai n l i ttl e or no 5-HT , for al though there may be con s i derabl e 
numbers of ECL cel l s  i n  the abomasal body ,  there i s  l i ttl e 5-HT present 

there as j udged by di azon i um stai n i ng . 

Data presented i n  Fi gs . 3 . 50 and 3 . 57 i ndi cate that ovi ne antral G 

cel l s  are non-argyroph i l i c .  Th i s  concl u s i on fol l ows from the 

observati on that G cel l dens i ti es are h i gh wh i l e  argyroph i l i c  cel l 

dens i ti es are parti cul arly l ow at th i s  s i te .  These resu l ts are at 
vari ance wi th those presented by Ri zzotti et �· ( 1976 ) who showed that 

bov i ne antral G cel l s  are Grimel i us pos i ti ve .  Wh i l e  the maj ori ty of 
workers are agreed that antral G cel l s , in  animal s wi th a s impl er form 

of stomach ,  are argyroph i l i c ( see Sol c i a et �. , 1975�) ,  McGui gan and 
Grei der ( 197 1 ) cl a imed porci ne G cel l s  were non-argyroph i l i c .  Such 

di screpanc i es have not been adequately expl a i ned and l argel y have been 
i gnored . 

I t  i s  not cl ear from compari sons of argyoph i l i c and G cel l 
dens i ti es whether duodenal G cel l s  are al so non-argyroph i l i c . Because 
no accurate assessmment of the number of argyroph i l i c , non-EC cel l s  i n  
the duodenum can be deri ved from the data presented here , no val i d  
compari son can be made between the dens i ti es of th i s  popu l ati on and that 

of G cel l s  i n  the duodenum . Duodenal argyroph i l i c  cel l s  coul d not be 

i denti fi ed , u s i ng the techni ques descri bed i n  th i s  thes i s ,  as bel ong i ng  
to any spec i fi c  endocri ne cel l type . Thus , i n  order to  determi ne 

whether duodenal G cel l s  had h i stochemi cal stai n i ng characteri sti cs 

s imi l ar to those of antral G cel l s  wou l d requi re the use of dual or 

sequenti al stai ni ng techni ques on the same ti ssue secti on , or the 
i denti fi cati on of G cel l s  by el ectron mi croscopy .  Recent stud ies  have 

demonstrated that G cel l s  found i n  the smal l i ntesti ne ( i . e .  I G  and TG 
cel l s ) di ffer morphol ogi cal ly  from antral G cel l s  ( see Sol ci a et �. ,  
1981 ) ,  and may be di sti ngui shed from them us i ng reg i on speci fi c  anti sera 

( Larsson and Rehfel d ,  1979 ; Buchan et �. ,  1979 ) . Whether these 

morphol ogi cal and immunohi stochemi cal di fferences are refl ected i n  
di fferences i n  h i stochemi cal sta i n i ng characteri sti c s ,  o r  functi on , has 
yet to be determi ned . 
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Observati ons presented here i ndi cate that ov i ne S cel l s  have 

morphol ogy and di stri buti on patterns s i mi l ar to those descri bed for 

other spec i es .  I n  the present study ,  however ,  no attempt was made to 

determi ne the h i stochemi cal sta i n i ng  characteri sti cs  ·of ovi ne S cel l s . 

To do so woul d have requi red the use of doub l e sta i n i ng techn i ques or 

the use of el ectron mi croscopy for ul trastructural i denti fi cati on of S 

cel l s . Such techn i ques were not used i n  the current study . However ,  i n  

other speci es S cel l s  have been found to be Gri mel i u s pos i ti ve ( Vassal l o  

et !l· , 1971 ) , Masson-Hamperl negati ve ( Bussol ati et !l· , 197 1 ) ,  wh i l e  

resul ts were somewhat equ i vocal wi th the Sev i er-Munger techni que ( Sol c i a  

et !l· , 1975�) . 

The absence of any endocri ne cel l s  i n  the mucosa of the GI  tract 

whi ch cross-reacted wi th the pancreati c gl ucagon anti serum i ndi cates 

that A cel l s  are absent from the mucosa of the ovi ne GI  trac t .  However , 
L cel l s , wh i ch conta i n GL I ,  a pepti de structural l y  rel ated to pancreati c 

gl ucagon ( see Sundby and Moody , 1980 ; Moody and Thi m ,  1983 ) , have been 
i denti fi ed i n  the mucosa of the ovi ne col on and caecum ( Ri zzotti et !l· ' 
1 979 ) . These workers demonstrated that ovi ne L cel l s  were Masson

Hamperl negati ve but weak ly  sta i ned by the Gri mel i us techni que . L cel l s  

were not found i n  the present studi es probably because of the h i gh 
spec i fi c i ty of the anti serum used , i ndeed , i nformati on provi ded by the 
suppl i er i ndi cated that i n  RIA th i s  anti serum was speci fi c for pancreati c 
gl ucagon and di d not cross-react wi th gut gl ucagon . I n  order to 

demonstrate L cel l s  an N-termi nal l y  di rected gl ucagon anti serum 
shoul d be used ( see Orci  and Perrel et ,  1981 ) . 

3 . 4 . 4  D i stri buti on of Endocri ne Cel l s  

Resul ts presented here demonstrate that the ov i ne abomasum -and 
duodenum are ri ch ly endowed wi th endoc ri ne cel l s , and cel l dens i ti es 
decrease i n  more aboral sampl es . The forestomach ,  however ,  i s  devo i d  of 
endocri ne cel l s . These fi ndi ngs are supported by those of Ri zzotti 
et !l· , 1976 ) . 

Argyroph i l i c  cel l den s i ti es were greatest i n  the abomasal body and 

duodenum . Very few argyroph i l i c  .cel l s  were found i n  the abomasal 
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antrum . Th i s  fi ndi ng  i s  at vari ance wi th those of other workers ( see 

Sol c i a  et �· ,  1975�_) who found l arge numbers of argyroph i l i c cel l s  i n  

the antral regi o n  o f  the stomach o f  other speci es . The reason for th i s  

di screpancy i s  that ov i ne G cel l s , unl i ke those of  most other speci es , 

are non-argyroph i l i c  ( see Sect i on 3 . 4 . 3 ) . 

EC cel l di stri buti on fol l owed a s imi l ar pattern to that for 

argyroph i l i c  cel l s , because EC cel l s  are al so argyroph i l i c and at most 
s i tes exami ned make up the bul k of the argyroph i l i c  cel l s  present . The 

notabl e excepti on was the abomasal body where most of  the argyroph i l i c  

cel l s  are ECL cel l s . EC cel l s  are not common i n  the ovi ne abomasum 

whereas i n  speci es wi th a s impl er  form of  stomach they are general l y  

numerous ( see Sol ci a et al . ,  1975a ) . I t  i s  not cl ear from resul ts - -
presented here whether EC cel l s  are tru ly  uncommon i n  the abomasum or 

whether l ow cel l densi ti es observed wi th the fast garnet techn i que 
resul ted from poor stai n i ng due to the l ow 5-HT content of abomasal EC 
cel l s . Such uncerta i nti es coul d be resol ved by i denti fi cati on of EC 

cel l s  by el ectron mi croscopy or by the use of seroton i n  speci fi c 

anti sera ( Facer et �· ,  1979 ; Buff a et �· , 1980 ; I nok uch i et �· ,  

1982 ) . 

Recently ,  EC cel l s  have been i denti fi ed i n  human i ntesti nal mucosal 

sampl es us i ng  a rabbi t  seroton i n  anti serum and the PAP techni que 
( I nokuch i  et �. ,  1983 ) . These workers reported that th i s  techni que was 

more sens i ti ve than ei ther the Masson-Hamperl or Gri mel i u s s i l ver 
impregnati on techn i que s .  I t  i s  therefore l i kely that resul ts reported 

i n  th i s  thes i s  underesti mate EC cel l densi ti es , particu l arly i n  regi ons  

where l evel s of stored 5-HT are l ow .  

Data presented here , wh i l e  not concl us i ve , i ndicate that ECL cel l s  
form a l arge part of the endocri ne cel l popu l ati on of the abomasal body . 
Wh i l e  these resul ts do not excl ude the pos si b i l i ty that ECL cel l s  are 
found at other si tes wi th i n  the G I  tract , i t  i s  cl ear that they do not 

form a l arge proporti on of endocri ne cel l s  at any other si te .  I n  other 

speci es ECL cel l s  are confi ned i n  thei r di stri buti on to the body reg i on 

of the stomach ( see Sol c i a et �. ,  1975a ) . 
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G cel l s  were most numerous i n  the antrum , but  are al so found i n  the 

upper smal l i ntesti ne . S cel l s , wh i ch are confi ned i n  di stri b uti on to 

the smal l i ntesti ne are most numerou s  i n  the proximal duodenum and 

decrease i n  densi ty i n  more d i s tal sampl es . D i stri buti on of these two 

cel l types i s  s imi l ar to that descri bed for other spec i es ( see B l oom 

and Pol ak , 1978 ) . 

3 . 4 . 5  I denti fi cati on of Non-endocri ne Cel l s  

Several di fferent non-endocri ne cel l types wi th i n  the mucosa of the 

GI tract were found to gi ve pos i ti ve stai n i ng reactions  wi th the fast 

garnet ,  al c i an bl ue and tol u i di ne bl ue  methods . Cel l types stai ned by 

these methods i ncl ude mast cel l s  ( both CTMC ' s  and MMC ' s ) and gl obul ar  
l eucocytes . 

The connecti ve ti ssue cel l s  sta i ned by fast  garnet were 

morphol ogi caly s imi l ar to those connecti ve ti ssue cel l s  stai ned an 

i ntense bl ue by ac i di c  al c i an bl ue . These cel l s  are probably ov i ne 
CTMC ' s . The present observati ons suggest that there i s  consi derab l e 

vari ati on i n  the amount of 5-HT contai ned i n  ovi ne CTMC ' s : some conta i n  
very l i ttl e 5-HT and therefore thei r cytopl asm appears predomi nantly 
yel l ow or yel l ow-brown , wh i l e  those conta i n i ng  l arger quanti ti es of 5-HT 
have red stai ni ng cytopl asmic granu l es . Mast cel l s , however ,  were never 

observed to sta i n wi th the same i ntens i ty of red as i ntesti nal EC 

cel l s , i ndi cati ng that mast cel l s  have a l ower 5-HT content .  The yel l ow 

or yel l ow-brown cytopl asmi c sta i n i ng descri bed here i n  ov i ne CTMC ' s  i s  
due to the presence of dopami ne ( Fal ck et �· ·  1964 ) . 

I t  was concl uded that the smal l ,  general ly  round ,  epi thel i a l cel l s  

observed i n  the abomasum , i ntesti ne and gl ands of Brunne r ,  that ·were 
sta i ned yel l ow wi th fast garnet , were ovi ne MMC ' s . Cel l s  of s imi l ar 
morphol ogy and di stri buti on , and wh i ch therefore al so were MMC ' s , were 

stai ned wi th al c i an bl ue and tol u i di ne b l ue . Th i s  concl us i on i s  
supported by the evi dence of Moral es et �- ( 1980 ) who demonstrated the 
exi stence of MMC ' s  i n  the epi thel i um of the bov i ne gal l bl adder .  Stud ies  
by Tol edo et �- ( 1981 ) have shown that i n  rumi nants MMC ' s  are both 
al ci an bl ue and i ntensely tol ui di ne bl ue posi ti ve .  
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The evi dence presented above i ndi cates that i n  sheep MMC ' s  conta i n  

l i ttl e or  n o  5-HT , wh i l e  many CTMC ' s  conta i n  detectabl e  quanti t ies  of 
5-HT . Th i s  resu l t i s  i n  accord wi th s imi l ar fi ndi ngs i n animal s wi th a 

s impl er  form of stomach ( Enerback , 1 981 ; Bi enenstock et �. ,  1982 } . 

The l arge cel l s  found scattered throughout the epi thel i um of the 

abomasum and i ntesti ne , and wh ich  were characteri zed by the presence of 

very l arge cytopl asmi c granul es , were gl obul ar l eucocytes . Thei r 

granul es stai ned yel l ow or yel l ow-brown wi th fast  garnet and deep bl ue 

wi th tol u i di ne bl ue . These stai n i ng characteri sti cs i ndi cate the 

probabl e presence of a monoami ne , but the absence of 5-HT , a concl us i on 
supported by the fl uorescence studi es of Murray et �· ( 1968 ) . Further ,  
the stai n i ng characteri sti cs  and morphol ogy o f  the cel l type descri bed 
here are s imi l ar to the ovi ne gl obul ar l eucocytes descri bed by the above 
workers . 

The cel l s , ( F i g .  3 . 28 }  found i n  the ducts of Brunner ' s  gl ands , wi th 

stai n i ng characteri sti cs  s imi l ar to those descri bed above for gl obul ar 
l eucocytes ,  may al so be gl obul ar l eucocytes , al though the poss i b i l i ty 

that they were MMC ' s  cannot be excl uded . Cytopl asmi c stai ni ng  was more 
even than that of most gl obul ar l eucocytes and the very l arge 
cytopl asmi c granul es , typi cal of gl obul ar l eucocytes , were not seen . 

The cel l s  i denti fi ed , i n  aci d al c i an bl ue/haematoxyl i n  and eos i n  

sta i ned secti ons , as fl attened cel l s , formi ng  a conti nuous sheath , one 
cel l th i ck and cl osely associ ated wi th the basal l ami na of gastri c pi ts , 
are not endocri ne cel l s  but fi brobl a sts of the subepi thel i al fi b rob l ast 
sheath . Wh i l e  many of these cel l s  demonstrated a pal e pi nk cytopl asmi c 

sta i ni ng ,  some conta i ned al ci an bl ue pos i ti ve cytopl asmi c granu l es . The 
tol u i di ne bl ue pos i ti ve cel l s  found in the same reg i on and wi th s imi l ar 
morpho 1 ogy represent the same ce 1 1  type . Marsh and Tri er ( 197 4 )" ·. · 

descri bed a s imi l ar cel l type i n  the j ej unum of the mou se . They 

i denti fi ed these cel l s  as fi brob l asts and demonstrated that they formed 
a conti nuous , thi n ,  subepi thel i al , fi brobl ast  sheath wh i ch was cl osel y 
associ ated wi th the basal l ami na , parti cul arl y  i n  the depths of the 
crypts of L i eberkuhn . These cel l s  were descri bed as conta i n i ng a few 

deepl y sta i ned , tol u i d i ne bl ue pos i ti ve ,  cytopl asmi c granul es wh ich  were 

thought to conta i n  lysozymes . . Al though a subepi thel i al fi brobl ast 
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sheath has al so been descri bed i n  the col on of man ( Kaye et !l· ' 1968 ) 
and rabb i ts ( Pascal et !l· , 1968 ; Kay et !l· , 1968 ) , th i s  i s  the fi rst 

descri pti on of a subepi thel i al fi b robl ast sheath i n  the abomasa of 

sheep . 

3 . 4 . 6  Concl us i on 

The De Grandi and fast garnet techni ques gave excel l ent sta i ni ng  

i ntensi ty and  repeatabl e resul ts . The  De Grandi method demonstrates 
several types of endocri ne cel l , howeve r ,  not al l endocri ne cel l s  are 
argyroph i l i c .  I n  the present study i t  gave the best esti mate of total 

endocri ne cel l dens i ti es . A better esti mate coul d be obta i ned wi th an 

immunohi stochemi cal techni que us i ng an anti serum to neuronal speci fi c  
enol ase a s  the primary anti serum ( Schmechel e t  !l· , 1978 ; Bi shop e t  !l 
1982 ) . The di azoni um techni que , us i ng fast garnet , stai ned EC cel l s  and 

some non-endocri ne cel l s , however , EC cel l s  were al ways readi ly  di sti n
gui shed from other cel l types on the basi s of di fferences i n  morphol ogy . 

The al c i an bl ue and tol u i di ne bl ue  techni ques were i ncl uded i n  th i s  

study prim�ri l y  to ass i st i n  i denti fyi ng non-endocri ne cel l s  wh i ch mi ght 
be mi staken for endocri ne cel l s . In th i s  respect they proved most 
useful in  demonstrati ng CTMC ' s , MMC ' s , gl obul ar l eucocytes and 
subepi thel i a l fi brob l asts . Havi ng establ i shed the morphol ogy and 
di stri buti ons of such cel l s ,  and demonstrated that they coul d read i l y  be 

di sti ngu i shed from endocri ne cel l s , these methods were di sconti nued . 

Al though the Sev i er-Munger techni que gave rel i abl e resul ts they di d 

not di ffer si gni fi cantl y from those obtai ned wi th the De Grandi method . 
I t  had been hoped that when used i n  comb i nati on wi th the De Grandi 

techni que i t  woul d be possi bl e to di sti ngu i s h between ECL and G ·cel l s .  
Th i s  was not poss i b l e because ovi ne G cel l s  proved to be non-argyro
ph i l i c thus , as the Sev i er-Munger techni que d i d  not add any new 

i nformati on to that obta i ned wi th the De Grandi method , i t  was not used 
i n  subsequent experiments . · 

The PAP immunohi stochemi cal techni que was found to work wel l and 

wi th the appropriate pri mary · antisera , was found to speci fi cal l y  stai n 
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studi es . 
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Because of the general unsati sfactory resu l ts obtai ned wi th the 

Masson-Hamperl , chromaffi n ,  l ead-haematoxyl i n  and xanthydrol methods , 

they were not used i n  l ater studi es . 
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CHAPTER 4 

ENDOCRINE CELLS I N  THE G I  TRACT OF 

OVINE FOETUSES 
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Few endocri ne cel l types have been i denti f i ed i n  the mucosa of the 

GI tract of the ovi ne foetus :  onl y EC ( Tehver , 1930 ) , G ( L i chtenberger 

et �. , 1981 ) and endocri ne cel l s  conta i n i ng substance P ( Harri son and 

Wathuta , 1982�) i n  the abomasum and smal l i ntesti ne have been descri bed 

( see Secti on 1 . 7 . 5 ) . 

Th i s  scant i nformati on has been suppl emented by papers descri b i ng 
the presence of G I  hormones i n  gut mucosal extracts and pl asma of foetal 
l ambs .  That l i terature , rel ati ng  onl y to gastri n ,  GL I and PP i s  revi ewed 
i n  Secti on 1 . 8 . 5  of th i s  thes i s .  

No data has been publ i shed on the dens i t ies  of endocri ne cel l s  i n  
foetal sheep . 

The purpose of th i s  exper iment was to undertake a systemat ic  study 
of G I  endocri ne cel l s  i n  foetal l ambs ,  i n  parti cul ar , to establ i sh 

the endocri ne cel l types present ,  as wel l as the i r dens i ti es ,  
d i stri buti on patterns and h i stochemi cal sta i n i ng characteri sti c s . * 

4 . 2  Methods 

Foetuses ( Tabl e 2 . 1 )  from four  pregnant Romney-cross  ewes , · aged 

5 - 6 years and wei ghi ng 64 - 70 kg , were u sed i n  th i s  study . Foetal 

age , determi ned from concepti on dates and crown- rump l ength measure
ments , was between 100 and 1 10 days of gestati on . 

Ewes were anaestheti zed , as descri bed i n  Secti on 2 . 2 ,  and the 
foetus del i vered v i a  a hysterotomy . The umb i l i cal cord rema i ned i ntact 
and patent throughout the col lecti on of ti s sues and the foetuses kept 

warm and moi st wi th 0 . 9% sal i ne ( 37 ° C ) . 

Footnote * I n  add i t i o n  the d i s tr i b u t i o n o f  D c e l l s  wa s i n v e s t i g a te d  u s i n g 
the PAP tec h n i q u e  i n  c o nj u nc t i on w i th s oma to s ta t i n a n t i serum . 
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Foetal ti ssue sampl es were removed at l aparotomy as descri bed i n  

Section  2 . 2 .  Ti ssue was col l ected from the fundus o f  the reti cu l um ,  

ventral sac of rumen , body of the abomasum ( 35 - 45 mm proximal to the 

pyl orus ) ,  abomasal antrum ( 2 - 10 mm proxi mal to the pyl orus ) ,  proxi mal 

duodenum ( 5 - 1 5  mm di stal to the pyl orus ) ,  termi nal i l eum ( 20 mm 

proximal  to i l eocaecal j uncti on )  and caecum ( 5 - 1 5  mm from pol e ) . 
Ti s sue sampl es were prepared as descri bed i n  Secti on 2 . 3  and fi xed and 

processed as prev i ous ly descri bed ( Secti on 2 . 5 ) . 

Two h i stochemi cal stai ni ng techni ques were used : De Grandi ( Tabl e 

2 . 7 )  and fast  garnet ( Tabl e 2 . 1 1 ) . The PAP immunoh i stochemi cal method 

( Tabl e 2 . 1 9 )  was used wi th pri mary anti sera to gastri n ,  secreti n ,  
pancreati c gl ucagon and somatostati n ( see Tabl e 2 . 20 ) . Endocri ne cel l 
dens i ti es were determi ned as descri bed i n  Secti on 2 . 1 1 .  

Wi th the De Grandi , fast garnet and anti -gastri n methods , stai ni ng  

reacti ons for some sampl es were i nadequate for rel i abl e endocri ne cel l 

counti ng , even desp i te repeated sta i n i ng . I n  these ci rcumstances 

endocri ne cel l s  were not counted , i nstead val ues for these mi ssi ng data 

were cal cul ated by the method of Goul den ( 1 952 ) . 

4 . 3  Resu l ts 

A notabl e characteri stic  of thi s  study was the consi derabl e non

spec i fi c  background stai n i ng wi th al l stai n i ng techni ques , except fast 
garnet .  Such stai n i ng was parti cul arl y  obvi ous wi th the De  Grandi 
techni que . Connecti ve ti ssue , in parti cul ar ,  appeared to contai n many 

fi ne , brown to bl ack , s i l ver granul es ( Fi g .  4 . 1 ) . 

4 . 3 . 1  General Morphol ogy 

Foetal gut mucosal thi ckness i n  the forestomach and abomasum was 

approxi mately 40 - 50% of that found i n  adu l ts , whi l e  i n  the smal l 
i ntesti ne and l arge i ntesti ne i t  was 30 - 40% and 20 - 30% , respecti vel y ,  
of adul t val ues . The reti cul ar epi thel i um of the foetu s was characteri zed 

by a fol ded basal l ayer above -wh i ch were more than 20 l ayers of swol l en 
cel l s  ( F i g .  4 . 2 ) . The rumi nal epi thel i um was a l so characteri zed by a 



Fi gure 4 . 1 :  F i ne s i l ver granul es ( brown ) mai nly  throughout connecti ve 

ti ssue . Prox imal duodenum ; De Grandi method ; 
magni fi cati on x 1850 . 

Fi gure 4 . 2 :  Reti cul ar mucosa showi ng fol ded basal epi thel i al l ayer 

formi ng devel opi ng reti cul ar ri dges ( b l ack arrows ) and 
many l ayers of swol l en epi thel i a l cel l s  ( wh i te arrows ) .  
Reticu l um ; al ci an bl ue/H and E method ; magn i fi cati on 
X 1 20 
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fol ded basal l ayer ,  formi ng  the connecti ve ti ssue core of devel opi ng  

rumi nal papi l l ae ,  above wh i ch were 10  - 20  l ayers of l arge , vesi cul ar 

cel l s  ( Fi g .  4 . 3 ) . Gastri c ( Fi g .  4 . 4 )  and parti cul arly  antral ( Fi g .  4 . 5 )  

pi ts were shal l ow compared wi th those of adul ts . Abomasal gl ands were 

short and demonstrated l i ttl e si gn of coi l i ng .  I ntesti nal vi l l i  were 

shorter than those of adul ts and crypts were short but showed si gns of 
some coi l i ng .  There were no submucosal gl ands i n  upper duodenal mucosal 

sampl es  ( Fi g .  4 . 6 ) . 

Evi dence of an oral - aboral di fference i n  the rate of mucosal 

devel opment was apparent wi thi n  the smal l i ntesti ne : crypts of L i eberkuhn 

were deeper and demonstrated more coi l i ng i n  the proxi mal duodenum ( Fi g .  
4 . 6 )  than i n  the i l eum ( Fi g .  4 . 7 ) . 

