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Summary. The gastro-intest inal  mucosa of the ra t  has 
been systemat ical ly  studied with the  electron-microscope 
a t  the following levels : gastric fundus, pylorus, duodenum, 
je junum and ileum. Two types  of non-digestive epithelial  
cells have been observed, both  exhibit ing electron-dense 
granulations, both  candidates for endocrine act ivi ty.  The 
first type  of cells contains round granules bearing remark- 
able s imilar i ty  to the  granules of pancreatic endocrine 
A cells. The second cell type  is characterised by  str ikingly 
polymorphic granulations and would appear  to correspond 
to the so-called enterochromaffine cells of light-micros- 
copy. On the basis of this morphological criterion, and of 
the  biochemical evidence suggesting the existence of a 
substance in the intestine which great ly resembles glu- 
cagon, biologically and immunologicMly, i t  is proposed 
tha t  this substance is secreted b y  the first type  of cells 
which resemble the pancreatic A cells. 

Mise en dvidence par la microscopic dIeetronique de 
cellules d glucagon dans la muqueuse digestive du rat 

Rdsum& L'Stude au microscope 61ectronique de Fin- 
test in de ra t  ~ diffdrenbs niveaux:  estomac, duod4num, 
j4junum et il4on, permet  d 'observer  2 types de cellules 

granulations denses. Le premier type,  dent  les granul- 
ations sent  rondes, est semblable aux cellules A du pan- 
er4as. Le deuxigme type  de cellules, dent  les granulat ions 
sent  polymorphes,  est associ4 aux eellules dites ent4ro- 
chromaffines. Sur la base de ce eribgre morphologique, et 
des dorm4es biochimiques affirmant l 'existence dans l ' inte- 

stin d 'une substance biologiquement et immunologique- 
ment  proche du glucagon, il est propos6 de situer la syn- 
thgse ct sgcr4tion du glueagon intest inal  au niveau de ees 
cellules endocrines intestinales de type  A. 

Ele/ctronenmilcrostcopische Darstellung von Glucagon-pro- 
duzierenden Zellen im Gastrointestinaltralct 

Zusammenfassung. Bei einer systematischen Untersu- 
ch~mg der Magen-Darm-Schleimhaut mit  Hilfe des Elektro- 
nenmikroskopes wurden zwei Arten yon besonderen Zellen 
in deren Epithelien festgestellt, die m6gliche Trager endo- 
kriner T/~tigkcit sind. Beide sind durch elektronenoptisch 
dunkle Granula gekennzeichnet. Der erste Typ enth/ilt  
runde Einschliisse, die den Sekret-Granula der endokrinen 
A-Zellen des Pankreas sehr ~hnlich sind. Der zweite Zell- 
typ  weist auffallend polymorphe Sekretgranula auf, die 
derjenigen der sogenannten enterochromaffinen Zellen 
ira Lichtmikroskop entsprechen diirften. Diese morpho- 
logische Eigenschaft  sowie die biochemischen Beobaeh- 
tungen, welche auf das Vorhandensein einer dem Gin- 
cagon biologisch und immunologisch/~hnlichen Substanz 
im ])arm deuten, lassen die Annahme zu, dal3 die den 
pankreat ischen A-Zellen ~lmlichen Zellen fiir die Se- 
kret ion des Darm-Glucagons verantwort l ich sind. 

Key-words: Glucagon, Enterog]ucagon, In tes t ina l  rnu- 
cosa, In tes t inal  hormones, Enterochromaffme cells, Elec- 
t ron microscopy of gastrointest inal  rnucosa. 

