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Summary. Antibodies to histamine were used to examine 
the localization of  the amine in cells of  the stomach and 
upper small intestine of  a great variety of  species, including 
cartilaginous and bony fish, amphibia, reptiles (lizard), 
birds (chicken) and a large number of  mammals. In all 
species gastric histamine was localized in endocrine cells 
(invariably found in the epithelium) and mast cells (usually 
with an extra-epithelial localization). The endocrine cells 
were identified as such by immunostaining with antibodies 
to chromogranin A and the mast cells were identified by 
toluidine blue staining. Histamine-immunoreactive endo- 
crine cells were found almost exclusively in the acid-produc- 
ing part  of  the stomach; only rarely were such cells observed 
in the pyloric gland area. They were fairly numerous in 
the gastric mucosa of  the two subclasses of  fish as well 
as in the amphibia and reptile species studied. Here, the 
majority of  the histamine-immunoreactive endocrine cells 
seemed to have contact with the gastric lumen (open type 
cells) and were located in the surface epithelium (certain 
fish only) or together with mucous neck cells at the bot tom 
of the pits. In the chicken, histamine-immunoreactive endo- 
crine cells were numerous and located peripherally in the 
deep compound glands. They were without contact with 
the lumen (closed type) and had long basal extensions 
(" paracrine" appearance), running close to the base of  the 
oxyntico-peptic cells. In mammals, the number of  hista- 
mine-immunoreactive endocrine cells in the stomach varied 
greatly. They were particularly numerous in the rat and 
notably few in the dog, monkey and man. In all mammals, 
the histamine-immunoreactive endocrine cells were of  the 
dosed  type and located basally in the oxyntic glands. They 
often had a "paracr ine"  appearance with long basal pro- 
cesses. Histamine-storing mast cells, finally, were few in 
both subclasses of  fish as well as in the amphibian species 
and in the lizard. They were fairly numerous in chicken 
proventriculus (beneath the surface epithelium), few in the 
oxyntic mucosa of  mouse, rat and hamster, moderate in 
number in hedge-hog, guinea-pig, rabbit, pig and monkey, 
and numerous in cat, dog and man. In the oxyntic mucosa 
of  the latter three species mast cells sometimes seemed to 
have an intraepithelial localization which made their dis- 
tinction from endocrine cells difficult. In newborn cats 
(1-3 days old) in human foetuses (17 24 weeks gestational 
age) mast cells were relatively few in the gastric mucosa 
and the histamine-containing endocrine cells were easier 
to demonstrate as a consequence. Patients with achlorhy- 
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dria (and pernicious anemia) or suffering from hypergas- 
trinemia due to gastrinoma had a greatly increased number 
of  histamine-storing endocrine cells in the oxyntic mucosa 
compared with normal individuals. 

Introduction 

Histamine in the stomach has previously been found to 
occur in mast cells in all mammals and in endocrine cells 
in certain rodents, notably the mouse, rat, and Mastomys 
(Praomys natalensis), by means of  the o-phthalaldehyde 
(OPT) histofluorescence method (HSkanson and Owman 
1967, 1969; Aures et al. 1968; Hfikanson et al. 1969, 1970, 
1971, 1973; Hgtkanson 1970). However, this method does 
not detect neuronal histamine and is probably therefore 
of  low sensitivity. The production of  histamine antibodies 
has made it possible to apply immunocytochemical tech- 
niques to the cellular localization of  histamine. Panula et al. 
(1984, 1985) recently demonstrated histamine by immuno- 
fluorescence in hypothalamic neurones and in endocrine- 
like cells in the rat and guinea-pig stomach. 

In the present study we have used four histamine anti- 
bodies (three polyclonal and one monoclonal) to examine 
the localization of  histamine in cells in the stomach of  sever- 
al species representing different phyla. 

Material and methods 

Antibodies. Four different histamine antibodies were used (Ta- 
ble 1): 
1. Monoclonal histamine antibodies were raised by Pharmacia, 
Uppsala, Sweden. 
2. Two antisera (code no. Hist II and Hist III) were raised in 
rabbits against histamine coupled to succinylated hemocyanin by 
the carbodiimide reaction (Panula et al. 1984, 1985). 
3. One antiserum (code no. 8431, Milab, Malta6, Sweden) was 
raised in a rabbit against histamine coupled to serum albumin 
with carbodiimide. Histamine dihydrochloride was covalently 
bound to human serum albumin (HSA, crystallized human albu- 
min, no. A-9511, Sigma) with 1-ethyl-3 (3-dimethylaminopropyl) 
carbodiimide (ECDI, Sigma). Briefly, 100 mg histamine dihydro- 
chloride, 10 mg HSA and 200 mg ECDI were dissolved in 1 ml 
water. The solution was incubated at room temperature for 2 h 
and dialyzed at 4~ against large volumes of 0.9% saline. After 
dialysis the volume was adjusted so that the protein concentration 
was 3 mg/ml. The amount of histamine bound to HSA was deter- 
mined by the addition of 3H-histamine (NEN Chemicals) to the 
incubation mixture. Approximately 3~35 molecules of histamine 
were bound per molecule of HSA. 
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Table 1. Working dilutions for the various histamine antibodies 

