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The initial survey of pancreatic islet 
formation in the human fetus was re- 
ported by Pearce (’03) who described the 
development of the islets from the primi- 
tive pancreatic tubules. The islets were 
first identifiable in a 54 mm fetus as 
clusters of small eosinophilic cells at- 
tached to the tubule but following vascu- 
larization, as observed in a 90 mm fetus, 
they became separated from the tubules 
by an encroachment of connective tissue. 
Studies by Seyfarth (’20) and Nakamura 
(’24) confirmed the origin of the islets but 
differed from Pearce in that they found 
the first islets in 50 and 80 mm fetuses, 
respectively. 

The occurrence of two cell types in the 
fetal islet was initially reported by Weich- 
selbaum and Kryle (’09) while Kardase- 
witch (’27) described two cell types within 
the duct system of a 45 mm fetus. The 
first indication of islet development was 
noted by Kardasewitch in a 60 mm fetus 
when small darkly stained cells, the “In- 
sulocytes,” began to proliferate but “typi- 
cal” islets were not observed until the 
90 mm stage. 

Neubert (’27) also described the de- 
velopment of islet cells from ductule epi- 
thelium and, in addition, from cells loca- 
ted at the terminal ends of the ducts. 
These cells contained intensely stained 
granules and exhibited a “muddy” appear- 
ance which was typical of all young islet 
cells. Furthermore, such scattered islet- 
potential cells were always found on the 
outer surface of groups of cells arranged 
around adjacent blood vessels, a grouping 
referred to by Neubert as an “Inselfeld.” 

In a more recent study of the fetal pan- 
creas, Ferner and Stoeckenius (’51) di- 
vided islet development into three stages : 
(a) single cells, (b) “Inselfeld,” and (c)  
“Mantelinsel.” The first stage, observed 
in a 130 mm fetus, consisted of alpha 
cells within the walls and terminal proc- 
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esses of the duct system and beta cells 
within the walls of the intercalated ducts 
and terminal processes. These alpha cells 
were considered to be the “muddy” cells 
previously described by Neubert (’27). 
Beta cells were not as numerous as alpha 
cells and always appeared in close prox- 
imity to the blood capillaries. 

In the “Inselfeld” stage, single or small 
groups of cells had accumulated to form 
islet processes. These islet processes con- 
tained alpha and beta cells and also a rose- 
colored cell with ungranulated cytoplasm. 
In the “Mantelinsel” stage, the beta cells 
were present as a core within the islet 
and were surrounded by the rose-colored 
cells which were, in turn, enclosed within 
a shell of peripherally located alpha cells. 
The intermediate zone of the islet was 
considered by Ferner and Stoeckenius to 
be an area of transformation in which 
the alpha cells lost granules and acquired 
the characteristics of the beta cells, since 
some of the rose-colored cells contained 
a few alpha granules and others contained 
a few beta granules. 

In contrast to the numerous reports of 
islet development in the human fetus, 
there have been few studies concerned 
with the development of the pancreatic 
acini. The first account is that of Neubert 
(’27) who described the geometrical de- 
velopment of the acini but did not, how- 
ever, describe the staining characteristics 
of the acinar epithelium. Several investi- 
gators have made cursory observations on 
the time of appearance of the acinar cells. 
These include the presence of acini in a 
25 mm embryo (Kardasewitch, ’27), a 
42 mm fetus (Lewis, ’12) and in a fetus 
of nine weeks (Leigner, ’32). 

Although there is general agreement re- 
garding the mode of development of the 
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pancreatic parenchyma, there is obvious 
lack of agreement as to the stages at 
which the developmental events occur. 
In addition, the description of Ferner and 
Stoeckenius ('51) of the conversion of 
one cell type into another differs from the 
reports of other investigators. One of the 
reasons for these discrepancies may be the 
variety of staining methods employed, 
many of which were nonspecific or only 
partially selective. These techniques in- 
cluded picric acid and eosin or safranin 
(Pearce, '03), differential solubility (Lane, 
'07), neutral gentian and acid fuchsin 
(Bensley, '15), Mallory-azan (Bloom, '31), 
and chrom alum hematoxylin and phlox- 
ine (Gomori, '41 ; Ferner and Stoeckenius, 
'51). The most selective staining method 
thus far developed for the demonstration 
of all islet cell types, i.e., aldehyde fuchsin 
(Gomori, '50) and Masson trichrome 
(Masson, '29) has not been previously 
employed in a study of the development of 
the pancreatic islets of the human fetus. 