I t  is recognised t h a t  there  are,  in the  s tomach  and  
the  in tes t ine ,  cells  which do no t  a p p e a r  to  be ac t ive  
in digest ion,  and  which are mos t  f r equen t ly  found  a t  
the  base  of the  gastr ic  g lands  and  of the  g lands  of 
LIEBERKuttN. These cells are  usua l ly  des igna ted  as 
cells of ~ICOLAS or KULTSCItlSK't r, and  also as entero-  
chromaffine or argentaff ine  cells because of the i r  char-  
ac ter is t ic  a f f in i ty  for ch romium or silver. As a rule, i t  
has  been t hough t  t h a t  these  t inc tor ia l  p roper t ies  define 
a single cell type .  I n  1952, ERS~AMER and  AsERo [6] 
r epo r t ed  t h a t  the  sec re to ry  p roduc t  of these  cells is 
5 - h y d r o x y - t r y p t a m i n e  or serotonin .  I n  1961, LvsE  and  
LAcY [22] conf i rmed the  associa t ion  of argentaf f ine  
cells and  ove r -p roduc t ion  of sero tonin  in a carc inoid  
t u m o u r  and,  wi th  the  help  of the  e lec t ron-microscope,  
descr ibed  the  presence of cells wi th  dense granules  of 
i r regular ,  m o s t l y  oblong shape.  

To our  knowledge,  the  sys t ema t i c  cha rac te r i za t ion  

* Supported in par t  by  grants No. 4237 and 3618 of 
the  Fends  National  Suisse de la t~echerche Scientifique, 
Berne, Switzerland. 

of the  morpho logy  of in tes t ina l  cells has  no t  as y e t  
been accompl ished.  The r a the r  scan t  s tudies  which 
have  been devo ted  to  the  e lec t ron-microscopy  of the  
digest ive  t r a c t  have  been l imi ted ,  e i ther  to  specific 
por t ions  of the  sys tem [8, 3, 19], or to a g iven digest ive  
func t ion  [11, 33, 34, 36]. I n  each instance,  whenever  
cells wi th  dense g ranu la t ions  were observed,  and  when 
the  l ikel ihood of the  secret ion of p ro teo ly t i e  enzymes  
could be excluded,  these  cells were classified b y  ex- 
clusion as enterochromaff ine  or argentaff ine cells [11, 
13, 19]. A l though  this  p r e l im ina ry  conclusion was a 
reasonable  one, i t  is necessary  to  recal l  t h a t  there  is 
as y e t  no evidence def ini te ly  es tabl ish ing the  i d e n t i t y  
of the  cells wi th  dense granules  seen wi th  the  e lec t ron 
microscope wi th  the  argentaff ine  or enterochromaff ine  
cells seen wi th  l ight  microscopy.  Fu r the rmore ,  recent  
physiologic  observa t ions  suggest  t h a t  the  in tes t ine  m a y  
well conta in  several  t y p e s  of cells wi th  d i s t inc t  endo- 
crine func t ion  [16, 25, 32, 37, 40, 41]. 

I n  1948, SUTH~RLAZ~D and  D~ D•VE [37] demon-  
s t ra fed  the  exis tence of a "g lucagon- l ike"  hype rg ly -  
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caemic factor in the intestine. More recent studies have 
established that  the intestinal t ract  does indeed contain 
substances which are both immunologica]ly and bio- 
logically related to glucagon. I t  becomes necessary, 
therefore, to assume tha t  the intestine contains at least 
two types of endocrine cells, one concerned with the 
secretion of serotonin, the other with tha t  of glucagon. 
The purpose of this paper is tha t  of reporting tha t  the 
electron-microscope allows the distinction of at least 
two types of cells containing dense granulations, of 
which one bears a remarkable resemblance to the A 
cells of the endocrine pancreas, tha t  is to the cells 
considered to be the likely source of pancreatic gluca- 
gon [29a]. 

Materials and Methods 

The animals used were Wistar rats raised in our 
own colony, weighing between 200 and 300 g and fed 
ad libitum. The tissues were fixed by  perfusion [7a] 
of the whole animal with an isotonic 2.3% glutaral- 
dehyde solution in cacodylate buffer adjusted to p H  
7.45. Tissue samples were obtained at  the level of the 
gastric fundus, of the pylorus, the duodenum, the je- 
junum and the ileum. Other tissues examined included 
adrenal, pi tui tary and pancreas. They were postfixed 
in a 1 ~ osmium solution in eollidine buffer. The fix- 
ation was carried out at  4~ throughout. After dehy- 
dration in solutions with increasing concentrations of 
ethanol, the tissues were embedded in Epon according 
to the technique described by Lc~T [21]. Semi-thin 
sections for scanning purposes were observed with a 
phase-contrast microscope [26] or, in certain instances, 
after staining with methylene blue. Thin sections were 
stained according to K A ~ o v s ~ : ~  [15] and studied with 
the electron-microscope Zeiss EM9. 

