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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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sheep { fast garnet method ) 

3 . 26 EC cell { ' open • type ) i n  Brunner ' s  gland i n  duodenum 1 1 5  
of adult sheep { fast garnet method)  

3 . 27 EC cell { ' closed ' type ) i n  Brunner ' s  gland i n  duodenum 1 1 5  
o f  adult sheep ( fast garnet method ) 

3 . 28 D i azoni um pos i ti ve cells ( poss i bly globular leuco- 1 16  
cyctes )  i n  duct of Brunner ' s  gland i n  adult sheep 
( fast garnet method ) 

3 . 29 MMC i n  Brunner ' s  gland i n  duodenum of adult sheep · 116 
( fast garnet method ) 

3 . 30 Globular leucocytes i n  Brunner ' s  gland i n  duodenum 117 
of adult sheep ( fast garnet method ) 

3 . 31 ' Clear •  cells i n  abomasal gastri c glands of adult 1 1 7  
sheep ( alci an blue/H and E method ) 

3 . 32 ' Clear •  cells i n  abomasal antral glands of adult 1 1 7  
sheep ( alc i an blue/H and E method ) 

3 . 33 MMC i n  abomasal gastri c gland of adult sheep ( alc i an 1 1 9  
blue/H and E method ) 
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3 . 34 Al c i an bl ue pos i ti ve fi brobl asts of subepi thel i al 1 1 9  
fi brobl asti c sheath o f  abomasal gastri c gl and i n  
adul t sheep ( al c i an bl ue/H and E method) 

3 . 35 Al c i an bl ue negati ve fi brobl asts of subep i thel i al 1 1 9  
fi brobl a sti c sheath of abomasal antral gl and i n  
adul t sheep ( al c i an bl ue/H and E method ) 

3 . 36 CTMC ' s  i n  submuco sal  connecti ve ti s sue of abomasal 120 
body of adul t sheep ( al c i an bl ue/H and E method) 

3 . 37 Tol u i di ne bl ue pos i ti ve MMC ' s  and subepi thel i al 120 
fi b robl ast i n  abomasal body of adul t sheep ( tol u i di ne 
bl ue method ) 

3 . 38 Subepi thel i al fi brobl asts wi th i n  the basal l ami na 122  
of abomasal gastri c gl and of adu l t sheep ( tol u i di ne 
bl ue method ) 

3 . 39 Subepi thel i al fi brobl a sts outs1de the basal l ami na 122  
of abomasal gastr ic  gl ands of adul t sheep ( tol u i di ne 
bl ue method ) 

3 . 40 Metachromati c gl obul ar l eucocytes i n  abomasal gastri c 122  
gl ands of adul t sheep ( tol u i di ne bl ue method ) 

3 . 41  ' Cl osed ' type metachromati c cel l i n  Brunner ' s  gl and 123  
of  adu l t sheep ( tol u i di ne bl ue method ) 

3 . 42 ' C l osed ' type metachromati c cel l i n  duct of Brunner ' s  123 
gl and of adul t sheep ( tol ui di ne bl ue method ) 

3 . 43 G cel l s  i n  abomasal antrum of adul t sheep ( gastri n 123  
anti serum ( As ' 74 ) /PAP method ) 

3 . 44 Antral G cel l of adul t sheep wi th concentrati on of 124 
secretory granul es  i n  i nfranucl ear cytopl asm 
( gastri n anti serum ( As ' 74 ) /PAP method ) 

3 . 45 I ntesti nal G cel l i n  duodenal crypt of adul t sheep 124 
( gastri n anti serum ( As ' 74 ) /PAP method ) 

3 . 46 I ntesti nal G cel l near ti p of i ntesti nal vi l l us of adul t 124 
sheep ( gastri n anti serum ( As ' 74 ) /PAP method ) 

3 . 47 G cel l i n  Brunne r ' s gl and of duodenum of adul t sheep · ·. 125 
( gastri n anti serum ( As ' 74 ) /PAP method)  

3 . 48 S cel l i n  duodenal crypt of adu l t sheep ( secreti n 125 
anti serum/PAP method ) 

3 . 49 S cel l near ti p of duodenal v i l l us of  adul t sheep 
( secreti n anti serum/PAP method ) 

125 

3 . 50 D i stri buti on of argyrophi l ic and argentaffi n cel l s  127 
i n  the G I  tract of  adul t sheep ( De Grandi , Sevi er-
Munger and Masson-Hamperl methods ) 