The present study was undertaken in 
an attempt to describe the sequential de- 
velopment of the parenchyma of the hu- 
man pancreas employing the aldehyde 
fuchsin and Masson trichrome techniques 
and other contemporary histochemical 
methods. Particular attention was di- 
rected toward the histochemical differ- 
entiation of both islet and acinar tissues 
in order to (a )  describe the process of 
cellular maturation and (b) to determine 
the time of development of the several 
cell types, 

MATERIALS AND METHODS 

The tissues employed in this study con- 
sisted of samples of pancreata from 54 
human fetuses ranging in size from 29 
mm to approximately 360 mm crown- 
rump length.' This size range corresponds 
to the eighth week through the thirty- 
ninth week of fetal development (Patten, 
'53). The specimens were fixed in either 
10% neutral buffered formalin, Bouin's 
fluid, or Zenker-formol. After paraffin or 
celloidin-paraffin embedding, the tissue 
sections were subjected to the following 
staining procedures : hematoxylin and 
eosin or the Masson trichrome method, 
(Masson, '29) for routine histology; alde- 
hyde fuchsin (Gomori, ' 5 0 ) ,  Masson A 

and light green as a distinguishing stain 
for the beta, alpha and delta cells of the 
pancreatic islets; periodic acid Schiff and 
colloidal iron (Mowry, ' 58 ) ,  controlled by 
digestion with diastase, for identifying 
glycogen, neutral and acid mucopolysac- 
charides; methylene blue buffered to pH 
5.6, controlled by digestion with ribonu- 
clease, for the demonstration of ribonu- 
cleic acid; Bodian's protargol procedure 
(Lillie, '54) for revealing argyrophilic cells; 
the dimethylaminobenzaldehyde technique 
(Adams, '57) for the staining of trypto- 
phan containing proteins; the Altmann- 
Masson procedure (Severinghaus and 
Thompson, '39) for demonstrating mito- 
chondria; incubation in naphthol-AS-ace- 
tate and garnet GBC (Gomori, '52) for 
exhibiting nonspecific esterase activity. 

In the description which follows the 
specimens have been arbitrarily divided 
into several selected age groups which 
are expressed in terms of crown-rump 
length. This grouping was done in order 
to facilitate description and has no de- 
velopmental significance. 

RESULTS 
The dorsal and ventral anlagen of the 

pancreas have fused prior to the onset 
of the fetal period. However, the tissues 
derived from each of the anlagen can 
be distinguished by their relationship to 
the portal vein. There are no apparent 
differences between the parenchymal de- 
rivatives of the dual primordia at any 
stage of development. 

At the beginning of the fetal period 
(circa 30 mm CR), the pancreatic paren- 
chyma consists of a system of multi- 
branched epithelial tubules which termi- 
nate distally either as solid cords or as 
small clumps of cells (fig. 1 ) .  The latter 
will be referred to as cell buds since, as 
will be described, they utimately give rise 
to both acinar and islet epithelium. Mito- 
tic figures are numerous in the cell buds 
and in the terminal cell cords and less 
numerous throughout the remainder of 
the tubule system. The tubules (fig. 2 )  
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are composed of moderately eosinophilic 
cuboidal cells which contain small, in- 
tensely basophilic nuclei. Acidophilic con- 
nective tissue fibers enclose the tubules 
while the sparse intertubular stromal fi- 
bers are argyrophilic. 

Through- 
out this phase of the fetal period, there 
is an increase in the number of epithelial 
buds at many sites along the duct system. 
Early in the period, certain of the cell 
buds along the course of the tubule sys- 
tem (paratubular cell buds) and also 
some of the terminal cell buds gradually 
acquire a basophilic cytoplasm. In addi- 
tion, the nuclei of these cells are less in- 
tensely stained and consequently nucleoli 
are distinguishable. Nucleoli are not 
visible in the duct epithelium at this 
stage and the nuclei are darkly stained. 
Also at this time, distinctive cell types be- 
come apparent with the appearance of 
argyrophilic cells in the pancreata of fe- 
tuses of about 30 mm CR length. These 
argyrophilic cells are located in the para- 
tubular cell buds (fig. 3) but are not 
present in the terminal cell buds or within 
the walls of the tubules. Later in this 
period, about 55 mm CR, an occasional 
cell of the paratubular cell buds contains 
a few small Masson A positive granules 
diffusely scattered throughout its cyto- 
plasm. These cells, which are considered 
to be alpha cells, are most numerous in 
those cell buds located within the head 
Df the pancreas and less frequent in other 
zeas  of the organ. 

