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INTRODUCTION 

Studies made to date on the histological structure of the mucosa 

of the stomach o:f the pig have been confined to recording what was 

observed in animals of a specific age. Sometimes the exact age was 

given; more often the term young. young adult. adult, or .fully grown was 

the only reference to the age of the animal under consideration. No 

effort appears to have been made in the past to correlate specifically 

age with the histological observations made on the mucosa of the stomach 

of the pig. Does age bring change or changes in the histological struc-

ture of the gastric mucosa of the pig? Is there such a thing as a 

growing mucosa. an average mucosa. or a senile one? If there is, how 

and at what age" does the change take place? 

This investigation was undertaken in order to study the possible 

microscopic changes that occur, during a period of time, from birth to 

forty-four months and at eight years of age in the gastric mucosa of the 

pig. 
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REVIEW OF LITERATURE 

Cells of the Gastric Mucosa 

Studies made to date on the problem of age changes in the gastric 

mucosa of the pig had confined themselves to the enzymatic aspect, 

omitting entirely a histological basis. 

Histologists today agree that the stomach mucosa of the pig can be 

divided into four zones: the esophageal, the cardiac, the .fundic, and 

the pyloric. The esophageal region of the stomach is gland.less in all 

domestic animals (Bensley, 1932). The gastric glands are found in the 

other three zones. 

Histologists also agree on the different types of cells found in 

the three glandular zones. In the adult pig four types are seen: the 

chief or peptic cells, the mucous neck cells , the parietal cells and the 

enterochromaffin cells. In addition, the lining of the glandular stomach 

is made up of a fifth type, the mucous cells. 

The mucous cells 

A single layer of tall columnar cells forms the epithelial lining. 

The distal end of these cells i s always filled with an accumulation of 

mucigenous droplets (Trautman and Fiebiger, 1957) that give a strong 

positive reaction to the Schiff reagent after oxidation with periodic 

acid (Mcl-J.anus, 1946). The rrucleus in the cell is always basal, oval or 

rounded in shape, and is usually surrounded by clear cytoplasm. The 

cells are the highest on the free surface. They become shorter in the 
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foveolae. The height of the cells is f'urther reduced in the neck and 

fundus of the glands (Bensley, 1932). 

The chief or peptic cells 

The chief cells were discovered by Heidenhain in 1870. They are 

low columnar or pyramidal cells with basal, round nuclei. The basal 

part of their cytoplasm contains probably ribonucleoprotein material 

which stains with nuclear dyes . Sometimes it gives the cell a striated 

appearance (Weber, 1957). 

Langley (1879-1882) showed the relationship between the digestive 

process and the granules of the chief cells. He definitely showed that 

pepsin pre-existed in the mucous membrane as an antecedent (called now 

a proenzyme) which he called pepsinogen. Subsequent observers had used 

the ~erm "zymogen granules . 11 I.angley also showed that the granules in 

question accumulated during period of f asting , and diminished in size 

during period of active secretion. These secretory granules disintegrate 

quickly after death due to the acid content of t he s toma.ch, unless 

quickly and properly fixed. 

The .function of the chief cells i s conunonly accepted today. The 

cells produce pepsinogen which is activated into pepsin by the acid 

content of the stomach. Pepsin acts mainly in the digestion of 

prot eins . 

The chief cells are usually found in the lower third or lower half 

of the gland. tubules. 
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The mucous neck cells 

The cells were given the name because of their location in the 

upper narrower portion of the gland tubules. Bizzozero ( 1892) , as 

quoted by Bensley (1932), was the .first to think t hat they were dif'!erent 

in some respect to the cells in the upper portion of the gland. 

Bizzozero believed them to be transition form "betweeh the cells of the 

surface and those constituting the glarrls." Bensley (1898) proved that 

these cells were different in structure, content and :f'uncti.on from the 

other cells of the glands. Their function is not known for sure. 

Their secretion looks like mucus, but their staining reaction is dif-

ferent from the mucus of the lining epithelium. In ordinary prepara-

tions, the secretion of the mucous neck cells appear cl ear or coarsely 

reticular, and displays the characteristics of mucous cells in general 

(Bensley, 1932). 

The mucous neck cells have a flattened, basal nucleus, presenting 

sometimes a foamy cytoplasm. They are not always restricted to the neck 

region of the gland, for they may often be found scattered throughout the 

body of the gland. In such occasions, they appear as wedge-shaped cells 

among the parietals. Bensley (1932) described in them small .filamentous 

mitochondria. 

The parietal cells 

The parietal cells are the oldest known type of cells of the gastric 

glands of ma.nmials. They are also called OJCY?ltic cells. They are the 

first to differentia te embryological.ly in the pig (Kirk, 1910). 
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They are oblong , triangular or rounded according to their location 

in the gland . Their name is derived from the somewhat extra-glandular 

position in which they are 100st commonly seen. They seem to be squeezed 

between two adjacent cells and the basement membrane , arrl present a 

l a r ge r ounded clear nucleus . Sometimes t wo or three nuclei can be found 

in one cell. Hei denhain (1870)1 thought they were completely separated 

from the gland lumen. Stohr (1882 )1 found a process extending from the 

parietal cell between t wo adjacent cells , connecting the parietal cell 

to the l umen. Stohr's finding was later confirmed by Kuller (1892),1 

Gol gi (1893)1 and others.1 Today the existence of such a process is rX> 

longer in doubt. 

The intracellular canaJiculi which are the most distinguishing 

feature of the parietal cells were observed by Stohr, and later con-

firmed by Muller and Golgi. The canaliculi appear to be permanent 

features of t he cells . In ordinary preparation under the light micro-

scope , they appear as empty spaces . The canaliculi form an intricate 

system of secretion channels without a definite pattern, but occupying 

for the roc>st part the middle of the area between the nucleus and the 

cellular membrane . The canaliculi connect by one or sever al inter-

cellular channels with the l umen of the gland. Hally (1959) examined 

the parietal cell of the mouse under the electron microscope . The most 

Prominent feature in the parietal cell was the intercellular canal which 

was lined with numerous microvilJi . The intercellular channels are 

1As quoted by Bensley (1932) . 
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clefts between adja cent mucous cells. and are also lined with microvilli. 

Similar findinss we re made in the rat by Kurosomi et a l. (1958) . in the 

dog and ca t by Sedar (1959) , Lawn (1960) . and Vial and Orrego (1960) . 

In his study of the parietal cells of the mous e . Hally (1959 ) found some 

of what he ca lls vacuole-containing- bodies (vcb). the number of which 

seems to fluctuate according to the peysiological state of the cell. 

These vacuole-containing- bodies can be seen in sections 2 mi.era thick , 

with the phase cont rast microscope . 

The cytoplasm of the parietal cells studied under the electron 

microscope is filled ·with closely packed mitochondria. The cytoplasm 

appears clea r i n between the mitochondria , which are generally spherical 

in s hape or may appear as short thick rods. The f indings with the 

electron microscope corroborate those of Altman (1890).1 and of Lim 

(1922 ) and Ma (1927) with the light microscope . 

It i s well agreed that the parietal cell s ecretes eydrochloric a cid . 

However. the manner of formation i s still to be clarified . There are 

several theories , the mos t commonly accepted one i s t hat neutra l salt is 

excr e ted by the parietal cell, then the base in combination with bicarbo-

nate is r eabsor bed , ca r bonic anhydr ase and urea being involved in the 

pro cess . "The over- all mechanism i s a n ion exchange p rocedure ." ( Yaxi.mow 

and Bloom, 1957) 

Argentaffi n or enterochromaffin cells 

The argenta.ffin cells have been more often described in connection 

With the intestine and referred to "as sometimes found in the s tomach, 

1As quoted by Bensley (1932) . 
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especially in the pyloric region" (Sharples, 1945). Of late more interest 

has been given to their consistent presence in the stomach of man and 

laboratory animals. 

The argentaffin cells are polyhedral, containing a round to oval 

nucleus an::l numerous spherical cytoplasmic granules . The granules are 

generally found at the basal end of the cell, but can be found at the 

apical end, or may overshadow the nucleus. The granules stain black With 

silver and acquire a yellowish brown color when the tissue is fixed in 

solutions containing bichromates. 

Cordier (1926) gave a complete historical background on the 

argentaffin cells. Heidenhain (1870)1 was the first to describe them. 

Nicholas (1890)1 found them in the intestine of the lizard. Kultschitzky 
1 

(1B97) discovered them in the dog's intestine and believed t hem to be 

11 acidophilic leucocytes." Moeller (1899)1 located them in the human 

intestine. Schmidt (1905)1 finding that the granules reduced the 

chromate salts, called them "yellow bodies." The name of chromaffin was 

given the argentaffin cells after Schmidt's findings . Bloch (1903)1 and 

Aschof (1905)1 found them in the human at birth . Ciaccio (1907)1 

described them in detail in dogs and guinea-pigs . Ciaccio believed them 

to produce adrenalin. Ciaccio was the firs t to call them enterochromaffin 

cells, Kaufman-Wol..f (1911)1 and Kull (1913)1 made a short mention of 

them. Eklof (1914)1 considered them artifacts . Masson (1914)1 dis-

covered their affinity for arruooniacal silver, and he called them 

1As quoted by Cordier. 
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argentaffin. Masson attributed to them a nervous function, although he 

admitted he never established the continuity of the Argentaffins with the 

submucosal plexus. Tang (1922) studied them in the pig and found them 

plentiful. Parat (1924) determined that they appear in the lruman embryo 

at 4 to 5 months, at about the same time the pancreatic function starts, 

attributing a secretin function to them. 

Macklin and Macklin (1932) ·listed the names given at one time or 

another to the argentaffin cells. They are referred to as the cell of 

Heidenhain, of Nussbaum, of Grutzner and l-'f.enzel, of Stohr, of Hamburger, 

of Nicholas, of' KuJ.tschitzky, of Schmidt, of' Harvey, and of 

Ciaccio-~..a.sson. They are also called chromaffins, enterochromaffins 

argentaffins, yellow cells (gelben Zellen) • chromoargentaffins, acidophils, 

and basal granular cells (basalgekornten Zellen). 

Dias-Amado (1925) made an inclusive review of the different 

hypotheses on the possible significance of the argentaffin cells. He 

listed them as 1) acidopbilic leucocytes (Kultschit:z.ky and Bloch); 

2) epithelial cells with an exocrine function (Cordier); 3) epithelial 

cells with an endocrine function, the production of an adrenalin-like 

substance (Ciaccio), or the production of secretin (Villemin and Parat), 

or the production of an unkrown substance (Kull); 4) a special cell with 

a neurocrine secretion (Masson); 5) a simple artifact (Eklof); and 6) 

simply warrlering or migratory cells (Dios-Amado). 

Dios-Amado considered the sixth possibility as the real one. He 

based his opinion on the resemblance of the argentaffins to some cells 

showing the same staining reaction found in the submucosal tissue. 
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Wern.el and Kacharova (1948) also attributed the production of 

secretin to the argentai'fin cells but went on to explain that 

••• there is much reason to believe that the endocrine 
regulation between the pancreas and the intestines involves 
something greater than a mere stimulation of secretin by the 
peptic juice. The hormones of the mucosa exert their influence 
through the medium of the insular apparatus of the pancreas: 
the mechanism may be of a diverse nature. 1) The hormones may 
induce the discharge of insulin from the cells (insulinocrinic 
effect). 2) They may stimulate the accumulation of the secretin 
(insulinotropic effect). 3) They may activate the genesis of 
new insular tissue (insulinogenic effect) •••• 

The specific product of the enterochrornaffin cells was considered 

by histologists at different times as an o-dihydroxybenzene or 

m-dehydro:xybenzene derivative. Already in 1946 Esparmer had emphasized 

the probable indolic nature of the substance and thought it was 

5-bydro:xytriptamine. Espa:nner and Asero (1952) considered enteramine as 

the specific secretion or storage product of the typical enterochromaffin 

cells of the intestine of vertebrates. They were able to isolate 

Enteramine as a pure picrate and at the same time were also able to 

synthesize it ; the isolated product and the synthesized one were 

identical. Espa:nner and Asero considered entera.mine as a true hormone 

r egulating the flow of circulatory liquids (blood and lymph) through the 

kidney. In mammals the substance acts primarily and specif'ically on the 

contractile structure of the afferent vascular bed of the glomerulus 

causing the vessel to contract. According to Esparmer and Asaro. 

serotonin is the circulating enteraroine. The role of serotonin in the 

nervous system is currently under intensive investigation (Cantarow and 

Schepartz , 19.58) • But it is also the prevalent opinion that the 
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argentaffin cells are responsible for the intrinsic anti-pernicious 

anemia factor in men (Dean, 1954; Gillma.n, 1942). 

