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SUMMARY

The pancreatic B cells from rats bearing a growth hor-
mone-producing tumor (MtT-W15) were studied by electron
microscopy before and after incubation in media containing
alternatively low (60 mg./100 ml.) and high (300 mg./
100 ml.) glucose concentrations.

Tumor-bearing rats had been previously shown to have
increased blood levels of somatotrophin and insulin and
also to have B cells with increased responsiveness to in
vitro glucose stimulation.

B cells from tumor-bearing rats, when compared with
controls, showed (1) an increased number of secretory
granules, (2) a marked increase in the proportion of pale
to dark granules (30 to 60 per cent, as compared with
5 to 25 per cent for controls), and (3) the presence of
numerous dilated cisternae of rough endoplasmic reticulum
containing a flocculent material resembling the core of the

pale granules. The last observation may indicate that pale
secretory granules are formed in the endoplasmic reticulum
of these hyperactive B cells. The fact that the hyperfunc-
tioning B cells present in tumor-bearing rats possess a high
number of pale granules suggests that these granules par-
ticipate in the processes of insulin synthesis, storage, and
secretion.

Pancreatic islets from control and tumor-bearing rats al-
ternatively incubated in media with low and high glucose
concentrations did not reveal significant morphological
changes when compared with the nonincubated islets from
the same animals. The extent of degeneration and necrosis
observed in some B cells from control and tumor-bearing
animals after incubation were unrelated to the glucose con-
centration in the incubation media. DIABETES 20:15-26, Janu-
ary, 1971.

A large number of pale secretory granules have been
described in rabbit pancreatic B cells.1'5 In fetal and
neonatal rabbit B cells, pale granules outnumber dark
granules.2-6 During subsequent stages of growth, there is
a progressive increase in the proportion of dark to pale
granules; both varieties are found in similar numbers in
mature rabbits.6

It has been postulated that increased secretory activity
of B cells in the rabbit is usually accompanied by an
increase in the proportion of pale granules. It has been
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suggested that this change may result from the inability
of the B cell to produce sufficient insulin to allow stor-
age in the form of dark granules.1 So far, changes in the
proportion of pale granules in species other than the
rabbit have not been specifically investigated.7

An experimental model has been recently developed
in which a transplanted growth hormone-producing tu-
mor causes sustained growth in the adult rat.8>9 This
model permitted studies on the morphology of B cells in
the rat during the induced period of growth. Further-
more, since the islets of rats implanted with this tumor
developed an increased responsiveness to glucose,8*10 it
was felt that a morphological study of their B cells
might help to understand the function of such pale
granules.

MATERIAL AND METHODS

Fourteen female Wistar-Furth rats weighing approxi-
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mately 120 gm. each were used. Seven animals were
subcutaneously inoculated in the back of the neck with
a fine suspension of tumor tissue MtT-Wi5* in saline;
the remaining seven rats were used as controls. The
tumors became palpable three to four weeks after in-
oculation and grew to maximal size during the fol-
lowing four to five weeks. Animals were pair-fed on a
food intake basis with regular Master rat chow; the
control animal was the "leader" of the pair. The animals
were decapitated on the seventh week after inoculation,
the pancreas was carefully dissected out, and samples
were taken for different studies. The results of the bio-
chemical investigations have been reported elsewhere,8

and only those data necessary for the interpretation of
the present work will be mentioned.

Portions of pancreas from control and tumor-bearing
rats were fixed immediately after death and processed
for light and electron microscopy. The remaining pan-
creatic tissue was sliced in half and used to study the
morphological changes occurring in B cells challenged
with glucose in vitro. The incubation procedure was
essentially similar to that used previously.11 All tissues
to be tested in vitro were first allowed an equilibration
period of twenty minutes in cold Krebs-Ringer bicarb-
onate buffer medium, pH 7.2, with 60 mg. glucose/100
ml. (baseline). After this period, one half was incu-
bated for fifteen minutes in the same medium and then
transferred for another period of fifteen minutes to the
above-mentioned medium containing 300 mg. glucose/
100 ml. (stimulation). The other half was incubated
iOr two periods of fifteen minutes each in the medium
containing 60 mg. glucose/100 ml. The concentration of
insulin in each incubation medium was determined by
radioimmunoassay12 and expressed in /jXJ./mg. of tissue
per fifteen minutes. At the end of the incubation pro-
cedure, samples from all incubated tissues were fixed
and processed for light and electron microscopy.