4 . 3 . 2  D i stri b uti on of Endocri ne Cel l s  

Argyrophi l i c  cel l s  ( Fi g .  4 . 8 )  were most common i n  the body of the 

abomasum ( 82 + 1 5  c .l11ll-2 ) and proxi mal duodenum ( 79 + 18 c . l11ll-2 ) � and 
successi vely l es s  frequent i n  the i l eum ( 38 � 3 c . mm-2 ) ,  caecum ( 16 + 3 
c . mm-2 ) and abomasal antrum ( <8 c . mm-2 ) .  

Greatest numbers of EC cel l s  ( Fi g .  4 . 8 )  were found i n  the proximal 
duodenum ( 76 + 12 c . l11tl-2 ) .  EC cel l dens i ty was l ower i n  mucosal sampl es 

from the i l eum , caecum and abomasal body regi on ( <20 c .mm-2 ) .  EC cel l s  

were rare i n  the antral reg i on , bei ng  undetectabl e i n  th i s  regi on i n  
three foetuses . 

G cel l s  ( Fi g .  4 . 9 ) were most numerous i n  abomasal antral gl ands 
( 50 � 16  c . mm-2 ) ,  whi l e  i n  the proximal duodenum thei r dens i ty was about  

hal f that val ue ( 23 + 4 c .rrm-2 ) .  On ly  one i mmunoreacti ve G cel l . was 
found in  the sampl es of i l eal mucosa whi ch were exami ned , whi l e  none 

were seen i n  the abomasal body or caecum . 

Immunoreacti ve S cel l s  ( Fi g .  4 . 9 )  were most common i n  the proxi mal 
duodenum ( 22 + 4 c . mm-2 ) ,  rare (<1 c .mm-2 ) i n  the i l eum , and absent from 
the abomasum and caecum . 



Fi gure 4 . 3 :  Rumi nal mucosa showi ng fol ded basal epi thel i al l ayer formi ng 

devel opi ng rumi nal papi l l ae ( b l ack arrows ) and many l ayers 

of swol l en vesi cul ar epi thel i al cel l s  ( wh i te arrows ) .  
Rumen ; al ci an bl ue/H and E method ; magni fi cati on x 120 . 

F igure 4 . 4 :  Shal l ow gastri c pi ts ( depth i ndi cated by bl ack arrows ) and 

short gastr i c  gl ands ( wh i te arrows ) i n  foetal abomasum . 

Abomasal body ; al ci an bl ue/H and E method ; magn i fi cati on 
X 300 . 

Fi gure 4 . 5 :  Shal l ow gastri c pi ts ( depth i ndi cated by bl ack arrows ) and 

short antral gl ands ( wh i te arrows ) i n  foetal abomasum . 
Abomasal antrum ; al c ian  bl ue/H and E method ; 
magni fi cati on x 300 . 
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Fi gure 4 . 6 :  Duodenal crypts ( depth i nd i cated by arrows ) showi ng 

evi dence of co i l i ng .  No Brunner ' s  gl ands present .  
Proxi mal duodenum ; al c i an bl ue/H and E method ; 

magni fi cati on x 300 . 

Fi gure 4 . 7 :  Shal l ow i ntesti nal gl ands ( depth i ndi cated by arrows ) 
showi ng l i ttl e evi dence of coi l i ng .  I l eum ; al ci an bl ue/H 
and E method ; magni fi cati on x 300 . 
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Hi ghest 0 cel l dens i ti es ( F i g .  4 . 9 )  were found i n  the proxi mal 

duodenum ( 1 2 + 4 c . mm-2 ) and abomasal antrum ( 13 + 3 c . mm-2 ) ,  wh i l e  i n  

the abomasal body thei r dens i ty was about hal f th�se val ues ( 7  + 2 c .mm-2 ) .  

0 cel l s  were rare i n  the i l eal and caecal mucosa of foetal l ambs .  

No endocri ne cel l s  were i denti fi ed ,  u s i ng  any of the h i stochemi cal 
or immunohi stochemi cal techni ques descri bed , i n  mucosal sampl es of 
reti cul um or rumen . Further , no endocri ne cel l s  were i denti fi ed i n  the 
GI tract of these foetuses us i ng  a pancreati c gl ucagon anti serum . 

Analys i s of vari ance ( Tabl e 4 . 1 )  reveal ed that overal l ,  

argyroph i l i c cel l dens i ti es were si gni fi cantl y (P<0 . 00 1 ) h i gher than 

those for EC , G ,  S and 0 cel l s  ( Tabl e 4 . 1 ,  components C ( i )  and ( v-vi i ) ) .  

I t  al so showed ( Tabl e 4 . 1 ,  i nteracti on  component O ( i i i ) )  that al though 
EC cel l s  consti tuted a l arge proporti on of the argyrophi l i c cel l s  fou nd 
i n  the smal l i ntesti ne , i n  the abomasum they formed onl y a smal l part of 

the argyroph i l i c  cel l popul ati on . 

G cel l s , as wel l as  bei ng  more numerous , overal l ,  ( P<0 . 00 1 ) than S 

cel l s  ( Tabl e 4 . 1 ,  component C ( i i ) ) , di ffered i n  thei r di stri buti on . The 
si gni fi cant ( P<0 . 00 1 ) i nteracti on components ( Tabl e 4 . 1 ,  O ( v-vi ) )  for G 
and S cel l s  i n  the abomasum and smal l i ntesti ne refl ect the absence of S 
cel l s  i n  the abomasum and the hi gh dens i ty of G cel l s  i n  the antrum . 

Overal l ,  0 cel l s  were l es s  numerous  ( P<0 . 001 ) than EC cel l s  ( Tabl e 

4 . 1 ,  component C( x ) ) .  Wi thi n  the abomasal antrum , however , 0 cel l 
dens i t ies  were greater than those for EC cel l s , gi vi ng  ri se to a 

si gni fi cant ( P<O . Ol )  i nteracti on component ( Tabl e 4 . 1 ,  O ( xxi i ) )  i n  the 
anal ysi s of vari ance . The anal ys i s al so reveal ed a si gni fi cant 
( P<O . OO l ) i nteracti on component ( Tabl e  4 . 1 ,  O ( xv i ) )  for argyrophi l i c and 
0 cel l dens i ti es wi th i n the abomasum , resu l ti ng  from the fi ndi ng: that 
the h i ghest dens i ti es of argyrophi l i c cel l s  occurred in  the abomasal 

body , wh i l e  0 cel l s  were most numerous i n  the antrum . The pattern of 
di stri buti on of 0 cel l s  ( Fi g .  4 . 9 ) wi th i n  the i ntesti nes , however , 
general ly  was s imi l ar to those for argyroph i l i c and EC cel l s ( Fi g .  4 . 8 ) . 
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Tabl e 4 . 1 :  Summary of anal ysi s of vari ance of data obta i ned us i ng 

methods whi ch demonstrate argyroph i l i c ,  EC , G ,  S and 0 cel l s 

Source of Vari ati on OF Vari ance Rati os  

A .  Ani mal s 4 1 . 14 

B .  Si tes 4 

( i )  Abb � Aba 1 0 . 65 

( i i ) Duo V S  I l  1 1 1 6 . 76*** 

( i i i )  Ab v s  S I  1 39 . 14*** 

( i v )  Ab + S I  v s  L I  1 63 . 40*** 

Non-orthogonal contrast 
( v )  S I  v s  L I  1 96 . 50*** 

c .  Stai n i ng methods 4 
( i ) OG vs FG 1 49 . 14*** 
( i i ) Gas vs Sec 1 14 . 00*** 

( i i i )  Gas + Sec v s  Som 1 177 . 96*** 

( i v )  Hi sto v s  Immune 1 0 . 76 

Non-orthogonal contrasts 
( V )  OG v s  Gas 1 1 10 . 18*** 
( v i ) DG vs Sec 1 202 . 73*** 
( vi i )  DG vs Som 1 134 . 88*** -
( v i i i ) FG vs Gas 1 1 2 . 15*** 
( i X )  FG v s  Sec 1 52 . 24*** 
( x )  FG v s  Som 1 2 1 . 20*** 
( Xi ) Sec vs Som 1 6 . 89* 

D .  I nteracti on : si tes x stai ni ng methods 28 
( i ) Abb � Aba x DG � FG 1 25 . 65*** 
( i i ) Duo vs  I l  x DG vs FG 1 4 . 02* 
( ; ; ; ) Ab vs  S I  x DG vs  FG 1 14 . 20*** 
( i V )  Ab + S I  vs l i  X OG vs FG 1 5 . 27* 
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Tabl e 4 . 1  conti nued 

( v )  Abb � Aba x Gas vs Sec 1 39 . 46*** 

( vi ) Ab vs S I  x Gas vs Sec 1 22 . 09*** 

( vi i )  Abb � Aba x Gas + Sec vs  Som 1 5 . 53* 

( vi i i ) Duo v s  I l  x Gas + Sec v s  Som 1 4 . 35* 

( i x )  Abb � Aba x Hi sto � Immuno 1 1 1 0 .  73*** 

( x )  Ab v s  S I  x Hi sto v s  Immuno 1 34 . 07*** 

Remai nder 18 42 . 7 3  

Non-orthogonal contrasts 

( xi ) Abb � Aba x DG � Gas 1 1 7 2 . 77*** 

( xi i ) Ab vs  SI  x DG vs  Gas 1 14 . 20*** 

( xi i i ) S I  vs  L I  x DG vs  Gas 1 4 . 16* 

( xi v )  Abb v s  Aba x DG � Sec 1 47 . 10*** 

( xv )  Ab + S I  v s  L I  X DG v s  Sec 1 5 . 85* 

( xv i ) Abb � Aba x DG � Som 1 63 . 48*** 

( xvi i )  Ab vs S I  x DG vs  Som 1 7 . 87** 

( xvi i i )  S I  vs  L I  x DG vs Som 1 6 . 71* -
( x i x )  Abb � Aba x FG � Gas 1 65 . 28*** 

( xx )  Ab v s  S I  x FG v s  Gas 1 56 . 88*** 
( xxi ) Ab vs S I  x FG vs Sec 1 8 . 07** 

( xxi i )  Abb � Aba x FG vs Som 1 8 . 43** 
( XX i i i ) Duo vs I l  x FG vs Som 1 1 0 . 27** -
( xxi v )  Ab v s  S I  x FG v s  Som 1 43 . 20*** 

( xxv ) S I  vs L I  x FG vs Som 1 4 . 13* 

( xxvi ) Abb � Aba x Gas � Som 1 26 . 80*** 
( xxvi i )  Duo vs I l  x Gas vs Som 1 5 . 29* 

( xxv i  i i ) Ab vs  S I  x Sec vs Som 1 1 3 . 92*** 

Res i dual mean square 88 1 . 1 2  



4 . 3 . 3  Morphol ogy and Mucosal Locati on of Endocri ne Cel l s  
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Al l argyroph i l i c  cel l s  found i n  the mucosa of the abomasal body 

appeared to be of the ' cl o sed ' type , they were smal l ,  i rregu l arly shaped 

and some possessed basal cytopl asmi c proj ecti ons ( F i g .  4 . 10 } . The 
majori ty of argyroph i l i c  cel l s  occurred s i ngly near the base of the 

gastri c gl ands , but a few were found near the pi t surface , or i n  smal l 

groups near the gl and base ( Fi g .  4 . 1 1 } . 

I n  the abomasal antral regi on , argyroph i l i c cel l s  of both 

' open ' and ' c l osed ' types were observed , a l though the l atter 

predomi nated . ' Open ' type cel l s  were smal l ,  pyrami dal ( Fi g .  4 . 12 }  or  
teardrop shaped wi th wel l stai ned granu l es  scattered throughout 

the cytopl asm . ' Cl osed ' type cel l s  ( Fi g .  4 . 13 }  i n  th i s  reg i on were 

s imi l ar i n  morphol ogy to those found i n  the body of the aboma sum . Both 
' open ' and ' cl o sed ' type argyrophi l i c  cel l s  occurred s i ngl y ,  scattered 
throughout the epi thel i um of the abomasal antrum . 

Argyroph i l i c cel l s  i n  the i ntesti nal mucosa were found ma i nly  i n  

the vi l l i  ( Fi g .  4 . 14 } . They were ' open ' type cel l s  but di ffered from 

those observed i n  the abomasum i n  that they were col umnar i n  shape . 
' Cl o sed ' type argyroph i l i c cel l s  were observed near the base of crypts 
i n  the caecum ( F i g .  4 . 15 } . These cel l s  were smal l ,  i rregul arly  shaped 
and wi th rel ati vel y few stai ned cytopl asmi c granul es . 

Al l EC cel l s  i n  the abomasum were oval , of the ' cl osed ' type ( Fi g .  

4 . 16 }  and thei r cytopl asm l i ghtly and unevenly sta i ned . I n  both body 

and antral reg i ons  of the abomasum EC cel l s  occurred s i ngl y i n  the 

deeper parts of the devel opi ng gastri c and antral gl ands . 

I n  the i ntesti ne three cel l types contai ned cytopl asmi c granul es  
that stai ned red wi th the fast  garnet techni que : 

( a }  EC cel l s ,  al l of whi ch were of the ' open ' type . Some EC cel l s  

were pyrami dal i n  shape , wi th i ntensel y stai ned i nfranucl ear 

cytopl asm ( Fi g .  4 . 17 }  and were found near the base of devel op
i ng i ntesti nal crypts . Others were col umnar in shape wi th 
wel l stai ned granul es  throughout thei r cytopl asm ( Fi g .  4 . 18 ) . 



Fi gure 4 . 10 :  Argyroph i l i c  cel l ( b l ack ) , of the ' c l osed ' type , wi th 

basal cytopl asmic  cytopl asmic  process ( arrow ) near base of 

gastri c gl and . Abomasal body ;  De Grandi method ; 
magn i fi cati on x 1850 . 

Fi gure 4 . 1 1 :  Group of argyroph i l i c cel l s  ( b l ack ) , of the ' c l osed ' type , 

near base of gastri c gl and . Abomasal body ;  De Grandi 
method ; magn i fi cati on x 1850 . 

Fi gure 4 . 1 2 :  ' Open ' type argyroph i l i c cel l ( a rrow ) open i ng i n  to base 
of antral gl and . Abomasal antrum ; De Grandi method ; 

magni fi cati on x 1850 . 
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Fi gure 4 . 1 3 :  ' C l o sed ' type argyroph i l i c cel l ( arrows ) wi th basal 
cytopl asmi c process , near base of antral gl and . Abomasal 
antrum ; De Grandi method ; magni fi cati on x 1850 . 

Fi gure 4 . 14 :  Argyrophi l i c cel l s  ( arrows ) near ti p of duodenal v i l l us .  

Proximal duodenum ; De Grandi method ; magni fi cati on 
X 1850 . 

Fi gure 4 . 1 5 :  ' C l osed ' type argyroph i l i c cel l s  ( arrows ) near base of 

i ntesti nal crypts . Caecum ; De Grandi method ; 
magni fi cati on x 1850 . 



Figure 4 . 1 6 :  Poorl y sta i ned 1 C l osed 1 type EC cel l ( arrow ) near base of 

gastri c gl and . Abomasal body ; fast garnet method ; 
magni fi cati on x 1850 . 

Fi gure 4 . 1 7 :  1 0pen 1 type EC cel l ( arrow ) wi th i ntensely stai ned 

i nfranucl ear cytopl asm near base of devel opi ng i ntesti nal 
crypt . The other di azoni um pos i ti ve cel l s  are CTMC 1 s . 

Proximal duodenum ; fast garnet method ; magn i fi cati on 
X 1850 

Fi gure 4 . 18 :  Col umnar type EC cel l ( a rrow)  wi th wel l stai ned granu l es  

throughout i ts cytopl asm ,  near base of  devel opi ng v i l l u s .  
Prox imal duodenum ; fast  garnet method ; magn i fication 
X 740 . 
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Such cel l s  were found i n  the epi thel i um near the mucosal 

surface . 

{ b )  Smal l ,  sl ender ,  teardrop shaped cel l s  wi th i ntensely sta i ni ng  

supranucl ear cytopl a sm were observed i n  the i ntesti nal vi l l i  

of the caecum and termi nal i l eum ( Fi g .  4 . 19 } . These cel l s  

were l ocated cl o se to the basal l ami na or  cl o se to the l umi nal 

surface of the epi thel i um .  

( c )  CTMC ' s  were vari abl e i n  both s i ze and shape and , as j udged 
from thei r stai n i ng characteri sti c s  wi th fast  garnet ( Fi g .  

4 . 17 ) , conta i ned 5-HT . S imi l ar cel l s  occurred i n  smal l 

numbers i n  the abomasal and caecal mucosae . 

Foetal G cel l s  were of the ' open ' type and a vari ety of shapes was 

observed i n  both abomasal antrum ( Fi g .  4 . 20 )  and proximal  duodenum ( Fi g .  
4 . 21 ) .  Cytopl asmi c granu l es were wel l stai ned and scattered throughout 

the enti re cytopl asm . G cel l s  were most  common near the mucosal 
surface , very few bei ng  found near the base of antral gl ands or 

i ntesti nal crypts . 

Few immunoreacti ve S and D cel l s  were sta i ned i n  foetu ses . Foetal S 

cel l s  ( F i g .  4 . 22 ) were s imi l ar i n  appearance to those descri bed i n  
Secti on 3 . 3 . 3  and shown i n  Fi g .  3 . 46 . The morphol ogy of 0 cel l s  i n  
foetuses was s imi l ar to that found i n  6 month ol d l ambs .  Both ' open ' 
( Fi g . 4 . 23 }  and ' cl o sed ' ( Fi g .  4 . 24 )  cel l types were i denti fi ed . A 

detai l ed descri pti on of D cel l s  i n  6 month ol d l ambs i s  gi ven i n  Section  
6 . 3 . 2 .  

4 . 4  Di scu s s i on 

Great care was taken i n  the present study to ensure that the 

s i tes from wh i ch ti s sue sampl e s  were taken , we re s imi l ar to tho s e  
sampl ed i n  the adu l t an imal s .  I n  th i s  regard , the pyl oru s ,  caudal 
fl exure , duodenoj ej unal fl exure and the i l eocaecal j uncti on were u sed 

as important l andmark s .  



Fi gure 4 . 1 9 :  D i azoni um posi ti ve cel l ( arrow ) wi th i ntensel y stai ned 
supranucl ear cytopl asm ,  i n  i ntesti nal v i l l us .  I l eum ; 

fast garnet method ; magn i fi cati on x 1850 . 

Fi gure 4 . 20 :  G cel l ( b l ack ) i n  abomasal gastri c mucosa near base of 
devel opi ng gastri c pi t .  Abomasal antrum ; gastri n 
anti serum As ' 74/PAP method ; magni fi cati on x 740 . 

Fi gure 4 . 2 1 : G cel l s  ( a rrows ) near mucosal surface i n  duodenal crypts . 
Proximal duodenun1 ; gastri n anti serum As ' 74/PAP method ; 
magn i fi cati on x 740 . 
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Fi gure 4 . 22 :  Immunoreacti ve S cel l s  ( arrows ) near mucosal surface i n  

devel opi ng duodenum . 
anti serum/PAP method ; 

Proximal duodenum ; secreti n 
magn i fi cati on x 740 . 

F i gure 4 . 23 :  ' Open ' type 0 cel l ( brown ) i n  mi ddl e regi on of abomasal 

antral gl and . Abomasal antrum ; somatostati n anti serum/ 
PAP method ; magn i fi cati on x 1850 . 

F i gure 4 . 24 : Poorl y stai ned ' c l osed ' type 0 cel l ( arrow ) i n  abomasal 

antral gl and . Abomasal antrum ; somatostati n anti serum/ 
PAP method ; magni fi cati on x 740 . 
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Wi th i n  the G I  tract of the ovi ne foetus ,  endocri ne cel l s  were most  

numerous in  the abomasal and  proximal duodenal  mucosa . I n  these regi ons 

argyrophi l i c cel l densi ti es were only about 50% of those found i n  adu l t 

animal s ( Secti on 3 . 3 . 4 ) . However , the patterns of di stri buti on of 
argyroph i l i c ,  as  wel l as EC , G and S cel l s , were s imi l ar to those 

descri bed for adul ts . A more detai l ed compari son wi th adul ts and other 

age groups  i s  presented i n  Secti on 8 . 2 .  

Compari sons of di stri b uti on patterns of argyroph i l i c and EC cel l s  

i n  ov i ne foetuses support the concl u s i on that  the bul k of argyroph i l i c  

cel l s  found i n  the proximal duodenum were E C  cel l s . I t  i s  cl ear ,  

however ,  that the maj ori ty of argyroph i l i c  cel l s  found i n  the abomasal 
body w�re not EC cel l s , or at  l east  di d not contai n i denti fi abl e 
quanti ti es of 5-HT , as few endocri ne cel l s  i n  th i s  regi on were stai ned 
by the fas t  garnet techn i que .  

Most  l i kely the endocri ne cel l s  represented by the l arge 

concentrati on of argyroph i l i c  cel l s  i n  the abomasal body were ECL cel l s . 

Al though ECL cel l s  have not been speci fi cal l y  i denti fied i n  sheep , 

resu l ts from adul t animal s ( Secti on 3 . 4 . 1 )  suggest they form a l arge 

proporti on of the endocri ne cel l s  i n  thi s regi on  of the GI tract .  I n  
humans , morphol ogi cal ly  ' matu re ' ECL cel l s , i denti fi ed on the bas i s of 
thei r ul trastructural characteri sti c s ,  have been found in the mucosa of 

the body regi on of the stomach in foetu ses as early as the 63rd day of 

gestati on ( Track et �- , 1 979 ) . 

Compari sons of argyrophi l i c and G cel l dens i ti es i n  the abomasal 
antral regi on of these foetal l ambs ,  i ndi cate that G cel l s  were not 
argyroph i l i c .  A simi l ar concl us i on was reached wi th regard to adul t 
an imal s ( Secti on 3 . 4 . 1 ) .  

Al though the evi dence i s  not defi n i ti ve ,  compari son of the 
di fference between antral argyrophi l i c  and EC cel l dens i ti es , wi th D 

cel l dens i ti es , suggest that D cel l s  are not argyroph i l i c .  Simi l ar 
compari sons for the proximal duodenum l ead to the same concl us i on . 
Simi l ar l ogi c l eads to the concl u s i on that  i n  the proximal duodenum S 
cel l s  al so are non-argyroph i l i c .  Thus  i t  appears that there i s  a 

popul ati on of argyroph i l i c  cel l s · i n  the i l eum and caecum of ovi ne 
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foetuses , wh ich  are not EC , G ,  S or D cel l s . The endocri ne cel l types 

most  l i kely to be represented by th i s  popu l ati on of argyroph i l i c cel l s  

are o1 and L cel l s . Speci fi c  i denti fi cati on and di s tri buti on of these 

cel l types has not been establ i shed i n  ei ther foetal l ambs or adul t 
sheep . Because the secretory product ( s )  of o1 cel l s  has not yet been 
i denti fi ed ( Sol c i a  et �· ·  1982 ) , o1 cel l s  cannot be i denti fi ed by 
immunohi stochemi cal techni ques . Thei r presence coul d be establ i shed , 
however , on the basi s of thei r ul trastructural characteri sti cs . 

Al though L cel l s  have not yet been i denti fi ed i n  sheep , GL I ,  a 

product of L cel l s , has been detected i n  GI  mucosal extracts of 55 day 

ol d foetal l ambs ( Bas sett and Madi l l , 1978 ) . H i ghest  ti ssue 
concentrati ons  were shown to occur  i n  the termi nal i l eum . L cal l s  have 
been i denti fi ed in human foetuses i n  both the smal l ( Moxey and Tri e r ,  
197 7 )  and l arge ( Lehy and Cri sti na , 1 97 9 )  i ntesti nes . 

Somatostati n immunoreacti ve ( D )  cel l s  were found i n  al l abomasal 
and i ntesti nal sampl es i nvesti gated and had thei r greatest dens i ty i n  

the abomasal and duodenal mucosa . Thi s i s  the fi rst ti me D cel l s  have 
been reported i n  the ovi ne GI  tract .  Many workers have reported the 

presence of D cel l s  i n  the stomach ( Track et �· ·  1979 ; Chayv i al l e  
et �· ·  1980 ) and i ntesti ne ( Moxey and Tri e r ,  1977 ; Lehy and Cri sti na , 

1979 ; Track et � · ·  1979 ; Chayvi al l e  et �· ·  1980 ) of human foetuses , 

and i n  foetal rats , rabb i ts ,  cats , dogs and pi gs ( Al umets et �· ·  1977 ) . 

