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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 .  



i v .  

ACKNOWLEDGEMENTS 

Spec i al grati tude i s  due to Drs K . R .  Lapwood and G . W .  Reynol ds· 
for thei r conti nued encouragement and the gui dance so wi l l i ngly gi ven 

throughout the term of th i s  project .  

I al so wi sh to thank Professor R . E .  Munford for h i s rol e a s  

superv i sor and for mak i ng avai l abl e the faci l i ti es of  the Department 
of Phys i ol ogy and Anatomy . 

Spec i al thanks are al so due to Mr M .J . B i rtl es  and O r  W . A . G .  

Charl eston for the many hel pful di scuss ions  and the expert adv i ce 
gi ven . 

Massey Uni vers i ty sheep farm superv i so r ,  Mr P . H .  Whi tehead , i s  
thanked for prov i s i o n  and management of sheep used i n  th i s  study .  

I si ncerely thank Messrs R . N .  Ward , I .  Denby ,  Mrs B . G .  Batchel a r ,  
Mi ss  P . J . Wyl i e  and s .  Thomas for the ski l l ed techni cal ass i stance so 

generously gi ven , Mr K .  Korndorffer for assi stance i n  preparati on of 
fi gures , Mr T . J . Law for photographi c  adv ice  and Mrs G. Shaw for her 
pati ent typi ng of thi s  thes i s .  

O r  J .  Hansky i s  thanked for generous ly  prov idi ng gastri n anti serum 
( As'74 } and Or R . V .  Brunsdon i s  thanked for mak i ng avai l abl e the 

T .  col ubri formi s l arvae used i n  th i s  study . 

I am i ndebted to Or  R . W .  Bai l ey and the O . S . I . R .  for enabl i ng me 
to undertake th i s  study . 

Fi nal ly I wi sh to acknowl edge the moral support and encouragement 

gi ven by my wi fe Catheri ne duri ng the peri od of th i s  study .  



Abbrev i ati on 

Ab 

APUD 
As ' 74 

BLI  

BSA 

ca2+ 

CaC1 2 
CCK 
Chr 

C I  

Cl -

cm 

c .mm-2 

CNS 

CTMC 

DAB 
OF 

DG 

Duo 

EDTA 
EM 

emg 
epg 

FB 

FG 
Fi g .  

g 

Gas 
GEP 
G I  

-------------------

TABLE OF ABBREVIATIONS 

Abomasum 
Ami ne precursor uptake and decarboxyl ati on 
Anti serum ' 74 

Bombes i n-l i ke immunoreacti v i ty 

Bovi ne serum a 1 bumi n 

Cal c i um i ons  

Cal c i um chl ori de 
Chol ecystok i ni n  
Chromaffi n 

Col our I ndex 

Chl ori de i ons  

centi metre 
cel l s  per square mi l l i metre 

Central nervous system 

Connecti ve ti ssue mast cel l 

D i ami nobenzi di ne tetrahydrochl ori de 

Degrees of freedom 

De Grandi 

Duodenum 

Ethyl enedi ami netetraaceti c ac i d  
E l ectron mi croscope 

el ectromyogram 
eggs per gram 

Fast Bl ack 

Fast Garnet 
Fi gure 

gram 

Gastri n 
Gastro-entero- pancreati c 
Gastroi ntesti nal 

v .  



G I P  

GL 

GRP 

H and E 

HCl 
HCO -

3 
H i sto 
hr ( s )  

5-HT 

I gG 

I nmuno 
IR 

K+ 

KCl 

K2Cr04 
K2cr2o7 
kg 

KIU  

t 
L I  

m 

M 
mg 
Mg2+ 

MH 

mi n 
ml 
rmn 

rt1Mc 
llll10 1 
mol 
Mol . wt . 
m . p .  