Fixation and processing Formalin-fixed 
cryostat sections 

Formaldehyde vapour- 
fixed paraffin sections 

DEPC-vapour-fixed 
paraffin or plastic sections 

Antibody Code no. Source FITC PAP FITC PAP FITC PAP 

Monoclonal  - Pharmacia, 1 : 404 - 1:40 a 1:80 - - 
antibodies Uppsala, Sweden 

Polyclonal Hist II Helsinki 1 : 400 - 1 : 400 - 1 : 600 1 : 6000 
antibodies 

Polyclonal Hist III Helsinki . . . .  1 : 600 1 : 5000 
antibodies 

Polyclonal 8431 Lund 1 : 160 - 1 : i  60 - 1 : 1000 1:5000 
antibodies 

a Diluted from stock solution 

Table 2. Relative density of histamine-storing endocrine cells and mast cells in the gastric mucosa of some species of various subclasses 
(or phyla) of vertebrates 

Fishes Endocrine Mast  Amphibia Endocrine Mast  Mammals Endocrine Mast 
cells cells cells cells ceils cells 

Cartilaginous fish 

Spiny dogfish + + + 
(Squalus acanthias) 

Ray (Raja clavata) + + + 

Bony fish 

Daddy sculpin + + + 
( Cottus scorpius) 

Cod (Gadus morhua) + + + 

Redspotted plaice + + + 
(Pleuronectes platessa) 

Stickleback + + + 
( Gasterosteus aculeatus) 

Frog + + + 
( Rana temporaria) 
Toad (Bufo bufo) + + + 

Reptilia 

Lizard + + + 
(Lacerta vivipara) 

Birds 

Chicken + + + + ~ 
(Gallus gallus) 

Mouse + + + 
Hamster + + + 
Rat  + + +  + 
Guinea-pig + + + 
Hedge-hog + + + + 
Rabbi t  + + + + 
Cat + + + + + 
Dog + + + + 
Pig + + + + 
Squirrel monkey + + + 
Man  + + + + 

Few cells + ,  moderate number  of cells + + ,  many cells + + + 

a In the proventriculus of the chicken, mast cells are few in the compound glands, but quite numerous beneath the surface epithelium 

Immunocytochemistry. Tissue specimens were collected from the 
acid-producing and antropyloric parts of the stomach (or from 
analogous structures) and from the upper small intestine of the 
following phyla or subclasses thereof (at least three of each spe- 
cies): cartilaginous and bony fish, amphibia, reptiles, birds and 
mammals (cf. Table 2). Gastric mucosal biopsy specimens were 
collected from one patient with a pancreatic gastrinoma and a 
manifest Zollinger-Ellison syndrome including acid hypersecretion, 
two patients with long-standing achylia and pernicious anaemia 
and from four patients with normal acid secretion. In addition, 
specimens were taken from four human foetuses, 17-24 weeks of 
gestation. These specimens were collected at legal abortions. All 
tissue specimens were processed according to either of two alterna- 
tive protocols: 1) They were placed overnight in an ice-cold solu- 
tion of 4% formaldehyde in 0.1 M phosphate buffer, pI-I 7.2, and 
rinsed in Tyrode solution containing 10% sucrose for at least 24 h. 
The specimens were frozen on dry ice and sectioned on a cryostat 
microtome at - 2 0  ~ C. Cryostat sections (10 jam thick) were collect- 
ed on chrome alun-subbed slides and air-dried. They were then 
hydrated in phosphate-buffered saline (PBS) containing 0.25% Tri- 
ton X-100 (PBS-T) for 10 min. 2) Alternatively, specimens were 
frozen in a mixture of propane and propylene at the temperature 
of liquid nitrogen. After freeze-drying, these specimens were va- 
pour-fixed in diethylpyrocarbonate (DEPC) (Pearse and Polak 
1975) or formaldehyde (Bj6rklund et al. 1972) and embedded in 

