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INTRODUCTION

During the course of!' correlated microscopic and electron microscopic studies of pancreatic
islets of calves, e'xtreLlely large ~islet masses were encountered. They consisted alinost
exclusively of beta cellla. This fact necessitated a preliminary study of the occurrence an
characteristics of the l:‘rge islets in order to avoid confusing them in eclectron microsco: ic
studies with the regulal{ islets, Trautmann and Fiebiger stated in their study of size and
distribution of islets that the majority of pancreatic islets were between 0.04-0.Zmm. in
diameter, and that the iaverage number of islets was 125 per 50 sq. mm. in the pancreas of
the calf(Trautinann, /41). The largest islet rccorded as occurring in vertebrates was repor -

~

terl by Wilkiuson in a 7-mouth dor and measured 333p in diamcter (Wilkinson, 58). He
reported further that thére appeared to be no signilicant changes with age in the size and
distribution of islets, Other workers, however, claim that both the number and size of

pancreatic islcts increase as the age increases (llaist, 748).

It is generally agreed that the duodenal portion of pancreas contains more islets per unit
area than any other portion, and Wilkinson stated that the duoedenal pottion showed an
overall superiority in size of islets. Many workers have reported on the celtular componcnts
of the mammalian islets: of Iangerhans. According to Pochon, the A-D cell ratio in the row
is 1:20 by volume or 4~§G by number, and alpha cells are reported o be usually scattcreld
throughout the islets (P!‘ochou and Gomori, 739). It is also known that alpha cells are morc
prevalent in small islets.

In the present study, {ls;lug the call, attempts were made lo determine: (1) the distribution
and size of giant beta islets as well as regular islets in different portions of the pancreas:
(2) the histological structure of giant beta islets, and (3) the cylological characteristics of

giant beta islet cells compared with those of regular islets.
MATERIALS AND METHODS

In the work to be reported ten iioistein calves werc used, and the ages varied from 24
months. The calves had been subjected in other experiments to the administration of gluca-
gon, insulin, nicotine, and reserpine. The dectails of treatment arc omitted here, and will
be published later, since thcre was no evidence that the treatments had affected the general
structurs of the large islets.

The duedenal, middle, and splenic portions of the pancreas were removed immediately

- 1 —



after the animals were sacrificel, and fixed for 24 hours in Bouin’s fixative. The tissues
were then dehyldratel in 3 changes of dioxane, and embedded in parffin, The paraffin
sections were cut at 7 microns and stained with Gomori's Aldch}de Fuchsin staining for islet
cells (Lansing, '55). Sarial sections were made and mounted in the usuall manner to ascer-
tain the overall structurs of large islets. For cytological study of large islets, 50 nuclei of
giant islet beta cells and  those of regular islets were measured respectively by routine
photographic methods and also by the paper weight method. The Golgi images, extent of
granulation of bsta cells, and other cytological characteristics were also studied.

In couating pancreatic islets, those under 200p in diameter, were arbitrarily regarded as

reguler islets, those £00-500u as iilermediate, and those above 500g as giant islcls,

OBSERVATIONS

1. Size and Dlstribution

The study of pancrentic islets shows that the islets range from less than 504 to 1,395¢ in
diamzler. A giant islet of 2. 7mm. in length was found. The duodenal portion of pancreas
showed supzriority in the numb:r of lurge islets as is the casb with regular islets. The
midile and splenic portiont follow in this order. In —:1greamenL> with other workers, the
aathors founl that regular-sized islets have similar  distribution! The percentage of islets
above 200y in diameter was approximately 2% in the duodenal po:hion, 1.8% in the middle,
and 0.8% in the splenic portion (table 1). The average percentdge of giant islets including
those abave 200y in diameter versus regular islets is 1.8%. Ths E’number of pancreatic islets
contained in 50 sq.mm. was 191 on the average (table 2).

Table 1. Average Diameter of Islets (1 longitudinal measuremérnt and 1-4 cross ‘sectional

mcasurcment )
T Regular Tnteymediate Giunt
! 5001000
754 75-100p  100-200y !200-500,1 or above
Splenic portion 84.5% 8.5% 6.2% LO.G% 0.2%
Middle portion 838.3 7.4 3.0 F 11 0.7
Duodenal portion 85.0 8.0 5.0 ; 1.4 0.6
Average 85.9 7.9 - 4T L 0.5
i

Table 2. Distribution Count (Islcts/50 sq. mm.)