The 
tubules of the pancreas have an arborous 
type of origin but in their distal course 
:xhibit a parallel arrangement. The in- 
.erval between adjacent tubules is filled 
3y a loose stroma of argyrophilic fibers 
md an extensive capillary network whose 
irimary branches form plexuses around 
he tubules. The cell buds increase in 
;ize by cellular proliferation and, by the 
:nd of the period, paratubular cell buds 
‘rom adjacent tubules begin to merge with 
:ach other. Many of these expanding cell 
mds grow toward capillaries within the 
troma and as the buds undergo fusion, 
LS observed in an 85 mm fetus, the capil- 
aries become enveloped within a mass 
If cells. This gives rise to the configura- 

30-65 mm CR (8-11 weeks). 

65-90 mm CR (11-12.5 weeks). 

tion of a cordlike cluster of cells pene- 
trated by a capillary bed and corresponds 
to the “Inselfeld stage of Neubert (’27). 

Argyrophilic cells are now present in 
some of the terminal cell buds although 
still most abundant in the paratubular 
cell buds. Alpha cells are much more 
numerous and are present in the walls of 
the tubules and the terminal cell buds, 
in addition to the paratubular cell buds. 
These alpha cells are ovoid, about 20 1-1 
in diameter, with light gray cytoplasm 
that contains numerous, red staining gran- 
ules. The nuclei are large and contain 
prominent particles of chromatin and 
several large nucleoli. The alpha cell 
granules also stain positively after the 
dimethylaminobenzaldehyde (DMAB) tech- 
nique (fig. 4). 

Another distinctive cell type appears 
in the cell buds during the early part of 
this period. This cell, ranging in size 
from 15 to 22 u in diameter, has a large 
nucleus, an occasional nucleolus, and 
finely granular cytoplasm. Since the cyto- 
plasm demonstrates affinity for light 
green, this is considered to be the delta 
cell. The remaining cells of the cell buds 
are the smaller basophilic cells which 
were previously described. Near the end 
of the period, about 85 mm CR, many of 
the small cells of the cell buds stain simul- 
taneously with aldehyde fuchsin and light 
green with the result that the cytoplasm 
is colored a pale gray and has a muddy 
appearance (fig. 5). 

90-110 mm CR (12.5-14.5 weeks). 
The parenchyma has become organized 
into lobes and lobules (fig. 6 )  and the 
various parts of the duct system can be 
distinguished. The lobar ducts (fig. 7) 
consist of tall columnar cells while the 
intralobular ducts (fig. 8 )  are composed 
of a low columnar or cuboidal epithelium. 
The epithelium of the intercalated ducts 
(fig. 9)  is either low cuboidal or simple 
squamous. The cytoplasm of all the duct 
cells is lightly eosinophilic while the nu- 
clei are large and variably contain nu- 
cleoli. 

During this period, many of the ter- 
minal duct cells assume the acinar ar- 
rangement typical of the adult pancreas. 
The cells enlarge, become pyramidal in 
shape, and are grouped around a central 
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lumen. In a few of the acini intercalated 
duct cells become partially enclosed by 
acinar cells thus giving rise to centro- 
acinar cells. The nuclei of the acinar cells 
are large, vesicular and contain prominent 
nucleoli while the cytoplasm has a muddy 
appearance after staining with aldehyde 
fuchsin and light green. 

Glycogen is present in moderate 
amounts in the large duct cells (figs. 10 
and 11). It increases in the smaller duct 
cells and is present in large amounts in 
the acinar cell buds (fig. 12). Islet cell 
buds are prominent by the absence of 
glycogen (fig. 13). 

