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INTRODUCTION

Diabetes is a metabolic disorder characterized by an inability
to properly regulate glucose metabolism, This results in an elevation
of blood glucose (hyperglycemia) and excretion of glucose into the urine
(glucosuria), The degree to which these symptoms are expressed is found
to vary among individuals, For the most severe cases of untreated dia-
betes an additional symptom may present itself, that being the appearance
of ketone bodies in the blood (ketosis), This occurs as a result of
fatty acid degradation to avert starvation.

The utilization of glucose is normally regulated by hormonal secre-
tions of the pancreatic islands of Langerhans., In particular, the hormone
insulin plays an important role during this process, What happens when
the concentration of glucose in the blood exceeds a pre-determined level
(such as after a meal) is that the excess glucose triggers the release of
insulin from its site of storage in the beta (B) cells of the pancreatic
islets. The insulin then enters the bloodstream and is carried by way of
the vascular system to the various tissues of the body where it ultimately
comes into contact with individual cells. Upon attaching to specific in=-
sulin receptor molecules on the surfaces of cells, insulin is able to re-
gulate the uptake of glucose into the cells, When diabetes is present
this sequence of events is disturbed at some point, leading to a build=-up
of blood glucose,

Although all diabetics have in common the impaired ability to
utilize glucose, this can be brought about in very different ways.

Listed below are some of the conditions that in theory can lead to the
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diabetic state:

Te

2.

3.

S.

The absence of B cells, If through trauma or some other

cause B cells were lacking or reduced in number, then little
or no insulin could be synthesized and glucose metabolism
would be impaired,

The absence of insulin, If the B cells failed to produce
insulin, or produced insufficient amounts of it, the result
would be as above,

The signal to release insulin not vreceived. This would be

an informational error in which the B cells would not recog=
nize that there was excess glucose present in the blood, and
would therefore fail to release insulin,

Impairment of the release mechanism, In this case the B cells
would produce insulin and respond to the presence of glucose
in the blood, but due to a defect in the release mechanism no
insulin could be released,

The release of defective insulin, Here insulin reaching the
target cells would be defective and therefo?e biologically
inactive, Such a defect would have to alter the shape of the
insulin molecule, If the alteration occured at the pre=trans-
lational level it would have to be genetic in origin; however,
it is conceivable that insulin in the blood could be altered
chemically and so, too, give rise to an inactive molecule,
The destruction of insulin, In the event of autoimmme disease
antibody synthesis would be directed against insulin, %hen
insulin would be released into the bloodstream circulating
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antibodies directed against insulin would combine with it
and remove it from the system,

7. Faulty insulin receptors, Here is a case in which there would
actually be nothing wrong with normal pancreatic function or
insulin release, Rather, the problem would concern the in-
sulin receptors on the target cells of the body. In some way
the number or efficacy of these reéeptors would become altered
so that insulin could no longer trigger glucose uptake. The
result would be nearly the same as if the receptors worked
properly but no insulin were produced.

These types of diabetes are represented in the flowchart in figure 1 along
with some possible means of induction., For the sake of simplicity only
main categories are shewn with no further attempt at subdivision,

Not all of the possible means of induction that are shown, or even
all the causes, have been demonstrated to produce diabetes. I am not aware,
for example, that diabetes has ever been definitively shown to be the re=-
sult of the B cell either not producing or failing to release insulin, On
the other hand, 2 universal cause for diabetes has yet to be found. The
important premise is to recognize that any of these causes, by whatever
means of induction, would lead to a diagnosis of diabetes mellitus, despite
the fact that the cause in each case is very different, For this reason,

r

diabetes might better be considered to be a ®"syndrome®™ with varied etio=-

logy but similar symptomatology.
Clearly then, diabetes is not a simple disease but one uh:Lch can

be brought about in many different ways. In fact, if we assume that all
the possible means of induction which I have indicated here do indeed
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r R 5
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Poegslble Means
of Induction Genetic Genetic Genetic Genetic
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Viral Chemical Chemical Viral
Chemi.cal Chemical
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Fige. 1« A flowchart indicating the various etiologies of

induction for each,

diabetes along with some possible means of



"uolssiwiad noyum pangiyosd uononpoudal Jayung “Joumo WbuAdoo sy} Jo uoissiuad yum paonpoiday

Insulin Released

Insulin Reaches

Target Cells
Cause s Defective Insulin Faulty Insulin
Receptors
Posaible Means
of Induction Genetic Genetic
Chemical Autoimmune
Viral
Chemical

Fige 1« Continued

Insulin does not
Reach Target Cells

Insulin Destroyed

Autoimmune



exist, and that the causes given are valid, then there are over twenty
distinct ways in which the disease may become expressed, disregarding
that many of the Pcauses" shown can be even further subdivided., It is,
perhaps, this multi-faceted aspect of diabetes which, more than any other
reason, accounts for the difficulty that has been encountered in attempting
to understand the disease, With research being carried out independently
by immnologists, biochemists, geneticists, and virologists among others,
it has been facetiously suggested that diabetes is a disease that has
something of interest for everyone. But understaading a complex problem
such as this need not be unnecessarily difficult., At the risk of appear-
ing simplistic it could be said that what is required is to reduce the
problem to its fundamentals by first studying the system through which
insulin is made available, Here a starting point might be realized from
which investigations of the various diabetic types can be made.

Such a starting point might be thought to be found in the pancre-
atic B cell, Looking again at figure 1 it will be seen that with the
exception of the last two categories the B cell figures prominently in
the manifestation of diabetes, Whether diabetes occurs as the result of
the B cells failing to synthesize or release insulin or synthesizing de-
fective insulin, it would appear that the B cell is a likely common de-
nominator for the disease. A4n understanding bf the normal workings of
the B cell would, then, be useful in determining what abnormal events
may be responsible when the B cells fail to perform their assigned func-
tion, Indeed, a great deal of attention has been concenirated on the
B cell in recent years with the result that it is probably the best under-

stood cell of all those involved in glucose utilization, However, in

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



studying the B cell and the important role it plays among the cells of
the islet it has come to be suspected that the environment external to
the B cell has as great an influence upon B cell performance as does the
intracellular environment, That is to say, production or release of ine
sulin by the B cell may be influenced in turn by other cells, specifically
other islet cells, If that is so, then B cells may play only a relative=
ly small part in insulin release compared to what previously has been
thought to be the case., Possibly the B cell is only an effector cell of
the larger cell system responsible for regulating glucose uptake by the
body. If true, then the study of insulin release should be carried out
with the idea in mind that it is the iclet as a whole that is the funce
tional unit of insulin availability and not just the B cell, To concene
trate solely on the B cell under those circumstances would be to miss the
overall view,

With that in mind, the study of islet anatomy and cell interaction
with regard to diabetes would seem to gain some importance, Perhaps the
key to understanding the problem lies in learning what organization exists

at the islet level before looking too closely at isolated cell types.