S R +

Splenic portion Middle portion Duodenal 'portion  Overall average

Minimum 106 109 133 116
Maximum 291 265 281 279
Average 180 194 200 ‘ 191

2, Histological Structure

Moast giant islets are tosated within the lobules of the pancreas, but a few are located in

the inlzrlobalar conne:tive Lissue and capsile (fig. 1,2,3,4,5); The shaps may be ovoid,

—_ 2 —



spherical, ~ elongate, and consists of irrcgular clumps or cords of beta cells (fig.6,7,93.
Giant islets enclosing Acinar tissue are also found (fig.7). Relatively abundant areolar—
reticulzﬁ connective tissud surrounds the entire islets, and conspicuous trabeculac of interst-
itial connective tissue ist especially  rich  around the large Dblood  vessels and  duct-like
structures(5,8,M). The gihnt islets are. markedly vascular compnrel with the regular islets.
The intercalated duct-like structures made up of simple squimous epithelium are found within
the trabeculae along with Plool vessels (fig.8,4). The devvlopmént of new regular and giant
islets is observed. The l'e'gu]ar islels are scen to be formed around the terminal pancreatic
ducts, and in the formati({n of giant peta islets, the cells of duct system seen in and around
the islets are r-;arded éF the -source of new additions of islet cells (fig. 10,11,12). The
islets of intertnediate size also consist almnost entirely of beta cells (fig.4). Alpha cells, il
found, are usually scattered throughout the islets. They are grouped into small discrete
bodies, and are usually' mlbre numerous near capillaries (lig. 6).

1II. Cytological Characterlstics

The beta cells of giant i:slcts vary in shape due to a packing-in cffect: the cells arranged
around capilliries are more or less oval or clongate, while Lhose centeally located polybedsal in
shapz. Boundaries of _thet cells 1n active secrctory stage are poorly defined in contrast to
thé shmi'ply defined cells in  the storuge phase as in the regular isicts, duc to the difference
in the grunular contcnlt.

The nuclei of beta cellsi are usually spherical or oval in shape and contain ene or two
hypzrtrophied nucleoli andi,dust—like chromatin substance, which is responsible for the pale
staining of the nuclei (figjl3). ‘The average diameter of these nuclei is 7.8y which is larger
+han those of regular beta cells, which have an average diameter of 6.3x. The nuclear
_structure of giant islet bét:ﬁ cells is, therefore, in sharp contrast to those observed in the
regular islets. The latter s',lso have 1-2 nucleoli, but contlain several coarse chromalin masses
which stain intensely (fig.'M).

Negative Golgi images located between the nuclei and the secretory surfaces of the beta
cells are usually well-defined and more prominent than in the regular islet cells (fig. 15). A
few regular-sized islets embedded in the thick interstitial connective tissue or capsule and
those intermediate islets located within the lobules are similar in structure to giant beta islets
in that they consist exclusively of beta cells. They also show prominent negative Golgi images
and have similar nuclear structures. No appreciable structural changes has bzen  found
between alpha cells of giant beta islcls and those of regular islels,

DISCUSSION

There arc intergradations in size betwcen the regular and giant beta islets, and they
range approximutely from 0.04 to 1.4 mm. in diameter. The percentage of giant beta islets
including intermediate size is 1.8%. As with the regular islets, the duodenal portion of the
pauerens shows superiority In the number of large islets.  The averige number of islets
including those of Intermediate and glant sizes contained in 50sq. mm. was 191, which
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figure is high in comparison with that reported by other workers. - Though the total percent-
age of giant beta islets including those above 2004 in diameter is very amall,: It may be of
great significance in terins of volume. For instance. one spherical or oval shaped giant beta:
islet with diameter of 1,000p would be equivalent to hundreds of rc‘.-gu‘lér‘ islets in volume,
and appear to be equivalent in the amount of insulin secreted.

The shape of giant beta islets may be spherical, oval, elongate, “or angular, and consist
almost exclusively of irregular cords or clumps of beta cells, The unusual vascularlty of the’
interstitial connective tissue trabeculae is noted, also the relatively abundant ‘arcolar-reticular
connective tissue which envelops the entire islet. The regular islets are surrounded by delicate
arcolar-reticular connective tissue which are only observed with dif{iculty.

It is said that large islets located within the lobules and intralobujar connective tissue arise
from the pancreatic duct system in prenatal development. The intercalated duct-like structures
observed within the trabeculae of giant beta islets may be the so;1rce of new additions of
cells to such giant islets. This suggests that giant beta islets increafe in size postnatally by a
proliferation of terminal duct cells within or around the islets, fI‘he evidende of postnatal
formation of new islets, both regular and giant, is indicated by |the presence of numerous
duct cells in and around the islets though the mitotic figures wertf: not found. It is obscure
why the giant beta islets are comprised almost entirely of beta cells. This question remains
to be solved.

The beta cells of giant islets have prominent negative Golgi im:*ges and vesicular nuclei
with hypertrophied nucleoli. Beside these features, the sccretory g’{:mulcs are concentraled
at the secrctory surfaces of the cells. These are indications t)lal; the giant beta islets are
more actively secreting insulin than the regular islets. In view of these facts the authots
came Lo the conclusion that the giant beta islels are contributjug much to the total output of
insulin in calves. The total number of regular and giant beta jsléts contained in the entire
pancreas of a calf is not known, but 1t is certain that the presence’i of such giant beta islets
is responsible for low blood sugar level in the cow.. It is authors’ ;conviction that the giant
beta islets may serve as supplementary source of insulin secretion zls these cells appear to be

more resistant to the effect of diabetogenic agents.