Tehver (1930) mentioned that the number of enterochromaffin cells 

depended upon the age of the animal. He found the number of entero-

chromaffin cells to vary with the age of the animal, being twice as 

much in young calves and foals as in adult cattle and horses. Tehver 

also found the distribution of the cells constant for one species. He 

also mentioned that they developed from endodenn in the first half of 

gestation in embryos of cattle, sheep, dogs and swine. 

Hallier (1937-1938) counted more argentaffin cells in the females 

than in the males of the same species. 

Dawson (1948), on the basis of staining reaction, made a difference 

between argentophils reacting to the Bodian method and argentaf fins 

reacting to the Masson-Hamperl technique. 

1-bnesi (1960) made the same differentiation on the same basis, but 

called the cells reacting to the Bodian method argyrophils. In addition 

:r-'i0nesi believed that the argentophils-argyrophils and the argentaffins to 

be the "forerunners of the typical enterochromaffin cells." 

The enterochromaffin cells are now considered to be of endodermal 

origin, that they are part of the cell population of the stomach and 

intestines , that they produce enteramine (5-eydro:xytryptamine) i .n situ, 

and have no nervous cormections, but their exact function, or their 

exact contribution to the digestive system, or to the organism as a 

whole is yet to be settled. 
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Histogenesis of the Gastric Glands 

Lim (1922) reported that the cells of the mucous type found in the 

neck of the glands preceded the more highly differentiated parietal 

cells. and the zymogenic cells in histogenesis. Li.m's studies were made 

on adult cats and a few cat fetuses. 

Kirk (1910) through serial sections on progressively older pig 

fetuses formed a different opinion. He found the parietal cells to be 

the first to di:fferentiate from the adelomorphs. - He used the term 

adelomorphs for embryonic epithelial cells lining the primordium of the 

stomach. It is essential to keep in mind that Kirk's interpretations were 

by reference to the adult structure. and were based on granulations found 

or not found in the cells, and the staining reactions obtained from the 

three main cell types. Kirk made no mention of the mucous neck cells 

nor of the argenta.f'fin cells . 

The first observations were made by Kirk on 2 centimeter pig 

embryos and the last ones on a 27-29 cm. fetus. The latter size 

corresponds roughly to the fetus ci.t tenn. 

At 2 cm. the parts similar to the adult gastric wall were already 

differentiated except for the muscularis mucosa which appears at 9 or 10 

cm. The epithelium was made up of one row of columnar cells of the same 

height. with nuclei at the same level and with a basement membrane. 

Stratification was present only in the esophageal region. 

At 2t - 3 cm., the surface line of the epithelium. hitherto level, 

becomes undulatory in the three parts of the stomach. There was no 
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corresponding waviness to the basement membrane. The elevations consisted 

of cells slightly taller and narrower than those of the depressions . 

At 3 cm. , the glands which were intraepithelial seemed to grow into 

the lamina propria . The glands appeared earliest in the pyloric region. 

At this stage , some of the adelomorphs began to differentiate . The basal 

end of the cell enlarged and became more rounded and broader. The 

distal end narrowed . The cytoplasmic eosinophilic granulations appeared 

and canliculi could be demonstrated. The nucleus became spherical. 

These changed adelomorphs were the earliest parietal cells . 

At 6 - ~cm. , the mucous cells appeared. Their presence was 

demonstrated by mucicarmine . 

The three zones of the stomach, namely pyloric , fundic , and cardiac 

did not show the same degree of differentiation at the same time . The 

histogenesis of the three zones, as described by Kirk , can be smmnarized 

as follows: 

1. Pyloric zone - At 9 cm., the glandular pyloric epithelium con-

sisted of mucous cells . No parietal cells were present except in two or 

three tubules next to the fundic zone . 

At 10 - ll cm., the cells of the basal part of the glands were so 

packed with mucus that the nuclei were often flattened . One could say 

that the cytodifferentiation of the pyloric zone was complete at 9 cm . 

2. Fundic zone - At 7 cm., the parietal cells were found e"Verywhere 

in the glands , and were not confined to the basal reg1on as in the 3 cm . 

stage . At 8 - 9 cm. , every gland of the fundic zone had acquired 

parietal cells . 
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At 19 cm., mucous cells appeared in the glands, some adelomorphs 

were still present . Also the zymogenic cells make their appearance 

without passing through a mucin stage. 

At 25 cm., no adelomorph remained. The cytodifferentiation was 

complete. 

3. Cardiac zone - This zone was the slowest to develop. At 7 - 9 

cm., the glands were mostly intraepithelial. At 7 cm., the cells were 

either adelomorphs or parietals. The parietals were at first confined to 

the basal region of the glands, but appeared higher up at 10 - ll cm. At 

ll - 12 cm., surface adelomorphs differentiated into mucous cells. 

At 13 - 14 cm., the mucous change extended to the bottom of the 

glands . The mucous differentiation appeared later than in the pyloric 

zone, but earlier than in the fundic. 

At 17 - 18 cm., all the cardiac cells were either mucous or 

parie tal cells. 

From 14 cm. on, a marked form divergence was added to the differ-

ence in size between cardiac and fundic tubule s. The cardiac becoming 

shallower , but wider in relation to depth, while the fundic tubules 

preserved their narrow and deep form. 

At 15 cm., certain of the groups of parietal cells began to push 

onwa rd slightly, .forming by 18 - 19 cm. secondary tubules made entirely 

of parietal cells. The secondary tubules were narrower than the primary 

ones. At 22 cm., several tubules opened into the foveol.a , some were 

purely parietal cells, some were purely mucous, while many were ma.de of 

both cell types. These three types of glands persisted up to the ti.me 
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of birth ( 27 - 29 cm . ). 

At birth, the cytodifferentiation of the cardia was incompl ete , or 

rather "that involution required to bring about the adult cytological 

status with its single type of cells , was not complete." 

4. Esophageal zone - The greater part of this region became 

stratified during the 6 - 10 cm. stage . The cells remained clear and 

transparent excep t those of the deep layer which had acquired a finely 

granular cytoplasm of the ordinary type. The cells of the superf icial 

stratum had begun to flatten out. At the periphery of the stratified 

area, the deepest layer of cells was continuous with the simple columnar 

epithelium of surrounding epithelium. 

At 4 - 6 cm. , the boundary between the clear cells of the esophageal 

zone and the granular cells of the cardiac was "sharp to a cell." 

Age Changes in Enzyme Activity of Pig Stomach 

I.ewis et al. (1957) found negligible pepsin activity present in the 

stomach of young pigs at time of birth, and it remained low until about 

3 weeks of age. The pepsin determination was made on dry stomach tissue 

of baby pigs at various ages . Concurrently the pH of the stomach con-

tents s tayed on the acid side from birth to 56 days of age (end of the 

experiment). There was a marked difference on the acid pH of the 

stomach contents of pigs f ed by the sow and pigs fed on dry ration. The 

stomach content of the pigs fed on the sow was more acid . 

Kvasnitskii and Bakeeva (1940) made gastric fistula under 

anesthesia in piglets in their first day of life. The gastric secretions 
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were found to contain pepsin and rennase from the first day, but 

hydrochloric acid did not appear until 20 - JO days of age. During the 

suckling period, the milk clotted rapidly in the stomach of newborn 

piglets, and the stomach contents were acid. The acidity was probably 

due, in his opinion, to microbial flora and to the nature of the food 

rather than to the stomach secretion. Although pepsin was present early 

in life, it was not utilized until hydrochloric acid appeared. Pepsin 

was actually put to use only in the last period of suckling (59 days). 

Distribution of the Different Secretory Cells of 
the Fundic Zone in the Stomach of an Adult Pig 

Kametaka and Imai (1956) made a study of the distribution of the 

secretory cells of the fundic zone in the gastric mucosa of an adult 

pig. They collected 16 samples from the fundic zone. The samples were 

numbered and the exact relationship with the entire stomach carefully 

kept. They found that the chief cells increased in number from the neck 

through the body to the f'undus of the glands, but it was the reverse for 

the parietal cells, while the mucous cells were equally divided in all 

three parts of the glands. However, in absolute numbers, the chief cells 

were more numerous in the glands close to the cardiac zone, the mucous 

cells in the glands close to the pyloric zone, while the parietal cells 

were equally divided. 

Kametaka and Imai did not find mucous neck cells nor zymogenic 

cells in the pyloric and cardiac zones, but in some portions of the 

cardiac zones a few cells similar to parietal cells were observed. 
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Mitotic Activities of the Cells of the Gastric Mucosa 

How the cells of the gastric mucosa , at one time or another , are 

r eplaced has not been f'ul1y explained. Neithe r a systematic nor a 

complete study appears to have been made to date on the mitosis of the 

cells of the gastric glands of domestic animals under normal conditions. 

The researches seem to have been confined to laboratory animals . 

Bizzozero (1893), as quoted by Bensley (1932), stated that the 

cell s a t the bottom of the foveolae are the sources from which the sur-

face cells are replenished. But "the replacement of the cells of the 

glands proper presents, on the other hand , a dif'ferent problem for which 

we do not lmow yet the solution. n (Bensley, 1932) . Bensley (1932) re-

ported that Hanna ( 1910) , who had studied the stomach in young mice , 

obse?"V'ed both chief cells a.IYi parietal cells in mitosis . Bensley agreed 

to the possibility of parietal cell reproducing by direct division and 

expressed i gnorance about another method. 

Hunt (1952) found 9'Cj, of the mitotic activity in the rat stomach 

confined to the mucous cells at the bottom of the foveolae , and 5% in 

the mucous neck cells. Stevens and Leblond (1953) found that in t he 

f undic region only the two mucous containing types of cells showed a 

significant mitotic activity in the rat. They calculated that it took 

three days for the total renewal of the cells of the epithelial lining , 

and seven days for the mucous neck calls . The cells that were being re-

placed were lost by extrusion. Grant et al. (1953) pointed out that 

there was evidence that some changes took place during digestion in the 
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rat. The changes affected the depth of the cell layers, the width of 

t he gastric pits, the mitotic activity, and the staining of the mucus. 

These eff"ects showed in a wave-like manner, the peak of the wave repre-

sented a period of change, while the trough of the wave indicated a 

period of rest. Grant added that the changes were similar to those 

observed af'ter the action of a mild irritant, restoration taking place 

during the interdigestive period. 

Hunt (19.54) observed the mitotic activity of the rat stomach at 

intervals af'ter feeding. He found that the activity varied greatly 

according to the time elapsed af'ter feeding and the amount eaten. The 

number of mitoses was low af'ter a 48 hour fasting period. The number 

increased 6 to 8 hours a:fter ingestion of enough food to fill the 

stomach, and reached its peak 24 hours later. The number and location 

of the mitoses were much like those found by Hunt in 19.52. Hunt believed 

a transition occurred between the surface mucous calls and mucous neck 

cells. 

Leblond and Walter (19.56) pointed out that diurnal activities as 

opposed to nocturnal, seasonal variations, nutrition, body temperature, 

state of health, other erwirornnental influences (!ear, freedom or 

captivity) were all possible factors that could influence positively or 

negatively the proliferation of the cells of the gastric mucosa. 

Hunt (1958) studied in the rat the regeneration of the gastric 

mucosa after extensive cauterization. He concluded that surface cells 

changed into mucous neck cells, which in turn changed into parietal and 
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zymogenic cells. He also stated that too rate of regeneration was not 

signif'icantly different in yo'W1g and older an1ma1s. 
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MATERIAIS AND METHODS 

Specimens from 73 normal pigs, ~ females and 25 males (Table 1), 

w9re collected. The age or the animals ranged from 1 day to 8 years. 

