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Summary. Acomys Cahirinus, the spiny mouse, is a
small rodent living in the semi-desertic areas of the
Eastern Mediterranean. The observation that diabetes
may occur spontaneously in this species, at least under
laboratory conditions, hag led to its breeding at the
Institut de Biochimie Clinique, where a colony has been
maintained over the last 3 years. Diabetes occurs in
approximately 159%, of the animals reaching one year of
age; some of these are obese, but not all. Diabetes occurs
in the presence of, and despite a striking hyperplasia of
the endocrine pancreas, which may make up as much
as 159, of the total organ in adult mice. This hyperplasia
is present in all animals, whether hyperglycemie or not. —
The islets of Langerhans of 22 spiny mice have been
examined with the electron microscope and form the
basis for an analysis of the different cell types observed,
at different times relative to the onset of diabetes.
Findings in the B cells of this species have included the
generally high degree of development of the Golgi complex,
the great variability of glycogen accumulation in diabetic
animals, the frequent fusion of the granular sacs, and the
oceurrence of grossly hyper-granulated cells. — The
hyperplasia of the islets of Langerhans in spiny mice is
associated with a remarkable cellular polymorphism.
However, the authors do not feel that this is the result of
the presence in these islets of many distinet cell types. It
would seem much more likely, that they represent
different functional states of a small number of distinct
types of cells, among which only A, B and perhaps D
cells have been securely identified. Another feature of this
cellular polymorphism is the frequeni presence of mixed
or intermediate cells (exocrine-endocrine, or endocrine A-B),
which suggests that the stimulation leading to hyper-
plasia of the endocrine cells in this species might result
in the removal of some part of the nuclear inhibition
usually associated with fully differentiated cells.

Etude ultra-structurale des tlots de Langerhans hyper-
plastiques de la souris & piquants (Acomys cahirinus)
avant et pendant le développement d'un syndrome diabétigue.

Résumé. L’ Acomys Cahirinus ou souris & piquants est
un rongeur vivant dans les régions semi-désertiques de
Test de la Méditerranée. La découverte d'un diabéte
spontané chez certains de ces animaux a fait entreprendre
I'élevage d’une colonie dans laquelle ce syndrome s’est
maintenu jusqu’a maintenant. Il atteint environ 159,
des animaux, qu’ils soient obéses ou non. Il apparait sur
un terrain insulaire trés particulier puisque le pancréas
endocrine montre une hyperplasie trés importante
jusqu’a constituer 15% du pancréas total. Cette hyper-
plasie existe chez tous les animaux, hyperglycémiques ou
non. — IL’étude au microseope électronique est encore
trop incompléte pour une analyse corrélative détaillée
entre les données métaboliques et morphologiques. Elle
permet toutefois de décerire les différentes structures cellu-
laires de I’Acomys ainsi que leurs modifications dans les
conditions pathologiques. Les changements du complexe
de Golgi et des mitochondries et certains aspects plus
pathologiques,comme ’accumulation de glycogéne, sont
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décrits ainsi que des images plus particuliéres & I’Acomys,
telles les confluences de vésicules et les cellules hypergra-
nulées. — L’extréme hyperplasie du pancréas endocrine de
la souris & piquants s’accompagne & son niveau d’un grand
polymorphisme cellulaire. Les différentes cellules ainsi
observées sont interprétées comme des aspects de
différents moments physiologiques et non comme des
types cellulaires particuliers. Ces données font conclure
& la non-existence d’autres entités cellulaires que les
cellules A, B et éventuellement D. Un aspect particu-
lidrement intéressant de la souris & piquants est celui de
la présence de cellules mixtes. Cette image est discutée
dans le cadre trés particulier du syndrome diabétique
observé chez I’Acomys.

Elektronenmikroskopische Untersuchungen der hyper-
plastischen Langerhans’schen Inseln der Stachelmaus
(Acomys cahirinus) vor und wihrend der Entwicklung eines
deabetischen Syndroms.