The 5-HT conta i n i ng cel l s  ( F i g .  4 . 1 7 )  found i n  the i l eal and caecal 
epi thel i um are of unknown i denti ty .  They do not have the typi cal 
appearance of EC cel l s  found in other parts of the ovi ne foetal GI  
tract : they di ffer i n  cel l s i ze and shape , and the di stri buti on of 

thei r cytopl asmi c granul es . Wh i l e  i t  i s  possi bl e that they represent 

foetal MMC ' s , they di ffer i n  cel l shape and di stri but ion  of cytoplasmi c 
granul es , from the MMC ' s  descri bed for adul t sheep i n  the previ ous  

chapter .  Further , i n  human adul ts , MMC ' s  conta i n  l i ttl e or no  5- HT 

( B i enenstock et � · ·  1982 ) . Th i s  ra i ses the poss i b i l i ty that there are 
5-HT contai ni ng endocri ne cel l s  other than EC cel l s  i n  the foetal ovi ne 
GI tract mucosa . Such a hypothes i s i s  supported by evi dence that i n  
human and rat foetuses , endocri ne cel l s  other than EC cel l s  ( e . g .  G ,  I 

and S cel l s ) conta i n  5-HT ( Larsson and Jorgensen , 1978 ) . These workers 
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demonstrated that  i n  human and rat foetuses and neonates , some G I  tract 

endocri ne cel l s  are not ful ly  di fferenti ated unt i l  after b i rth and that 

before reach i ng maturi ty they may produce more than one b i ol ogi cal l y  

acti ve product . I n  parti cu l ar  they demonstrated that 25 - 40% of 

duodenal G cel l s  al so stored 5 -HT , but  antral G cel l s  were never 

observed to contai n 5-HT . Thi s di fference between antral and duodenal G 

cel l s  suggests that  i n  the foetus there are sub-popu l ati ons of G cel l s  

wh i ch di ffer i n  thei r metabol i c  capabi l i ti es .  Whether th i s  i s  i n  any 

way l i nked to the morphol ogical l y  di sti nct I G  ( Buchan et !l· , 1979 ) , TG 

( Larsson et !l· , 1981 ) and antral G cel l s  found i n  the adu l t i s  not 

known . Lars son and Jorgensen ( 1978 ) al so demonstrated 5-HT in immuno

reacti ve S and I cel l s  i n  the duodena of both human and rat foetuses . 

The hypothes i s  that  ov i ne foetal G ,  S and I cel l s  conta i n  5-HT , coul d be 
tested by doubl e or sequenti al immunohi stochemi cal sta i n i ng techn i ques , 

or by the use of th i n  seri al  secti ons . 

G cel l s  were detected i n  mucosal sampl es of the abomasal antrum and 
duodenum of 100 - 110 day ol d foetuses . Th i s  resu l t contrasts wi th that 

of Li chtenberger et !l· , ( 1981 ) who reported ovi ne antral G cel l s  were 

i ni ti al l y  seen between 1 20 - 130 days gestati on . The reason · for th i s  

di screpancy i s  not readi ly  apparent , but  may be due to di fferent 
techni ques used to demonstrate G cel l s : L i chtenberger et !l· , ( 1981 ) 
used the i ndi rect immunoperoxi dase method , wh i ch i s  l ess sensi ti ve than 

the PAP techni que used i n  the present study . I n  th i s  regard i t  i s  

rel evant to note that L i chtenberger et �. ,  (1981 ) were abl e  to extract 

immunoreacti ve gastri n from the abomasa of foetuses at 103 days 

gestati on , and detect by R I A ,  gastri n i n  serum of foetuses at 107 days 
gestati on , wh i l e  not bei ng abl e to demonstrate G cel l s  unti l 120 - 130 
days  foetal age . 

Compari son of foetal and adul t ( see Secti on 3 . 3 . 4 )  G cel l dens i ti es 
i ndi cates a cons i derabl e i ncrease in antral G cel l dens i ty occurs 

between 100 - 1 10 days gestati on and maturi ty .  L i chtenberger et �. ,  

( 1 981 ) postu l ated the i ncrease they observed i n  antral G cel l numbers 
between the l ast 2 - 3 weeks of gestati on and the fi rst two weeks  of 
l i fe was attri butabl e to el ongati on of the antral gl ands , and not an 
i nc rease i n  endocri ne cel l dens i ty .  Thi s concept i s  not in agreement  

wi th resul ts presented in  subsequent chapters of thi s thes i s  ( see 

Sections  5 . 3 . 1  and 6 . 3 . 1 ) . 
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I n  the present experiment i t  was al so estab l i shed that G cel l s  were 

present i n  the duodena of 100 - 1 10  day ol d foetal l ambs .  Duodenal G cel l 
dens i ti es were l ower than for adul ts ( 23 + 4 vs 30 + 4 c . mm-2 ) • .  Thi s  i s  
i n  contrast to resu l ts for other spec i es ( Larsson and Jorgensen , 1 978}  

i n  wh i ch duodenal G cel l dens i ti es were h i gher i n  foetuses than adu l ts .  

I n  sheep , the rati o of antral to duodenal G cel l s  changed wi th age from 
2 . 2 : 1  i n  foetuses to 5 . 2 : 1  i n  adul ts . Th i s  resul t suggests that i n  

foetu ses , duodenal G cel l s  form a greater proporti on of total G cel l 

numbers than i n  adul ts . 

As yet ,  the phys i ol ogi cal functi o n ( s }  of the secretory products of 

endocri ne cel l s  i n  foetuses have not been el uci dated . I t  i s  probabl e ,  

however ,  that  some G I  hormones , for exampl e gas tri n ( see Johnson , 1 980 } , 

CCK ( Rothman and Wel l s , 1 967 } and secreti n ( Pansu et !l· · 1974 ) , are 
important i n  the growth and maturati on of the foetal G I  tract .  

Cl earl y ,  the mechani sms regul ati ng the di gesti ve functi ons of the 

GI tract must  be present and functi onal soon after b i rth , when the 

surv i val of the neonate depends upon absorpti on of nutri ents from the 
di gesti ve tract .  Some gut functi ons are known to occur  before bi rth , 
for exampl e ,  swal l owi ng of amn i oti c fl u i d  by foetal l ambs has been 
reported ( Bradl ey and Mi stretta , 1973 ; Pearson and Mel l or ,  1976 ; Hardi ng  
et �- ,  1984�, �) . Thus , the foetal gut i s  expo sed to i ngested fl u i ds 

and presumably absorpti on and secreti on occur  across  the mucosal wal l . 

Al so , foetal l ambs pass faecal pel l ets and i ndeed may re- i ngest them , 

i ndi cati ng that movement of gut contents al ong the tract i s  establ i shed 

before b i rth ( M . P .  Gurnsey ,  unpubl i shed observati ons } . 

Resu l ts of th i s  present study demonstrate that several of the 
endocri ne cel l types found i n  adul t sheep al so occur i n  the foetus , and 
further ,  such foetal endocri ne cel l s  conta i n  i denti fi abl e quanti ti es of 
secretory products ( s } .  These observati ons suggest  that  foetal G I  tract 

functi on may , at l east in part , be regul ated by the secretory products 

of GI endocri ne cel l s .  



CHAPTER 5 

THE I DENT I F I CATI ON AND D I STR I BUTI ON OF ENDOCR I NE CELLS I N  
THE GI TRACT OF  NEONATAL LAMBS 

5 . 1  I ntroducti on 

1 7 1 . 

Al though EC cel l s  ( Tehver , 1930 ) , immunoreacti ve G cel l s  

( L i chtenberger et �. ,  1981 ) and endocri ne cel l s  demonstrati ng substance 
P-l i ke i mmunoreacti v i ty ( Harri son and Wathuta , 1982b ) have been 
i denti fi ed i n  the gut mucosa of newborn l ambs ,  thei r densi ti es have not 
been quanti fi ed ( see Chapter 1 ) .  

Evi dence from other spec i es i ndi cates that the endocri ne cel l 

di stri buti on i n  the neonates , l i ke that i n  foetuses ( see Secti on 4 . 3 . 2 ) , 

may di ffer markedl y from that found i n  adu l ts ( see Secti on 1 . 8 ) . I n  

rat and human foetuses and newborn , endocri ne cel l frequency i n  the 
duodenum has been shown to be hi gher than  i n  adul ts ( Lars son and 

Jorgensen , 1978 ) . Whether th i s  i s  al so true i n  newborn l amb s has yet 
to be establ i shed . 

The purpose of the present experiment was to exami ne the endocri ne 

cel l types , thei r morphol ogy and di stri buti on i n  the G I  tract of neonatal  
( pre- rumi nant) l ambs .  

5 . 2  Methods 

Experimental animal s were fi ve two week ol d Romney-cross l ambs 

( Tabl e 2 . 1 ) from the same fl ock as that whi c h  provi ded the foet��e� ( see 

Chapter 4 ) . The l ambs were separated from thei r dams approximatel y 24 

hours after b i rth and reared i ndoors . They were hou sed on wheat straw 
beddi ng  and fed a col d mi l k  mi x ( Ancal f Qui kmi x ,  N . Z .  Co-op Dai ry Co . ,  
Hami l ton } ad l i b i tum . 

Ti ssue sampl es were col l ected as descri bed i n  Sect ion  2 . 2 .  Care 
was taken to ensure that the s i tes sampl ed corresponded as cl osely as 
poss i bl e  to those prev i ousl y sampl ed i n  the adul ts . 
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Al l s i tes  menti oned i n  Tabl e 2 . 2 were sampl ed but because the G I  
tracts of l ambs are consi derabl y shorter than those o f  adul ts , the 

duodenal sampl es were taken from si tes 0 - 2 ,  8 - 10 and 20 - 22 cm from 
the pyl orus , whi l e  the i l eal s i te was 3 - 5 cm proxi mal , and the col oni c  
si te 8 - 1 0  cm di stal to the i l eocaecal j uncti on . Ti s sue sampl es  were 

prepared , fi xed and processed as outl i ned i n  Secti ons 2 . 3  and 2 . 5 .  

Two h i stochemi cal sta i ni ng techn i ques were used : De Grandi ( Tabl e 

2 . 7 )  and fast  garnet ( Tabl e 2 . 1 1 ) . The PAP i mmunoh i stochemi cal method 
( Tabl e 2 . 19 )  was u sed wi th pri mary anti sera to gastri n ,  secreti n ,  
gl ucagon and somatostati n ( Tabl e 2 . 20 ) . 

5 . 3  Resu l ts 

5 . 3 . 1  Di stri buti on of Endocri ne Cel l s  

Argyroph i l i c  cel l s  were most  common i n  the proxi mal duodenum ( 237 + 

21  c . mm-2 ) wi th progress i vely decreas i ng numbers i n  the more di stal  

i ntesti nal sampl es ( Fi g .  5 . 1 ) . Substanti al numbers ( 102 + 20 c .mm-2 ) of 

argyroph i l i c cel l s  were al so present i n  the mucosa of the body regi on of 
the abomasum , whereas thei r densi ty i n  the antral regi on was l ow ( 26 + 
4 c .mm-2 ) .  

Al though most  argyroph i l i c  cel l s  i n  the mucosa of the abomasal body 
occurred si ngl y ,  occas i onal l y  smal l cl u sters of 3 - 5 cel l s  were 
observed . 

I n  both smal l and l arge i ntesti nal sampl es , argyroph i l i c cel l s ,  
al though most common i n  the l ower th i rd of crypts , occurred th roughout 

the epi thel i um ,  i ncl udi ng the vi l l i .  I n  the duodenum a substanti al 

proporti on ( up to 1 5% )  of argyroph i l i c cel l s  were found i n  the upper 
th i rd of the crypts . I n  contrast , i n  the i l eum and l arge i ntesti ne l es s  
than 5% occurred i n  the upper th i rd of the mucosa . 

Argyroph i l i c  cel l s  were al so present i n  the gl ands of Brunner ,  but 
thei r dens i ty was al ways l es s  than 3 c .mm-2 . 
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Analysi s of vari ance reveal ed that at each si te EC cel l dens i ti es 

were si gni fi cantl y  ( P <0 . 00 1 )  l ower than those of argyrophi l i c  cel l s  

( Tabl e 5 . 1 , component C ( i ) ) .  Despi te that  overal l di fference , the 

pattern of EC cel l di stri buti on i n  both smal l and l arge i ntesti nes was 
general ly  s imi l ar to that for argyrophi l i c  cel l s : EC cel l s  were most 
common in the proxi mal duodenum ( 187 � 13 c .mm-2 ) and successi vely l ess 

frequent i n  more di stal si tes ( F i g .  5 . 1 ) . On  the other hand , EC cel l s  
were rare ( <5 c .mm-2 ) i n  both the abomasal body and antrum . Al so the 

abomasal di stri buti on of EC cel l s  was s i gni fi cantly  ( P<0 . 00 1 )  di fferent 

from that  of argyroph i l i c  cel l s  ( Tabl e 5 . 1 ,  i nteracti on component 
D ( i i ) ) :  the abomasal body to antral rati o of EC cel l dens i ti es was 6 . 3 : 1  

whi l e  that for argyrophi l i c  cel l s  was 3 . 9 : 1 .  

Immunoreacti ve G cel l s  were found only i n  the abomasal antrum and 
duodenum ( Fi g .  5 . 2 ) .  Thei r densi ti es were h i ghest  i n  the mucosa of the 
antrum ( 94 � 17  c . mm-2 ) and proxi mal duodenum ( 54 � 9 c .mm-2 ) and thence 

decl i ned progressi vely al ong the duodenum . Wi th i n the gl ands of 

Brunner ,  G cel l s  were al ways rare ( <5 c . mm-2 ) .  

G cel l di stri buti on wi th i n  the mucosa vari ed accordi ng to si te .  I n  

antral mucosal sampl e� G cel l s  were found scattered throughout the 
epi thel i um but the majori ty were l ocated i n  the mi d-gl and regi o n ,  
whereas i n  duodenal sampl es most  were found i n  the upper th i rd o f  the 

crypts . 

S cel l s  were most  common i n  the duodenum , parti cul arl y the proximal 

porti on ( 60 � 16 c . mm-2 ) ,  wi th onl y a few cel l s  ( <6 c .mm-2 ) found in the 

i l eum ( Fi g .  5 . 2 ) .  No S cel l s  were i denti fi ed i n  the abomasum , col on or 
caecum . 

Immunoreacti ve D cel l s  were found at al l abomasal and i ntesti nal 

s i tes exami ned ( F i g .  5 . 2 ) . They were common in the abomasal body ( 44 + 
8 c . mm-2 ) and antrum ( 56 � 1 7  c . mm-2 ) .  I n  the i ntesti ne they were most 
common i n  the proxi mal duodenum ( 44 � 1 1  c . mm-2 ) and dens i ty decl i ned 

progressi vely i n  the more di stal sampl es . I n  both col on and caecum , D 
cel l s  were rare ( < 1 c . mm-2 ) ,  i ndeed i n  hal f the s l i des exami ned they 
were absent from these si tes . A few ( a l ways <4 c . mm-2 ) 0 cel l s  were 
found i n  the gl ands of Brunne r �  · 



Tabl e 5 . 1 :  Summary of analysi s of vari ance of data 

methods wh i ch demonstrate argyrophi 1 i c ,  

Source of Vari ati on 

A .  

B .  

c .  

o .  

Ani mal s 

Si tes 
( i )  Abb � Aba 
( i i ) Duop � Duom 
( i i i )  Duop + Duom vs  Duod 
( i v )  Duo vs I 1  -
( v )  Ab v s  S I  
( v i )  Ab + S I  vs LI 

( vi i )  Co vs  Cae 

Sta i n i ng methods 

( i ) DG vs  FG 
( i i )  Gas vs  Sec 
( i i i )  Gas + Sec vs  Som 
( i v )  Hi sto vs Immuno 

Non-orthogonal contrasts 
( v )  DG v s  Gas 
( v i ) DG vs Sec 
( v i i )  DG vs Som 

I nteracti on : si tes x s ta i n i ng methods 
( i ) 

( i i )  
( i i i ) 

( i V )  
( V )  
( vi ) 
( v i i ) 
( v i i i )  
( i X )  

( x )  

Abb v s  Aba x DG � FG 
Ab vs SI x DG vs FG 
Ab + SI vs L I  x DG vs FG 

Abb � Aba x Gas � Sec 
Ab vs SI x Gas vs Sec 

Ab + S I  vs L I  x Gas vs Sec 
Abb � Aba x Gas + Sec � Som 
Duo vs  I l  x Gas + Sec vs Som -
Ab + SI vs L I  x Gas . + Sec vs Som - . 
Abb � Aba x Hi sto vs Immuno 

OF  

4 

7 

1 

1 

1 
1 

1 
1 

1 

4 

1 
1 
1 
1 

1 

1 
1 

28 

1 
1 
1 

1 
1 
1 

1 
1 

1 

1 
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for sta i ni ng 

EC , G ,  S and D cel l s  

Vari ance Rat i o s  

2 . 95* 

6 . 42* 

49 0 72*** 

1 55 . 53*** 

437 . 59*** 

183 . 30*** 

579 . 46*** 

0 . 09 

129 . 24*** 

1 5 . 39*** 

9 . 98** 
558 . 3 1*** 

4 1 1 . 73*** 

586 . 34*** 
380 . 89*** 

18 . 05*** 
62 . 64*** 
9 . 22** 

92 . 54*** 
7 3 . 54*** 
5 . 13* 

20 . 00*** 
6 . 56* 

100 . 73*** 

1 10 . 80*** 
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Tabl e 5 . 1  conti nued 

( xi ) Duop + Duom � Duod x 1 29 . 49*** 

Hi sto vs  Immuno 

( xi i )  Duo vs  I l  x Hi sto vs Immuno 1 26 . 64*** - -
( x i i i )  Ab vs  S I  x H i sto vs  Immuno 1 224 . 86*** 

( xi v )  Ab + S I  v s  L I  x Hi sto v s  Immuno 1 10 . 83** 

Remai nder 14  0 . 81 

Non-orthogonal contrasts 

( xv )  Abb � Aba x DG � Gas 1 225 . 59*** 

( xv i ) Duop + Duom � Duod x DG � Gas 1 9 . 86** 

( xvi i ) Duo vs  L I  x DG vs  Gas 1 5 . 14* -
( xv i i i )  Ab v s  S I  x DG vs  Gas 1 50 . 6 1*** 

( xi x )  Ab + S I  vs  L I  x D G  v s  Gas 1 7 . 74** 

( xx )  Abb � Aba x D G  vs  Sec 1 29 . 16*** 

( xxi ) Duop + Duom � Duod x DG � Sec 1 9 . 04** 

( xxi i )  Duo vs I l  x DG vs  Sec 1 15 . 74*** -
( xxi i i )  Ab + S I  vs L I  x DG vs Sec 1 25 . 34*** 

( xxi v )  Abb � Aba x DG � Som 1 40 . 16*** 
( xxv ) Duop + Duom � Duod x DG � Som 1 7 . 69** 
( xxvi ) Duo vs I l  x DG vs  Som 1 28 . 46*** -
( xxvi i )  Ab vs  SI x DG vs  Som 1 132 . 64*** 
( xxvi i i )  Ab + S I  vs LI  x DG vs Som 1 9 . 76** 

Resi dual mean square 1 56 1 . 1 7 
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A cel l s  were demonstrated i n  pancreati c i sl ets but not i n  the 

exocri ne ac i n i nor the mucosa of the GI tract .  D cel l s  al so were 
observed i n  the i sl et ti s sue of the pancrea s ,  but  not i n  the exocri ne 

aci ni . No i mmunoreacti ve G or S cel l s  were i denti fi ed i n  ei ther the 

endocri ne or exocri ne porti ons of the pancreas . 

No endocri ne cel l s  coul d be demonstrated i n  mucosal sampl es  from 
the reti cul um or ventral rumen . 

5 . 3 . 2 Morphol ogy and Mucosal Locati on of Endocri ne Cel l s  

Tab l e 5 . 2 summari zes the morphol ogi cal characteri sti cs  of endoc ri ne 

cel l s  i denti fi ed i n  the G I  tract of neonatal l ambs .  I t  al so l i sts , for 

each endocri ne cel l type , the s i tes at wh i ch they were found and thei r 
predomi nant l ocati on wi thi n the epi thel i um .  

A few argyroph i l i c cel l s  had basal cytopl asmi c processes , some of 

wh i ch termi nated cl ose to pari etal cel l s  ( F i g .  5 . 3 ) . Others termi nated 

cl ose to cel l s  wh i ch coul d not be posi ti vel y i denti fi ed .  

Wi th i n  the epi thel i um of the abomasal antrum , ' cl osed ' type 
argyroph i l i c  cel l s  ( Fi g .  5 . 4 }  were more common than ' open ' type cel l s . 
The ' cl osed ' type cel l s  were most  numerous i n  the deeper parts of the 
antral gl ands , whereas ' open ' type cel l s  were found scattered throughout 

the depth of the epi thel i um .  

I n  the i ntesti nal mucosa al l argyroph i l i c  cel l s  were o f  the ' open ' 

type ( Fi g .  5 . 5 ) , wh i l e  i n  the gl ands of Brunner both ' open ' ( F i g .  5 . 6 )  

and ' c l osed ' ( F i g .  5 . 7 ) type argyroph i l i c cel l s  were observed . 

Argyroph i l i c cel l s  found i n  the i l eum and l arge i ntesti ne had 

noti ceably fewer cytopl asmi c granul es than duodenal argyrophi l i c  cel l s , 

al though thei r granul es were of s imi l ar stai n i ng i ntens i ty .  

The cytopl asmi c granul es of ' cl osed ' type EC cel l s  were very 

l i ghtl y  sta i ned wh i l e  those of ' open ' type EC cel l s  were i ntensely 
stai ned . 



Tabl e 5 . 2 :  Summary o f  morphol o g i c al charac ter i s t i c s  and d i s tri b u t i on o f  endoc r i ne cel l s  i n  the 

GI trac t of 2 week ol d l amb s 

Predominant  
Endoc ri ne Cel l Cel l Ce l l D i s tr i bu t i o n  l ocat i on i n  

cel l type shape g ranul e s  muc osa 

' open ' py rami dal basa l  Ab a sca ttered 
I ntes t i nal  mucosa  l ower 1 /3 
Gl ands  o f  Brunner  deep 

Argy roph i l i c 
Ab a l ower 1 / 3  

' c l osed ' vari abl e scattered Abb l ower 2/3  
Gl ands  o f  Bru nner deep 

' c l osed ' oval sca tte red  Aba , Abb l ower 1 /3 
EC 

' open ' py rami dal basa l  I ntes t i nal mucosa  l ower 1 / 3  
Gl ands  o f  Brunner  deep 

pyrami dal I Ab a mi ddl e 1 /3 
G ' open ' teardrop b a s a l  Duo u pper 1 /3 

Gl ands o f  Brunner  deep 

s ' open ' py rami dal b a s a l  Smal l i n tes ti ne u pper 1 / 3  

' open ' pyrami da l basa l  Ab  a mi ddl e 1 / 3  
I n tes ti nal  muco sa scattered 
Gl ands o f  Brunner  deep � 

D '-.1 
10 

' c l osed ' var i abl e  scatte red  Aba , Abb 1 owe r 2/3  . 
Gl ands o f  Brunner  deep 



Fi gure 5 . 3 :  Argyroph i l i c cel l ( wh i te arrow ) wi th basal cytopl asmi c 

process termi nati ng cl ose to pari etal cel l ( b l ack arrow) . 
Abomasal body ; De Grandi method ; magni fi cati on x 1850 . 

Fi gure 5 . 4 :  

Fi gure 5 . 5 :  

' C l osed ' type argyroph i l i c cel l s  ( arrows ) , wi th fi ne bl ack 

or brown cytopl asmi c granul es , i n  abomasal antral gl ands . 

Abomasal antrum ; De Grandi method ; magni fi cati on x 1850 . 

' Open ' type argyroph i l i c  cel l ( arrow) near base of 

i ntesti nal crypt . Proximal duodenum ; De Grandi method ; 
magn i fi cati on x 1850 . 
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Fi gure 5 . 6 :  • open • type argyroph i l i c  cel l s  ( arrows ) ,  wi th i ntensely 
sta i ned cytopl asmi c granu l es , i n  Brunner • s  gl and . Mi d

duodenum ; De Grandi method ; magn i fi cati on x 1850 . 