paraffin or plastic (Epon, Araldite or Durcopan). Paraffin sections 
were cut at 6-8 jam thickness, placed on slides, deparaffinized in 
xylene and rehydrated. Plastic sections were cut at 1-2 jam thick- 
ness, placed on slides and etched in 10% potassium hydroxide. 
For the demonstration of histamine the sections were subjected 
to the indirect immunofluorescence procedure (Coons et al. 1955) 
or to the peroxidase-antiperoxidase (PAP) procedure (Sternberger 
1979). The working dilutions of the four histamine antibodies (and 
other details) are given in Table i. The histamine antibodies were 
diluted in PBS-T and applied to the sections at 4 ~ C over night. 
The slides were washed for 20 rain in PBS-T and the sections were 
exposed to either fluorescein isothiocyanate (FITC)-labelled or un- 
labelled second antibody (sheep anti-rabbit  IgG, diluted 1 : 80, Mi- 
lab, Malm6, Sweden, or rabbit  anti-rat IgG, diluted 1:40, Dako- 
patts, Copenhagen, Denmark,  when the monoclonal antibody was 
used) in PBS-T for 2 h at room temperature. The sections were 
then washed in PBS for 20 min and mounted in PBS-glycerin for 
examination of immunofluorescence or incubated with PAP com- 
plex (dilution 1:80, Dakopatts,  Copenhagen, Denmark) and 
stained for peroxidase. At times, plastic sections were counter- 
stained with toluidine blue in order to improve the background. 
Control sections were incubated with histamine antibodies preab- 
sorbed with histamine, L-histidine, tele-methylhistamine, fl-alanyl- 
L-histidine, L-histidyl-L-leucine, thyrotropin-releasing hormone 
(pGlu-His-Pro-NH2), 5-hydroxytryptamine, noradrenaline (Sigma, 
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Fig. 1. Schematic illustration of gastric (fundic) glands in different phyla. The shapes of the stomachs in the different phyla are outlined 
to give an idea of the distribution of such glands (hatched area). In the case of mammals two alternatives are given: with or without 
rumen (forestomach). In fish the glands are usually branched and convoluted, in amphibia and lizards they are straight. In birds 
(proventriculus and gizzard shown) the glands are tubular and form spherical structures with a central cavity into which a large number 
of tubules open. The fundic glands of fish, amphibia, reptiles and birds contain combined oxyntico-peptic cells. The fundic (oxyntic) 
glands of mammals contain separate oxyntic (parietal) cells and peptic (chief) cells 

St. Louis, Mo, USA) at 10, t00 or 1000 gM. Histamine (5-50 pM) 
abolished the immunostaining in mast cells and endocrine cells, 
whereas the other substances (except tele-methylhistamine) were 
ineffective even at the highest concentrations. Tele-methylhista- 
mine (1 mM) reduced the intensity of the immunostaining with 
all four antibodies. 

For identification of the histamine-immunoreactive cells, adja- 
cent sections were stained according to one of the following alterna- 
tive procedures: I) Mast cells were identified by their metachroma- 
sia when stained with toluidine blue in ethanol solution (Romeis 
1948). This staining could be performed on the formaldehyde-fixed 
material only. 2) Peptide hormone-producing endocrine cells were 
demonstrated collectively by immunostaining using an antiserum 
to chromogranin A (code hr. 137-1, diluted 1:640; a kind gift from 
Dr. D.T. O'Connor, V.A. Center, La Jolla, CA, USA). Chromo- 
granin A antisera are known to stain peptide hormone-producing 
cells (with few exceptions) in many peripheral organs (O'Connor 
et al. 1983; Cohn et al. 1984; Wilson and Lloyd 1984; Nolan et al. 
1985), including the endocrine cells in the oxyntic mucosa of mam- 
mals (Wilson and Lloyd 1984). 

Results 

Effect of fixation and tissue processing 

Formalin-f ixed cryostat  sections gave satisfactory immun-  
ofluorescence with all four antisera. Formaldehyde-f ixed 

paraffin sections gave less sat isfactory immunostaining.  
DEPC-f ixed paraffin sections produced excellent immuno-  
staining with the three polyclonal  antisera;  the monoclonal  
an t ibody was inferior by compar ison (Table 1). 

The description of  histamine-storing cells given below 
is based on studies using an optimal combinat ion of  fixa- 
tion, tissue processing and immunocytochemical  protocol .  
His tamine could be detected in sections from paraffin or 
plastic blocks stored for up to 15-20 years at room tempera-  
ture. 

Histamine in the stomach of different phyla 

Fish 

Both cart i laginous and bony fish species display variat ions 
in the design of  the upper  gastrointest inal  tract. The majori-  
ty of  cart i laginous and bony fish species have a stomach,  
the distal por t ion of  which is slightly bent upon itself to 
form the pyloric region. Within these anatomical  divisions 
there is a histological differentiation characterized by the 
occurrence of  fundic glands, extending over most  of  the 
mucosa of  the body of  the s tomach (Fig. 1). The fundic 
glands possess but  one type of  exocrine cell. This gland 
cell is thought  to produce both pepsin and hydrochlor ic  
acid (Andrew 1959; K a p o o r  et al. 1975; Gi raud  and Yeo- 



Fig. 2A-D. Histamine-immunoreactive endocrine cells in the fundic glands of the ray (A), daddy sculpin (B), redspotted plaice (C) 
and cod (D). Paraffin sections, DEPC fixation, antiserum HIST II, PAP staining. Many of the immunoreactive endocrine cells, particularly 
in tile daddy sculpin, are of the open type, which means that they are in contact with the gastric lumen via an apical process. The 
immunoreactive endocrine cells in ray, plaice and cod are found basally in the pits, in daddy sculpin they occur both in the surface 
epithelium and in the pits. A, C, D x 200, B x 100 

roans 1982). The epithelium of the surface and lining of 
the gastric pits consists of columnar mucus-secreting cells. 
Mucous "neck" cells, different from the surface cells and 
true gland cells, are present in some species of fish at the 
junction of the gland with the gastric pit. 

