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ARSTRACT

AN IMMUNOCYTOCHEMICAL STUDY OF SEVERAL TYPES OF GUT

ENDOCRINE CELLS IN CHICK EMBRYOS

ALISON, Barbara Clare, Ph.D. thesis, University of

the Witwatersrand, Jochannesburg, 1989

The time of first appearance and distribution of
several types of peptide-sto.ing cells were studied
in the gastrointestinal tract of <chick embryos
between 12 days of incubation ana hatching. Immuno=
cytochemical methods have been emplcyed to demon-
strate cells immunoreactive for gastrin/cholecysto-
kinin {CCK), neurotensin, somatostatin, glucagon and
avian pancreatic polypeptide (APP) in the [ .oventri-
culus, gizzard, pyloric region, ducdenum, upper and

lower ileum, caecum and rectum.

No immunoreactive cells were found in any region
at 11 days of incubation. Immunoreactive cells
which first appeared at 12 days were: somatostatin-

and neurotensin-immunoreactive cells in the




proventriculus, pyloric re ilon and duo lenum,
neurotensin-immunoreactive cells in the rectum: at 13
days, APP-immunoreactive cells in the duodenum and
g2t ileuw, glucagon-imuwunoreactive cells in the
proventriculus;: at 14 days, somatostatin~ and
neurotensdin-immunoreactive cells in the upper and
lower ileum, gastrin/CCK-immunoreactive cells in the
smull  intestine, APP-immunoreactive cells in the
proventriculus and lower ileum, glucagon-irmunoteac-
tive cells in the pyloiic region and small intastine;
at 16 days, gastrin/CCK-impunoreactive cells in the

pyloric regicn.

Subjective assessment showed an increase in frequency
of all five cell types until the numbers at hatching
were approvimated, a few days before hatching. No
immunoreactive cells of any type were detected in the
gizzard: only neurotensin-immunoreactive cells were

detected in the caecum and rectum.

When these endocrine «cells firat appeared, the
surface epithelium of the gastrointestinal tract was
relat.vely undifferentiated. Cells of all five types

were found in glands once morphogenesis h d begun.

The coexistence of APP- and glucagon-like immunoreac-
tivity in the same cells was studied in the proven-

triculus and small intestine, and of gastrin/CCK- and




neurotensin~like immunoreactivity in the pyloric
region and duodenum. Consecutive sect.ons of each
rejion were examined at 174-, 19- and ?l-days of
incubation. For practical reasons, earlier stages,
vhen cell numbers were small, were not studied.
However, the trend shown in the proventriculus and
ileum suggests that most, if not all, the relevant
cells may contain APP~ and glucagon-like peptides
from the time they first appear. No dual immunoreac-
tivity was detected in the duodenum. The proportion
of cells deronstrating dual imrmunoreactivity for
gastrin/CCKX and neurotensin showed no clear change in

either region.
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CHEPTER _1

INTRODUCTION

Endocrine cells are widely scattered throughout the
length of the gastrointestinal tract of vertebrates
and are also found in many invertebrates. Betwen
them, these cells contain a wide range of .egulatory
peptides and serotonin. All show the presence of
secretory granules, Many, if not all, types of gut
endocrine cells have the ability to take up amine
precursors and decarboxylate them with the formation
of a biogenic amine for which characteristic feature
Pearse (1968) coined the term APUD. While the nmain
action of these cells is believed tu v wuwunrine,
evidence of a paracrine function has also been
presented; for example, somatostatin-immunoreactive
cells have processes which terminate on gastrin-

producing G cells (Larsson, 1985).

In qgenaral terms the functions of gut endocrine cells
voncern the local requlation of dJdigestive processes
(see Grube, 1986). The products of some of these
cells may play an important tole in the control and
maintenance of growth of gastrointestinal tissues:
for example, gastrin may have a trophic effect

(Johnson, 1976} anl aomatostatin, an inhibitory




peptide, has hat antitreph ~ actions attributeu to it

(Lehy et al., 1979, Lehy, 1984).

A number of dJdifferent wethods have been used to »
demonstrate gut endocrine cells. Techniques which
atilize silver impregnation are still used. These
demonstrate «cells which are argyrophil but not A
argentaffin, and enterochramaffin (EC) cells which
typically are both argyrophil and argencaffin. EC

cells are characterized by their serotonin content

and some have been reported to contain mo%ilin
(Polak et al., 19/3: Heitz et al., 1977} and others
substance P (Pearse and Polak, 1975b). Not all
. argyrophil non-EC c-1ls respond i1 the same way to

silver impregnatiocn. A wide variety, bu. not every

RS type of gut endocrine cell 1is demonstrated by the
Grimelius rilver technijue. Whereas, for example,
gastrin-immunorceactive cells are impregnated by this
method but not by that of Hellerstrdm and Hellman,
the opoosite applies to somatostatin-immunoreactive

cells (Larsson et al., 1974c).

Eacly electron microsopic studies demonstrated marked
§ diffaerences in the morphology of the storage granules
from one cell tyne to another, resulting initially
in ultrastructural olassification of gJut endocrine
cells (Solcia et al., 1981} . With the development of

impunocytochemistry, requlatory peptides were



tocalized in specific cells i.e. endocrine cells (and
1180 neurones). Methods such as the demonstration of
leurone specific enolase (Bishop et al., 1982) allow

det

tion ot all gut endocrine cells rypes: chromo-
granin, a protein initially dete ted in the adrenal
medulla, is now widely used as a marker for the

demonstration of

jocrine «cells of the gastro-

intestinal tract {Lloyd and Wilson, 1983).

in the last three decades an explosion of information
has resulted from the isolation, sequencing and
chemical characterization of regulatory peptides. As
a consequence at least twenty regulatory peptices
hav been identified, ranging from the well~
established ones such as secretin and gastrin to the
newer ones such as polypeptide YY (PYY) (Tatemoto,
1982) and pancreastatin (Schmidt et al., 198%). It
is now clear that some of the peptides occur in
muitiple forms i.e. fragments of various langth of
the precursor molecule which all contain the
biclogically active part. These forms may occur in
the same or in dJdifferent cells; for example, cells
immunoreactive for qlucagon itself and others
immunoreactive for 1ts larger molecular forms have
been detected in  the gut of mammals (sc. . for

example, Larsson et al., 1975b: Grimelius et al.,

1976; Tsutsumi, 1984).




¢ Several families of structurally sim lar peptides
have also been recognised: gastrin/CCK, glucagon and

i (ancreatic polypeptide (PP) families.

. With regard to terminology for gut endocrine cells
Jemonstrated by immunocytochemical techniques, cells
which stain after application of an antiserum raised i
against a given peptide, are named after that peptide
for the sake of convenience. For example, cells
N stained with anti-somatostatin serum are generally !
.- said to show "somatostatin-like immunoreactivity" or
to be "somatostatin~immunoreactive'. This is done
with the full knowledge that the sequence recognised
by the antiserum may also occur in a totally

different peptide and therefore what has been

demonstrated in he cell is nct necessarily
somatostatin even if the requisite control procedures

have been carried out,

The demonstration of the affinity of the same gut
endocrine cells for antisera raised to ditfereat
peptides has suggested tuat some cells produce more
than one peptide. Such dual immunoreactivity may be
AN the result of the origin of the peptides from the
same precursor molecule or from different precursor
molecules. The cvoexistence of PP~ and glucagon-
related substances, for example, appears to be comm

through-out vertebrate species (see, for exanple,




Sislund et al., 1983a: Ali-Rachedi et al., 1984).
The phenomenon of  dual  immunoreactivity has been
studied axtensively in mammals but far less
information is availanle with regard to avian
species. In birds dual immunoreactivity for avian
pancreatic polypeptide (APP)- and glucagon-related
substances as we'l as for gastrin/cholecystokinin
{CCK)- and neurotensin-like substances has been
reported {cee Sundler et al., 1977; Rawdon et al.,

1983).

Extensive immunocytochemical studies have been
carried out on th distribution of gut endocrine
cells in a wide variety of invertebrates and
vertebrates, and especially in mammals (see for

example, Fufener et al., 1975; Sundler et al., 1977:

Alumets et al, 1977; Helmstaedter et al., 1977c:
Seino et al., 1979). Some 3iudies on avian gut have

been conducted at hatching (Rawdon and Andrew, 198la)
and thereafter in young birds {for instance, Larsson
et al., 1974c) and adults (for example, Yamada et

al., 1979; El-Salhy et al., 1982d).

Immunoreactive cells of various types have alsn been
demonstrated daring prenatal life, for example, in
rat  and human foetal gut (Larsson et al., 1974a,
1975a; Dubois et al., 197¢ «,b:r Larsson et al..

1977; Helimstaedter et al., 1977b; Nupouy et




1983; Kataoka et al., 1985a,b). There is however
much less published work on embryonic avian material;
that of Sundler et al. (1977) and Salvi and Renda
(1986) reports on the distribution and ontogeny of
neurotensin-, somatostatin-, gastrin/CCK-immuno~
reactive cells ‘n chick embryos at different stages
of development with somewhat differing results., Yet
other immunocytochemical studies have been carried
out on the ontogeny of cells showing pancreatic
polypeptide (PP)-like substances (Larsson et al.,
1974b: Alumets et al., 1978), PYy (El-Salhy ot al.,
1982b) vIip {vasoactive intestinal »olypeptide)
(Sundler et_al., 1979a) and bombesin (D'Este et al.,
1984) in the same species. No information seems to
be available on the ontogeny of cells demonstrating
glucagon-like immunoreactivity in chickens except at

hatching {(Rawdon and Andrew, 198la).

Aims of the present study

The present study was undertaken to determine the
distribution and time of first appearanc: of several
types of gut endocrine cells in different regions of

the gastrointestinal tract in chick embryos.

The cell types selected show immunoreactivit, for

somatostatin, neurotensin, gastrin/CCK, APP and

Py



glucagon; they were sought between 1l1- and 2l- days

of incupation.

A second aim was o determine whether two peptides
are stored in the same cell when they first appear or
whether 2 peptides stored by the cells are
initiall present in separate cells. For this
purpose, dual immunoreactivity for APP and glucagon
and for gastrin/CCK and neurotensin was sought in
selected regions of the gastrointestinal tract of
chick embryos. The proportions of cells exhibiting
dual immunoreactivity in the selected regions were
studied to determine whether any changes occured with

increasing age of the embryo.
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CHAPTER _ 2
BACKGROUND INFORMATION ON THE REGULATORY PEPTIDES,
HISTOLOGY OF THE GASTROINTESTINAL TRACT OF CHICa

EMBRYCS AND IMMUNOCYTQCHEMICAL PROJEDURES

To provide background information on *the regulatory
peptides dealt with in this study an overview of the
relevant literature is given with regard ‘o the
primary atructure of the peptides, distribution of
the peptide-storing cells and the physivlogical roles
of the pertides, with particular reference to birds,

Further, a description of the histology of the
gastrointestinal tract of developing chickens from
11 or 12 days until 21 days of incubation is
presented and the methodology of immunocytochemical

procedure in gereral is outlined.

2.1 Regulatory Peptides

2.1.1  Gastrin

Gastrin was the first peptide hormone to be
localized immunocytochemically in entero-endo-
crine cells (McGuigan, 1963) having previousiy
been isolated and chemically characterized as
G-17-1 and G-17-11 by Gregory and Tracy {(1964)

in hog intestinal mucosa. Subsequently gastcin




heptadecapeptides have been isolated from other
mammals {(Kenner et ai., 1973, see Nilsson, 13)30}
including man (Bentley et al., 1966). Tn the
past few years it has become evident that in
mammals, at least, gastrin exists in several
other molecular forms differing in peptide chain
lengths ({(Walsh, 1981) and that a larger form is
frequently a biosynthetic precursor of a smaller
tiologically active form (Tager and Steiner,
1973). Foliowing the introduction of radio-
immuncassay (RIA) methods a peptide consisting
of 34 amino acid residues, big gastrin, was
purified and characterised from porcine
intestine and from gastrinomas (Gregory and
Tracy, 1972}). Thus "big" gastrin G-34 is the
immediate precurscr of G-17. Since then Noyes
et al. (1979) have shown that the partial
nucleotide sequence for gastrin mRNA predicts
that G=-34 is . .ther generated from an even
larger peptide "big, big gastrin” through
trypsin-like cleavage. Other components with
gastrin-like immunoreactivity have been identi-
fied, i.e. component I {(Rehfeld and Stadil,
1973) and a molecular form of 14 amino acids
(minigastrin) has been isolated in small amounts
tfrom gastrinomas (Gregory and Tracy, 1974).
These related forms of gastrin exist in serum as

well as ia tissue extracts, G-17 being the

|
|
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predominant form in the pvioric mucosa whereas

G-34 is the most aburndant circulating form,

The gastrin molecule shares its terminal five
amino acids with the pentapeptide sequence
molecule of UCK (Mutt and Jorpes, 1971). This
fragment has all cthe chemical and biological
actions of the twd hormonea, supporting the
concept that gastrin and CCK have evolved from a
common anchestral molecule (Larsson and Rehfeld,
1977; Rosenquist and Walsh, 1980} . The
tyrcesine residue in gastrin at position six may
be either sulphated (gastrin 11) or unsulphated
{(gastrin 1) counting unconventionally froa the
carboxyl terminal. In CCK the tyrosine residue
at position seven is always unsulphated

{Barrington and Dockray, 1976).

CCK was first isolated from porcine intestina)
mucosa as a 33-amino acid residue peptide by
Mutt and Jorpes {(1968). Since then evidence has
accummulated suggesting the existence of other
forms with 4, 8, 12, 39 and 58 residues (see
Maton et al., 1984). The common pentapeptide
shared by CCK and gastrin constitutes a highly
itmmunogenic portion of the molecule: hence many

antigera raised against one hormone react also

with the other. The distinction between gastrin

I T



ind CCK  has been made possible by the use of
region specific antisera directed towards the
NHy-terminal or mid-region of the gastrin
molecule. However Larsson and Rehfeld (1977)
found that cells in the avian pyloric region
failed to react with antisera specific for these
regions of the gastrin molecule, supporting the
idea that a close hcmology between avian and
mammalian gastrin exists only at the

COOH-terminal.

Rawdon and Andrew (198lb) have presented immuno-
cytochemical findings suggesting that cells in
the avian pyloric region contain a gastrin-like
peptide while those in the small intestine
contain a peptide related to CCK. It seems that
this peptide resembles mammalian CCK at the
COOH-terminus and also show some sequence

homology with it outside this region.

In  all species investigated (among mammals,
birds and reptiles} the antral mucosa in general
containg the greatest number of gastrin cells
whereas CCK cells are most numerous in  the
duodenum  and  proximal  jejunum but absent from
the ileum (Buffa et _al., 1976). Several studies

have indicated that a large proportion ot CCK
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present in the small intestine is CTCK 8 with CCK
33 being less siqgnificant. In mammals, Dbirds
and reptiles, too, gastrin- and CCK-like mole-
cules occur in separate cell types, whereas in
amphibians and bony fish the same cell type
seems to be responsible for the production of
gastrin and CCK (Larsson and Rehfeld, 1977).
Besides occurring in the gut, both gastrin- and
CCK-like peptides have been found in the central
nervous syrtem and minute quantities of gastrin
have been detected in the mammalian pancreas

{see Nilsson, 1980).

In mammals the physiological actions of gastrin
include stimulation of gastric acid and pep-
sinogen gecreticn and the secretion of water and
electrolytes (Guy:on, 1987). It also exerts a
trophic action on certain tissues of the gut and
together with CCK, also on the pancreas (Johnson

1976) .

CCK opposes the stimulatory effects of gastrin,
as well as stimulating gallbladder contraction
and  pancreatic  enzyme secretion. Tt also
inhibits gastric emptying {see Nilsson, 1930).
The pattern of activity of gastrin and CCK  ja
gaoverned by the structural teatures outside the

tetrapeptile, in particular, the tyrosine

|
i
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residue and whether it is sulphated ¢ not. For
typical CCK-like actions {high potency on
gallbladder and pancreas and a relatively low
potency on acid secretion) the tyrosine residue
must be sulphated and at position 7 from the
COUOH- terminus whereas for gastrin-like activity
there is no requirement for sulphation of the

tyrosine (Dockray, 1977).

2.1.2 Neurotensin

Neurotensin was originally isolated from
extracts of bovine hypothalamus by Carraway and
Leeman (1973) and was characterized shortly
after its discovery as a tridecapeptide
{Carraway and l.eeman, 1375). Subsequently
neurotensin was isolated from both bovine and
human intestine (Kitabgi et al., 1976:; Hammer

and Leeman, 198i).

Tha known biological actions of the peptide
reside almost exclusively in the COOH-terminal
portion of the molecule; evidence suggests that
this terminus of neurotensin has been conserved

during evolution (Carraway et al., 1982).
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The character of neurotensin-related peptides
has been studied in  extracts of chicken
intestine by means of chromatography (Carraway
and Bhatnager, 1980: Carraway and Ferris,
1983). 0f thesc, one was shown to he identical
to bovine neurotensin except for three amino
acid substitutions located within the NHj_
terminal half of the molecule; anotner was a
hexapeptide referred to as LANT-6, a natural
variant of neurotensin having only six resicues,
four of which are identical with those in

neurotensin.

