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Structural Changes of Pancreatic Islets in Genetically Obese Rats
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Summary. Light and electron microscopic observations
were performed on pancreatic islets from genetically
obese rats, (Zucker, ‘“fatty’’), from 5 to 52 weeks of age.
At 5 weeks of age, islets were moderately hypertrophied.
After that age, hypertrophy of islets became more promi-
nent, until 24 weeks of age, with accompanying degranu-
lation of B cells. The plasma insulin level also continued
to increase during this period, but the glucose level was
normal. Degranulated B cells contained a highly develop-
ed Golgi complex, numerous vesiculated, granular; endo-
plasmic reticulum and a small number of secretory gran-
ules, but no glycogen deposits. Emiocytosis and miero-
tubule formation were very remarkable with these B
cells. Frequently, mixed or intermediate cells, such as

Zucker or “fatty’’ rats have genetically determined
metabolic disorders such as obesity, hyperlipaemia and
hypercholesterolaemia [25, 26]. Generally, obesity is
associated with hyperinsulinism in humans and ani-
mals. York ef al. [24], Lemonnier [10] and Zucker and
Antoniades [27] confirmed increases in the plasma
insulin level and insulin content of pancreas of these
obese rats.

Structural changes of pancreatic islets were remark-
able in spontaneously obese and hyperglycaemic ani-
mals — db/db mice [13], Wellesley hybrid mice [11],
sand rat [12], spiny mice [16] and yellow KK mice [18].
Fatty rats can be distinguished from these animals by
the blood glucose level, because fatty rats are normo-
glycaemic [26].

In hyperglycaemic animals, there has been con-
sistently observed a stimulation of B cells secondary
to hyperglycaemia, although other factors may be also
involved. It is therefore important for physiological
studies of the pancreas to compare B cells of normo-
glycaemic fatty rats to those of obese and hyper-
glycaemic animals. In the present study, we observed
pancreatic islets from fatty rats at different ages to
elucidate structural changes of B cells in relation to the
advance of obesity.

Materials and Methods

Fatty rats, introduced from Zucker’s laboratory,
were made free from specific pathogens by Caesarean
section in our laboratory. Male fatty rats (fa/fa) and
their lean littermates (fa/+, +/-F) were fed water and
laboratory chow diet (CE-2, Japan Clea. Inc., Tokyo)

exocrine-endocrine or ductural-endocrine cell, were observ-
ed in pancreas with hypertrophied islets. At 52 weeks
of age, both the plasma insulin and triglyceride levels
decreased. In the pancreas, there were observed proli-
feration of fibrous tissue and well granulated B cells in
hypertrophied islets. Hence, in fatty rats, pancreatic
islets were in an active state during the period of devel-
opment of obesity and hyperlipaemia (from 5 to 24 weeks
of age). These correlates of obesity and hyperinsulinism
disappeared at 52 weeks of age.

Key words: Pancreatic islets, obese rats, ultrastruc-
ture, obesity, insulin, B cell, hyperlipaemia.

in an individual metal cage. The blood samples were
obtained by heart puncture under anaesthesia with
ether. Plasma glucose and plasma insulin were deter-
mined by the glucose oxidase method [8] and immuno-
logical procedures [23] with Sephadex-antibody com-
plex (an assay kit from Pharmacia Comp., and buman
insulin as the standard), respectively. Plasma triglyc-
eride was determined as glycerol by triglyceride kit
[20] (Wako pure chem. Ind., Osaka). Epididymal
adipose tissue weight was measured as an index of
adiposity.

The pancreas was rapidly removed and fixed in
Bouin’s or Rossman’s fixative, embedded in paraffin
and stained with Gomori’s aldehyde fuchsin trichrome
[4] and periodic acid Schiff (PAS), respectively. Speci-
mens for PAS staining were treated with 19, collodion
solution to prevent loss of glycogen during staining
procedures. For electron microscopy, small blocks of
pancreas were fixed in 2.5, glutaraldehyde in 0.1 M
phosphate buffer (pH 7.4) at 4°C, waghed in the same
buffer and then fixed in 19, osmium tetroxide. Some
specimens, fixed at room temparature by the above
procedures, were used for observation of microtubular
systems. They were dehydrated in ethanol, cleared
with propylene oxide and embedded in Epon 812 [14].
Thin sections were cut with glass knives on an LKB
ultrotome, mounted on unsupported copper grids, and
stained by uranyl acetate and lead citrate [17]. Obser-
vations were performed with an electron microscope
(JEM-T7s, Japan electron optics lab. Co., LTD).