Zusammenfassung. Acomys cahirinus, die Stachelmaus,
ist ein kleines Nagetier, das in den an die Wiiste grenzen-
den Gegenden des Gstlichen Mittelmeerraumes lebt. Da in
dieser Tierart Spontandiabetes auftritt, zumindest in
Laboratoriumszucht, halten wir dieses Tier am Institut
de Biochimie Clinique seit etwas mehr als drei Jahren.
Diabetes mellitus tritt bei ungefdhr 15%, der Tiere die
ein Jahr alt werden ein; einige davon sind fettsiichtig,
nicht aber alle. Diabetes erscheint trotz einer sehr stark
entwickelten Hyperplasie der Langerhans’schen Inseln,
die bis zu 159, des erwachsenen Organs ausmachen
konnen! Diese Hyperplasie ist bei allen Tieren zu sehen,
unabhingig davon ob eine diabetische Stoffwechselsto-
rung vorliegt oder nicht. Mit dem Elektronenmikroskop
haben wir die Langerhans’schen Inseln von 22 Stachel-
méusen untersucht und berichten hier tiber die verschie-
denen beobachteten Zelltypen, zu verschiedenen Zeit-
punkten der Entwicklung der diabetischen Stoffwechsel-
stérungen. Befunde an den B-Zellen dieser Tierart betref-
fen die hochgradige Entwicklung des Golgi Apparates,
die groBe Unterschiedlichkeit und manchmal extreme
Glycogen-Ablagerung in diabetischen Tieren, die hédufige
Verschmelzung der Membranen der Granula, und das
Auftreten von ganz ubermiBig hypergranulierten Zel-
len. —~ Die Hyperplasie der Langerhans’schen Inseln in
Stachelmiusen geht mit einem betrachtenswerten zellu-

- ldren Polymorphismus einher. Die Autoren sind jedoch

nicht der Meinung, da diese Befunde auf das Vorhanden-
sein von vielen verschiedenen Zelltypen in diesen Inseln
deutet. Es scheint ihnen viel wahrscheinlicher, daf3 es sich
um verschiedene funktionelle Zustdnde einer kleinen
Anzahl von Zelltypen handelt, wobei nur A, B, und
vielleicht D Zellen mit Sicherheit als identifiziert gelten
kénnen. Ein besonders frappanter Aspekt dieses zellu-
liren Polymorphysmus ist die hdufige Beobachtung von
gemischien oder Intermedidrzellen (exokrin-endokrin sowie
auch endokrin A-B). Diese Beobachtung wirft die Frage
auf ob die Stimulation, die zu der Hyperplasie des
endokrinen Systems in dieser Tierart fithrt, vielleicht mit
einer Verminderung der nuklearen Hemmung, die bei voll
differenzierten Zellen die Regel ist, einhergehen kénnte.

Key-words: Spontaneous Diabetes, Spiny mice, Aco-
mys cahirinus, Obesity, Pancreas, Ultrastructure, Beta
cells, Insulin in pancreas, Glycogen, Islets of Langerhans,
Endo-exocrine cells.
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The occurence of striking congenital hyperplasia of
the islets of Langerhans in spiny mice (Acomys Cahi-
rinug) together with frequent development of obesity
and/or diabetes mellitus has recently been reported
[13, 14]. In a preliminary note, we have also reported
the occurence, in thisspecies, of intermediate cells, both
endocrine and exocrine cells in the pancreatic islets
of Langerhans [33]. Because of the great theoretic
interest which may attach to the latter observation, a
systematic study of the ultramicroscopic structure of
the islets of Langerhans has been undertaken in this
species and forms the main object of this report. How-
ever, we shall first briefly summarize the present state
of our knowledge concerning the occurence of diabetes
and/or obesity in our colony.

After the fortuitous discovery of the syndrome in
two animals which may or may not have been related
to our present colony, the latter was developed from
four pairs obtained from the colony of Acomys Cahiri-
nus maintained by Frtrckieer [10], in Basel, Switzer-
land, through the branch of that colony maintained in
the Department of Zoology of that University. We
have been informed that all of these animals descend
from a group of Acomys Cahirinus imported into
Switzerland from Israel. Our experience now covers
approximately 300 animals born in our colony and it
should first be stated that all animals which have so far
been examined at autopsy, whatever the age, have ex-
hibited a rather extraordinary development of the
islets of Langerhans, with both polynesia and ma-
cronesia, all approximately to the same degree. The
hyperplasia concerned primarily the B-cells of the
islets of Langerhans, an observation which is confir-
med by the large amount of insulin (up to 100 units
per gram wet weight} contained in the pancreas of non-
diabetic individuals of this species. With the onset
of diabetes, there is degranulation, then hydropic and
ballooning degeneration of the islets of Langerhans,
but no disappearance of the endocrine cells. Of course,
we have as yet not been able to examine the pancreas
of animals which had been severely diabetic for a pro-
longed period of time. The life expectancy of non-
diabetic animals in a laboratory environment would
seem to be 3 to 5 years.

Obesity is frequent in these animals, but we cannot
say, at the present time, whether obesity is a geneti-
cally determined variant, or not. Whereas a bimodal
distruibution of weights was suggested at first [14] it is
quite clear from the data shown in Fig. 1 that this
bimodality has not persisted with increasing numbers
of observations. The appearance is rather that of an
unusually wide range of weights for these animals, at
least when raised in a laboratory environment. It is of
course possible, that this wide weight range is the re-
sult of the overlapping of two separate groups, but
present information does not justify such a conclusion.