Spiny dog-fish (Squalus acanthias) and ray (Raja clavata). 
In these two species of cartilaginous fish, fundic glands 
are rather sparsely distributed in the mucosa. Histamine- 
immunoreactive endocrine cells (open type) were preferen- 
tially located at the base of the pits but they were seen 
also higher up (Fig. 2A). Such cells were absent from the 
distal (antropyloric) part of the stomach and the upper 
small intestine. Mast cells were few throughout the stom- 
ach. 

Daddy sculpin (Cottus scorpius). Randomly and rather 
sparsely distributed deep glandular structures open into the 
columnar surface epithelium. Histamine-immunoreactive 
endocrine cells of varying shapes (mostly flask-shaped with 
an apical and/or basal process) (Fig. 2 B) were disseminated 
within the surface epithelium and in the ducts joining the 
gastric glands with the pits. The endocrine cells were invari- 
ably of the open type, i.e. they had luminal contact (Fig. 3). 
They were not seen outside the fundic part of  the stomach. 
Mast cells were few. 

Cod (Gadus morhua), redspotted plaice (Pleuronectes pla- 
tessa), and stickleback (Gasterosteus aculeatus). These 
bony fish have a gastric mucosa with deep fundic glands 
so close together as to occupy most of the mucosa. Numer- 
ous, intensely immunoreactive endocrine cells, mostly of 
the open type, were accumulated at the junction between 
glands and gastric pits (Fig. 2C and D). Occasionally, im- 
munoreactive endocrine cells occurred also in the surface 
epithelium. They usually had an irregular shape, sometimes 
with a thin descending process. There was no overt differ- 
ence between cartilaginous (dog-fish and ray) and bony fish 
(cod, redspotted plaice and stickleback) with respect to 
number and shape of the histamine-storing endocrine cells 
in the proximal part of the stomach. Histamine-immunore- 
active endocrine cells were absent from the antropyloric 
part and from the upper small intestine. Mast cells were 
few and scattered. 

Amphibia 

The stomach in anuran amphibia is recognized as a dilation 
of the alimentary tract. The surface epithelium, as in the 
fish, consists of columnar mucus-secreting cells. The greater 
part of the mucosa is occupied by fundic glands (Fig. 1). 
Mucous neck celIs are common at the junction of gastric 
glands and pits. The fundic glands are made up of a single 



long process descending along the basal membrane to the 
more basal parts of the gland. As a rule, the immunoreac- 
tive material in the cells was accumulated basally. The py- 
loric glands and the mucosa of the upper small intestine 
were devoid of histamine-immunoreactive endocrine cells. 
Mast cells were moderate in number and scattered with 
a preferential localization at or close to the mucosal surface. 

Reptiles 

The stomach of reptiles is an elongated sac-like dilatation 
of the alimentary tract. The surface epithelium resembles 
that described for fish and amphibia. The gastric pits of 
the body of the stomach open into glands which harbour 
mucous neck cells similar to those seen in amphibia. The 
rest of the gland is composed of but one type of exocrine 
cell that produces both pepsin and hydrochloric acid (cf. 
Ito 1981). 

Lizard ( Lacerta vivipara) . Large histamine-immunoreactive 
endocrine cells with an oval shape were seen in the epitheli- 
um at or immediately below the surface of the proximal 
part of the stomach; they often had an ascending or de- 
scending process and many seemed to be of open type. 
Such cells were lacking in the pyloric gland area. Mast 
cells were few and scattered. 

C 
Fig. 3A-C. Histamine-immunoreactive endocrine cells in the gas- 
tric epithelium of the daddy sculpin (A and B). The cells, which 
are elongated, are characteristically dispersed in the surface epithe- 
lium and sometimes occur at the exits of the fundic glands (see 
also Fig. 2B). Paraffin sections, DEPC fixation, antiserum HIST 
II, PAP staining, The cells are invariably of the open type and 
their varying shape is illustrated in C. A, B x 250 

exocrine cell type that is thought to produce both pepsin 
and hydrochloric acid (Andrew 1959; Ito 1981). 

Frog (Rana temporaria) and toad (Bufo bufo). Fairly nu- 
merous, intensely immunoreactive endocrine cells were lo- 
cated in a narrow zone at or close to the mucosal surface, 
preferentially at the base of the gastric pits (Fig. 4A and 
B). At least a proportion of the histamine-storing endocrine 
cells seemed to be of the open type. They were rounded, 
elongated or irregular in shape, sometimes with a fairly 

Birds 

In birds, the crop precedes the stomach, which is character- 
istically divided into two portions a thin-walled "glandu- 
lar" stomach (proventriculus) and a thick-walled "muscu- 
lar" stomach (gizzard). The mucosa of the proventriculus 
is made up of a type of gland not seen in any of the animals 
previously discussed (Fig. 1). These tubular, compound 
glands are spherical in shape with a central cavity into 
which a large number of individual tubules open. The cen- 
tral cavity opens onto the surface of the proventriculus 
through a duct-like exit. The surface epithelium is villous 
and consists of mucus-secreting columnar cells. The cells 
that line the central cavity and the duct-like exit are reminis- 
cent of mucous neck cells in other phyla. The exocrine cells 
of the composite glands are oxyntico-peptic cells (cf. Ito 
1981). 