Table .1 shot-rs the age spread, with the sex and the number of individuals 

in each group. The animals marked Wi. th footnote a were killed in the 

packing house, the others in the laboratory. The animals that were 

killed at the packing house were done so as a matter of convenience for 

the University Swine Farm. The vital statistics on all the animals in 

this experiment wera available for study. 

The animals killed in the laboratory were electrocuted and allowed 

to bleed freeJ.y from the axillary area. The abdomen was then quickly 

incised and the stomach removed. Usually the samples from the animals 

killed in the laboratory were in the fixative within 5 minutes after 

death. However, the interval between death and fixation !or the anil11als 

killed at the packing house was considerably longer. 

All the specimens were taken from the same general area of t he 

stomach, namely caudal to the cardiac diverticulum, in the middle of the 

1'undic zone, and at the pyloric antrum. The stomach was routinely in-

spected for possible gastritis or ulceration. The stomachs of all the 

animals killed were tull at the time of death. 

Hel.1y's fluid was used as the fixative of choice ! or all the 

Specimens (Table 1). The solution is made up of: 

Potassium dichromate 
Sodium sulfate 
Mercuric chloride 
Distilled water 

2.5 grams 
l.O gram 
5.0 grams 

100.0 milliliters 
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To each 20 ml. of the solution, 1 ml. of neutral fonnalin was added 

just bef'ore usa. 

Processing of Specimens 

All the specimens went through the same processing schedule, 

namely: 

1. fixation for 48 hours, changing the fixative after the first 

24 hours; 

2. washing for 24 hours in running tap water; 

3. dehydrating through 3 successive changes of dioxane, for 

periods of 4 hours, 4 hours and overnight, respectively; 

4. infiltrating for 3 hours, leaving the blocks in successive 

passages of Altman 1s mixture or Bioloid of 1 hour each, in the paraffin 

oven at 58 degrees centigrade; and 

5. embedding which followed immediately at the end of the infil-

tration period. 

The first four age-groups were infiltrated and embedded in the 

Altman mixture, later Bioloid, a commercial preparation replaced the 

Altman mixture in the department. The melting temperature was the same 

for both media. All the blocks of stomach tissue were embedded within 

5 days after collection. 

Staining 

In sectioning, 12 slides were routinely made from each zone of each 

stomach. Nine slides were equally distributed among three stains, 
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Hematox;y"lin and Eosin, Crossmon1s ioodi.fication of Mallory triple stain, 

and a combination Periodic acid-Schiff-Hematoxylin-Aurantia. The other 

3 slides were kept in reserve :for Getty's combination Wiegert-

Heidenhain-Van Giesen, and for trying out other staining methods, and 

for possible replacement of broken slides. 

Hematox;ylin and Eosin 

This was used as a routine stain. The enterochroma:ffin cells, 

stained yellow by the potassium dichromate of the Helly1 s fluid, con-

trasted readily with the reddish pink of the surrounding cells. The 

staining procedure consisted of: 

1. xylol 
2. xylol 
3. absolute alcohol 
4. 95"1 alcohol 
5. BO'f, alcohol 
6. '2$ Iodine in 7f>t1i alcohol 
7. 21' sodium thiosulfate, until decolorized 
B. distilled water 
9. Harris hematox;.vlin, until nuclei are purple 

10. tap water 
11. acid-alcoh::>l, one qui.ck dip, if necessary 
12. tap water , several changes 
13. running tap water 
14. 8 <>% alcohol 
15. Eosin Y 
16. Bo% alcoh::>l 
17. Bo% alcohol 
18. 95% alcoml 
19. absolute alcoh::>l 
20 . xylol 
21. xylol 
22 . xylol 

2 minutes 
2 minutes 
2 minutes 
2 minutes 
2 minutes 
2 minutes 

5 minutes 

20 minutes 
5 minutes 

20 seconds 
3 seconds 
3 seconds 

20 seconds 
1-li minutes 

2 minutes 
2 minutes 
2 minutes 



Periodic acid-Schif!-Hema.to:xylin-Aurantia 

The periodic acid-Schi!! stained the mucus a deep red. Harris 

hematoxylln stained the nuclei of the cells blue, and Aurantia stained 

the parietal cells a golden yellow. The staining procedure consisted of: 

1. the first 8 steps same as in hemato:xylin 
and eosin procedure 

9. periodic acid 
distilled wa tar 
Schiff reagent 
running tap water 

10. 
ll. 
12. 
lJ. 

14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 

2.3-25. 

Harris hematoy.ylin, until nuclei are 
dark purple 
tap water 
acid-alcohol, a quick dip, if necessary 
running tap water 
8~ alcohol 
.5'f, Aurantia in 7(Jfj, alcohol 
951' alcohol 
95% alcohol 
absolute alcohol 
absolute alcohol 
.3 chmges of ~lol as in hemato~lln 
and eosin 

Crossmon' s modification of Mallory's triple stain 

5 minutes 
10 minutes 

5-20 minutes 
15 minutes 

20 minutes 
5 minutes 
2 minutes 

a quick dip 
a quick dip 
a quick dip 
a quick dip 

This stain is primarily for connective tissue, but it also stained 

orange or bright red the zymogen granules of the chief' cells. The 

staining procedure consisted of: 

1. the first 8 steps same a.s in hemato~lln 
and eosin procedure 

9. Wiegert' s hematoxylln 
10. '2$> sodium biearbona te 
11. distilled water 
12. acid fuchsin-orange G mixture 
13. distilled water, 3 changes 
14. l~ phosphotungstic acid 
15. distilled water 
16. anilln blue 
17. distilled water, .3 quick changes 
18. '2$> acetic acid 

8 minutes 
2 minutes 
1 minute 

10 minutes 

.3 minutes 

1 minute 

5 minutes 



19. 
20. 
21. 
22. 

23-25. 

951' alcohol 
absolute alcohol 
absolute alcohol 
absolute alcohol 
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J changes of xylol as in hematoJcy"lin 
and eosin 

Getty's combination Wiegert-Heidenhain-Van Gieson 

a quick dip 
a quick dip 
a quick dip 
a quick dip 

This stain is both a connective tissue and elastic fibers stain. 

The staining procedure consisted of: 

1. :xylol 
2. absolute alcohol 
3. 95% alcohol 
4. 7\1% alcohol 
5. running tap water 
6. distilled water 
7. Weigert' s elastic tissue stain 
8. 95'f, alcohol, 3 quick changes 
9. running tap water 

10. distilled water 
11. 5% ammonium ferric su.U'ate in oven at 

50 degrees centigrade (or overnight 
at room temperature) 

12. distilled water, several quick rinses 
13. Heidenhain solution at 50 degrees centigrade 

(or overnight at room temperature) 
14. distilled water, until no more color 

comes out 
15. differentiating solution, until a grayish 

hue is obtained 
16. tap water, until the sections turn blue 
17. Van Gioson' s 
18. 95% alcohol 
19. absolute alcohol, 2 changes 
20. Jcy"lol 
21. :xyl.ol 

2 minutes 
2 minutes 
2 minutes 
2 minutes 
2 minutes 
5 minutes 

45 minutes 

2 minutes 
5 minutes 

JO minutes 

30 minutes 

15-30 minutes 
a quick dip 

2 minutes 
2 minutes 

Coverslipping and mounting followed staining immediately. 
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Examination of the Sections 

In counting cells or measuring the depth of the gastric mucosa, 

the area of the section seen at high dry magnification (1.0 x 43) was 

used as a unit, the field. A Bausch and I.omb filar or screw micrometer 

was used for measuring. Calibration of too objectives was made with a 

Bausch and I.omb 0.1 and 0.01 millimeter slide micrometer. The sections 

were systematically examined, but in counting, the fields were chosen at 

random. Since there were, in each stain used, three slides for each 

zone of the stomach, in counting, 4 fields were picked at random on 

each slide, and the total number divided by 12 for an average. 

The parietal cells were counted in the sections stained with the 

Periodic acid-Scbi:ff-Hemato:x;ylin-Aurantia combination, and the 

enterochromaffin cells in the slides stained with Hematoxylin and F.osin. 

The enterochromaffin were also visible in the slides stained w.ith the 

Grossman's modification of Mallory's triple stain, and the count on 

these slides were used as a check. 
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Table 1. Number and age distribution of pigs studied for age-changes 
in the gastric mucosa and fixative used 

Total 
Age Female M:lle number Fixative 

1 day .3 1 4 Helly 
.3 days 0 1 1 n 

7 It (1 week) .3 1 4 n 

10 n 1 0 1 " ll n 1 1 2 II 

13 It 1 0 1 II 

14 It (2 weeks) .3 1 4 It 

17 It 0 2 2 n 

20 It 0 1 1 It 

21 It (.3 " ) 0 1 1 It 

28 It (lf. " ) 0 1 1 It 

34 It 0 1 1 " .35 " (5 " ) 3 1 4 It 

42 It (6 " ) 3 1 4 n 

49 " (7 It ) .3 1 4 It 

56 n (8 It ) .3 1 4 It 

63 It (9 It ) .3 1 4 " 70 " (10 " ) .3 1 4 " 71 " (ll " ) .3 1 4 " 84 II (12 It ) .3 1 4 It 

ll2 It (16 It ) 0 1 1 " 
5 months 1 1 2 It 

8 " 0 1 1 It 

10 " a 0 1 1 It 

14 It a 0 1 1 II 

19 " a 1 0 1 II 

20 II a 2 l .3 It 

21 " a 3 0 .3 It 

26 " a 1 0 l " 30 " a 1 0 1 " 31 u a 1 0 1 " 44 n a 1 0 1 n 

8 years 1 0 1 II 

Total 48 25 73 

aAnima.ls killed at t he packing house. 
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FINDINGS 

The findings are reported according to age, and under each age 

according to the three glandular zones of the stomach, namely cardiac, 

fundic and pyloric. 

Certain terms that are used are explained below: 

~phatic elements - Tenn refers to the lymphocytes seen in the 

lamina propria. However, since heterophils sometimes, and plasma cells 

constantly, were observed in association with the lymphocytes, the tenn 

"lyll1phatic elements" was extended to include heterophils and plasma 

cells. No attempt was made to count or evaluate percentage-wise the 

heterophils and the plasma cells. 

The word "diffuse" qualified the 13mPhatic elements when they were 

more or less evenly spread among the fibrocytes. When the same elements 

were clustered, the word "nodular" was used. There was only one in-

stance in which a bundle of collagenous fibers running for a short aro 

along the perimeter of a nodule gave the impression of encapsulation. 

Blood smears from some of the animals were processed and stained the 

same way as the stomach specimens for the purpose of identification and 

comparison. 

Branching of the glands - Although the stomach specimens were 

tri.Inrned at right angl e to t he mucous membrane, it was not always possible 

to obtain only longitudinal cuts of the glands throughout the entire 

section. In estimating the branching, only glands that could be seen 

from foveola to fund.us were traced because enclosed w:t th them, within 
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the boundary created by the collagenous .fibers and muscle strands coming 

from the muscularis mucosa, were t he cross sections of the branches. 

The amount of branching was esti:mated in relation to the number of cross 

sections visible alongside the longitudinal cuts of the glands. 

One Day 

Cardiac 

The glands showed little branching (Figure 1). Some glands were 

made up entirely of parietal cells, others were a mixture of parietal 

and mucous cells. The gastric pits extended down to about half the 

thickness of the mucosa, presenting the sha.pe of a wide V (Figure 2). 

The parietal cells numbered 22 per field. The depth of the mucosa 

averaged 99 micra. 

Fundic 

The glands were straight, with very little branching (Figure J). 
There were few mucous cells. The chief cells were seen at the fundus 

and in the body of the glands. The mucous neck cells were not very 

numerous. The canaliculi of the parietal cells showed a PAS-positive 

reaction. No cells in mitosis were observed. The depth of the mucosa 

averaged 240 micra. 

b"loric 

The glands showed more branching than in the other two areas. The 

f oveolae were deep and extended down to one third the length of the 

glands (Figure 4) • The glands were made up of largely mucous cells, 



Figure 1. One da.y old. Cardiac zone . Crossmon ' s toodifica tion of 
Mallory's Triple Stain. 60X. The glands show little 
branching . The mucosa averages 99 micra . 