For light microscopy, tissues were fixed in Zenker-
formol; paraffin-embedded sections 2 jx thick were
stained with the aldehyde-fuchsin stain and with modi-
fications of Masson's trichrome and Gomori's chrome
alum-hematoxylin.13 For electron microscopy, tissues
were fixed for two hours in 3 per cent glutaraldehyde
in 0.1 M phosphate buffer14 and post-fixed in 2 per
cent osmic acid in the same buffer. All solutions con-
tained one drop of 1 per cent CaCl2 for each 10 ml. of

*MtT-Wi5 tumors from the strain developed by Dr. J.
Furth were kindly supplied by Mason Research Institute,
Tumor Bank, Worcester, Massachusetts.

solution. Tissues were dehydrated in ethanol and em-
bedded in Epon 812,15 and sections 500 to 800 A thick
were cut with an LKB Ultratome or Sorvall Porter-Blum
ultramicrotome, after localization of islets in 0.5 to 1 /*
thick sections stained with toluidine blue.16 Thin sec-
tions were doubly stained with uranyl acetate17 and lead
citrate.18 Electron micrographs were taken with an RCA
3D or a Hitachi HU-11C electron microscope.

RESULTS

Light microscopy
There were striking differences between the pan-

creases from control and tumor-bearing rats in regards
to the size of their islets. Hypertrophy and marked
hyperplasia of the B cells seemed to account for the
reported four-fold increase in islet mass in the tumor-
bearing animals.8 The islets from tumor-bearing rats
frequently appeared two to three times larger than those
from the controls. The B cell cytoplasm of these ani-
mals showed a greater concentration of aldehyde-fuchsin
positive granules (figures 1, 2). The negative image of

FIG. I. Light micrograph of an islet from a control rat. Most B
cells are well granulated. Negative image of the Golgi
complex (white arrows). Aldehyde-fuchsin stain. X 725.
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FIG. 2. Light micrograph of a portion of an islet from a tumor-
bearing rat showing that most B cells are hypertrophic
and exhibit a greater concentration of granules than B
cells of figure I. The negative image of the Golgi
complex (white arrows) appears more prominent in
these B cells than in those of control rats. Aldehyde-
fuchsin stain. X 725.

the Golgi complex in the hypertrophic B cells of
tumor-bearing rats usually appeared more prominent
than in B cells of the control animals (figure i, 2) . A
and D cells of tumor-bearing rats did not contribute
to the increase in islet mass.

Incubated pieces of pancreas from control and tumor-
bearing animals frequently showed some necrosis. The
extent of this damage in islets and acinar tissue was
estimated in paraffin sections to vary between 5 and 50
per cent. It is of interest to note that necrosis of the
islet cells occurred even in areas where the surrounding
acinar tissue appeared intact.

Undamaged and necrotic B cells in varying stages of
disintegration were seen within the same islet (figure
3, 4, 5). The extent of necrosis did not appear to be
related to the glucose concentration in the media. Al-
though B cells seemed more susceptible to damage, some
A and D cells were also affected. No significant changes
in aldehyde-fuchsin positivity or granule distribution

FIG. 3. Light micrograph of a control rat islet incubated in
high glucose medium. Several necrotic islet cells with
pyknotic nuclei are evident (arrows). There are a few
well-preserved islet cells also (arrowheads), showing
distinct intranuclear components and cytoplasmic in-
tegrity. Masson's trichrome stain. X 725.

were observed in the incubated B cells when compared
with nonincubated tissues from both control and tumor-
bearing rats.
Electron microscopy

Nonincubated control group: The fine structure of
normal rat B cells has been described earlier by sev-
eral investigators.19"22 Since we did not find significant
differences between earlier descriptions and our obser-
vations in this particular strain, the present descriptions
will be limited to points relevant to the present work.