Chicken (Gallus gallus). Numerous histamine-immunoreac- 
tire endocrine cells, usually extremely elongated and "par- 
acrine-like", were found along and in close contact with 
the basal lamina of the tubular glands (Fig. 4C and D). 
They were all of the closed type (without luminal contact) 
and gave off long, slender, basal processes which often 
ended in club-like swellings. The immunoreactive material 
was often accumulated in the periphery of the cells, which 
were characteristically much more numerous in the periph- 
eral parts of the compound glands than in the more central 
parts. No immunoreactive endocrine cells were found in 
the surface epithelium of the proventriculus. There was no 
evidence of histamine-storing endocrine cells in the crop, 
gizzard, gizzard-duodenal junction (antrum) and duode- 
num. Mast cells were rather many beneath the surface epi- 
thelium of the proventriculus (few in the compound glands), 
somewhat less numerous in the mucosa of the gizzard and 
rather few in the gizzard-duodenal junction. 
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Fig. 4A-D. Histamine-immunoreactive endocrine cells in the stomach of the toad (A) and frog (B), and in the deep compound glands 
of the chicken proventriculus (C) where they are found in large number at the periphery. A paraffin section, B, C plastic sections, 
DEPC fixation, antiserum HIST II, PAP staining. For comparison a plastic section of chicken proventriculus was stained for chromogranin 
A (D). The chromogranin-immunoreactive cells were similar in number and distribution to those demonstrated by histamine antibodies. 
A-D x 200 

Mammals 

The stomach shows a great variety in shape among mam- 
mals, with many rodents (mouse, rat, hamster) having a 
rumen immediately distal to the oesophagus. The gastric 
glands in the body of  the stomach differ from those of  
lower vertebrates in containing two exocrine cell types, chief 
cells and parietal cells, respectively (Fig. 1). The surface 
epithelium in mammals consists of  columnar mucus-pro- 
ducing cells. Mucous neck cells, finally, are found at the 
junction of  the glands and the pits and sometimes also high 
up in the gland proper. 

Mouse. A moderate number of  intensely histamine-immu- 
noreactive endocrine cells of  the closed type were found 
in the basal third of  the fundic (oxyntic) glands (Fig. 5 A). 
They were oval or oblong, often with a thin ascending or 
descending process, running along the basal membrane. 
Histamine-immunoreactive endocrine cells could not be de- 

tected in the pyloric glands or in the mucosa of  the duode- 
num. Mast  cells were quite numerous in the submucosa 
but few in the mucosa. 

Hamster. Histamine-immunoreactive endocrine cells of  the 
closed type were found in moderate number in the basal 
half of  the oxyntic mucosa (Fig. 5 B); they were absent from 
the pyloric and duodenal glands. Mast cells were moderate 
in number in the submucosa and few in the mucosa. 

Rat. Numerous histamine-immunoreactive endocrine cells 
were seen in the basal half of  the oxyntic mucosa (Fig. 5 C, 
D, E). They were of  the closed type and often displayed 
long thin, basal processes. Very rarely, a few immunoreac- 
rive endocrine cells were seen also in the pyloric gland area; 
none were seen in the duodenum. Mast cells were numerous 
in the submucosa but few in the mucosa where they were 
restricted to the superficial layer. 
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Fig. 5. Histamine-immunoreactive endocrine cells in the gastric mucosa of mouse (A), hamster (B) and rat (C). Transverse paraffin 
sections, DEPC fixation, antiserum 8431, PAP staining. In all three species the cells are located preferentially at the bottom of the 
glands. D and E shows two consecutive plastic sections of rat stomach (through the base of the glands), immunostained for histamine 
(D) and chromogranin A (E) respectively. It is evident that most of the chromogranin-immunoreactive cells stain with the histamine 
antibodies. A-C x 175, D, E x 250 

Guinea-pig. A modera te  number  of  rounded or polygonal ,  
strongly his tamine-immunoreact ive endocrine cells of  the 
closed type, some of  which having a paracr ine appearance 
(descending processes) (Fig. 6), were observed at the very 
base of  the oxyntic glands (Fig. 7 A). Occasionally immuno-  
reactive endocrine cells were seen also in the pyloric gland 
area; none were seen in the duodenum. A modera te  number  
of  mast  cells occurred in the submucosa and scattered in 
the upper third of  the glands. 

Hedge-hog. Histamine-immunoreact ive,  oval  endocrine 
cells of  the closed type occurred in modera te  number  in 
the  oxyntic mucosa  where they were scattered throughout  
the glands. Mas t  cells were equally numerous.  The pyloric 
gland area and the duodenum harboured  fairly many mast  
cells but  no his tamine-immunoreact ive endocrine cells. 