Diabetes may be observed in conjunction with
obesity, but also in animals clearly in the lower weight
range. The presence of diabetes was considered as
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established whenever there was both persistent glyco-
suria (0.29, or more) and a blood glucose level excee-
ding 160 mg/100 ml, with random blood sampling.
The distribution of blood glucose values in 145 random
samplings is shown in Fig. 2. Of the first 93 animals
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Fig. 1. Weight distribution among spiny mice at the ages of 10, 16, 24 and
40 weeks respectively, The variation in numbers results from the exclusion
of pregnant females
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Fig. 2. Blood glucose distribution among 145 random samplings in 98 spiny
mice

which have now reached a minimum age of 11 months,
approximately one half have shown diabetes by this
criterion. In 21 the findings were persistent, while in
another 19 glycosuria was clearly of intermittent
type. Thirteen of the animals having exhibited per-
sistent glycosuria and hyperglycemia by the age of
11 months or more exhibited increasing severity of the
diabetic state, with weight loss and ketosis. Thus, the
overall incidence of severe diabetes in a group of 93
animals observed until at least the age of 11 months
was approximately 15 percent.
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There seemed to be a tendency for diabetes to
occur at two moments in life, either between the ages
of 2 and 5 months, or between one and two years How-
ever, it will be necessary to observe a much larger
group of animals, before this impression can be accept-
ed as a fact. Another impression is that preliminary
attempts at inbreeding are yielding families with
greater than average incidence of diabetes, and also
families with lesser than average incidence of diabetes.
Again, a much larger number of observations is requi-
red before such an impression can be accepted. In
* general, diabetic males continue to be fertile, whereas
diabetic females no longer contribute to enlarging the
colony since fetal deaths become a serious problem.

In several of the severly diabetic animals we have
observed, in addition to ketosis, the occurrence of
marked, visible lipemia, severe fatty infiltration of the
liver, and spontaneous coronary atheromatosis, a most
unusual finding in small laboratory mammals [35].

The findings which concern the morphology of the
endocrine cells of the islets of Langerhans will now be
discussed in more detail.

Materials and methods

The animals, the conditions under which they were
raised, and the techniques utilized for light micro-
scopy, have been previously described [14]. All ani-
mals sacrificed in our colony undergo systematic study
with the light microscope and, among these, we have
selected 22, either with a normal blood sugar or at
different stages of clinical evolution of diabetes, for
parallel study with the electron microscope. Pancreatic
fragments approximately 1 mm thick were fixed at 4°
over two hours in a 29, solution of osmium tetroxide
buffered with s-collidine and also containing 0.39%,
NaCl, 0.02% MgClL, 0.02% CaCl, and 0.017%
NaH,PO,, pH being adjusted to 7.3. Additional frag-
ments were prefixed in a solution of 2.59%, glutaralde-
hyde in phosphate buffer, pH 7.45 and osmolarity
440 mosm, and postfixed in osmium tetroxide buffered
with s-collidine, osmolarity being adjusted to 320 mosm
with Nay,S80,. All the features described in this report
have been seen with both fixation procedures. The
fragments were dehydrated in ethanol and embedded
in Epon as described by Lurr [28]. Semi-thin sections
were observed in the phase contrast microscope [29]
or after staining with toluidine blue. The silver-gold
sections for electron microscopy were stained according
to Karnovsky [18] and observed with the Zeiss EM9
and RCA EMU 2 instruments.

Results

With light microscopy, observation of the endo-
crine pancreas revealed 3 phases correlated with
clinical evolution. In non-diabetic animals, obese or
not, the striking hyperplasia and hypertrophy of the
islets of Langerhans, primarily of the B-cells, was con-
firmed. The B-cells appeared well granulated when
coloured with aldehyde-thionine [15] and GoMORT’s [12]
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aldehyde-fuchsin. In animals with mild diabetes,
there was marked degranulation of the B-cells but no
decrease in their number. With increasing severity of
the disorder, an ever increasing number of B cells were
seen to be loaded with glycogen and, in extreme cases,
these glycogen-loaded cells made up a major portion
of each islet. It should be stated, however, that the
frequent ocecurence of remission in the course of the
diabetes of these animals has made a strict correlation
between clinical and morphological findings difficult.
We do not consider it appropriate, therefore, to corre-
late in detail the metabolic and the morphologic ob-
servations in the animals reported here.