3 . 51 Di stri buti on of argyrophi l i c  cel l s  i n  abomasal 1 28 
gastri c gl ands of  adul t sheep ( De Grandi method) 
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3 . 52 D i stri buti on of argyrophi l i c  cel l s  i n  duodenal crypts 128 
of adul t Sheep ( De Grandi method ) 

3 . 53 Argyrophi l i c  cel l i n  duct of Brunner ' s  gl and of adu l t 129 
sheep ( De Grandi method) 

3 . 54 Groups of argyrophi l i c cel l s  i n  Brunner ' s  gl and of 129 
adul t sheep ( De Grandi method ) 

3 . 55 D i stri buti on of EC cel l s  i n  the G I  tract of adul t sheep 131  
( fast garnet and  chromaffi n methods ) 

3 . 56 C l usters of EC cel l s  i n  duodenal crypts of  adul t 133  
sheep ( fast garnet method) 

3 . 57 D i stri buti on  of G and S cel l s  i n  the G I  tract of 132 
adul t sheep ( gastri n ( As ' 74 )  and secreti n anti sera/ 
PAP method ) 

3 . 58 D i stri buti on of G cel l s  i n  abomasal antral gl ands of 133  
adul t sheep ( gastri n anti serum ( As ' 74 ) /PAP method ) 

3 . 59 D i stri buti on  of  G cel l s  i n  duodenal crypts of  adul t 133  
sheep ( gastri n anti serum ( As ' 74 } /PAP method ) 

3 . 60 G cel l s  i n  Brunner ' s  gl ands o f  adu l t sheep ( gastri n 134 
anti serum ( As ' 74 ) /PAP method ) 

3 . 61  D i stri buti on of A cel l s  i n  pancreati c i sl et of 1 34 
Langerhans i n  adul t sheep ( gl ucagon anti serum/PAP 
method ) 

3 . 62 Immunoreacti ve A cel l i n  pancreati c exocri ne aci nus  134 
of adu l t sheep ( gl ucagon anti serum/PAP method ) 

4 . 1  Non- speci fi c si l ver sta i ni ng throughout duodenal 1 5 1  
mucosa o f  foetal l amb ( De Grandi method ) 

4 . 2  Reti cul ar mucosa of foetal  l amb ( al ci an bl ue/H 1 5 1  
and E method ) 

4 . 3  Rumi nal mucosa of foetal l amb ( al ci an bl ue/H and E 153 
method ) 

4 . 4  Abomasal mucosa ( body reg i o n )  o f  foetal l amb ( al c i an 153 
bl ue/H and E method ) 

4 . 5  Abomasal mucosa ( antral reg i o n )  of foetal l amb ( al c i an 153 
bl ue/H and E method)  

4 . 6  Duodenal mucosa o f  foetal l amb { al c i an bl ue/H and E 154 
method )  

4 . 7  I l eal mucosa o f  foetal l amb ( al c i an bl ue/H and E 154 
method 

4 .8 D i stri buti on of argyrophil i c  and EC cel l s  i n  the G I  155 
tract of foetal l ambs ( De Grandi and fast  garnet 
methods ) 
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4 . 9  D i stri buti on  of G ,  S and D cel l s  i n  the G I  tract of 156 
foetal l ambs { gastri n { As ' 74 ) , secreti n and somato-
stati n anti sera/PAP method ) 

4 . 10 Argyrophi l i c  cel l wi th basal cytopl asmic  process i n  161  
abomasal gastri c gl and of foetal l amb { De Grandi 
method ) 

4 . 1 1 Group of argyroph i l i c cel l s  i n  abomasal gastri c gl and 161  
of foetal l amb { De Grandi method ) 

4 . 12 Argyroph i l i c  cel l open i ng i n  to abomasal antral 161  
gl and of foetal l amb { De Grandi method ) 

4 . 13 Argyroph i l i c cel l wi th basal cytopl asmic  process i n  162 
abomasal antral gl and of foetal l amb { De Grandi 
method ) 

4 . 14 Argyrophi l i c cel l s  near ti p of duodena l  vi l l us of  1 62  
foetal l amb { De Grandi method) 

4 . 15 Argyroph i l i c cel l s  { ' cl osed ' type ) i n  i ntesti nal 162 
crypts of foetal l amb { De Grandi method) 

4 . 16 EC cel l { ' cl osed ' type ) i n  abomasal gastri c gl and 163 
of foetal l amb { fast garnet method ) 

4 . 17 EC cel l i n  i ntesti nal crypt and CTMC ' s i n  duodenal 163  
connecti ve ti ssue of foetal l amb { fast garnet method ) 

4 . 18 EC cel l near base of duodenal  vi l l us of foetal l amb 163 
{ fast garnet method) 