SUMMARY -

The pancreatic islets were arbitrarily divided into three categonés accordmg to the slze of
islets: 1. regular, 2. intermediate, and 3. giant. A giant islet meaLurmg 1,395« in dnameter
and another reaching 2,700¢ in length were found. The histological and cytological
characteristics of giant islets have been studied in 10 Holstein calves along with the
distribution of all size in the different portions of the pancreas. Th? following is a summary
of the present work. '

1. The average number of pancreatic islets counted in 50 sq. mm. surface of the pancreas
of calves was 191 which is a higher figure than the number reported by other workers.

2. Tlere are intergradations in the size of the large islets, \Vllich:ranges between 0.2~1.4

P
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mm. in diameter. 'The duodenal portion contains 2% of giant beta islets, middle 1.8% and
the splemc 0.8%. The mean percentage of islets above 200y in diameter is 1.53% .,

3. The intermediate Lud giant islets consist almost exclusively of beta cells, and therefore,
they are tentatively named “Giant Beta Islets” and “Beta islets of intermediate size” respect-
ively. Alpha c¢ells, if found, are grouped into small discrete bodies and scattered throughout
the islets. ]

4. The number of gi#nt beta islets contained in any portion of the parcreas is small, Yet,
the volume is enormous in comparison with the regular islets. This fact must always be
taken into consideratiow in any stddy of insulin secretion.

5. The giant beta islets have prominent trabeculae of interstitial connective tissue in
which blood vessels of large and  intercalated duct-like structures arc found. It is assumed
that the Giant beta isleﬂs increase in size postnatally by tle proliferations of terminal duct
cells in and around the islets.

6. The prominent neg‘ntive Golgi images and vesicular nuclei with hypertrophied nucleoli
in the beta celis suggest‘ that ghu}t bela isiets are In o more active seeretory phase than the

regular islets.
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Figure 1. A ginnt bela islet locuted within a lobule of the pancreas (Gi), showing
also scatleved regular islots (R, The pancreatic islet on the  left upper
haud corner it an intermediate-sized islgt (fi). x50.
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Figure 3. A giant beta islet and an intermediate-sized islet. x 50
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Figure 4. Intermediate beta islets located at the peripher

and in the interstitial connective tissue. x 50,
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Flgure 5. A spherical shaped giant beta islet showi

ng prominent inetrstitial
conncctive tissuc trabeculae with large blood vesscls and duct-like
structures. x 100. ‘



Flgure 6, A giant bety islet surrounded by relatively thick interlobular connective

1
tissue scptumtﬁ"showiug 2 discrete bodies of alpha cells (A) and 1 slender
beta islet embkdded in the capsule of pancreas. Acinar tissue (Ac). x 100,

Figure 7. Two angular shaped giant bota islets enclosing acinar tissue, x 100,
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Figure 8. Giant beta islet composed of irregular  clumps of {beta cells,

i ? [ showing
prominent vasculurity (B, blood vessel) and terminal duct-like  siructures -
(D, duct) in the interstitial connective thssue trabeeylae. x 470,

F ‘ st i R

Figure 9.

1 J
¥ ¢ :f‘t} o F% TS &
A high power photomicrograph of giant beta islet showing abundant interstitial
conneclive tissue trabeculae with a prominent blood yessel (B) aund a duct-like
structure (0. Smuall terminal duct-like structures are - also seen (d). x450.
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Figure 10. A high power photomicrogra h showing the postnatal formation of = )
regular islet (R) at the end o intercalated duct (1) within the interstitial
connective tissye septum. A small number of beta cells show the
beginning of granulation. x 470.

: a5 4y B LEMEN

Figure 11. A picture showing the growth of a regular dslet (R) at the cnd of
intercalated ducts (D). The granular content is less than that of the
already formed islet cells in function. x470.

—11—



ence of postnatal growth’

Flgure 12. A high power photomicrograph showing the evid
of a giant bety islet, Clumps of beta cells arc
proliferated frotm the terminal duct-ljke structure:

surrounded by the cells
Carrows). x 470.
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Figure 13, Giant beta islet cells (B) showing lar

ge vesicular nuclei with hypertrophied. : .
nucleoli and dust like chromatin substunce, A group of alpha cells  (A)
are scen on the right. x 970. S
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Flgnre 14. A reguhr panpreatic islet wiih several alpha cells (A) of pule  appcaran
cz soattered thr{:u shout the islet. Nucli of beta cells are in sharp
contrast to thoqa of giant bu..l islet cells shown in figures 13 and 15, x 970.

Flgure 16. Giant beta Islet cells slowing prominent negative Golgi images ((),
Blood vessel (By) in the interstitial connective tissue trabeculae. x 970,
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