The size of the pancreatic islets was measured on
fatty and lean rats at 5 weeks of age using two speci-
mens from each rat. The longest diameter of each islet
was used. as an index of islet size.
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Results

Body weight and epididymal fat pad weight were
much greater in fatty rats than in lean littermates at
the same ages (Table 1). The range of plasma glucose
values was 95 to 150 mg%, in fatty rats, corresponding
to that of lean littermates. In fatty rats, the plasma
JRI and triglyceride levels were elevated even at 5
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rats {Fig. 1). However, the appearance of the B cells
was completely normal in fatty as compared with those
of lean rats. Bight week old fatty rats showed marked
alterations in the islets besides advanced hypertrophy.
Light microscopically, most of the B cells in islets were
degranulated (Fig. 2). Ultrastructurally, in these B
cells, there were observed a decreased number of secre-
tory granules, vesicularization of granular endoplasmic

Table 1. Bischemical data from genetically obese rats and their lean littermates

Age N BW Epididymal Plasma  Plasma  Plasma
adipose glucose  IRI TG
{weeks) =3 tissue wh. (g} (mog/dl) (tUjmly  (mg/dl)
Fatty 5 5 142+ 3 1.240.1 102+ 5 41+ 3 92 8
8 b 335-4-12 6.34-0.6 95411 81+ 8 1504 17
8 (a) 2 315, 320 5.3, 5.6 84,91 19,48 137, 167
16 4 54017  12.141.2 1424 5 135413 3054 37
24 5 609+ 8 18.040.5 120 5 252526 1080L252
52 5 784137 231131 150016 87417 6571117
Lean 5 5 1254 5 051002 1184 5 134 1 49+ 5
8 5 261411 1.440.3 834+ 5 184 6 634+ 6
16 4 402X 5 3.9r0.1 1443 5  35% 5 81+ 8
52 4 504129  5.6-0.5 1102219 = =
All values represent mean -+ S.E.M.
& Rats were fasted for 18 h.
Table 2. Histological findings on the pancreatic islets from . o
Satty rats % | b
10 ean (5) 401 fatty (5)
Age (weeks) 5 8 16 24 52 |
Degranulation — 4+ +4+ -+ — 20 20
of B cell
Glycogen depo- — - — —— —
sition in B cell
50 100 150 200 2 9 50 100 150 200 230
H i i ! 1 i
iHSg%):rtrophy of + ++ A+ A+ bt diameter of pancreatic islet (p)
Fig. 1. Size distribution patterns of pancreatic islets from
Tnereaess of - + L 4 fatty rats and their lean littermates at 5 weeks of age.

fibrous tissue

lean: 12,4+ 4.5 (n: 10)

* Percentage of pale
fatty: 36.2-4-13.0 (n: 9)

granules in B cells.

* Quantitative determinations of pale granules were
performed at 8 weeks of age.

weeks, continued to increase until 24 weeks and then
decreased. These observations clearly demonstrated
that fatty rats were obese, hyperlipidaemic and hyper-
insulinaemic and that these syndromes advanced with
increasing age from 5 to 24 weeks. Upon fasting of two
fatty rats at 8 weeks, the plasma IRI level decreased
but plasma triglyceride and glucose levels hardly al-
tered.

Histological observations: (Table 2)

Histological examinations were performed on the
pancreas from all of the rats cited in Table 1. At 5
weeks of age, the size of islets was increased in fatty

Perpendicular: Number of islet (9, of total observed islets).
Horizontal: Diameter of islets{u)

reticulum and highly developed Golgi apparatus (Fig.
3). Quantitative observation of the B cell granule popu-
lation showed that 36.2%, of total granules were low in
electron density (pale granules), while only 12.49%, of
granules were pale in B cells from control littermates
(Table 2).

Frequently, in the fatty rats, B granules, regardiess
of differences in density, were attached to each other
or to the cell membrane by fusion of limiting membranes
{(Fig. 4). In pancreas fixed at room temperature, micro-
tubules were prominent throughout the cytoplasm of
B cells from fatty animals (Fig.5). In fasted fatty rats,
whose plasma insulin level was decreased, degranula-
tion of B cells observed in the fed state was reversed
and B cells were well granulated. Thus, the changes
mentioned above may reflect an active state of insulin
synthesis and secretion.
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These changes observed in B cells became more
prominent in 16 and 24 weeks old fatty rats. At these
ages, there were extremely hypertrophied and de-
granulated islets, some of which exhibited proliferation
of fibrous tissue (Fig. 6). Under the electron micro-
scope, B cells of these rats showed not only profiles
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creatic islets. In these cells, exocrine granules coexisted
with A and/or B granules and the lamella structure of
endoplasmic reticulum was as remarkable as in acinar
cells (Fig. 7). Another type of unusual cell was ob-
served in the epithelial layer of pancreatic ducts. These
cells were stained by aldehyde fuchsin (Fig. 8).

Fig. 2. Pancreatic islets from lean and fatty rats at 8 weeks of age. Degranulation of B cells is remarkable in fatty
rats. Gomori’s aldehyde-fuchsin stain. a) lean, b) fatty. 125 x

suggesting active synthesis and secretion of insulin, but
also characteristic changes indicating formation of B
cells from extra-insular cells. Some exocrine cells con-
taining endocrine granules were observed around pan-

Diabetologia, Vol. 9

In 52 weeks old fatty rats, whose plasma IRI level
was decreased, pancreatic islets were still hypertrophied
but B cells were filled with granules. An increase of
fibrous tissue was remarkable in these islets (Fig. 9).