With the electron microscope, the different morpho- -
logic aspects of the syndrome can be appreciated in
much greater detail: the A cells (Fig. 4) are easily re-
cognized by their dense granules, somewhat variable
in diameter, with tightly fitting vesicular membranes.
In addition, these granules are differentiated from
those of B cells by their higher and more constant
density. In the new-born, the granules are often larger
(Fig. 4d) and thus are easily seen with the light micro-
scope in fine sections (Fig. 3d). The Golgi complex is
arranged in circular or gpiral fashion and its vesicles
present evidence of the initial stages of synthesis of the
granules in the form of dots of a density quite similar
to that of the granules outside of the Golgi complex
(Fig. 4¢ and d). The mitochondria are relatively small
and do not exhibit the polymorphism usually seen in
B cells (Fig. 4b). The rather sparse granular endoplas-
mic reticulum is unremarkable.

Only rare so-called D cells (Fig. 4a) have been ob-
served and resemble those which we have seen in Swiss
albino mice or in the rat. The appearance is that des-
cribed in the literature [3, 31, 32].

The B cells contain organelles considerably more
variable in shape and structure. In the new-born of
non-diabetic mothers, a small number of vesicles not
containing granules were observed principally in the
Golgi region (Fig. 6a). At this stage, this region is made
up of agreat number of small Golgi complexes, or dictyo-
somes, consisting of stacks of 4 or 5 saccules surroun-
ded by vesicles. Some ‘“‘coated vesicles” [2] are also
seen as well as tubular structures similarly made up of
double membranes to which we have given, by analogy,
the name of “coated tubules” (Fig. 6a). Both these
structures are seen in the B cells of adult animals as
well. The mitochondria do not differ from those seen
in A cells. The granular reticulum is poorly developed.
In adult animals, the B cells vary remarkably as to
the number of granules which often have the appear-
ance of rectangular crystals [19, 20, 27] (Fig. 16a; Fig.
18b). The density of the granules as well as the fit of
the surrouding vesicles vary greatly (Figs. 6 b, 16 and
17). The Golgi region is, in most instances, strikingly
developed and gives the appearance of resulting from
the fusion and hypertrophy of several Golgi complexes
(Fig. 6b and c). Occasionally, it may surround the
nucleus almost entirely. The mitochondria are smaller



Vol. 3, No. 2, 1967

than in the exocrine cells and quite variable from one
B cell to another (Fig. 5, 7, 13). Their shape appears
normal (Fig. 7b) in cells with relatively structureless
cytoplasm, indicating a low degree of activity. In those
cells, however, where the abundance of ribosomes and
the hypertrophy of the Golgi region suggest consi-
derable cellular activity, the mitochondria are vari-
ously and often severly deformed, frequently showing
dilated cristae (Fig. 7). The granular endoplasmic reti-
culum may be localized to a limited area of the cell
(Fig. 4a and 5) and, in richly granulated cells, often
exhibits a dense polyribosomal population (Fig. 8):
The appearance of “Nebenkern” or ‘“fingerprints”
is exceptional.

There are different morphological alterations, which
may suggest diminished or absent function. The most
frequent is that of glycogen storage, which is characteri-
zed by the appearance of increasing numbers of small
granules in the cytoplasm, resulting first in sheetlike
areas, ultimately in complete cramming of the cell
(Fig. 9—12). Although we have not been able to relate
the distribution of glycogen to any eytoplasmic struc-
ture (Iig. 10a), it is true that glycogen rarely accumu-
lates to a major extent in the Golgi complex or in an
area of granular endoplasmic reticulum [38, 39] (Fig.
10a and 12). Whatever cytoplasm persists during gly-
cogen storage has a normal appearance (Fig. 9—12),
while the nucleus is often remarkably deformed (Fig.
10Db).

Another agpect of B cell pathology is that of vesi-
cular confluency or vesicular fusion (Fig. 13 and 14),
which may be limited to a small cytoplasmie region,
or extend to an entire cell or even to a cell group. First,
there is a fusion of two or three vesicles (Fig. 14a), as-
sociated with almost complete absence of insulin
granules. In its most extreme form (Fig. 14b and ¢) the
fusion process reduces the cytoplasm to thin strips,
which may explain the lumpy appearance of the B
cells when seen under the light microscope.

A structural anomaly which may be seen at all
stages of clinical progression is characterized by the
presence of bodies and areas of varying sizes and made
up of material with a lacquered appearance, usually
surroundet by a net of concentric membranes (Fig. 15).
We consider that this structure is likely to be an ex-
pression of cellular degeneration, and, in certain in-

- stances, extensive areas of this type may give the B
cells the appearance of pseudo-adipocytes.

At all stages of clinical evolution, including animals
with normal blood glucose, grossly hyper-granulated
B cells may be seen (Fig. 16 and 17). These cells are
crammed with a very large number of vesicles of
variable size, many of them larger than in normal B
cells. They may contain typical B granules, some of
them crystalline, or a variable amount of material of
greater or lesser density. The cytoplasm between these
vesicles contains many free or membrane-bound ribo-
somes. At the surface of these cells, granular release
is frequently observed by the process of emeiocytosis
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(Fig. 16b and ¢) as described by Lacy [21], and also
observed in other tissues by other authors [37, 40].