The pancreatic islands of Langerhans are roughly spherical clusters
of cells which together are morphologically distinct from the surround-
ing acinar tissue of the pancreas., Functionally, they represent the endo-

crine portion of this organ, The density of islets within a pancreas

varies from one area of the pancreas tc enother and varies overall in the
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case of disease; diabetic animals frequently exhibit fewer islets per
pancreas than do normal animais. Usually only in healthy animals is the
optimal mean number of islets found, which in the case of the Chinese
hamster is on the order of one to two thousand islets per pancreas. The
number of islet cells composing an islet is also found to vary, both with
the type of animal and even among islets from the same pancreas, In the
case of the Chinese hamster again, the number of cells in a single islet
can be as high as 4,000,

Within the islet there are found to exist three basic cell types
as seen with the electron microscope. They are the alpha (A) cell, the
beta (B) cell, and delta (D) cell. The B cell has already been mentioned
briefly with regard to insulin synthesis., While there have been reports
of more than three cell types by some investigators, the extra cells would
seem either to be artifactual or, if real, are found only in a few select
species (1, 2, 3, L4). Therefore, the present discussion will be limited
to only the three cell types mentioned, as they are found to be common
among all the mammalian systems that have so far been investigated (5).
Further, all descriptions that follow of islets and islet cells are with
specific reference to the Chinese hamster, Cricetulus griseus.

Since the study of islet cell interaction does require being able
to differentiate between the three cell types, a brief wltrastructural
description is provided for each, These descriptions are for normal in-

dividuals,

Beta Cell

The B cells occupy the central region of the islet and comprise
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roughly 80% of total islet volume (6). Nuclei of the B cells are round
to ovoid and contain a fairly large amount of chromatin, The chromatin
is unevenly distributed, and is often found marginating the nuclear
membrane at regular intervals., The endoplasmic reticulum is of the rough
lamellar type and generally inconspicuous, Free ribosomes can be found
in the cytoplasm. Golgi bodies are present, though small, and the Golgi
complex is usually situated near the nucleus. In cells with decreased
numbers of secretory granules the Golgi apparatus is found to be larger,
along with a more plentiful endoplé.smic reticulum (7). Mitochondria are
more numerous than in the alpha and delta cells and are small and slender
in shape. The mitochondrial matrix is fairly dense with moderate numbers
of well-defined cristae., Lysosomal-like bodies are also frequently en-
coun;.ered in the cytoplasm, Bounded by a membrane, they contain irregu=
larly rounded electron dense areas of particulate matter, as well as
electron lucent vacuolated areas that are round in shape., Particularly
conspicuous within the B cell are the secretory granules, These granules
are produced by budding from the endoplasmic reticulum, and contain pro-
insulin (8). They appear as round or, rarely, rod-shaped granules of
variable electron density. They are enclosed by single-layered membranes
somewhat larger than the granules so that, owing to the moderate electron
density of the intervening material, they are seen to be surrounded in-
dividually by a bright halo, Occasionally, two granules can be found
within a single membrane., BEmpty granule sacs are only rarely found.

In B cells that ars located adjacent to capillary structures there is
often a polarization of the cell, with more granules being found on the

capillary side of the cell and fewer granules found on the side opposite
(9).
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Alpha Cell

Alpha cells, in contrast to B cells, are found only at the per-
iphery of the islet and are fewer in number than the B cells, With re-
gard to the nucleus, cytoplasm, mitochondria, and Golgi complex A cells
do not differ markedly from the B cells just described. Lysosome-like
bodies are present but appear amorphous and uniformly electron dense,
without the vacuolization frequently found in the B cell, The endoplas=~
mic reticulum occurs as the rough vesicular type and is more prominent
than in the B cell, Ribosomes are to be found free in the cytoplasm., As
with the B cell, A cells are most easily destinguished by their secre-
tory granules, Containing glucagon, these granules are of greater elec-
tron density than the granules found in B cells, They are also slightly
larger than B granules and show only slight variation in size and elec=-
tron density. The granules are closely bounded by a single-layered mem=
brane so that the halo effect seen in the B granules is not apparent.

Bar-shaped granules are not seen in A cells,

Delta Cell

Delta cells are limited to the islet periphery and are positioned
roughly between the outermost A cells and the underlying B cells, They
are the least numerous of the three islet cell types. Most D cell organel=
les are similar to those described for the alpha and beta cells. Golgi
bodies are frequently prominent and the endoplasmic reticulum is mainly
of the rough lamellar type. Free ribosomes are found in the cytoplasm.
Like alpha and beta cells, D cells have characteristic granules which,
in the D cell, contain somatostatin, The D granules are generally round

but have a tendency toward polymorphism., The granule size on the average
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is smaller than that of A or B granules, but amorphic D granules may
occasionally be longer, The D granule is less electron dense than the
A granule and is rather closely surrounded by its single=layered mem-
brane,

While it is beyond the intended scope of this paper to provide a
complete discussion of the kinds of changes which occur within the islet
during the diabetic state, it should nevertheless be mentioned that chan=
ges are to be found, For example, the B cell may show signs of degranu-
lation, expansion of the endoplasmic reticulum, and enlargement of the
Golgi apparatus (7). Also, the diabetic B cell is frequently found to
exhibit large deposits of glycogen within the cytoplasm (10, 11, 12, 13).
The A cell expresses fewer signs of pathology but it, too, may possess
cytoplasmic glycogen deposits and also a form of destruction of cyto-
plasmic granules by lysosomal digestion, termed alpha-granulolysis (13, 1k).
In severe diabetic cases the islet may be partially depleted of B cells
with a concomittant relative increase in numbers of alpha and delta cells
(7, 12, 15, 16). Delta cells have rarely been shown to exhibit pathology.
These examples should not be considered complete but do represent some
of the salient pathological features.

As stated, the three islet cell types each have their own particu-
lar domain within the islet., The alpha cells occur in a layer at the
periphery where they effectively form an interface between islet cells
and the surrounding exocrine tissue, The delta cells are directly below
the alpha cells or interspersed slightly among them, while the beta cells
compose the core and make up the bulk of the islet, This arrangement has

been found to be common among most of the animal systems so far studied
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(17, 18). Considering the ubiquity of the pattern, and the fact that
specific cellular organization is generally found to serve a purpose,
one might believe it is utilitarian and not coincidental, Tl.le spherical
symmetry of the arrangeﬁzent further suggests that whatever significance
this organization hag it is directed toward the islet and not at the
surrounding acinar tissuve, It has in fact been suggested that this are
rangement might possibly be a functional cne, the purpose of which would
be to provide the mechanical framework for a network regulating insulin
release in which all three islet cell types would participate (18, 19).
This view is supported by various studies that have pointed at the pos-
sibility of interaction among the different cells within an islet.