Rabbit. A modera te  number  o f  his tamine-immunoreact ive 
endocrine cells (closed type) were found scattered basally 
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Fig. 6. Examples of histamine- 
immunoreactive endocrine cells of 
"paracrine" type in the guinea-pig 
stomach. The cells are selected to 
illustrate the varying shapes of such 
cells and the long thin processes 
issued basally, often ending in a club- 
like swelling. Paraffin sections, DEPC 
fixation, antiserum 8431, PAP 
staining. • 600 

in the oxyntic glands (Fig. 7 B). None were observed in the 
antropyloric or duodenal mucosa. Mast cells were moderate 
in number. 

Dog. The oxyntic glands in the dog gave the appearance 
of  being invaded by mast cells, many of  which seemed to 
have an intra-epithelial localization (Fig. 8A). In addition, 
it was possible to discern a low number of  weakly or moder- 
ately histamine-immunoreactive endocrine cells basally in 
the oxyntic glands (Fig. 8 B), They were fewer in number 
than the endocrine cells that could be demonstrated by 
chromogranin A immunostaining (Fig. 8C). The shape of  

the endocrine cells was difficult to ascertain because the 
immunoreactive material was usually confined to the base 
of  the cell. Histamine-immunoreactive endocrine cells were 
not found in the pyloric gland area or in the duodenum. 

Cat, The oxyntic mucosa in this species harboured very 
many mast cells displaying a variety of  shapes, usually elon- 
gated and with one or two rather long processes running 
along and close to the glands (Fig. 8D and E). Most of  
the mast cells were located in the connective tissue sur- 
rounding the glands. However, some gave the appearance 
of  having an intra-epithelial localization. Comparatively 
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Fig, 7. Histamine-immunoreactive endocrine cells at 
the very base of the fundic (oxyntic) glands of a 
guinea-pig (A) and in the basal portion of such glands 
in a rabbit (B). Two histamine-immunoreactive 
endocrine cells were detected in the gastric mucosa of 
a human foetus, 24 weeks gestational age (C). The two 
cells stained also with antiserum to chromogranin A 
(D). Paraffin sections, DEPC fixation, antiserum HIST 
II, immunofluorescence. A x 125, B-D x 300 

few, weakly to moderately histamine-immunoreactive endo- 
crine cells of  the closed type were seen scattered basally 
in the oxyntic glands. They sometimes had a paracrine ap- 
pearance in that they issued long basal processes. New-born 
cats (one and three days old, respectively) had rather few 
mast cells and about the same density of  histamine-immu- 
noreactive endocrine cells as adult cats (not shown), As 
a consequence histamine-containing endocrine cells were 
easy to demonstrate. No  histamine-immunoreactive endo- 
crine cells were detected in the antropyloric or duodenal 
mucosa. 

Pig. Histamine-immunoreactive rounded or triangular 
endocrine cells could be detected in a fair number in the 
oxyntic glands (Fig. 9A and B); none were found in the 
pyloric glands or in the duodenal mucosa. Rather many 
mast cells were scattered throughout  the oxyntic glands. 
They were large and had an irregular shape and were lo- 
cated in the lamina propria. The picture was similar in 
the pyloric gland area. 

Squirrel monkey. Immunoreactive endocrine cells were ob- 
served in the basal two thirds of  the oxyntic mucosa;  they 

were few in number and fairly uniformly distributed. They 
were absent from the pyloric gland area. Mast cells were 
numerous in the submucosa and moderate in number in 
the mucosa;  they were quite numerous in the antrum. 

Man. The oxyntic mucosa in man is rich in mast cells having 
an extra-epithelial localization (Fig. 10 A). In addition a low 
number of  weakly to moderately histamine-immunoreactive 
endocrine cells could be seen scattered in the oxyntic mu- 
cosa (Fig. 10A and B). These cells often issued thin ascend- 
ing or descending processes, they were seen also in the gas- 
tric mucosa of  foetuses, gestational age 17-24weeks 
(Fig. 7 C and D), In fact, they were easier to detect in the 
foetal mucosa because the immunostaining intensity of  the 
endocrine cells was stronger and the mast cells much fewer 
than in adult gastric mucosa. Immunoreactive endocrine 
ceils were exceedingly rare at the I7 week stage; they were 
regularly seen at the 18 week stage, and at the 23-24 week 
stage their number (per visual field) was similar to that 
in adults. Immunoreactive endocrine cells were notably nu- 
merous in the stomach of a patient with gastrinoma 
(Fig. 10 C) and of  two patients with atrophic gastritis. None 
were found in the pyloric glands. 
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Fig. 8. Histamine-immunoreactive cells in the gastric mucosa of dog (A, B) and cat (D, E). In both species the great majority of 
the immunoreactive cells are mast cells, endocrine cells are comparatively few (B, E) (arrow). The relative scarcity of endocrine cells 
in general is illustrated by staining for chromogranin A in the stomach of the dog (C). In the cat histamine-immunoreactive endocrine 
cells are somewhat more numerous (D) than in the dog (B). This is also illustrated at high magnification in E where endocrine cells 
are indicated by arrows and where mast cells can be seen to issue long thin processes. (A) Paraffin section, (B-E) plastic sections, 
DEPC fixation, antiserum 8431, PAP staining. A x 100, B-D x 175, E x 250 
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Fig. 9. Histamine-immunoreactive cells in plastic section from pig 
stomach (A) identified as endocrine by staining the consecutive 
section for chromogranin A (B). Most of the chromogranin-immu- 
noreactive cells stained with the histamine antibodies. DEPC fixa- 
tion, antiserum 8431, PAP staining, x 225 