" Another feature of the cellular polymorphism so
strikingly present in Acomys is the occurence of pluri-
nucleated cells. Some of these are dark, stellated cells,
which appear to be deformed by the lighter, neigh-
bouring cells (Fig. 18). They do not otherwise differ
from B cells in general and their significance will be
discussed below.

The last cellular type observed in the islets of spiny
mice, and perhaps the strangest, is the “mixed” or
“ontermediate” cell. Fig. 19 clearly illustrates the
extreme interdigitation which may exist between the
exocrine and the endocrine pancreas. This inter-
penetration is seen with both the light and the electron
microscope within individual cells. These mixed or
intermediate cells, which we have described previously
[33], may be of several types: exocrine-endocrine A,
exocrine-endocrine B, exocrine-endocrine A and B
(Fig. 19), and endocrine A and B. In each specific in-
stance, the appearance of the granules of the endo-
plasmic reticulum, of the mitochondria, and of the
Golgi region, clearly define the specific nature of the
cell functions or cell types involved.

Discussion

Structural studies are single exposures of a moving
field, and are thus difficult to interpret in terms of the
dynamic evolution of a pathological process. Some con-
clusions, however, can be drawn from the comparison
between such single exposures taken at different stages
of the clinical evolution of the process under study, as
well as from the association of different morphologic
features. For example, abnormally shaped mitochon-
dria were remarkably numerous in those cells which
exhibited considerable activity, as attested by the
accumulation of granules, the extent of the Golgi com-
plex, the frequent free ribosomes, and the well-deve-
loped endoplasmic reticulum. These same deformations
were not seen in either B cells poor in granules and in
cytoplasmic structures, or in exocrine pancreas (Fig.
8a), A cells (Fig. 4b), or liver of the same animals,
thereby excluding the possibility of an artefact. Whe-
ther the mitochondrial deformation is characteristic
of B cell activity in general, or only of pathological
B cell activity, cannot be concluded from our data,
although similar changes have already been described
in the B cells of diabetic animals [5] or in different con-
ditions of different cells [1, 25, 11, 26, 30, 34, 36].

A second index of a high degree of B cell activity
is overabundance of granules observed in certain in-
stances (Fig. 16 and 17). This granular “‘cramming”
suggests hyperactivity rather than interference with
granule release because of the frequent observation,
in the same cells, of structures suggestive of active
emeiocytosis [21] (Fig. 16b and ¢). This is in contrast
to the infrequent observation of this process in other
B cells, probably because of the speed of the vesicular
fusion with the cell membrane, with almost immediate
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solubilization of the granule in the extra-cellular
space.

The existence of a second secretory process, in-
volving intraceflular solubilization of the granules has
been suggested by Lazarow [23]. Confirmatory evi-
dence of such a process in Acomys may be inferred from
observations made on four siblings of a diabetic moth-
er, two of which were examined at birth, when glyco-
suria was present, while the other two were observed
on the next day, when glycosuria had disappeared.
The almost total lack of granules in the glycosurie
new-born mice, together with “‘empty” vesicles,
suggested to us that insulin was synthetized and secre-
ted in soluble form without the occurence of granu-
lation, which might be an obligatory step for storage
prior to secretion only when synthesis exceeds de-
mand. The ultrastructural appearance of degranu-
lation in B cells also suggests intracellular solubilization
of insulin, since these cells are by no means empty,
but often filled with typical vesicles, which appear
either to be empty or to contain a material of weak
electron density.

The nature and the origin of the “lacquered” ma-
terial present in certain B cells (Fig. 15) is as yet un-
known. However, the photographs occasionally show
transitions between the granules and the lacquered
areas suggesting that the granules may contribute to
this type of degeneration (Fig. 15a). This suggestion
is strengthened by the direct relationship which exists
between the number of granules of any one cell and
the extent of the lacquered area in it.

We have found it difficult to base estimates of
cellular activity upon the appearance and quantity of
the granular endoplasmic reticulum alone. There was
no evident proportionality between the number of
granules and the development of the granular endo-
plasmicreticulum, although a definitive statement must
await a quantitative study. Similarly, the interpre-
tation given by Volk to the “fingerprint” structures
as indices of hyperactivity does not seem applicable
in our findings, since we have not observed them under
metabolic conditions rather similar to those described
by Vork [39].