Figure 2. One da.y old . Cardiac zone. Crossmon' s modification of 
Mallory's Triple Stain. 400X. The foveolae of the glands 
appear to be slight depression of the lining epithelium. 
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Figure J. One day old. Fundic zone. Crossmon' s modification of 
Mallory's Triple Stain. 6ox. The glands are straight. 
They already resemble the glands of the adult stomach. 
The mucosa averages 240 micra. 

Figure 4. One day old. Pyloric zone. Crossmon' s modification of 
Mallory's Triple Stain. 60X. The glands show more 
branching than in the cardiac and fundic zones. The 
:f oveolae extend down close to half the length of the 
glands. This proportion will remain roughly the same 
in older animals. 
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with some parietal cells among them. The mean number of the parietal 

cells was 15 to 16 per field. Here and there cells in mitosis could be 

seen. Very little of the lamina propria w-o.s left unoccupied by glands . 

The mucosa averaged 160 micra. 

Three Days 

Cardiac 

The glands were more branched than those of the one day old animals. 

The gastric pits were of the same depth but narrower. 1-bst of the glands 

were made up of parietal and mucous cells. The mean number of parietal 

cells was 18 per field. Here and there a mitotic figure was observed. 

Lymphatic elements were seen throughout the sections in a diffuse form. 

Some lymphocytes could be observed in between the cells of the epithelial 

lining. probably in the process of being extruded. The mucosa averaged 

120 micra . 

Fundic 

The glands showed little branching. The chief cells were confined 

to the fundus of the glands. The mucous neck cells were few in number. 

The parietal cells were seen anywhere along the length of the glands. 

Enterochromai'fin cells were present, mnnberlng about 1 per field. 

Diffuse lymphatic elements were obliterating the remaining lamina 

propria. N\llllerous cells were seen in mitosis. The PAS-positive area of 

reaction in the intracellular canalicull appeared in some cells as a 

thin thread, in some others like a smear that surrounded one end of the 
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nucleus. The depth of the mucosa averaged 250 micra. 

Pyloric 

The glands showed more branching than in the one day old animal 

and the gastric pits were not as deep. Mucous and parietal cells were 

present. The latter were easily recognizable by their large and clear 

nuclei and the overall size of the cell. The intracellular canaliculi 

were not as obvious in the pyloric parietal cells as in those of the 

other zones of the stomach. In the pyloric parietal cells, the cytoplasm 

appeared more homogeneous. There were approx::i.mately 6 to 7 parietal 

cells and 1 to 2 enterochromaffin cells per field. Cells in mitosis 

could be observed here and there. IQmpbatic elements were in the 

diffuse form. The depth of the mucosa averaged 250 micra. 

One Week 

Cardiac 

The branching of the glands appeared to have increased. There were 

about 15 parietal cells per field. The mucous cells in general had in-

creased in number; however, occasionally a whole section of gland was 

made entirely of parietal cells. There was less than 1 enterochromaffin 

cell per field. The lymphatic elements took a nodular and dif'.fuse fonn 

in three animals, and a diffuse form in the fourth animal of the same 

age group. The depth of the mucosa averaged 160 .micra. 
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Fundic 

The glands showed very little branching. Only a few mucous cells 

were present, the majority of the cell population being made of parietal 

and chief' cells. There was not a regular pattern of distribution .f'or 

these two types of cells. The lamina propria showed a diff'use infiltra-

tion by lymphatic elements. One of the animals in this age group pre-

sented nodules. There was less than 1 enterochromaffin cell per field. 

The depth of the mucosa averaged 261 micra. 

Pyloric 

The amount of branching of the glands remained about the same as 

in the 3 days old group (Figure 5) • The mucous cells extended the woo le 

length of the glands. The parietal cells that could be seen, apparently 

squeezed between mucous cells and the basement membrane, numbered 6 to 7 

per field. The depth of the mucous membrane averaged 190 micra. 

Ten Days 

Cardiac 

The amount of branching of the glands appeared to have increased. 

There were about 18 parietal cells per field. The parietal cells re-

mai.ned in the same number, but were no longer seen in clusters, as in 

the one week old group. They were distributed more evenly among the 

mucous cells of the glands . There were only a few cells showing 

mitosis . The enterochromaf'fin cells were less than 1 per field . The 

depth of the mucosa averaged 519 micra. 
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Fundic 

The branching remained the same. The mean number 0£ the parietal 

cells was 12 per .field. The foveolae of the glands reached down to 

about half the depth of the glands. The mucous cells showed a very 

strong PAS-positive reaction. Enterochromaffin cells were present, 

numbering less than 1 per .field. Cells in mitosis were rare. The 

lamina. propria showed a diffuse infiltration by the lymphatic elements. 

The mucosa averaged 420 mi.era.. 

Eleven Days 

Cardiac 

The amount of branching remained approximately the same. There 

were 13 parietal and less than 1 enterochromaffin cells per field. The 

lymphatic: elements were in the nodular form. The depth of the mucosa 

averaged J60 mi.era. 

Fundic 

The glands were straight. The parietal cells were seen all along 

the length of the glands. The chief cells, however, seemed to be 

congregated in the fundus of the glands. Mucous cells were scattered 

throughout the glands. Only a few cells were in mitosis. !.v'mPhatic 

elements were in the clif'fuse form. The depth of' t he mucosa averaged 

437 micra. 



Pyloric 

The parietal cells numbered about 8 per field. The lymphatic 

elements were in the diffuse form. The mucous cells showed a strong 

PAS-positive reaction, not different from that seen in the cardiac 

mucous cells. One feature, that persisted throughout the subsequent 

age groups, was that the nuclei of the mucous cells in o~ the lower 

third of the pyloric glands had a flattened, somewhat angular appearance. 

The nuclei of the mucous cells of the other two zones remained rounded, 

regardless of the location of the cells in the glands. There was less 

than 1 enterochromaffin cell per field. The depth of the mucosa 

averaged 450 m:icra. 

Thirteen Days 

Cardiac 

There were about 13 parietal cells per field. The zymphatic 

elements were in the diffuse form. The enterochromaffin cells were less 

than one per field. Only a few cells here and there showed mitotic 

figures. The depth of the mucosa averaged 390 micra. 

Fundic 

The chief cells were not very numerous and were concentrated largely 

in the basal third of the glands. The PAS-positive reaction was still 

present in the canallculi of the parietal cells. The mucous neck cells 

remained confined to the neck of the glands. Few cells showed mitotic 

figures. The entrochromaffin cells were seen occasionalJy. The depth 
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of the mucosa averaged 390 micra. 

!:floric 

There were on the average 8 parietal cells per field. The lymphatic 

elements were diffused throughout the lamina propria. The enterochro-

?na:ffin cells were rather numerous in spots, with as many as ten seen in 

one field; however, the mean number was closer to J. The depth of the 

mucosa averaged 700 micra. 

Two Weeks 

Cardiac 

There were 10 parietal cells per field. The glands appeared more 

branched than they were at 10 days. Several nodules of lymphatic 

elements were observed in the sections . Numerous cells show mitotic 

figures. The enterochromaffin cells were less than 1 per field. The 

depth of the mucous membrane averaged 468 micra. 

Fundic 

The glands were straight with little branching or twisting . At 

t his ear]y age they resembled, on]y in a diminutive form, the classic 

Picture of the fundic gland of the adult pig . There was no pattern to 

the location of the parietal and chief cells. In the four individuals 

comprising this age group , there were numerous cells showing mitosis, but 

Similar to the parietal and chief cells there was no pattern of arrange-

ment to the mitotic figures. The zr.ean number of enterochromaffin cells 

Was less than 1 per field. lymphatic elements were present in the 
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nodular form. The depth of the mucosa averaged 631 micra.. 

Pyloric 

The branching of the glands remained the same . The parietal cells 

numbered 9 per field. ~phatic elements were in the nodular and 

dif.f'use forms . Only a few mitotic figures could be seen . The depth of 

the mucosa averaged 391 micra . 

Seventeen Days 

Cardiac 

There were 10 parietal cells per field . The enterochromaffin cells 

were less than 1 per field . The lymphatic elements were in the nodular 

fonn. destroying in many areas the architecture of the glands . The 

branching of the glands remained the same . For the first time . cells in 

mitosis showed a pattern in their distribution . All the dividing cells 

appear ed to be in a line about midway between the lining epithelium and 

the niuscularis mucosa . A few mitotic figures were seen in the upper half 

of the glands . The depth of the mucosa averaged 591 micra. 

Fundic 

The lymphatic elements were in the nodular form . and as i n the 

car diac zone destroying in places the architecture of the glands . Few 

cells showed mitotic figures. There were 9 parietal cells and less than 

1 enterochromaffin cell per field . The depth of the mucosa averaged 

585 micra. 



39 

rJloric 

The enterochromaffin nunibered 4 per field (Figure 6). lumphatic 

elements were in the diffuse form. Only a f'ew cells were showing mitotic 

figures. There were 9 parietal cells per field. It was not possible to 

determine the depth of the mucosa in the sections because of the angle of 

cut. 

Twenty Days 

Cardiac 

The branching of the glands did not di.ff er from what was observed 

in the 14 days old. There were 7 parietal cells and between 1 and 2 

enterochromaff'in cells per field. The lymphatic elements were in the 

nodular and diffuse forms. Cells 1n mitosis were seen here and there. 

The depth of' the mucosa averaged 308 mi.era. 

Fundic 

There were maey cells 1n mitosis at the various levels in the 

glands . Except for a PAS-positive reaction in the cytoplasm of some of 

the mitotic cells. there was no other indication as to what kind of 

cell was dividing. There was no pattern to the distribution of the 

chief and parietal cells. The lymphatic elements were 1n the diffuse 

1'onn. The enterochromaffin cells were rare. The depth of the mucosa 

averaged 628 micra. 



Figure ,5. One week old. Pyloric zone. 
Crossmon's modification of 
Mallory's Triple Sta.in. 6ox. 
The branching of the glands ha.e 
increased slightly. The 
lymphatic elements are in the 
diffuse form. 

Figure 6. Seventeen days old. Pyloric 
zone. Hematoxylin and Eosin 
stain. 4-00X. A Wratten filter 
no. 47 was used to contrast 
more sharply the entero-
chromaf'fin cells f'rom the 
mucous cells. The entero-
ohromaffin cells are the dark 
cells. The area represents 
the middle third of the gland. 
lu'mPhatio elements are 
diffuse],y distributed in the 
lamina propria. 
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Pyloric 

The parietal cells were observed throughout the sections, but onl3" 

a few scattered enterochroma.ffin cells were seen. Because the top of' the 

mucosa had been trimmed off accidentalJ.y during processing, the parietal 

and enterochromaffin cells were not counted and the depth of the mucosa 

not estimated. 

Twenty-one Days (Three Weeks) 

Cardiac 

The parietal cells were approximately ? per field. The branching 

of the glands had remained about the same in tl'B la.st three age groups 

(14, 17 and 20 days) in the cardiac and the other two glandular zones of 

the stomach. The conclusion reached at 21 days, and verified by observa-

tions of the following age groups, was that the glands had ceased to 

branch somewhere between the second and third weeks of life. The 

chro~f.fin cells numbered 2 per field. Very few cells were 1-Il mitosis. 

The lymphatic elements were in the nodular and diff'Use forms. The depth 

of the mucosa averaged 395 mi.era. 

Fundic 

The greatest number of the chief cells was in the bottom half of 

the glands, while the parietal cells were observed in every part of the 

same glands. A few mucous cells were scattered among the parietal and 

the chief cells. The lymphatic elements were in the nodular and diffuse 

forms. The enterochroma.ffin cells mmibered l ess th.an 1 per .field. The 
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depth of the mucosa averaged 710 micra. 

Pyloric 

The parietal cells numbered 6 per field. The lymptba tic elements 

were in the nodula.r and diff'use forms. The PAS-positivity of the mucous 

cells in the pyloric zone did not appear to be different from that of the 

mucous cells of the cardiac and fundic zone, as it was in all the other 

specimens of the present experiillent. There were approximately 6 

enterochromaf'fin cells per field. The depth of the mucosa averaged 

580 micra. 