Results 

In  the intestinal mucosa of the rat, at  least two 
distinct cell types with dense granules are seen, and 
this at all levels studied : stomach, duodenum, jejunum 
and ileum. The first type (Figs. 1, 4, 5, 7, 8) exhibits 
round intra-eytoplasmic granulations surrounded by a 
rather t ightly fitting membrane.  The diameter of these 
granules averages 250 m~. The second type (Figs. 2, 
6, 10) exhibits polymorphic granules, which appear, in 
cross-section, oval, kidney- or pear-shaped, and also, 
occasionally, round. Although the granules of these two 
cell types are clearly different, these cells are otherwise 
remarkably  similar. Thus, they are both localized most 
often close to the base of the glandular epithelial cells, 
or, less frequently, of the epithelial cells of the villi. 
In  the intestine, their shape is pyramidal,  with the base 
facing the sub-mucosa. Their cytoplasma is less dense 
than tha t  of the neighbouring epithelial cells and con- 
rains many  filaments, which may  be single or grouped 
in bundles (Figs. 4, 5 et 6). The endoplasmic reticulum 
is predominantly peri-nuclear, leading to the formation 

of concentric circles on cross-section (Fig. 10). As a rule, 
the Golgi complex is localized at  the apical pole of the 
nucleus and there is suggestive evidence for its parti- 
cipation in the genesis of the granules (Fig. 1). The 
largest number of granules is found between the nu- 
cleus and the base of the cell. A relationship between 
the cells and the intestinal lumen has not been observ- 
ed. In  the stomach, these cells are round, contain less 
filaments and do not exhibit the internal polarization 
just described. 

The granules of the first cell type resemble the 
granules of the pancreatic A-cells (Figs. 3, 14). tIow- 
ever, their packing is less dense than  in the pancreatic 
cells, and the ratio of nucleus to cytoplasm is larger. 
There is also, as in stomach, no polarization of the 
Golgi complex in the pancreatic A cells and cytoplas- 
mic filaments are much less abundant.  These differences 
may  well be secondary to the different localization of 
the pancreatic and intestinal cells, expressing differ- 
ences in the architecture of the two tissues. 

At the ]eve] of the pylorus only, two further types 
of cells have been seen (Figs. 9, 11, 12, 13) both seem- 
ingly related to the lumen of the glands. These cells 
are rounded and contain numerous granules, though 
more variable in size than is true for the two types of 
cells already described. The contents of the granular 
vesicles are very much less electron-dense in the ex- 
clusively pylorie cells (Figs. 11, 12, 13). These two ad- 
ditional cell types differ from each other in the dimen- 
sions of granules and vesicles, the second type being 
characterized by  much smaller vesicles, containing 
small granules of low density (Fig. 11). 

All of these cells are clearly distinct from mucus- 
containing glandular cells (Fig. 12), which exhibit a 
characteristic Golgi complex next to the apical pole of 
the nucleus and closely associated with the secretory 
product contained in very much larger vesicles than is 
true for the granulations of the cells described in this 
report. Mucoid secretions are furthermore poorly con- 
trasted after staining with osmium or lead. We have 
also seen cells clearly similar to pancreatic D-cells 
[29b, 7b] as described by  SoLcIA and collaborators [35]. 