By means of immunocytcchemistry and RIA, neuro~
tensin has been found in man (Helmstaedter et
al., 1977a,c: $38lund et al., 1983b) and
mammals to be localized in the epithelium of the
jejunum and ileum and > a lesser extent in the
colonic and duodenal mucosa {(Orci et _al., 1976
Polak et al., 1977a: Frigerio et al., 1977
Helmstaedter et al., 1977a, h: Buchan et al.,

1978b: Krauze et _al., 1985, 198¢}. The peptide
has occasionally been detected in human endo-
crine tumours, e.g. of the appendix and rectum
(0'Brian et al., 1982 Yang et al., 1983).
Cells containing neurotens.n have as wide a

distribution in non-mammalian vertebrates as in

mammalian vertebrates, occurring throughout the
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gastrointestinal tract (Reineke et al., 1980)
except the yizzard, of chickens (Sundler et al.,
1977, 1983; Rawdon and Andrew, 198la). Neuro -
tensin-ismunoreactive celis are particularly
numerous in the chicken antrum where they occur
intermingled with somatostatin- and oastrin-
immunoreactive cells which are also numerous
here (Larsson et al., 1974c:; and Alumets et al.,

1977).

The pharmacological actions of neurotensin in
mammals include the induction of hypotension,
gut contraction, inhibition of insulin release
@3 well as i.duction of the release of glucagon
(Carraway et al., 1976}, Neurotensin has a
powerful Thistamire-releasing action on mast
cells (Buchanan and Shaw, 1986) and has an
inhibitory effect on canine gastric secretion
stimulated by pentagastrin but not by histamine

(Andersson et al., 1976: Brown et ai., 1978}).

Althouyh the precise physioclogical activities of
neurotensin remain to be elucidated it appears
to have two roles. It is active as a pepti-
dergic transm tter in neural tissue (Ruchan et
al., 1978b) end a hormonal role has also been
postulated (Buchan et al., 1978b; Blackburn and

Aloom, 1981),
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2.1.3 Somatostatin

In 1973 a substance isolated from ovine hypoth. -
lami was fully characterized as a tetradeca-
peptide (Brazeau et al., 1973; Burgus et al.,
i973}. This substance, somatostatin (SS 14},
was found to oplock the secretion of growth
hormone. Somatostatin was the first bioactive
peptide the localization of which was confirmed
in both the neuron and the endocrine cell: not
only has it been detected in the brain, {e.g.
Finley et al., 1978) but also in endocrzine cells
of the gastrointestinal tract and pancreas of
mammals {(Arimura et al., 1975: Pearse et al.,
1977; King and Millar, 1979; Shultzberg et al.,
1980 ana Patel et al., 1981) and birds (Rawdon
and Andrew, 1979; Seino et al., 1979; Alumets
et al., 1977), thyroid parafollicular cells
(Pargons et al., 1976} and chicken thymus
(Sundler et al., 1978) by RIA and immunocyto-

chemistry.

Subsequently, somatostatin 28 (Ss 28), con-
sisting of 28 amino acid residues, was isolated
from porcine intestine and ovine hypothalamus

(Schally et al., 1980; Fach et al 1980) .

.

This peptide is helieved to be a precursor of §§




14 as its COOH-terminal tetradecapeptide is
identical to the full sequence of S5 14,
Iwanaga et_al (1985), for exampie. have found it
to be a dly-terminally extended form of somato-
statin 14. The wide distribution of $S 28-(ike
immunoreactivity in the gastro-entaero-pancreatic
endocrine system of wman and rat (Ito et al.,

1982a,k) and in the rat hypothalamus (Iwan~ga et

al., 1983) supports the view that S5 28 is a

precursor of SS§ 14. Ac Jding to Patel et al.,
{1981) higher molscul ~eight forms of somatc-

atatin immunoreactants, including S$§ 28, predo-
minate in the intestinal mucosa rather than in
the stomach mucosa and pancreas. Region-
specific antisera to [Tyr 14]-55 28 (1-14) were
employed by Baskin and Ensinck (1984) to identi-
fy cells with immunoreactivity of the 1-14
fragment of SS 28 in rat gastric and intestinal
epithelial cells. Evidence presented by these
authors suggests that in the pancreas and antral
mucosa, the S5 28 molecule is processed into two
fragmencs, the $8 28 (1-14}) and the 8§ 28
(15-23) portions, whereas in the intestine Ss 28
remains intact. After trypsin treatment the
results of Baskin and Ensinck (ibid.) indicute:
that the intestinal -pithelial cells contain S8

28 (l-14) as part of a larger peptide in whiuh

i
|
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the antigenically reactive sites of the 1-14
fragments are masked and that in this region
S5 28 is not normally processed to smaller

peptides.

In mammals somatostatin has a wide variety of
biological actions all of which are inhibitory
{Thomas, 1980). It is Fnown to suppress the
release of gastrin, insulin and glucagon by
direct action on their respective secretory
cells {(Alberti et al., 1973; Konturek et al.,
1976; »Patel et al., 1981), and also to inhibit
the | :lease of other gastrointestinal hormones
such as secretin (Boden et al., 1975), CCK
(Konturek et al., 1976), motilin (Mitznegg et
al., 1977) and pancreatic polypeptide (Kayasseh
et al., 1978). Somatostatin a'so inhibits
nutrient absorption in the intestine and gut

mobility (Kreijs, 1986).

2.1.4 Avian Pancreatic Polypeptide

This straight chain peptide of 36 amino acids
was discovered by Kimmel and his co-workers in
1968 as a major contaminant when they were puri-
fying chicken insulin. Since then PP has been

completely sequenced in several gpecies; Thuman

|
%



PP (HPP), bovine PP (BPP) and avian PP (APP)
(Lin and Chance, 1974: [immel et al., 1975;
Lin et al., 1977). APP shares 16 of its 36

amino acid residues with BPP.

APP was first localized in the pancreas by
Langsiow et al. (1973), further localized to a
specific secretory cell in that organ by Larsson
et al. (1974b) and subsequently demonstrated by

RIA in chicken plasma by Kimmel et al., (1975).

Extrapancreatic PP-like immunoreactivity has
been recognized in a wide variety of mammals,
for example, man, dog, opossum (Larsson et a:i.,
1976; Baetens et al., 1976a), foetal rat (El-
Salhy ec al., 1982c) and human foetal tissue
{Leduque et al., 1983) distributed in various
regions of the gut. In adult man and other
mammais PP cells appear to be confined to the
colon and rectum (Buffa et al., 1978; Christina
et al., 1978: Sjolund et al., 1983b: El-Salhy

et al., 1983).

PP-immunoreactive cells are more wide-spread in
the gut of birds than in that of man and mammals.
In adult Pirds APP-immunoreactive cells are
found throughout the small intescine and colon/

rectum and in addition, in the proventriculus in

i
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young birds (Alumets et al., 1978) and chicks at
hatching (Alumets et al., ibid: Rawdon and

Andrew, 198la).

In 1982 Tatemato sequenced two new peptidea “rom
hog intestine, peptide YY (PYY) and brain neuro-
peptide Y (NPY). PYY has an NHj-terminal and a
COOH~terminal tyrosine, The PYY molecule, like
PP, contains 36 amino acids. Moreover the PP
and PYY molecules have the same COOH~terminus
and many other amino acid residues in common
{(Tatemoto and Mutt, 1980; Tatemoto, 1982).
PYY~immunoreactive cells are numercus in
mammalian emall intestine (Lundberg et a°.,
1982; El-Salby et al., 1983; Bottcher et al.,
1984) and in the proximal part of the small
intestine only, in adult birds and chick emoryos
(El-Salhy et al., 1982b,d,). According to
El-Salhy et al. {1982d4) APP and PYY occur in

separate cells in the gut of the domestic fowl.

Functionally, APP has Dbeen found to be an
effective glycogenolytic agent. Unlike glucagon
it causes hypoglycerolaemia and has no effect on
plasma glucose levels (Hazelwocd et 2l., 1973).
Both amplitude and frequency of contraction of
the turkey gizzard are inbibited by APP (Duke et

al., 1978) and APP is a potent stimulator of
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proventricular secretion of acid and pepsin
(Kimmel et al., 1971; Haze'wvood et al., 1973).

2.1.5 Glucagon

In the present study the term “pancreatic
gqlucagon" or simply ‘'glucagon’', is used for the
single chain pol/peptide composed of 29 amino
acid residues found in the pancreas, and for
molecules identical to glucagon derived from the
pancreas, i.e. the pancreatic glucagon found in
the gastric mucosa of several species of mammals
(Larsson et al., 1975b: Baetens et al., 1976:
Ito and Kobayashi, 1976: Sundler et al., 1976;
Kitemura et al., 1982) and human foetuses
(Ravazolla et al., 1981: Buchan et al., 1982;
Stein et al., 1983) but not in adult man (Ito et
al., '981). i.arger molecular forms of glucagon
occurring in the enteral region are referred to

as glucagon~-like immunoreactants (GLI's)

The primary structure of all mammalian glucagons
is identical with the possible exception of
guinea pig glucagon (Sundby et al., 1976),
Avian gJlucagon Jdiffers alightly from the
mammalian form; chicken and turkey glucagon
differ from each other by one amino acid residue

at position 28 and Jduck glucagon has a further
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substitution at position 16 (Markussen et al.,

1372; Hazelwood et al., 1973). There s

avidence for the existence of LWO larqe
"glucagon” species, previously implicateda in the
biosyntheais of glucagon by avian islets (Tung

et al., 1975).

Pancreatic glucagon provokes the formation of
two main types of antioodies (Moody and Thim,
1983). The more common type of glucagon
antibody reacts with both mammalian and avian
glucagon and GLI's of enteral origin. These
antisera are directed towards the NHj-terminus
or the mid portion of the glucagon molecule
Yanaihara et al. (1981} have proposed that the
NHp-terminal immunoreactant includes the
dequence 11-16. The other type of glucagon
antiserum reacts only with glucagon itself and
is directed towards the COOH-terminal end of the
molecule (Assan and Slusher, 1272). Heding et
al. {1976) have shown that the COOH-terminal
immunoreactant of glucagon lies in the sequence

24-29.

The jut GLI's contain the full sequence of
glucagon. Most of them differ chemically, biolo-
gically and immunochemically from glucagon. Ut

a variety of GLl1's, two Jdominating species have




veen recorded, one with a moleccular weight of
approximately 10 000 and the other with a molecu-
lar weight of about 4 00C daltons. 1In birds the
bulk of the gut GLI‘s have a high molecular
weight (Moody and Thim, 1983): duck gut GLI
congists of a .ingle molecular species with a
molecular weight of between ¢ 000 and 13 000

daltons {Krug and Miahle, 1971).

The amino acid sequence of one of the larger
mammalian forms, glicentir, nas been determined
by Moody and Thim (1981). The peptide consists
of 69 amino acid rvesidues (not 100 as first
reported by Sundby et _al., 1978) and contains
tha entire glucagon sequence at positions 33-61
with extensions at both the NHy- and COOH~
terminal ends. Glicentin does not react with
antibodies to glucagon 24-29 lbecause the
C-terminal glucagon immunoreactant is masked by
the extension of the glucagon moiety at thixs
COOH-terminal. The NHjy-terminal portion of
glicentin (1~30) is identical to the sequence of
porcine glicentin~related pancreatic polypeptide
(GRPP) (Moody and Thim, 1981; Thim and Moody,
1982), The amino acid sequencs of one of the
smaller molecular forms of glicentin oxynto-

modulin or glicentin-37 has been isolated and
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characterized from extracts of porcine =small

intestine (Bataille et al., 1982a,b).

The highest concentration of gut GLl in mammals
is found in the lower intestine and colon
(Bryant and Bloom, 1975) and also the greatest
number of GLI-immunoreactive cells has been
found in these regions (Larsson et al., 1975b)

Glicentin-immunoreactive cells have been
found in the proventriculus in young birds
(Usellini et al., 1983) and pancreatic glucagon-
tike immunoreactive cells in the same region in
adult chickens (Yamada et al., 1985) whereas
Rawdon and Andrew (198la) have revealed cells
immunoreactive with both NHy~terminal and COOH-
terminal antjsera in the proventriculus and

upper ileum of chicks at hatching.

One of the main functions of avian glucagon
concerns the regulation of 1lipid metabolism
(Sitbon and Miahle, 1989). Avian adipose tissue
is  particularly sensitive to glucagon: in
birds, unlike mammals, insulin apparently has no
antiiipolytic effect. The glycaemic atate of

birds is far more dJdependent on glucagon than on

insulin (llazelwood et al., 1973 Epple e

1980 - see PFalkmer and Van Noorden, 1983

Sitbon and Miahtle, 1980),

|
I
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2.2 The Histology of the Digestive Tract of Chick

Embryos

The yastrointestinal tract of birds has certain
distinctive features which distinguish it from that

of mammals and reptiles.

In the oesophagus of birds is a localized dilata~
tion, the crop. The stomach corsists of two parts
which differ both morphologically and physiologi~
cally. The glandular part or proventriculus which
leads from the oesophagus is mainly secretory but
also functions as a storage organ, The muscular
part or gizzard is highly specialized as a
“"masticatory” organ although some digestion does
take place there (Andrew and Hickman, 1274}, A
nagrrow transitional zone, the pyloric region
{3o-called by Rawdon and Andrew, 198la) axists
between the gizzard and the duodenum. This region
is reaferred to as the gizzard-duodenal Jjunction by
Larsson et al. (1977) and Sundler et al. (1977) or
witrum by Larsson et al. (1974z) and Sundler et
al. (1982). Extending from the pyloric region the
duodenum forms a loop around the pancreas. The duo~
denum becomes continuous distally with the longest
wd  most  highly convoluted division of the tuact

referred  to by some authors as  the jejunum  and




tleum (Larsson et al., 1974c; Alumets et al., 1977;

Sundler et al., 1982) but as the upper and lower
ileum  in  this study las by Rawdon and Andrew,
o 198la}. The terms "large intestine"” or "colon" have
been vsed to describe the caudal region of the r
. gastrointestinal tract (Alumets et al., 1977). In
this study ‘'rectum' refers to the composite colon
and rectum {colo-rectum) which terminates in an ‘f‘

expansion, the copradeum {Romanoff, 1960). p

The junction of the small intestine and rectum is

~ i na ‘ked by the presence of bilateral caeca. These
are blind pockets which can be, according to Calhoun

- {1954 - see Romanoff, 1960) and Lim and Low (1977) !

. divided into three distinct regions after 16 days of

e incubation. In this study, from 16 days onwards

only the middle reginn »f the caeca was examined. !

A brief description of personal observations on the
histology of the mucosa of those parts of the tract
of chick embryos which were studied in this project
. is given here, Observations of Aitken (1958):

Andrew (1959): Romanoff (1960): Andrew and Hickman

(1974} Lim and Low, (1977): Altamirano et al.

5 (1984); Avila et al. (1986) and of Pacini

{1979):  Pacini and Bryk (1979) and [shizuya (1980}

who used scanning  electron microscopy (SEM)  and
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transmissivn  electron microscopy (TFM)  have teun

integrated into the Jdescription.

2.2.1 Proventricul:

]ﬁ
At 1ll- ani 12-days of incubation the surface :
epithelium varies from pseudostratified columnar \
to simple columnar. A few compound glands with .

small secretory lobules are present in the
lamina propria (Fig. la). Ducts of the glands
have a large central lumen which open onto the
free surface. A few simple tubular glands
develop by divigiou of the superficial epithe-
lium wnich results in the formation of folds
between the openings of the compound glands
{(Romanoff, 1960: Lim and Low, 1977). Two days
later the , roventricular lumen 18 lined entirely
by a simple columnar epithelium witich exterds
into the lamina propria in the form of a few
definitive short simple tubular glands. The
compound glands have increased in complexity,
consist of a large number of lobules and show
considerable development compared with that of
the simple alands (Altamirano et al., 1984).
From 16 Jdays of incubation until hatching the
number of secretory lobules further increase in
the comuound  goatds., Numerous tiobiules radiate

from a central Jduct lined by a simple ~olumuar



Fig.
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Proventricular mucosa lined by a simple
columnar or pseudostratified columnar
epithelium at > days of incubation.
Compound glands are present 1in the
lamina propria.

Benzoguinone vapour fixation: haema-

toxylin x390

Gizzard mucosa lined by a 3-4 layered
pseudo-stratified columnar apithelium
at 12 days of incubation. Fine
basopnilic granules are present in the
middle region {arrow) L = Lumen.
Benzoquinone vapour fixation; haema-

toxylin x390

Pyloric mucosa lined by a pseudostrati-
fied columnar epithelium at 12 days of
incubation. No glands are present at
thie stage.

Benzoquirone vapour fixation: haema~

toxylin %390

i
i
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epithelium; tl2 compound glands exterld through-
out the lamina propria. The mucocsal surface of
the proventriculus is thrown into folds or
plicae of varying heights and the simple tubular
glands Dbetween them increase in number and
lengtn, Romanoff (1960) has described the
appearaace of granular argentophilic (endocrine)
cells in the superficial epithelium on the B8th
day of incubation and in the compound glands on
the 12th day. According to Avila et al. (1986),
with the appearance of argentophil cells at 15
days of incubation morphological differentiation

of the provertriculus is completed.