Glycogen storage has often been observed pre-
viously in B cells with the electron microscope, al-
though perhaps never to the extent shown here (Fig.
10b and 11b). An interesting feature is that of the
absence of any morphologic expression of a reaction
of the cells to the massive accumulation of glycogen,
suggesting that glycogen does not interfere with qua-
litative or quantitative function of whatever cytoplasm
is preserved. It would seem that glycogen gradually
fills areas of hyaloplasm without interfering with those
areas which are not as yet occupied. The mechanism
responsible for the accumulation of glycogen is, of
course, unknown, but it is tempting to speculate that
hyperglycemia in diabetic spiny mice leads to a pro-
portional increase of glucose entry into B cells, if we
accept Lazarow’s [24] evidence that the B cell mem-
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brane is freely permeable to glucose. It would then
appear that the amount of glucose which penetrates
the cell exceeds the capacity of the cell to oxidize it,
and that the excess glucose results in the observed
accumulation of glycogen. Normal function would only
be totally lost when the cytoplasm has been completely
displaced by the accumulation of glycogen.

The vesicular fusion (Fig. 13 and 14) or confluency
which we have observed has not, to our knowledge,
been previously described in such abundance. It sug-
gests that the membranes surrounding B granules are
perhaps more fragile in Acomys than in other species.
Contact of one granular vesicle with another, or with
any other membrane, would lead to fusion and to
destruction of the interposed membrane.

Multinucleated endocrine cells have been occasion-
ally encountered in this material (Fig. 18). These
resemble the A-2 cell described by BsOrrMANN and
collaborators [5]. In the present instance, hovewer,
the looseness of the vesicular sacs surrounding the
granules [19, 20, 27], sometimes rectangular-shaped,
and the irregular shape and structure of the mitochon-
dria clearly suggest that the cells involved are B cells.
While they are more frequently dark, Fig. 18a contains
a cell with a light cytoplasmic area. The “dark” ap-
pearance of the cytoplasm in these cells is probably
related to an increase in the number of free or mem-
brane-bound ribosomes, as well as to a greater density
of the hyaloplasmic matrix, which might be related
to diminished cellular hydration. Our observations do
not suggest that this is a specific cell type but rather
that it represents a functional state of B cells.

The morphologic appearance of the islets of any
one animal differs strikingly from islet to islet, and
this individuality is also present for the different B
cells of the same iglet. It would appear that each cell
responds individually to the evolution of pathogenetic
conditions. Even neighbouring B cells, which might
be expected to be in & very similar environment, ap-
pear to react individually. Clearly, the state of each
cell is the result of the interplay of two systems, one
concerning the cellular environment and presumably
uniform for all cells, and the other resulting from cel-
lular individuality, which allows for independent reac-
tions to the same alteration of the environment.

Quite generally, the marked pleomorphism observed
in the endocrine pancreas of spiny mice suggests not
so much an organ as a cellular system, eminently a-
dapted to respond according to environmental changes.
Indeed, it would seem to us that the “mixed” or “in-
termediate” cells, which we have previously described,
are part of this more general concept. These inter-
mediate cells have been seen frequently, in several
animals and in several islets of the same animal.
Together with the other aspects of cellular variability
which have just been discussed, they suggest that,
under certain circumstances, the definition of the dif-
ferentiated cell as a fixed, rigid and immutable unit
may be inaccurate. Intermediate cells have been pre-
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viously described by, among others, Lacy [22], HEr-
MANN and collaborators [17], BsorEMAN and collabo-
rators [4], FAarrEr [8] and DiereErLex-Litvee [7].
Their observations, as well as ours, strongly suggest
to us that adequate stimulation may remove the re-
pression which characterizes the differentiated cell, and
thereby restore a part of its embryonic potential,
allowing for a new orientation, such as the transforma-
tion of exocrine into endocrine function. This view is
in keeping with the well-known observations of Brieas
and Kine [6], expanded by FiscEBERG and collabora-
tors {9, 16], demonstrating that the implantation of
the nucleus of an already differentiated cell (an intes-
tinal mucosal cell of the tadpole) into the cytoplasm
of an egg, may recreate a complete animal. The plas-
modial cells, on the other hand, might result from
endomitosis and delayed cellular cytodieresis.