Ill 
11m0l 

Gastri c i nh i b i tory pol ypepti de 

Gl ucagon- l i ke immunoreacti vi ty 

Gastri n rel easi ng pepti de 

Haematoxyl i n  and eos i n 

Hydrochl ori c aci d  
B i carbonate i ons  

H i stochemical 
hour ( s )  

5-hydroxytryptami ne ( serotoni n )  

Immunogl obul i n  G 

Immunoh i stochemical 

I 11111u noreacti ve 

Pota s s i um i ons 

Pota s s i um chl ori de 

Potass i um chromate 

Potass i um d ichromate 

k i l ogram 

Kal l i krei n i nh i b i tor uni t 

1 i tre 

Large i ntesti ne 

metre 

Mol ar  
mi l l i gram 
Magnes i um i ons 
Masson-Hamperl 

mi nute 
mi l l i l i tre 
mi l l imetre 
Mucosal ( or Mi grati ng ) mast cel l 

mi l l i mol e 
mole 

Mol ecul ar  wei ght 

mel ti ng poi nt 

mi crol i tre 
mi cromol e 

vi . 



n 

N 

Na+ 

No 

PAP 

PBS 

pers . 
pg 

PH I 

pmol 
PO 3-

4 
pp 

% 

R IA  

Sec 
SEM 

S I  
SM 
Som 

Tri s 

VFA 

V I P  
v s  

wks 

yrs 

corn. 

number 1 group 

Normal 

Sodi um i ons  

An imal number 

Peroxi dase anti -peroxi dase 

Phosphate buffered sal i ne 

personal communi cati on  
p i cogram 

Porc i ne heptacosapepti de 

pi comol e 
Phosphate i ons  

Pancreati c polypepti de 
percent 

Rad io immunoassay 

Secreti n 
Standard error of the mean 

Smal l i ntesti ne 
Sevi er-Munger 
Somatostati n 

Tri s ( hydroxymethyl ) ami nomethane 

Vol ati l e  fatty aci d 

Vasoacti ve i ntesti nal pol ypepti de 
versus 

weeks 

years 

v i i .  

Abbrev i ati ons u sed for speci fi c  endocri ne cel l types are gi ven i n  

Tabl e 1 . 1 .  

Abbrev i ati ons u sed for si tes from whi ch mucosal sampl es were taken are 

gi ven i n  Tabl es 2 . 2 and 7.3. 



TABLE OF CONTENTS 

ACKNOWLEDGEMENTS 

ABBREV IATIONS 

TABLE OF CONTENTS 

L I ST OF F IGURES 
L I ST OF TABLES 

CHAPTER 1 : L ITERATURE REV I EW 

1 . 1  

1 . 2  

I ntroducti on 

Anatomy of the Ovi ne Stomach and 

1 . 2 . 1  Gross  Anatomy 
1 . 2 . 1 . 1  Stomach 

1 . 2 . 1 . 1 . 1  Forestomach  
1 . 2 . 1 . 1 . 2  Abomasum 
1.2 . 1 . 2  Smal l I ntesti ne 

1 . 2 . 1 . 3  Large I ntesti ne 

1 . 2 . 2 H i stol ogy 

I ntesti nes 

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

1 . 3 . 1  Embryol ogi c .al  Devel opmment 
1 . 3 . 1 . 1  Stomach 
1 . 3 . 1 . 2  I ntesti nes 

1 . 3 . 2  Postnatal Devel opment 

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

1 . 5  

1 . 4 . 1  Sal i va 

1 . 4 . 2  Forestomach 

1 . 4 . 2 . 1 Rumi noreti cul um 

1 . 4 . 2 . 2  Omasum 
1 . 4 . 3  Abomasum 
1 . 4 . 4  I ntesti nes 
1 . 4 . 5  Bi l e  

1 . 4 . 6  Pancreati c Ju i ce 
I nnervati on of  the GI  Tract 

1 . 5 . 1  Extri n s i c  Nerve Suppl y 

1 . 5 . 1 . 1  Parasympathetic 

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

1 . 5 . 2 . 1  Myenteri c Pl exus 

1 . 5 . 2 . 2  Submucosal Pl exus 

vi i i . 