Initially, the islets contain four cell 
types, i.e., argyrophilic, alpha, delta and 
nongranular (presumably immature) cells 
while later in the period the most preva- 
lent islet cell types are alpha and delta 
cells. However, while the alpha cells con- 
tinue to increase the delta cells are ob- 
served to gradually decline and simul- 
taneously cells appear which have a dark 
green cytoplasm that contains very fine 
aldehyde fuchsin positive granules. A 
short time later some of the largest islets 
contain cells, approximately 25 CI in diam- 
eter, which possess coarse cytoplasmic 
granules that are stained by aldehyde 
fuchsin or colloidal iron (fig. 14). These 
cells have distinctive, large, vesicular nu- 
clei and large nucleoli and are considered 
to be beta cells. By the end of the period, 
many beta cells are evident and some of 
the islets demonstrate the “Mantelinsel” 
configuration (fig. 15) described by Ferner 
and Stoeckenius (’51). Typically, the beta 
cells lie in the center of the islet surrounded 
by other cell types. The argyrophilic and 
alpha cells lie in the peripheral area of 
the islet while the delta and immature 
beta cells lie either within the beta cell 
core or at the junction with the alpha cell 
layer. A small number of ungranulated, 
immature cells are scattered throughout 
the islet. Scattered beta cells are also 
present in the walls of the intralobular and 
intercalated ducts (fig. 16). 

The basement membranes of the tubules 
and the connective tissue capsules of the 
islets are acidophilic and PAS and colloidal 
iron positive. The fibers of the intertubu- 
lar stroma are no longer argyrophilic, stain 
lightly with acid dyes, and exhibit a slight 

affinity for either aldehyde fuchsin or col- 
loidal iron. 

110-150 mm CR (14.5-17 weeks). 
During this stage, the acinar epithelia 
demonstrate the greatest change. The en- 
tire cytoplasm of these cells becomes in- 
tensely basophilic but gradually the baso- 
philia becomes most prominent in the 
basal areas of cell (fig. 17). Shortly 
thereafter small granules appear in the 
basal cytoplasm which are DMAB positive 
(fig. 18) and exhibit nonspecific esterase 
activity (fig. 19) similar to the zymogen 
granules of the adult. As the zymogen 
granules become more numerous and in- 
crease in size, the largest granules ac- 
cumulate in the apical cytoplasm. Al- 
though most of the acini contain zymogen 
granules by the end of this stage, few of 
the cells exhibit the density of granulation 
characteristic of the adult acinar cell. 
Despite the accumulation of zymogen 
granules, the acinar cells still contain a 
large quantity of glycogen which is con- 
centrated in the apical cytoplasm. Long 
filamentous mitochondria are evenly dis- 
tributed throughout the cytoplasm of these 
cells. 

The mitochondria of the islet cells are 
more variable in number and size. The 
beta cells usually contain many, fine gran- 
ular mitochondria (fig. 20) while those 
of the alpha cells are similar but not as 
numerous. The delta cells differ conspicu- 
ously since they contain few, very small 
mitochondria (fig. 21). 

Midway through the period, the gran- 
ules of some beta cells become aggregated 
in the cytoplasm adjacent to blood capil- 
laries and an occasional cell is observed 
which appears to be degranulated. Late1 
in the period, the alpha cells are observed 
to undergo similar morphological changes, 

The intertubular connective tissue fi. 
bers no longer stain with aldehyde fuchsin 
but are acidophilic and PAS and colloidal 
iron positive similar to the peritubular base. 
men t membranes . 

150-210 mm CR (17-22 weeks). Ir 
addition to their localization in the islets 
alpha, beta and delta cells are still preseni 
in a few of the intralobular and inter 
calated ducts. Their presence in the lat 
ter sites is thought to indicate continuec 
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formation of islet cell buds since these 
cells occasionally are in mitosis. 

Glycogen begins to disappear from the 
intralobular duct epithelium early in the 
period and is completely absent from 190 
mm specimens. In addition, the glycogen 
of the intercalated ducts and acini slowly 
decreases and, except for a few scattered 
droplets, is absent in the 200 mm fetus. 
The acinar zymogen granules continue to 
increase and by the 210 mm stage many 
of the acini are filled with esterase posi- 
tive granules (fig. 22). 

Early in the period, the islets begin to 
lose the “Mantelinsel” configuration. This 
occurs by fusion of adjacent islets with 
the result that the various cell types be- 
come randomly dispersed throughout the 
islet. In fetuses of 160 mm CR, many of 
the alpha cells are degranulated and there 
is a concomitant increase in the number 
of argyrophilic cells. The argyrophils re- 
main elevated until midway through the 
period when they decline and alpha cells 
are again more numerous. After this the 
number of argyrophils remains low and 
only an occasional such cell is present in 
the islets. 