The typical appearance of dark and pale secretory
granules in B cells from a control rat is shown in figure
6. Pale granules resembled those found in several other
species by different workers.2-4-5'7'23'24 In the control
rats, pale granules constituted from 5 to 25 per cent
of the total granule population of B cells.

Inside the clear space separating the dense core of
B granules from the limiting membrane, irregular pro-
files of smooth membranes were observed in all ma-
terial studied (figure 7). These apparently correspond
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FIG. 4. Light micrograph of a control rat islet, incubated in
high glucose medium. A similar proporton of necrotic
(arrows) to nonnecrotic (arrowheads) islet cells, as
in figure 3, can be seen. With this staining technic,
it is evident that the great majority of the necrotic
cells are B cells. The well-preserved B cells, on the
other hand, have their full complement of granules. Al-
dehyde fuchsin stain. X 725.

to sections of invaginated granule membranes as shown
by certain authors, although not reported as such.7-24'25

Dense cores, although sometimes round, were most often
slightly angular (figure 7) .

The cisternae of the rough endoplasmic reticulum fre-
quently showed segmental lack of ribosomes, and con-
tained moderately electron-dense flocculent material
(figure 7). Myelin figures with different conformations
and sizes, such as have been illustrated by others in
glutaraldehyde-fixed material,6'24'26 were sometimes seen
in the cytoplasm of B cells in close contact with the
dark B granules and also within the clear space sur-
rounding their core (figure 6). Residual bodies, often
containing round structures resembling the dark cores
of B granules, were frequently encountered. Granules
in rabbit B cells,4 were also seen.

Nonincubated tumor-bearing group. The most strik-
ing differences found between the B cells of control

FIG. 5. Light micrograph of control rat islet, incubated in high
glucose medium, embedded in Epon, and stained with
toluidine blue. A substantial proportion of the islet cells
shows several changes. In certain cells, nuclei appear
shrunken, with increased density of the nuclear margin,
and are obviously pylcnotic (arrows). Several other
islet cells with well-preserved nuclei and cytoplasm are
seen also (arrowheads). X 950.

and tumor-bearing animals were related to changes in
the secretory granules and the endoplasmic reticulum
(figures 8, 9, 10). Although no statistical study was
made, it was obvious that the B cell cytoplasm of tumor-
bearing rats had a greater concentration of granules per
unit area than that of control animals. Whereas in the
controls pale B granules represented approximately 15
per cent of the total B granule population, in the tumor-
bearing group they ranged from 30 to 60 per cent.
Dark B granules, which accounted for the remainder
of the B granule population, appeared morphologically
similar in both groups of animals (figures 9, 10). Pale
granules in the tumor-bearing rats essentially resembled
those of controls, but they were seen to communicate
with one another more often (figures 9, 10). More-
over, dark and pale cores were frequently seen to share
a common limiting membrane (figure 9). The limiting
membrane of the pale granules in tumor-bearing rats
often exhibited discontinuities; in addition, the clear
space between this membrane and the core was very
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FIG. 6. Electron micrograph of a control nonincubated tissue. B cells appear with either dark or light cytoplasm. Most of their
secretory granules are of the dark type (Bd); few are of the pale type (Bp). Osmiophilic structures, which at higher magni-
fication proved to be myelin figures (arrows), are frequently observed in relation to cell organelles. Nucleus ( N ) . Endo-
plasmic reticulum (ER). Golgi complex ( G ) . Capillary (C ) . X 12,000.

narrow or nonexistent (figure io) .
In addition to the changes in the pale granules, dila-

tation of the cisternae of the rough endoplasmic reticu-
lum was observed to a moderate extent (figures 8, 9,
10). These dilated cisternae frequently contained a vari-
able amount of flocculent material similar in electron
density and texture to that forming the cores of pale
granules. Images suggesting the existence of transitional
forms between irregularly dilated rough endoplasmic
reticulum cisternae and pale granules were seen in some
B cells studied from tumor-bearing animals (figures 9,
10, 12). Furthermore, significant variations in electron
density were commonly observed among the pale gran-
ule population. These variations appeared to result from
a closer packing of the fibrillar material (subunits) com-
posing the pale granules (figures 9, 10).