Twenty-eight Days (Four Weeks) 

Cardiac 

The parietal cells numbered 7 per field. The lymphatic elements 

were in the nodular and di:ff'use forms. There were less than one 

enterochromaf'fin cell per field. Very few cells showed mitotic figures. 

The depth of the mucosa averaged 245 mi.era. 

Fundic 

There was no pattern to the location of the chief' and parietal. 

cells. Both kinds of cells were observed in all parts of the glarxis. 

The chief cells were seen in clusters of 2 or 3, or singly. The mucous 

cells represented the minoricy in the cell population. The lymphatic 

elements were in the nodular and diffuse forms. The enterochroma.ffin 

cells and mitotic figures were rare. The depth of' the mucosa averaged 

675 micra. 
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PYloric 

The parietal cells numbered 3 and the enterocbroma£fin cells 4 per 

field. The lymphatic elements were in the diffuse and nodular .forms. 

Mitotic figures were rare. The depth o! the mucosa averaged 621 mi.era. 

Thirty-four Days 

Cardiac 

The parietal cells numbered 4 and the enterochromaffin cells 2 per 

field. Cells in mitosis were rare. The lymphatic elements were in the 

diffuse form. The depth of the mucosa averaged 339 micra. 

Fund.ic 

The chief and parietal cells did not show any pattern in their 

distribution in the glands. The mucous calls were seen in all positions. 

The enterochromaffin cells numbered 4 per field. The lymphatic elements 

were in the diffuse form. Cells in mitosis were rare. The depth of the 

mucosa averaged 837 micra. 

Pyloric 

The parietal cells were not very conspicuous. numbering only 2 per 

field. In places they seemed to have retained their general character-

istics, in others they looked as if they bad shrunk. The nuclei still 

retained their clear appearance. but the canalieu.11. bad disappeared and 

the cytoplasm looked more condensed. The enteroobromaf'fin cells numbered 

15 per field. The lymphatic elements were in the dif:f'u.se form. The 

pyloric zone of the stomach of the 34 days old was the only one in which 
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the nuclei of the mucous cells were rounded or oval in all parts of the 

glands. The depth of the mucosa averaged 630 miora. 

Thirty-five Days (Five Weeks) 

Cardiac 

The parietal cells numbered 3 per field, and the enteroohromaffin 

cells 4 per field. Mitotic figures were numerous and oould be obsel"\Ted 

in almost every- stage. The infiltrati on of the lamina propria by the 

lymphatic elements was very heavy in all the 4 individuals of this age 

group, although no nodule was observed. The depth of the mucosa 

averaged 506 micra. 

Fundio 

There was a rather heavy concentration of mucous cells in the 

fundus of the glands, but there was no pattern in the distribution of 

the chief' and parietal cells in the glands. A.bout 1 enterochromaffin 

cell per field was observed. The :cymphatic elements were in the diffU.se 

form and the depth of the mucosa averaged 962 micra. 

brloric 

Both the parietal and the enteroohromaffin cells numbered 2 per 

field. lqmphatio elements were in the diffuse form. In one animal 

mit otic figures were rare while in the other three composing this age 

group, numerous cells showed mi to tic figures in one stage or another. 

The mucosa averaged .540 micra. 
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Forty-two Days (Six Weeks) 

Cardiac 

The parietal cells numbered 2 or 3 (Figure 7), and the entero-

chromaf'fin cells numbered 3 per field. Mitotic .figures were observed 

throughout the sections, but not in heavy concentration. The lymphatic 

elements were in the diffuse form (Figure 7) • with small nodules here 

and there. The depth of the mucosa averaged 506 micra (Figure 8). 

Fundio 

The mucous cells were concentrated in the .fund.us with a scattering 

in the body of the glands. The enterochromaffin cells numbered less than 

1 per field. The depth of the mucosa averaged 1023 micra (Figure 9). 

Pyloric 

The parietal cells numbered 3 and the enterochromaffin cells 13 per 

field. The lymphatic elements were in the nodular and di:ffuse forms. 

The depth of the mucosa averaged 554 micra (Figure 10). 

Forty-nine Days (Seven Weeks) 

Cardiac; 

The i:a.rietal cells numbered 2 or 3 and the enterochromaf"fin cells 

less than 1 per field. The lymphatic elements were in the nodular and 

diffuse forms, and the diffuse infiltration was heavy. There were only a 

few cells in mi to sis. The depth of the llillCOSa averaged 479 mi era. 



Figure 7. Six weeks old. Cardiac zone. 
Crossmon 's DX>dification of 
Mallory's Triple Stain. 400X. 
Two parietal cells can be 
observed in the section (indi-
cated by arrow). The mucus 
stained a bright red by the 
PAS-Hematoxylin-Aurantia combi-
nation appears black in the 
picture . There is a diffuse 
infiltration of lymphatic 
elements . 

Figure 8. Six weeks old. Cardiac zone. 
Crossnx>n 's modification of 
Mallory's Triple Stain. 60X. 
The glands show extensive 
branching . There is a heavy 
infiltration by lymphatic 
elements . The mucosa averaged 
506 micra. 



.· . 

;; . 
,.~ ;,· 

~ . ~ . ,. .. . , .. .. ... . . ... - ~· . ,...--: .. ~ . ; . '· 



Figure 9. Six weeks old. Fundic zone. 
Crossmon's modification of 
Mallory's Triple Stain. 60X. 
The foveolae are shallow. The 
branching of the glands has not 
increased. The mucosa averaged 
1023 micra. 

Figure 10. Six weeks old. Pyloric zone. 
Crossmon1 s modification of 
Mallory's Triple Sta.in. 60X. 
The foveolae of the glands are 
deeper extending at times over 
half the length of the glands . 
The mucosa averages 554 micra. 
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Fundi.c 

The mucous cells were more numerous at t he fundus of the glands. 

The parietal cells outnumbered the chief celle by two to one. and there 

was no pattern to their distribution in the glands. IivmPbatic elements 

were in the diffuse fonn. Only a few cells showed mitotic figures. The 

enterochromaffin cells numbered less than 1 per field. The depth of the 

mucosa averaged 869 mi.era. 

Pyloric 

The parietal cells numbered 2 to J. and the enterochroma.f'fin cells 

about 1 per field. Numerous cells were in mitosis. The lymphatic 

el.ements were in the dii'.fuse and nodular fonns. The depth of the mucosa 

averaged 753 micra. 

Fif'ty-six Days (Eight Weeks) 

Cardi.ac 

· The parietal cells. numbered l and the enterochromaffin cells less 

than 1 per field. ~ha tic elements were in the dii'fuse and nodular 

forms. Numerous cells showed mitotic figures. The depth of the mucosa 

averaged 595 micra. 

Fundic 

The arrangement of the cells was not different from what was 

obeerved in the fundic region of the 7 weeks old. There were few cells 

in mitosis. IcrmPhat.ic elements were in the nodular and dii'fUse fonns. 

The depth of the mucosa averaged 1171 mi.era. 
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Pyloric 

The enterochromaffin cells numbered 4 and the parietal cells 2 per 

field. There were numerous cells in division. The :lymphatic elements 

were in the dif.f'use form. The depth of the mucosa averaged 84J micra. 

Sixty-three Days (Nine Weeks) 

Cardiac 

The enterochromaffin cells numbered less than 1 and the parietal 

cells 1 per field. Few cells showed mitotic figures . The lymphatic 

elements were in the diffuse form and the depth of the mucosa averaged 

456 micra. 

Fundic 

There was an abundance of mucous cells outmnnbering the parietal 

cells , which up to t his present age group were in predowinance . There 

was less than 1 enterocbrotnaffin per field. The lymphatic el ements were 

in the diffuse form. The depth of the mucosa averaged 1360 micra. 

!:Y'loric 

The parietal cells numbered 1 and the enterochromaffin l ess than 1 

per field . Cells in mitosis were rare . The '.cymphatic element s were in 

the diffuse form . The depth of the mucosa aver aged 734 micra . 

Seventy Days (Ten Weeks) 

Cardiac 

The parietal cells numbered 2 and the enterochrornai'fin cells less 
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than 1 per field. The lymphatic elements were in the dif:f'use and 

nodular forms. A :few cells in mitosis were observed here and there. 

The depth of the mucosa averaged 523 micra. 

Fundic 

The mucous calls appeared to outnumber the combined population of 

the parietal and chief cells. The enterochromaffin cells were less than 

l per field. Mitotic figures were rare. '.cymphatic elements were of the 

diffuse form. The depth of the mucosa averaged 1263 micra. 

Pyloric 

The parietal cells numbered 1 and the enterochromaffin less than 1 

per field. IumPhatic elements were of the dif:fuse form. Cells in 

mi to sis were rare. The depth of the mucosa averaged 781 micra. 

Seventy-seven Days (Eleven Weeks) 

Cardiac 

The parietal cells numbered 1 and the enterochromaf!in cells less 

than 1 per field. J-Ormphatic elements were of the diffuse form. The 

depth of the mucosa averaged 583 micra. 

Fundic 

The mucous cells appeared to have outnumbered the parietal and the 

chief cells combined. The lymphatic elements were in the dif:f'use :Conn. 

The ent9rochromaffin cells numbered less than 1. Mitotic figures were 

rare. The depth of the mucosa averaged 1305 micra. 
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Pyloric 

The parietal cells numbered less than 1 and the enteroohromaffin 

calls 3 to 4 per field. Mi. totic figures were rare. The lymphatic 

elements were in the di:f:fuse form. The depth of the mucosa averaged 

922 micra. 

Eighty-four Days (Twelve Weeks) 

Cardiac 

Both the parietal and the enterocbromaffin cells numbered less than 

1 per field. The lymphatic elements were in the di.:f:f'use and nodular 

forms. The depth of the mucosa averaged 677 mi.era. 

Fundic 

The arrangement of the cells remained the same • The entero-

chromaff'in cells were less than 1 per field. Mitotic figures were rare. 

The lymphatic elements were 1n the diffuse f'onn. The depth of the 

mucosa averaged 1360 mi.era. 

hloric 

Both the parietal and the enterochromaffin cells numbered 1 per 

field. Mitotic figures were rare. The J.ymphatic elements were in the 

diffuse and nodular forms. The depth of the mucosa averaged 796 mi.era. 

One Hundred and Twelve Days (Sixteen_ Weeks) 

The three zones of the stomach, in their gland arrangement and 

cellular content. were almost the exact replicas of photographs of the 
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pig stomach usually seen in textbooks . 

Cardiac 

The parietal cells numbered 1 and the enterochroma.ffin cells less 

than 1 per field. Numerous cells were in mitosis, displaying all f'our 

stages of division. livmpbatic elements were in the nodular and di.f:f'use 

f'orms . The mucosa averaged 1260 micra (Figure ll) . 

Fundic 

Mitotic figures were rare. The '.cympbatic elements were 1n t he 

diffuse form. The enterocbromaffin cells numbered less t han l per 

field . The mucosa averaged 1500 micra (Figure 12). 

Pyloric 

The parietal cells numbered 1 per field and the enterochroma.:ffin 

less than 1 per field. Cells 1n mitosis were rare . The mucosa 

averaged 1260 micra (Figure 13). 

Five Months 

Cardiac 

The parietal cells numbered less than 1 and the enterochroma.:ffin 

1 per field . The lymphatic infiltration was very heavy in both indi-

viduals of this age group, and one of the nodules extended into the 

submucosa . Strands of collagenous fibers extending along the perimeter 

of the nodule gave the impression of encapsulation. Mitotic figures 

were rare . The depth of the mucosa averaged 720 micra . 



Figure ll. Sixteen weeks. Cardiac zone. 
Crossmon's modification of 
Mallory's Triple Stain. 6ox. 
The mucosa averages .540 micra. 

Figure 12. Sixteen weeks. Fundio zone. 
Crossmon 1 s modif'ication of 
M:lllory•s Triple Stain. 6ox. 
The mucosa averages 1500 
micra. 
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Fund.ic 

The mucous cells appeared to be the predominant member of the cell 

population. The lymphatic elements were in the diffuse form . The 

enterochroma.f'fin cells were rare and the depth of the mucosa averaged 

1800 micra . 