We are well aware of the fact that the distinction 
made here between different types of cells is based to 
a large extent on the morphological evaluation of the 
granules. In  order to analyze further whether granular 
morphology is a valid criterion for the characterization 
of hormonal synthesis or secretion, we have also studied 
in the same animals other cells, the function of which 
is well known. Thus, in the endocrine pancreas, granu- 
lar morphology is a major element in recognizing A 
(Figs. 3, 14) from B cells (Fig. 15) : the fit of the mem- 
brane is very much looser for B-cell granules, and the 
space between the granule and the membrane appears 
empty  [1, 17, 28]. In  certain instances, the classifica- 
tion is greatly facilitated by  the presence, in B vesicles 
and only in B vesicles, of crysta]loid structures replac- 
ing the granule. The diameter of both A and B granu- 
les is approximately 250--300 m~. 
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Similarly, in the adrenal medulla (Fig. 16), the cells 
secreting epinephrine or nor-epinephrine clearly differ 
from each other [5]. Not only is the cytoplasm of the 
cells secreting nor-epinephrine denser, but  their granu- 
les exhibit an almost metallic sheen and often appear 
to be fused to a portion of the vesicular membrane, 
leaving a wide, empty space in the remainder of the 
vesicle. By contrast, epinephrine-secreting cells exhibit 
granulations which are less dense, well-rounded, and 
well centred in the vesicle, which fits rather closely. 
The mean diameter of these granules is approxima- 
tely 150--200 m~. 

As a third example of the importance of granular 
morphology in the identification of cells, we shall cite 
the classification of anterior pituitary cells according 
to the hormone produced: Fig. 17 shows three STH- 
producing cells separated by a TStt-producing cell : the 
granules of the STH-producing cells are in much closer 
contact with their granular membranes (Fig. 17, Fig. 
18) than is true for the TSH-produeing cell granules 
which, furthermore, are very much smaller [30, 38, 42]. 

Discussion 

Analysis of the  endocrine pancreas with the light 
microscope allows for differentiation of B cells from 
non-B cells. The identification is made possible by the 
specific staining characteristics of B cells [9, 10] as 
well as the alterations seen either in spontaneous dia- 
betes [20, 23, 30] or after the administration of agents 
such as alloxan [4] or streptozotocin [14], which lead 
to diabetes, and to the disappearance of both B cells 
and insulin from the pancreas. 

The further differentiation of non-B cells with light 
microscopy is less straight forward, although some 
authors distinguish A-1 cells from A-2 cells [12] the 
latter being non-argyrophlle and secreting glucagon. 
Other authors consider the argyrophile cells as being 
closely related to D-cells [2, 3] and possibly concerned 
with the as yet  not definitely established pancreatic 
secretion of gastrin. This association has been suggested 
by the abundance of D-cells in some pancreatic tu- 
rnouts which appear to be functionally characterized 
by hypersecretion of gastrin [3]. As yet  no classification 
is universally accepted and it  is unlikely that  such 
acceptance will be forthcoming in the near future, 
since authors such as MANOeC~Io [24] even suggest 
tha t  the glucagon-producing cells may well be argyro- 
phile, whereas L~E [18] describes the likely identi ty 
of argyrophile cells seen with light microscopy with 
the A cells of electron miseroscopy. Nevertheless, we 
presently subscribe to the view that  the A-1 cells re- 
semble D-ceils, and that  the glueagon-seereting cells 
are indeed non-argyrophile and therefore of the A-2 
type. 

With the electron microscope, the non-B endocrine 
cells are at least of two kinds: A-cells (Fig. 3, Fig. 14) 
which are the probable sites of glucagon synthesis and 
secretion, and D-cells [1, 27, 28], which are much less 

numerous. The probable endocrine cells of the gastro- 
intestinal t ract  have many points in common with the 
non-B cells of the endocrine pancreas. With the light 
microscope, both argyrophile and argentaffine cells are 
seen. Both cell types have usually been grouped to- 
gether and classified as enterochromaffine cells, pre- 
sumably secreting serotonin. With the electron micro- 
scope, however, we have shown in the present s tudy 
that  these cells may well be subdivided into at least 
two types, one of which remarkably resembles the A 
cells of the endocrine pancreas. These morphological 
criteria, therefore, would tend to support the concept 
of at least two types of endocrine cells in the intestinal 
tract, one primarily secreting glucagon. I t  is suggested 
that  serotonin is synthetized and secreted in the cells 
characterized bypolymorphic granulations, a suggestion 
arrived at by exclusion, the glucagon secretion being 
more likely localized in the cells with granulations 
closely resembling those of the A cells of the endocrine 
pancreas. 