Fi gure 5 . 7 :  • c l osed • type argyroph i l i c  cel l ( arrow)  i n  Brunner • s  
gl and . Mi d-duodenum ; De Grandi method ; magn i fi cati on 

X 1850 . 
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Al though i ntesti nal EC cel l s  were most  common i n  the l ower thi rd of 

the crypts of L i eberkuhn , a few cel l s  were found near the mucosal 
surface and i n  vi l l i .  

Immunoreacti ve G cel l s  were of the • open • type and al though cel l 

shape was vari abl e those cel l s  that were cut i n  true cross secti on , were 

pyrami dal or teardrop i n  shape . Al though wel l stai ned granul es were 

found throughout the cytopl asm ,  the concentrati on of granul es frequently 

was h i gher i n  the i nfranucl ear reg ion  of the cel l . 

Morphol ogi cal l y ,  S cel l s  were s imi l ar to the G cel l s  descri bed 

above : they were of the • open • type , frequentl y pyrami dal i n  shape and 
wi th wel l stai ned cytopl asmi c granul es , parti cul arly i n  the i nfranucl ear 

regi on . 

D cel l s  general ly  occurred si ngl y  i n  the epi thel i um .  Al though i n  

antral mucosa they were most  common i n  the mi ddl e th i rd of the gl ands , 
they were found scattered throughout the epi thel i um .  I n  thi s regi on 
• open • type cel l s  predomi nated . The morphol ogy of D cel l s  i n  two week 

ol d l ambs di d not di ffer noti ceably  from those of 6 month ol d l ambs .  A 

detai l ed desc ri pti on of D cel l s  i n  the l atter age group i s  gi ven i n  
Secti on 6 . 3 . 2 .  

5 . 4 Di scuss i on 

The mucosa of the GI  tract of young l ambs contai n s  consi derab l e 
numbers of endocri ne cel l s , parti cul arl y  i n  the abomasum and duodenum . 
Whi l e  the di stri buti on patterns of endocri ne cel l s  i n  young l ambs were 
s imi l ar to those descri bed for adul t sheep ( Chapter 3 )  and 100 - 1 1 0  day 

ol d foetuses ( Chapter 4 ) , for some sampl i ng si tes di fferences i �' c�l l 

dens i ti es between the age groups were observed . The poss i b l e  
s i gn i fi cance o f  these di fferences are di scussed i n  Chapter 8 .  

Between 100 - l lOdays of gestati on and the second week after b i rth 
there was a 3-fol d i ncrease i n  argyroph i l i c  cel l dens i ty i n  proximal 

duodenal sampl es . Argyrophi l i c cel l dens i ti es at th i s  si te i n  neonatal 

l ambs were al so cons i derab ly  hi gher than  i n  adul t sheep . Th i s  l atter 



183 . 

fi ndi ng i s  i n  accord wi th that of Larsson who reported 
* � 

that i n  human and rat foetuses and neonates the frequency of endocri ne 

cel l s  i n  the duodenum was general l y  hi gher than i n  adul ts . 

Compari son of argyroph i l i c and EC cel l densi ti es and thei r patterns 
of di stri buti on i ndi cate that ,  as i n  adu l t animal s and foetuses , most  

duodenal argyroph i l i c  cel l s  were E C  cel l s . 

Al though no data for EC cel l dens i t ies  were presented , Larsson and 
Jorgensen ( 1978 ) stated that i n  both human and rat foetuses and 

neonates EC cel l frequenc i es may appear to be hi gher than i n  adul ts , 
because • non Ec • ( i n  parti cul ar  they suggested G ,  I and S )  cel l s  may 
conta i n  measurabl e quanti ti es of 5-HT . 

I n  young l ambs ,  however ,  EC cel l dens i ti es were l ower than i n  adu l t 

sheep . Thi s does not precl ude the poss i b i l i ty however , that a 

proporti on of cel l s  that contai ned 5-HT were not true EC cel l s  but were 
immature G ,  I or S cel l s  s imi l ar to those observed by Larsson and 

Jorgensen ( 1 978 ) . 

I t  i s  cl ear from compari sons of EC and G cel l dens i ti es that antral 
G cel l s  i n  l ambs di d not conta i n  5-HT . Thi s concl u s i on i s  i n  accord wi th 

the fi ndi ngs of Larsson and Jorgensen ( 1978 ) who reported that i n  both 

the human and rat , antral gastri n cel l s  di d not conta i n  5-HT at any stage 
of devel opment .  Defi ni ti ve evi dence to demonstrate the presence or 

otherwi se of 5-HT i n  duodenal G ,  S and I cel l s  coul d be obtai ned by 
comb i n i ng ul trastructural  studi es or doubl e stai n i ng techni ques , wi th 

the usual di azoni um methods , to demonstrate 5-HT . 

G cel l frequency i n  the abomasal antrum changed markedly wi th 

age , i ncreas i ng from 50 � 16 c .nnn-2 i n  the foetuses to 94 + 17 � -
.rrln-2 

i n  l ambs and 1 5 5  + 1 1  c .mm-2 i n  the adul ts . These data i ndi cate that 
the i ncrease , reported by L i chtenberger et !l· , ( 1 981 ) , i n  G cel l 

numbers i n  the ovi ne antrum throughout l ate pregnancy and the fi rst 
two weeks of l i fe i s  at l east i n  part due to an i ncrease i n  G cel l 
dens i ti es . 

* (Lars son and Jorgensen , 1978 ) 
* (Lars son , 1977 ; Lars son and Jorgensen , 1 978 ) 
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The duodenal G cel l dens i ty more than doubl ed between the l ast  5 - 6 

weeks of pregnancy and the 2nd week of l i fe to reach a l evel of 54 � 9 
c .mrn-2 , and then decl i ned to 30 � 4 c .mm-2 i n  the adul t .  These resu l ts 

suggest that G cel l dens i ty i n  the duodenum reaches a peak shortl y after 

bi rth and then decl i nes . These resu l ts support the observati ons of 
Larsson and Jorgensen { 1978 ) who found that G cel l frequenc i es were 

hi gher i n  the duodena of human and rat neonates than i n  adul ts . 

Further ,  they demonstrated that th i s  postnatal decrease i n  G cel l 
frequency coi nc i ded wi th an i ncrease i n  I cel l s .  They were al so abl e to 

demonstrate , u s i ng gastri n- spec i fi c  and CCK- speci fi c  anti sera , that  i n  
neonatal rats and humans some duodenal endocri ne cel l s  contai ned both 

gastri n and CCK . Such observati ons l ed these workers to suggest that  
some foetal and neonatal endocri ne cel l s  were n ot  ful l y  mature and were 

capabl e of synthesi zi ng several di fferent b i ol ogi cal l y  act i ve pepti des 

and ami nes . Whether such observati ons al so hol d true for the sheep and 

thu s  prov i de an expl anati on for the postnatal decl i ne i n  duodenal G 

cel l densi ti es remai ns to be establ i shed . Th i s  hypothes i s cannot be 

confi rmed unti l I cel l frequenc i es i n  neonatal and adu l t sheep are 

determi ned . To date , CCK secreti ng cel l s  have not been defi n i ti vel y 
demonstrated i n  the ovi ne G I  tract .  

The dramati c decrease i n  serum gastri n l evel s that occurs several 
weeks after bi rth ( L i chtenberger et �· ·  1 981 ; Shu l kes and Hardy , 1982 ) 

may be due to a decrease i n  G cel l dens i ty or to a decrease i n  the rate 
of gastri n secreti on . I t  seems unl i kel y ,  however , that the changes , 
descri bed above , i n  G cel l dens i ty of the duodenum coul d account for 
th i s  phenomenon : ( a )  the change observed was not l arge , and { b )  there 

was a much l arger i ncrease i n  G cel l dens i ty i n  the abomasal antrum over 
the same peri od . I t  i s  more l i kely that  the fal l s  i n  serum gas tri n 
l evel s reported by L i chtenberger et �· ·  ( 1 981 ) and Shul kes and Hardy 
( 1982 ) were due to changes i n  the secretory acti vi ty of the G cel l s .  

Data presented here { Fi g .  5 . 2 ) and i n  Secti ons 3 . 3 . 4 and 4 . 3 . 2 ,  
demonstrate that there was an i ncrease i n  duodenal S cel l dens i ty l ate 
i n  foetal devel opment , and that by the 2nd week of l i fe . S cel l dens i ty 
( 60 � 16 c . mm-2 ) i n  the proxi mal duodenum was greater than that found i n  
adul ts ( 32 + 1 1  c . mm-2 ) .  S imi l ar observations  were made by Larsson 
( 1 977 ) i n  the rat . 
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Because D cel l dens i ty was consi derably hi gher i n  the abomasal 

antral mucosa ( 56 � 17 c .mm-2 ) than argyroph i l i c  cel l dens i ty ( 26 � 4 

c .mm-2 ) and further ,  because the di stri but ion  of D cel l s  wi th i n  the 

abomasum di ffered from that of argyroph i l i c  cel l s , i t  i s  concl uded that 
abomasal D cel l s  i n  the young l amb are not argyrophi l i c .  S imi l arly ,  
compari son of D and EC cel l dens i ti es and di stri buti ons i n  the abomasum 
i ndi cate that  the abomasal D cel l s  do not contai n measurabl e  quanti ti es 

of 5-HT i n  young l ambs .  Whether these concl u s i ons may be extended to 

i ncl ude al l D cel l s  of the G I  tract of young l ambs was not concl us i vely 

establ i shed . 

Two di fferent types of D cel l were observed : ( a )  ' open ' , and ( b ) 
' cl osed ' . ' Open ' type D cel l s  whi ch predomi nate i n  the abomasal antrum 
and i ntesti ne are thought to respond to i ntral umi nal stimul i such as pH 

( Kobayash i  and Fuj i ta ,  1974 ) , whereas ' cl osed ' type D cel l s  respond to 

ci rcul ati ng hormones ( Larsson , 1980 ) or nervous sti mu l i ( Schubert et 

�· · 1982 ) . 

I t  has been suggested that  both ' open ' and ' c l osed ' type D cel l s  
have a l ocal regul atory rol e :  that  they modul ate the functi on of other 
cel l s  nearby ( e . g .  antral G cel l s : Hel mstaedtl er et �. , 1977 ; Larsson 
et �. , 1979 , and pari etal cel l s : Larsson et �· · 1979 ) by the rel ease 
of somatostati n i nto the i ntersti ti al space cl ose to the ' target ' cel l s . 

I n  th i s  respect exogenous somatostati n has been shown to i nhi b i t  the 

secreti on of ac i d  by pari etal cel l s  ( B l oom et �· · 1974 ) and the rel ease 
of gastri n from G cel l s  ( Kontu rek et �. , 1976�) .  

I n  the present studi es some D cel l s  were observed to have basal 
cytopl asmi c processes some of wh i ch ,  in the case of D cel l s  found i n  the 
abomasal body regi on , were shown to termi nate cl ose to pari etal cel l s . 
I n  most  i nstances , however , the i denti ty of the cel l on or near . whi ch 

the process  termi nated coul d not be ascerta i ned . Further study wi th 

doubl e immurohi stochemi cal sta i n i ng techni ques coul d be used to i denti fy 
the ' target ' cel l s . 

Argyroph i l i c ,  EC , G and D cel l s  were i denti fi ed i n  gl ands of 

Brunner of 2 week ol d l ambs .  The densi t ies  of these cel l s  were l ow ,  
l es s  than 4 c . mm-2 of  gl and . · G cel l s  were al ways of the ' open ' type but 
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both ' open ' and ' cl osed ' type argyroph i l i c ,  EC and 0 cel l s  were 

observed . The most  common endocri ne cel l s  found i n  the gl ands were G 

and 0 cel l s  and there were no obv i ou s  di fferences i n  cel l dens i ti es 

between the l ambs and adul t an imal s .  Al though the maj ori ty of endocri ne 
cel l s  found here were l ocated deep wi thi n the gl ands , the fact that 
' open ' type cel l s  were found i ndi cates that stimu l i ori gi nati ng i n  the 

l umen may pl ay a part i n  modu l ati ng the secretory acti vi ty of these 

cel l s . The functi ons of endocri ne cel l s  i n  the gl ands of Brunner have 
not been el uci dated i n  any spec i es . Pos s i bl e rol es i ncl ude l ocal 

regu l ati on of the secretory acti v i ty of the gl ands and regu l ati on of the 

growth and mai ntenance of the gl and mucosa ( see Johnson , 198 0) . 



CHAPTER 6 

THE I DENT IF ICATI ON AND D I STR I BUT ION OF 
ENDOCR INE CELLS IN THE GI TRACT OF 6 MONTH OLD LAMBS 

6 . 1  I ntroducti on 
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The aims of th i s  study were to i nvesti gate the types , morphol ogy 

and di stri buti on of endocri ne cel l s  i n  the G I  tract of 6 month ol d 
(young rumi nant }  l ambs .  As wel l as  be i ng of val ue i n  asses s i ng the 
effects of the change from the pre-rumi nant to rumi nant state , on 

endocri ne cel l dens i ti es , the data so deri ved i s  used i n  Chapter 8 to 

establ i s h the pattern of devel opment of such cel l s  i n  sheep , from foetus  

through to  adu l thood . 

I n  addi ti on  to the sta i n i ng methods empl oyed i n  prev i ous chapters 

( see Secti on 2 . 6 ) , the fast bl ack method was u sed . I n  EC cel l s , when 
both 5-HT and tryptami ne are present , but one or both are i n  l ow concen
trati ons , the col our  contrasts wi th fast garnet stai ni ng ( i . e .  red

orange-yel l ow }  become di ffi cul t to di sti ngui sh . Fast bl ack reputedly  
has the advantage o f  better ti nctori al resol uti on o f  5-HT and tryptami ne 

( Secti on 1 . 8 . 1 ) . Thu s  the fast bl ack method was used i n  addi ti on to the 

fast garnet method , to determi ne whether 5-HT was present i n  al l ov i ne 
EC cel l s . The fast bl ack and fas t  garnet methods were compared for 
sens i ti v i ty and col our  resol uti on of sta i ned cel l contents . 

6 . 2  Methods 

Seven 6 month ol d Romney-cross l ambs ( Tabl e 2 . 1 }  were 
used i n  thi s study .  They were housed i ndoors approxi matel y 24 hrs before 
sampl e col l ecti on , and food , but not water , wi thhel d .  

Ti ssue sampl es from si tes l i sted i n  Tabl e 2 . 2  were col l ected , 
prepared , fi xed and processed i n  the manner descri bed i n  Secti ons 2 . 3  
and 2 . 5 .  

Three h i stochemi cal stai n i ng techni ques were used : De Grandi 

( Tabl e 2 . 7 } , flst garnet ( Tabl e 2 . 1 1 )  and fast bl ack ( Tabl e 2 . 12 ) . T 1 e 
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PAP immunoh i stochemi cal method ( Tabl e 2 . 19 )  was used wi th the fol l owi ng 

pri mary anti sera : gastri n ,  secreti n ,  gl ucagon and somatostati n ( Tabl e 
2 . 20 ) . 

6 . 3 Resu l ts 

6 . 3 . 1  D i stri buti on of Endocri ne Cel l s  

Argyrophi l i c cel l s  ( F i g .  6 . 1 ) were most  common i n  the duodenum , 
parti cul arl y  the proximal ( 236 � 40 c .mm-2) and mi ddl e ( 203 + 37 c .mm-2 ) 

regi ons . Substanti al numbers of argyroph i l i c  cel l s  were al so found i n  

the abomasal body ( 1 1 7  � 1 5  c .mm-2 ) and di stal duodenum ( 105 � 1 5  

c .mm-2 ) ,  wh i l e  fewer ( <33 c .mm-2 ) occurred i n  the abomasal antrum , i l eum 

and l arge i ntesti ne . 

The h i ghest concentrati ons of EC cel l s  ( F i g .  6 . 1 ) , as  demonstrated 
by the fast garnet techn i que , were found i n  the proximal , mi d and di stal 

duodenum ( 185 + 2 1 , 100 � 15 and SO � 9 c . mm-2 , respecti vely )  wi th 

substanti al l y  l ower concentrati ons i n  the abomasum , i l eum and l arge 
i ntesti ne ( al l  <5 c .mm-2 ) .  

Immunoreacti ve G cel l s  ( F i g .  6 . 2 ) were most numerous i n  the abomasal 
antral mucosa ( 133 + 11 c . mm-2 ) .  Lesser numbers of G cel l s  were found 
in the duodenum ( proximal duodenum : 46 � 5 c . mm-2 ) ,  where they 

decreased i n  densi ty wi th i ncreasi ng di stance from the pyl orus . G cel l s  
were absent from the mucosa of the abomasal body regi on , i l eum and l arge 
i ntesti ne . 

S cel l s  were confi ned i n  thei r di stri buti on to the smal l i ntesti ne 
( Fi g .  6 . 2 ) , the greatest dens i ty occurri ng i n  the proxi mal duodenum 
( 58 + 5 c . mm-2 ) .  The densi ty of S cel l s  i n  the smal l i ntesti ne decreased 
di stal l y .  

D cel l s  were found i n  mucosal sampl es of al l regi ons o f  the G I  tract 

aboral to the omasum ( Fi g .  6 . 2 ) ; al though they were rare ( <2 c . mm-2 ) i n  

the col on and caecum . Greatest concentrati ons of D cel l s  were found i n  

the abomasal antrum ( 20 � 2 c .mm�2 ) and proxi mal duodenum 
( 17 + 3 c .mm-2 ) .  D cel l s  were al so i denti fi ed i n  the i s l ets of 
Langerhans .  Al though they were found scattered throughout the i s l ets , 
they were most numerou s near the peri phery of each i sl et .  
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A cel l s  were i denti fi ed i n  i sl ets of Langerhans , parti cul arl y  near 

the peri phery of each i sl et .  No cel l s  bi ndi ng wi th a pancreati c 
gl ucagon anti serum were found i n  the abomasum or  i ntesti nes . 

Anal ysi s of vari ance ( Tabl e 6 . 1 )  demonstrated a hi ghly si gni fi cant 

( P<0 . 001 ) overal l di fference between argyroph i l i c and EC cel l densi t ies  
( Tabl e 6 . 1 ,  component C ( i ) ) ;  argyrophi l i c  cel l densi ti es were al ways 

hi gher ( Fi g .  6 . 1 ) . Thi s fi gure cl early demonstrates that al though EC 

cel l s  may make up the bul k of the argyroph i l i c cel l popu l ati on i n  the 

upper smal l i ntesti ne , thi s was not true for the abomasum , i l eum or 
l arge i ntesti ne . I n  these regi ons , EC cel l dens i ti es were only 4 to 1 2% 
of argyroph i l i c cel l dens i ti es at the same si tes . The hi ghl y 

si gn i fi cant ( P<0 . 001 ) i nteracti on term for these two sta i ni ng  methods 
wi th i n  the abomasum ( Tabl e 6 . 1 ,  i nteracti on component , D ( i ) )  l argely 

refl ects the di fference i n  argyroph i l i c cel l dens i ti es i n  the body and 
antral regi ons of thi s organ . Argyroph i l i c  cel l densi ti es i n  the 

abomasal body were nearly 10 times h i gher than i n  the antral regi on , 
whereas for EC cel l s  the di fference was 4 fol d .  

Anal ysi s of vari ance al so demonstrated that argyroph i l i c cel l 
dens i ti es were si gni fi cantly hi gher ( P <0 . 001 ) than those of G cel l s  
( Tabl e 6 . 1 ,  component C ( v ) ) .  The si gni fi cant ( P<0 . 001 ) i nteracti on term 

for the compari son of densi ti es of these two cel l types wi th i n the 

abomasum ( Tabl e 6 . 1 ,  i nteracti on component ,  D ( xv i i i ) )  refl ects 

di fferences i n  di stri buti on of argyroph i l i c  and G cel l s  i n  thi s organ . 
Argyroph i l i c cel l s  were common i n  the body regi on of the abomasum ( Fi g .  
6 . 1 )  whi l e  G cel l s  were not found at th i s  s i te ( Fi g .  6 . 2 ) . I n  the 

abomasal antrum , however , G cel l densi ti es were more than 10 ti mes 
h i gher than argyroph i l i c  cel l densi ti es . 

The analys i s of vari a nee demonstrates that ,  overal l , argyroph.i 1 i  c 

cel l dens i ti es were s i gni fi cantly  ( P <0 . 00 1 ) h i gher than S cel l densi ti es 
( Tabl e 6 . 1 ,  component C ( vi ) ) .  I t  al so h i ghl i ghts the di fference i n  
di stri buti on of G and S cel l s  i n  the abomasum ( Tabl e 6 . 1 ,  i nteracti on 
component D ( i v ) ) and smal l i ntesti ne ( Tabl e 6 . 1 ,  i nteracti on component 
D ( v ) ) :  S cel l s  were absent from the abomasum wh i l e  G cel l s  di d not occur 
i n  the i l eum . 
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Tabl e 6 . 1 :  Summary of anal ysi s of vari ance of data for sta i n i ng 

methods wh i ch demonstrate argyroph i l i c ,  Ec : G ,  S and D cel l s  

Source of Vari ati on 

A .  Animal s 

B .  Si tes 
( i ) 
( i i )  
( i i i ) 
( i v )  

( v )  

( v i )  

( v i i )  

Abb vs Aba 
Duop � Duom 
Duop + Duom � Duod 
Duo vs  I 1  

Ab  vs  S I  

Ab  + S I  vs  L I  

eo  V S  Cae 

C .  Stai ni ng methods 
( i )  DG vs  FG 
( i i )  Gas v s  Sec 
( i i i )  Gas + Sec vs  Som 
( i v )  Hi sto vs  Immuno 

Non-orthogonal contrasts 
( v )  DG v s  Gas 
( v i ) 
( v i i )  

DG vs Sec 
DG vs Som 

D .  I nteracti on : si tes x stai n i ng methods 

( i )  Abb � Aba x DG � FG 

( i i ) 
( i i i )  
( i v )  
( v )  

( v i ) 
( v i i ) 
( v i i i )  

( i X )  

( x )  

Duop � Duom x DG � FG 
Ab vs SI x DG vs FG 
Abb � Aba x Gas � Sec 
Duo vs I l  x Gas vs Sec 

Ab vs SI x Gas vs Sec 
Ab + S I  vs L I  x Gas vs Sec 

Abb � Aba x Gas + Sec � Som 
Duo vs I l  x Gas + Sec vs Som 

Ab vs S I  x Gas + Sec vs Som 

* EC c e l l s  s ta i n e d  by fa s t  g a r n e t  method . 

OF 

6 

7 

4 

28 

1 
1 
1 
1 

1 

1 

1 

1 
1 
1 

1 

1 
1 
1 

1 

1 
1 
1 
1 

1 
1 

1 

1 

1 

Vari ance Rati os 

7 . 81*** 

10 . 78** 
42 . 45*** 

232 . 64*** 

696 . 65*** 

255 . 93*** 

599 . 82*** 

0 . 06 

388 . 77*** 

30 . 21*** 

24 . 67*** 

786 . 45*** 

565 . 34*** 

857 . 04*** 

950 . 41*** 

83 . 56*** 

10 . 27** 
29 � 36*** 

190 . 26*** 
4 . 58* 

153 . 91*** 
10 . 07** 

33 . 96*** 

19 . 21*** 

27 . 62*** 



Tabl e 6 . 1  conti nued 

( xi )  Ab + S I  vs L I  x Gas + Sec vs  Som - -
( xi i )  Abb � Aba x Hi sto � Immune 

( xi i i ) Duop � Duom x Hi sto � Immune 

( xi v )  Duop + Duom � Duod x H i sto 
vs I11111uno 

( xv )  Duo v s  I l  x Hi sto v s  Immune 
( xvi ) Ab vs  S I  x H i sto vs  Immune 
( xv i i )  Ab + S I  vs L I  x Hi sto v s  Immune 

Remai nder 

Non-orthogonal contrasts 

( xv i i i )  Abb � Aba x DG � Gas 
( xi x )  

( xx )  
( xxi ) 
( xxi i )  

( xxi i i )  

( xxi v )  

( xxv ) 
( xxvi ) 
( xxv i i )  
( xxv i i i )  

( xxi v )  

Duop + Duom v s  Duod x D G  � Gas 
Duo vs LI x DG vs Gas - -
Ab vs  S I  x DG vs Gas 
Abb � Aba x DG � Sec 
Duo vs I l  x DG vs  Sec 

Ab + S I  vs  L I  x DG vs  Sec 

Abb � Aba x DG � Som 
Duop + Duom � Duod x DG � Som 
Duo vs I l  x DG vs Som 
Ab vs SI x DG vs Som 

Ab + SI vs L I  x DG vs Som 

Resi dual mean square 234 

1 

1 

1 

1 

1 
1 

1 

1 1  

1 
1 
1 
1 

1 

1 

1 

1 
1 
1 
1 

1 

193 . 