2,2.2 Gizzard

At i1-12 days of incubation the gizzard is lined
by a relatively flat 3-4 iayered pseudostrati-
fied epithelium. Secretory "blebs" are evident
cn the surface epithelial cells and those cells
in the middle re on of the epithelium contain
fine basophilic granules in sections counter-
dtained with haematoxylin (Fig 1b). By 13 days
of incubation a few simple tubular glands have
developed. The g¢glands extend for a short
digtance into the lamina propria. Tne surface

epithelium is still pseudostratified at this
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stage. Two days later the simple tubular glands
have increased in length extending throughout
the dJdepth of the lamina propria. They are
uncoiled tubules lined by a low simple columnar
or cuboidal epithelium. Towards the open ends
of the glands the cells become taller and over
the free surface of the gizzard the epithelium
is simple columnar. The lumen of the glands s
usually filled with secretion which extends over
the luminal surface of the gizzard to form a
thick layer. According to Aitkin (1958)
argentaffin endocrine cells are absent from the

gizzard of chick embryos.

2.2.2 Pyloric region

At 11-12 days of incubation this region is lined
by a pseudostratified epithelium continuous
with, and indistinguishable from, that lining
the gizzard. No glands are present at these
stages (Fig. le). The pyloro-duodenal junction
is well marked by the presence of previllous
ridges in the duodenum {Fig. ld). At 14 days a
few short simple tubular glands extend into the
lamina propria. Two days later the glands have
increased in length and are lined by an epithe-
lium of tall columnar cells. The glands have a

nacrow lumen. From 174 days of incubation

|
!
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Mucosa of pyloro-~duodenal junction at
12 days of incubation. The presence
of a previllous ridge in the duodenunm
demarcates the pyloric region {left)
from the duodenum {right).

Benzoquinone vapour fixation: haema~-

toxylin x390

Mucosa of the swall intestine lined by
a pseudostratified or simple columnar
epithelium without gJgoblet cells at 12
days of incubation.

Benzoquinone vapour fixation; haema-

toxylin x390

Rectal mucoesa lined by a simple
columnar epithelium without gnablet
cells at 12 days of incubation.

Benzoquinone vapour fixation; haema-

toxylin x370
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ouwards the glands are closely packed., The tall

.icae are lined by a simple columnar epithelium
winich is mucus-secreting. The presence of villi
tn the duodenum now clearly demarcate the

pyloric region from the duodenum.

2.2.4 Small intestine

At 11~12 days of incubation the luminal surface
of the duodenum, upper and lower ileum is lined
by a pseudostratified or simple columnar epithe-
lium (*ig. le)}. At 14 days of incubation the
epithalium has differentiated into simple
columnar throughout the small intestine, No
qoblet cells are present in any of the three

regions at this stage.

At 11 days of incuabation the mucosal surface of
the duodenum has developed four longitudinal
previllous ridges {(Lim and Low, 1977). At 14 to
15 days a zigzag pattern of longitudinal ridges
develons (Pacini et al., 1979). A double row of
villi will form from each zigzag ridge {(%im and
Low, 19/7: Pacini et al., 1979). The base of
each developing ducdenal ville, is broad at this

stage. Pacini et =zl. [1979) report the presen:e

of golilet cells in the duodenal epithelium at 15

days of incubacion, v thie study goblet cells
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were seen for the first time at 19 days of
incubation. On the 1 h day, according to
Romanoff (1960), the first intestinal glands
invaginate between the ridges. As the ridges
become more acutely folded, mounds demarcate the
site of the developing villi, Definjtive villi
are seen in the duodenum only ot 18-19 days of
incubation and the openings of goblet ~ells are
detected at the tips of the villi (Lim and Low,
1977). Villi in the duodenum are numerous and

leat-like,

In the ileum the same basic mechanisms of villus
formation t.om the =zigzag pattern of ridges is
present and has already developed by 12 days of
incubation : the previlious ridges are thicker
and fuller than thosc of the duodenum and the
bases of the folds narrower. At 17 days the

ileal ri'ges are ver: folded and the sites of

ville formation are mark<d by mounds at each
bend ¢ the f£-~1ds (fim ard Low, 1977). In the
ileal por*ion vitli ara shorter and  have
narrower bases th.. those of the .luodenum.
Intestinal glands fos. between the villi: the

glands occupy most of the lamina propris betweer

the bases ~f the villi.

!
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2.2.5  Rectum

Villug-formation in the rectum is less well

organized than that .in the small intestine, At
12 dayg of incubation villous folds are randomly
scattered throughout the mucosa (Lim and Low, :.
1977). The epithelium {s simple columnar K
without goblet cells (Fiyg. 1f). Definitive F
vidges only appear at 17 days of incubation,.
In general when villi appear at 18 days they are
lower, broader and less numerous tt » .se of
the small intestine (Lim and Low, 197%). In the
present study goblet cells were sgeen in the
rectum for the f{iret time at 19 days of
incubati and were particularly numerous at
hatching. According to Simard and Van
Campenhi ¢t {1932) argentaffin endocrine KRR
are present 1un the larae intestine o o ldth
day of incubation,
N

2.2.6 Caecum

In the waecam, too, villus-formatios  show: I
definite  arrangement . According  to  Rom. ot
(1960}, by 11 days of incabation a few irr.

folds  are presess and by 14 daye i

pratrube: ances resseantd yng Low e toy




appeared. According  to  Lim and Low (1977},
howeve~, by 16 days the mucosa is thrown up into
ridges, each ridge consisting of numerous
transverse folds, At 18 days short villi are
present in the middle portion of the caccum

only.

2.3  lImmunocytochemistry

2.3.1 Immunorytochemical procedures

Immunccytochemistry involves the use of labelled
antibodies as specific reagents for the locali-
zation of tissue constituents (antigens) in situ
(van Noorden and Polak, 1981}, The original
direct method, in which the specific antibody is
lavelled, has largely been replaced by more
sensitive and eccnomical methods such as  the
indirect and peroxidise-antiperoxidase (PAP)
methods . In both, tne specific unlabellel
antiserum is firat applied to the tissue
section., The indivect (two-step) method differs
from the PAP {three-step) method in that in the
former a labelled antibody raised to  the
immunoglobalin of the : #cies in which the firas
antibody was  raised, s bound airectly to the

primary antivady whereas in the more sensitive

|
@
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vA® procedure, the labelled antibody {papP
complex) is bound to an unconjugated second

layer antibody.

Initially antibodies were labelled wich flucres-
cent dyes to visualize antigenic sites. Since
then enzymes auch  as peroxidase, alkaline
phosphatase and glucose oxidase have been used
as labels and appropriate histochemical techni-
ques applied to demonstrate the enzyme reaction.
Other methods rely on the labelling of anti-
hodies with colloidal gold particies. The gold
labell:ng may be further enhanced with silver
(Springall et al., 1984). Molifications of the
indirect and PAP meth.s have been introduced
involving the use of protein A/ colloidal gnold
whereby the protein A can biud to the Fc portion
of the immunoglobulin and aiso to colloidal gold
particles. The protein A/colloidal gold complex
is used in a second step {tn the procelure.
Similarly an avidin/ biotin complex can be used
in the second layer of an immunocytochemical
stain (see Polak and van Noorden, 1984). This
technique uses a primary antibody followed by a
biotinylated second uantibody directed against
the first antibodly The third layer is an
avidin-biotinylatel peroxidase complex which nay

be developei  with the 3,31 Jdiaminobenzidine

7.

.
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tetrahydrochloride (DAB) reaction (see Graham

and Karnovsky, 1966) or other technique.

The indirect merthod has been used in this study
with an enzyme in prefe-ence to a fluorescent
dye as a label because permanent preparations
resalt whereas fluorescence fades. Furthermore
this nethod is well-establi hed in this

laboratory.

0

W2 Indirect peroxidase method

This is a two-step procedure which involves the
application of an unlabelled specific ({irst
layer antibody which serves as the antigen for
the labelled second antibody. Incubat. on of the
section with the first layer antiserum ailows
the primary antibodies to interact with the
antigen (in this case a peptide) in the fixed
tissue. Unbound antiserum is then rinsed off
and the gecond, peroxidase-labelled antibodies,
raised in another species against the immunoglo-
bulin of the species ("donor species"} in which
the primary antiserum had been raised, is then

applied.

Sections are subsequently treared Dby the DAB

reaction to Jdemonstriate peroxidase activity.
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The DAB acts a8 an electron donor  to  the
peroxidase complex and undergoes oxidative
polymerization forming an int2nsely browa
coloured insoluble polymer at the antigenic
site (see Sternberger, 1979). The exposure
time of the tissue to the DAB solution used to
demonstrate the enzyme label should be critical-
1, cont:. led. If the tissue is exposed to the

DAB for too long background staining is enhanced

more than specific staining.

Pretreatment of tissue sections with trypsin (as
used, for example, by D'Este et al., 1984, 1986)
is advocated to free masked immunoreactive sites,
but was not used in this study in case it were

to result in non-specific staini.g.

2.3.3 Immunocytochemical controls
As non-specific reactions between antibodies and
tissue components can also occur certain contro!

procedures are necessary.

2.3.3.1 Specificity of the primary

antigserum

This mugt L tested by absorbing the

primary antiserum with excess bomologous
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antigen prior to immunocytochenical
statning. [f the antiserum is specific for
the antigen under investigation, 6o
staining should occur as all the reactive
sites of the antibody should be occupied by
antiqgen. As Grube (1980) has pointed out,
abgence of staining after preabsorption of
the primary antiserum with its homologous
antigen  Joes not discriminate between
gspecific and nonspecific binding of immunc-
glot. ling: any rnon-specific antibodies i
“e antiserum that combine with the antigen
in the tissue by ionic bonds will result in
staining: these nonspecific antivodies
will also combine with antigen in the
test-tube and 80 no staining will occur in
a gection treated withy the preabsorbed
antiserun. The result ray be taken to show
that the antibody is specific for the
antigen in question when only non-specific
immunoglobuling are present in the serum.
Elimination of this problem can he achieved
by the use of diluent/rinses containing
0.5M NacCl, the salt competing Isvourably
Wwith the antibodies for the ic..sed sites
in  the tisgue, Therefore tf there are

reservationg with regard to the speciticity

o




i of an antiserum, “high” salt treacument

should be used.

b iy
;;, The specificity of the primary antiserum T

mugt also be tested by preabsorbing the

r ) primary antiserum with structurally related
antigens, i.e. those which share amino acid I b
sequences with the peptide in questioun, to !
ascertain whether crosg-reactivity with the

related peptide has occurred. The use of

region-specific antisera raised to unshared

- -
,/ portions of the molecule will provide good
evidence that the sgpecified peptide is
- i being demonstrated. The primary antiserunm
L ! must also be preabsorbed with a range of

structurally unralated antigens such as may

be present in the tissue Dbeing studied.

This procedure should not affect staining.

Contaminating antibodies known to be
present in an antiserum can be preabsorbed
with their corresponding antigens ({see

3.5.1).

2.3.3.2 Method controls

These are an essential part of an immuno-

cytovhemical procedure and have veen
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successful when n staining due to
mechanisms other than the antibody-antigen

reaction results {van Lecuw:.a, 1986).

Backg:ound staining by non--specifiec
\ttachment  of serum immunogiobulins to
tigssue sections may be reduced by the
application of a solution of proteins priov
to staining with the primary antibody,
@.,q. non-immune serum from the species
donating the second antiserum, bovine cerum
albumin or gelatine. The protein will
block sites which would be stained non-
specifically by antibodies in the antiserum
and it will not bind tu or interfere with

the ~secific ati.. hament of antibodies.

High bacnground s:taining resulting from tha
non-specific attachment of antibody to
tissue components by ionic bonds should be
reduced by using the "high" salt treatment
of Grube (1980} i.e. by wusing Dbuffers

and/or diluent containing 0.5M NaCl.

Background staining is reduced by using
primary antibodies at their optimal
dilution i.e. the minimal concentration of

antibody required to give wrceptable
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specifi ing with low background.
Antibo .. at their optimal dilution
also reduces the concentration of any

unwanted antibodies present.

Method cortrol includes replacing the
primary antiserum with the diluent used to
prepare the primary antiserum. No stain.ng
should occur. If any tissue components do
stain, endogenous peroxidase present in
them has reacted with the DAB solution (van
Noorden and Polak, 1983). Staining can be
blocked hy prior treatment of the section

with hydrogen peroxide.

To  test for non-specific staining of
particular tissue components by the primary
antiserum, the primary antigerum is
replaced by non-immune serum from the
species in which the primary antiserum was
raised. No staining shouid occur. 1f
staining does take place this is due to the
non-specific uptake of immuioglobulias from
the primary or second antiserum (van

Noorden and Polak, 1983).
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. A standard section knowt to contain ‘he
antigen under 1investigation and known to
, stain with the procedure to be used, must
be included with each batch of slides >
stained, to check that the entire staining
d procedure has been successfully carried out
on that occasion. %~ "
|
2.3.4 Fixation, embedding and sectioning of !
, tissues and mounting of sections R
~
’ Various methods of tissue fixation appropriate
for immunocytochemistry are available. Tissues
E must be preserved immediately upon removal from
the embryos to preserve the antigen. They may
' be rapidly frozen at an extremely low
temperature and freeze-dried. Fixation in
liquids, e.g., parabenzogquinnne, glutaraldehyde
or in different forms of formaldehyde such as
Bouin's fluid or buffered picric-acid formalin, N
followed by dehydration and wax embedding or
even vapour fixatives have proved satisfactory
for light microscopy (Gosselin et al., 1986).
N\, The method of choice in this laboratory for aqut

peptides is vapour fixation in parabenzoquinone
vapour which preserves the antigenicity of
numerous gut peptides besides retaining the

morpnologi tal detail of the tissue (Pearse and
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Polak, 19/5a; Facer et al., 1980). Embedding
in FEpon Araldite allows the preparation of
semi-thin sections which give a clearer image
than thicker wax sections. A disadvantage is
that only small pieces of tissue can be embedded
in resin. Although heat can be deleterious to
antigens, the immunoreactivity of antigens in
endocrine cells is unatfected by drying mounted
tissue sections at 60°C {(Grube and Kusumoto,

1286) .

|
3
i
|
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i CHAPTER _3
tr MATERIALS AND METHODS

- 3.1 Tissue Processing

Chick embryos of the Black Australorp strai- oblained

*

from reliable sources were incubated at 37.5-38°C at
a relative humidity of 308, on removal from the
v eggs, the embryos were ataged according to the norma:!
- o table of Hamburger and Hamilton (1951). After
killing the emt.yos by decapitaticn, pieces of gut,

. to be referred to as ‘specimens”, were vapidly

dissected out from eight regions of the tract ({see i
. Fig. 2(i), {ii)) at each of the follewing stages:
~. 11 (stage 37}, 12 (stage 38), 13 {(stage 32}, 14
(stage 40), 16 (stage 42), 17} (stages 43-44) and
19 days of incubation and at hatching. Because the
qut is shorter in smaller embryos, apecimens at 11-14
days of ircubtion (Fig. 2(i)) are more representa-
tive of the region than those taken from older
vepr con {Tia. 2 Tii)). To preclulde tissue autcolysis
W aralram o feur srecimens  was  taken from  each
5\ €Ty 210 anouvimens were sliv ftongicudinally and
cut  into longitudinal 1 mm-wide strips of tissue in
crder to include o more representative lengeh than

would be provided by a transverse strip. Since the
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(i) (i)

Figure 2 : Gastrointestinal tract of the chick embryo
indicating the regions a-h studied

{i) 11-14 days ot incubation; (1) 16 days incubation - hatching

(a) Proventriculus; (b) Guzzard; (c¢) Pylorus; {d} Ducdenum
{e) Upper ilzum; () Lower deum; {g) Caccur; (h) Fectum
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pyloric region is not easily recognisabl macro=
scopicaliy, a piece of gut stretching from the distal
end of the gizzard to ihe cranial end of the Jduodenum
was disseciod out and slit Jlongitudinally from the
dundenum craniad. The specimen was opened out,
mucosal surface uppermest and viewed with the aid
of a stereomicros.ope. The pyloric region is distin-
guishable as a pale, relativelv smcoth area situated
between the rougher surface of the gizrzard cranially
and the duodenal villi caudally. Loengitudinal
lmm~wide strips of tissue w2-e cut to include a small
area of gizzard, the whole length of the pyloric
cegion and a small area of duodenum. 1t was
important to include duodenal villi in the sections
as positive ident.ficacion of the pyloric region in
younger embryos was <ependent upon locating the

pyloro~duodenal junction.

Sufficlent specivens were accumulated from 2 to S
embryos at each stage of incubation for every region,
in order to study the distribution of a given
endocrine cell type. Specimens were quenched in
melting methyl butane (Merck) for 30 seconds and

freeze~dried overnight at =-40°C at 10-2:5  rorr.




3.2 Fixation and Embedding

Specimens  were fixed in  parabenzoquinone vapour
(see Pearse aud Polak, 1975a) prepared from re-
crystailized parabenzoqiinone (Merck), for 3 hours at
60°C and infiltrated with Epon-Araldite under vacuum
for 3 hours. They were positioned in resin-filled
silicone rubber moulds so that sectioning would be
perpendicular tc the mucosal surface. The resin was

cured for 48 hours at 60°C.

2.3 Sectiuning of Specimeny and Storage of Sections

Preliminary one micron sections of each tissue bluck
were cut on an ultramicrotome and counterstained with
toluene blue to visualize the morphology of the
region. Sets of four ccnsecutive one micron sections
were mounted, one per slide, in wells on PTFE-coated
alides (see Rawdon, 1378), Sections were subjected
o brief drying on a hot plate at f0°C, dried

overnight at the same temperature and stored at 4°C.