Pyloric 

The parietal cells numbered 1 and the enterochromaffin less than l 

per field . The lymphatic elements were in the dii'f'use form . · Nitotic 

figures were rare . The depth of the mucosa averaged 1530 micra . 

Eight Months 

Cardiac 

Both parietal and enterochromaffin cells numbered less t:ti.an 1 per 

field . Mitotic figures were rare and the lymphatic elements were in the 

dii'fuse form, and the depth of the mucosa averaged 540 micra . 

Fundic 

The mucous cells still seemed to represent the greatest percentage 

of the cell population . The chief and parietal cells smwed no definite 

pattern in their distribution in the glands. The lymphatic elements 

were in the diffuse form , with an occasional submucosal nodule. The 

enterochromaffin cells munbered l ess than l per field . The depth of the 

mucosa averaged 2000 micra. 
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pzloric 

Both the parietal and the enterochromaffin cells numbered less than 

l per field. The ~hatic elements were in the dif'fuse form, and 

mitotic figures were rare. The depth o:f' the mucosa averaged 1270 micra. 

Ten Months 

Cardiac 

The parietal and the enterochromaf:f'in cells numbered less than 1 

per field. The lymphatic elements were in the dif'fuse and nodular 

forms. Mitotic figures were absent. The depth of the mucosa averaged 

J60 micra. 

Fundic 

The mucous cells still appeared to be the most predominant cellular 

element (Figure 14). The parietal and the chief cells did not show aey 

pattern in their distribution in the glands. The enterochromai'fin cells 

and mitotic figures were rare. The depth of the mucosa averaged 2000 

micra. 

brlorie 

Both the parietal and the enterochromaffin cells were less than 1 

per field. The lymphatic elements were in the diffuse form. The depth 

of the mucosa averaged 1620 micra. 



Figure 13. Sixteen weeks. Pyloric zone. 
Crossmon•s modification of 
Mallory's Triple Stain. 6ox. 
The mucosa averages 1260 micra. 
The glands show well their 
branching. The nuclei of the 
mucous cells are :flattened. 

Figure 14. Ten months. Fundic zone. 
CrosSDX>n's modi:fication of 
Mallory's Trtple Stain. 400X. 
There is a predominance or 
mucous cells (m) • The 
parietal cells (p) show no 
definite pattern as to their 
arrangement. Likewise, there 
was no speci:fic pattern in 
the chief cells ( c) • 
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Fourteen Months 

Cardiac 

Both the parietal and the enterochromaffin cells numbered less than 

1 per field. The lymphatic elements were in the diffuse form. The 

depth of the mucosa averaged 620 micra. 

Fundic 

In this animal, the majority of the chief cells were observed to be 

in the upper two thirds of the glands. The parietal cells showed no 

preference as to location. The mucous cells outnumbered the last named 

two types or cells . The lymphatic elements were in the diffuse form. 

The depth or the mucosa averaged f:1Ver 2000 micra. 

Pyloric 

Both the parietal and the enterochromaf'fin cells numbered less than 

1 per field. The lymphatic elements were in the diffuse form and 

mi to tic figures were rare. The depth of the mucosa averaged 1420 micra. 

Nineteen Months 

Cardiac 

Both the parietal and the enterochroma.f'fin cells numbered less than 

1 per fie ld. Mitotic figures were rare. The lymphatic elements were in 

the diffuse and nodular forms. The depth of the mucosa averaged 765 

micra. 
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Fundic 

The chief cells were observed mostly in the upper two thirds of the 

glands. The parietal. cells were seen in eveey location in the glands . 

The lymphatic elements were in the diffuse and nodular forms. The depth 

of the mucosa averaged 1.382 micra. 

Pyloric 

The parietal and the enterochromaffin cells both numbered less than 

1 per .field. The lymphatic elements were in the nodular and dif.fuse 

forms. The depth of the mucosa averaged 900 micra . 

Twenty Mlnths 

Cardiac 

The parietal and tm enterochromaffin cells both numbered less than 

1 per field. The lymphatic elements were in the nodular and dif.fuse 

forms (Figure 15). Mi to tic figures were rare. The depth of the mucosa 

ave raged 720 micra (Figure 15) • 

Fundic 

The arrangement of the cells continued to be the same, with the 

mucous cells predominating. The enterocbromaffin cells numbered less 

than 1 per field. Mitotic figures were rare. The lymphatic elements 

\'1ere in the dif.fuse and nodular forms. The depth of the mucosa averaged 

2000 micra (Figure 16). 



Figure 15. Twenty months. Cardiac zone. 
CrosSDX>n1 s modification of 
Mallory's Triple Stain. 6ox. 
A lympha tio nodule extending 
the whole depth of the mucosa. 
The ]Srmphatic elements are 
also in the diff"use form. The 
mucosa averages 720 micra. 

Figure 16. Twenty months. Fun.die zone. 
Crossmon's modification of 
Mallory• s Triple Stain. 6ox. 
The mucosa averages 2000 
mi era 1 extending beyond the 
frame of the picture, there is 
a nodular (arrow) and diffuse 
infiltration of lymphatio 
elements. 





66 

Pyloric 

Both the parietal and t he enterochromaffin cells numbered less than 

1 per field. The 13mphatic elements were 1n the diffuse and nodular 

fonus. There were veey few mitotic figures. The depth of the mucosa 

averaged lJlO micra (Figure 17). 

Twenty-one Months 

Cardiac 

Both the parietal and tm enteroohromaffin cells numbered less than 

1 per field. There were Ulal'\V' mitotic figures, located anywhere in the 

glands, throughout the sections. The lymphatic elements were in the 

nodular and diffuse fonns. The depth of the mucosa averaged 675 micra. 

Fundio 

The arrangement of the cells was simila.r to that previously 

observed. The enterochromaffin cells were rare. Only a few mitotic 

figures were observed .in the whole of the sections. The lymphatic 

elements were in the diffuse form. The mucosa averaged over 2000 micra . 

Pyloric 

Both the parietal and the enterochroma.ffin cells numbered less than 

1 per fiel d.. There were numerous mitotic figures. The lymphatic 

elements ware in the nodular and diffuse forms. The depth of the mucosa 

averaged 1J60 micra. 
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Twenty-six 1-bnths 

Cardiac 

The parietal and the enterochroma.ffin cells were rare. There were 

very few mitotic figures in all the sections. The lymphatic elements 

were in the diffuse f'orm. The depth of the mucosa averaged 675 micra. 

Fundic 

The arrangement of the cells was similar to that previously 

observ-ed in the 21 months old animal. There were very few mitotic 

:figures to ba seen. The lymphatic elements were in the diff'Use form. 

The depth of the mucosa averaged 2000 micra. 

Pyloric 

Both the parietal and the enteroch.romaffin cells were rare. The 

mitotic figures were rare. The lymphatic elements were in the diffuse 

form. The depth of the mucosa averaged 1500 micra. 

Thirty Months 

Cardiac 

Both the enterochromaf!in and the parietal cells were rare. Only 

a few mitotic figures were obser<Ted. The lymphatic elements were in the 

di:ffuse and nodular forms (Figure 18). The depth of the mucosa averaged 

483 micra. 



Figure 17. Twenty months. Pyloric zone. 
Crossmon's modification of 
M:lllory's Triple Stain. 60X. 
The mucosa averages 1310 micra. 
The lymphatic elements are in 
the nodular (arrow) and 
diffuse fonns. 

Figure 18. Thirty months. Cardiac zone. 
Crossmon's modification of 
Mallory's Triple Stain. 60X. 
The mucosa averages 48J micra. 
A lymphatic nodule with what 
appears to be a genninal 
center. '. 
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Fundic 

The arrangement of the cells 1n the glands was not different from 

what was previously observed. The mitotic figures were rare. The 

depth or the mucosa averaged over 2000 micra (Figure 19). 

PYloric 

The parietal and the enterochromaf'fin cells were rare. Very few 

cells were showing mitotic figures. The branching of the glands was 

typical of the description found 1n current literature, and very similar 

to the branching of glands seen in textbooks. The depth of the mucosa 

averaged 1600 micra (Figure 20). 

Thirty-one M::>nths 

Cardiac 

The parietal and the enterochromaff'in cells were rare. A few cells 

were observed showing mitotic figures. The lymphatic elements were in 

the diffuse and nodular fonns. The depth of the mucosa averaged 6)0 

micra. 

Fundic 

The general aspect of the glands was the same, with predominance of 

the mucous cells (Figure 21). The parietal and the chief" cells did not 

show any definite pattern as to their location in the glands (Figure 21). 

The lymphatic elements were in the diff'use and nodular fonns. Cells 

'With mitotic figures were extremely rare. The depth of the mucosa 

averaged 1500 micra. 

' 



Figure 19. Thirty months. Fundic zone. 
Crossmon's modification of 
Mallory's Triple Stain. 60X. 
The mucosa averages 2000 micra 
extending diagona.11,y, beyond 
the frame of the picture. 

Figure 20. Thirt\Y months. Pylorio zone. 
Crossmon's modification of 
Mallory's Triple Stain. 6ox. 
The mucosa averages 600 micra. 
The branching of the glands 
has not changed. ., 





Pyloric 

The parietal and the enterochromaffin cells were rare. There 

were very few cells in mi to sis. The lymphatic elements were in the 

diffuse and nodular forms and the depth of the mucosa averaged llOO 

micra. 

Forty-four Months 

Cardiac 

The parietal and the enterochromaf!in cells were rare and only a 

few cells here and there were in mitosis. The lymphatic elements were 

in the diff'use and nodular forms. The depth of the mucosa averaged 

40.5 micra (Figure 22) • 

Fundic 

The arrangement of the glands and the distribution of the cells in 

the glands were the same as in the 31 months old. Mitotic figures were 

vezy rare. The lymphatic elements were in the dif:fuse form. The 

mucosa averaged 180.5 micra (Figure 23). 

Pyloric 

The parietal and the enterochromai'fin cells were rare. Only a 

few cells showed mitosis. The lymphatic elements were in the diffuse 

and the nodular forms. The depth of the mucosa averaged 1000 micra 

(Figure 24). 



Figure 21. Thirty-one months. Fundic zone. 
P.AS-HematoJcylin-Aurantia 
staining combination. 400X. 
Fund.us of glands showing the 
predond.nance of mucous cells 
(m) in the area. and the lack 
of definite pattern in the 
arrangement of the parietal 
(p) and chief (c) cells. 

Figure 22. Forty-four months. Cardiac 
zone. Crossmon•s modification 
of Mallory's Triple Stain. 
60X. The mucosa averages 405 
micra. The lymphatic elements 
are di.!fU.sely distributed. 





Figure 23. Forty-four months . Fundic 
zone . Crossmon's modi:ficat..ion 
of Mallory's Triple Stain. 
)OX. The magnification was 
reduced in order to £it the 
mucosa within the frame of 
the picture. The mucosa 
averages 1B05 miora . 

Figure 24. Forty- £our months . Pyloric 
zone . Crossmon' s modification 
of Mallory's Triple Stain. 
6ox. The mucosa averages 1000 
mi era . The l.ympba tic elements 
are in the di:ff'use f'onn. The 
section was slightly oblique . 





Eight Years 

The cardiac _(Figures 25 and 26), timdic (Figure 27) and pyloric 

(Figure 28) zones did not show aey difference from those of the 30 or 

44 month animals in the arrangement of the cells in the glands, in the 

branching of the glands, and the presence of lymphatic elements 

(Figure 26). However, there was a very definite increase in the amount 

and size of the collagenous fibers in the lamina propria and the 

trabeculae originating from the museularis mucosa. The depth of the 

mucosa in the cardiac, tundic and pyloric zones was respectively 510, 

1580, and 815 micra. 

A series of pictures (Figures 29 through )8) showed the gradual 

increase in the size and the amount of the collagenous fibers. The 

fibers seemed to be no larger than those seen in the 20 months old, but 

the quantity seemed to be increased. The elastic fibers appeared to 

have remained the same in size and in amount throughout the different 

ages. The f'undi.c zone was chosen but the same observations were made on 

th.at part of the lamina propria of the cardiac and pyloric zones. All 

of the pictui-es were taken at 625x. The Crossmon' s ioodification of the 

Mallory's Triple Stain was used. 