Page No . 
i v  

V 

v i i i  
xi i i  

XX 

1 

2 

2 

2 

2 

4 
5 

5 

6 

10 

10 

1 1  
1 2  

1 3  
1 4  

1 4  
1 4  

1 4  

1 5  
15  
16  
17  

17  
18 
18 

18 

18 
19  
19  

19  



------------------------------------

1 . 6 Regul ation of GI  Secretory Acti v i ty 

1 . 6 . 1  Regul ation of  Abomasal Secretion 

1 . 6 . 1 . 1  Gastri n 

1 . 6 . 1 . 2 Acetyl chol i ne 
1 . 6 . 1 . 3 H i stami ne 

1 . 6 . 1 . 4 Bombes i n 

1 . 6 . 1 . 5  pH 
1 . 6 . 1 . 6 Adrena l i ne 
1 . 6 . 1 . 7 Somatostati n 

1 . 6 . 2  Regul ation o f  Pancreati c Exocri ne Secretion 

1 . 6 . 2 . 1  Secreti n 

1 . 6 . 2 . 2  CCK 

1 . 6 . 2 . 3  pp 
1 . 6 . 2 . 4  Somatostati n 

1 . 6 . 3  Regul ation of Bi l e  Secretion 

1 . 6 . 4  Regul ation o f  I n testi nal Secretion 

1 . 7  Regul ation of Moti l i ty of the Ovi ne G I  Tract 
1 . 7 . 1  Rumi noreti cul um 

1 . 7 . 1 . 1  Refl ex Control 

1 . 7 . 1 . 2 Hormonal Control 

1 . 7 . 2 Omas um 
1 . 7 . 3  Abomasum 
1 . 7 . 4 I ntesti nes 
1 . 7 . 5  Gal l Bl adder 

1 . 8 Endocri ne Cel l s  of the G I  Tract 

1 . 8 . 1  Methods of Demonstration and Identi fi cation 
of Endocri ne Cel l s  

1 . 8 .2 General Morphol ogy 

1 . 8 . 3  Cl ass i fi cation of Enuocri ne Cel l s  

1 . 8 . 4  D i stri bution o f  Endocri ne Cel l s 
1 . 8 . 5  Ori gi n and Devel opment of Endocri ne Cel l s  

1 . 9  Pathophys iologi cal Effects of Parasi tes i n  the G I  Tract 
1 . 10 Aims of the Experiments Descri bed i n  th i s  Thes i s  

CHAPTER 2 : MATERIALS AND METHODS 

2 . 1 An imal s 

2 . 2  Col l ection of Ti ssue Sampl es 

2 . 3  Sampl e Preparation 

i x .  

20 

20 

21 
23 

24 

24 

25 

26 

26 

28 
29 

30 

31 

32 

32 
33 

35 

35 

35 

36 

37 

37 
39 
39 

40 
40 

44 

45 

48 

50 
53 
58 

59 

59 

62 



2 . 4  Chemi cal s and Sta i n s  

2.5 F i xation and Processi ng 

2 . 6  H i stochemi cal Sta i n i ng Techni ques 

2 . 7  Immunoh i stochemi cal Stai n i ng Techni ques 

2 . 8  Anti sera 

2 . 9  Reconsti tution and D i l ution o f  Anti sera 

2 . 10 Mi croscopy and Photomicroscopy 

2.1 1  Cel l Counti ng  Methods 
2 . 12 Stati sti c al Methods 

CHAPTER 3 EVALUATION OF STA I N I NG METHODS  AND I DENT IF ICATION OF 

ENDOCRINE CELLS I N  THE G I  TRACT OF ADULT SHEEP 

3 . 1  I ntroduction 

3 . 2 Methods 
3.3 Resul ts 

3 . 3 . 1  Performance of Sta i ni ng Techni ques 

3.3 . 2  Compari son o f  H i stochemical Stai n i ng Methods 

3 . 3 . 3  Morphol ogy of Endocri ne Cel l s 
3 . 3 . 4  D i stri bution of Endocri ne Cel l s  