There is a continued increase in both 
the number of degranulated beta cells 
and in the number of beta cells which 
exhibit polarization of cytoplasmic gran- 
ules around the islet capillaries. This ap- 
pears to occur in a cyclic manner with 
the result that one islet will contain a 
preponderance of degranulated cells (fig. 
23) while in an adjacent islet all of the 
beta cells well be either partially or com- 
pletely filled with granules (fig. 24). Im- 
mature epithelial cells continue to be 
present in the islets, The islet cells 
are only lightly basophilic (fig. 25) with 
the beta cell exhibiting the most intensely 
basophilic cytoplasm. 

Thin connective tissue septa separate 
the various lobules and the sparse intra- 
lobular connective tissue consists mainly 
of fibers which surround the acini, islets 
and ducts. 

The acinar 
tissue has increased and the intercalated 
ducts are much less prominent than be- 
fore. The islets are larger and more prom- 
inent than in the adult organ, and very 
few of them are of the “Mantelinsel” type. 

360 mrn CR (39 weeks). 

None of the earlier stages of islet forma- 
tion are observed, i.e., the “Inselfeld” stage 
or “single cell” stage and although a few 
immature cells are present within the is- 
lets no mature islet cell types are found 
in any part of the duct system. However, 
many of the islets are still attached to the 
duct system by a cord of small, nongran- 
ular epithelial cells. The morphology of 
the various cell types is as previously de- 
scribed. 

DISCUSSION 

As noted by previous investigators, both 
the acinar and islet epithelia develop from 
the primitive pancreatic tubules. These 
tubules branch repeatedly and give rise 
to an arborescent duct system from which 
small groups of cells proliferate to form 
islet and acinar cell buds. 

The tubular epithelium exhibits the 
least alteration of any of the parenchyma. 
The cytoplasm of these cells remains 
lightly acidophilic and except for changes 
in the nuclei, the primary change is in 
the size and shape of the cells. This in- 
volves an enlargement of the cells of the 
lobar ducts and an apparent decrease in 
size in the cells which form the inter- 
calated ducts. The nuclear changes, 
which occur near the end of the third 
month, consist of a decrease in nuclear 
basophilia and an enlargement of the 
nucleoli. 

The most striking characteristic of the 
tubular epithelium of the fetal period is 
the glycogen which is present from late 
in the third month to the end of the fifth 
month (circa 70-200 mm CR), The exact 
time of appearance of glycogen was not 
determined with certainty because of the 
lack of mercuric-fixed tissues prior to the 
third month. Glycogen could not be dem- 
onstrated in formalin or Bouin’s fixed 
material prior to this stage, however, but 
could be demonstrated in such material 
at subsequent stages. It is doubtful there- 
fore, that it was present in any quantity 
prior to the period indicated. Disappear- 
ance of glycogen was observed to occur in 
a progressive fashion so that it was lost 
from the lobar ducts, then from the intra- 
lobular and intercalated ducts, and last 
of all from the terminal cell buds. The 
same type of progression was noted by 
Sorokin, Padykula and Herman (’59) in 
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the fetal lung and was considered to be 
a reflection of the maturity of the cells, 
i.e., the more primitive epithelium con- 
tained the most glycogen. This probably 
accounts for the early disappearance of 
glycogen from the presumptive islet cells 
and indicates the later maturation of the 
tubule and acinar epithelium. This does 
not explain completely, however, the per- 
sistence of glycogen in the acinar epithe- 
lium after the appearance of mature zymo- 
gen granules, although more subtle meta- 
bolic changes may be more closely related 
to the maturation of these cells. 

The cells which will produce islet tis- 
sue are recognizable late in the second 
month by the accumulation of cytoplasmic 
ribonucleic acid and the prominence of 
nucleoli and probably correspond to the 
“Insulocytes” of Kardasewitch (’27). They 
are located in cell buds which are derived 
directly from the primitive tubules in con- 
trast to cell buds which later originate 
from intralobular and intercalated ducts. 
While some authors (Simard, ’37; Ben- 
cosme, ’55; Mori and Haga, ’60) have 
designated the difference in derivation of 
cell buds as primary and secondary islet 
formation, this seems to be an unnecessary 
distinction. The mature islets appear to 
be the same regardless of origin and the 
difference in derivation is probably only 
another indication of the progressive matu- 
ration of the tubule epithelium. 