Figure 25. Eight years old. Cardiac zone. Crossmon• s modification 
of Mallory's Triple Stain. 60X. The mucosa averages 
510 micra. 

Figure 26. Eight years old. Cardiac zone. Crossmon' s modification 
o! Mallory's Triple Stain. 160X. The same section as in 
Figure 25 but taken at higher magnification to show the 
diffUse but rather heavy infiltration by the lymphatic 
elements. 
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Figure 27. E'ight years old. Fundic zone. 
Crossmon1 s modification or 
Mallory's Triple Stain. 6ox:. 
The mucosa averages 1580 micra. 

Figure 28. Eight years old. Pyloric zone. 
Crosstoon1 s modification of 
M1llory1 s Triple Stain. 6ox. 
The mucosa averages 815 micra.. 

. , 
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Figure 29. One day old. Fundic zone. 
Crossmon's modification of 
Mallory's triple stain. 625 X. 
lamina propria, below the fund.us of 
the glands visible at the top, the 
muscularis mucosae (muscle fibers 
stained red) and the sul:lnucosa. 
The collagenous fibers (stained 
blue) are very fine and are more 
visible in the subnucosa than in 
the lamina propria. The 
collagenous fibers are .faint]y 
seen among the .fibers or the 
muscularis mucosae. There was 
some shrinkage in the section. 

Figure 30. One week old. Fundic zone. 
Crossmon•s modification of 
Mallory's triple stain. 625 X. 
lamina propria, below the fundus of 
the glands visible at the top, the 
muscularis mucosae (fibers stained 
red), and the sul:lnucosa. The 
collagenous fibers (stained blue) 
are visible in the muscularis 
mucosae, but are scarcely visible 
in the lamina propria. There was 
some shrinkage in the section. 
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Figure 31. Four weeks old. Fundic zone. 
Crossmon's modification of 
Mallory's triple stain. 625 X. 
lamina. propria, below the fundus of 
the glands visible at the top, the 
muscularis mucosae (muscle fibers 
stained red), and the subnucosa 
partly visible. The collagenous 
fibers (stained blue) have in-
creased in number and in size, in 
the lamina propria and among the 
muscles fibers of the muscularis 
mucosae. There is some shrinkage 
in the section. 

Figure 32. Two nxmths old. Fundic zone. 
Crossmon' s modification 0£ 
Mallory's triple stain. 625 X. 
I.aroina propria, below the fundus of 
the glands visible at top, and the 
muscu.J.aris mucosae (muscle fibers 
stained red). The collagenous 
:fibers (stained blue) are larger 
and more numerous than those o:f' 
the four weeks old. 





Figure 33. Five months old. Fundic zone. 
Crossmon•s modification of 
Mallory's triple stain. 625 X. 
lamina propria, below the :fundus of 
the glands visible at the top. 
Only the upper part of the 
muscularis mucosae (muscle fibers 
stained red) is visible. The 
collagenous fibers (stained blue) 
appear to be regularly arranged. 
They are thicker and more numerous 
than those of the two months old. 
There does not seem to be an in-
crease in the number of the fibers. 

Figure 34. Ten months old. Fundic zone. 
Crossmon•s modification of 
Mallory's triple stain. 625 X. 
lamina propria, below the fundus of 
the glands visible at top. The 
collagenous fibers (stained blue) 
appear larger and more numerous 
than in the five months old. The 
arrangement of the fibers appears 
also regular in this animal. A 
few muscle fibers (stained red) 
can be seen. The difference in 
color with the preceding pictures 
is due to the photographic 
processing. 
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Figure 35 . Fourteen months old. Fundic zone. 
Crossmon's modification of 
Mallory's triple stain. 
I.e.mina propria, below the f'undus of 
the glands visible at the top. The 
collagenous fibers (stained blue) 
do not appear different in size and 
in number from those of the ten 
nxmths old. A few muscle fibers 
(stained red) of the muscularis 
mucosae can be seen. 

Figure 36 . Twenty months old . Fun.die zone. 
Crossmon1s modification of 
Mallory's triple stain . 625 X. 
lamina propria , below the fundus of 
the glands visible at the upper 
left hand corner. The size of the 
collagenous fibers (stained blue) 
bas remained the same, but their 
number bas increased. The 
muscul.aris mucosae could not be 
included in the photograph at 
this magn:Lfication. 
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Figure 37. Forty four months old. Fundio 
:zone. Crossmon's 100dification of 
Mallory's triple stain. 
lamina propria, below the :fund.us of 
the glands visible at the top. 
There does not seem to be much 
change . The size and the number of 
the collagenous fibers (stained 
blue) appear to have remained the 
same as 1n the 20 months old. 

Figure 38. Eight years old. Fundic zone. 
Crossmon's modification of 
Mallory's triple statin. 625 X. 
lamina propria, below the :fundus of 
the glands , visible at the top. 
There does not seem to be much 
difference in the size and number 
of the collagenous fibers observed 
in the lamina propria of this 
animal and the fibers of the 
twenty month old. 
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Table 2. Distribution per .field o.r the parietal cells in the cardiac 
and pyloric zones of the stomach of the pig 

Age Cardiac Pyloric 

1 day 22 15-16 
3 days 18 6-7 
7 n (1 week) 15 6-7 

10 " 1B 12 
13 n 10 8 
14 II (2 weeks) 10 9 
17 " 10 9 
20 It 7 6 
21 n (3 It ) 7 6 
28 It (4 " ) 7 3 
34 It 4 2 
35 " (5 It ) '.3 2 
42 " (6 " ) 2-3 3 
49 " (7 It ) 2-3 2-3 
56 " (8 " ) 1 2 
63 ti (9 ti ) 1 1 
70 II (10 It ) 2 3 
77 II (11 It ) 1 -la 
84 It (12 It ) 1 1 

112 It (16 " ) 1 1 

5 months -1 1 
8 It -1 -1 

10 n -1 -1 
14 " -1 -1 
19 It -1 -1 
20 It -1 -1 
21 II rare rare 
26 " rare rare 
30 " rare rare 
31 " rare rare 
44 " rare rare 

8 years very rare very rare 

a_l stands for less than one. 
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Table 3. Average depth of the gastric mucosa of the pig, according to 
the di:f'fersnt zones; the depth of the mucosa is expressed in 
mi era 

Age Cardiac Fundic Pyloric 

1 day 99 240 160 
3 days 120 250 200 
7 " (1 week) 160 261 248 

10 " 262 519 420 
11 " 360 457 405 
13 " 390 720 627 
14 " (2 weeks) 468 631 591 
17 " 338 58.5 
20 n 308 628 
21 n (3 n ) 39.5 710 580 
28 n (4 n ) 245 675 621 
34 " 339 837 630 
35 n (5 n ) 506 962 540 
42 n (6 " ) 435 1023 554 
49 n (7 n ) 479 869 753 
56 n (8 " ) .595 1171 843 
63 n (9 II ) 4.56 1360 734 
70 n (10 " ) 523 1265 781 
77 II (11 " ) 583 1305 922 
84 II (12 " ) 677 1360 796 

112 " (16 " ) ,540 1500 1260 

5 months 720 1800 1530 
8 " 540 2000 1200 

10 " 360 2000 1620 
14 n 620 2000 1460 
19 " 765 1360 900 
20 " 720 2000 1310 
21 " 675 2000 1360 
26 II 675 2000 1500 
30 " 483 2000 1500 
31 " 630 1500 1000 
44 II 405 1805 900 

8 years 510 1580 815 
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DISCUSSION 

The observations made on the histology of the gastric mucosa of 

the day-old pig agreed for the most part with those ma.de by Kirk (1910) 

on the fetus just before tenn. 

The cytodifferentiation of the fundic zone at one day of age was 

found to be complete. The four types , mucous or surface, mucous neck , 

parietal and chief cells were alreacy present. The shape of the glands 

hinted of what they would look like when the animal has reached the 

adult age . 

The pyloric zone had t wo types of cells , mucous and parietal , 

instead of only the mucous cells described by Kirk. The parietal cells 

broke the continuity of the mucous cells which seemed to represent the 

majority of the cells of the pyloric glands . The specimens were taken 

far enough from the fundic zone to eliminate the possibility that the 

glands could be in a transition area . 

In the cardiac zone, the same two types of cells were found, but 

the arrangement was very different. Whereas in the pyloric zone the 

parietal cells appeared out of place, in the cardiac zone they seemed 

to represent an integral part of the cell population. They fonned in 

place glands of their own, without the participation of one sin!?;le 

mucous cell, and the parietal-only glands existed side by side with 

glands made up of both the parietal and mucous cells. An actual count 

per field showed that the number of parietal cells in the ce.rdiac zone 

was only slightly higher than in the pyloric zone (Table 2) . 
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In the three gastric zones of the one-week and two-weeks old 

animal there was an increase in the depth of the mucosa. The glands 

showed little difference in the arrangement of their cells from those 

of the one-day old, except that the parietal cells in the cardiac and 

pyloric zones had decreased in number. 

In the cardiac zone of the three-week old, the glands made up 

exclusively of parietal cells that were observed in the one-day, one-week 

and two-week old had disappeared, or they had acquired some mucous cells 

because all the glands seen in the sections had by then both parietal and 

mucous cells. A migration of the parietal cells from the cardiac or 

pyloric zones toward the fundic zone was bard to conceive and no evidence 

to support such a view could be discerned. However, the parietal cells 

were observed free in the lumen of the glands without showing any sign 

of degeneration, and they were also observed bulging into the lumen, as 

if the pressure from the surrounding cells was slowly pushing them out. 

It could be said that the parietal cells of the cardiac and pyloric 

zones were lost by extrusion. Both the cardiac and the pyloric zones 

acquired the adult appearance by shedding the parietal cells, and by an 

increase in the population of the mucous cells. 

In the four-week old, the glands of all three gastric zones seemed 

to have reached the maximum development as to the amount of branching. 

The word "seemed" is used because sections from only one area of one 

zone could not begin to show exactly how the branching proceeded . 

Blocks from several areas in one zone, if cut serially and recon-

structed, could givo a more exact idea on how the branching occurred. 
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From the fourth week on. the glands increased in length bringing 

about an increase in the depth of the mucous membrane. The measurements 

of the depth of the gastric mucosa of the pig from one day to forty-four 

months of age indicated that the thirty-two age groups could be pl.aced 

into three different periods of development. 

In the first period. that extends from one day to fi.f'teen months of 

age, the depth of the mucosa increased more or less steadily. The glands 

had already reached their maximum branching in all three zones by the 

third ";-Teek of age. The increase in length was possible only by a multi-

plication of the cells above and beyond a mere replacement of the worn 

out or dying cells. 

The increase in the depth of the mucosa of the three gastric zones 

during the first period could be accounted for only by a steady multipli-

cation of the individual cells. Mitosis was observed in many cells in 

all three zones, in all the individuals, but never in number sufficient 

to account for the steady growth . It was quite possible that cell re-

newal in t he gastric mucosa varied with the time elapsed after feeding 

as Hunt (1954) had indicated, or was under the influence of several 

factors (Leblond and Walter. 1956) • such as diurnal or nocturnal 

activities . seasonal variations, nutrition and other eIWironmental con-

ditions. In this experiment , no attempt was made to eli.."llinate or take 

into consideration any of those factors that might or could influence 

cell renewal. 

In the cardiac and pyloric zones. there was mitosis and there was 

growth , but mitosis did not seem to affect the parietal cells. There was 
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a steady decrease in the number of the latter in those two zones (Table 

2). By the fourth week the parietal cells were down to one third of 

their original number. By the twelfth week, they were occasional]y 

seen. So, any cell in mitosis seen in the cardiac and pyloric zones of 

the ani.'Uals could be assumed to be a mucous cell. 