One way in which islet cells might interrelate is by the use of
hormones, Somatostatin, for example, is known to be produced by D cells
(20, 21, 22) and to also be a strong inhibitor of both insulin secretion
by the B cells and glucagon secretion by the A cells (23, 2L, 25, 26).
It may be that the D cells, being in a strategic position between the A
and B cells, would be able to inﬂuencé the islet response to glucose
levels by antagonizing the release of these hormones, Glucagon and ine
sulin may in 'tu:m have regulatory effects, such as the inhibition of
glucagon secretion by insulin (27). At present our understanding of
hormonal control within the islet is insufficient to be able to say
that it plays a part in insulin release, The fact that there are such
effects at all, however, suggests that they may have importance beyond
what is already known,

Other evidence of cell=toecell commmication within islets is

found in the types of intercellular junctions, Junction specializations

R . . .
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in the form of tight and gap junctions between islet cells have been demon=-
strated in the rat (28) and also in humans (29). Such junctions have
been found between A cells and A cells, B cells and B cells, and A cells
and B cells; presumably D cells have not been studied, While tight junce-
tions are thought to be used by the cell as a means of channelling extra=
cellular fluids and also to a lesser extent cell anchoring (29), gap
junctions are thought to act as portals for intercellular communication,
Gap junctions have been demonstrated in tissues other than pancreas to be
permeable to ions and small molecules (up to M.W, 500) (30, 31). It is
possible that by this means metabolic signals could be transferred be-
tween islet cells and thus play a part in islet regulation (32). It has
recently been shown that the dye fluorescine, when injected into a single
islet cell, will be transported to adjacent cells (33), Furthermore,

the number of cells surrounding the injected cell to which the dye is
transferred is found to increase significantly in the presence of glue
coée. Whether or not gap junctions are involved in this type of inter=-
cellular transport is still unknown. Another study, however, has shoun
that there can be a correlation between the number and size >f gap junc=-
tions and B cell secretory activity (3hL).

Finally, the presence of nerve fibers surrounding and to a lesser
extent penetrating islets may suggest a third form of commmnication be-
tween islet cells., These none-myelinated nerve fibers, most with choliner-
gic nerve endings, have been reported both in the Chinese hamster (7, 12)
and the Djungarian hamster (35). The fibers largely occur in the loose
connective tissue surrounding the islet but are also found to penetrate

the interior where they contact the three major cell types (35). Why
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islet cells would require neural tissue to intercommnicate is not immedi=
ately obvious, however at least one possible explanation is suggested by
the geometry of the situation, For an islet sixty cells in circumference
(twenty cells in diameter) and a chemical message transfer rate between
two cells of one second (33), the total message time for one peripheral
islet cell to contact another on the other side of the islet would be
thirty seconds. That is disregarding that by the time the chemical mes-
senger reached the other side of the islet it might well be too dilute to
effect a response, so that it would have to be resynthesized en route,
adding to the message transfer time accordingly. Likewise, any feedback
from the receiving .cell would take equally long so thgt it could be tens
of minutes before the whole islet were synchronous in its response., The
message transfer time could be shortened tremendously by use of nerve
fibers by the islet cells. Messages could then be sent with essentially
no time lag from one end of the islet to the other. It could also be
done without the need for an excessive number of nerve fibers. As long
as a small number of cells were in immediate contact by use of neurons
the rest could be relayed the message chemically by the receiving cells,
cutting the message transfer time down to only a fraction of that re=-
quired if it were sent entirely by chemical. Nerve fiber attachment "pads®
have in fact been observed at intervals on the surfaces of islets (36).
Any of these three proposed means of islet cell communication
might be found to exist within the islet. Either alone or in combination
they could provide the commnications network necessary for the islet to
respond efficiently to exogenous glucose levels, As different as these

forms of communication are they are not, however, mutually exclussive and
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might be found to function together., By way of summary, a hypothetical
model of islet regulation including all three means of communication is
given in the following paragraph.

The response of the islet to blood glucose levels is

regulated by peripheral alpha and delta cells which

control the release of insulin by the central B cells.,

In order that the response be uniform over the islet,

when one peripheral islet cell makes a response, that

message is relayed by means of nerve cells to similar

peripheral cells at periodic intervals over the surface

of the islet, which then respond in the same way and at

essentially the same time. The response is in the form

of released hormones and/or other chemical messengers

and these are transmitted to surrounding cells by means

of gap junctions between cells, Feedback information

from the B cells or from within the peripheral layer

would occur in the same way but in the reverse order.

Although this sequence of events is purely hypothetical, the evidence
suggests that something similar clearly takes place within the islet.

As argued earlier, the understanding of regulation within the islet must
be considered very important to the elucidation of islet dysfunction,
such as is present in the majority of diabetic cases, To study isl=t
cell regulation will necessitate looking closely at how cells are physie
cally related to each other as well as how cells appear to function indi=-
vidually. Research in this area will require the use of specific teche
niques, some of which are already available, but also many more that have
yet to be developed. The research portion of this thesis deals with the
development of such techniques.

The methods employed in this study were chosen to emphasize four
different aspects of islet cell ultrastructure and involved the applica=~
tion of six different proceedures, They were: enhancement for micro~
tubules (two proceedures), visuvalization of the cell membrane by the use

of ruthenium red, visualization of the intercellular space by the use of
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lanthanum tracer, and the localization of calcium within islet cells by
precipitation (two proceedures).

Enhancement for microtubules was chosen because of the role
microtubules possibly play during insulin release from the B cells (37).
Two hypotheses have been put forward to date to explain how this may
occur, The first (38, 39) proposes that there is an influx of calcium
in the B cell upon stimulation by glucose, and that this calcium acts on
the microtubules causing them to contract, With one end of a microtubule
attached to the limiting membrane of a B granule and the other attached
to the plasma membrane there would be a net movement of the B granule
to the cell surface, The second hypothesis maintains that the microtu-
bule acts as a conduit to conduct insulin to the plasma membreae (L4O).
Microtubules are supposed to fuse with the Begranules which then discharge
their contents through the hollow portion of the tubule, Neither of
these hypotheses has so far been proven and doubt has been cast on micro-
tubule involvement by at least one study that finds no association of
Begranules with microtubules outside of what would be expected for chance
encounters within the cell (6). Regardless, it is well documented that
interference with the structural integrity of microtubules by various
drugs inhibits the release of insulin from B cells (41). This would seem
to establish a functional role for microtubules in insulin release, Fur=
ther studies are needed at this time to ascertain precisely how micro=
tubules are involved, and those studies could be aided by techniques de=
signed to make microtubules more prominent within the cell,

The ruthenium red and lanthanum proceedures both provide infore
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mation about the surfaces of cells and how different cells relate to

each other, Ruthenium red attaches mainly to polyanions having a high
charge density, such as acid polysaccharides which occur in the plasma
mambrane (42). This results in membranes exposed to ruthenium red be-
coming electron-dense and therefore highly visible, Due to the proceedure
employed it is possible with ruthenium red to stain ozily the outer mem~
brane of intact cells and not the interior, Lanthanum on the other hand
fil1ls in the intercellular space between cells to make it opaque to elec=
trons, What is seen then is a very well-defined boundary indicating the
border between two cells, something not easily determined by conventional
methods, By the use of a lanthanum tracer it is also possible to iden-
tify the types of j'unctions connecting different cells,

Since the discovery that calcium ions-enter the B cell when sti=-
mulated by glucose there has been an effort to determine how this is
involved in insulin release in order to be able to apply that information
to the case of diabetes (43, Lli). Two basic methods have been employed
to localize calcium in tissues and they are the two proceedures repeated
here. Although they have both been used for localizing calcium in islet
cells before, we intended to try a different approach to analysis. There-
fore these proceedures were included in this study, The first method pre-
cipitates calcium by combining it with oxalate ion to form an insoluble
salt, The second method employs pyroantimonate ion as the precipitating
agent, Both give an electron-dense precipitate where calcium ions are
concentrated. The precipitate is best seen in an unstained section, which
is required in any case since post=staining with uranyl will dissolve out

calcium oxalate {4i5) and tissues treated with pyroantimonate are incap-
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able of being postestained (L6).