As already stated, this classification rests primarily 
on the morphology of the secretory granules them- 
selves. Although this might seem to provide but a 
rather fragile basis for classification, we should like to 
contend that this is not the case. As very briefly illus- 
trated by the examples shown in Figs. 14, 15, 16, 17, 
18, it is clear that endocrine cells secreting distinct 
hormonal products exhibit striking differences in the 
shape and electron density of the secretory granules as 
well as in their relationship to their granular mem- 
branes and the general architecture of each cell. The 
clear differentiation of the secretory granules in adrenal 
medulla cells secreting either epinephrine or norepi- 
nephrine is particularly impressive, since these hor- 
mones differ only by one methyl group. 

The coincidence of the morphological resemblance 
between A granules in the endocrine pancreas and in 
the corresponding cells of the intestinal tract is, of 
course, greatly supported by the demonstrated pre- 
sence in the intestinal mueosa of one or several sub- 
stances which resemble, both immunologieally and bio- 
logically, the pancreatic hormone glucagon. Although 
quantitative studies of the relative frequency and dis- 
tribution of the two types of probable endocrine cells 
of the gastro-intestinal tract  have not yet  been carried 
out, present observations suggest tha t  the cells of A- 
type, presumably producing g]uca.gon, are considerably 
less frequent than the cells with polymorphic granu- 
lations, presumably producing serotonin. I t  is also as 
yet  impossible to estimate what the total number of 
intestinal A cells might be. Accordingly, the relative 
abundance of extractable intestinal and pancreatic glu- 
eagon cannot yet  be compared with the relative num- 
bers of instestinal and pancreatic A cells. I t  is of con- 
siderable interest, however, tha t  both morphological 
and physiological criteria combine to suggest a remark- 
able strategic role for the glucagon-producing A cells: 
they are found in close approximation with insulin- 
producing cells within the islets of Langerhans, and in 
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Fig.  i .  D u o d e n u m :  type  I cell (p resumably  producing enteroglucagon).  Granules are round and,  in  mos t  instances ,  there  is a small  enlpty space be tween  th~ 
granule  and  i ts  raembrane .  The Golgi complex (G) is h igh ly  developed and  contains  granules  at  var ious  s tages  of  fo rma t ion  (arrows). Nucleus (N) ; epithelial  

cells (E); enlarged 17000 • 
Fig .  2. D u o d e n u m :  type  I I  cell (p resumably  producing serotonin).  Granules are of  ~r shape and  the  rare  ins tances  of  apparen t ly  round  granules  migh t  
well be cross-sections of  e longated bodies.  Nucleus (N) ; mi tochondr la  (m);  epithelial  cells (E);  extraeel lular  space (*) ; subepithelial  space (se) ; enlarged 17000 • 
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:Fig. 3- Pancreas:  endocrine A-cell. Granules are round and, in most instances, there is an empty spac~ between the granule and its membrane. At the upper 
righthand corner, there is a typical exocrine cell (Ex) ; at  the left border a capillary (ca). Nucleus (N); mitochondria (m); enlarged 26000 • 

Fig. 4. Je junum:  cell of type I (enteroglucagon). The granules, although less numerous, are very similar in appearance to those in Figs. 1 and 3. A moderate 
number of filaments is seen in the cytoplasm. Epithelial cells (E); enlarged 20 000 • 
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Fig. 5. Ileum: type I cell (enteroglucagon). Membrane hug each granule ~ery closely, as also seen in the pancreatic A-cell of Fig. 14. Numerous intraeyto- 
plasmic filaments, often grouped in bundles (arrows). Nucleus (N); mitochondria (m); enlarged 21000 • 