Although it is not possible to eliminate totally the
possibility of cell fusion, the considerations which we
have just detailed lead us to accept the likely pluri-
potential character of the cell of the endocrine pan-
creas. Furthermore, our observations in Acomys ca-
hirinus confirm the notion of cellular polymorphism
of the islets of Langerhans, a polymorphism which has
been described, although to a lesser extent, by other
workers reporting on the endocrine panereas of differ-
ent species. This has often led to attempts to define
many different types of cells. The extreme nature of
this phenomenon in the spiny mouse, probably related
to hyperplasia and to the occurrence of diabetes, has
led to our observing a still larger number of cell types,
some of which might well be sequentially related to
each other in time. We are therefore led to believe that
they do not represent numerous cellular entities with
specific and as yet unknown functions, but rather
physiologic or metabolic states which are dynamically
related and which have been artificially stabilized by
fixation. The multiplicity of cell types is greatest in
the islets of those animals which clinically showed
evidence of early diabetes, thereby suggesting that
cellular individuality is best seen in the face of patho-
logic stimulation, with certain cells retaining the ca-
pability for prolonged response to the abnormal re-
quirements, while others may be rapidly eliminated,
at least as far as function is concerned.

Finally, these observations in the spiny mouse,
when compared with observations in normal rats or
mice, suggest that considerable caution should be
exercised before the existence of a new and distinet
cell type is accepted. The morphological evidence in
favour of a new type of cell sould be supported by firm
clinical as well as biochemical evidence. The only
clearly distinet cell types which we have seen are the
A, B and perhaps D cells.
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Fig. 3. a) Adult. Junction of two islets. Certain exocrine cells are in close contact with the islets and are not arranged as acini. Semi-thin section,

stained with toluidine blue x 160. — b) Adult. Exocrine cell within an islet. In the upper left-hand corner there is an area suggesting transformation of

exocrine into endocrine tissue. Semi-thin section stained with toluidine blue X 410. — ¢) Adult. Exocrine cell within an islet. Note some exocrine

granules dispersed throughout the islet. Semi-thin section stained with toluidine blue X 820. — d) New-born. Periphery of islet. Two exoerine cells

(arrow) and A-cells. The « granules are evident. Semi-thin section, stained with toluidine blue x 600. — e) Adult. Severe diabetes. B cells filled with
glycogen (arrow); semi-thin section, stained with toluidine blue x 530
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Fig, 4. a) Adult. Intermittent, mild diabetes. A cells (A); perinuclear distribution of the granular endoplasmic reticulum. The granules are denser than

those of B cells (B). Presence of two D cells (D). Lysosomes (Ly). Glutaraldehyde-Osmium X 5000, — b) Adult. Severe diabetes. A cell. The granules are

in close contact with their vesicles. Note the regular shape of the mitochondria (m). Golgi complex (&). Nucleus (N). Glutaraldehyde-Osmium X 24 000.

— ¢} New-born. Golgi complex of A cell. Saccules contain granules beingsynthetized (arrow). Osminm X 17000. — d) As in ¢). Note in addition the
great diameter of the granules. Osmium X 12000
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Fig. 5. Adult. Severe diabetes. Group of B cells. Most of the vesicles are empty or contain a material of low density. The mitochondria are irregularly
shaped but not swollen. At top, part of a B cell filled with glycogen. At bottom, left, part of an exocrine cell (ex). Granular reticulum (gr). Golgi
complex (G). Mitochondria (m). Lysosomes (Ly). Nucleus (N). Glutaraldehyde-Osmium x 7000
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Fig. 6. a) New-born. Golgi complex of a B cell. At this stage, granules are rare, the Golgi complex is formed by some well individualized dictyosomes*®,

Note the “coated tubules’’ (arrow). Osmium x 21000. — b) Adult. Golgi complex of a B cell. It is not possible to establish a relation between the

Golgi complex and j§ granules, as was frue for A cells. Glutaraldehyde Osmium X 21000. — c¢) Adult. B cell. Example of hypertrophy of a Golgi
complex with dilatation of the external saccules. Presence of lysosomes (Ly) and of multivesicular bodies (arrows). Osmium x 19000
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Fig. 7. a) Adult. B cell. Deformation of mitochondria. Note the difference between the deformation as such (arrow) and that secondary to swelling and
dilatation of cristae. The latter is often followed by rupture of the externa mitochondrial membrane (double arrow). Osmium x 20000. — b) Adult.
B cell. Area without mitochondrial deformation. The cytoplasm of this type of cell is particularly poor in organelles and ribosomes, and free of granules.

— d) and e). B cell, Mitochondrial

Osmium % 22000. — ¢) Adult. B cell. Dilatation of the mitochondrial eristae (arrows). Osmium X 28000.
deformation (arrow) and dilatation followed by rupture (double arrow). Glutaraldehyde-Osmium. d x 20000. e x 18000
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Fig. 8. Adult. Examples of polyribosomal distribution (arrows) of granular endoplasmic reticulum in the B cells. Exocrine cell (ex), mitochondria (m),
lysosomes (Ly). Glutaraldehyde-Osmium. a, ¢, d x 18000.b X 27000
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Fig. 9. Adult. Severe diabetes. Group of B cells accumulating glycogen (gl). Note that glycogen may appear most anywhere in the cell in the shape of
small granules of high density., Osmium x 8500
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Fig. 10. a) Adult. Severe diabetes. B cells. Glycogen storage (gl) cannot be related to a particular structure. Golgi complex (&), mitochondria (m),
Iysosome (Ly). Osmium x 22000. — b) Adult. Severe diabetes. B cell filled with glycogen (gl). Deformation of a nucleus (N) surrounded by a thin band
of eytoplasm (Cy). Lysosome (Ly). Osmium x 22000
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Fig. 11. a) Adult, Severe diabetes. Detail of three B cells showing margination of the cytoplasm and granules (arrows) displaced by glycogen (gl). The large