14 . 10*** 

261 . 63*** 

7 . 28** 

27 . 62*** 

147 . 72*** 

251 . 14*** 

18 . 22*** 

0 . 65 

556 . 52*** 
12 . 53*** 
29 . 90*** 

148 . 99*** 

95 . 98*** 

57 . 88*** 

22 . 60*** 

135 . 65*** 
16 . 20*** 

106 . 79*** 
1 1 1 . 39*** 

23 . 63*** 

1 . 46 
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Overal l ,  D cel l dens i ti es were si gn i fi cantl y ( P<0 . 001 ) l ower than 
argyroph i l i c cel l dens i t ies  ( Tabl e 6 . 1 ,  component C ( vi i ) ) .  The 

di fferences i n  di stri buti on of these two cel l types was parti cul arl y  
marked i n  the abomasum ( Tabl e 6 . 1 ,  i nteracti on component D ( xxv ) ) where D 
cel l dens i t ies  were greatest  i n  the antrum whi l e  argyroph i l i c cel l 

dens i t ies  were hi ghest  i n  the body of the abomasum . 

6 . 3 . 2  Endocri ne Cel l Morphol ogy 

The morphol ogi cal characteri sti cs  of endocri ne cel l s  and thei r 
di s tri buti on wi th i n  the mucosa of the G I  tract of 6 month ol d l ambs were 

s imi l ar to those descri bed for adul ts i n  Chapter 3 and are summari zed i n  

Tabl e 6 . 2 .  For th i s  reason no repeti ti ve descri pti on of the morphol ogy 
of EC , G and S cel l s  i s  gi ven i n  thi s  secti on . 

Some argyrophi l i c cel l s , parti cul arly i n  the body reg ion  of the 

abomasum , possessed si ngl e basal cytopl asmi c processes wh i ch i n  a few 

cases were i denti fi ed as termi nati ng cl ose to pari etal cel l s . Al though 

both • open • and • cl osed • type argyroph i l i c  cel l s  were found in the 

antral regi on of the abomasum , the l atter type was more common . I n  the 
gl ands of Brunner these two cel l types were equal ly  common . Al though 
i ntesti nal argyroph i l i c  cel l s  were most  common i n  the l ower th i rd of the 
crypts of L i eberkuhn , they were al so observed i n  the vi l l i .  

The D cel l s  found i n  the abomasal body were al l of the • cl osed • 

type ( Fi g .  6 . 3 )  wh i l e  i n  the antrum both • open • ( F i g .  6 . 4 )  and • cl osed • 
( F i g .  6 . 5 )  types were i denti fi ed .  I n  both regi ons a smal l number of D 
cel l s  were observed to have basal cytopl asmi c processes ( Fi g .  6 . 5 ) . I n  
the abomasal body regi on some of these processes termi nated cl ose to 

pari etal cel l s , however , i t  was not al ways poss i bl e to i denti fy . the 
• target • cel l . D cel l s  found i n  the crypts of L i eberkuhn were al ways of 
the • open • type and were pyrami dal or teardrop i n  shape ( Fi g .  6 . 6 ) . A 

few D cel l s  were found near the ti ps of vi l l i  i n  the duodenum where they 

typ i cal ly  appeared as s l ender col umnar cel l s  ( F i g .  6 . 7 ) . Occasi onal ly  D 
cel l s  of both the • open • and • cl osed • types were observed i n  the gl ands 
of Brunner .  



Tab l e 6 . 2 : Summary of  morphol o g i c a l charac teri s t i c s  and  di s t i but i on o f  endoc r i ne cel l s  i n  the 

G I  tract of 6 month ol d l ambs 

E ndoc r i ne Cel l Cel l Ce l l 
cel l type shape g ranul e s  

' open ' pyrami dal basa l  

Argy roph i l i c 

' c l osed ' var i abl e sca ttered 

' c l osed ' oval scattered 
EC* 

' open ' pyrami dal b a s a l  

G ' open ' teardrop/ basa l  
pyrami dal 

s ' open ' pyrami dal basa l  

' open ' pyrami dal b a s a l  

D 
' c l osed ' vari abl e scat tered 

D i s tr i b u t i o n  

Ab a 
I n tes ti nal  mucosa  
Gl ands o f  Brunner 

Ab a 
Abb 
Gl ands o f  B ru nner 

Aba , Abb 

I ntes t i nal muco sa 
Gl ands of Brunner 

Ab a 
Duo  
Gl ands o f  Brunner 

Smal l i n tes t i ne 

Ab a 
I n tes t i nal  
mucosa 
Gl ands o f  Brunner 

Aba , Abb 
Gl ands o f  B runner  

Predomi nant  
l ocat i on 
i n  mucosa  

sca ttered 
l ower 1 / 3  
deep 

mi d- l ower 1 /3 ' s 
sca ttered 
deep 

l ower 1 / 3  

1 ower 1 / 3  
deep 

mi ddl e 1 /3 
u pper  1 / 3  
deep 

upper 1 /3 

sca ttered 

sca tte red  
deep 

l ower 1 / 3  
deep 

* I nfo rmat i on perta i n i ng to EC cel l s  was deri ved f rom sect i ons  sta i ned w i th fa st  g a rnet . 

� 
\.0 
U'1 . 



Figure 6 . 3 :  ' C l osed ' type 0 cel l s  ( brown ) i n  abomasal gastri c gl ands . 

Fi gure 6 . 4 :  

Fi gure 6 . 5 :  

One 0 cel l ( a rrow ) has a basal cytopl asmi c process termi n
ati ng near an adj acent pari etal cel l ( P ) . Abomasal body ; 

somatostati n anti serum/PAP method ; magni fi cati on x 1850 . 

' Open ' ( b l ack arrow ) and ' c l osed ' ( wh i te arrow ) type 0 
cel l s  i n  abomasal antral gl and . Abomasal antrum ; 
somatostati n anti serum/PAP method ; magn i fi cati on x 1850 . 

' C l osed ' type 0 cel l wi th basal cytopl asmi c process 
( arrow ) i n  abomasal antral gl and . Abomasal antrum ; 
somatostati n anti serum/PAP method ; magn i f i cati on x 1850 . 
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Fi gure 6 . 6 :  Pyrami dal and teardrop shaped 0 cel l s  ( arrows ) i n  

duodenal crypt . Proxi mal duodenum ; somatostati n 

anti serum/PAP method ; magni fi cati on x 1850 . 

Fi gure 6 . 7 :  Col umnar shaped , • open • type 0 cel l ( arrow ) , near ti p of 
i ntesti nal v i l l u s .  Prox imal duodenum ; somatostati n 
anti serum/PAP method ; magni fi cati on x 1850 . 
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Cel l frequency resul ts obtai ned us i ng the fast bl ack and fast 

· garnet techni ques are gi ven i n  Tabl e 6 . 3 .  

Tabl e 6 . 3 :  EC cel l densi ti es ( Mean + SEM ) i n  the gut mucosa of 

6 month ol d sheep ( n  = 7 )  

Si te Stai ni ng Method 

Abb 
Ab a 
Duop 
Duom 
Duod 
I l  

eo 

Cae 

Fast  Garnet 

4 . 7  + 1 . 3 
0 . 8  + 0 . 4  -

185 . 8  + 2 1 . 3  

100 . 2  + 1 5 . 5  

50 . 1  + 9 . 0  
3 . 1  + 1 . 0  

2 . 9  + 1 . 5  
2 . 4 + 1 . 1  

Fast Bl ack 

0 . 8  + 0 . 4  -
0 . 0  

180 . 0  + 14 . 0  

102 . 9  + 10 . 9  

53 . 7  + 6 . 3 

2 . 2  + 0 . 5  

1 . 3 + 0 . 5  -
1 . 0 + 0 . 5  

Anal ysi s of vari ance { Tabl e 6 . 4 )  of th i s  data reveal ed no overal l 
s i gn i fi cant di fference between the two techni ques nor any si gni fi cant 

component  i n  the s i tes x stai n i ng methods i nteracti on . These 

stati sti cal resul ts i ndi cate that these two di azoni um techni ques stai ned 

essenti al ly  the same popu l ati on of cel l s . 

Wi th i n  the analys i s  of vari ance , components of the sampl i ng si tes 
ma i n  effect showed agai n that EC cel l densi ti es were l ow i n  the 
abomasum ,  hi ghest i n  the proxi mal duodenum , then decreased di stal l y .  

I ntesti nal EC cel l s  were i ntensely sta i ned by both di azon i um 

methods . I n  contrast , abomasal EC cel l s  were poorly sta i ned be i ng 
parti cul arl y di ffi cul t to i denti fy i n  secti ons  stai ned by the fast bl ack 
method . Th i s  may have been due i n  part to a mask i ng effect caused by 
the red-brown background sta i n i ng observed i n  these secti ons . 
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Tabl e 6 . 4 :  Summary of analys i s of vari ance of data for the fast 

garnet and fast bl ack methods of demonstrati ng EC cel l s . 

Sou rce of Vari ati on OF Vari ance Rati os  

A .  An imal s 6 8 . 14*** 

B .  S i tes 7 
( i )  Duop � Duom 1 81 . 87*** 
( i i )  Duop + Duom vs  Duod 1 1 94 . 99*** 
( i i i )  Duo v s  I l  1 724 . 59*** -
( i v } Ab v s  S I  1 841 . 61*** 
( v }  Ab + S I  vs  L I  1 382 . 57*** 

Remai nder 2 0 . 59 

c .  Sta i n i ng method : FG vs  FB 1 0 . 38 

D .  I nteract i on : si tes x methods 7 0 . 45 

Res i dual  Mean Square 90 0 . 85 



6 . 3 . 4 Morphol ogy of D i azon i um Pos i ti ve Cel l s  

EC Cel l s  

200 . 

Both abomasal and i ntesti nal ( F i g .  6 . 8 )  EC cel l s ,  as  demon strated 
by the fast  b l ack techni que , were s imi l ar i n  morphol ogy to those fast 
garnet stai ned cel l s  descri bed i n  Secti on 3 . 3 . 3  and i l l u strated i n  

fi gures 3 . 1 9 and 3 . 23 .  The cytopl a smi c granul es of al l EC cel l s  were 
sta i ned bl ack by the fast bl ack method , wi th no evi dence of any red 
stai n i ng granul es . 

Non-EC Cel l s  

Two non-EC cel l types , found wi th i n  the epi thel i um of the gl ands of 
Brunner , were sta i ned by the fast bl ack techn i que : 

( a )  Round or oval shaped cel l s  of the • c l osed • type , ly i ng deep 

wi th i n the gl ands , were found to have yel l ow stai n i ng 

cytopl asm conta i n i ng l arge red stai ned granul es ( F i g .  6 . 9 ) . 

These cel l s  ( thought to be MMc • s ) l ay wi th i n  the 
epi thel i um i n  contact wi th the basal l ami na . 

( b )  Gl obul ar l eucocytes ( see Secti on 3 . 3 . 3 )  were found wi th i n  the 
epi thel i um of the gl ands of Brunner , parti cul arl y i n  the ducts 
of the gl ands where the ducts passed through the mu scul ari s 

mucosae ( Fi g .  6 . 10 ) . These cel l s  were l arge , frequentl y oval 
i n  shape , often wi th the nucl eus l ocated at one pol e of the 
cel l and the cytopl a sm conta i ned l arge , pal e yel l ow sta i n i ng 
granul es . Such cel l s  were found scattered throughout the 
depth of the epi thel i um .  

Two cel l types , s imi l ar i n  both morphol ogy and di stri buti on to the 

MMc • s  and gl obul ar l eucocytes descri bed above , were observed i n  duodenal 

mucosal sampl es stai ned by the fast garnet techni que . I n  contrast to 

the resul ts descri bed for fast  bl ack , the cytopl asm of MMc • s was stai ned 
yel l ow by the fast garnet techni que ( i . e .  there was no evi dence of two 
types of granul e wi th i n  thei r cytopl asm ) . 

CTMc • s  stai ned by the fast b l ack method ( Fi g .  6 . 1 1 )  were s imi l ar 
to the fast  garnet sta i ned CTMc • s  descri bed i n  Secti on 3 . 3 . 3 ,  and 



F i gure 6 . 8 :  

F igure 6 . 9 :  

------------ - ----

EC cel l s  ( bl ack ) ,  wi th stai ned granu l es concentrated i n  

i nfranuc l ear cytopl asm , near base o f  duodenal crypts . 

Proximal duodenum ; fast bl ack method ; magn i fi cati on x 740 . 

' C l osed ' type di azoni um posi ti ve cel l ( arrow) , po ss i bly an 
�·�·1C , i n  Brunner ' s  gl and . I t ' s cytopl asm i s  stai ned 
yel l ow and contai ns l arge red-stai ned granul es . Prox imal 
duodenum ; fast  bl ack method ; magni f icati on x 1850 . 



2 0 1  

( 



2 0 2  



Fi gure 6 . 10 :  Gl obul ar l eucocyte ( arrow } wi thi n epi thel i um of duct of 

Brunner ' s  gl and . Prox imal duodenum ; fast bl ack method ; 
magni fi cati on x 1850 . 

Fi gure 6 . 1 1 :  CTMC ' s  ( arrows ) wi thi n submucosal connecti ve ti ssue 

su rroundi ng Brunner ' s  gl and . Largest CTMC has yel l ow 
stai n i ng cytopl asm conta i n i ng red- stai ned granu l es .  

Proximal duodenum ; fast bl ack method ; magn i fi cati on 
X 1850 . 
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i l l ustrated i n  fi gure 3 . 22 .  Such cel l s  were found  throughout the 

submucosal connecti ve ti s sue at al l s i tes sampl ed . I n  the upper part of 

the G I . tract many such mast cel l s , when sta i ned wi th fast bl ack , were 

observed to have a yel l ow stai n i ng cytopl a sm contai n i ng red storage 

granul es . I n  contrast ,  i n  the l ower parts of the tract ,  parti cul arly  

the l arge i ntesti ne , the maj ori ty o f  CTMc • s  conta i ned cytopl asmi c 

granul es that stai ned brown-bl ack . 

6 . 4 .  D i scuss i on 

E ndocri ne cel l densi ti es in  the mucosa of the G I  tract of 6 month 

ol d l ambs reveal ed patterns of di stri buti on simi l ar to those descri bed 

for adul ts ( Secti on 3 . 3 . 4 ) , foetuses ( Secti on 4 . 3 . 2 )  and young l ambs 
( Secti on 5 . 3 . 1 ) . The duodenum conta i ned the h i ghest dens i ti es of 
argyroph i l i c ,  EC and S cel l s . Most of the argyroph i l i c cel l s  were 

probably  EC cel l s  ( Secti on 3 . 4 . 3 ) . I ntesti nal endocri ne cel l s  were 
al ways found i n  greatest dens i ti es i n  the proxi mal duodenum and cel l 

densi ti es decreased al ong the l ength of the i ntesti ne . The abomasal 

body regi on was wel l endowed wi th argyroph i l i c cel l s ,  the bul k of whi ch 

were consi dered to be ECL cel l s  ( Secti on 3 . 4 . 3 ) , wh i l e  the antral regi on 
conta i ned the hi ghest densi t ies  of G cel l s . Substanti a l  numbers of G 
cel l s  were al so found i n  the duodenum . D cel l s  were found at al l 

abomasal and i ntesti nal si tes exami ned . 

Al though no val i d  stati sti cal compari son coul d be made between the 
age groups , the resul ts i ndi cate that rate of i ncrease i n  endocri ne cel l 

dens i t ies  vari es both between cel l types and between si tes . Detai l ed 
compari sons between age groups and di scuss i on of the physi ol ogi cal 

importance these di fferences i n  endocri ne cel l densi ti es are gi ven i n  
Secti on 8 . 3 .  

I n  the present experiment the fast bl ack techni que was found to be 

a useful method for di sti ngu i s h i ng 5-HT and other 5-hydroxyi ndol es from 
tryptami ne : the former produce a bl ack prec i p i tate whi l e  tryptami ne 

produces a red one ( Sol c i a  et �· · 1969�) . Thus  i t  was possi b l e to 

demonstrate that EC cel l s  contai ned 5-HT , or some cl osel y rel ated 
compound i n  thei r storage granul e s ,  but no tryptami ne , as there was no 
evi dence of red stai ni ng i n  the i r  cytopl asm .  
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However , use of the fast b l ack techni que cl earl y demonstrated the 

exi stence wi th i n  the epi thel i um of the gl ands of Brunner ,  of ' cl osed ' 
type cel l s  wi th storage granul es contai n i ng tryptami ne . I t  was. not cl ear 
whether these cel l s  were endocri ne i n  nature or not . Because of 
the presence of cel l s  of s imi l ar morphol ogy and stai n i ng characteri sti cs  

in  the connecti ve ti s sue surroundi ng these gl ands it  seems more l i kely 

that the i ntraepi thel i al cel l s  descri bed represent MMC ' s ( see Tol edo 

et �· , 1981 ) .  

Th i s  techni que al so cl early i l l u strated that CTMC ' s  may conta i n  
vari abl e amounts of 5-HT and rel ated ami nes . Mast cel l s  i n  the upper 
part of the G I  tract contai ned predomi nantly red storage granu l es whi l e  

i n  the l ower part of the tract ,  parti cul arly  the l arge i ntesti ne , they 

contai ned b rown-bl ack granu l es . These resul ts demonstrate that i n  
di fferent parts o f  the gut ,  mast cel l s  may conta i n  varyi ng amounts of 
5-HT and rel ated compounds , or tryptami ne . 

Hi stochemi cal evi dence presented i n  th i s  chapter i ndi cates that EC 
cel l s  found i n  the abomasa of 6 month ol d l ambs conta i n  onl y smal l 
amounts of 5-HT . Thu s  some EC cel l s  may escape detecti on by di azoni um 

techni ques and hence esti mates of abomasal EC cel l densi t ies  may be l es s  
than thei r true dens i t ies . I n  the abomasum , EC cel l s  as demonstrated by 
the fast bl ack techni que , were more di ffi cu l t to i denti fy than those 
stai ned by the fast garnet method . Background sta i n i ng may have been a 
factor as i t  was noted that whereas fast garnet was very speci fi c ,  fast 
bl ack produced a non- speci fi c  red-brown background sta i n  wh ich  may have 

ma sked any sl i ght posi ti ve sta i n i ng of some abomasal EC cel l s . Thus  
i t  i s  possi b l e that the fast bl ack techni que was sl i ghtl y  l e ss 

sensi ti ve than the fast  garnet method . Such a di fference woul d onl y  

become obv i ous i n  cel l s  conta i ni ng l ow concentrati ons o f  5-HT . However , 
becau se the vast maj ori ty of EC cel l s  were wel l sta i ned by both · 
techni ques , an overal l compari son of the two stai n i ng methods di d not 
reveal any stati sti cal ly  s i gni fi cant di fference . 

I n  concl us i on ,  the resu l ts presented here demonstrate that the 
di stri buti on of endocri ne cel l s  i n  the GI tract of 6 month ol d l ambs i s  

s imi l ar to that found i n  other age group s .  I t  i s  al so cl ear that al l 

ovi ne EC cel l s  conta i n  5-HT or a cl osel y rel ated compound . However , the 

quanti ty of 5-HT stored depends on the si te .  



CHAPTER 7 

EFFECTS OF TRICHOSTRONGYLUS COLUBRI FORM IS  

I NFECTI ON ON  THE D ISTR I BUTI ON AND DENS ITY OF 

ENDOCRINE CELLS IN THE GI TRACT OF LAMBS 

7 . 1  I ntroducti on 
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T .  col ubri formi s i s  a hel mi nth parasi te whi ch becomes establ i shed 
i n  the mucosa of the fi rst 1-3 m of the smal l i ntesti ne ( Barker , 

1975a ) . I t  burrows i nto the mucosa cau s i ng  damage to the epi thel i um ,  

the degree o f  wh i ch i s  rel ated to parasi te numbers ( Barker , 1975�) .  For 

a rev i ew of the cl i ni cal and pathophysi ol ogi cal effects of th i s  parasi te 
see Secti on 1 . 9 .  

Depress i on of food i ntake i s  a commonly observed consequence of 
tri chostrongyl osi s i n  sheep . Recentl y Symons  and Hennessy ( 1981 ) 

suggested the reduced food i ntake resul ts from i ncreased ci rcul ati ng  

l evel s of CCK . Th i s  duodenal hormone has been suggested as the medi ator 
of the sati ety response when food is pl aced in the stomach or i ntesti nes 
of experi mental subj ects ( see Wal sh , 1981 ) . CCK-8 ,  when i nj ected i n  

p icomol ar amounts i nto the cerebral ventr ic l es , has been shown to 
depress food i ntake i n  sheep ( Del l a  Fera and Bai l e , 1979 ) . 

Barker and Ti tchen ( 1 982 ) reported that i n  severe experimental 
tri chostrongyl osi s there was a depressi on i n  abomasal aci d secreti on 
wh i ch was not ful ly accounted for by reduced food i ntake .  Th i s  

decreased secreti on was associ ated wi th rel ati vel y i nacti ve and poorly 

di fferenti ated pari etal cel l s , and may have been the resu l t of a 
systemi cal ly  acti ng gastri c i nh i b i tory factor rel eased from the duodenum 
( Secti on 1 . 9 ) .  

Recently i nterest has been di rected to the effects of nematode 
i nfecti ons on the GI  endocri ne system of the sheep ( Ti tchen , 1982 ) , 
however ,  no data have been publ i shed on the effects of � col ubri formi s on 

the di stri buti on and dens i ty of gut endocri ne cel l s . 
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The a im  of th i s  experiment was to i nvesti gate the effects of � 
col ubri formi s i nfecti on i n  l ambs ,  on the dens i ty and di stri buti on of G I  
endocri ne cel l s , wi th parti cu l ar emphas i s o n  the endocri ne cel l s  o f  the 

sma l l i ntesti ne . 

7 . 2  Mater i al s and Methods 

E i ght Romney-cross  l ambs ( Tabl e 2 . 1 )  from the same fl ock as the 
foetuses ( Chapter 4 )  and 2 week ol d l ambs ( Chapter 5 ) , were ra i sed to be 
free of nematodes accordi ng to the schedu l e shown i n  Tabl e 7 . 1 .  

Tabl e 7 . 1 :  Schedu l e for feedi ng and hous i ng l ambs rai sed to be 

nematode free . 

24 hrs 

3 weeks 

13  - 14 weeks 

24 - 25  week s 

Schedu l e 

Separated from dams , housed i ndoors on wheat 

straw . Fed col d mi l k  mi x* ad l i b i tum . 

Hou sed i ndoors i n  pens . Fed col d mi l k  mi x ,* 
l ucerne nuts and chaffed wheat straw ad l i b i tum 

Transferred to metabol i sm pens . Fed 600 g l ucerne 

nuts and 50 g chaffed wheat straw once per day 

Fed 800 g l ucerne nuts and 100 g chaffed wheat straw 

once per day . 

*12 . 5% ( by wei ght )  Ancal f ( N . Z .  Co-op Da i ry Co . ,  Hami l ton ) i n  col d water 

The composi ti on of the l ucerne nuts fed from the 3rd week of age , 

i s  gi ven i n  Tabl e 7 . 2 .  



Tabl e 7 . 2 :  Compos i ti on o f  l ucerne nuts 

( F . R . M .  Cock rem , pers . comm . ) .  

Lucerne meal 
Barl ey meal 
Mi l l  husk 
Sodi um molybdate 
Sodi um sul phate ( Anhydrous ) 

60% 
20% 
20% 
0 . 4 g/100 kg 

4 . 4  g/kg 

Sal t bl ocks  and water were avai l abl e ad l i bi tum throughout the 
experiment . 
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From 13 week s of age , l ambs were wei ghed weekl y ,  each Monday 
between 1 1  am and noon . 

At 24 weeks of age al l l ambs were shorn . Fl eece wei ghts were 

recorded and body wei ghts were henceforth adj u sted for the wei ght of 

wool removed . 

Faecal worm egg counts were made 4 and 2 weeks before , and at 
approxi mately weekly i nterval s after , i nfecti on . Fresh faecal sampl es 
were col l ected from the anal canal and egg counts carri ed out us i ng a 
modi fi cati on of the McMaster sl i de techni que ( Gordon and Whi tl ock , 

1939 ) , ei ther the same day or fol l owi ng storage overni ght at 4°C . 