Discussion 

The gastric mucosa represents a prominent endocrine organ 
(Hgtkanson 1970), in as much as it is rich in endocrine/ 
paracrine cells of various types (Solcia et al. 1975), only 
few of which have been "identified" in terms of their secre- 
tory products. These cells can be more or less collectively 
demonstrated by certain silver staining procedures, notably 
the Grimelius (1969) technique for staining argyrophil cells, 
or by exposure to L-dopa or L-5-hydroxytryptophan (cf. 
Hgtkanson 1970; Hfikanson et al. 1970), a treatment which 
makes it possible to visualize such cells by the Falck-Hillarp 
monoamine histofluorescence method (cf. Bj6rklund et al. 
1972). Alternatively, immunocytochemical methods using 
antibodies to chromogranin A and chromogranin-related 
polypeptides (cf. Nolan et al. 1985) or to the enzyme neu- 
ron-specific enolase (Marangos et al. 1982) seem to demon- 
strate the great majority of endocrine cells in the gastric 
mucosa. Finally, they are readily recognized by electron 
microscopy on the basis of their characteristic ultrastructure 
(Solcia et al. 1975). 

The gastric endocrine cells fall in one of two major sub- 
groups based on their histochemical features: one is the 
group of argentaffin (enterochromaffin) cells which stain 
also with argyrophil stains. These cells contain 5-hydroxy- 
tryptamine (more rarely dopamine) which explains the ar- 
gentaffin (and chromaffin) properties of these cells (H~kan- 
son 1970). The other group comprises the argyrophil, non- 
argentaffin cells which do not contain 5-hydroxytryptamine 
(or dopamine) but which can be made to accumulate dopa- 
mine (or 5-hydroxytryptamine) after administration of L- 
dopa (or L-5-hydroxytryptophan) (Hfikanson 1970). The 

enterochromaffin cells in the stomach prevail in the pyloric 
gland area of many mammalian species (mouse, rat, ham- 
ster, dog and pig), but they are not always confined to 
that region. In the rabbit, enterochromaffin cells are abun- 
dant in the oxyntic mucosa, and in the guinea-pig, cat, 
monkey and man they are uniformly distributed in all re- 
gions of the gastric mucosa. The argyrophil, non-argentaf- 
fin cells occur in all regions of the stomach in all species 
studied (H~kanson et al. 1970). 

The two sub-types of endocrine cells can be subdivided 
further. 5-Hydroxytryptamine-containing enterochromaffin 
cells in the stomach of the rabbit differ greatly in their 
response to the amine-depleting drug reserpine (Zbinden 
et al. 1957). Moreover, it is possible to differentiate between 
at least two types of enterochromaffin ceils at the ultrastruc- 
tural level. Also the argyrophil, non-argentaffin cells seem 
to be a heterogenous group of cells. Electron microscopic 
examination has revealed a variety of such cells in all species 
studied. Two cell types that seem to occur in the oxyntic 
mucosa of all species studied so far are the so-called ECL 
cells and the A-like cells (or X cells) (Forssmann et al. 1969; 
Capella et al. 1971; H~kanson et al. 1971; Solcia et al. 
1975). 

Immunocytochemistry has demonstrated gastrin cells in 
the pyloric glands of all mammals and somatostatin cells 
throughout the gastric mucosa but the great majority of 
the endocrine cells in the stomach have not yet had a pep- 
tide hormone ascribed to them. This is the case with most 
of the argentaffin (enterochromaffin) cell types and this 
is the case also with the majority populations of the argyro- 
phil, non-argentaffin cells. 

Since almost two decades histamine is known to be a 
constituent of an endocrine cell population in the stomach 
of the rat and mouse (Hfikanson and Owman 1967; Hfikan- 
son et al. 1969). This was shown by the OPT method which 
subsequently was found to have a fairly low sensitivity, 
so that for instance hypothalamic histamine could not be 
detected. In no other species but the rat, mouse and Mas- 
tomys was it possible to detect histamine by the OPT meth- 
od in gastric endocrine cells (H~kanson 1970) although 
claims to the contrary have been made (Hui et al. 1985). 
In the rat it could be shown that the histamine-storing endo- 
crine cells were identical with a population of argyrophil, 
non-argentaffin cells (Hgtkanson and Owman 1967, 1969). 