3.4 Selection of Stages and Regions for fStudy

Initially cell types to be studied were souogit in all

eiqht regions of the qgut at 21 days of incubation

T
‘-
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i.e. after hatching, in order to verify or otherwise
the -esults of Rawdon and Andrew {198la) and other

1., 1977)

workers (Alumets et al., 1977; Sundler et
for chicks at hatching, and also at 19 days of incuba~
tion t» Jdetect any differences in the frequency and
distribution of immunoreactive cells, As the
earliest age/stage at which endocrine cells have been
detected by other wockers (Salvi and Renda, 1986) is
11 days of incubation, immunoreactive cells of all
five types were sought at this stage and thereafter
at 13-, 14~, 16- and 17§-days of incubation in
regions where cell types uere expected on the basis
of observations made at 12-, 19- and 21 days.
Because none of the £five cell tvpes studied were
detected ir the gizzacd and none except neurotensin
in the rectum and caecum at 19- or 21- days of 1ncuba-
tion, immunoreactive cells were not consistently
looked for in these regions at earlier stages.
Neurotensin-immunoreactive coclls were sought in the
rectum and alac in the caecum as occasional cells
have been reported ro occur in the rectum at 18 days
of incubation, and they were rarely found in the

caecum (Sundler et al., 1977).

3.5 Localization of Gut Endocrine Cells

As i’ became apparen  that few immunoreactive celly
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ware present at 12 days and none dotected at 11 days
of incubation, sections from embryos at the latter
stage were stained by the Grimelius method (1968)

This ailver technique demonstrates the presence o’ a
wide range of endocrine cell types in the dastro=-
intestinal tract. Several sections, 20u apart, from
the proventriculus, pyloric region and duodenum of
two diffe ent embryos from each region were impregna-~

ted in this way.

Dual immunoreactivity was sought in cells immuno-
reactive for neurotensin and gastrin in the pyloric
region and duodenum at 174-, 19- and 21-days of
incubation and for APP and glucagon in the proven-
triculus, duodenum, upper and lower ileum at the same
stages. One to ftive sets of four consecutive
sections from each of two specimens from each region
in  which relevant immunoreactive cell types had
wlready been detected, were treated. The first and
third sections of each get were stained with
neurotensin antiserum and the sgecond and fourth
sections with gastrin/CCK antigserum; APP  and
iylucagon  antisera were used following the same
procedure. Only if a cell stained in the first and
third sections or in the second and fourth sections
was it certain that the same Cell was preseut,
whether  immunoreactive or not, in the intervening

section treated with the other antiserum: only such
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cella were scored. JMe distributicn of these immur

reactive cells was recH. de’ dn camera lucida drawings

e s e e

' of the sections (see Appendix €, pp. 191-i95). The
number of cells stained for hoth antigens and the
. numbers staining for uniy one > oither antigen were

counted in each section.

3.5.1 Immunocytochenical procedure :

’,-‘ Sections were deplasticized in sodium ethoxide.
. The first >.d third sections of each set of four

were stained with primary antiserum. 1f a cell
tad stained in the first and third sections it
was tien known that it was present (althnugh
~ unstaired) in the intervening section which
was used for absorption control purposes, i.e.

- preabsorption of the primary antiserum Wit its

homologous antigen. In alternate sets of four

slides the fourth section was incubated either

wicth normal rabbit serum or Tris saline as A

subgtitate for the primary antiserum,

As already ment ioned (2.3.2), the indirect
immunopersxidase method (for particular proce-
dure see Fawdon and Andrew, 1979) was used to
R detect sivtes of antigen-antibody interaction in
cells coutainiung gut peptides. Details of the

2 primary antisera (all polyclonal) uged  are



listed in Table 1. All antisera had been raised
in rabbits. The specificity had been tested on
embryonic qut from the same strain of chicken as
used here and the optimum dilution determined
previcusly by Rawdon and Andrew (1973) who also
preabsorped each with a range of structurally
related and unrelated gut peptides including the
COOH-terminal pentapeptide of gastrin/CCK (CCK
5), COOH-terminal octapeptide of CCK {CCK 8},
CCK~-7-1, secretin {synthetic pocrcine), vIP
(natural porcine), substance 4 (synthetic
bovine), bombesin (synthetic amphibian), motilin
{natural porcine}, met-enkephalin {synthetic
porcine) and insulin (natural porcine) besides
those listed in Table 2. No cross reactivities

had been detected.

As antiserum L48 is directed against the shared
COOH~-terminal pentapeptide of gastrin and CCK,
this antiserum <does not distinguish between
cells with gastrin- and CCK-like immunoreactivi-
ty. Cells showing immunoreactivity with this
antiserum are hence collectively referre. to as
gaerin/CCK—immunoreactive cells. Antiserum
YY59, raised against natural porcine pancreatic
glucagon, has NHp-terminal regional specificity
and therefore stains both pancreatic and the

ltarger molecular forms of mammalian glucagon.




Table

Antigera used

Antiserum raised to: Code Specificity Dilution Source
Cholecystokinin L48 COOH-t( ..«inal 1 : 8000 G J bhockray.
(CCK 8-11) Liverpooll
Neurotensin R94 COOH-terminal 1 : 1000 P Emson,
(fragment 8-13) Cambridged
{synthetic bovine)
Somatostatic 195-8-11-8-76 - 1 : 8000 M P Dubois,
{synthetic cyclic NouzillyP
ovine)
Glucagon, pancreatic
(natural porcine) YY59 NHy~terminal 1 : 2000 K O Buchanan,
Belfast?
Pancreatic polypeptide - - 1 8000 J R Kimmel,
(Natural avian) (APP) Kansas City
a =~ 1 gratefully acknowledge this gift.
b - 1 gratefully acknowledge the use of these gifts made to Professors A Amdrew

and B B Rawdon.
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Table 2. rutiyens used for absorption purpnses
Ant igen Concentration Sources

in ug/ml diluted

antiserum
CCK 39 20 ug/ml V. Mutt, Stockiolm®
Neurotensin (synthetic hovine) 20 ug/ml Sigma Chemical Co.
Somatostatin (synthetic toad) 20 ug/ml Siama Chemical Co.
Glucagon {synthetic bovine/

porcine) 20 ug/ml Research Plus Labs.
Pancreatic polypeptide
(avian - APP - I{ - 117) 10 ug/ml J R Kimmel,
Kansas city?
a =~ I gratefully ackrowledge the use of these gi{ts made to

Professors A Andrew and B B Rawdon

143
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I1f similar forms exist in chicks, botn should
stain with antiserum YY59, The APP antiserum
used does aot distinguish betwe~n APP and
peptide YY (PYY): thus cells showing immuno-
reactivity with the APP antiserum could contaln
~ither APP or PYY or Dboth. Contaminating
antibodies known to Dbe pres:nt in the APP
antiserum, (see Cowap, 198S) were routinely

abscosbed out with insuliu and glucagon.

All antisera were diluted with 0.05M Tris
buffer, pH 7.6, containing 0.95% NaCl (Tris
saline) and 1% non-immune swine serum. The
latter praevents the antiserum from attaching to
the wall of the vessel (van Noorden and Polak,
1983) and also Dblocks sites responsible for

non-specific staining (see 2.3.3.2).

Tris saline wag routinely used for rinsing and
washing sections. The wash following incubation
with the primary antiserum also contained non-
immune horse serum at a final concentration of
1%, {Hlorse serum was used here instead of the

more expensive swine serum.)

Swine serum at a concentration of 10% was
applied to tigsue sections prior tey the

incubation of tissue sections with primary

|
|
:
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antigerun., Because the swine serum btinds to
tisgue sites it praevents non-specific attachment
of the primary or cecondary antibodies (see

2.3.3.2).

Immunocstochenical controls included rveplacement
of the primary antiserum with primary antiserum
preabsorbed for 22 hours at 4°C with its homolo-
gous antigen (see 2.3.3.1) at the concentration
shown in Table 2, replacement of the primary
antiserum with Tris saline to test for endoge-~
nous peroxidasc {see 2.3.3.Z) and replacement of
the primary antiserum with non-immune rabbit
serum at the same dilution as the primasy
antiserum, to test for non-specific staining by

the primary antiserum (see 2.3.3.2).

The “high salt" procedure of Grube (1980) was
used with the neurotensin and jJlucagon antisera
in an attempt to reduce non-specific background

staining (see 2.3.3.2).

Mounting, Counterstaining and Viewing of

Secti

Routinely the first of each set of four consecutive

sections, usel *o Jemonstrate the frequency anld

:
V
i




distribution of imm-ioreactive cells, was mounted in
veronal bpuffered glycerol, pH 8.6; the other three

were weakly counterstained with Thaematoxylin and

-
mounted in DDX. Sets of sections stained to
demonstrate 3jual immunoreactivity were either mounted |
|
in veronal buffered glyceroli or counterstained with i
[
haematoxylin and mounted 1in DPX. All sections were { .
studied by both phase contrast and bright field !
microscopy. Interference contrast and bright field
microscopy were used for photographic purposes. .
~
/" “
b
S 5
|l
i
~



RESULTS

4.1 Immunocytochemical Controls

Controls for specificity of the antisera used, as
well as all method controls, gave satisfactory
results (see Figs. da-c, 4a-c). Thus staining of
endocrine cells was eliminated w.en the primary
antisera were preabsorbed wiih their homologous
antigens, indicating that the primary antisera were
likely to be specific for the antigens in questior.
Also as there was o staining when the primary
antiserum was replaced by non-immune secum of the
species 1n which the primary antiserum was raised,
this source of possible non-specific ataining was not
operative. Furthermore, because no staining occurred
when the primary antiserum was replaced by Tris
saline endogenous peroxidase had not interfered with

the results.

The "high" salt procedure of Grube (1980) sonetimes,
but  not always, reduced non-specific background
staining by :he neurotensin and glucagon antisera:
cells of both types were nevertheleas distinguishable

i all preparations.
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CHAPTER 4

RESULTS

4.1 Immunocytochemical Controls

Controls for specificity of the antisera used, as
well as all method «controls, gave satisfactory
results (see Figs. la-c, da-c). Thus staining of
endocrine cells was eliminated when the primary
antisera were preabsorbed with their homologous
antigens, indicating that the primary antisera were
likely to be specific for the antigens in question.
Also 18 there was no staining when the primary
antiserum was replaced Yy ncn-immune serum of the
species in which the primary antiserum was raised,
this source of possible non-specific staining was nrot
operative. Furthermore, because no staining occurred
when the primary antiserum was replaced bv Tris
saline endogenocus peroxidase had not interfered with

the results.

The “high" salt procedure of Grube {(1980) sometimes,
but not always, reduced non-specific background
staining by the neurotensin and glucagon antisera;
s:1ls of both types were nevertheless distinguishable

11 all preparations.

{
|-
|
!
|
|
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Fig. 3z Consecutive sections of the pyloric rejion
o
at 17} days of incuba ion uemonstrating
, a. somatostatin~immunoreactive cells;
counterstained
¢. somatostatin-immunoreactive cells: *
interference contrast
, b. lack of staining after absochtlon of
antisomatostatin with somatostating
+
e counterstained
.
e
. Renzoquinone vapour fixaticn x890
e
. Fig. 4: Consecutive sections of the pyloric region
. at 14 days of incubation demonstrating
~
~

a. ArP-immunoreactive cell (arrow):
counterstained

¢. APP-immunoreacrive cel!l (arrow): inter~
ference contrast

b. Lack of staining after absorbtion of
anti-APP with APP: {position of cell

indicated by arrow): counterstained

i Renzoquinone vapour fixation x890
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4.2 Time of First Appearance, Distribution and

Frequency of Endocrire Cells

The ear'y appearance, increase in frequency and
distribution of someatostatin-, neurotensin-, gastrin/
CCK~-, APP- and glucagon-immunoreactive cells in the
epithelium of the gastrointestinal tract of chick
embryos is illustrated by photomicregraphs ir Figs.
7-16. Block diagrams, Figs. 5 and 6 record their
time of first appearance, frequency and distribution
at serial ages between ll-days (not reflected in Fig.

6) and 21 days of incubation.

In these diagrams the frequency o? the different
types of immunoreactive cells in various regions of
the tract has been subjectively graded int> six
categor:iceo. Endocrine cell nus.ers are recorded
sepa-ately for all elight regions for each embryo
at all scagea of incubation studied, in Tables Al-AS
(see Appendix B, pp. 186-190): only averages are
presented in Figs. 5 and 6. It should be noted that
numbers and frequencies, i.e. ir Figs. 5 and 6 and
Tables Al-A5, are not directly comparable from one
specimen of gut to another as sections vary in length

and Jepth of the wmucosa.
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Proven-
tri

culus | [_,U‘!E
Gizzard o

Pyloric
oo | ox oy g, Ay ob

R ae)

Duodenum [UL E.D *!_1 Ll] ElD gl] ’EI:] []]
e B N, I N |
e T

Lower N
el x oy v, b &l omodb

: ; : : P
Cacoum | B H g E QORI g oy

ftectum ot s M gl‘f t'* Dl] DID

T T T L T T
1 12 13 14 16 174 19 21
Days of incubation

L Few celis but present  Somatostatin cells
in every specimen

k Not lovked fer

7 Absent H Moderate number Neurotensin cells
n Occaswnal cells in H o
~ some specimens only . High number astrin/CCK cells

Figure 5: Block diagram to demonstrate the tirst appearance,
distribution and frequency of cel's showing immi:no-
reactivities for somatostatin, neurotensin ar d gastrin/CCK in
the gastrointestinal tract of chick embryos
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T,:z:fu‘l e BB OIBE

Gizzard

Pyloric
region

jun)

Duodenum

B
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Lower
leum oo ) dﬂ A
% ¥ y
Caecum | = o uT T
Rectum ¥ ek % X ok
o T (SR [sepg R 5 i S W i
B Sy A AR A R -

1213 4 18 17h 1w 21
Days of incubation

Il Few cclls but present  ADP cclis ] N
in every spcimen

% Not looked for

I Absent ﬂ Moderate number Glucagon celis BY

Occasional cefls in
SOME SPCECNCns only

Figure 6: Biock diagram 1o demonstrate the first appearance,
distribution and frequency of cells showing immuno-
reactivities for APP and glucagon in the gastrointestinal tract
ot chick embryos.
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{Additional copies of Figs. 5 and 6 have been
inzluded in the Appendix, pp. 184-185. These figures
fold out to facilitate correlation of the Block

Diagrams with the following text.)

4.2.1 Time £ f{irs. appearance of endocrine

cell

No cells immunoreactive for any of the five anti-
gera used were detected at 1l aays of incubation,
the earliest stage at which immunoreactive cells
were sought. At this stage only four cells in
each of two well-spaced sections of the prov:n-
triculus from the same embryo were impregnated
by the Grimelius method, none being detected in
either the pyloric region or the duodenum ({see

3.5).

Figs. 5 and 6 show that the first immunoreactive
cells appeared at 12 days of incubation. They
were very sparsely distributed, some Dbeing
weil granulated (Fig. 9b)} while others only
contained a few granules (Fig. 134). Somata-
statin- a 1 neurotensin-immunoreactive cells
first appeared at this stage in almost all the

same regions of the tract: the proventriculus,

pyloric region and duodenum {(Figs. %a,b,C,

T

|
i
|
|
I
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7a,b,c); neurotensin-immunoreactive cells were

detected in  the rectum, too, at this stage.

APP- and glucagon-immunoreactive cells first
appeared a day later than somatostatin- and
neurotensin~immunoreactive cells, 1i.e. o1 the
13th day of incubation, Cells immvnoreactive
for APP were fournd in the duodenum (Fig. 13b)
and upper ileum, glucagon-immunoreactive cells

in the proventriculus (Fig. 15a).

On the l4th day of incubation cells containing a
gastrin- or CCKA-like peptide appeared for the
first time; this was in all parts of the small
intestine (Fig. llL). At this stage APP-immuno-
reactive cells made their first appearance in
the proventriculus (Fig. 13a}, pyloric region
and lower ileum {Fig. 13d}) and cells immuno-
reactive for glucagon in the pyloric region
{Fig. 15b) and all parts of the small intestine

{Fig. 15c¢).

In the pyloric region gastrin/CCK-immunoreactive
cells were not Jetected before 16 days of
incubation (Fig. lla); this was the latest
stage at which immunoreactive cell types tested

for, appeared in any region examined.




4.2.2 Distribution of endocrine cells

Figs. 5 and 6 illustrate the distribution of the
five types of endocrine jmmunoreactive cells
studied, in the various regions of the embryonic
chick gut. Immunoreactive cells of all these
types were found to be located mainly in the
gastric regiocn, except for the gizzard where no
immunoreactive cells were found, and in the
small intestine. Endocrine cells in other
regions, i.8. the caecum and rectum were

sparsely distributed.

For the reasons given in 3.4 only neurotensgin-
immunoreactive cells were consistently looked
for in the caecum and rectum. This cell type
was found in the rectum from 12 days to 21 days
of incubation; in the caecum a single
neurotensin-immunoreactive cell was detected at
14 days and another at 16 days of incubation.
No other immunoreactive cell types were found in
the caecum or rectum and no immunoreactive cells
at all were found in the gizzard at any stage

examined.