When performing calcium precipitation on tissues it is usually
necessary to verify by other means that calcium is actually contained
in the observed precipitates, since both oxalate and antimonate ions
will form precipitates with other ionized elements. A method typically
employed for that is Xeray fluroescence, In this method the specimen
is put in a scanning transmission electron microscope which is equipped
with an X-ray detector, The area of the section containing the preci=
pitate is scanned with high energy electrons that bombard the area.

When an atom is struck by one of these electrons an orbital electron may
be boosted to a higher level and a more excited state, When that elec=-
tron then decays back to the ground state it releases a photon, frequent=
1y in the X=ray band. That X=ray can be detected by the instrument and
its energy measured. Since each bombarded element will give X-rays of
a characteristic energy, by observing what energies of X=rays are given

off the elemental make-up of the bombarded area can be determined,

It was the purpose of this thesis to apply these histochemical
proceedures to pancreatic tissue in order to observe the cellular funce
tion and relationship within the islet. It is hoped that the results of
this study will be useful to those wishing to investigate the possibi-

1lity of an isletebased regulatory networke.
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MATERIALS AND METHODS

A1l animals used in this study were normal and obtained from
The Upjohn Company hamster colony, All animals were killed by decapi-
tation, When liv: pancreatic tissue was required the organ was kept moist
during excision with O, 1M phosphate buffer (pH 7.k)s To avoid drying
artifacts when live tissue was not required, the pancreas was fixed
in situ with glutaraldehyde/paraformaldehyde (2,25%/1.25%) in 0.1M caco=
dylate buffer, All tissue samples were minced to approximately 1 mm3
sized pieces during the first step of each proceedure, At the end of
each proceedure the treated tissues were dehydrated in a graded series
of ethanol solutions and embedded either in a low viscosity medium
(Polaron NC1012) or Epon 812, To locate islets by light microscopy, sec=
tions approximately 1 micron in thickness were cut and stained with ale
kaline toluidine blue, Thin sections were cut using giass kniv on an
LKB model 8800A ultramicrotome and photographed using a Siemens 14 trans-

mission electron microscope.

Control
The tissue was minced in 3% glutaraldehyde in O,1M cacodylate
buffer (pH 7.L) in which it was allowed to fix overnight at L degrees
Celsius, The tissue was then rinsed once with buffer and fixed in i%
buffered osmium tetroxide for 1 hr. at L degrees Celsius, After a
water rinse the tissue pieces were stained em bloc for 10 minutes with
1% uranyl acetate in 50% ethanol, Following en bloc staining the tissue

was dehydrated through alcohols and embedded in low viscosity medium,
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Microtubule Enhancement Stain, Method I

This proceedure was modified from Yokota and‘Fah:im'., 1978 (LT).
The tissue was minced in 3% glutaraldehyde in 0,1M cacod&late buffer
(PH 7.L) after which it was allowed to fix in the same solution over=
night at L degrees Celsius., The tissue was then rinsed in buffer and
tranéferred to a solution of 0,1% Triton X in the same buffer for a
period of 1 hr. The tissue was then rinsed in buffer and postfixed at
room temperature in 1% buffered osmium tetroxide for 1 hr. After a
water rinse the tissue pieces were stained en bloc for 10 minutes at
room temperature with 1% uranyl acetate in 50% ethanol, Following the
en bloc stain the tissue was then dehydrated through alcohols and em-

bedded in low viscosity medium,

Microtubule Enhancement Stain, Method II
This proceedure is a modification of that used by Takahaski (L8).
The tissue was minced in a 3% solution of glutaraldehyde in O,1M phos=
phate buffer (pH T.l4), containing 2% of tannic acid, After 3 hrs. in
this solution at li degrees Celsius the tissue was rinsed in buffer and
postfixed at room temperature in 1% buffered osmium tetroxide for 1 hr.
Following postfixation the tissue was dehydrated through alcohols and

embedded in Epon 812,

Ruthenium Red Stain
This proceedure is modified after Hayat (L9). The pancreas was
minced in a 3% solution of glutaraldehyde buffered with O.1M cacodylate
buffer and containing 0,05% ruthenium red., After fixing overnight in

this solution at lj degrees Celsiuc the tissue was rinsed with cacodylate
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buffer and postfixed for 1 hr., in 1% buffered osmium tetroxide which
also contained 0,05% ruthenium red, | The tissue was then given a water
rinse, dehydrated through alcohols, and embedded in low viscosity eme
bedding medium, (Note: fixative solutions containing ruthenium red

must be made up immediately prior to use,)

Lanthanum Proceedure

This proceedure is modified after Neaves (50). The tissue was
minced in 3% glutaraldehyde buffered with 0.1M cacodylic acid (pH T.k)
and containing 1% lanthanum hydroxide (see reference for preparation).
The tissue was soaked overnight in this solution at L degrees Celsius.
The tissue was next rinsed in buffer containing 1% lanthanum hydroxide
then held in the same overnight at L degrees Celsius, Postfixation was
for 8 hrs, at L degrees Celsius using 1% buffered osmium tetroxide con=
taining 1% lanthanum hydroxide., After a water rinse the tissue pieces
were then stained en bloc for 10 minutes with 1% uranyl acetate in 50%
ethanol at room temperature, Following en bloc staining the tissue was
dehydrated through alcohels and embeddéd in low viscosity embedding me=-

dium,

Calcium Precipitation, Oxalic Acid Proceedure
This proceedure was taken from Daimon et al., 1972 (51). The
live tissue was minced in an unbuffered solution containing 4O mM potase
sium oxalate and 140 mM potassium chloride at a pH of T.h. The minced
tissue was incubated for 10 minutes in this solution at 37 degrees Celsius.
Following incubation the tissue pieces were fixed at li degrees Celsius for