As the islet cell buds increase in size, 
they grow into the intertubular stroma and 
the cells become intimately associated with 
blood capillaries. This stage of develop- 
ment was referred to as the “Inselfeld” by 
Neubert (’27) and Ferner and Stoeckenius 
(’51). Seyfarth (’20) suggested that the 
islets exerted an inductive effect on acinar 
development. Although this could not be 
determined in the present study, it is true 
that the islets do appear before the acini 
and always lie near the center of the lobule 
surrounded by acinar tissue. 

The “Mantelinsel” stage described by 
Ferner and Stoeckenius was said to per- 
sist until the fourth postnatal year. In the 
present study this stage was predominant 
only during the fifth fetal month and the 
adult type was most common thereafter. 
While Pearce (’03) reported that the islets 
lost their attachment to the tubule epithe- 

lium, it was observed that many of the 
islets were still attached to the intercalated 
ducts at the end of the fetal period. 

All of the cells of the immature islet 
cell buds are intensely basophilic but after 
the appearance of specific cell types, only 
the beta cells continue to be moderately 
basophilic. 

The first distinctive islet cell to appear 
is the argyrophilic cell. This cell is prob- 
ably an intermediate in the formation of 
the alpha cell as suggested by Ferner and 
Stoeckenius (’51 ) Hultquist and Thorell 
(’53) and Bencosme (’55). The argyro- 
philic cell appears just before the alpha 
cell, is found in the same location as the 
alpha cell, and there is a reciprocal rela- 
tionship between the numbers of these 
cells, i.e., as the alpha cells become more 
numerous the argyrophilic cells decrease. 
Also, the staining characteristics of these 
two cells are suggestive of such a relation- 
ship. The argyrophilic cells, which are 
also argentaffinic, are DMAB negative 
while the alpha cells are DMAB positive. 
Since the argentaffin reaction is demon- 
strated by aminophenols, among other 
phenolic compounds (Pearse, ’60), the 
argentaffin granules may consist of trypto- 
phan precursors such as hydroxyanthran- 
ilate or hydroxykynurenine. These sub- 
stances would be expected to exhibit an 
affinity for silver while the tryptophan of 
the alpha cell granules would not. The 
acidophilia of the alpha cell granules is 
probably due to the many free amino 
groups of glucagon. 

Although Ferner and Stoeckenius (’51 ) 
suggested that the delta cell was a de- 
generative type, evidence has been ob- 
tained in the present study which suggest 
that this cell is intermediate in the for- 
mation of the beta cell. First, the delta 
cells appear slightly before the beta cells 
are apparent. Secondly, prior to the ap- 
pearance of the latter, acidophilic cells 
are observed which contain small alde- 
hyde fuchsin-positive cytoplasmic gran- 
ules. It is thought, in agreement with 
Munger ( ’58) ,  that these are the “muddy” 
cells described by Neubert (’27) and Ben- 
cosme (’55) and not alpha cells as sug- 
gested by Ferner and Stoeckenius (’51). 
Finally, the distribution of the delta cells 
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within the "Mantelinsel" is similar to the 
distribution of the beta cells. 

Although Ferner and Stoeckenius ('51 ) 
reported the transformation of alpha into 
beta cells, no evidence for such a trans- 
formation was observed in the present 
study. The transformation zone which 
they described in the "Mantelinsel" con- 
sists primarily of immature epithelial cells 
which develop into either alpha or beta 
cells. Mature islet cells are also produced 
by mitotic division of existing alpha, delta 
and beta cells. 

The order of appearance of the pan- 
creatic islet cells of the human fetus dif- 
fers from that observed in other species. 
In the rat (Hard, '44), rabbit (Bencosme, 
'55) and mouse (Munger, '58; Mori and 
Haga, '60) ,  the beta cells appear before 
the alpha cells. In the present study, the 
argyrophilic cell was present at the end of 
the second month (30 mm CR), followed 
by the alpha cell in the middle of the 
third month (50 mrn CR), the delta cell 
slightly later and the beta cell early in the 
fourth month (85 mm CR) of the fetal 
period. Although Kardasewitch ('27) and 
Pearce ('03) placed the development of 
islets after acinar formation, the islets be- 
gin to develop in the second month while 
acinar cells do not appear before the end 
of the third month. This difference in 
observation is probably due to the difficulty 
in distinguishing between islets and acinar 
cell buds when specific stains are not em- 
ployed. 