number of granules demonstrates that glycogenic accumulation is' not necessarily secondary to degranulation. Exocrine cells (ex). Glutaraldehyde-

Osmium X 24000. — b) Adult. Severe diabetes. B cells filled with glycogen (gl). Note well-preserved remaining granular endoplasmic reticulum (gr)

and mitochondria (m). The nucleus is morphologically normal. Note the differences in the reactions of neighbouring cells. Lysosome (Ly), exocrine
pancreas (ex). Glutaraldehyde-Osmium x 4500
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Fig. 12. Adult. Severe diabetes. Detail of a B cell. Note the isolation by glycogen of a cytoplasmic area containing Golgi complex and granular
endoplasmic reticulum. This cytoplasm appears functional. Golgi complex (G) with, in its centre, a pair of centrioles (Ce). Lysosomes (Ly), nucleus (N),
granular endoplasmic reticulum (gr), glycogen (gl). Area of granules (*), Glutaraldehyde-Osmium x 24000
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Fig. 14. a) Adult. Intermittent, mild diabetes. B cell. Loss of insulinic granules and beginning fusion of vesicles (arrows). Golgi complex (G),

mitochondria (m), nucleus (N). Osmium x 17000. — b) Adult, Intermittent, mild diabetes. B cells at an advanced stage of vesicular fusion. Almost

completely degranulated. On the right, exocrine cell (ex) with zymogen granules (z). Glutaraldehyde-Osmium x 6000. — ¢) Detail of b). Rosette-
shaped confluent vesicles. x 18000
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Fig. 15. a) Adult. Moderate diabetes. B cellular degeneration. Fusion of insulinic granules (arrows). Presence of phagosomes which might participate
in the formation of the lacquered areas. Lysosome (Ly), nucleus (N). Glutaraldehyde-Osmium x 17000. — b) Adult, Severe diabetes. More
advanced degeneration. At bottom, left, margination of granules in a B cell filled with glycogen (gl). Phagosomes (*). Glutaraldehyde-Osmium X 17000
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Fig. 16. a, b, ¢. Adult. Intermittent glycosuria. Two hyper-granulated B cells, dark (BI) and light (B2). The large number of granules is not necessarily

related to the density of the hyaloplasm, thereby eliminating the possibility that the large quantity of granules results from dehydration and contraction

of the cell. Note the rectangular-shaped crystalloid structure of the content of some vesicles and the variable density of the material in others. Note also
the large size of some vesicles in the dark cells. Arrows indicate emeiocytosis, Glutaraldehyde-Osmium (a x 29000, b, ¢ X 42000)

Diahetnlneia. Vol. 8 i4
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Fig. 17. Adult. Intermittent glycosuria. Part of a hypergranulated cell. Note the variable appearance of intravesicular material and the fusion of some
vesicles with other vesicles or membranes (arrows), Golgi complex (G). Lysosomes (Ly). Note also the many ribosomes between the vesicles (double
arrows). Glutaraldehyde-Osmium X 23000
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Fig. 18. a) Adult. Intermittent glycosuria. Plasmodial cell. Two nuclei can be seen (N1 and N2). The B character of this cell is suggested by the variable

density of its eytoplasm and the small granules in relation to the vesicles. Osmium X 4000, — b) Adult. Non-diabetic. A cluster of B cells, one of which.

(B) is densely granulated and appears to be transitional between the type of cell described in a) and the hypergranulated cells of Fig. 15 and 16. Glutar-
aldehyde-Osmium x 18000
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Fig. 19. a) Adult. Obese but non-diabetic. Mixed cell with three characters. A granules can be recognized by their variable diameter for a constant

density; B vesicles appear empty after osmium fixation (arrows), and zymogen granules (z) are recognized by their size and appearance. A cell

(A), capillary (ca). At bottom, right, an arteriole. Osminm X 6000. — b) Adult. Obese but non-diabetic. Detail of mixed cell with three characters.

Note the absence of limiting membrane between the different structures. « vesicles and granules (*), B vesicles (arrows), zymogen granules (z).
Osmium X 21000
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