The histamine-storing endocrine cells were first thought 
to incorporate both the ECL cells and the A-like cells (Hfik- 
anson et al. 1971). Subsequently, Kubota et al. (1984) dem- 
onstrated histidine decarboxylase by immunocytochemistry 
in the ECL cells but not in the A-like cells. Recently Panula 
et al. (1985) demonstrated histamine-storing endocrine cells 
in the rat, thus confirming earlier histochemical findings. 
In addition, however, histamine-storing endocrine cells 
were observed also in the stomach of the guinea-pig, and 
histamine-storing neurones were demonstrated in the hy- 
pothalamus, suggesting that the immunocytochemicai 
method for demonstrating histamine is greatly superior to 
the OPT method in sensitivity and probably in specificity 
as well (cf. Brody et al. 1972). This encouraged us to re- 
examine the question of where gastric histamine is to be 
found in various species (see also Panula et al. 1985). The 
results of the present study suggest that mast cells - identi- 
fied by metachromasia upon toluidine staining - represent 
an important pool of gastric histamine in most if not all 
animal species. There is considerable species variation in 
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Fig. 10. Histamine-immunoreactive cells in a paraffin section from oxyntic mucosa of man (A). The majority of them are mast ceils, 
those believed to be endocrine are indicated by arrows. For comparison, a plastic section was stained for chromogranin A, illustrating 
the relative scarcity of endocrine cells in the oxyntic glands (B). The number of histamine-immunoreactive endocrine cells is increased 
in conditions of hypergastrinemia (C), here examplified by a paraffin section from a patient with a gastrin-producing tumour, showing 
endocrine cells outlining cross sectioned oxyntic glands. DEPC fixation, (A, C) antiserum HIST II, PAP staining. A-C x 200 

the density o f  mast cells in the gastric mucosa, however. 
They are few in fish, amphibia and reptiles, in mammals 
they are numeorus in the cat, dog, and man (see also HSk- 
anson et al. /970). Sometimes their shape and general ap- 
pearance makes it very difficult to distinguish them from 
endocrine cells. The distinction becomes even more difficult 
with mast cells that have an intra-epitheliat localization as 
seems to be the case with a proport ion o f  the gastric mast 
cells in dog, cat and man. Also gastric endocrine/paracrine 
cells seem to store histamine in surprisingly many species. 
This is so in lower species, such as cartilaginous and bony 
fish, amphibia, reptiles and birds but it is so also in many 
mammals. In man such cells are few and difficult to find 
under normal conditions, but they are easy to demonstrate 
in patients with pernicious anaemia or gastrinoma, possibly 
because histamine-storing endocrine cells in such patients 
are more numerous and contain more histamine than they 
do in normal individuals. It was fairly easy to detect hista- 
mine-storing endocrine cells in the gastric mucosa of  human 
foetuses at 18-24 weeks o f  gestation, because here mast cells 
were few. Although histamine can 5e detected in endocrine 
cells in many mammals, it is known from previous studies 
that the activity of  the histamine-forming enzyme, histidine 

decarboxylase, is low in mammals except in the rat, mouse, 
Mastomys and hamster (Aures et al. /969). This suggests 
a low rate of  histamine formation in the histamine-storing 
endocrine cells in species other than those referred to above. 
Interestingly, the histamine-storing cells in the lower species 
had a localization high up in the mucosa, usually at the 
junction of  the pits and the gastric glands, where mucous 
neck cells are numerous. Further, the endocrine cells in 
these species appeared to be of  the open type, i.e. they 
had a direct luminal contact. This was not so in the mam- 
mals. In many species the histamine-containing endocrine 
cells had a characteristic "paracr ine"  appearance in that 
they possessed long thin basal extensions often ending in 
club-like swellings. This was particularly noticeable in 
chicken, mouse, rat, hamster and guinea-pig. Here the hista- 
mine-containing endocrine cells were of  the closed type with 
a basal localization in the oxyntic glands, where chief cells 
are numerous. Unlike the mast cells, the histamine-immu- 
noreactive endocrine cells were invariably stained with the 
antiserum to chromogranin A, a feature that was o f  great 
help in identifying these cells in those species where mast 
cells were numerous. 

From the results of  the present survey it is perhaps to 
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be expected that histamine will turn up in a populat ion 
of gastric endocrine/paracrine cells in all amimal species. 
The functional significance of these cells and of the hista- 
mine they contain remains to be elucidated. So far, the 
histamine-storing endocrine cells have been identified as 
ECL cells in the rat only. From the preliminary results 
of electron microscopic observations it is not  unlikely that 
the histamine-storing endocrine ceils can be classified as 
ECL cells also in other mammals,  birds and lower verte- 
brates. Previous reports indicate the existence of endocrine 
cells in the stomach of fish (Giraud and Yeomans 1982), 
amphibia (Giraud and Yeomans 1981), reptiles (Giraud 
et al. 1979) and birds (Usellini et al. 1983) that are strikingly 
similar to the ECL cell in mammals  (Capella et al. 1971; 
H~kanson et al. 1971). 

In addition, we have immnnocytochemicat evidence for 
the presence of histamine in intramural  nerve fibers in the 
stomach wall. This information will be presented in a sepa- 
rate publication. 
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