The first indications of maturation of 
the acinar epithelium are the affinity of 
the cytoplasm for aldehyde fuchsin, the 
enlargement of the nucleoli and a decrease 
in nuclear basophilia. The latter events 
undoubtedly reflect an alteration in nu- 
cleic acid metabolism since it is shortly 
after this that the cytoplasm becomes in- 
tensely basophilic. Following the accum- 
ulation of cytoplasmic ribonucleic acid, 
cytoplasmic granules appear which exhibit 
nonspecific esterase activity and contain 
demonstrable tryptophan, both of which 
are characteristic of the mature acinar 
zymogen granules. 

No evidence of secretory activity by the 
acinar epithelium was observed although 
the cells seem fully capable of secretion 
from the fifth month onward. Of the islet 

cells, only the beta cell appears to secrete 
during the fetal period. From the end of 
the fourth month (130 mm CR) to term, 
beta cells were observed which offered 
morphological evidence suggestive of se- 
cretory activity. The alpha cells offered 
transitory evidence of secretion during 
the early part of the fifth month but did 
not appear to be active after this time. 
In studies of other species (Hard, '44; 
Bencosme, '55; Munger, '58) it was ob- 
served that the alpha cells did not func- 
tion during the fetal period, in fact, did 
not develop until several days after birth. 

There does not seem to be any correla- 
tion between the onset of secretory activity 
of the islet cells in the human fetus and 
the beginning of secretory activity of 
other endocrine glands. According to 
Gillman ('48) the follicles of the thyroid 
gland contain colloid by the eighth week 
while chromophil cells are present in the 
pars distalis by the ninth week. Also, ac- 
cording to Gillman, the adrenal cortex of- 
fers evidence of hormone production in 
the ninth week and has the capacity for 
cortisol biosynthesis by the twelfth week 
(Bloch and Benirschke, '59). This capac- 
ity for secretion by the other glands does 
correspond to the beginning of islet cell 
maturation. 

Several changes were noted in the 
stroma of the pancreas which provide in- 
formation about the maturation of the 
stromal fibers. Reticular fibers are the 
predominant type until about the eighth 
week of development when the fibers which 
enclose the parenchymal elements acquire 
the staining characteristics of collagenous 
fibers. The intertubular fibers remain re- 
ticular-like until the end of the third month 
when they cease to be argyrophilic and 
stain very lightly with aldehyde fuchsin 
and colloidal iron. By the end of the fourth 
month they no longer stain with aldehyde 
fuchsin, are acidophilic and PAS and col- 
loidal iron positive. These changes prob- 
ably reflect changes in the ground sub- 
stance during the maturation of the pre- 
collagenous fibers. 

The merging of islets with ganglia was 
described by Neubert ('27) and confirmed 
by Simard ('37) who suggested the term, 
neuroinsular complex, to describe ganglia 
which contained beta cells. Bencosme 
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('55) also reported having observed these 
structures but their existence has been 
questioned by Coupland ('58) and Munger 
('58). Neuroinsular complexes were not 
observed in the present study and al- 
though many of the ganglia are in close 
proximity to both islets and acini, there 
seemed to be a well defined connective tis- 
sue capsule separating the parenchyma 
from the ganglia. 

SUMMARY 

The sequential development of the hu- 
man fetal pancreas has been investigated 
by histochemical methods. 

The pancreatic islets are initially derived 
from the primitive pancreatic tubules and 
secondarily from the intralobular and in- 
tercalated ducts. In addition, islet growth 
is supplemented by mitotic division of 
mature islet cell types. 

The islet cells develop sequentially, with 
the argyrophilic cell appearing during the 
eighth week of development, followed by 
the alpha, delta and beta cells during the 
tenth, eleventh and thirteenth weeks, re- 
spectively. The argyrophilic cell is con- 
sidered to be an intermediate in the for- 
mation of the alpha cell while the delta 
cell is thought to be a precursor or inter- 
mediate of the beta cell. The alpha and 
beta cells are fixed cell types and trans- 
formation of one type to the other was 
not observed. 

From the end of the fourth month until 
term, the beta cells exhibit morphological 
evidence of secretory activity. The alpha 
cells offer only transitory indications of 
secretory activity early in the fifth month. 

Glycogen is present in the duct epithe- 
lium and acini during a part of their de- 
velopment but is absent from the islets at 
all stages. 

The pancreatic acini differentiate from 
the cells at the terminal ends of the in- 
tercalated ducts. The first indication of 
acinar differentiation is an apparent alter- 
ation in nucleic acid metabolism. This is 
followed by the appearance of zymogen 
granules which possess the characteristics 
of those observed in the adult pancreas. 