3 . 4  D i scuss ion 
3 . 4 . 1  Rel i ab i l i ty and Speci fi c i ty o f  Sta i ni ng 

techni ques 
3 . 4 .2 Factors Affecti ng Sta i ni ng Performance 
3 . 4 . 3  Sta i n i ng Characteri sti c s  and I denti fi cation 

of Endocri ne Cel l s  

3 . 4 . 4  D i stri bution of Endocri ne Cel l s  
3 . 4 . 5  I denti fi cation of Non-endocri ne Cel l s  
3 . 4 . 6 Conc l usion 

CHAPTER 4 : ENDOCRINE CELLS I N  THE G I  TRACT OF THE FOETAL LAMB 

4 . 1  

4 . 2  

4 . 3  

Introduction 

Methods 

Resul ts 
4 . 3 . 1  
4 . 3 . 2 

General Morphol ogy . 
Distri bution of Endocri ne Cel l s  

x .  

62 

62 
63  

78 

80 

84 

84 

85 
85 

87 

87 

91  
9 1  

104 

107 

126 

138 
1 38 

1 38 

140 

143 

145 
147 

149 

149 

1 50 

1 50 
152 



xi . 

4 . 3 . 3  Morphology and Mucosal Location of Endocri ne Cel l s  160 

4 . 4  Di scuss ion 

CHAPTER 5 
. \ 

THE I DENT IF ICATI ON AND D I STRI BUTI ON OF ENDOCRINE 

5 . 1  
5 . 2  
5 . 3  

5 . 4 

CELLS I N  THE G I  TRACT OF NEONATAL LAMBS 

I ntroduction 
Methods 
Resul ts 
5 . 3 . 1  D i stri bution of Endocri ne Cel l s  
5 . 3 . 2 Morphol ogy and Mucosal Location of Endocri ne Cel l s  

D i scuss ion 

CHAPTER 6 THE I DENT IF ICATI ON AND D I STRIBUT ION OF ENDOCR INE  

CELLS I N  THE G I  TRACT OF  6 MONTH OLD LAMBS 

6 . 1  I ntroduction 

6 . 2 Methods 

6 . 3  Resul ts 
6 . 3 . 1  D i stri bution of Endocri ne Cel l s 
6 . 3 . 2  Endocri ne Cel l Morphol ogy 
6 . 3 . 3  Compari son of D i azon i um Techni ques 
6 . 3 . 4 Morphol ogy of D i azon i um Pos i ti ve Cel l s  

6 . 4 D i scuss ion 

CHAPTER 7 THE EFFECTS OF A TRI CHOSTRONGYLUS COLUBR I FORM I S  

I NFECT ION ON THE D I STR I BUTION AND DENS ITY OF ENDOCRINE  
CELLS I N  THE G I  TRACT OF  LAMBS 

7 . 1  I ntroduction 
7 . 2  Materi al s and Methods 

7 . 3  Resul ts 

7 . 3 . 1  Paras i tol ogy 

7 . 3 . 2  Cl i n i cal Effects 

7 . 3 . 3  H i stol ogi cal Appearance of the Gut Mucosa 

164 

1 7 1  

1 7 1  
1 7 2  

172 
178 

182 

187 

187 

188 

188 
194 
198 
200 
203 

205 

206 
209 

209 

210 

210  



7.3.4 Effects on Endocri ne Cel l Dens i ti es and 

D i stri butions 

7.4 D i scuss ion 

CHAPTER 8 : GENERAL D I SCUSS ION AND CONCLUS IONS 

8.1 E ndocri ne Cel l Types Identi fi ed 

8.2 D i stri bution of Endocri ne Cel l s  

8.3 Age Group Compari sons  

8.4 Endocri ne Cel l s  and Paracri ne Function 

8.5 Effects of T .  col ubri formi s I nfection 

8.6 Future Research 

APPEND I X  1 

B I BL IOGRAPHY 

x i i . 

213 

220 

227 

231 

241 

241 

241 

243 

246 

248 



xi i i . 

LIST OF FIGURES 

Fi gure Page No . 