An unexpected obrervation was the detection of
an APP-immunoreactive cell in the pyloric region

at 14 days of incubaticn (Figs. 4a,c): no other
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cells of this type were Jetected here in the

period studied.

When immunoreactive cells of a given type were

’ first dJdetected they were sparsely distributed
and were not necessarily seen at evey successive

stage or in every specimen at the a3ame early

stage, e.g. cells with gastrin/CCK-like immuno-

reactivity although detected in the small

intestine on day 14 and from day 19 onwards,

- were not geen on day 16 and only in the
Juodenum on day 174 neuroctensin-immuno-

reactive cells, although seen in the pyloric

- region on days 12 and 14 were not detected on

day 13: gsomatostatin-immunoreactive cells were

detected in the pyloric region on day 12 and
from day 16 onwards but not on day 14: and
APP-immunoreactive cells, although seen in the
lower iteum at !4 days and from 17} days onwards

were not dJdetected at 16 days of incubation.

4.2.3 Frequency and increase in number of

The changes in frequency of the five different
types of immunoreactive cells in the various
regions of the tract at successive stages arce

represerted in Figs., 5 and 6 and illustrated in
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Fig T-lo. From 12 to 14 days of incubation,
except for uneurotensin-immunoreactive cells in
the duodenum, immunoreactive cells were sparsely

distributed in all regions.

Subjective agsesgment of the numbers of
immunoreactive cells of each cell type (see
Figs., 5 and 6) showed that, as a rule from 16
days of incubation and onwards, the numbers
increased fairly steadily in all regions in
which they were present. Hence by 16 days -
(for neurotensin-immunoreactive cells in some
regions), and more particulariy by 17¢ days -
{for somatostatin-, glucagon- and gastrin/CCK-
immunoreactive cells; neurotensin-immunoreactive
cells in other regions) and 19 days- (for APP-
immunoreactive cells) of incubation, numbers had
mounted, especially in the regions where immuno-
reactive cells were numersus ac hatching. Thus
the frequency of cells at hatching generally
appeared to be attained by 17§ days of incuba-
tion for cells with neurotensin-, somatostatin-
and  glucagon-iike immunoreactivity but only at
19 days for cells immunoreactive for gestrin/CCK

and for APP,

yarad
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Fig, 7 Early appearance of neurcotensin-immuno- v

reactive cells in;

a. a proventricular gland at 12 days of
incubation (airow)

. the pyloric epithelium at 12 days of
incubation

<. the duodenal epithelium at 12 days
of incubation

d. the rectal epithelium at 14 days of

incubation

Benzoquinone vapour fixation; unstained,

interference contrast x890
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w
Fi3. %: Neurotensin-immunoreactive cells in the e
pyloric region at:
o
4 .
a. 16 day of incubation - one immuno-
- reactive cell is seen .
> -~
. b. 17} days of incubation - the number
- of neurotensin-immunoreactive cells
k) has increased.
*
™, Benzoquinone vapour fixation: unstained,
.
interference contrast x890
~
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Early appearance of somatostatin-immuno-

reactive cells in the:

a. proventriculus at 12 days

tion

b. pyloric region at 12 days

tion

¢. duodenum at 12 days

d. upper ileum at 14 days of

(arrow)

Benzoquinone vapour fixation:

interference contrast x890

of incuba-

of incuba~

incubaticn

incubation

unstained,
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Somatostatin-immunoreactive cells in the

pyloric region at:

a. 16 days of incubation - few immuno-
reactive cells a. e present

b, 174 days of .zubation - note the
increaase in the number of somato-

gtatin-immunoreactive cells

Benzoquinone vapour fixation: unstained,

interference contrast x890
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First appearance of gastrin/CCK-immuno-

reactive cells in the:

a. pyloric region at 16 days of
incubation

b. duodenum at 14 days

Benzoquinone vapour fixation:; unstained,

interference contrast x860
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Gastrin/CCK~immunoreactive cells in the

pyloric region a*;

a. 17} days of incubation - few immuno-
reactive cells are present
b. 19 days of incubation ~ immuncreactive

cells are numerous

Tlenzoquinone vapour fixation: unstained,

intertference contrast x89%0

|
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Early appearance of APP-immunoreactive

cells in the:

a. proventriculus at 14 days
tion

b. duodenum at 13 days of

¢. upper ileum at 14 days of

d. lower ileum at 114 days of

(arrow)

Benzoquinone vapour fixation:

interfererce contrast x89%0

of incuba-

incubation

incubation

incupation

unstained,

YR







Fig.

14:

APP-immunoreactive cells in the duodenum

at;

a. 14 days of incubation

b. 16 days nf incubation
Immunoreactive cells are sparsely
distributed in a and b

c. 17} days of incubation - APP-immuno-
reactive cells have increased in
number {arrows)

Renzogquinone vapour fixation: unstained,

interference contrast x890
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First appearance of glucagon immuno~

reactive cells in the;

a. proventriculus at 13 days of
incubation

b. pyloric region at 14 daya of
incubation

c. duodenum at

14 days cf incubation

Benzoquinone vapour fixation: wunstained,

interference contrast x890
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Glucagon~immunoreactive cel.s in the

proventriculus at;

a. 14 days of incubation -~ one immuno-
reactive cell is present

b. 1704 Jdays of incubation - immuno-
reactive cells have increased in

number

Benzogquinone vapour fixation: unstained,

inter{ .rence contrast x890
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A variatioun in staining intensity was noted in the
neurotensin-immunorcactive cells fcowm 17% days of

4 incubation onwards,

4.3 Morpheclogy of the Gut at ithe Time of First

Appearance nf Endocrine Cells

|
|
i
%

The morphology - i.e. the degree of differentiation -
‘ of the gastrointestinal tract in relation to the cime
~ at which endocrine cells first appear i3 worthy of
note. When neurotensin- and somatostatin-immuno-
reactive cells first appeared in the proventriculus

. {Figs. 7a, 9%a), they weire confined to the surface

epithelium which was relatively undifferentiated,
i.e. pseudostratifield, and in the simple glands
only, although compound glands with a few acini were
present. When dlucagon-immunoreactive cells apgeared
one day later in the same region they were found only
in the surface epithel um (Fig. l5a). By 14 days of
incubation when APP-immunoreactive cells first
appeared in the proventriculus (Fig. 13a) they were

found together with sparsely distributed neurotensin-,

somatostatin- and glucagon-immunoreactive cells in
r the sgimple columnar surface epithelium and also in
the fairly well-developed compound glanda: no immuno-
reactive cells of any type were detected in the short

simple ftubular glands at this time. At le Jdays of
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incukbation and onwards all five types of immuno-
reactive cells were seen in the well-developed
wompound glands, in the surface epithelium and in the

simple tubular glands which had increased in length.

In the pyloric region when somatostatin- and neuro-
tensin-immunoreactive cells first appeared at 12 days
<f incubation, {(Figs., 9b, 7b} the surface epithelium
here too, was pseudostratified with no sign of
gastric picts or glands. At 14~ and 16-days of
incubation when both of these immunoreactive cell
types togethec with glucagon-immunoreactive celis
{Fig. 15b) were present, all three cell types were

spar.2ly distributed in the short simple tubular

glands. At 17)-days and onwards, gastrin/CCK,
neurotensin- and somatostatin-immunoreactive cells
were plentiful, (Figs. 12b, 8b, 10b) and

glucagon-immunoreactive cells occurred in moderate
numbera in the now well-developed simple tubular

gqlands.

In th: small intestine, too, when a few neurotensin-
and somatostatin-immunoreactive cells were first
detected at 12 days of incubation (Figs. 7¢, 9c¢), and
one  day later when APP-immunoreactive cells were
found  in  the same region (Fig. 13b), the surtface
apithelium was pueudostratified or simple columnar

andl only Jongitudinal previllous rvidges had formed.




2
20
By 14 dz ¢ incubation whe:n cells showing gastrin/
CCK-like iws anoreactivity appeared for the first

time (Fig. 1l1ib), all five immunoreactive cell types
were present in the newly-formed zigzag previllous

foids.

By 17} days when villi and intestinal glands were
baginning tec differentiate, gastrin/CCK-, neuroten-
sin-, somatostatin-, APP- (Fig. l4¢} and glucagon-
immunoreactive ceils had become fairly numerous in

all three parts of the small intestine,

When neurotensin immunoreactive cells were detected
in the rectum at 12 days of ircubation the epithelium
was cimple columnar and previllous ridgus were poorly
developed. Neurotensin-immunoraactive cells were
seen in the rectal epithelium at 14- (Fig. 7d4), lé-
and 17§-days of incubation in the previllcus ridges
and at 19 days of incubation and at hatching in the
dufinitive 1low villi. In the caecum when a single
neurotensin-immunorvactive cell was dJdetected at 14-
and another at 16-days of incubation in the simple
columnar epithe.ium, ties definitive villi had

differentiated.

7’
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4.4 Topejraphical Distribution of Endocrine Cells

Once a certain number of immunore.ctive cells had
appeared in a given region, they demonstrated a
specific topographical distribution. In the
proventriculus, neurotensin-, somatostatin-, APP~ and
glucagon-immunoreactive cells, although always few in
number, generally occurred more frequently in the
compou:. i glands than in the simple tubular glands or
tha surtace epithelium. In the pyloric region, neuro-
tensin-, somatostatin-, gastrin/CCK- and glucagon-
immunoreactive cells were more concentrated in the
deeper halves of the glands and more sparsely
distributed in the upper portions, Inmunoreactive
cells of all five types showed a random distribution
in both the villous folds/villi and intestinal glands
of the asmall intestins; neurotensin-immunoreactive
cells we-e similarly distributed in the caecim and

rectum.

4.5 Degree ot Grarulas*ion of ridocrine Cells

When gome iamunoreactive cells of a give. type were

firat observed in any region, thelr secretory
granules were few ‘n number, tending to he louy'ed
tcwards the bases of the calls (Fig. 9¢). Other

calls were fairly Theavily granutated (Fia. 9b).




Later in development , when the epithelium had
‘ndergone morphogenesis and differentiation and
resembled the epithelium of chicks at hatching, as a
rule immunoreactive granules filled the endocrine

cells (Fig. 12b).

4.6 Coexistence of Peptides

Table 3 (p. 86) shows the occurrence of dual immuno-
reactivity for APP aud glucagon in the same cells in
chick embryos at 173-, 19~ and 2l-days of inc na

in selected regions of the gastrointestinal tra .:
data for gastrin/CCK and neurotensin are set out in
Table 4 (p. 91). Because gastrin/CCK-immunoreastive
cells oceur only n the pyloric region and ducdenum,
‘hede two regions were selected to demonstrate lual
immunoreactivity or these two peptides; the
osecurrence  of  daal  immanoreactvivivy  for APy ot
‘Jlucagon in the same <2lls  was  sought in  the
proventriculus, Jduodenum, upper and lower ileg. o
both  cell types oucur i all four cngions, Dual
tmmunoreactivity was uot sought at ar lafore 16

o dncubation for any of the peptildes since a¢ thas

stauje 80 few gasdin CCOK-  immunoreactive o s avrw
tetected in the pylorie region amd none in the ama?
inteastine: only ccional APP- and glucagon- ime

feactive cells wore detected  in the provent 15
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and small intestine anl not in all specimens at this
stage. The paucity of cells at these ages made it

itmpractical to test for dual ijmmunoreactivity.

Numbers of cells exhibiting dual immunoreactivity and
of cells showing immunoreactivity for only >ne of the
peptides in question are recorded, The numbers of
sets of sections examined varied as in some regions
immunoreactive cells were few in number and those
demongtrating the coexistence of peptides were even
sparser, for example, at 17} days of incubation
gastrin/CCK-immunoreactive cells in the duodenum (sen
Table 4) and APP-immunoreactive cells in the upper
and  Jower jleum (see Table 3). Fig. 17a (p. 84)
illngtrates the proportion of <cells dJdemonstrating
Jdual {mmuroreactivity for APP and glucagon as well as
separace populations of APP- and glucagoa-immuno-
reactive cells at 174, 19 and 21 days of incubation.
Data for gastrin/CCK and neurotensin are set out in
Fig., 17b (p. 84). Proportiong were calculated in
orider tu enable comparison, even though the numbers

in gome cases were %0 small.

o
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Fig 17 Proportions of cells oxhibiting dua immunoreactivity
for {a) APP and glucagon and (b) gastrin/CCK
and neurotensin in various regions of the gastrointestinagl tract
at 175~ 109-and 21 days ol incubation

(a) Preventricutus Dauodenum UL ileum L. ileum
~
| Hﬂﬂ I
175 19 21 17,1921 17,1921 1771921

Days of incubation

| RS

Celis inmunorcactive tor D Glucagon

: l APP and glucagon

(Y] Pylotic region Duodenun

il

17019210 17,19 2
Days of meubition

B G.asvwicck
Cetls anmunoicachve for - Newrotensn

. Gastrm/CCK and neutotensin
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4.6.1 Coexistence of APP- and glucagon-like
immuncreactivity
Sy

APP~-immunoreactive cu.ls were always fewer than
those immunoreactive tor glucagon in ail
rejions examined. Whereas in the proventri-

culus {Fig. 18) and upper (Fig. 19) and lower
ileum (Fig. 20} there were at all stages some
cells which exhibited dual immunoreactivity,
none wer? present in the duodenum at any of i -
~he stages examined. Except for three cells
immunoreactive for APP only - all in the same

embryo at 21 days of incubation - all other

APP-immun reactive cells in the upper and lower
ileum were also glucagon-immunoreactive. A
population of cells demonstrating only glucagon-
immunoreactivity {e.g. Fig. 18) occurred at all

stages in all regions examinel.

Fic. 17a is suggestive of changing proportions N
of cells with dual immunoreactivity but the
trends should be viewed w..h circumspection

sin-e the numbers of cells involved are low in

some cases. In the lower ileum at least, the
proportion of Jual immunoreactive cells
decreases duringy the last days before hatching

and the proportion of cells Jdemonstrating only

glucagor - 1ike immunoreactivity increases.




a6

Table 3. Dual immunoreactivity for APP and giucagnn
Days of | No. of No. of Cell/s immunoreactive for:
Region incuba- [ embryos | sets of APP and APP Glucagon
tion sections { glucagon | only | only
21 2 2 1 1 8
Proven- 19 2 3 2 1 7
triculus
17} 2 4 1 1 4
24 2 2 0 6 12
Ducdenum 19 2 4 o 7 [
174 2 4 0 6 8
21 2 5 3 3 14
Upper 19 2 2 6 0 10
ileum
173 2 5 3 0 5
21 2 4 3 0 15
Lower 19 2 3 4 S 5
ileum
174 2 5 3 0 2
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Consecutive sections demonstrating immuno-
reactive cells in the proventriculus at

19 days of incubation

a) and c¢) stained with glucagon antiserum

b) stained with APP antiserum

Note: tw) cells {arrows) exhibit dual
ir oreactivity for glucagon and APP.
¢ + cell (arrowhead]} is immunoreactive

for glucagon only.

Renzoquinone vapour £ixation: unatained,

terference contrast x%00
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Consecutive gections demonstrating immuno-
reac:ive cells in the upper ileum at 21

days of incubation

a} and c) stained with glucagon antiserum

b) stained with APP antiserum

Note: two cells (arriws) exhibit dual
immunoreactivity for APP and glucagon.
Cne cell (arro-head) is immunoreactive

for APP only.

Benzoquinone vapou- ‘fixation: unstained,

interference contrast x890

e
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Consecutive sectiors demonstrating a cell
with dual immunoreactivity for APP and
alucagon in the lower ileum at 17} days of

incubation

a) and ¢) stained with jlucagon antiserum

b) stained with APP antiserum

Benzoguinone vapour fix-%ioa; unstained,

interference contrast x890

-
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4.6.2 Ccexistence of yastrin/CCK- and neuro-

tensin-like immunoreactivity

Neurotensin-iumunoreactive cells were far fewer
than cells immunoreactive for gastrin/CCK in
the pyloric region; conversely in the ducierum
gastrin/CCK~immunoreactive cells were much
sparser then cells iwmunoreactive for neuro-
tensin (see Table 4). In the pyloric region
large numbers of cells exhibited dual immuno-
reactivity (Figs. 21, 22), even more only
gastrin/CCK-immunoreactivity and few cells
demonstrated only neurotensin- immunoreactivity
whereas in the duodenum (Fig. 23) nearly all
gastrin/CCl.- immunoreactive cells were also

immunoreactive for neurotensin.

There are no clear changes in the proportions
of the cells in question at any of the stages
exarined (Fig.l7b). As previously mentioned
{see 4.2) a variation in staining intensity is
demenstrated by the neurotensin-immunoreactive
ce'lsg: it is noted nere that botn light and
lark cells are awmong those that exhibit dual
immunoreactivity for neurotens.n and gastrin/

CCK.