Fig. 6. Duodenum: type I I  (serotonin). The closely fitting membrane of the granules is clearly visible (arrows) and several kidney-shaped (*) or pear-shaped 
(double arrow) granules are seen. Nucleus (N); raitoehondria (i11) subepitheliaI space (es); epithelial cell (:E); enlarged 15000 x 
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~ig. 7. Fundus: type I cell (enteroglucagon). This type of cell is rounder at this level, rather more like a pancreatic A-cell. There are fewer filaments. At the 
left, a chief cell (CC). At the upper left hand corner, the glandnlar lumen is seen, with a zymogen granule (z) about to be discharged into it. Golgi complex (G); 

enlarged 14000 • 
]~ig. 8. :Fundus: portion of a type I cell (enteroglucagon). At the right a parietal cell (PC) with smooth vesicles of endoplasmic reticulum (arrows), mito- 

chondria (m) and intracefiular duct (ic); enlarged 26000 • 
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Fig, 9. l~ylorus : cross-section through glandular crypts. Two types (cl or c~) of granule-containing cells are seen. They do not resemble the ceils of types I and 
I I  seen elsewhere along the digestive tract. Extraccllular space (*). Enlarged 4000 • 

Fig. 10. Duodenum: cross-section of a type I I  cell (serotonin) demonstrating the circular arrangement of the rough endoplasmic reticulum (arrows) close to 
the nuclear Dole (N). Enlarged 16000 • 

Fig, 14. ~2ylorus: cell with small granules (comparable with cz in Fig. 9). The granules are much smaller than those of type I or I I  cells. EpitheliaI cell (E); 
sub-epithelial space (se); fibroblast (f); enlarged 16000 • 
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]Fig. 12 and 18. ~Pylorus : example of pylorie cell of type cl (Fig. 9) with numerous vesicles generally containing a material of low electron density. The Golgi 
complex (G) consists of flattened vacuoles, some of which are next to a very dense band (39). Between this ceil and the glandular lumen (L) a mucus-producing 
cell is seen: the vesicles are larger and contain a still less electron-dense material, with the exception of occasional round inclusions of unknown significance 

(arrows). Nucleus (N). Extraeellular space (*). ]Fig. 12 enlarged 17 000 x ; Fig. 13 enlarged 20 000 x 



Fig.  14. Pancrea t i c  A-cell: the  g ranu la r  m e m b r a n e  m a y  be more  or less apparen t ,  as also seen in the  type  I in tes t inal  cells (Fig.  5); capil lary (ca); enlarged 
18000 x 

Fig .  15. Pancrea t i c  B-cell: the  granules  are clearly separa ted  f r o m  thei r  m e m b r a n e  by  a wide e m p t y  space.  Some of  the granules  h a v e  a crystal loid s t ruc ture  
(arrows). Capillaries (ca); extra-cellular space (ee); nucleus (N); enlarged 2 i  000 • 

Fig .  16. Adrenal  medul ia :  to the  left,  an  adrenal in-producing cell. A few glycogen granules  are seen (arrows). To the r ight ,  a noradrenal ine-produeing cell wi th  
more  abundan t  glycogen (arrows). Golgi complex (G); extraeel lular  space (ee); capillary (ca); note  the  m a r k e d  difference in the  morphology of  the  granules  in  

the  two cells. ] ]nlarged 18000 • 
Fig .  17. P i t u i t a r y  of a Spiny mouse  (Acomys Cahirinus).  TSH-produc ing  cell (T) be tween  two S T g - p r o d u e i n g  cells (S). Again  note  the  m a r k e d  difference in  
the  morphology of  the  granules  of  the  p i tu i t a ry  cells, l~ough endoplasmic re t ieu lum (re). F ixa t i on  by  immers ion  in Os04 buffer in veronal-aeetate-suerose.  

Enlarged  i4000 • 
Fig .  18, Deta i I  of  an  STH-produe ing  cell demons t ra t ing  the  relat ionship of  the  granules  to thei r  membranes .  Enlarged  2 i000  • 
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close association with the site of en t ry  of foodstuffs 
in to  the organism. We consider i t  t empt ing  therefore 
to accept SA~OL'S suggestion [32] t ha t  glucagon m a y  
well be one of the major  physiologic mediators  of in- 
creased insul in  secretion by  the pancreat ic  B cells. 

I n  addit ion,  the morphological  evidence presented 
here clearly suggests t h a t  the glucagon-like biological 
and  immunologic  ac t iv i ty  found in  the gas t ro in tes t ina l  
t rac t  is synthet ized  locally as in  the endocrine pan-  
creas, and  not  s imply stored after synthesis and  secre- 
t ion  elsewhere. 
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