2 hrs, with 3% glutaraldehyde in 0.1M cacodylate buffer (pH T.l) which
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contained 4O mM potassium oxalate, The tissue was then washed in buffer
containing 4O mM potassium oxalate and postfixed for 1 hr, at L degrees
Celsius in 1% buffered osmium tetroxide, also with 4O mM potassium |
oxalate, Following postfixation the tissue was dehydrated through al-

cohols and embedded in Epon 812,

Calcium Precipitation, Antimonate Proceedure

This proceedure was taken from Daiman et ale., 1977 (52). Live
pancreatic tissue was minced in 1% unbuffered osmium tetroxide containe
ing 2% potassium antimonate (pH T.l4). The tissue was allowed to fix in
the same solution for 3 hrs, at L degrees Celsius, The tissue was then
dehydrated in graded alcohols and embedded in Epon., A control was needed
to ascertain that the precipitation seen would be due to calcium alone,
For that, calcium ion was selectively eliminated by chelation with EGTA,
The control proceedure was to mince the live tissue in Hank's calcium/
magnesium=-free (CMF) buffer containing 3 mM EGTA, where the minced tissue
was allowed to sit for 20 minutes at room temperature. The tissue was
then washed at room temperature in three 20 minute changes of Hankts CMF

buffer, The tissue was then fixed, dehydrated, and embedded as above,

Calcium Precipitation, Methacrylate Embedding
When performing Xeray micro-analysis on a tissue specimen the
proceedure usually employed is to make thin sections of the specimen and
to carry out the analysis using a scanning transmission electron micro-
scope (STEM) equipped with an X-ray detector, Standard surface scanning
electron microscopes (SEM) can also be equipped with X-rasy detectors,
however, and SEM's so equipped have been available for some time., But

there is an inherent problem with using scanning electron microscopy for
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X-ray analysis. Just as with SEM imaging, analysis with SEM can only

take place at the surface of the specimen, This means that when tissue

is to be analyzed, internal structures must be exposed to the outside

by breaking, and the tissue must be unembedded in order to be able to

image the area being analyzed., These restrictions have limited biologists
to using the STEM system when ané.lysis of sub=cellular regions was required,
Therefore, as an adjunct to the calcium precipitation proceedures included
here an attempt was made to develop 2 method that would enable Xeray
micro-analysis to be performed on sectioned tissue using standard scane
ning electron microscopye.

The method arrived at is based upon using methacrylate embedding
medium instead of the epoxy resins normally employed. Methacrylate was
chosen because it dissolves readily in several common laboratory solvents,
Since it is only the embedding material that is manipulated, the tissue
may De treated in any manner desired prior to embedding, The embedded
tissue is sectioned in the usual wey, but at a thickness between 1 and 2
microns, Sections are heat=fixed to a glass coverslip or silicon wafer
(see discussion), The methacrylate is removed by rinsing the sections
with 5 drops of amyl acetate, The first drop is allowed to set on the
sections briefly for a few seconds before the sections are rinsed quickly
with the remaining drops., The coverslip is allowed to air dry, after
which it is either shadowcasted from all directions or sputter=coated.

The coated sections are then ready for viewing,
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RESULTS AND DISCUSSION

Control
For purposes of comparison a micrograph of a conventionally

embedded islet is shown in figure 2,

Microtubule Enhancement

Al though both methods for microtubule enhancement were repeated
several times, neither produced the kinds of results reported in pube
lished proceedures, No structures positively identifigble as microtu=
bules were found in cells although structures resembling microtubules
were observed, Those, however, could not be identified with certainty
because of poor cellular preservation and the absence of any enhancement.
An exception was found where cells were pulled apart due to osmolarity
effects and microtubules were drawn from the cell web into the widened
intercellular space, An example of this can be seen in figure 3, There
microtubules were found to be enhanced and easily identifiable, though
they revealed little information as to their original purpose in the cell.
The fact that microtubules in intact cells were not stained could be
explained by assuming that islet cells are not as permeable to the staine
ing compounds used in these enhancement proceedures as those of other
tissues, Hence, microtubules would not be stained unless a cell rup-
tured, exposing them to the staining compounds,

Another possible explanation for the failure to find microtubules
would be that the structural integrity of the islet cells was so badly
disrupted during the staining proceedures that microtubules could not

be recognized., The quality of cellular preservation with either of the
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Fig, 2. Control proceedure, poste-stained section, 21,000 X

%

Fig. 3. Microtubule enhancement proceedure (method II) showing
microtubules (arrows). 80,000 X

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



proceedures used was actually very poor. It was discovered when preparing
the control tissues used for comparison in‘this study that fixation pro-
ceedures which for most tissues worked well gave poor results with pan-
creatic tissue, Only by paying particular attention to the buffer and
fixation times was reliable preservation achieved, In most of the staine
ing proceedures used in this study the poor level of preservation is ac=
counted for by inadequate buffers and fixation, While it may be basic to
the success of these proceedures that they be performed in the mamner
presented, in the case of the microtubule stains the proceedures appear
too harsh for a fragile tissue such as the pancreas, The general dise
order and organelle swelling found in islet cells treated for microtubule
enhancement could in part or fully account for the difficulty in finding

microtubules.

Ruthenium Red Stain
Shown in figure li is a section of ruthenium red treated tissue

which has not been postestained, The stain follows very closely the sure

26

faces of cell outer membranes. A staine-free area between adjacent cell mem=

branes representing the intercellular space is clearly visible, Notice
that the granules within the cells are unstained, as are the membranes
delimiting the granules.

Figure 5 shows B granules of a cell whose outer membrane ruptured
before or during the staining process, Internal membranes were exposed
to the ruthenium red and consequently became stained, The stain is most
noticeable in the membranes surrounding the granules., It is noteworthy

that the granules themselves have taken up some of the stain, although
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Fige L. Buthenium red proceedure showing membrane staining (a.:_rrows)
of intact cell, 86,000 X
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Fige 5. Ruthenium red proceedure showing membrane staining (arrows)
of ruptured cell, 61,000 X
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inconsistently, As mentioned earlier, variable staining of granules is
also commonly seen when using conventional stains, Ruthenium red is
known to cause staining by combining with polyanions, which in membranes
are represented by molecules with large numbers of ionizable carboxyl,
sulfate and phosphate groups (53). While it ﬁay not be possible to
specifically implicate any of these groups in the staining of B granules,
it can be proposed on the basis of the available evidence that the staine

ing granules by ruthenium red depends on the presence of polyanions.

Lanthanum Proceedure

Lanthanum produces its staining effect largely by physical means,
A1l cells are surrounded by an intercellular space which serves as 2
circulatory sysi';an at the cellular level by allowing nutrients to be
carried to the individual cells and excretory products to be carried
away. When a tissue is introduced into an aqueous suspension of lane
thanum hydroxide the lanthanum compound diffuses through the system until
it has surrounded all of the cells, ¥hen the tissue is later embedded
and observed with the electron microscope the intercellular space ap=-
pears opague due to the electron opacity of the penetrated lanthanum hy-
droxide. An example is shown in figure 6, Using this technique it is
easy to discriminate between cells., Lanthanum might therefore be used
in éonjimction with other proceedures designed to identify cell types
in which it would be important to know what regions of cytoplasm belong
to what cells, Identification of cells can be difficult to determine
when a tangential section of a cell does not include a piece of the

nucleus, With lanthanum the cytoplasmic domains are clearly defined,
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Fig. 6. Lanthanum proceedure showing lanthanum infiltration (arrows).
Postestained section, 8,600 X

Fig, 7. Lanthanum proceedure showing tight and gap junctions (arrows).
Post-stained section, 17,200 X
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Another use of the lanthanum proceedure is in determining types of
intercellular junctions existing between cells, Figure 7 shows an en=-
larged photomicrograph of the intercellular space between two cells,
Along the intercellular border, regions can be seen in which the lanthanum
has been excluded, These points correspond to tight and gap junctions,
While it is possible to tell one type of junction from another using
lanthenum tracer it is not easy, and these studies are best performed
using freeze-fracture methods, In addition to studying junctions between
two cells it may also be possible to learn something from the multi-
cellular junction whick is also enhanced by lanthanum, An example of a
multi=cellular junction can be found in figure 6 where five different
cells are seen coming together.