1 . 1  D i agrammati c  representati on of the ov i ne G I  tract 3 

3 . 1  Argyrophi l i c  cells i n  duodenal muco sa o f  adult 92 
sheep ( De Grandi method ) 

3 . 2 Argyroph i li c cells i n  abomasal gastri c glands of  92 
adult sheep ( Sevi er-Munger method } 

3 . 3  Argentaffi n cells , both well and poorly sta i ned , i n  92 
duodenal mucosa of  adult sheep ( Ma sson-Hamperl 
method ) 

3 . 4  Argentaffi n cells , poorly sta i ned , i n  duodenal muco sa 93 
of adult sheep ( Masson-Hamperl method ) 

3 . 5  EC cells i n  duodenal mucosa of adult sheep ( fast 93 
garnet method) 

3 . 6 EC cells , poorly sta i ned , i n  abomasal gastri c glands 95 
of adult sheep ( fast garnet method ) 

3 . 7  EC cells i n  duodenal mucosa of adult sheep 95 
( chromaffi n method)  

3 . 8 EC cells , well sta i ned , i n  duodenal mucosa of  adult 95 
sheep ( chromaffi n method)  

3 . 9  EC cells , poorly stai ned , i n  duodenal mucosa o f  adult 96 
sheep ( chromaffi n method) 

3 . 10 G cells i n  abomasal antral glands of  adult sheep 96 
( gastri n As ' 74/PAP method)  

3 . 1 1 L i near regress i on for abomasal ( Abb ) argyrophi li c 100 
cells stai ned i n  s i ngle or separate batches 
( De Grandi method ) 

3 . 12 L i near regressi on for duodenal (Duem) argyrophi l i c  101  
cells sta i ned in  si ngle or separate batches ( De Grandi 
method ) 

3 . 13 L i near regress i on for duodenal ( Duem ) EC cells 102 
sta i ned i n  s i ngle or separate batches ( fast garnet 
method ) 

3 . 14 Li near regress i on for abomasal ( Aba ) G cells stai ned 103 
i n  s i ngle or separate batches ( gastri n anti serum 
( As ' 74 )  PAP method ) 

3 . 1 5 Argyrophi li c cells of  vari able shape and stai n i ng 108 
i ntens i ty i n  abomasal gastri c glands of  adult sheep 
( De Grandi method ) 



xi v .  

3 . 16 Argyroph i li c cell { ' closed ' type ) wi th basal cyto- 108 
plasmi c process ,  adjacent to pari etal cell i n  
abomasal gastri c gland o f  adult sheep { De Grandi 
method ) 

3 . 17 Argyroph il i c  cell { ' closed ' type ) wi th basal cyto- 108 
plasmi c process termi nati ng on di stant pari etal 
cell i n  abomasal gastri c gland of adult sheep 
{ De Grandi method )  

3 . 18 Argyroph il i c  cells , wi th i nfranuclear cytoplasmi c 109 
granules , i n  duodenal c rypt of adult sheep 
{ De Grandi method ) 

3.19 Argyroph il i c  and non-argyroph il i c  endocri ne cells i n  109 
pancreati c i slet of  adult sheep { De Grandi method) 

3 . 20 Argentaffi n cell { ' closed ' type )  i n  abomasal gastri c 11 1 
gland o f  adult sheep { Masson-Hamperl method ) 

3 . 2 1  EC cells { ' closed ' type ) poorly sta i ned , i n  abomasal 1 1 1  
gastric glands of  adult sheep { fast garnet method) 

3 . 22 MMC ' s  i n  abomasal gastri c glands of adult sheep 1 1 1  
{ fast garnet method ) 

2 . 23 CTMC ' s  i n  submucosal connecti ve ti s sue of abomasal 1 1 2  
antrum of  adult sheep { fast garnet method ) 

2 . 24 Globular leucocyte i n  abomasal antral gland of adult 112 
sheep ( fast garnet method) 

3 . 25 EC cells and CTMC ' s  i n  i ntesti nal mucosa of adult 1 1 5  
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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