FIG. 7. (left) Nonincubated control. Portion of a B cell cyto-
plasm with dark granules. Most cores have slightly
angular profiles. The limiting membranes are of the
unit type and sometimes are invaginated into the clear
space surrounding the dense core (arrows). Rough
endoplasmic reticulum with smooth segments (ER).
X 40,000.
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FIG. 8. Nonincubated tumor-bearing rat. Low power view of several B cells with a large number of pale granules (Bp). In some
areas, most of the cisternae of the endoplasmic reticulum appeared moderately dilated (ER). Nucleus (N). Erythrocyte (E).
X 6,500.

Although myelin figures, residual bodies, and gran-
ules with coated membranes did not differ in structure
and topography from those seen in the controls, they
appeared, nevertheless, to be slightly decreased in num-
ber.

Incubated tissues. Electron microscopic examination
of the best preserved areas, selected after light micro-
scopic survey of the toluidine blue-stained thick sec-
tions, disclosed ( i ) several B cells almost indistinguish-
able from those seen in the tissues taken before incu-
bation (figure I I , 12), (2) a few necrotic B cells
(figure 13), and (3) some B cells apparently under-
going degeneration (figure 14, 15).

The glucose level in the incubation media did not
appear to change the proportion of pale granules in the
best preserved B cells from control animals. B cells
from tumor-bearing animals incubated in high glucose
did not differ from those before incubation. In contrast,
most B cells from the same animals, but incubated in
low glucose, showed a moderate decrease in the propor-
tion of pale granules. Some cells from this group, how-
ever, had as many pale granules as the B cells before
incubation. Dark B granules in incubated tissues from

control and tumor-bearing rats alike, frequently con-
tained a certain number of cores with angulated pro-
files, usually rhomboidal. Such configurational changes
in the dark cores, occasionally present in well-preserved
B cells, were increased in number in damaged (figure
15) and necrotic B cells. A most important finding is
that almost all dark granule cores had become rhom-
boidal in severely damaged cells (figure 13).

It is most difficult to assess the functional ability of
those B cells which are here considered as degenerated.
While some of them are obviously severely damaged,
others only exhibit minimal changes such as a slight
to moderate dilatation of the Golgi cisternae (figure
14). In some of the degenerated cells there was also
moderate dilatation and vesiculation of the endoplasmic
reticulum (figure 15) which, in contrast to that of
best preserved B cells, only rarely contained pale floc-
culent material. Mitochondrial swelling was also found
(figure 15) and appeared to correlate with the severity
of cellular damage. An interesting feature, common to
degenerated and necrotic B cells, was the marked reduc-
tion of the pale granule population. Such decrease in the
proportion of pale granules correlated closely with the
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FIG. 9. Nonincubated tumor-bearing rat. Portions of two B cells showing typical pale (Bp) and dark (Bd) B granules. Both types
of granules frequently shared a common limiting membrane (arrows). Intermediate images between dark and pale granules
are often seen. Dilated endoplasmic reticulum (ER). Some dilated cisternae (arrowheads) contain a flocculent material sim-
ilar to that forming the core of the pale granules. Golgi complex ( G ) . Nucleus ( N ) . X 12,000.

severity of B cell damage. Pale B granules, so common
in well-preserved B cells from tumor-bearing rats, were
seldom seen in the necrotic B cells that appear in the
islets of the same animal after incubation (figure 13).