Resu l ts are expressed as epg of fresh faeces . The l ower l imi t of 
detecti on for thi s techni que i s  50 epg . 

Al l animal s were drenched wi th 10 ml al bendazol e ( " Val bazen"  Smi th , 
Kl i ne and French ( NZ )  Ltd) 4 weeks before the experimental i nfecti�n . 

Th i rd stage � col ubri formi s l arvae of ovi ne ori g i n  were obtai ned 

from Dr R . V .  Brunsdon ( Wal l acevi l l e  Research Stati on , Upper Hutt , N . Z . )  

and stored at 4 °C  unti l requ i red . On the day of i nfecti on a sampl e of 

l arvae was exami ned mi croscopi cal ly  to determi ne the number of l i ve 
l arvae present .  Doses of 40 , 000 l i ve l arvae were suspended i n  tap water 
and admi ni stered to 4 of the sheep by rumi nal i ntubati on ; the remai n i ng 

4 sheep served as non- i nfected control s .  
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Mucosal ti ssue sampl es were col l ected at postmortem , 9 weeks after 

the date of i nfect ion  ( i . e .  at 44 - 47 weeks of age ) . Fol l owi ng stunn i ng 

wi th a capti ve bol t gun ,  each sheep was exsangui nated , ev i scerated and 

ti s sue sampl es col l ected from the s i tes l i sted i n  Tabl e 7 . 3 .  Sampl e 
col l ecti on was compl eted wi th i n  20 mi nutes of stunni ng . Ti ssue sampl es 

were prepared and processed i n  the manner outl i ned i n  Secti on 2 . 3  and 
2 . 5 .  Sections  were stai ned us i ng the methods empl oyed i n  Chapters 4 

and 5 .  

Tabl e 7 . 3 :  Regions  of the G I  tract of i nfected and non- i nfected l ambs 
from wh ich  mucosal sampl es were col l ected . 

Regi on 

Abomasal body 

Abomasal antrum 

Proximal duodenum 

Mi ddl e duodenum 
Di stal duodenum 

Proxi mal jej unum 

Mi ddl e j ej unum 

I l eum 

Abbrevi ati on 

I l  

Si te 

20-22 cm proximal to pyl orus on 
pari etal surface 

1 .  5-2 . 5  cm proximal to pyl orus 

2-4 cm di stal  to pyl orus 
12- 14 cm di stal to pyl o ru s  
30-32 cm di stal to pyl orus 

100 cm di stal to pyl oru s  
approximately 700 cm di s tal to 
pyl orus 

10-1 2  cm proximal to i 1 eocaecal 
juncti on 

Worm counts were carri ed out on abomasa 1 and sma 1 1  i ntesti na 1 samp 1 es 

col l ected at postmortem . Fol l owi ng the removal of di gesta , the mucosa 
was gently washed and the contents and wash i ngs mi xed and made up to a 
k nown vol ume wi th water . Sampl es , wh i ch i n  the case of the abomasum 

consti tuted 10% and the smal l i ntesti ne 4% , of the total vol ume , were 
exami ned under a di ssecti ng mi croscope for the presence of worms . 



7 . 3  Resu l ts 

7 . 3 . 1  Paras i tol ogy 
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Four weeks before experimental i nfecti on , smal l numbers ( 50 epg } 

of strongyl ate eggs were found i n  the faeces of 2 sheep ( No ' s 28 and 

29 } . Moderate numbers of cocci d ia l  oocysts were al so found i n  faecal 

samp l es of al l animal s ,  i ncl udi ng control an imal s .  Fol l owi ng drenchi ng 

wi th al bendazol e no strongyl ate eggs were found i n  the faeces of any 
ani mal when tested 2 week s before and 2 weeks after experi mental  

i nfecti on ( Tabl e 7 . 4 } . No cocci di al  oocytes were found in  faecal 
sampl es after drenchi ng . 

Tabl e 7 . 4 :  Numbers of Tri chostrongyl ate eggs found i n  faeces of 
experimental ly  i nfected l ambs .  

An imal numbers 

Days before or 22 27 28 29 
after i nfecti on 

Worm Egg Counts ( epg }  

-28 0 0 50 50 

- 14 0 0 0 0 
0 0 0 0 0 

+14 0 0 0 0 
+21 800 150 50 200 
+28 350 0 0 0 
+35 500 0 0 0 
+46 500 0 0 0 
+5 1 750 0 0 0 
+58 400 0 0 0 

Tri chostrongyl ate eggs were i denti fi ed i n  the faeces of al l 

experimental ly  i n fected animal s 3 weeks after i nfecti on ( Tabl e 7 . 4 ) . At 
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4 weeks ,  however , and throughout the rema i nder of the experiment ,  eggs 

were found i n  the faeces of only one ( No .  2 2 ) of these an imal s .  

At postmortem , adu l t � col ubri formi s worms were i denti fi ed i n  the 

smal l i ntesti nal contents of 2 experimental ly  i nfected an imal s ( Nos 22 

and 27 ; 1290 and 100 worms , respecti vely ) .  There was no evi dence of 
adu l t worms i n  the i ntesti nal contents of sheep 28 and 29 . No nematodes 
were i denti fi ed i n  the abomasal contents of any of the i nfected an imal s .  

At no time duri ng the post i nfecti on peri od were tri chostrongyl ate 

eggs found i n  the faeces of the control an imal s .  No adu l t worms were 

found i n  the abomasal or i ntesti nal contents of control ani mal s at post

mortem . 

7 . 3 . 2  Cl i n i cal E ffects 

The paras i ti c  i nfecti on di d not cause any noti ceabl e depressi on  of 

feed i ntak e .  Each sheep in  the i nfected group consumed i ts dai l y  
rati on o f  800 g o f  l ucerne nuts and 100 g chaffed wheaten straw . There 
was no evi dence of watery di arrhoea or behavi oural changes ( see Secti on 

1 . 9 )  i ndi cati ve of paras i ti c  i nfecti on . 

Al though the mean pre- i nfecti on body wei ght  was hi gher for the con

trol group ( 23 . 1  � 1 . 7  kg) than for the i nfected group ( 20 . 8 � 1 . 8 kg )  

and the mean body wei ght  for the control group rema i ned h i gher ( Fi g .  7 . 1 )  
throughout the experi ment ,  the di fferences were not s i gn i ficant ( P>O . OS ) . 

L i vewei ght ga i n s for the i nfected and control animal s were s imi l ar 

fol l owi ng i nfecti on ( 44 . 7  � 6 . 7  and 45 . 8  � 1 3 . 9  g . day- 1 , respecti vely ) . 

7 . 3 . 3  H i stol ogi cal Appearance of the Gut Mucosa 

Hi stol ogi cal evi dence of ep i thel i al damage i ncl uded the fi ndi ng of 

nematodes i n  ' tunnel s '  i n  the duodenal mucosa ( F i g .  7 . 2 )  and i nfi l trati on 
of the l ami na propri a by lymphocytes in each of the i nfected an imal s .  

However , even i n  the most  severely affected l amb ( No .  22 ) ,  mucosal 
damage was sl i ght  and confi ned to the duodenum . There were no si gns o f  
vi l l u s atrophy or di sconti nu i ti es ( F i g .  7 . 3 )  i n  the epi thel i um .  
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Fi gure 7 . 2 :  � col ubri formi s worm ( bl ack arrow ) i n  • tunnel • near ti p 

of vi l l us .  Lami na propri a i nfi l trated wi th many lymphocytes 
(whi te arrows ) .  Proximal duodenum; al c i an bl ue/H and E 

method ; magn i fi cati on x 740 . 

Fi gure 7 . 3 :  Duodenal mucosa of  i nfected l amb wi th l ami na propri a 
( a rrows ) i nfi l trated wi th many lymphocytes . Epi thel i al 
su rface has no di sconti nui ti es . Proximal duodenum ; 
al ci an b l ue/H and E method ; magni fi cati on x 230 . 
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7 . 3 . 4 Effects on Endocri ne Cel l Dens i ti es and D i stri buti ons  

2 13 . 

Analysi s of vari ance ( Tabl e 7 . 5 ) showed a s i gn i fi cant ( P <0 . 001 ) 

overal l effect of � col ubri formi s i nfecti on on argyrophi l i c  cel l 

dens i ti es whi ch were consi stently h i gher for the i n fected l ambs at each 

s i te ,  wi th the excepti on of the abomasal antrum ( Fi g .  7 . 4 ) . The 

greatest di fferences between i nfected and control an imal s occurred 

wi thi n the upper smal l i ntesti ne where the dens i ty of argyrophi l i c cel l s  

was from 28-175% ( proxi mal duodenum 3 1 1  � 1 1  vs 243 + 1 7  c .mm-2 ; 

prox imal  jej unum 1 10 � 18 vs  4 1  � 12 c .mm-2 ) greater for the i nfected 
than the control group of animal s .  Wi thi n  th i s  group , the two an imal s 
( Nos  22 an 27 ) wi th the h i ghest argyroph i l i c cel l dens i ti es were those 

wh i ch had � col ubri formi s worms i n  thei r upper smal l i ntesti nes . 
Compared wi th the smal l i ntesti ne , di fferences i n  abomasal argyrophi l i c  

cel l dens i ti es o f  control and i n fected l ambs ,  were smal l .  Th i s  

di fference i n  effect of i nfecti on on abomasal and i ntesti nal argyroph i l i c 

cel l dens i ti es i s  refl ected i n  the si gni fi cant ( P<0 . 01 )  component ( Tabl e 

7 . 5 ,  C ( i i ) )  i n  the i nfecti on x sampl i ng si tes i nteracti on . 

The l ack of any si gni f i cant ma i n  effect or i nteracti on components 

for other endocri ne cel l types i ndi cates  that EC ( Fi g .  7 . 5 ) , G ( Fi g .  
7 . 6 ) , S ( Fi g .  7 . 7 )  and D ( F i g .  7 . 8 )  cel l di stri buti ons  were s imi l ar i n  
control and i nfected animal s .  G cel l s , whi ch were most numerous i n  the 
abomasal antrum were absent from the abomasal body regi on . I n  the smal l 

i ntesti ne , EC , G and S cel l s  were most numerous  i n  the proximal  duodenum 
and cel l dens i t ies  decl i ned progressi vely al ong the l ength of the tract . 

G cel l s  were not found i n  the mi d-jej unum or i l eum . Somatostati n 
contai n i n g  D cel l s  were found at al l si tes sampl ed , but were at thei r 

greatest dens i ty i n  the abomasal antrum and proxi mal duodenum . 

Endocri ne cel l morphol ogy was s imi l ar i n  both i nfected and · cohtrol 
an imal s .  Thus ,  al l G ,  S and i ntesti nal D cel l s , together wi th the 
majori ty of i ntesti nal argyroph i l i c  and EC cel l s , were of the ' open ' 
type . Al l endocri ne cel l s  found i n  the body regi on of the abomasum 

( i . e .  argyroph i l i c ,  EC and D cel l s ) were of the ' cl osed ' type , whi l e  i n  
the antrum both ' open ' and ' cl osed ' type argyroph i l i c ,  EC and D cel l s  
were i denti fied . 



Tab l e 7 . 5 :  Summa ry o f  ana l y s i s  o f  v a r i a n c e  o f  endoc r i ne cel l den s i ti es for argyroph i l i c ,  EC , G ,  S and D cel l s  i n  

i n fec ted  a nd contro l  l amb s 

Sou rce  o f  V a r i a t i on OF Vari ance Rat ios  for each Cel l Type 

Argyroph i l i c EC G s 0 

A .  I n fe c ted  v s  Con t rol  1 29 . 19*** 0 . 6 1  0 . 26 0 . 01 0 . 7 5 

B .  S i te s  7 1 3 7 . 98*** 181 . 5 1 *** 1 78 . 2 2*** 98 . 62*** 5 1 . 7 3*** 

( i ) Abb � Aba 1 274 . 37*** 3 . 1 6 1 1 . 36*** 0 . 00 2 2 . 05*** 

( i i ) Duop � Duom 1 1 1 . 82** 36 . 6 1*** 1 1 . 92** 7 . 08* 5 . 33* 

( i i i ) Duop + Duom � Duod 1 54 . 7 5*** 7 7  . 87*** 29 . 70*** 24 . 08*** 28 . 7 9*** 

( i V )  Duo � J ej p 1 1 22 . 38*** 1 1 8 . 28*** 99 . 7 3*** 40 . 83*** 58 . 65*** 

( V )  Duo + Jej p � Jejm 1 1 90 . 08*** 1 54 . 70*** 27 1 . 26*** 1 1 1 . 59*** 106 . 93*** 

( v i ) Duo + Jej � 1 1  1 1 90 . 54*** 378 . 14*** 180 . 84*** 1 3 3 . 8 1*** 56 . 25*** 

( V i i ) Ab v s  S I  1 1 2 1 . 7 6*** 498 . 1 7 *** 40 . 69*** 374 . 7 5*** 83 . 93*** -

c .  I n te ra c t i on : I n fec ted v s  Control  x Si tes 7 0 . 1 7 0 . 05 0 . 1 2 0 . 47 -
( i ) Duo  + Jej p � Jejm x I n fected � Control 1 5 . 46* 

( i i )  Ab v s  SI  x I n fected vs  Control 1 7 . 82** - -
Remai nder 5 0 . 77  N ..... 

+=-. 

Res i dual mean square 48 1 . 33  0 . 93 0 . 74 0 . 75 0 . 36 
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7 . 4  D i scuss i on 
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Evi dence that T .  col ubri formi s paras i tes had become establ i shed i n  

the smal l i ntesti ne i ncl uded the presence of nematode worms wi th i n  the 
mucosa of each of the i nfected l ambs . Strongyl ate eggs were present i n  

the faeces o f  al l the i nfected l ambs three weeks after i nfecti on . 

Two l ambs had adul t worms i n  thei r i ntesti nal contents at postmortem . 

Egg and worm counts , however , for al l i nfected l ambs were very l ow 

compared wi th those reported by other workers { Horak et !l· , 1968 ; 

Fi tzs immons , 1969 ) , i ndi cati ng that the i nfecti on  was very mi l d . Low 
egg counts probably cannot be attri buted to i nhi b i ti on of T .  col ubri 
formi s l arvae as arrested devel opment of thi s  nematode reportedly does 

not occur { Denham ,  1969 ; Mi chel , 1974 ) . Further ,  faecal egg counts are 

reported to be cl osely rel ated to adul t worm burdens { Gregg et !l· , 

1978 ; Wi ndon et !l· , 1980 ) . 

The l ack of depressi on of feed i ntake , the absence of l os s  of body 

wei ght and the mi nor nature of the mucosal damage observed al l confi rm 
that the i nfecti on was very mi l d . Reasons for th i s  are di scussed bel ow . 

Despi te the l ow l evel of i nfecti on , a s i gni fi cant i ncrease i n  
argyroph i l i c cel l dens i ty was observed i n  the i nfected animal s .  Th i s  

i ncrease was marked i n  the duodenum and proxi mal jej unum ,  l es s  so i n  the 

mi d-j ej unum and i l eum . Thus , the greatest change i n  endocri ne cel l 
dens i ty occurred i n  that part of the GI  tract where � col ubri formi s 
worms become establ i shed and where greatest mucosal damage occurs 
{ Barker ,  1974 ) . These changes  i n  argyroph i l i c  cel l densi ti es were most  
probably due to endocri ne cel l hyperpl as i a .  

Al ternati vely ,  the i ncrease i n  arygroph i l i c  cel l dens i ty may have 

been due to i ncreased synthesi s or storage of secretory products wi th i n  
the argyroph i l i c  cel l s  of the i nfected animal s ,  thus  resul ti ng i n  
i ncreased stai n i ng i ntensi ty and a greater number of stai ned cel l s  bei ng 
vi s i bl e on mi croscopi c  exami nati on . Evi dence that the content of 

secretory product wi th i n  i ndi v i dual endocri ne cel l s  may vary has been 

provi ded by Forssman and Orci { 1969 ) who demonstrated that the el ectron 

dens i ty of G cel l granul es i ncre�sed i n  fasted cats and was reduced 
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fol l owi ng refeedi ng . The above expl anati on coul d be tested by an 

el ectron mi croscop i c  study of argyroph i l i c cel l s  from control and 

i nfected an imal s ,  and exami n i ng the number and el ectron dens i ty of 
granu l es  they conta i ned . 

The resul ts of the present study cl early demonstrated that EC , G ,  S 

and D cel l dens i t ies  di d not change as a resul t of i nfecti on . Further ,  

i t  i s  unl i kely that I cel l s  contr i buted to the change i n  argyrophi l i c 
cel l dens i t ies  as , i n  other mammal i an speci es , they are not argyrophi l i c  

( Tabl e 2 . 2 } . The h i stochemi cal stai ni ng characteri sti cs of ovi ne I 
cel l s ,  wh i c h  have yet to be reported , coul d be establ i shed by use of 

doubl e or sequenti al sta i n i ng techn i ques . 

Extrapol ati ng from stai n i ng resul ts and di stri buti on studi es i n  

other spec i es , the most l i kely cel l types contr i buti ng to the change 

i n  duodenal argyrophi l i c  cel l dens i ty are o1 , K and L cel l s .  Al though 
the secretory product ( s } of mammal i an o1 cel l s  i s  unknown (Sol c i a  et 
�. , 1982 } , the secretory products of K and L cel l s  have been shown to 

be G I P  ( Pal ak et �· , 1973 ; Buff a et �· , 1975 } and GL I ( see Sundby 
and Moody , 1980 } , respecti vel y .  What effect the di stu rbance of normal 
functi on of these endocri ne cel l s  mi ght have i n  nematode i n fecti ons , i s  
unknown . Al though the phys i ol ogical  functions  of GIP  have yet to be 

establ i shed i t  has  been shown to i nhi b i t  gastri c aci d  secreti on i n  both 
dogs ( Pederson and Brown , 1972 } and man ( Cl eator and Gurl ay , 1975 ) , 
sti mu l ates  i ntesti nal secreti on i n  dogs ( Barbezat and Grossman , 197 1 }  
and man ( Hel man and Barbezat ,  1977 ) and i s  i n sul i notropi c i n  man ( Du pre 
et �. ,  1973 ) , dogs ( Pederson et �. , 1975 } and rats ( Pederson and 
Brown , 1976 ) . As yet no bi ol ogi cal acti vi ty for any gut GL I has been 

cl early establ i shed however , some evi dence of an i nsul i notropi c  effect 

of a gut GL I was reported by Gutman et �· ( 1973 } . Other reported 
effects of GL I are glycogenol ysi s ( Val verde et �· , 1970 ) , b i ndi ng to 

gl ucagon receptors ( Rehfel d et �. , 1973 ) and l i polysi s ( Hori gome et �' 
1977 ) , however ,  the physi ol ogi cal i mportance of these effects rema i n s  to 
be establ i shed . 

CCK has been impl i cated i n  the control of satiety i n  sheep ( Del l a
Fera and Bai l e ,  1979 ) and an imal s wi th a s impl er  form of stomach . 
Exogenous CCK has been shown to depress food i ntake i n  rats ( Gi bbs  
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et al . ,  1973 } ,  mi ce { Strohmayer et al . ,  1976 ) ,  monkeys { G i bbs et al . ,  - - - - - -
1976 ) , dogs { Sj odi n ,  1972 ) ,  rabbi ts { Houpt and Ani k a ,  1977 ) , humans 
( Sturdevant and Goetz , 1976 ) and sheep ( Ba i l e  and Grovum , 1974 ; Grovum 

1977!, �; Grovum , 1981 ) .  Symons  and Hennessy ( 1981 } reported that 
pl a sma b i oassayabl e CCK l evel s rose in sheep fol l owi ng i nfecti on wi th 

� col ubri formi s ,  and that food consumpti on fel l as pl a sma CCK 
concentrati on rose . They concl uded that the anorexi a  commonly seen i n  

severe tri chostrongyl os i s was due to , or medi ated by i ncreased 

concentrati ons of c i rcul ati ng CCK . These workers di d not , however ,  

i nvesti gate whether al tered pl asma CCK l evel s were due to a n  i ncrease i n  
I cel l numbers o r  to a n  i ncreased rate o f  rel ease o f  CCK . I n  the 

present experiment the absence of i nappetence i nd icates , al bei t  
i ndi rectly ,  that pl a sma CCK concentrati ons were not rai sed i n  mi l d  
tri chostrongyl osi s .  I t  i s  suggested that I cel l dens i ti es , al though not 

i nvesti gated i n  th i s  thes i s ,  were probably unal tered by the mi l d  

experi mental i nfecti on . 

Barker and Ti tchen ( 1982 ) have recentl y  demonstrated that  i n  severe 

tri chostrongyl osi s there were profound changes i n  abomasal functi on . A 
decrease i n  ac i d  producti on appeared to be at l east partly due to 
al tered functi ons of pari etal cel l s , many of whi ch were rel ati vel y 
i nacti ve or poorly di fferenti ated . I n  the present experiment no changes 
i n  the hi stol ogi cal appearance of pari etal cel l s  were found i n  the 

i nfected ani mal s .  

I n  v i ew of these reports of abomasal dysfuncti on ( Barker and 
Ti tchen , 1982 ) and anorexi a ( Horak et �. , 1968 ) i n  severe i nfecti ons  
wi th � col ubri formi s ,  it  woul d be of i nterest to exami ne dens i ti e s  of  
I ,  G ,  D ,  S and K cel l s  in  the duodena of sheep i n  whi c h  substanti al 
numbers of nematodes were establ i shed . 

Another paras i ti c  di sease of sheep wh i ch has been shown to cause 
di sturbances i n  the GI  endocri ne system i s  ostertagi as i s ( for a rev i ew 
see Ti tchen , 1982 ) . Ostertagi a c i rcumci ncta , a parasi ti c worm whi ch 
becomes establ i shed i n  the abomasum , causes gastri ti s .  Severe 
i nfecti ons  wi th � ci rcumc i ncta cause reduced secreti on of aci d  by the 
abomasum and many of the pari etal cel l s  are thought to be i nacti ve 
( Mcleay et �. , 1973 ) . Ostertagi asi s i s  associ ated wi th profound hyper-
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gastri naemi a ( Anderson et !l• , 1981 ) and i n  th i s  respect di ffers from 

tri chostrongyl os i s  ( Ti tchen and Anderson , 1977 ) . Thi s  hypergastri naemi a 

i s  thought to . be due i n  part to the el evati on i n  abomasal pH whi ch 

occurs i n  ostertagi as i s ( Anderson et  !l· ' 1981 ) .  Th i s  i s  not the only 

cause , however , as  pl asma gastri n l evel s i ncrease before abomasal pH . 

Reynol ds et  !l· ' ( 1979!) demonstrated that abomasal mucosal gastri n 

concentrati ons were h i gher i n  i nfected than control an imal s ,  but that 

duodenal gastri n concentrati ons  were l ower i n  i nfected than control 

an imal s .  Whether such changes i n  pl asma and ti s sue gastri n l evel s were 

the resu l t of changes  i n  G cel l dens i t ies  or changes i n  G cel l 
metabol i sm ,  have yet to be determi ned . 

I n  vi ew of the mi l d  nature of the T .  col ubri formi s i nfecti on , i t  i s  
perti nent to ask whether the number of l i ve l arvae admi n i stered to the 

l ambs was adequate . Garden ( 1950 ) reported that si ngl e doses of 60 , 000 

� col ubri formi s l arvae gi ven to 10  month ol d sheep caused deaths  

between 17 and 34  days after dos i ng . Stewart and Garden ( 1953 ) al so 

fou nd that si ngl e doses of 50 , 000-100 , 000 l arvae gi ven to 3-4 month ol d 
worm-free sheep proved fatal , whereas Gal l agher ( 1963 ) found that 8 
month ol � sheep survi ved si ngl e doses of 20 , 000 to 40 , 000 l arvae whi l e  
some sheep di ed fol l owi ng a dose of 50 , 000 l arvae . S imi l arly ,  Garden 
( 1 964 ) found that approxi mately 50% of forty 10 month ol d l ambs di ed 17-
1 18 days after a si ngl e dose of 50 , 000 l arvae . I n  contrast , Kates and 
Turner ( 1953 ) were unabl e to produce any deaths  wi th i n  a 34 day peri od 

fol l owi ng si ngl e doses of ei ther 50 , 000 or 100 , 000 l arvae . Thu s  the 
wei ght of th i s  evi dence i ndi cated that i t  was prudent to keep the dose 
bel ow 50 , 000 l arvae and for thi s  reason a dose of 40 , 000 l i ve l arvae was 
chosen . The a im ,  after al l ,  was to produce cl i n i cal s i gns of i nfecti on 

but not cause the death of the ani mal s .  