A disadvantage encountered with the use of lanthanum is that
there is a limit to the distance over which lanthanum can diffuse within
a reasonable period of time, In parctice that means that cells more than
twenty or so cell units from the periphery of the tissue piece in which
they are found will not be reached by lanthanum, Early in this research
it was decided that isolated islets could not be expected tg represent
the islet as it naturally occurs in the pancreas. Therefore, throughout
these proceedures whole pancreatic tissue was used and the islets were
located afterwards. That presented a special problem for the lanthanum
proceedure since it meant finding islets close to the surface of the tis=
sue piece in which they resided, while finding islets at all was some=-
times difficult, Nevertheless, lanthanum permeated islets were found,
However, this was with normal hamsters; diabetic individuals can have a

far smaller islet density, Therefore, researchers wishing to perform
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this proceedure on intact and diabetic pancreatic tissue should be aware
that locating islets which have been reached by lanthanum may present

a significant challenge,

Calcium Precipitation, Oxalate Proceedure

Although the islets were not stimilated by glucose, electron-
dense deposits were nevertheless found using this proceedure. Deposits
were identified in the nucleus and at various locations in the cytoplasm,
The deposits were usually weak and occurred only infrequently. The most
prevalent and heaviest type of precipitate was that associated with ly=-
sosomal=like bodies, Figure 8 shows such a precipitate, Particularly
intense deposits were also found in some cytoplasmic vessicles of lympho=
cytes. Lysosomal bodies of both alpha and beta cells were seen to exe
hibit precipitate deposits., Beta granule membranes occasionally appear-
ed enhanced and this was thought likely to be due to a weak calsimm nreaw
cipitate around them, The granules themselves were also slightly enhanced,
suggesting a weak precipitate deposited there also,

With this proceedure the cells at the periphery of the tissue
pieces were always found to be badly swollen and often ruptured, Cells
toward the centers of the tissue pieces were more naturally preserved,
Therefore, by necessity the cells which were studied were near the center
of thé tissue piece in which they were found, The question thus arises
whether or not the proceedure is destructive of pancreatic tissue (see
discussion under microtubule enhancement) and if so whether cells that
were not destroyed also were not fully exposed to the precipitating a=

gents. What precipitation was found was also weak, suggesting that
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Fig. 8, Calcium precipitation (oxalate) proceedure showing lyso'soma]_.
precipitete (arrow)., 21,500 X

Fige 9« Calcium precipitation (antimonate) proceedure showing pree-
cipitation in gramules (arrows) and membranes (double arrows).
17,000 X
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heavier precipitates might have occurred had the cells been fully exposed
to the oxalate solution, If that were the case then full exposure might
also intensify the lightest precipitates such as those around the beta

granules,

Calcium Precipitation, Antimonate Proceedure

The kinds of precipitates seen with the antimonate proceedure
were similar but not identical to those seen with the oxalate proceedure,
Tissue preservation was again poor but not as destructive as in the first
proceedure, Figure 9 shows two islet cells that were treated with potase
sium antimonate., As with the oxalate, precipitation can be seen in the
nucleus, the cytoplasmic granules, and lysosomal bodies., Some cells ex=
hibit a generalized precipitate throughout the cytoplasm, In all cases
the deposits were heavier than those observed with the oxalate proceedure,
On only two points did the results of the two proceedures differ markedly.
The first is that whereas with the oxalate method granule membranes could
be seen to exhibit a slight amount of precipitate, no such precipitate
was seen with the antimonate proceedure, In fact, the granule membranes
could not be seen even though deposits in mitochondrial membranes were
occassionally observed, The granule membranes were intact, however, at
the time of precipitation, since in those B cells that exhibited a general
cytoplasmic precipitate, a halo representing the absence of precipitate -
could be discerned surrounding the granﬁles (fig. 9)e The second point
on which the result of the two proceedures differed was that unlike the
oxalate, the antimonate proceedure showed calcium precipitation to occur

at the outer membrane, Between the two cells in figure 9 the membranes
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can be seen to be enhanced by such a precipitate, The effect is es=
peciaily prominent for aciunar tvissue, an example oI which is shown in
figure 10, The precipitate is fine and ciosely rollows the membrane,

" resembling in appearance ruthenium red, Although in theory it should
be i)ossible to determine which side of the membrane the precipitate is
on, this proved to be difficult with unstained sections, Postwstaining

for membranes might make the determination easier.

Calcium Precipitation, Methacrylate Embedding

A scanning electron micrograph of a leached methacrylate section
is shown in figure 11, Although il is impossible with this method to
achieve the same degree of resolution as with a transmission electron
microscope, major organelles are easily identified, Visible here are
nuclei, endoplasmic reticulum, and cytoplasmic granules, Mitochondria
are difficult to discern, This particular specimen was shadowed with che
romium, but any shadowing metal can be used,

It was not resolved in this study whether or not calcium deposi=-
tion in such sections is detectable by Xeray fluorescence in an SEi{, But
assuming that the mass of the precipitate is large enough or that Xeray
data can be collec'ted for very long periods of time, it should present

no problem, The only limitation to using microprobe analysis on such
sections is that they be thin enough that the area to be analyzed does
not include extraneous material, such as might 1lie above or below the area
in an overly thick section,

A problem that is encountered when performing this type of analy-

sis is that of background X-rays. These X=-rays come from the coating
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Fige 10, Calcium precipitation (antimonate) proceedure showing meme
brane precipitate (arrows). 7,300 X

Fig, 11, Scanning electron micrograph of leached methacrylate section,
Nuclei (arrows) can be seen, 2,000 X
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material and substrate which are bombarded by electrons along with the
target and produce Y-rays that may interfere with the analysis, The inter=-
ference can be minimized by choosing materials which fluoresce at ener-
gies far from those of interest, For example, chromium gives two X=ray
peaks at a beam energy of 10 keV but they are far enough from the peaks
which correspond to calcium that the:c present no problem, Glass such as
that used for coverslips, on the other hand, produces a very dirty backe
ground which when analyzing for calcium is entirely unsuitable, There-
fore, as a substrate material pure -silicon was chosen, At nominal

beam energies it produces but a single background peak that is far removed

from those that identify calcium,

Observations

It happens when performing investigations of this sort that ine-
variably there are observed results or phenomena that originally had not
been expected from the design of the experiments involved, They are come
monly dismissed as artifacts, mere curiosities, or the result of negli=
gence; but occasionalldy one may intimate a hidden fact of nature. Science
is replete with inadvertant discoveries,