Although zymogen granules are present, 
the acini offer no evidence of secretory ac- 
tivity during the fetal period. 
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PLATE 1 

EXPLANATION OF FIGURES 

1 

2 

7 

8 

9 

10 

11 

12 

Parenchymal cell buds ( B )  in  the pancreas of a 30 m m  CR fetus. 
Hematoxylin and eosin. x 75. 

The pancreatic tubules of a 30 m m  CR fetus. The nuclei of the 
tubular cells are small and intensely basophilic. Hematoxylin and 
eosin. x 125. 

Argyrophilic cells within paratubular cell buds of a 30 mm CR fetus. 
Protargol. x 250. 

Alpha cells (A) within a n  islet as demonstrated by the dimethyl- 
aminobenzaldehyde technique. x 400. 

“Muddy” cells (M) in the parenchyma of an 85 mm CR fetus. 
Aldehyde fuchsin, Masson A and light green. X 250. 

A pancreatic lobule. The intralobular duct (D) is centrally located 
while islets ( I )  are encircled by developing acini. Aldehyde fuchsin, 
Masson A and light green. x 75. 

A pancreatic lobar duct. The duct epithelial cells are lightly stained 
and enclosed within an aggregation of acidophilic connective tissue 
fibers. Aldehyde fuchsin, Masson A and light green. X 400. 

A pancreatic intralobular duct. Aldehyde fuchsin, Masson A and 
light green. X 400. 

A pancreatic intercalated duct. The outer perimeter of the duct 
has been outlined in  ink. This duct and the intralobular duct are 
enclosed by a thin basement membrane. Aldehyde fuchsin, Masson 
A and light green. X 400. 

Glycogen in an intralobular and intercalated duct of a 100 m m  CR 
fetus. Colloidal iron and periodic acid-Schiff (PAS). x 250. 

Diastase control. Colloidal iron and PAS. x 250. 

Glycogen in the acini of a 110 mm CR fetus. Only the connective 
tissue fibers are PAS positive in the adjacent islet (I) .  Colloidal 
iron and PAS. X250. 
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PLATE 2 

EXPLANATION O F  FIGURES 

13 

14 

15 

16 

17 

18 

19 

20-21 

22 

23 

24 

25 

An islet ( I )  and islet cell bud ( B )  of a 110 mm CR fetus. Note 
the absence of glycogen in these structures. Colloidal iron and 
PAS. x 250. 

Beta cells in an islet of a 100 mm CR fetus. Aldehyde fuchsin, 
Masson A and light green. x 650. 

A “Mantelinsel” in the pancreas of a 110 mm fetus. The beta 
cells (darkly stained) are centrally located and surrounded by 
other islet cell types. Aldehyde fuchsin, Masson A and light 
green. x 250. 

A beta cell (B)  in the wall of an intralobular duct. Beta cells 
are also visible in  an islet cell bud (lower left). Aldehyde 
fuchsin, Masson A and light green. 

Basophilia in the basal region of the acinar cells. The nucleoli 
are also prominently stained. Methylene blue. x 400. 

The demonstration of tryptophane in the acinar zymogen gran- 
ules. Demethylaminobenzaldehyde technique. x 250. 

Nonspecific esterase activity in  the acinar epithelia. Small gran- 
ules first appear in the basal area (G) and then aggregate in the 
apical cytoplasm. Naphthol-AS-acetate and garnet GBC. x 650. 

Mitochondria in the beta cell ( B )  and delta cell (D) .  Altmann 
acid fuchsin and light green. X 650. 

Nonspecific esterase activity in  the acini of a 210 mm fetus. 
Naphol-AS-acetate and garnet GBC. 

Degranulated beta cells (B) in  a fetal islet. Granule-containing 
beta cells are present at the lower right. The photograph is taken 
through the area of contact of two merging islets (dashed line). 
Aldehyde fuchsin, Masson A and light green. x 650. 

Partially degranulated beta cells. Note the accumulation of 
cytoplasmic granules adjacent to the capillaries ( C ) .  Aldehyde 
fuchsin, Masson A and light green. X 650. 

Lightly basophilic beta cells (B) in a fetal islet. 
cleoli are prominently stained. Methylene blue. x 400. 

x 250. 

x 650. 

Only the nu- 
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