Age , previ ous exposure to paras i tes , pl ane of nutri ti on , geneti c 

resi stance and predi spos i ng di sease have been cons i dered as pos s i bl e 

factors determi ni ng whether a nematode i nfecti on becomes establ i shed 
( see Fi tzs immons , 1969 ; Wi ndon et �. ,  1980 ) . 

Young l ambs are more suscepti bl e to hel mi nth i nfecti ons than mature 

sheep ( see Wi ndon et !l· , 1980 ) . Th i s  i s  evi denced by the fi ndi ng that 
l ambs l es s  than 12  weeks of age do not acqui re s i gn i fi cant res i stance to 
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� col ubri formi s l arvae even after prol onged dai ly  dos i ng wi th such 

l arvae ( Gi b son and Parfi tt , 1972 ; 1973 ; Ch ienj i na and Sewel l ,  1974!, �) . 

S imi l arl y , young l ambs are immunol ogi cal l y  immature , compared wi th 6 

month ol d sheep , when vacci nated wi th attenuated T .  col ubri formi s l arval 

vacci nes ( see Wi ndon et !l· , 1980 ) . 

Prev i ous exposure to � col ubri formi s paras i tes has been shown to 

confer on the host res i stance to subsequent i nfecti on  wi th the same 

parasi te ( Gregg and D i neen , 1978 ; Gregg et �. , 1978 ) . Thi s  i s  an 

i nadequate expl anati on for the ' poor take ' seen i n  the present study as 
al l the l ambs were rai sed to be free of hel mi nth parasi tes . Strongyl ate 

eggs were present ,  however ,  i n  the faeces of two of the l ambs ( Nos 28 and 
29 ) before the experi mental i nfecti on . Thus  i t  i s  poss i bl e that  
previ ous exposure to strongyl ate worms may have contri buted to the l ow 

l evel of i nfestati on seen i n  the present study . 

Pl ane of nutri ti on does not appear to be an important predi spos i ng 

factor i n  the establ i shment of nematode i nfecti ons . Gordon ( 1964 ) 
demonstrated there was no di fference i n  the establ i shment of T .  

col ubri formi s i n  l ambs fed ad l i b i tum and those fed only hal f that 
rati on . S imi l arly ,  pl ane of nutri ti on di d not affect mortal i ty of 
animal s ,  however ,  sheep on l ower i ntakes di ed sooner .  

Geneti c consti tuti on i s  a n  important factor i n  the abi l i ty of 

animal s to res i st parasi ti c  i nfecti ons .  D i fferences i n  suscepti b i l i ty 
both between and wi th i n sheep breeds have been reported ( see Wi ndon 
et !l· , 1980 ) and res i stance to tri chostrongyl osi s has been shown to be 
heri tabl e ( Wh i tl ock , 1955 , 1 958 ; Wh i tl ock and Madsen , 1958 ) . Wi ndon 

et �· ( 1980 ) reported that when Meri no l ambs were vacci nated at 1 month 

of age wi th an attenuated � col i bri formi s vacci ne ,  about 40% devel oped 
resi stance to i nfecti on by � col ubri formi s l arvae . Thi s fi ndi ng l ed to 

the concept that l ambs may be segregated i nto ' responders ' and ' non

responders ' and that geneti cal ly  determi ned factor ( s )  pl ay an important 
rol e in determi ni ng the ab i l i ty of young an imal s to mount an effecti ve 
immunol ogi cal response to an i nfecti on ( Wi ndon et !l· ' 1980 } . 

I n  vi ew of the evi dence ci ted above , the most important factors 

consi dered to be i nvol ved i n  the poor establ i shment of T .  col ubri formi s 
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l arvae i n  the duodenum of the l ambs used i n  the present study were the 

age of the an imal s and thei r possi bl e geneti c resi stance . Thus ,  i t  was 

cons i dered that estab l i shment of a � col ubri formi s i nfecti on by 

rei nfecti on of the same animal s wi th s imi l ar numbers of l arvae woul d 

have been un successful . 

Cl early i t  woul d be of cons i derabl e i nterest to repeat the present 

experiment us i ng h i gher doses of � col ubri formi s l arvae i n  younger  

an imal s wi th no  prev i ous  exposure to  nematode i nfecti ons . I n  such 

ani mal s ,  a compari son of I cel l dens i ti es i n  control and i nfected l ambs ,  

i n  wh i ch feed i ntake was si gni fi cantly  depressed , mi ght establ i sh 

whether there was a l i nk i n  tri chostrongyl osi s between I cel l dens i ti es  
and  i nh i b i ti on of feedi ng . 

I n  summary ,  the experiments descri bed here demonstrate that even i n  

qui te mi l d  nematode i nfecti ons there may be cons i derabl e changes i n  
endocri ne cel l den s i t i e s .  However ,  the spec i fi c  i denti ty of the 
endocri ne cel l type ( s )  affected by � col ubri formi s i nfection remai ns to 
be estab l i shed . 
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CHAPTER 8 

GENERAL D I SCUSS I ON AND CONCLUS IONS 

The i nvol vement of  b ioacti ve pepti des and ami nes i n  the regu l ati on  
of  gastro i n testi nal functi on has l ong been recogni zed ( see Secti ons  1 . 6 

and 1 . 7 ) . The maj or  sou rce of such compounds are the endocri ne or 

endocri ne-l i ke cel l s  of the G I  mucosa ( Sol ci a et !l· · 1981 ) .  Seventeen 

morphol ogi cal l y  di sti nct endocri ne cel l types have been i denti fied i n  
the G I  mucosa o f  animal s wi th a s impl er form of stomach ( see Tabl e 1 . 1 ) , 
however , there i s  l i ttl e i nformati on  avai l abl e on the types and 
di stri buti on of endocri ne cel l s  wi th i n  the ovi ne GI  tract ( see Secti on 
1 . 8 . 4 ) . 

I n  the present study ,  wel l establ i shed h i stochemi cal and immuno

hi stochemi cal ( see Chapter  2 )  methods were tested ( see Secti on 3 . 3 . 1 )  to 

determi ne the i r  su i tab i l i ty for the i denti fi cati on of endoc ri ne cel l s  i n  
the ovi ne G I  tract .  The De Grandi , Sev ier-Munger and fast garnet 
hi stochemi cal techni ques , and the PAP immunohi stochemi cal techni que wi th 

anti sera to gastri n ,  secreti n ,  gl ucagon or somatostati n ,  al l proved to 
be rel i abl e .  Hi stochemical  methods wh i ch have been used i n  other 
mammal i an spec i es ( see Tabl es 2 . 1  and 2 . 2 ) , but found to be 
unsati sfactory i n  the shee p ,  were the Masson-Hamperl , chromaffi n and 

l ead-haematoxyl i n  methods . Reasons for thei r fa i l ure i n  the sheep have 

been di scus sed i n  Secti on 3 . 4 . 2 .  

The rel i abl e hi stochemi cal and immunohi stochemi cal techni ques 
were used to sta i n  endocri ne cel l s  i n  mucosal sampl es from sheep of 
di fferent ages ( 100- 1 10  day ol d foetuses , 2 week and 6 month ol d l ambs , 
and adul ts ) , and i n  l ambs experimental ly  i nfected wi th the hel mi nth 
parasi te � col ubri formi s .  Sheep of these sel ected ages were used i n  
order that the effects of age- rel ated di fferences i n  gut functi on  on 
endocri ne cel l di stri buti ons coul d be studi ed .  Thus , foetuses were 
studi ed because i t  i s  general ly  thought that the GI tract pl ays l i ttl e 
or no part i n  the nutri ti on of devel opi ng  foetuses , i nstead thei r 
nutri ents are deri ved from the maternal c i rcul ati on  and reach the foetu s 
v i a  the pl acenta . At bi rth th i s  route i s  abru ptly di sru pted and the 
di etary needs of the neonate are · met by food wh i ch i s  i ngested , broken 
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down , and absorbed across  the gut epi thel i um .  I n  the case of 2 week 

ol d ,  pre-rumi nant l ambs ,  nutri ents are deri ved from mi l k ,  whi l e  i n  

rumi nant sheep ( 6  month ol d and adul ts ) they are chi efly deri ved from 

i ngested pl ant materi al and the mi crofl ora of  the rumi noreti cul um . 

Lambs i nfected wi th � col ubri formi s l arvae were compared wi th control s 

i n  order to determi ne whether th i s  nematode affects endocri ne cel l 

densi ti es , and thus , whether any cl i n i cal effects of tri chostrongyl o s i s 

mi ght be attr ibuted to di sturbance of the G I  endocri ne system . 

8 . 1 Endocri ne Cel l Types I denti fi ed 

A summary of the hi stochemi cal stai ni ng  characteri sti cs  of ovi ne G I  
endocri ne cel l s  i s  shown i n  Tabl e 8 . 1 .  I n  the present studi es , EC , G ,  
D ,  S and pancreati c A cel l s  were spec i fi cal ly  i denti fi ed and evi dence 

for the exi stence of a l arge popul ati on of ECL cel l s  i n  the body , but 

not the antral reg i on of the abomasum , has been presented ( see Secti on 

3 . 4 . 3) .  

I t  was concl uded from data presented i n  Secti on 4 . 3 ,  that ovi ne D 
cel l s  were not argyroph i l i c ,  wi th ei ther the De Grandi or  Sev i er-Munger 
techni que s ,  nor argentaffi n i c .  Simi l ar resul ts have been reported for 
cattl e by Domenegh i ni and Castal do ( 1 981 ) , however , these workers al so 

found a smal l number of D cel l s  i n  bovi ne cardi ac gl ands that 

conta i ned i ntensel y argyroph i l i c secretory granul es . Whether such a cel l 

type exi sts i n  ov i ne cardi ac gl ands remai ns to be determi ned . 

Endocri ne cel l s , other than ECL cel l s , that may form part of the 
argyroph i l i c ,  non-argentaffi n i c  cel l popu l ati on of the abomasal body , 

i ncl ude A ,  o 1 and X cel l s . Present resul ts , however , demonstrated 
concl us i vely that A cel l s  di d not occur i n  the ovi ne GI tract ,  but were 

found onl y i n  pancreati c i s l ets . Th i s  fi ndi ng i s  supported by resul ts 

of Ri zzotti and eo-workers who were unabl e to i denti fy A cel l s  i n  the GI  

tract of sheep , cattl e or goats us i ng h i stochemi cal techni ques ( Ri zzotti 
et !l· · 1976!) , or i n  the gastri c gl ands of the ox us i ng el ectron 

mi croscopy ( Ri zzotti et !l· · 1980 ) . Such resul ts are i n  accordance wi th 
earl i er observati ons ( Unger and E i sentraut ,  1967 ) that extracts of 

bov i ne abomasum do not contai n. inrnunoreacti ve pancreati c gl ucagon . 



Tabl e 8 . 1 :  Summary of ovi ne G I  tract and pancreati c endocri ne cel l types ( ' open ' or  ' cl osed ' ) 

and thei r hi stochemical sta i n i ng reacti ons 

Sta i n i ng Methods 

De Grandi 

Sev i er-Munger 
Masson-Hamperl 
Chromaffi n 

Fast Garnet 

Cel l type 

+ 

0 
c 

0/C 
nd 

= 
= 

= 

= 

= 

= 

A D 

nd 

0/C 

posi ti ve stai n i ng reacti on 
negati ve sta i n i ng reacti on 
' open ' cel l s  
' cl osed ' cel l s  
both ' open ' and ' cl o sed ' cel l s  
not determi ned 

Endocri ne cel l type 

EC 

+ 

+ 
+ 
+ 

+ 

0/C 

ECL 

+ 

+ 

c 

G 

0 

s 

nd 
nd 
nd 

nd 
nd 

0 

N 
N 
(X) 
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I n  contrast , GL I has been detected i n  the G I  tract and pl asma of 

foetal and postnatal l ambs ,  wi th h i ghest concentrati ons occurri ng  i n  

the termi nal i l eum ( Bassett and Madi l l , 1978 ) . Ri zzotti et !l· · ( 1979 ) 

usi ng el ectron mi c roscopy ,  i denti fi ed endocri ne cel l s  i n  the rectal 

mucosa of the adul t ox , that were morphol ogi cal l y  s imi l ar to L cel l s  

( Sol ci a et !l· · 1981!) . Simi l ar cel l s  had prev i ou sl y  been i denti fi ed ,  

by h i stochemi cal techni ques , i n  the smal l i ntesti ne , caecum , col on  and 

rectum of cal ves ( Ri zzotti and Oomeneghi n i , 1976�) . I t  i s  therefore 

concl uded that whi l e  gl ucagon ( hence A cel l s ) were absent from the ov i ne 

gut mucosa , GL I contai ni ng L cel l s  probably occur i n  the termi nal i l eum 

and l arge i ntesti ne of sheep . Th i s  has been confi rmed by usi ng an 

anti serum wh i ch c ro s s reac t s  wi th  GL I ( Bunnett , 1980 ) . . 

Al though i n  cattl e o1 and X cel l s  have been i denti fi ed by el ectron 
mi croscopy i n  cardi ac ( Oomenegh i ni and Castal do , 1981 ) and gastri c 

( Ri zzotti et !l· · 1980�) gl ands , and o1 cel l s  have been found i n  antral 
gl ands ( Ri zzotti et !l· · 1980!) , nei ther of these cel l types has yet 

been i denti fi ed i n  ovi ne abomasa ( Ri zzotti et !l· · 1976!) . The 

i nabi l i ty to i denti fy these two cel l types i n  the present study was due 
to the l ack of any hi stochemi cal or immunohi stochemi cal techni que whi ch 
speci fi cal l y  sta i n s  ei ther of these types of cel l s . o 1 and X cel l s  may 
be di sti ngu i shed from other gut endoc ri ne cel l s  by the si ze and dens i ty 
of thei r secretory granul es seen by el ectron mi croscopy ( Sol c i a et !l· · 
1981!) . Thus , confi rmati on of the presence of o1 and X cel l s  i n  ov i ne 

gut mucosa awa i ts an el ectron mi croscopi c study i n  thi s spec i es . 

An unexpected resul t of the present study was that ov i ne G cel l s  
were non-argyroph i l i c .  Th i s  fi ndi ng i s  at vari ance wi th the 
observati ons  of Ri zzotti et !l· · ( 1980�) who reported that bov i ne antral 

G cel l s  were weakl y  reacti ve wi th the Grimel i us techni que . Further , i n  
spec i es wi th a simpl er form o f  stomach ,  G cel l s  general ly  have been 
descri bed as argyrophi l i c ( see Sol ci a et !l· · 1975!) . Al though McGui gan 

and Grei der ( 1 971 ) and Mi tschke ( 1971 ) reported that porci ne G cel l s  

were non-argyroph i l i c ,  Capel l a  and Sol c i a  ( 1972 ) demonstrated that they 
were sl i ghtl y reacti ve to the Grimel i u s  argyroph i l  method . The 
di screpanc ies  between these resul ts for pi gs , have been ascri bed by 
Sol c i a  et !l· · ( 1975!) to di ffi cul ti es wi th si l ver sta i n i ng techni ques , 

for as Creutzfel dt et !l· , ( 1974 } stated , • most si  1 ver sta i n i ng methods 
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are non-pred ictabl e ' . I nadequate techni que , however ,  i s  not a 

sati sfactory expl anati on for the fai l ure to demonstrate argyrophi l i a  i n  

antral G cel l s  i n  sheep a s  the D e  Grandi techni que was found to be 

rel i abl e ( see Secti on  3 . 3 . 1 ) . Th i s  l atter techni que di ffers sl i ghtl y 

from the Grimel i u s argyroph i l i c method ( see Tabl e 2 . 10 )  whi ch di d not 

work when appl i ed to gut mucosal sampl es from adul t sheep ( see Secti on  
3 . 3 . 1 ) . From the above i t  i s  therefore conc l uded that ei ther ovi ne G 
cel l s  di ffer from those of other speci es i n  that they are non
argyrophi l i c ,  or that the De Grandi techni que i s  not as sens i tive as the 

Grimel i u s  method . There i s  no publ i shed ev i dence to support the l atter 
contenti on . 

I n  contrast ,  the observati on that ov i ne G cel l s  were not reacti ve 

wi th ei ther the Sev i er-Munger or Mas son-Hamperl techni ques ( see Secti on  
3 . 4 . 1 )  i s  i n  accord wi th s imi l ar fi ndi ngs for cattl e ( Ri zzotti et �. , 

1980�) , p i gs ( Capel l a  and Sol c i a ,  1972 ) and other mammal s wi th a s impl er 

form of stomach ( see Sol c i a et �. , 1975!) . 

Recent ul trastructural and immunohi stochemi cal studi es have 

establ i shed that there are three di sti nct types of G cel l s  present i n  

the duodenal mucosa o f  spec i es wi th a s impl er form o f  stomach .  I n  
add i ti o n  to cel l s  s imi l ar i n  morphol ogy to antral G cel l s , IG  ( Buchan 
et �. , 1979 )  and TG ( Larsson and Rehfel d ,  1979 )  cel l s  have been 

descri bed . Whether or not more than one type of G cel l exi sts i n  the 

sheep remai n s to be establ i shed . The presence or otherwi se of three 

types of G cel l s  i n  the ov i ne duodenum coul d best be demonstrated us i ng 
regi on speci fi c  anti sera combi ned wi th el ectron mi croscopy . These three 
types of G cel l s  may be di sti ngu i shed from one another by the si ze and 
el ectron dens i ty of thei r secretory granul es . 

Evi dence presented i n  th i s  thes i s  i s  the fi rst immunohi stochemi cal 

demonstrati on of the occurrence of S cel l s  i n  the smal l i ntesti nal 
mucosa of the sheep . Resu l ts from other spec i es i ndi cate that S cel l s  

are consi stently argyroph i l i c ( see Sol ci a et �. , 1975�) . Confi rmati on 
of thi s and other hi stochemi cal sta i n i ng characteri sti cs  of ovi ne S 
cel l s  coul d best be establ i shed by doubl e sta i n i ng techni ques or the use 
.of thi n ,  seri al secti ons . 
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A summary of the di stri buti on of endocri ne cel l s  i n  the ovi ne GI  

tract i s  gi ven i n  Tabl e 8 . 2 .  

No endocri ne cel l s  were i denti fi ed i n  ei ther the reti cul um or 

ventral rumen . Th i s  i s  i n  agreement wi th the fi ndi ngs of Ri zzotti et !!· ' 

{ 1976!, �) who were unabl e to demonstrate any endocri ne cel l s  i n  the 

forestomachs of cattl e usi ng hi stochemi cal techn i ques simi l ar to those 

descri bed i n  thi s  thesi s .  However , because some endocri ne cel l types 

may not be stai ned by the techni ques used i n  the present studi es { e . g .  
X ,  I and N cel l s ) ,  the presence or absence o f  endocri ne cel l s  i n  the 
ovi ne forestomach coul d best be establ i shed us i ng  a neuronal speci fi c  
enol ase anti serum . Such anti sera have been shown to cross-react wi th 
al l known GEP endocri ne cel l s  { B i shop et !!· , 1982 ) .  

I n  the present study , immunoreacti ve G cel l s  were found only i n  the 

antral porti on of the abomasum and the duodenum . · Thi s  fi ndi ng i s  i n  
accordance both wi th the di stri buti on  o f  G cel l s  descri bed by Bunnett 
and Harri son { 1979!) and Bunnett { 1984 ) , and the observati on  that the 
h i ghest concentrati ons of immunoreacti ve gastri n i n  sheep occurs i n  the 
abomasal antrum , wh i l e  l i ttl e or no gastri n i s  found i n  the forestomach , 
body regi on of the abomasum or i l eum { Reynol ds et !!· , 1980 ; 1984 ) . 
I n  contrast , i t  has been reported that i n  sheep apprec i abl e amounts of 

gastri n-l i ke acti vi ty occur i n  the forestomachs  { J ury and Mcleay , 1977 ) 

and i n  the body reg i on of the abomasum { Anderson et !l· , 1962 ; Jury and 
Mcleay , 1977 ) . These workers used a b i oassay to demonstrate gastric  
aci d  sec retagogue acti v i ty and therefore woul d have been unabl e to 
di sti ngu i sh between gastri n and other gastr ic  aci d  secretagogues . I t  i s  
pos s i b l e that the secretagogue acti v i ty extracted from the forestomachs 

of sheep by Jury and Mcleay ( 1 977 ) was GRP { Bunnett , 1984 ) , a pepti de 
with the same C-termi nal septapepti de as bombesi n .  Bombesi n-l i ke immuno
reacti vi ty has been found i n  many reg i ons  of the ovi ne al imentary tract 

{ Harri son and Wathuta , 1982!) , parti cul arly  the forestomach where i t  i s  

found i n  the musc l e l ayers , myenteri c and submucosal pl exuses and mucosa 
( Harri son and Wathuta , 1982!) . Bombesi n i ndi rectl y sti mul ates the 
secreti on of gastri c ac i d  i n  humans , cats and dogs { Mel chi orri , 1978 ) by 

rel easi ng antral gastri n { Wal sh and Grossman , 1975 ) .  



Tabl e 8 . 2 :  Summary of the di stri b uti on of endocri ne cel l s  i n  the GI  tract and pancreas of sheep 

Forestomach Abomasum Smal l I ntesti ne Large I ntesti ne 

Cel l Type Reti cul um Rumen Body Antrum Duodenum I l eum Col on  Caecum 

A - - - - - - - -

D - - + + + + + + 

EC - - + + + + + + 

ECL - - + 

G - - - + + 
s - - - - + + 

+ ; cel l s  present 
= no cel l s  present 

Pancreas 

+ 
+ 

N 
w 
N 
. 
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8 . 3  Age Group Compari sons 

The present studi es establ i shed that al l the endocri ne cel l types 

observed i n  adul t sheep al so occurred at correspondi ng si tes i n  the gut 

mucosa of 100-1 10  day ol d foetuses , but at l ower dens i ti es . The foetal 
gut mucosa was l es s  wel l devel oped than i n  the adul t both i n  terms of 
i ts overal l th i ckness and the degree of devel opment of the crypts of 
L i eberkuhn . Thus , total numbers of endocri ne cel l s  i n  the foetal G I  

tract are substanti al l y  l ess than found in  adul t sheep , even on a per kg 

body wei ght basi s .  

Compari sons of argyroph i l i c ,  EC , G ,  S and D cel l dens i ti es i n  the 
mucosa of the GI tract at vari ous ages are i l l ustrated i n  F igs  8 . 1  - 8 . 5 .  

Some endoc ri ne cel l dens i t ies  changed markedly wi th age . Thi s was 

parti cul arl y  so for argyroph i l i c and EC cel l dens i ti es  i n  the proxi mal 
duodenum , and G cel l dens i ti es i n  the abomasal antrum . In these 

i n stances endocri ne cel l dens i ti es were substanti al ly  l ower i n  foetuses 
than i n  adu l t animal s .  I n  contrast , at some si tes endocri ne cel l 

dens i ti es changed l i ttl e wi th i ncrease i n  age { e . g .  argyroph i l ic  cel l 

dens i ti es i n  the abomasal body ) . Such di fferences may be accounted for 
ei ther by vari ati ons i n  the age at whi ch parti cul ar endocri ne cel l s  
fi rst become i denti fi abl e ,  or by di fferences i n  the rate of devel opment 
of speci fi c  endocri ne cel l types . These age group compari sons al so 

cl early demonstrate that the pattern of change i n  cel l dens i ty was not 
uni form al ong the l ength of the GI  tract .  Non-paral l el devel opment of 

GI  endocri ne cel l s  has been descri bed for humans { Larsson and Jorgensen , 
1978 ) and pi gs  { Al umets et �. , 1983 ) . 