DISCUSSION

This study demonstrates that there is a sharp differ-
ence between the fine structure of pancreatic B cells
from tumor-bearing rats and that of the controls. In the
B cells of the former, there is a two- to three-fold in-
crease in the proportion of pale to dark B granules. This
marked shift in the rat, a species noted for the paucity
of pale B granules, is indeed remarkable. It is also ap-
parent from this study that the B cell cytoplasm of

FIG. 10. (right) Nonincubated tumor-bearing rat. High magni-
fication of B cell cytoplasm showing a pale B granule
(Bp) directly communicating with another pale gran-
ule; the latter, however, is more electron-dense and
displays more closely packed subunits. A few ribosomes
are apposed to the surface of the pale B granule mem-
brane (arrows). Dark B granules (Bd). Moderately
dilated endoplasmic reticulum (ER). X 40,000.
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FIG. I I . Control, incubated in high glucose medium. B cells taken at this time show fine structural characteristics essentially similar

to those of B cells taken before incubation. The endoplasmic reticulum is slightly dilated, containing some flocculent elec-

tron-dense material (ER). Dark ( B j and pale (Bp) granules. Osmiophilic structures (arrows) similar to those shown in

figure 3. Nucleus ( N ) . Mitochondria ( M ) . X 20,000.

2 2
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FIG. 13. Tumor-bearing rat B cell with nucleus (Ne) and a
portion of an adjacent acinar cell (Ac). There is dis-
integration and disorganization of the cytoplasmic con-
stituents of the B cell. Cristae mitochondriales appear
disorganized and the mitochondria are swollen in the
B cell ( M ) . Nucleus (Ne) of this cell appears elec-
tron-dense and crenated. Most dark B granule cores
have angulated, usually rhomboidal profiles (arrows).
X 10,800.

tumor-bearing rats exhibits a greater concentration of
B granules than that of control animals. This increase
in the total granule population is mainly the result of
the appearance of large numbers of pale granules, since
the amount of dark granules remains similar in both
groups of animals. Furthermore, the endoplasmic reticu-
lum cisternae of the B cells of tumor-bearing rats ap-
pear with varying degrees of dilatation and contain a

FIG. 12. (opposite page) Tumor-bearing rat, incubated in high
glucose medium. Except for some indication of in-
creased autophagocytosis (arrows), the appearance of
this B cell is similar to that of B cells from tumor-
bearing rats before incubation. Dark (Bd) and pale
(Bp) B granules. Nucleus ( N ) . Golgi complex ( G ) .
Mitochondria ( M ) . Endoplasmic reticulum contains
abundant flocculent material (ER). X 20,000.

FIG. 14. Control, incubated in high glucose medium. B cell
showing moderate dilatation of the Golgi cisternae
( G ) . Remaining structures appear within normal limits.
Pale (Bp) and dark (Bd) granules. Endoplasmic reti-
culum (ER). Nucleus ( N ) . X 15,000.

variable amount of flocculent material. Finally, the pres-
ence of a prominent Golgi complex in these cells is
also considered a significant change.

To our knowledge, only Peake et al.27 have discussed
the fine structure of the B cells from tumor-bearing
rats in an experimental situation similar to ours. Al-
though these authors27 reported that no qualitative dif-
ferences between the B granules of control and tumor-
bearing rats were found, their electron micrograph from
the B cells of tumor-bearing rats, illustrates changes
similar to those reported here, such as occurrence of two
cores within a common limiting membrane and dilata-
tion of the endoplasmic reticulum, frequently containing
a flocculent material. Peake et al.27 observed, as we did,
an increase in the granularity of the B cells from tumor-
bearing rats. At variance with our views, these authors
attributed this hypergranularity to cell hypertrophy
rather than to an increase of granules per unit area of
cytoplasm. In the electron micrographs of the controls
published by Peake et al.,27 the cores of the dark B
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FIG. 15. Control, incubated in high glucose medium. Slightly
altered B cell showing swollen mitochondria (M),
vesicular endoplasmic reticulum (ER), and numerous
B granules with angulated, usually rhomboidal con-
formations (arrowheads). Nuclei (N). Capillary (C).
X 7,000.

granules are mostly angular. Such an appearance is found
in the present work most frequently in necrotic or de-
generating B cells (figure 13, 15). Although not de-
scribed as such, it is apparent that similar configurational
changes of B granule cores were encountered in the
necrotic B cells from incubated rat islets by Creutzfeldt
et al.28 It is worth noting, however, that necrosis is
certainly not involved in the work of Peake et al.,27

since the nucleus shown in their figure 327 appears well-
preserved. Further work will have to be done to establish
whether differences in the diet or in the fixation may
account for these discrepancies.