"



91

Table 4. pual immunoreactivity for Gastrin/CCK and
neurotensin
Cell/s immunoreactive for:
Days of | No. of No. of Gastrin, | Gastrin/ { Neuro-
Region incuba- | embryos | sets of CCK and CCK tensin
tion sections | neuro- only only
tensin
21 2 3 23 31 5
Pyloric
region 19 2 3 17 20 8
17¢ 2 4 £ 16 5
21 2 4 5 0 47
Duodenum 19 2 4 10 1 52
174 2 6 8 1 42

"



' Fig. 21:

Consecutive sections demonstrating immuno-

reactive cells in the pyloric region at 19

days of incubation

a)

b)

stained with neurotensin antiserum

stained with gastrin/CCK antiserum

Note on the overlay:

Green =~ cellas showing neurotensin-
immunoreactivity only

Red - cells showing gastrin/CCK-immuno-
reactivity only

Purple - cells showing dual immuno-
reactivity for qgastrin,/CCK and neuro-

tensin

Benzoquinone vapour fixation: unstained,

interference contrast x400
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22:

23

Consecutive sections demonstrating immuno-

ractive cells in the pyloric region at 21

Jays of incubatiosn

a)

b)

and c¢) stained with gastrin/CCK anti-
serum

stained with neurotensin antiserum

Note: three cells (arrows) are gastrin/
CCK~immunoreactive only. Two cells

(arrowheads) are neurotensin-immuno-

reactive orly. Ccher immunoreactive

cells (unmarked) exhibit dual immuno-

reactivity for gastrin/CCK and
neurctensin.

This particular field selected for
photography, does not represent the
proportions of dual and singly immuno-

reactive cells in the entire section.

Renzoquinone vapour fixation: unstained,

interference contrast x400
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24

Consecutive sectlons demonatrating immuno
reactive cells in tne ducdenum at 21 deys

of incubation

aj and c) stained with neurotensin anti-

um

b} stained with gastrin/CCK antiserum

Note: of the four neurotensin-immano-
reactive cells, one (arrow) dewon=-
strates dual immunoreactivity for

qastrin/CCK.

Benzoquinone vapour fixation: interference

contrast x890
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CHAPTER 5

DISCUSSION

Limitations to the Approach Used

5.1.1 Sampling and natural variation

In order to detect the first appearance of endo-~
crine cells in chick embryonic gut in the
present study, many specimens were uged,
particularly at the early stages where samples
were taken on consecutive days instead of on
alternative days as for older embryos. Not
many imnunoreactive ce.ly wolld be expected at
early stages and sampling lessens the chances
of detecting them. Natural variation in the
time of firat appearance of endocrine cells may
explain the apparent absence or scarcity of
immunoreactive cells iu some specimens in the
early stages of incubation, 1i.e. occasional
cells were seen in only one of two or more
specimens studied, It is probable that
sampling, rather than individual wvariation,
also accounts for the apparent interruption in
the occurrence of cells of a particular type at
certain times, particularly since this was

observed 11 regions where immunoreactive cells
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were sparse (see 4.2.2'. Hence the first cells
may appear even earlier than those detected

here.

In a few cases the numbers of immunoreactive
cells present were unexpectedly low in a
population otherwise gradually increasing in
number with time/age, e.g, at 19 days of
incubation fewer somatostatin- and uaourotensin-
immunoreactive cells were detected in  the
proventriculus than at 17} days. sampling or
individual wvariation may account for such
observations, as thereafter, endocrine cells

generally increased in number in those regions.

Gastrin/CCK-immunoreactive cells were found to
occur so infrequently ir the pyloric region at
16 days of incubation that a larger number of
specimens was examined. Despite this only one
of the four specimens studied showed the
presence of gastrin/CCK-immunoreactive cells in

this region =t this age.

Exposure of sectlons to trypsin prior to the
immunocytochemical procedure was not carried
out for the reason given earlier (2.3.2). 1f
this treatment had Dbeen implemented, it is

possible that immunoreactive cells would have

»




3

97

been dcwonstrated somewhat earlier than chey

were in the present study,

Although it 1is possible that the very first
immunoreactive cells of the cell types studied
here may appear a little earlier than reported,
the results nevertheless 7ive a ¢lear
indication or the time and specific regions in

which they may first be ¢xpected.

5.1.2 Immunocytochemical limitations

Some antisera raised to synthetic antigens and
some raised to natural antigens were used fc -
immunocytochemistry in the present study.
Synthetic antigens are pure and the chances are
that the antiserum is more likely to be
specific than if tne antigen is a natural
(perhaps contaminated) peptide. Non-specific
staining is always a possibility in immunocyto-
chemistry and no controls provide absolute
certainty that the peptide in question has been
demonstrated. However, since staining of
immunor=active cells was in all cases quenched
if the antiserum had previously been absorved
with its corresponding antigen and since all
other coatrols gave satisfactory results, tha

antisera used in this study were likely to be
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specific for the peptides in guestion. Anti-
sera with different regional specificities for

the avian peptides sought, were not avnilable.

Immunocytochemiscry has the advantage of being
4 technique which will detect cells with only
a few gyrenules present in the cytoplasm. It
is Jdesirable teo wuse complementary evidence
obtained from other methods, for example NIIA,
to support the results of immunor tochemistry.
Tissue extracts for this technique are only
suitable if adequate quantities of the peptide
are present in the tissue,. In chick embryos
RIA may be applicable in the pyloric region at
the later stages of incubation when large
numbers of immunoreactive cells are present but
when immunoreactive calls 1.rst appear and at
later stages where they are sparsely distribu-
ted, for example, in the small int2stine, the
peptide content of the tissue would be

extremely low.

First Appearance of Endocrine Cells

the present stuly no immunoreactive cells were

letected at 1l Jdays of incubation in any region of

the

gut  examined. A method for argyrophilia was
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yopiied {see 3.5) because a large number of endocrine
‘ell types respond to this silver method, and so a
botter opportunity is thereby provided for detecting
endocrine cells, of whatever type, earlier on than by
immunocytochemistry. If cells were detected at 11
lays they could be of some of the cell types stained
for in the present study. I1f not, then the evidence
presentea for the time of first appearance of
endocrine cells is probably correct. In fact a few
argyrophilic cells were demonstrated at 11 days of
incupation in the proventriculus only. Hence cells
immunoreactive for neurotensin first detected in the
proventriculus by immunocytochemistry at 12 days, may
be present at 11 days. However, bombesin-imnuno-
reactive cells are known to appear at 11-12 days and
could be respoasible for the argyrophilia. Argyrophi-
lic: cells are described in the proventricular surface
epithelium of chick embryos as early as B8 days of
incubation and in  the compound glands a few days
later (see Romanoff, 1960) but immunocytochemistry
has not to Jdate provided an indication of their
identity. The fact that APUD cells have been
lntected an chick intestinal epithelium from 12-13
lays of incubation (Andrew, 197%) is in line wi'h the
findings of the present study that endocrine cells

1te present in the small intestine from these stages.
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As no  argyrcophilic cells were seen in the pyloric
region or duodenum at 1l days, it is plausible that
both neurotensin and somatcstatin-immunoreactive
cells indeed make their first appearance in theue
regions one day later, 13 demonstrated by immunocyto-

chemistry.

5.3 Regions with Few Immunoreactive Cells: Caecum

and Rectum

The earliest reports of gastrin-immunoreactive cells
in the colorectal region of chickens and quails
by Polak et al. (1974) has not bheen confirmed by
subsequent studies. Since then other immunoreactive
cell types have however been detected in the caecun
and rectum (Sundler et al., 1977). Neurotens.n-~
immunoreactive cells were found in the rectum in the
present study which confirmed the results of Sundler
et _al. (1977} in chick embryns and Rawdon and Andrew
{198la) in chicks at hatching. However the times at
which these cells have been reported to apwear do not
coincide. Neurotensin-immunoreactive cells were
detected as early as 12 days of incubation n the
present study whereas Sundler et al. {1977} reportel
their first appearance at 18 days in this region.
According to these workers neurotensin-immunoreactive

celis develop much later than any other endocrine
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cell type and reach their adult frequency of
wourrence a tew days after hatching. In the present
sty these cells appeared to reach hatching
irequency at 174 days, two days earlier than cells

hal even been detected by Sundler et al. (ibid).

The ozcurrence of neurotensin-immunoreactive cells in
the caecum at 14 and 16 days of incubation in the
present study was rare as noted also by Sundler et
al. (1977} in chick embryos and young birds; Rawdon
and  Andrew {198la) detected none in <chicks at

hatching.

Alcthough neurotens n~, glicentin-, PP~ and PYY-immuno-
reactive cells occur frequently in the bh-.d gut of
mammalian adults and foetuses (Buffa et al., 1978:
El-3alhy et al., 1782c: El-Salhy and Grimelius,
1933; Ledugue et al., 1983), of those studied here,
the only immunoreactive cell type, Jther than
aeurotensin, reported in the colonsrectum of chicks
is the PP-immunoreactive cell (Alumets 2t al., 1v78).
PPr-jmmunoreactive cells were sought by these workers
1n chick embryos over a wide range of ages but were
detected in the colon/rectum only on the 2lst day of
incubacion, PP-immunoreactive cells were not found
in (he rectum at any embryonic age in the present

study.
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5.4 Region Lacking Immunoreactive 183

Previous studies have reperted differing resalt. with
regard to the preseuce or absence of endocrine cell
types in the gizzard of avian embryos and of adult
bigis, While Polak et ai, (1974}, Okamoto et al.
(1980} and Yamada =2t al. (1985) described gastrin-
immunoreactive cells in the gizza.d of adult
chickens, quails and ducks, earlier authors have
found neither gastrin-like biological activity nor
gastrin-like immunoreactivity in the gizzard of adult
chickers (Ketterer e: al., 1973; Larsson et al..
1974c¢). Yamada et _al. (1986) have found, in additior
tc gastrin~immunoreactive cells, other wvarieties of
endocrine cells, i.e. somatcstati..-, APP-, motilin-,
gerotonin-, and gastrin-reieasing peptide {GRP) -
immunoreactive cells in several adult avian species
including the chicken. All these cell types were
found particularly in the cranial and  caudal
diverticulae of the gizzard while few immunoreactive
cells were detected in other regione. Since these
endocrine cell types, found by Yamada et al. (1986},
with the exceptioa of GRP, occurred so infrequently
and in so few specimens these authors have suggested
that these immunoreactive cells may be ectopic and of
no funstional  significance. Yet another immuno-
reactive cell type found in the gizzard of adult

birds is bombesin, reported by Timson et al. (1979}
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aai Vailiant et _al. (1979)., As bombesin and GRP are
veory similat these bombesin-immunoreactive cells are
likely to be the same GRP-immunoreactive vells as
Yamada et al. (1986} found.

It therefore appears that a wide variety of ¢ locrine
cell types, albeit sparsely distributed, are present
in the adult avian gizzard 11 particular regions.
This contrasts with the sgituation in young birds and
chicks at hatching. Occasional bombesin/GRP- and
motilin-immunoreactive cells were found by Rawdon
and Andrew {1981a) in the gizzard of hatched chicks.
No somatostatin-immunoreactive cells (Sundler et al.
£1977) or APP-immunoreactive cells (Alumets et al.,
1978} were found in the gizzard of young birds.
However Alumets et al. (1978) did report the presence
of APP-immunoreactive cells in the gizzard of c¢hicks
at hatching but these cells had disappeared one week
later. Deapite the fact that the middle region of
the gizzard and the vyloro-gizzard Jjunction were
sampled both in the present study and by Rawdon and
andrew {193la) in chicks at hatching, no  immuno-
reactive cells of any of the five types scught were
Jdetected, No immunoreactive cells of these types
were detected in any of the earlier stages examined

vithet .
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It seems likely that endocrine cells generally
dirferentiate in the gizzard afrer hatching
towever, the facts that the regional distribution of
endoctine cells in the gizzard of adult birds is by
ao means uniform and that the regions of embryonic
gizzard sampled in the present study differed from
those of the adult gizzard sampled by Yamada et al.
(1986), might poassibly account for the differences in
the resnits of the two studies. Hence more comprehen-
sive sampling of the embryonic avian gizzard may
reveal a variety of endocrine cells not detected

here.

5.5 Regions in which Immunoreactive Cells Appeared

Consistently: ¢roventriculus, Pyloric Fegion

and Small Intestine

5.5.1 Gastrin/CCK-immunoreactive cells

The first attempts to detect gastrin in avian
qut employed biocassay methods: OClowa-Okoran and
Amure (1973) reported gastrin-like bioactivity
in the chicken proventriculus but not in the
dundenum whereuas Ketterer et al. (1973) by Rla,

detected gastrin-like immunoreactivity iu  the
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duodenum only, alriough other regions were
examined. However, immunocytochemical studies
have demonstrated no gastrin-like immunoreac-
tive «cells in uhe proaventriculus of adult
chickens (lLarsson et al., 1974c: Polak ¢t al.,
1974; Usellin: et al., 1983) or chickens at
hatcting (Rawdon and Andrew, 198la). In the
pregent study too, no  gastrin-like immuno-
reactive cells were detected f{u the chicken
proventriculus. Here also, in chicks at
hatching gastrin-immunoreactive cells wer.
“ound to be concentrated in the pyloric rejion
and some were distributed throughout the smalil
intestine. These immun: acctive cells were
demonatrated with a COOH-terminal antiserum
which 1is not specific for gaatrin but will
stain CCK as well. No specific antisera are as
yat available for avian gastrin (sec 5.1.2).
The question then arises as to whether the
cells stained in the pyloric rejion and small
intestine in the present study are gastrin- or

CCK~ immunoreactive cells.

Qre  of the first reports of gastrin-lika
immunoreactivity in the gastrointestinal tract
cf birds was that of Polak et al. {1974} who
reported in an impunocytochemical etudy,

castriun/CoK-like immunoreactive cel .. from the
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gizzard to the rectum in adult chickens and
quails. Other workers have found gastrin/CCK-
like immunoreactive cells to be less widespread
in avian gut (Larsson et al., 1974c: Rawdon
and  Andrew, 198la); the distribution is
similar to that found in man and mammals where
gastrin-like i.munoreactive cells are largely
confined to the antrum and small intestine
{Tobe et al., 1974; Larsson et al., 1975a,
1977; Dubois et al., 1976a: Kataoka et al.,

1985a,b).

Subseguent RTA studies have shown that a
gastrin-like factor is situated in the pyloric
tegion and small intestine in adult birds. In
1974 Larssor. et al. discovered the important
antral region which had been overlooked by
previous wcrkers. These authors demonstrated a
gastrin-like factor similar in molecular size
to mammalian G-17 in this region. in 1984
vigna confirmed the presence of a gastrin-~like
peptide in the chicken antrum hy RIA and
bicassay. Dockray (1978) identified - similar
factor in the turkey antrum with COOH-terminal
antisera bat not with antisera specific for
intact mammalian G-17 or its NHp-terminus,
Jdemongtrating that the avian gastrin~like

factors differ from mammalian gastrin. Thus
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avian and mammalian gastrin are of comparable
molecular size but resemble each other
closely orly at the functiona’ly critical
COOH=-*erminus., Larsson et al. (1974c) have
suggested that this may explain why avian
gastrir * undetectable in some RIA's. It aiso
explain only antisera raised to the COOH-
terminus of mammalian gastrin can be used to
demonstrate gastrin-like immunoreactivity in

pirds as in the present study.

Such antisera have revealed gastrin/CCK-immuno-
reactive cells in the pyloric region and small
intestine of adult chickens (Larsson et al.,
1974¢) and quails (Yamada et al., 1979) and in
chicks at hatching (Rawdon and Andrew, 198la).
Thus RIA and immunocytochemical avidence
presented by previous workers supports the view
that gastrin-like immunoreactivity is present
in the pyloric antrum. Since in mammals the
antral cells have been shown to contain
gastrin, in chickens, the cells stained with
the C(OOH~terminal antiserum in this region in
the -resent study are likely to be gastrin-

immunoreactive cells.

CCK-like peptides have been detected in the

avian small intestine and appear to be

~
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different from mammalian CCK (Rawdon  and
Andrew, 1981b). Several studies have examined
rthe forms of CCK-like peptides in the intes-
tinal mucosa of mammals. It is evident that a
large proportion of CCK present in the upper
small intestine in mammals is CCK 8 {Dockray,
1977). Dockray {(1979) has decrected a factor
closely resembling the COOH-terminal octapep-
tide of porcine CCK in extracts of turkey
jejunum. The immunocytochemical study of
Rawdon and Andrew (1981b) demonsrates that
although COOH~-terminal antigera stain <chick
intestinal cells, the use of antisera to differ-
ent regions of mammalian CCK does not allow
specific distinction of CCK cells in this
species. They conclude that outside the COOH-
terminus the avian peptide in chick qut differs
from the mammalian . Since there is a CCK-like
peptid: in chick gut, it seems that at least
some of the cells which demonstrated immuno-
reactivity with the COOH-terminal antiserum in
the small in%estine in the present atudy are

likely to contain a CCK-like peptide.

With regard to the time of firct appearance of
gastrin-immunoreactivity in the present stuly,
despite examination wf two specimens of the

pyloric region and small intestine at each of
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12, 13 and 14 days and four at 16 days of
incubation, gastrin/JcCK-immunoreactive cells
ware first detected only on the 14th day of
incubation in the small intestine and on the
i6th day in the pyloric region. Even then the
cells were very sparse. ihwever, Salvi and
Renda (1986) have reported the rare occurrence
of such cells at 11-12 days of incubation in
the pyloric region and duodenum. A COCH-
termiral antiserum was used by these authors
but all sections were routinely submitted to
trypsinization prior to the immunohistochemical
procedure. It is worthy of note that while
Salvi and Renda {ibid.) make no further
reference to this treatment with regard to
gastrin/CCK-immunoreactive cells, all sections
of chick embryonic proventriculus had to be
submitted to trypsinization up to 15 days of
incubation in Jer to demonstrate cells
immunoreactive for bombesin; thereafter this
step became unnecessary (D'Este et al., 1984).
Although the use of trypsin is a recognised
procedure, care should be taken with the
interpretation of results, since sites in
proteing other than those stained for. being
exposed, may stain, thereby giving a false
positive result. It is possible that Salvi and

Renda (ibid.) may be demonstrating precursor

r
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aolecules of the peptides, the immunoreactive
site of the peptide itself being masked in the
precursor  and then freed by trypsin for

reaction with the antiserum.