The fundic zone, with its four types of cells, presented a different 

situation. Since a cell in mitosis gave no indication as to what the 

daughter-cells would be, and since in the fundus and body of the glands, 

parietal cells were seen side by side with chief and mucous cells, there 

was practical]y no way of deciding which call is dividing. In the neck 

of the glands, a cell in mitosis can be assumed to be a mucous neck 

cell. In none of the seventy-three specimens studied was mitosis ob-

served in the lining or surface epithelium, while division was someti.'lles 

seen in the neck of the glands. Hence the possibility that the lining 

epithelium was built up from, or replaced by the mucous neck cells . 

Hunt's experiments (19.58) tended to prove that the cells of the 

lining epithelium or surface cells change into mucous neck cells, and 

the latter into parietal cells. later in the regeneration process the 

mucous neck cells would change into zymogenic or chief cells. Hunt 

reached these conclusions after cautery of the mucous membrane and ob-

servations of the healing process on the following sixty-two days . It 

was diff icult to consider the processes following cautery as normal 

physiol.ogica1 condi t ions. The events following extensive damage to the 

mucosa could not and s hould oot be parallel ed ·with events that take place 

in a normal mucosa under day to day living conditions . Even in accepting 
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Hunt's conclusions as being what normally could take place in the rat 

stomach, it did not necessarily imp]y that it would be the same pattem 

for the pig. In the histogenesis of the gastric mucosa of the pig, Kirk 

(1910) found that the parietal cells came first, then the chief cells; 

the mucous cells came last without passing through a mucin stage. On]y 

one worker quoted by Bensley (1932) appears to be on record for having 

seen the. parietal cells in division. The lack of evidence points to 

direct division as the method of multiplication in the case of the 

chief and parietal cells. Biopsy of the stomach of less than three-week 

old pigs at regular intervals day or night, before or after feeding, 

coupled with the use of labelled compounds, could help elucidate the 

question of mitosis in the cells of the gastric mucosa. 

Fewer cells in mitosis wera observed in the second period which ex-

tended arbitrarily from fifteen to twenty months of age. The depth of 

the mucosa, in the animals between fifteen and twenty months of age, 

remained more or less level. The cell divisions were apparently for 

the purpose of maintenance, because the glands seemed to have stopped 

growing. 

In the third period, from twenty months to ninety-six months of 

age, the depth of the mucosa started to decrease. Cells in mi to sis were 

observed, but the divisions were not able apparently to keep up with the 

losses due to death or wear. Could the decrease in the depth of the 

mucosa past the twentieth month be considered as the beginning of 

senescence for the stomach? Yes, if in senescence were considered only 

the changes that occur in the structure arrl necessarily in the function 
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of an organ between the time of peak maturity and the time of death of 

the individual. Changes did take place in the stomach. There was a 

shortening of the glands, and an increase both in size and amount of the 

collagenous elements in t he lamina propria. It was difficult to dis-

associate senescence from the overall aging process, and in the case of 

the stomach, the changes that occur after the twentieth month were simply 

a continuation and a magnification of changes that started in the first 

day of extra-uterine life. The space between the .fundus of the glands 

and the muscula.ris mucosae which in the one-week old was occupied by 11a 

delicate, sparse connective tissue framework" (Trautman and Fiebiger, 

1957) became filled in the twenty month old with almost regularly 

arranged, coarse coll.agenous fibers. No measurements were made on the 

collagenous fibers, but a series of colored pictures taken at the same 

magni.fication showed the changes that took place in the connective tissue 

elements of the lamina propri.a. The increase in the amount and the size 

of the collagenous fibers of the lamina propria will slow down the 

motility, and decrease the capacity for expansion of the stomach. 

Motility of the stomach is essential for penetration of the gastric 

enzymes into the ingested foodstuffs. Digestion begins with the action 

of the enzymes. la.ck of motility will affect digestion which in turn 

will influence absorption in the intestines. 

Considering the enzymes involved in the digestive process, there was 

partial agreement be°U«een the work of Kvasnitskii and Bakeeva (1940) and 

that of l.ewis et al. (1957). lewis et al. found very little pepsin 

activity until the sixth week, while Kvasnitskii and Bakeeva believed 
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that the enzymes are not utilized before the eighth week. The last two 

workers found hydrochloric acid present only on the twenty-fifth day, 

attributing the acidity present before the twenty- fifth day to the 

microbial flora of the ingested food. lewis et al. neglected to do any 

hydrochloric acid determination. recording only the a cidity of the 

stomach contents. As indicated by lewis et al. , the pepsin activity of 

the dry stomach tissue at six weeks was eight times higher than it was at 

t wo weeks . The glands of the animals in this experiment did not show a 

similar increase in the number of the zymogenic cells . The stomach , 

already at three weeks, had the structure in miniature of that of the 

adult, yet it was around the sixth or eighth week that it began to func-

tion like an adult's . It was very likely that the body requirement , at 

six or eight weeks , necessitated the full use of the stomach. As the 

animal be comes older , is there in the production of digestive enzymes , a 

pattern comparable to t he one seen in the growth of the mucosa? An in-

crease in the length of the glands may mean more cells that can produce 

enzymes or hydrochloric acid. A shortening of the glands may conversely 

mean a decrease in the n\nl'lber of the cells capable of producing enzymes 

or hydrochloric acid. 

Of all the different types of cells making up the cell population 

of the gastric mucosa , the enterochromaffin or argentaffin have been 

probably the leas t understood whe n it comes to function. A good deal of 

research had been done on them in the past fifteen to thirty y ears in an 

effort to elucidate the role played by them in the ma.'ll!Tlalian peysiology. 

The substance they elaborate had been isolated and was called 
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synonymously enteramine, .5-1\vdroxytriptamine, and serotonine . They were 

not a t tributed any specific or direct role in the digestive process , like 

the parietal or zymogenic cells for instance . It was thought at one time 

they were responsible for the intrinsic anti- anemia factor (Johnson, as 

quoted by Gilman, 1942). Wennel and Kacharava ( 1948) concluded they 

produced secretin. Debray and Besancon (1960) believed that in the 

human , t heir secretion might influence the motility of the small intes-

t ine . Apparently, no definite conclusion concerning the physiological 

rol e of the substance secreted by the enterochromaffin cells has been 

r eached to this date. 

The enterochromaffin cells were fou.00 with almost constant regu-

larity i n all three zones of the stomach, in all the animals of this 

present study. Between the twentieth and the forty- second day of age , 

there was a sharp rise in t he number of enterochromaffin cells in the 

pyloric zone . The munber tapered do-vm after the forty-second day , and 

by the fifty- sixth day was down to the same number it was before the 

twentieth day. There was no explanation that can be offered as to the 

cause and significance of the increase in number of the enterochromaffin 

calls in these age groups . All t he animals were in excellent pl\vsical 

condition . 

Because some attention has been given lately to finding of stomach 

ulcers in otherwise normal pigs , all the stomachs were carefully examined 

as soon as the specimens were r emoved . No ulcer was found in any of the 

animals of this experiment. The stomach ulcers are apparently becoming 

more prevalent among swine, but no specific etiological agent has been 



103 

incriminated as yet. 

The lymphatic elements represented the most consistent finding 

through the different age groups. being present in the nodular or the 

diffuse forms from three days to forty-four months , and in the eight 

years old animal. Weidenreicb et al. (19.3.3 ) had noted lymphatic nodules 

and aggregates of nodules in the cardiac region of the pig , and had 

found them more numerous in the young t:t'l.an in the older animals . His 

oldest animals were five months old. Weidenreigh et al. mentioned the 

possibility of the existence of a pathological condition to explain 

t heir presence. The observations made in this study do not agree with 

those of Weidenreich et al. ; the presence of the lymphatic elements 

either in diffuse or nodular forms was constant in all age groups , in 

all the three zones of the stomach. All the animals could have passed 

for food for human consumption , except the very young for which 

immaturit y would have been a cause for condemnation. The ani.Ir.als came 

from different environments . They did not show any gastritis; it could 

well be that the consistent presence of the lymphatic elements in the 

three zones of the stomach could simply be a normal defense mechanism 

that started early and persis ted throughout the life of the animal. 



Figure 39. Growth o! the three di.fferent zones of the gastric mucosa, in relation to each other 
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Sill1MARY AND CONCLIBIONS 

1. Two thousand and twenty-four sections made from two hundred and 

sixteen specimens taken from the three glandular zones of the stomach of 

seventy- two pigs were ex.a.mined microscopicalJy . 

2 . The age of the animals ranged from one day to eight years . 

3. The specin:ens were taken from the same general area of the 

stomach, namely caudal to the cardiac diverticulum, in the middle of the 

fundic region, and at the pyloric antrum . They were taken far enough 

away from the adjacent zones to be out of a transition area . 

4 . Four different staining methods were used : a) Hematozyliii and 

Eosin, as a routine stain; the enterochromaffin cells with their yellow 

color contrasted very well . b) Periodic acid-Schiff- Hematozylin- Aurantia 

combination for t he mucous and parietal cells . c) Crossmon ' s modifica-

tion of ~.allory ' s Triple Stain for the collagenous fibers and the zymogen 

granules of t he chief cells. d) The Weigert's- Heidenhain-Van Gieson 

combination for collagenous and elastic fibers. 

5. The observations were on the type , the distribution and the 

morphology of cells , the branching of the glands , and the depth of the 

mucosa . 

6. All the five types of cells , namely mucous , mucous neck, 

parietal , zymogenic and a r gentaffin cells , seen in the three glandular 

zones of the adult stomach were present at birth, but their a~rangement 

was different from that of the adult. The glands made up of these cells 

were then mere twisted tubules , 'With little branching. 
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7. The cardiac zone reached the adult stage between the t hird and 

fourth week by rearrangement of t he mucous cells and the gradual loss of 

the parietal cells. The parietal cells were lost by extrusion into the 

gland lumen . The parietal cells never completely disappeared from the 

ca rdiac zone . 

8. The fundic zone a t birth had the five types of cells observed 

in the fundic zone of the adult anin'>.al , namely the par ietal, argentaffin, 

zymogenic mucous and mucous neck cells. However, t he fundic zone did 

not display a specific or consistent pattern in the arrangement of the 

cells which composed it. The mucous cells from the ninth week on seemed 

to have become the predominant element of t he cell population. 

9. The pyloric zone at birth showed less parietal cells than the 

cardiac. While in t he car diac zone the parietal cells form glands of 

their own, in the pyloric zone, the parietal cells wer e part of glands 

made up mostly of mucous cells . The parietal cells decreased in nuDlber 

as the animal became older, without, however, disappearing completely. 

10. By the f'ourth week of age, the glands of all zones appeared to 

have reached t heir maximum branching , without rea ching their maximum 

growth. t 

11. The growth of t he mucosa in all three glandular zones was 

achieved by an increase in the number of the individual cell s . Mitoses 

were observed in every age group , but never in sufficient number to 

account f or the steady increase of the depth of t he mucosa . Even aft er 

the mucosa had stopped growing , mitoses in much lesser number could 

still be observed in the three zones of the stomach. 
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12. Evidence found by other investigators pointed to a certain 

rhythm in the cell division in the glandular stomach of laboratory 

animals . The reytbm was not observed in the specimens studied in this 

experiment . However. the reason may be due to the fact that no effort 

was made to regulate feeding before death, nor to regulate the time of 

day at wf>..ich the animals were to be killed. 

13 . The lamina propria displayed definite changes between the first 

day of life and eight years of age . There is a steady increase in the 

size and amount of collagenous fibers; the elastic fibers remained about 

the same. 

14. lumPhatic elements were consistently present in all three 

zones of the stomach~ either in nodular or dif'fuse fonns. from three 

days to eight years of age. The mucosa of the stomach was examined in 

each of the seventy-two animals for possible gastritis but in all cases 

the observations were negative. 

15. There were no ulcers present in any of the stomachs of the 

animals killed for this experiment. 

16. The order of depth for the three zones was the same for all 

the individuals in this study; the fundic being the deepest, next the 

pyloric followed by the cardiac zone . 

17. Although not consistent with every age group , the growth of the 

mucosa in the three gastric zones showed a definite pattern , an incr~ase 

from one day to fourteen months, a plateau between fourteen and twenty 

months, and a decrease from twenty months on. The possibility that the 
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arrest of the growth of the mucosa might be an indication of 

senescence was discussed. 
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