4 . 19 D i azoni um pos i ti ve cel l i n  i ntesti nal v i l l us of 165 
foetal l amb ( fast garnet method ) 

4 . 20 Antral G cel l i n  abomasum of foetal l amb { gastri n 165 
anti serum ( As ' 74 ) /PAP method ) 

4 . 21 I ntesti nal G cel l s  i n  duodenum of foetal l amb { gastri n 165 
anti serum ( As ' 74 ) /PAP method ) 

4 . 22 I ntesti nal S cel l s  i n  duodenum of foetal  l amb 166 
(secreti n anti serum/PAP method ) 

4 . 23 D cel l ( ' open ' type ) i n  abomasal antral gl and of foetal -: 166 
l amb { somatostati n anti serum/PAP method ) 

4 . 24 D cel l ( ' cl osed ' type)  i n  abomasal antral gl and of 166 
foetal l amb { somato stati n anti serum/PAP method)  

5 . 1  Di stri buti on of argyroph i l i c  and EC cel l s  i n  the G I  1 73  
tract of 2 week ol d l ambs ( De Grandi and fast garnet 
methods )  

5 . 2  D i stri buti on  of G ,  S and D cel l s  i n  the G I  tract of 177 
2 week ol d l ambs (gastri n.(As ' 74 ) , secreti n and 
somatostati n anti sera/PAP method ) 
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5 . 3  Argyroph i l i c  cel l ( ' cl osed ' type ) wi th basal cyto- 180 
pl a smic  process i n  abomasal gastri c gl and of 2 week 
ol d l amb ( De Grandi method )  

5 . 4 Argyrophi l i c  cel l ( ' cl osed ' type ) i n  abomasal antral 180 
gl ands of 2 week ol d l amb ( De Grandi method ) 

5 . 5  Argyrophi l i c cel l i n  duodenal crypt o f  2 week ol d 180 
l amb ( De Grandi method) 

5 . 6  Argyrophi l i c  cel l s  ( ' open• type ) i n  Brunner ' s  gl and 181 
of 2 week ol d l amb ( De Grandi method ) 

5 . 7  Argyrophi l i c  cel l ('cl osed ' type ) i n  Brunner ' s  gl and 181 
of 2 week ol d l amb ( De Grandi method ) 

6 . 1  D i stri buti on of argyroph i l i c  and EC cel l s  i n  the G I  189 
tract of  2 week ol d l ambs ( De Grandi and fast  garnet 
methods ) 

6 . 2  D i stri buti on o f  G ,  S and D cel l s  i n  the G I  tract of 190 
2 week ol d l ambs ( gastri n ( As ' 74 ) , secreti n and 
somatostati n anti sera/PAP method ) 

6 . 3  D cel l s  ( ' cl osed ' type ) i n  abomasal gastri c gl ands of 196 
2 week ol d l ambs ( somatostati n anti serum/PAP method ) 

6 . 4  D cel l s  ( • open • and • cl osed • types ) i n  abomasal antral 196 
gl and of 2 week ol d l amb ( somatostati n anti serum/PAP 
method ) 

6 .5 D cel l ( • cl osed• type ) wi th basal cytopl asmi c process ,  196 
i n  abomasal antral gl and of 2 week ol d l amb ( somata-
statio anti serum/PAP method) 

6 . 6  D cel l s  ( • open • type ) i n  duodenal crypt o f  2 week ol d 197 
l amb ( somatostati n anti serum/PAP method ) 

6 . 7  D cel l near ti p of duodenal v i l l u s o f  2 week ol d l amb 197 
( somatostati n anti serum/PAP method ) 

6 . 8 EC cel l s  i n  duodenal crypts of 2 week ol d l ambs ( fast 201  
bl ack method ) 

6 . 9  D i azoni um pos i ti ve cel l ( • cl osed • type )  i n  Brunner • s  201 
gl and of 2 week ol d l amb ( fast bl ack method ) 

6 . 10 Gl obul ar  l eucocyte i n  duct of Brunner • s  gl and of 202 
2 week ol d l amb ( fast bl ack method ) 

6 . 1 1  CTMc • s  i n  duodenal submucosal connecti ve ti ssue of 202 
2 week ol d l ambs ( fast bl ack method ) 

7 . 1  Body wei ghts ( mean + SEM ) for control animal s and 2 1 1  
l ambs i nfected wi th-r .  col ubri formi s l arvae 

7 . 2 T .  col ubri formi s worm i n  itunnel • near ti p of 212  
auodenal villus of experi mental ly  i nfected l amb 
( al c i an bl ue/H and E method) 
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