It is of interest that Salvi and Renda (1986)
report the first appearance of endocrine cells
in the pyloric region of their chi- mbryos at
t1~12 days of incubation when the first buds of
glands  appear in the mucosa. Since no
indicatjons of gland development was detected
in the present study at this stage, the
findings of Salvi and Renda (ibid.) suggest
that differentiation of the gut in their study
is more advanced than at the same incubation
age in the present study. This, too, may
account for the fact that these authors were
able to demonstrate the presence of immuno-

reactive cells at an earlier stage.

The function of gastrin during foetal life
appears to be uncertain. Since significant
quancities are present, Larsson et al. (1977)
have suggested that it has a trophic role in
the early development of the gastroiantestinal
tract. Evidence from studies on foetal
{Largson et al., 1974a) and neonatal rats

., 1976} indicates that the early

{Braaten et
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strin produced is secreted into the blood
stream, and Aynsley-Green et al. (1979} have
shown an  increase in plasma gastrin levels
after oral feeding in human neonates. Muller
et al. {1980) has suggested the possibility
that increased gastrin levels in foetal mammals
may prime upper gastrointestinal growth in
readinedas for the onset of oral feeding. In
adult fed and fasted mammals, gastrin has been
implicated as a trophic agent, necessary for
the maintenance of the functional and
structural integrity of the gastrointestinal
tract (Johnson et al.., 1976)., Majumder (1984)
has found it to be a trophic agent during

certain stagea of development.

Although gastrin cells have been shown to
appear later than other endocrine cel’ types in
the pyloric region in the present study, they
do nevertheless occur in significant numbers
wall before hatching: it is conceivable that
they perform the same functions as their

mammalian counterparts.




L5.2 Neurotensin-immunoreactive cells

Avian  neurotensin-immunoreactive cells react
Wwith antisera to the COOh-terminus of mammalian
neurotensin (Sundler et al., 1977: Reineke et
al., 1980; Rawdon and Andrew, 193la} and are
more widespread in avian than mammalian gut
(sundler et al., 1977). In the present satudy,
at 21 days of incubation such cells were
detected throughout the gastrointestinal tract
from the proventriculus to the rectum, except
for the gizzard, in accordance with the results
of Rawdon and Andrew (198la} in chicks at this
time. Findings of other workers with regard to
the presence or absence of neurotensin-immuno-
reactive cells ‘n the proventriculus vary
considerably, Whereas these cells have been
detected as early as '2 days of incubation in
the proventriculus in the present study and are
numeraous a* hatching, they were not observed
there by Sundier et al. (1977) from 10 days of
incubation onwards, in chicks at hatching or in
young  birds; neither have these cells been
observed in the proventriculus of adult gquails
by Reineke et al. (1980) or adult chickens by

Yamada e 1. (1986}, Nevertheless the latter

authors have lerected rare neurotensin-immuno-

reactive vells in this reqgien of the gut in
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aother species of adult birds including the

quail.

In the present study neurotensin-immunoreactive
cells were one of the earliest endocrine cell
yres  found in the gut of chick embrycs -
they were detected very much earliar than by
previous workers. These cells were observed
in the proventriculus, pyloric region, duodenun
and rectum at 12 days of incubatior whereas
Sundler et al. (1977) reported the  first
appearance of neurotensin-immunoreactive celis
in the colon/rectum only at 18 days of incuba-
tion and 1in the small intestine and pyloric
region two days later, i.e. respectively 6 and
B days later than th:y were first detected in

the present stuly.

5.5.3 Somatostatin-~immunoreactive cells

In th2 chick embryos studied here somatostatin-
immunoreactive cells, like neurotensin-immuno-
reactive cells, appeared in some rjecimens at
12 Jdays of incubation and in the same regions
(proventriculus, pyloaric region and Jduodenum)
except for the rectum, whereas Alumets et al.

(1977} reported them to be confined to ‘the
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proventriculus at 12 days. Wium {pers. commun.)
too, has detected somatostatin-immuncreactive
cells in the provencriculus at this stage. At
14 days they were found in addition in the
upper and lower ileum in the present study. in
the pyloric region Salvi and Rends (1986} too,
found cells with somatostatin-like immuno-
reactivity at [2 days and in the duodenum rare
somatostatin-immunoreactive cells une day
earlier. The number of specimens that they
studied is not indicated but all specimens were
subjected to trypsinization prior to immuno-

histochemical procedures.

In the present study somatostatin-immuno-
reactiva cells were found, in addition, in the
rest of the small intestine in some specimens
at 14 days and by 16 days they were present in
every specimen of the duodenum. These findingsa
are contrary to those of Alumeta et al. (1977}
who reported the first appearance of somato-
statin-immunoreactive cells in the duodenunm
only at 16 days of in-ubation. Furthermore, in

the present study somatostatin-immunoreactive

cells were aiready numerous in the npyloric
region at 174 Jdays of incubation whereas
Alumets et al. (ibil.} detected such cells ia

this region for the first time at 19 days of

-
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rncubation. They reported somatostatin-immuno-
reactive calls to be virtually absent from the
jejunum  and  ileum; in contrast the present
study revealed the presence of few to moderate
numbers of gomatostatin~immunoreactive cells in
the upper and lower ileum in at least two
specimens at each stage of incubation from 17}

days onwards until hatching.

in human foetal gut somatostatin-immunoreactive
cells appear as early as 8 weeks in both the
stomach and small intestine according to some
authors (Track et al., 1979; Stein et al.,
1981, 1983);: -hese findings are contrary to
those of Dubois et al. {1978): Chayvaille et
al. (1980} and Buchan et al. (1981) in which
somatostatin- immunoreactive cells are reported
to appear a few weoks later in the stomach than
in the ducdenum. Conflicting results have been
reported too in avian gut where in the presgent
study somatostatin-immunoreactive cells
appeared s;multaneously and early in toth of
these regions whereas according to Alumets et

al. (1977) they appear at different ages in the

stomach and Juodenum.

In  the present  study the distribution of

somatostatin- immunoreactive cells at 21 days of

rard
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incubation is the same as that fo-'nd in chicks
at hatching by Rawdon and Andrew {(1981) and in
young chickens by Alumets et al. {1977). The
detection of somatostatin-immunoreactive cells
in the duodenum of aduit quails (Seino et al..
1979) appeirs to be the only report of these

cells in adult birds.

The fact that somatostatin-immunoreactive cells
are present in the gut of chick embryos,
concentrated particularly in the pyloric region
before hatching, suggests that they may be
involved functionally in embryonic life. Since
in  agult mammals somatostatin~immunoceactive
celis have an inhibitory effact on secretion by
other endocrine cell types 1t is conceivable
that they may perform the same function in the

embryo.

5.5.4 Avian pancreatic  polypeptide-immuno-

reactive cellg
The present findings regarding th» distribution
of APf-immunoreactive cells at hatching in
general correspond well with those of Alumets
et al. {1978) and Rawdon and Andrew (19Bla).

The former workers, but  not the lotter,

reported APP~immunoreactive cells in the
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gizzard and colon/rectum at this stage. Theuve
cells appear to be transitory as they were not
detected in the gizzard or colon/rectum by

Alumets et al. (ibid.) prior to 21 days of

incubation and they had disappeared a week
later. In the present sgcudy, however, no APP-
immunoreactive cells were detected in the
gizzard, caecum or rectum at hatching or at any

of the precedir3y stages exam: fa

The earliest age at which APP-immunoreactive
cells were detected in the present study was at
13 days of incubation, one day later than that
at which neurotensin- and somatostatin-immuno-
reactive cells are reported to appear for the
first time in <chick embryos in the present
study and two days later than somatostatin-
immunoreactive <cells were reported in the
pyloric region and swmall intestine by Salvi
and Renda (1986). The results of the present
study indicate that in embryonic avian tissue
APP-immunoreactive cells aprear considerably
earlier thar reported by other workers: exam-
ination of at least two specimens at each stage
of incubation revealed #PP-immunoreactive cells
tor the first time in the dJduodenum and upper
ileum as e3rly as 13 days of incubation,

i.e. four days earlier than fourni e by
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Alumets et al. (1978), three days earlier than
by Larsson et al. {1974b) in the ducdenum and
six days earlier than by Alumets et al. (ibid.)
in the rest of the small intestine. Further-
more cells of this type were identified in the
proventricalus at 14 days of incubation, i.e.
7 days earlier than by Alumets et al. (ibid.).
From their observations on the order of
appearance of APP-~immunoreactive cells in the
various parts of _he gut, these workers have
suggested tha ney invade the gut cranially
and caudally ‘r:: a point of origin in ttre
3 odenum, The results of the present study do
not support this view, as APP-iamamunoreactive
cells were detected in the proventriculus and
throughout the small intestine between 13 and
14 days of incubation and thereafter increased

in number only in the same regions.

APP-immunoreactive cells are not normally
present in the pyloric region of the chick
gastro-intestinal tract (see Larsson et al.,
1974b; Rawdon and Andrew, 198la). Hence the
APP~immunoreactive cell detected in this region
at 14 Jdays of incubation may be regarded as
actopics Andrew et al. (1988) have reported
the occurrence of ectopic gut endocrine cells

in chorioallantoic grafts of experimental
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material and Yamada et al. (1986) have con-
sidered several endocrine cell types in adult
avian gizzard to be ectopic and of no

functional significance {see 5.4).

As already mentioned, according to El-Salhy et
al. (1982d4) PP and PYY do not occur in the same
cells in adult chickens. Using an antiserum
specific for PYY on chick embryonic tissue
fixed in Bouin's £luid, El-Salhy et al. (1982b)
demonstrated PYY-immunoreactive cells in the
duodenum only: this was at hatching and at 18
days of incubation but no earlier. Unfortu~
nately El-Salhy's PYY antiserum has failed to
demonstrate immunoreactive cells in parabenzo-
quinone vapour-fixed tissue in any region of
the gastrointestinal tract of chicks at
hatching (Rawdon, pers. commun.). PYY-immuno-
reactive determinants not stained by this
antiserum may nevertheless be present in tissue
fixed in parabenzoquinone vapour and be
reactive with APP antiserum. With the same
APP antiserum, Alumets et al. (1978) and the
present author have demonstrated immunoreactive
cells in the proventriculus and small intestine
much earlier than PYY-immunoreactive cells were
Jdetected by #l-Salhy et al. (1982b). If there

are indeed no PYY cells in the proventriculus

|
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and ileum before hatching, then the cells
stained there with the anti-APP serum could
be PP rather than PYY cells. The same applies
ta the cells Jdemonstrated in the duodenun
before 13 days. 1f, however, PYY cells are
scarce and so were missed by El-Salhy et al.
(ibid.) in sampling these regions, the cells
stained in the present study in the proven-
triculus, duodenum and ileum may include either
or both of PP or PYY cells. The likelihood of
at least some cells in the ileum containing PYY
is suggested by El-Salhy's demonstration of
pPYY-immunoreactive cells in the ileum after
hatching =~ also, in mammals such cells occur
mainly in the distal small intestine and large
intestine (Lundberg et al., 1982). Clearly “he
identity of the PP-immunoreactive cells in
chick embryos can only be solved by application
of specific PYY antiserum to suitably fixed

material.

5.5.5 Glucagon~immunoreactive cells

For chicks at hatching, the present findings
regarding the distribution of glucagon-immuno-
reactive cells correspond well with those of
Rawdon and Andrew (198la). The nresent atudy

appears to be the ouly one undertaken so far on

AL




the ontogeny of glucagon-immunoreactive cells
in c¢hick embryonic gut. Cells immunoreactive
for glucagon appeared in the proventriculus at
the same time a3 APP-immunoreactive cells
apreared in the duodenum and upper ileum,
t.e. at 13 days of incrbation, one day later
than somatostatin- ancé neurotensin-immuno-
reactive cells were detected in the same region
in the proventriculus, pyloric region and
ducdenum. At 14 days of incubation glucagon-
immunoreactive cells had appeared throughout
the small intestine together with the other

four endocrine cell types studied here.

As already mentioned (see 3.5.1), antiserum
YY59, having NHj-terminal specificity, staing
pancreatic glucagon as well as its larger
molecular forms: therefore, whather the cells
stained with the antiserum in the present
study contain pancreatic glucagon or a GLI
is uncertain. Some gut endocrine cells which,
like pancreatic endocrine cells, stain with

specifiz anti-pancreatic glucagon sera {(COOH-

termic... specific) occur in certain mamsals
where they are confined to the stomach. I
the mammalis» small intestine, immunoreactive

GLI's stajn  with NHp-terminal glucagon and

|
i
t
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specific glicentin antisera  but not with
COOH-terminal glucagon antisera (Polak et al.,
1971; Baldisera and Holst, 1984). However, in
chicks at hatching, Rawdon and Andrew (1984b)
have reported that both NHz-terminal and COOH-
terminal glucagon antisera stained the same
cells in the proventriculus, upper 1ileum and
pancreas of chicks a: hatching: they =uqgest
that either apecific pancreatic glucagon occurs
in all these immunoreactive cells or that any
GLI present has an unmasked COOH-terminus.
These authors were  unable to demonstrate
staining with a spexific glicentin antiserum
in their material, processed as in the present
study (pers. commun.}. In youny chickens,
however, Usellini et al. (1983} reported that
only non-COOH~terminal glucagon antisera
stainea cells in the proventriculus, which
indicates that at this age the glucagon

sequence is present here only in a GLI.

Rejional Distribution and Frequency of Immuno-

reactive Cells

Acvording  to  the present findings, the regional

distribution of neurotensin-, APP~ and glucagon-

tamunoreactive  cells  in the chick gastrointestinal
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tract is established as early as 14 davs of
incubation, that for somatostatin-immunoreactive

calls by two days later and for gastvin/CCK-immuno-
reactive cells only by 19 davs of incubation. Immuno-
veactive cells of all five type studied showed a
general increase in number during development until
the numbers at hatching was established. Subjective
asgessment. of the frequency of these cells at
hatching appears to be reached by gastrin/CCK- ard
APP-immunoreactive cells about two days before
hatching and by somatostatin-, neurotensin~ and
glucagon-immunoreactive celis a day or two earlier.
It wmay be that the trend changes shortly after
hatching as has been shown for example by Alumets et
al. (1978) for APP-immunoreactive cells (see 5.5.4).
Further changes may well occur in young birds to
attain the adult pattern. In genaral, endocrine
cells oppear to be less wide spread in adult birds
than in young birds and those at hatching (c¢f. Yamada

2t al., 1986) .

5.7 Morphology of the Gut at the Time of First

Appearance of Enuocrine Cells

The Jdegyree of Jdifferentiation of the gut in relation
t the time of firat appearance of immunoreactive

colls ts worth considering, 1t is significant that
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cells  immunoreactive for neurotensin, somatostatin,
APP and glucagon make their first appearance when the
~pithelium and glands of the gastrointestinal tract
are  relatively undifferentiated. This shows that
differentiation of erdocrine cells is not dependent
on the presence of well-di{ferentiated epithelial

cells of other types.

On tha other hand goblet cells appear only when the
gut i3 reascnably well-differentiated. They were
Jetected for the first time in the present study at
19  Jdays of incubation in the small aud large
intestine and were abundant at hatching. Romanoff
{1960) too, found goblet cells at 19 days of
incubation. The earliest atage at which goblet cells
have been detected in chick embryonic gut is in SEM
stucies. Pacini et al. (1979) found goblet cells in
the small intestine at 15 days while Lim and Low
(1977) described goblet cell openings at the tip of
each villus in the dJduocdenum, when definitive vill:
ware first seen, at 18-19 days of incubation. In
quail embryos, {which hatch at 16 days of incuba-
tion}, the mouths of goblet cells were recognised at
12 daye of incubation also at the time when Jdefini-
tive crypts aml villi were seen (see Ishizuya, 1780).
Since the morphogenesis of the intestine and cyto-
fterentiation of goblet vells occur simultaneously

in the quail, Ishizuya (ibid.) has suggested that
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some relationship may exist between then. The same
coald well apply t~ the findings of Lim and Low

(1977} in the chicy embryo.

5.8 Coexistence of Peptides

Fvidence has accumulated, for mammals, for the
securrence in the same cell of two or more related
forms of a peptide, for example, pancreatic glucagon
aad glicentin (Larsson and Moody, 1980; Grimelius
et al., 1976; Orci et al., 1983; <Colony et al.,
1982) and also of unrelated peptides, for exarnle,
glicentin and PYY (El-Salhy et al,, 1983; Ali~
Rachedi et al., 1984: Bsttcher et al., 1984, 1986:
see Solcia et al., 1987) and gastrin together with
immunoreactivity for the followings ACTH (Larsson,
1977a, 1978a,b}, oL MSH (Larsson and Rehfeld, 1981},
growth hormone (Sundler et al., 1979b} and enkephalin
(Polak et al., 1977b). PP~ and PYY-like peptides are
reported to coexist in teleost qgut (Abad et al., -
see Rombout et al., i987) although not in mammals
(El~Salhy wnd Grimelius, 1983) or pirds {El-Salhy et

al., 19824).

in  «<hicks at  hatching and in  adult birds dual
ramunoreactivity for unrelated peptides, namely
AP and glucagon (Rawdon and Andrew, 198la), gastrin/

CCK O and neurotensin {(Sundler et al., 1983: Rawdon
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et at., 1983) and for bombesin and serotonin (D'Este

et _al., 1986) have been reported.