In the course of this study three unexpected observations were
made that, if presented to the proper mind, might suggest practical ape
plications. They are presented below with the sincere hope that some=
one will be able to make use of them,

The first is depicted in figure 12, These are collagen fibers
as they appear after treatment with potassium antimonate, Precipitate

can be seen to be deposited at regular intervals along the length of the
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Fig. 12, Collagen fibers (antimonate proceedure) exhibiting precipie
tate (arrows). 38,500 X

Fig. 13. Doubled membranes (arrows) from microtubule proceedure,
method II. 86,000 X
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fibers. This was not the calcium precipitation control and no comparison
was made with the control, so that the ions giving rise to the precipitate
could be other than calcium, If not entirely unexpected from the known
structure of collagen, the observation at leasf, serves to give some idea
as to the sensitivity of the technique,

Figure 13 shows an unexpected observation discovered when looking
for microtubule enhancement by method II. Shoun are beta granules, The
curious thing about these granules is that instead of each being bounded
by a single-layered membrane the membranes surrounding the granules ap-
pear to be double-layered, Figure 1l shows a different field of the same
preparation in which not only beta granule membranes appear doubled, but
also the endoplasmic reticulum and mitochondrial membranes, This is most
likely an artifact and not the result of abnormal membrane synthesis by
the cell, Possibly this proceedure causes hydration and swelling of
single~layered membranes, while staining of the hydrophilic layers gives
the membrane the appearance of being double,

The last observation I would like to mention was another encounte
ered as a result of the antimonate proceedure for calcium precipitation,
The micrograph of interest is shown in figure 15. Close scrutiny will
reveal the presence of enhanced microtubules/microfilaments around the
nucleus and in the cytoplasm, Enhancement appeared to be restricted to
islet cells since microtubules were not observed in the acinar tissue.
The method of enhancement can only be guessed at, but may involve calcium,
Calcium is known to be required for microtubule stability, and it may
be through precipitation taking place at the microtubule surface that

enhancement is brought about, Considering the difficulty encountered
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Fig. 1. Doubled membranes (arrows) from microtubule proceedure,
method II, 103,000 X
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Fige 15. Enhanced microtubmles (arrows) from antimonate pmoceedure,
21,000 X
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with islets using other proceedures designed specifically for microe
tubule enhancement, it might be worth revising this proceedure to em-

phasize that aspect.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



1.

3.

L,

5.

9e

10,

1.

12,

BIBLIOGRAPHY

Boquist, L.: Morphology of the pancreatic islets of the non-diabe~
tic adult Chinese hamster, Cricetulus griseus, Ultrastructural
findings. Acta, SOC. Medo Upmo __,:2 3 - 57 (1967)

Munger, B.L., Caramai, F., Lacy, P,E.: The ultrastructural basis
for the identification of cell types in the pancreatic islets.
» II, Rabbit, dog and opossum, Z. Zellforsch, 67, 776=798

(1965)

Luse, S.A., Caramai, F., Gerritsen, G., Dulin, W.E.: Spontaneous
diabetes mellitus in the Chinese hamster: An electron microsco-
pic study of the islets of Langerhans, Diabetologia 3, 97=-108

(1967)

Titlbach, M,: The identification of the types of Langerhans islets
cells, Folia Morph., 17, 17=22 (1969) -

Orci, Le: The islet of Langerhans: A multihormonal micro-organ,
In: Insulin and metabolism (J.S. Bajaj, ed.). Amsterdam:
North-Holland, Inc. (1977)

Dean, P.M.: Ultrastructural morphology of the pancreatic Becell.
Diabetologia 9, 115=119 (1973)

Like, A.A., Gerritsen, G.C., Dulin, W,E., Gaudreau, P.: Studies in
the diabetic Chinese hamster: Electron microscopy of pancreatic
islets, Diabetologia 10, 509520 (197L)

Lacy, PeE.: Electron microscopy of the islets of Langerhans, Dia=-
betes 11, 509-513 (1962)

Lacy, P.E., Hartroft, W,S.: Electron microscopy of the islets of
Langerhens, Ann N,Y. Acad, Sci. 82, 287«301 (1959)

Carpenter, A.M., G’erritsen, GOCO’ Dlﬂ.in, WQE., IoazaI‘OV, A.: ISlet
and Beta cell volumes in offspring of severely diabetic (ketotic)
Chinese hamsters, Diabetologia 6, 168~176 (1970)

Carpenter, A.M., Gerritsen, G+C., Dulin, W.E., Lazarow, A,: Islet
and Beta cell volumes in offspring of severely diabetic (ketotic)
Chinese hamsters and their nondiabetic siblings, Diabetologia

3, 92-99 (1967)

Luse, Se.A., Caramia, F., Gerritsen, G.Ce., Dulin, WeE.: Spontaneous
diabetes mellitus in the Chinese hamster: An electron microsco=
pic study of the islet of Langerhans, Diabetologia 2, 97=-108

(1967)

L1

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



13.

1k,

15,

16.

1.

18.

21,

22,

23,

2k,

BIBLIOGRAPHY (Continued)

Orei, L., Stauffacher, W, Dulin, W.E., Renold, A,E,, Rouillier,
Ch,: Ultrastructural changes in A=cells exposed to diabetic
hyperglycemia, Observations made on pancreas of Chinese hamsters,

Diabetologia 6, 199206 (1970)

Orei, L,, Jurod, A,, Pictet, R., Renold, A.E,, Rouiller, Ch,: Granu=
lolysis in A=cells of endocrine pancreas in spontaneous and ex=
perimental disbetes in animals, J. Cell Bicl, 38, L62-L466 (1968)

Soret, M.G,, Dulin, W.E,, Mathews, J,, Gerritsen, G.C.: Morphologic
abnormalities observed in retina, pancreas and kidney of diabetic
Chinese hamsters., Diabetologia 10, 567=579 (197L)

Meister, V,, Giovanni, L.R.: Quantitative electronemicroscopic studies
of Langerhans islets in normoglycemic Chinese hamsters of a disbe=
tic strain, Acta, Diabet, Lat, 15, 72=80 (1978)

Petkov, P., Galabova, R,, St, Manolov,: Electron microscopic investi-
gations on the Langerhans islets of the Golden hamster., Arch,

Histol, Jap. 32, 229=-239 (1970)

Orci, L,, Unger, R,H,: Functional subdivision of islets of Langere
hans and possible role of D Cells, Lancet, 12h3=-12hl (1975)

Orci, L.: The microanatomy of the islets of Langerhans, Metab,
Clin. Exp. 25, 1303=1313 (1976)

Orci, L., Baetens, D,, Dubois, M,P,, Rufener, C,: Evidence for the
D=cell of the pancreas secreting somatostatin, Horm, Metab, Res,

7, L00=ko2 (1976)

Polak, J.M,, Pearse, A,G,E., Grimelius, L., Bloom, S.R., Arimra,
A.: Growth-hormone release=~inhibiting hormone in gastrointestinal
and pancreatic D cells. Lancet, 1220=-1222 (1975)

Pelletier, G,, Leclerc, R., Arimura, A,, Schally, A,V.: Letter:
Immmohistochemical localization of somatostatin in the rat pan-

creas. J. Histochem, Cytochem, 23, 699=702 (1975)

Mortimer, C.,H,, Tunbridge, W.M.G., Carr, D,, Yeomans, L., Lind, T.,
Coy, DeH., Bloom, S,R., Kastin, A., Mallinson, C.N., Besser, G.M.,
Schally, A.V,, Hall, R.: Effects of growth-hormone release-inhi=
biting hormone on circulatory glucagon, insulin, and growth hore
mone in normal, diabetic, acromegalic, and hypopituitary patients,

Lancet, 697=701 (197k)

Koerker, D.J., Buhch, W,, Chieleckel, E,, Palmer, J., Goodner, CeJd.,
Ensinek, J., Gale, CoCo: Somatostatin: Hypothelamic inhibitor
of the endocrine pancreas, Science 18k, L8248l (197h)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



25,

26,

27

28,

29.