In theory, the morphological pattern of the B granule
population at any given time is largely related to the
rates of synthesis, storage, and release of insulin. There-
fore, quantitation of these parameters coupled with a
morphological study should facilitate the interpretation
of morphological changes observed when one or more
of these parameters are involved. In the present work,
we hoped to clarify the function of the pale B granule

by studying the behavior of this pale B granule popu-
lation in tumor rats when stimulated with glucose in
vitro.

As was to be expected from studies previously pub-
lished,8 no significant ultrastructural changes were found
here in the B granule population of control and tumor-
bearing rats when stimulated in vitro, since only 10 and
1.2 per cent respectively of the total insulin content
was released under glucose stimulation. These observa-
tions suggest that either there is no preferential release
of the pale granules, or the increased synthesis known
to be present in these glucose-stimulated B cells8 is
capable of maintaining the original prestimulation struc-
tural organization of the B cells. The relative and
occasional reduction of pale granules in the B cells of
tumor-bearing rats when incubated at lower glucose con-
centration might be explained by the lower synthetic
activity apparently present in the islets kept under basal
conditions in vitro.5

Perhaps our inability to find striking structural
changes in the B cells stimulated with glucose in vitro
may be due to the short period of incubation. The
degenerative changes described above clearly indicate,
however, the complications introduced by prolonging
the incubation time.

Previous biochemical studies8'10-29 showed that the B
cells of tumor-bearing rats synthesize and store more
insulin than those of control animals. It seems reason-
able to conclude that this increased responsiveness is ex-
pressed at the subcellular level by the following struc-
tural changes: prominent dilatation of the endoplasmic
reticulum cisternae; accumulation of flocculent material
in many of these cisternae; enlargement of the Golgi
complex; and increased concentration of B granules
per unit area of cytoplasm, largely of the pale type.

Pale B granules may represent a stage in the process
of insulin synthesis and storage as suggested by the
present work and previous investigations.1'3*4'6*30 Based
on studies in rabbits,1 it has been proposed that pale
granules predominate in activated B cells and that dark
ganules accumulate only when insulin secretion is at a
low level. The concept that pale B granules may be
precursors of dark ones is supported by studies on adult
rabbits recovering from severe cortisone degranulation
during which time pale B granules are the first type
formed.4 Also in favor of such a view is the clear pre-
dominance of pale B granules in neonatal rabbits, and
their gradual decrease with age until the proportion of
1:1 is reached by the time the animals attain maturity.3'6

It seems possible that in the fast growing rabbit, the
demand for insulin relative to the amount produced
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may be too great to allow much storage in the form
of dark granules.

Previous reports dealing with the changes occurring
in vitro in B cells of incubated pancreas in the rat have
not specifically studied the role of the pale granules,
except for the recent paper of Howell et al.31 From a
study of the formation of B granules in isolated rat
pancreatic islets (using electron microscopic radioauto-
.graphy) that appeared while this manuscript was in
preparation, Howell et al.31 concluded that the content
and possible function of pale granules remain unclear.
Moreover, based on their results using intact cells and
isolated granules, these authors believed that pale gran-
ules are not precursors of the dark ones. Pertinent to
this discussion on the possible nature of pale B granules
is the report by Hoyos-Guevara,25 which also appeared
after completion of this manuscript. Although not re-
ferring to the pale B granules as such, this author de-
scribed the occurrence of pale granules in mice im-
munized with insulin and considers this change in
the B cell to be a sign of hyperactivity. It is possible
that the report of Grodsky et al.32 dealing with the
changes in B cells of rabbits immunized with insulin
would be another example in which hyperactivity of
B cells would lead to an increase in the number of
paje B granules.

In the past, the rabbit has been the experimental ani-
mal of choice to study changes in the proportion of
pale to dark B granules. However, it appears in the
light of the results reported in the present work that the
use of the hypersomatotrophic rat will open new avenues
for investigations on the nature and function of the
pale B granules.
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