The present study, besides aiming to confirm or other-
wise these reports of dual immunoreactivity for APP
and glucagon and for gastrin/CCK and neurotensin in
chicks at hatching, was extended to determine whether
these dual immunoreactivities are present before

hatching.

5.8.1 APP- and glucagon-like immunoreactivity

Before discussing the results of the present
study, it is necessary to review the relevant
literature with regard to APP and glucagcn
and  their related forms, PYY and glicentin,
in gut endocrine cells. This is done in order,
firstly, to determine 1f possible the likel -
hood of the peptides dealt with here being PP
itself or PYY, pancroeatic glucagon or gliceutin
and sgecondly, to assess the situation with
regard to the coexistence of these peptides in

other species,

The coexistence  of PP~ and glucagon-like
peptides has bheen reported to oceur in the
pancreais of mammals (e.g. Grube et al., 1982)

and  chi. .k  emnbryns {Cowap, 1985)  and  also

ot
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repeatedly in the gut ot various wnammals, for
example in human colorectal cells (Soicia et
al., 1879, 1985}, in the ileu W colon of
cats (Ravazolla and Orci, 1980) as well as in

the proventriculus and upper ileum of chicks at

hatching (Rawdon and Andrew, 198la).

Initially the antisera which were available to
localize endocrine cell types did not distin-
guish between different forms of the peptides
under discussion. It appeared that the
coexistence of PP- and glucajon-like substances
was common along the length of the gut of verte-
brate species. With the development of
gpecific anti-PYY and anti-glicentin sera it
has been shown that cells exhibitinrg dual
immunoreactivity 1n the intestine of mammals
contain PYY- and glicentin- rather then PP- and
glucagon-like immunoreactants (El-Salhy et al.,
1983;  Ali-Rachedi et al., 1984: Bsttcher et
al., 1984, 1986: Barbosa et _al., 1987). Ali-
Rachedi et al. (ibid.) reported that the
majority of cells immunoreactive for PYY were
also glicentin-immunoreactive B hence a
separate populntion of PYY-immunoreactive cells
must  have been resent. Since PYY is op~t
contained in the qlucagon/glicentin precursor

sequence (RBell et al., 1983a,b}, Sundler et al.




{1985) have proposed that PYY and glicentin are
derived from two separate precursor molecules.
Results have furthermore indicated the coexis-
tence of PYi~ and glicentin~like immunoreact-
ivity in the same secretory granules (Bdttcher
¢t al., 1986) in certain ~nammals. These
findings differ from those of El-Salby et al.
(1983) in which PYY-immunoceactivity in adult
human intestinal celle did not occur togetner
with PP- or 'enceroglucagon'-like immunoreact-
ivity. In the adult monkey, on the other hand,
PYY- and glicenuin-immunoreactivity were found
in the same cells (El-Salhy and Grimalivs,

1983},

A related finding 1is that PP and PYY almost
always are found in separate cells. PP occurs
mostly in the pancreas. when apecific PP-
{mmunoreactivity coexists with immunoreactivity
for the icosapeptide fragment of the PP
precursor, as in the pancreata and stomach of
certain mammalian species, the immunoreactive

cells have Leen referred to as “true PP" cells

by Sundler et al. (1984). PYY occurs mostly
in the gut (Solcia et al., 1985) being located
in  the ileum, c¢olon and rectum in  mammals

(Lundberg et _al., 1982).
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With regard to the presence of glucagon-like
gsubstances in mammalian gqut endocrine .ells,
pancreatic glucagon-immunoreactivity is found
in cells of the pancreas and gastric mucosa
{see, for example, Baetens et al., 1976b;
Sundler et al., 1976), whereas glicentin-immuno-
reactivity is located mainly in cells 2f the

lower small intestine (see, for exanm, le,

Larsson et al., 1975b).

In birds glicentin has been demonstrated only
in the proventriculus of young chickens and of
chicks at hatching (Usellini et al., 1983). By
analogy with mammals this is an unexpected
“gervation:s pancreatic glucagon, rather than
glicentin, would be thought to occur in this

gastric region.

With regard to PYY, this peptide is less widely
distributed in birds than in mammals; it is
confined in  adult chickens to the duodenum
and  jejunum (El-Salhy et al., 1982d4) the 1ame
distribution as {in amphibians and reptiles
(El-Salhy et al., 1982a). These authors have
suggested that because the frequency and Jdistri-
bution of PP~ and PYY-immunoreactive cells
diffar in the gu+x of the Jdomestic fowl, these

two polypeptides must occur as two independent
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cell types. Tue icosapeptide in the PP
precursor was not tested for but specific
anti-pp and anti-PYY sara were used to

demonstrate the cells.

In the present study dual immuroreactivity for
APP and glucagon has been exhibited by cells in
the proventriculus, upper anl lower ileum. As
explained earlier (3.5.1), the antisera used do
nct distinguish between PP and PYY or between
pancreatic glucagon and glicentin, and specific
antisera have not been successfully applied to
this material. Since dual immunoreactivity in
mammalian cells concerns PYY and glicentin, the
same situation is likely to pertain in birds.
This possibility is discussed below in the

light 2f available data.

In embryonic chick gut, PYY-immunoreasctive
cells have been demonstrated only in tuc
duodenum and only f:.m 18 days of incubation
(El-Salhy et al., 1982b). It cherefore appears
that only those APP-immunoreactive cells demons-
trated in the present study in the duodenum at
and after 18 Jdays might be PYY-immunore-ctive
cells. However this is the one region where no
dual immunoreactivity for PP and glucagon was

found. of the APP-immunoreactive cells
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demonstrated in the proventriculus and ileum, a
fair proportion showed glucagon-like immuno-
reactivity; Theince the possibility that these
AbP-immunoreactive c¢ells contain PYY-immuno-

reactants should be re-examnined.

In the present study, by analogy with mammals,
some or all of the glucagon-immunoreactive
cells in the small intestine could be expected
to be glicentin-immunoreactive cells. However,
no evidence has yet been found for specific
glicentin-immunoreactivity in cells of the
small intestine (see Rawdon and Andrew, 198la)
for chicks at hatching. It is hence at present
unclear whether PP~ and glucagon-like immuno-
reactivity in embryonic chicl: gut is attribut-
able to PYY and glicentin or not. Thre problem
can only e resolved if PYY and glicentin -
perhaps an avian form - PP itself and
pancreatic glucagon can be successfully

demonstrated in chick gut.

The results of the present study for the co-
existence of glucagon- and APP-like substances
in chicks at hatching differ somewhat from
those of Rawdon aad Andrew (198la). Whereas in
the present study in the proventriculus and

upper ileum only, some APP-iamunoreactive cells




were alro glucagon-immunoreactive, Rawdon and
Andrew (ibid.) found that in these regions all
APP-immunoreactive. cells were immunoreactive
for glucagon. These workers used a different
fixative but the same antisera and the same
breed of domestic fowl (pers. commun.}. 1In the
lower ileum, a region not sampled by Rawdon and
Andrew (198la), all APP-immunoreactive cells
were glucagon-immunorzactive. Surprisingly no
dual immunoreactivity was found in the duodenum
at any of the stages studied despite the fact
that a large nuwber of sections was examined.
Rawdon and Andrew (ibid.} did not look for dual

immunoreactivity in the duodenum.

Despite an extensive search for cells showing
dual immunoreactivity for APP and glucagon, the
cell numbers are in some cases, low. However,
changes in the proportion of such cells ard
alsoc of cells shuwing immunoreactivity for each
of the peptides separately are indicated
vetween 178- and 2l-days of incubation in
certain regions. In the lower ileum, at least,
the proportion of cells exhibiting dual immuno-
reactivity appears to decrease with time and
the proportion of those c¢2lls immurioreactive
for glucagon only, increases. A8  explained

already (3.5), <dual immunoreactivity was not
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sought at the time when APP- and glucagon-
immunoreactive cells first appear, but if the
above trends ~re extrapolated backwards and
forwards in time it may be speculated that when
APP- and glucagon-immunoreactive «cells first
appear, which 1is at approximately the same
time, all stainable cells, in the lower ileum
even if nowhere else, may store both peptides:
if this trend were extended forward, cells
exhibiting dual immunoreactivity would be seen
to decrease even further in the w2eks after
hatching. However, changes in proportion may
fluctuate, as do those rzported by D'Este et
al. (1386). These authors found that cells
exhibiting dual immunoreactivity for serotonin
and bombesin in chick embryonic proventriculus
were very few initially, reached a peak at
17-18 days of incubation and had decreased

markedly by hatching.

tt would be interesting to extend this study
to seek contirmation or otherwise ftor the
apparent trend in the proportion of dual immuno-
reactive cells Jdemonsirated here. Stages of
particular interest would bLe the time of first

appearance, the postnatal period and adulthood.
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D’ -te et al. (1986) have reported that the
cel.s demonstrating the coexistence ot
serotonin- and bombesin-like substances become
less frequest in the post-hatcing and adult

stages.

5.8.2 Gastrin/CCK- and neurotensin-like

immunoreactivity

Sundler et al. (1977) and Rawdon and Andrew
(198la, Rawien et al., 1983} reported the
presence ~f dual immunoreactivity for
gastrin/CCK  and neurotensin in the pyloric
region of chicks at hatching: the present study
confirms chese reports for this stage and also
cshows dual immunoreactivity for the two peptides
in  the duoudenunm. At 19~ and 17}-days of
incubation the proportion of cells exhibiting
dual immunoreactivity for these peptides in the
pyloric region was virtually the same as that at
hatching. In the duodenum the same lack of a
clear chanre in the proportion of Jdually

immunoreactive cella ig evident.

Since ia the pyloric region neur~’enain-imnunc-
reactive cells were present for the first time
at 12 Jdays of ioncubation, four days earlier than

gastrin/Cok-immunoreactive cells, according to




the present study, it appears that neurotensin-
imaunoreactive cells are in “ially a separate
population of cells. towever, Salvi and Renda
{(1986) detected gastrin, CCK~immunoreactive
cells, albeit after trypsin treatment, at 11-12
days of incubation. Hence, dual immunoreactivi-
ty for gastrin/CCK and neurotensin may occur
+ this stage. On the other hand, according
to the findings of D'Este et al. (1986), cells
demonstrating <.al immunoreactivity later on, do
not necessarily do so when they first appear.
rhese authors found that sgerotonin-immuno-
reactive cells first appeared in the proventri-
culus at 8 days of incubation, bombesin-immuno-
reactive cells 13-4 days later and dual immuno-
reactivity of the two peptides was orly
demonstrated two days after this. Hence, here
again further study, seeking neurotensin-immuno-~
reactivity in cells stainu,le for gastrin after
trypsinr . :itment, should be profitable, as
would be an ana’l_zis of the situation after

hatching and in “he aault,
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2.9

The  pregent study has provided a survey of the
regional distribution of endocrine cell types with
inmunoreactivities indicative of the presence of the
peptides somatostatin, neurotensin, gastria/CCK, APP
anl glucagon, It has shown further that dual immuno-
reactivity for APP and glucagon and for gastrin/CCK
and  neurotensin does occur in the embryo from an
early stage, the pattern of dual immunoreactivity
varying from one region to another. These findings
fora the basis for planning of further work o e
initiat.on of the coexistence of gut peptides in the

same cells in embryonic chick gut.

"his study has alsc deaonstrated fhat the five cell
types studied make their first appearance in varics
teegions of chick embryonie gqut at ages between 12 il
16 days of incubation, Although it is possible that

the very first cells of the types studied herw vy

appear a little earlier than reporied, the re
give a  clear indication of the ages  and  specifi.
teqgions in which they may first be _xpected. Fhe
whwervations also  show when any are cer*ain t
mresent, 1o redsonable numbers, in oa glven i1oqgion

che gastrointestinal  cract, This information (=

partroular o vajue da the planning of experimen’ tor
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imstance, on the Jdifferentiation »f gut endocrine
coelig. In th2 latter experiments, it 1is important
that  the duration of embryonic gut culture is
sufficient to allow for the <differentiation of
sndocrine cells. The experiments of Wie tz-Hoedsels
et al. (1987) on the role of the nota ord in gut
differentiation, of Andrew et al. (1988) on the role
ot mesenchyme and of Wium (in progress) on the role
of hormones in endocrine cell differe~tiation are

cages in point.
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TABLE AlL.

Numbers of somatostatin-immunoreactive cells found in each specimen

Days Of
incubation

Lower
ileum

1t

ie

174

o

No. of Proven- Pyloric
specimens triculus region Duodenum
2 - - -
3 2
1 1 -
Q - * -
2 4 - 10
- - 1
4 2 2
- - 2
4 - 1 2
2 3 2
2 10 17 13
6 23 18
2 - 21 3
3 19 15
2 1o 24 5
o 20 18 16
not Inoked for absent




TABLE A2. Numbers of neurotensin-immunoreactive cells found in each specimen

Days of No. of Proven- Pyloric [Upper Lower
incubation | specimens triculus Gizzard | region Ducdennm ‘ileum ileum | Caecum | Rectum
]
1! 2 - * - - - - v -
- - - - - L] -
12 3 1 * 1 - - - - -
- - - - - - > -
- * -~ 2 - R . 1
13 2 L * - 2 - - - 1
* - 1 . - - 1 5
- o
14 2 3 - 1 15 12 4 1 1
- - - 7 3 1 - -
16 3 3 - . 7 3 3 - 1
1 - 2 19 7 2 1 24
2 - 3 4 6 4 - S
174 2 2 30 20 6 10 * 4
3 * 15 30 14 30 * 20
19 2 2 - 17 20 14 2 - 7
- - 23 13 3 4 - 15
21 2 8 - 1 21 3 14 - 14
e o 9 - 29 16 20 7 - 7o
- B K} . L - = ahcant
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TABLE A3. Numbers of gastrin/CCK-immunoreactive cells found in each specimen

Days of Nc. of Proven- Pyloric Upper | Lower
incubation | specimens triculus Gizzard | region | Duodenum | ileum | ileum | Caecum | Revtum
11 O L L] * * - * - -
12 2 - - - - - - - ~
13 2 * » - - - - * .
* * - - - -
14 2 - - - - 1 1 * N
- - - 1 - - * - ;
~
16 4 " * - - - - * L]
* * - - - - » *
* L] - - - - L4 *
w * 3 - - - L *
174 2 » » 10 3 - - * »
* L 14 - - - - *
13 2 - - 30 5 2 1 - -
- - 27 1 2 2 - ~
21 2 - - 21 3 3 1 - ~
- - 36 o 4 3 ‘J - -

* = pot looked for - = abgent




’
<
»
e
TABLE Ad4. Numbers of APP-immunoreactive cells found in each specimen
Days of No. of Proven- Pyloric Upper | Lower
incubation | specimens triculus Gizzard | region Ducdenum | ileum | ileum | Caecum | Rectum
12 2 - - - - - - - -
13 2 - * * - - - * *
- - - 1 1 - - -
14 5 - - 1 - - - - -
- - - 5 3 - - -
2 - - 2 - 1 - -
1 - - - - - - -
1 - - - 1 - - -
16 4 1 - - - - - - -
- - - 1 - - - -
- - - 3 1 - - -
17% 2 1 * * 1 2 1 * *
- * * 3 - - - L
19 2 3 - - 9 7 8 - -
1 - - 1 2 6 - -
21 2 2 - - 10 6 6 - -
3 - - 12 4 2 -

not  looked

= alisent

8&1



TABLE AS5. Numbers of glucagon-immunoreactive cells found in each specimen

681

Days of No. of Proven- Pyloxic upper | Lower
incubation | specimens triculus Gizzard | region Duodenum | ileum | ileum { Caecum { Rectum
12 2 - . - - - - * -
- * - - - - * *
13 2 1 . - - - - . -
- - - - - - * L
14 4 2 . 1 2 - - * *
1 . 1 - 1 - » .
2 * - 2 - 1 - *
3 . 1 2 1 1 * *
16 3 6 . - 1 2 2 * *
- * 1 1 3 * .
- - - - - - * *
17} 2 4 v 5 11 14 7 . *
5 * 1 13 7 € * *
19 2 7 ~ 14 2 14 2 - -
5 - 11 4 9 3 - -
. -l — .
2 2 5 - 10 7 10 10 - -
6 - 12 4 i3 1t - -

not looked for - = abaent
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Dual immunoreact. ity for APP
consecutive sections. Upper

incubation - two fields.

Section no. 1. red X

2. green o

4. green o

and glucagon in four

ileum at 19 days of

= glucagon-immuno~
reactive cells
= APP-imrinoreactive

cell

glucagon=-immuno~-
reactive cells
APP-immunore. ctive

cell
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Dual immunoreactivity for

192

gastrin/CCK and neuroten-

sin in four consecutive sections. Pyloric region

Section no.

at 21 days of incubation -

red

green

X

two fields.

neurotensin-immuno~
reactive cells
gastrin/CCK~immuno-
reactive cells
neurotensin-immuno~
reactiv. cells
gastrin/CCK- immuno~

reactive cells
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