29
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Fig. 3. Electron micrographs of B cells of pancreatic iglets from lean and fatty rats at 8 weeks of age. The B cells
of lean rat are well granulated. In fatty rats, the secretory granules of B cells are diminished and Golgi complex and
rough endoplasmic reticulum are well developed. a) lean : 9200 X, b) fatty : 12700 %
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Fig. 4. Portions of B cells showing emiocytosis. Both electron dense and pale granules are liberated into subcapil-
lary space (Arrows). 41000 x

Fig. 5. Electron micrographs of B cells from lean and fatty rats at 8 weeks of age. These pictures are obtained from
the tissue fixed in glutaraldehyde at room temperature. Profiles of microtubules are more prominent in fatty than in
lean rat (Arrows). 36000 x

29#
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Deposition of glycogen in B cells could not be
detected by light or electron microscopy in the pancreas
from all of the fatty rats used in the present studies. In
control rats, there was no structural alteration of pan-
creatic islets, except a mild increase of fibrous tissue
in islets from 52 week old rats.

Discussion

Close association of obesity and hyperinsulinaemia
suggests the presence of active synthesis and secretion
of insulin in humans and animals [1, 18, 22]. Many
studies on animals with spontaneous diabetes and
obesity have given clear cytological evidence for pan-
creatic islet hyperfunction, which appeared to explain
hyperinsulinaemia [12, 16, 18, 22].
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Stern ef al. observed a positive correlation between an
elevation of the plasma insulin level and enlargement
of adipocytes in fatty rats [19]. Zucker and Antoniades
[27] also confirmed an increase in body fat accom-
panying elevation of the plasma insulin level with
increasing age.

The causal relationship between obesity and hyper-
insulinism is very complicated in genetically obese
and/or diabetic animals [6, 7, 24]. The case of fatty rats
is not exceptional. York et al. confirmed advanced
insensitivity to insulin in fatty as compared to hypo-
thalamic-lesioned obese rats [24]. This finding sug-
gests that a primary defect of fatty rats is insensitivity
to insulin, which results in obesity through hyper-
insulinism. On the other hand, it was shown that the
plasma insulin level of fatty rats could hardly be reduc-
ed by reduction of the carbohydrate content of the diet

Fig. 6. Light micrograph of pancreatic islet from 24 weeks old fatty rat. Hypertrophy of islets and degranulation
of B cells are prominent. Proliferation of fibrous tissue is also remarkable. Aldehyde-fuchsin stain. 125X

The present study confirms the same kind of
changes in the pancreas from fatty rats, such as hyper-
trophy of islets and highly developed endoplasmic
reticulum and Golgi complex, which suggested active
insulin synthesis in the B cells. Furthermore, emiocyto-
sig, microtubular formation and increased ratio of pale
granules in B cells were observed as cytological evidence
of active insulin secretion [2, 9, 15, 21].

The transformations of extrainsular cells into B
cells were observed in fatty rats as well as in dia-
betic mice [16, 18]. These, together with marked
hypertrophy of islets, suggest a compensatory adap-
tation of the pancreas to increased demand of insulin
by peripheral tissue, associated with advancing obesity.

[27] or restriction of food intake [24]. This suggests
that B cell function of fatty rats is quite different from
that of normal ones.

The absence of glycogen deposits in degranulated
B cells of fatty rats is cytological evidence to exclude
the onset of a transient hyperglycaemia in fatty rats,
because Carpenter and Lazarow confirmed that arti-
ficial transient hyperglycaemia produced glycogen de-
posits in rat B cells [3]. In fact, we observed glycogen
deposits in degranulated B cells from intermittently
hyperglycaemic yellow KK mice [18]. It is likely that
insulin gecretion of fatty animals is highly stimulated
even by normoglycaemia. Furthermore, fasting was
found to be more effective on the insulin level than on
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Fig. 7. Mixed cells in pancreas from 24 weeks old fatty rat. a) Cells contained B and zymogen granules. 5500 X .
b} A mixed cell contained A, B and zymogen granules in cytoplasm. 15000 X
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Fig. 9. Pancreatic islet from 52 weeks old fatty rat. Extensive proliferation of fibrous tissue is remarkable. Aldehyde-
fuchsin stain. 125 x

the glucose level in the fatty rats. This phenomenon
was also observed by Zucker and Antoniades [27]. Tt
also seems that insulin secretion of these rats depends
mostly on stimulants produced by feeding substances
other than glucose. Therefore, the primary defect due
to fa gene is still obscure.

In one year old fatty rats, there were observed
reduction of the plasma insulin level and degenerated
B cells, manifested by fibroplasia. The regression of
obese syndromes in old age is not specific for these
animals, because hyperinsulinaemia and hypertrophy
of adipocytes disappeared in old objob and yellow KK
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mice [5, 18]. At the present time, there is no plausible
explanation for this phenomenon with genetically obese
animals.
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