30.

31.

32,

33.

35.

36.
37.

L3

BIBLIOGRAPHY (Continued)

Dobbs, R., Sakurai, H.,, Sasaki, H., Faloona, G., Valverde, Il.,
Baetens, D., Orci, L., Unger, R.: Glucagon: Role in the hyper=
glycemia of diabetes mellitus, Science 187, Suhi=5L47 (1975)

Gerich, J,E., Lorenzi, M., Schneider, V., Karem, J.A., Rivier, J,,
Guillemin, R., Forsham, P.: Effects of somatostatin on plasma
glucose and glucagon levels in human diabetes mellitus, Patho~
physiologic and therapeutic implications. N. Enge J. Med. 291,
Skh=547 (197k)

Samols, E,, Tyler, J.M., Mialhe, P,: Suppression of pancreatic glu-
cagon release by the hypoglycaemic sulphonylureas, Lancet, 17L=
176 (1969)

Orci, L., Unger, R.H., Renold, A,E.: Structural coupling between
pancreatic islet cells, Experientia 29, 1015-1018 (1973)

Orci, L., Malaisse=-Lagae, F., Amherdt, M., Ravazzola, N,, Weisswange,
A., Dobbs, R,, Perrelet, A,, Unger, R.: Contacts in human islets
of Langerhans, J. Clin, Endocr, Metab, li1, 8L1-8Lk (1975)

Payton, B,W., Bennett, M,V,, Pappas, G.De: Temperature=dependence
of resistance at an electronic synapse, Science 165, 59L=597

(1969)

Johnson, R.G., Sheridan, J.: Junctions between cancer cells in
culture: Ultrastructure and permeability, Science 17k, 717=

719 (1971)

Bennett, M,V,: Function of electronic junctions in embryonic and
adult tissues. Fed. Proc. 32, 65-75 (1973)

Kohen, E., Kohen, C.K., Thorell, B,, Mintz, D.H., Rabinovitch, A.L.:
Intercellular commnication in pancreatic islet monolayer cule
tures: A microfluorometric study, Science 204, 862-865 (1979)

As referenced in: Kohen, E,, Kohen, C.K., Thorell, B,, Mintz, D.H.,
Rabinovitch, A.: Intercellular communication in pancreatic islet
monolayer cultures: A microfluorometric study. Science 20L,

862-865 (1979)

Voss, K.M., Herberg, L., Kern, HeFe: Fine structural studies of
the islets of Langerhans in the Djungarian hamster (Phodopus
sungorus). Cell Tiss, Res. 191, 333-3L2 (1978)

Soret, M,G,: Personal commmication,

Kern, H,F.: Fine structural distribution of microtubules in pane

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



38.
39.

Lo,

L1,

LS.
L6,

L7.

L8,

L9,

BIBLIOGRAPHY (Continued)

creatic B cells of the rat, Cell Tiss, Res. 16L, 261=269 (1975)

Lacy, P.E., Howell, S.L., Young, D,A., Fink, C.J.: New hypothesis
of insulin secretion, Nature (Lond,) 219, 1177=1179 (1968)

Lacy, P.E., Malaisse, W.J.: Microtubules and beta cell secretion,
Rec, Progr. Horm. Res, 29, 199=228 (1973)

Gomez~Acebo, J., Garcia Hermida, O.,: Morphological relations bee-
tween rat Besecretory granules and the microtubularemicrcfilament
system during sustained insulin release in vitro, J. Anat, (Lond,)
21k, L21=437 (1973) T

Malaisse, W.J., Malaisse=Lagae, F,, Van Obberghen, E., Somers, G.,
Devis, G., Ravazzola, M,, Orci, L.: Role of microtubules in the
phasic pattern of insulin release. Arm, N.Y, Acad, Sci, 253, 630-

652 (1975)

Hayat, M,A.: Positive staining for electron microscopy. New York:
Van Nostrand Reinhold Co., pe 162 (1975)

Herman, L., Sato, T., Hales, C.N.: The electron microscopic locali=-
zation of cations to pancreatic islets of Langerhans and their
possible role in insulin secretion, J, Ultrastr. Res, L2, 298

311 (1973)

Howell, S.L., Montague, W,, Tyhurst, M,: Calcium accumulation in
islets of Langerhans: A Study of calcium accumulation in B
cell organelles, J, Cell Sci. 19, 395405 (1975)

Hayat, M.A.: Positive staining for electron microscopy. New York:
Van Nostrand Reinhold Com., p. 105 (1975)

Hayat, M,A.: Positive staining for electron microscopy. New York:
Van Nostrand Reinhold Come, p. 99 (1975)

Yokota, S., Fahimi, H,D.,: A simple method for ultrastructural vis-
ualization of cytoplasmic microfilament bundles (MFB) in rat
hepatocytes, 9th International Congress on Electron Microscopy

2, 516=517 (1978)

Takahashi, Ge: Os 0y =~ tannin = Os 0, method for transmission and
scanning electrofl microscopy of bilological specimens, 9th In=
ter national Congress on Electron Microscopy 2, 56=57 (1978)

Hayat, M.A.: Positive staining for electron microscopy, New York:
Van Nostrand Reinhold Co., pe 170 (1975)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



45

BIBLIOGRAPHY (Continued)

50, Neaves, WoB,: Permeability of sertoli cell tight junctions to lane
thanum after ligation of ductus deferens and ductuli efferentes,

Jo Cell Biol. 59, 559=572 (1973)

1. Daimon, T., Mizuhira, V,, Uchida, K.: Ultrastructural localization
of calcium around the membrane of the surface connected system
in the human platelet. Histochemistry 55, 271-279 (1978)

52, Daimon, T., Uchida, K., Mizuhira, V,: Ultrastructural localization
of acid protein polysaccharides and clacium in the vacuoles of
the chicken thrombocyte, Histochemistry 52, 2532 (1977)

53. Hayat, M,A.: Positive staining for electron microscopy. New York:
Van Nostrand Reinhold Co,, pe 166=167 (1975)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



	The Application of Techniques for Specific Staining and Enhancement to the Ultrastructural Study of the Pancreatic Islands of Langerhans
	Recommended Citation

	tmp.1520611349.pdf.44q0m