From data presented i n  Secti on 4 . 3  i t  i s  cl ear that immunoreacti ve 
G cel l s  were present i n  both antral and duodenal mucosa of 100 - 110  day 
ol d foetuses . L i chtenberger et �· { 1 981 ) were unabl e to fi nd antral G 
cel l s  i n  foetal l ambs unti l they reached 120 - 130 days gestati onal age . 
Th i s  di screpancy i n  resul ts i s  probably due to methodol ogy : 

L i chtenberger and eo-workers used an i ndi rect immunoperoxi dase techni que 

as opposed to the more sens i ti ve { Sternberger ,  1979 ) PAP techni que used 
i n  the current study . 
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Shul kes and Hardy ( 1982 ) detected i mmunoreacti ve gastri n i n  

extracts o f  the ovi ne foetal abomasum as earl y a s  day 80 . Th i s  gastri n 

obv i ou s l y  wa s o f  foetal ori g i n as i t  has been shown that  gastri n does 

not cross  the pl acenta ( Shul kes et �. ,  1982 ) . Thu s  there i s  strong 

evi dence , al be i t  i ndi rec t ,  that gastri n produc i ng cel l s  occur i n  the 

ovi ne foetu s as earl y as day 80 , even though G cel l s  have not yet been 

demonstrated at such an earl y stage of l i fe .  

The changes i n  G cel l den s i ti e s  i l l ustrated i n  Fi g .  8 . 3 ,  and 

changes i n  ci rcul ati ng serum gastri n l evel s desc ri bed by L i chtenberger 

et �. ,  ( 1981 ) and Shul kes and Hardy ( 1982 ) are probably rel ated to the 

devel opment of di gesti ve functi on of the GI tract i n  foetal and neonatal 
l ambs .  The present stud i e s  demonstrated that antral G cel l densi ti es 
i nc reased wi th age wh i l e  duodenal G cel l densi ti es decl i ned from 2 weeks  

of age . The net resul t of such changes in  densi ty ,  together wi th 

i nc reased mucosal thi ckne s s  i n  the neonate was an i ncrease i n  total 

( i . e .  antral pl u s  duodenal ) G cel l numbers wi th age . Howeve r ,  al though 
c i rcul ati ng serum gastri n l evel s i n  the foetus ri se in paral l el wi th the 

i ncrease i n  G cel l densi ty ( L i chtenberger et � . ,  1981 ; Shul kes et � . ,  

1981�) ,  shortl y after bi rth the gastri n l evel s decl i ne and after several 
weeks stab i l i ze at adul t l evel s .  Such ob servati ons i ndi cate that the 
regu l atory mechani sms for the rel ease of gastri n i n  foetal and neonatal 
l amb s di ffer . I n  adul t sheep , ac i d  produced by pari etal cel l s  i nh i b i ts 

gastri n rel ease ( see Chapter 1 ) . However , pari etal cel l s  are uncommon 

i n  the abomasal mucosa of the foetal l amb , but i ncrease dramati cal l y  
duri ng the fi rst few hours o f  extrauteri ne l i fe ( H i l l , 1956 ) . Thi s  

change i n  pari etal cel l numbers and the subsequent fal l i n  abomasal pH , 

may i n  part,  be respons i bl e  for the postnatal decl i ne i n  pl asma gastri n 
concentrati on , al though al tered sens i ti vi ty of regul atory receptors on 
the G cel l may al so contri bute to the decrease in gastri n rel ease . 

Larsson and J o rgensen ( 1 978 ) demons trated a decl i ne i n  duodenal G 
cel l dens i ti es i n  humans and rats soon after b i rth . These workers 

attr i b u ted th i s  decl i ne and the sub sequent i ncrease i n  I cel l densi ti es 

at the same s i tes to a functi onal change i n  some " i mmatu re" endoc ri ne 

cel l s . 
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Furthe r ,  they demonstrated that some foetal duodenal endocri ne 

cel l s  conta i ned both gas tr i n  and CCK i mmunoreaci v i ty .  They conc l uded 

that the metabol i c  capab i l i ti es of  such endocri ne cel l s  changed i n  

emphasi s from the producti on of  gas tri n to the el aborati on of  CCK earl y 

i n  the neonatal per i od ( Larsson and Jor�ensen , 1978 } . Whether s i mi l ar 

changes account for the decrease i n  duodenal G cel l dens i ti es ob served 

i n  the pre sent studi es , remai n s to be establ i shed . 

I n  vi ew of the cl ose anatomi cal rel ati onsh i p  between antral G and 0 

cel l s  ( Larsson , 1980 } and the i nh i b i tory rol e somatostati n pl ays i n  the 

regul ati on of aci d  secreti on ( see Secti on 1 . 6 . 1 . 7 } , antral G/0 cel l 

rati os  have been cal cul ated . These were 5 . 8 + 2 . 9 ,  1 . 8 � 0 . 4 and 6 . 6  + 

0 . 4  for foetu ses , 2 week ol d and 6 month ol d l ambs ,  respecti vel y .  G/0 
cel l rati os  for foetal and 6 month ol d l amb s were s i mi l ar to those 

repo rted for heal thy human subj ects ( 4 . 4 :  Arnol d et !l· , 1982 ; 7 . 0 :  
Cri vel l i  et !l· , 1979 } . I n  2 week ol d l ambs ,  however , G/0 cel l rati os  

were much l ower bei ng comparabl e to the rati os  ( 1 . 6 + 0 . 2 }  found i n  

human pati ents su fferi ng from gastri noma ( Arnol d et !l• , 1982 } . 

The h i gh G/0 cel l rati os  i n  foetal l ambs and the hypergastri naemi a 

reported to occur  i n  l ate foetal and earl y neonatal l i fe ( L i chtenberger 
et !l· , 1981 ; Shu l kes and Hardy , 1982 ) , probab l y  refl ect the importance 
of gastri n as a troph i c  hormone ( J ohnsori , 1980 ; Maj umdar , 1984 ) duri ng 

devel opment and maturati on of the GI  tract .  Gastri n has no rol e i n  
regul ati on o f  abomasal ac i d  secreti on i n  foetal l ambs a s  pari etal cel l s  

are rare i n  foetuses ( H i l l ,  1956 ) and hence they are hypo- or 

achl orhydri c .  

The l ow G/0 cel l rati o found i n  2 week ol d l amb s was l argel y  due to 
the sub stanti al l y  hi gher antral 0 cel l densi ti es i n  these l ambs compared 
to those for foetuses or 6 month ol d l ambs ( Fi g .  8 . 5 } . I t  i s  pos s i bl e 
that the rapi d i ncrease i n  pari etal cel l numbers fol l owi ng bi rth and the 

subsequent fal l i n  antral pH stimul ates 0 cel l hyperpl as i a .  Th i s  i s  i n  
accord wi th the fi ndi ng that i n  humans the antral G/0 cel l rati o depends 

on antral pH ( Arnol d et �. ,  1982 ) . I n  neonatal l ambs el evated D cel l 

densi ti es may pl ay a rol e i n  l oweri ng of pl asma gastri n l evel s i n  the 
fi rst few week s  of l i fe ,  parti cul arl y  duri ng i nterdi gestfve peri ods . 
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Some abomasal D cel l s  and a few ECL cel l s  were ob served to have 

basal cytopl asmi c processes whi ch termi nated cl ose to pari etal cel l s . 

These resul ts i ndi cate such cel l s  functi on as paracri ne cel l s ,  the 

secretory products of wh i ch are thought to modul ate or regul ate the 

functi on of other cel l s  i n  the i r i mmedi ate v i c i n i ty ( Pearse et !!· ' 

1977 ) . Larsson et !!· , ( 1979 ) have presented hi s tol ogi cal evi dence that  
somatostati n secreti ng D cel l s  in  the stomach functi on as parac ri ne 

cel l s . Further , somatostati n ha s been shown to i nhi b i t  gastr i c aci d  

sec reti on by di rect acti on on pari etal cel l s  ( Konturek et !!· , 1976a ) . 

Al though the secretory product( s )  of ov i ne ECL cel l s  have not been 

i denti fi ed , ECL cel l s  of rats have been shown to el aborate hi stami ne 
( Kubota et !!· , 1984 ) . H i stami ne i s  thought to be the fi nal common 

medi ator for al l secretagogues of gastri c ac i d  secreti on ( see Kontu rek , 
1980a ) . Al though the source of th i s  h i s tami ne has not been cl earl y 

establ i shed , i t  i s  probabl e that i t  i s  rel eased from ECL cel l s  ( Sol l 

et !!· , 1981 ; Rub i n  and Schwartz , 1983 ) i n  the gastr i c  gl and epi thel i um 

i n  response to stimul ati on by acetychol i ne and/or gastri n ( Rub i n  and 

·Schwartz , 1983 ) . Wi th the techni ques used i n  the present studi es i t  was 
not po ssi bl e to demonstrate whether ei ther of these endoc ri ne cel l types 
had a cl ose anatomi cal and hence functi onal rel ati onshi p wi th any other 
cel l type i n  the ovi ne abomasum . I n  parti cul ar i t  woul d be of i nterest 

to k now whether D cel l s  i n  sheep have a cl ose asoc i ati on wi th G cel l s  as  

has been reported by Larsson et al . ( 1979 )  for the human . 

8 . 5  E ffects of T .  col ubri formi s i nfecti on 

The hypothesi s that some cl i ni cal effec ts of i ntesti nal T .  col ubri 
formi s i nfecti on  were due to di sturbance of the GI  endoc ri ne system ( see 
Secti on  7 . 1 )  was tested by compari ng endoc ri ne cel l di stri butions  and 
den s i ti es i n  parasi te- free and i nfected sheep . 

Al though the i nfecti on i n  th i s  experi ment was very mi l d , argyrophi l i c 

cel l dens i ti es i nc reased si gn i fi cantl y  i n  the duodena and proximal 
jej una of i n fected animal s .  Al though the i denti ty of such cel l s  was not 
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establ i shed , i t  was concl uded that they were not EC , G ,  S o r  0 cel l s  and 
I cel l s  probab l y  al so were unaffected by the i nfecti on . Thus , the most 

l i kely  expl anati on for the changes i n  argyrophi l i c  cel l densi ti es was 

that  o1 , K or L cel l s  i nc reased i n  densi ty .  

Al though the pepti de sec retory product of o1 cel l s  i s  not known , 

( Sol c i a et !l· , 1982 ) , K and L cel l s  have been shown to produce GI P 

( Bu ffa et !l· , 197 5 ) and GL I ( Ravazzol a et !l· , 1 979 ) , respecti vel y .  At 

phys i ol ogi cal l evel s ,  exogenou s  G I P  stimu l ates i ntesti nal secreti on 

( Brown et !l· , 1970 ) and i nh i b i ts absorpti on of water and sodi um in  the 

jej unum ( Hel man and Barbeza t ,  1977 ) . Exogenou s  gl ucagon i nh i b i ts 

i ntes ti nal absorpti on of water and el ectrol ytes ( Whal en , 1974 ) and 

i nhi bi ts i ntesti nal moti l i ty ( see Ruppi n and Oomschke , 1 980 ) . Thu s  i t  

i s  poss i bl e tha t the wa te � di arrhoea characteri sti c of acute and severe 
i nfecti on by � col ubri formi s may be due , at l east i n  part , to 

di sturbances i n  c i rcul atj ng l evel s o f  G I P  and GL I .  

Al though i n  the present study , i n  whi ch i nfecti on was mi l d ,  there 

was no evi dence that densi ti es of EC , G ,  S ,  D and I cel l s  changed , thi s 

does not precl ude the pos s i b i l i ty that i n  severe tri chostrongyl osi s they 

may al ter .  

I n  severe tri chostrongyl osi s abomasal secreti on of ac i d  i s  greatl y 
reduced probab l y  because of reduced numbers of pari etal cel l s ,  reduced 
stimul i for sec reti on , or i nhi b i ti on of secreti on ( Barker and Ti tchen , 

1982 ) .  These workers favoured the l ast hypothesi s and suggested that 
the abomasal hyposec reti on observed probabl y  i nvol ved the rel ease from 

the parasi ti zed smal l i ntesti ne of a sys temi cal l y  acti ng gastri c 

i nhi b i to ry fac to r .  Hormones produced i n  the upper smal l i ntesti ne whi ch 
mi ght act as gastri c i nhi b i tory facto rs , parti cul arl y i f  they were 
sec reted i n  exces si ve amounts , i ncl ude sec reti n ,  GI P ,  VI P ,  gl ucagon and 
somatostati n ( Kontu rek , 1 980�; Barker and Ti tchen , 1982 ) . The gastr i c  

i nhi b i ti ng factor ( s )  rel eased i n  tri chostrongyl o s i s may ac t di rectly on 

pari etal cel l s  or i ndi rectl y vi a ECL or abomasal D or G cel l s . I n  thi s  

regard i t  woul d be of i nterest to establ i sh whether there were any 

changes i n  ECL , 0 or G cel l dens i ti es that mi ght i ndi cate an i nvol vement 

i n  pari etal cel l dys functi on . 
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Because of the rol e CCK may pl ay as a medi ator of  the sati ety 

response ( see Wal sh � 1 981 ) �  i t  wou l d be of  i nterest to establ i sh whether 

the anorex i a  so typi cal of  more severe � col ubri formi s i nfecti on was due 

to i nc reased ci rcul ati ng l evel s of  CCK . Such changes i n  CCK l evel s 

coul d be due ei ther to i nc reased secretory acti v i ty of  I cel l s  or to an 

i nc rease i n  I cel l densi ty .  The l atter cou l d be i nvesti gated ei ther by 

el ectron mi c roscopy o r  by use of  a CCK spec i fi c  anti serum . 

I n  order to establ i sh whether any of  the changes postul ated above 
or al terati ons  i n  the den s i ty of  any other endoc r i ne cel l type pl ay a 

part i n  the cl i n i cal effec ts of  tri chostrongyl osi s �  the parasi te study 

desc ri bed i n  thi s thesi s  shoul d be repeated u s i ng hi gher doses of 
T. col ubri formi s l arvae . Such a study woul d as si st i n  establ i sh i ng  the 

rol e �  i f  any � of hormonal factors i n  the di sease syndrome . 

8 . 6  Futu re Research 

Exten s i ons  of  the present work whi ch mi ght assi st i n  furtheri ng 

knowl edge of  gut functi on i ncl ude : 

( a )  Appl i cati on of  a neuronal spec i fi c  enol ase anti serum to gut 
mucosal sampl es ( see Bi shop et �. ,  1982 ) . None of the 
methods desc ri bed i n  thi s thes i s  sta i n al l gut endoc ri ne cel l s  

and thu s  presentl y there are no good esti mates of the total 
number of  endoc ri ne cel l s  at any si te i n  the ov i ne GI  trac t .  
Anti sera to neuronal spec i fi c  enol ase are cl aimed ( Bi shop 

et �. ,  1982 ) to sta i n al l GEP endocri ne cel l s  and coul d 

therefore be used to provi de such data . 

( b )  I ntroducti on of addi ti onal anti sera to i denti fy further 
spec i fi c  types of endoc ri ne cel l s . Ovi ne abomasal EC cel l s  
were di ffi cul t to i denti fy because they sta i ned poorl y wi th 

the conventi onal h i stochemi cal techni ques used i n  thi s study . 
Use of a spec i fi c  anti serum woul d be of consi derabl e assi stance 

i n  i denti fy i n g  EC cel l s  parti cul arl y when thei r content of  

sec retory product i s  l ow .  Use of  an anti serum to hi stami ne 

woul d permi t pos i ti ve i denti fi cati on of  ECL cel l s  fo r whi c h  no 
spec i fi c  hi stochemi cal techni que i s  avai l abl e .  
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( c )  Mos t  CCK anti sera produced by conventi onal i mmunol ogi cal 

methods c ross-react wi th gas tri n .  Thu s  CCK anti sera to be 

used i n  future i mmunoh i stochemi cal studi e s  shou l d be screened 

for such cross-reacti vi ty .  Use of monocl onal anti body produc

ti on technol ogy shoul d i nc rease the probabi l i ty of produc i ng 

spec i fi c  CCK anti sera . I n  a s i mi l ar manner , anti sera spec i fi c 

for the C-termi nal tetrapepti de of gastri n or the N-termi nal 
porti on of the gastri n mol ecul e coul d be produced . Appl i c

ati on of such spec i fi c  anti sera wou l d establ i sh the 

di stri buti ons and densi ti e s  of I ,  TG , I G  and antral G cel l s  i n  

the GI  tact .  

( d ) The appl i cati on o f  doubl e sta i n i ng techni ques , or stai n i ng 

techni ques combi ned wi th el ectron mi c roscopy ,  woul d be u seful 

in establ i sh i ng whether c l ose h i stol ogi cal and hence phy s i o

l og i cal rel ati onsh i ps exi sted between endocri ne cel l types and 
between endoc ri ne cel l s  and other mucosal cel l types in  the G I  

tract .  I n  parti cul a r ,  such methods may b e  used to study the 

i nterrel ati onsh i ps  between EC , ECL , G ,  0 and pari etal cel l s  i n  

a vari ety of physi ol ogi cal states . 

( e )  A study of ovi ne foetu ses younger than the 100 - 110  day ol d 
foetu ses used i n  thi s study mi ght throw further l i ght  on the 
ontogeny of endoc ri ne cel l s , and may assi st i n  understandi ng 
the functi ons of these cel l s  i n  foetal  gut devel opment . 

( f ) The present studi es shoul d be extended to i ncl ude quanti tati ve 

measurements of the pepti de content of the mucosa and pl a sma . 

I n  the studi es desc ri bed here , no assessment was made of 
hormone content of i ndi v i dual endocri ne cel l s . The techni ques 
desc ri bed may be mod i f i ed such that there i s  a defi ned 
rel ati onsh i p between chromagen col our dens i ty and hormone 

content .  I n  such c i rcumstances esti mates of hormone content 

coul d be made by densi tometry ( Skl arew , 1 982 ) . 

Appl i cati on of the data conta i ned i n  th i s  thesi s and the extensi on 

of such stud i es as outl i ned above may assi st i n  understandi ng nutri ti onal 

and pathophysi ol ogi cal di sorders · i n  sheep . I t  i s  though t ,  for exampl e ,  
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that the fa i l ure of l ambs to thri ve when fed Lotus �· contai n i ng h i gh 

l evel s of tann i n s may i n  part be due to di sturbances o f  the gut hormone 
system ( T .  Barry , pers . comm . ) .  C i rcul ati ng l evel s of GH and somato

stati n are al tered , however , the mechani sms i nvol ved are not understood . 

Knowl edge of the changes that occ ur i n  the GEP endocri ne system i n  such 

nutri ti onal di sorders may l ead to a better understandi ng of the reasons 

for the fa i l u re of animal s to thri ve . S imi l arl y ,  appl i cati on o f  the 

techni ques desc ri bed i n  thi s thesi s  to animal s sufferi ng from other 

nematode i n fecti ons  ( e . g .  Ostertagi a  c i rcumc i ncta ) shoul d l ead to a 
better understandi ng  of the di sease syndrome . I n  ostertagi asi s 

hypochl orhydri a i s  accompan i ed by hypergastri nemi a ,  however , i t  i s  not 

known i f  the l atter i s  due to i nc reased G cel l numbers and/or i nc reased 

rel ease of gastri n .  Other cel l types i nvol ved i n  regul ati on of gastri c 

ac i d  secreti on ( e . g .  ECL and D cel l s ) may al so be i nvol ved i n  abomasal 

dys functi on . Thu s  a study of endocri ne cel l densi ti es i n  parasi ti zed 
animal s shoul d ai d i n  understandi ng the regul ati on of normal functi ons  
o f  the GI  tract and some of the derrangements that occu r  in  such di sease 
states . 

I n  concl u s i on , the spec i fi c  experimental a i ms of thi s study have i n  

l arge measure been achi eved . Hi stochemi cal and immunohi stochemi cal 
techni ques sui tabl e for use i n  sheep have been establ i shed . Usi ng these 
techn i ques , argyroph i l i c ,  EC , G ,  S and D cel l morphol ogy and 
di stri buti ons were studi ed i n  animal s rangi ng i n  age from 100 - 1 1 0  day 
ol d foetu ses to mature adul ts . F i nal l y ,  i t  was establ i shed that even i n  

very mi l d  tri chostrongyl osi s changes i n  endoc ri ne cel l den s i ti es 
occurred i ndi cati ng that hormonal i mbal ance may be responsi bl e for some 

of the cl i n i cal effects of th i s di sorde r .  
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APPEND I X  1 .  L i st of chemi cal s and s ta i n s  u sed i n  the present studi e s  
a n d  thei r source o f  supply .  

Chemi cal 

Aceti c ac i d  

Al c i an Bl ue 8GX 

Al umi ni um pota s s i um 
sul phate 

Ammoni um acetate 

Ammoni um hydroxi de 
Barbi turi c ac i d  

Barbi tal 

Spec i fi cati on 

gl ac i al , ' Anal aR ' 

C . I .  74240 , ' GURR ' 

' Anal aR ' 

UN I VAR 

' AR I STAR ' 

Bovi ne serum al bumi n ( Fraction  V powder) 

Chl oral hydrate GPR 
Chl oro fo rm  UN I VAR 
Ci tri c  ac i d  ' Anal aR ' 
D i ami nobenzi di ne tetrahydrochl ori de 

Di sodi um hydrogen orthophosphate 
( anhydrous )  UNI VAR 

DPX mountant 
Eos i n Y 

Ethyl al cohol 
C . I .  45380 , ' GURR ' 

abosl ute ,  GPR 
95% 

Ethyl enedi ami netetra-aceti c 
aci d  di sodi um sal t • Anal aR • 

Fast Bl ack K C . I .  37190 , • GURR ' 
Fast Garnet GBC C . I .  37201 , 1 GURR ' 
Formal i n  GPR 
Gl utaral dehyde ( 25% ) 

Haemal um ( Mayer ' s ) 

Haematoxyl i n  

Hydrochl ori c ac i d  

UN I LAB 

' GURR ' 

C . I .  75290 , 1 GURR 1 
• Anal aR • 

Hydrogen peroxi de ( 27% ) UN I VAR 
Hydroqui none 

I odi ne 
Lead ni trate 

• Anal aR • 

• Anal aR • 

GPR 

Suppl i er Catal ogue No . 

BDH 

BDH 

BDH 

Aj ax 

BDH 
Si gma 

S i gma 

S i gma 

BDH 

Aj ax 
BDH 

Si gma 
Aj ax 

BDH 

BDH 

BDH 
BDH 
BDH 

Aj ax 
BDH 

BDH 

Aj ax 

BDH 

BDH 
BDH 
Aj ax 

BDH 

BDH 
BDH 

10001 

34089 

10009 

27 

45200 

80625 

B0375 

A4503 

27668 

152  

10081 

05637 
621  

36029 

34027 

28304 
28303 
10093 

G12600 
341 18 

28421 

698 

35060 
34037 
10125 

260 
10312 

10135 
29038 
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L i ght Green SF C . I .  42095 , ' GURR ' BDH 34043 

Magnesi um sul phate ' Anal aR ' BDH 10151  

Mercuri c chl ori de ' Anal aR ' BDH 10154 

P i cri c ac i d  GPR BDH 29554 

Pota ss i um chromate ' Anal aR ' BDH 10199 

Pota ss i um di chromate ' Anal aR ' BDH 10202 

Pota s s i um di hydrogen UNI VAR Aj ax 391 
orthophosphate 

S i l ver n i trate UN I VAR Aj ax 449 
Sodi um acetate GPR BDH 44472 

( anhydrous )  
Sodi um carbonate ' Anal aR ' BDH 10240 

( anhydrous ) 

Sodi um chl ori de UN I VAR Aj ax 465 
Sodi urn hydrogen UN I VAR Aj ax 475 

carbonate 

Sodi um i odate GPR BDH 301 7 1  
Sodi um sul phi te ' Anal aR ' BDH 10357 

( anhydrou s )  

Sodi um th i o sul phate ' Anal aR ' BDH 10268 
Thi merosal S i gma T5125  
Thymol GPR BDH 30433 
Tol u i di ne Bl ue c .  I .  52040 , ' GURR ' BDH 34077 
Trasyl ol Bay er 
Tri s ( hydroxymethyl ) ' Anal aR ' BDH 103 1 5  

ami nomethane 
Wax ( Paraffi n )  ' GURR ' BDH 36107 

m .  p .  56 ° C  

Xanthydrol HaW 52985 
Xyl ene GPR BDH 30576 

Suppl i ers : Aj ax Chemi cal s ,  Sydney , Austral i a  
Bayer Pharmaceuti cal Co . Botany , N . S . W . , Au stral i a  
BDH Chemi cal s L td ,  Pool e ,  Engl and 
Hopk i n a Wi l l i ams , Chadwel l Heath , Es sex , Engl and 
S i gma Cher.1i cal Co . , St Loui s ,  USA 
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