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Background & objectives: Data on comparative distribution of the islet cell types in the Indian bonnet
monkeys and rats are not available. The aim of the present study was to compare the arrangement of
the three islet cell types in the native and in isolated rat and Indian bonnet monkey islets by
immunocytochemistry.

Methods: Rat islets isolated by chopped tissue collagenase digestion method and islets of monkey
isolated by intraductal collagenase digestion method were immunostained by streptavidin-biotin
peroxidase method.

Results: Immunocytochemical staining of the isolated islets in both the species revealed the presence
of three different cell types: insulin secreting B cells, glucagon secreting A cells and somatostatin
secreting D cells. The arrangement of islet cell types in the rats and monkeys was similar to that of the
intact islets of the native pancreas but were arranged in a definite pattern. In rats the A and D cells
were peripherally arranged around the centrally located B cells. In monkeys the B cells occupied the
majority of the periphery while the A and D cells were found mostly in the centre.

Interpretation & conclusion: The findings of the present study showed that the arrangement of cell
types in the islets was not affected by the isolation procedure. The difference in the arrangement of
islet cell types in the two species may reflect special functional adaptations.

Key words  Immunocytochemistry - islet cell types - monkeys - rats

Application of reliable and specific
immunocytochemical technique has allowed clear
identification of major islet cell types; insulin containing
B cells, glucagon containing A-cells and somatostatin
secreting D-cells1. There are reports on the varied
arrangement of cell types in different species2 and is
thought to have considerable functional significance.
Immunocytochemical studies on pancreatic islets of
Indian bonnet monkey are not available. Because of their
similar physiology to humans, non-human primates
provide an excellent model for studying type 2 diabetes3,4 .
Rat pancreas has been frequently used as an animal
model to study changes in islet cells in pathological

conditions, such as diabetes mellitus and islet cell
tumours1. Information on difference in distribution of islet
cell type, if any, in the Indian bonnet monkeys and rats is
not available. The present study was therefore
undertaken to compare the distribution of the three islet
cell types in the native and in isolated islets of rats and
monkeys by immunocytochemistry.

Material & Methods

Chemicals: Collagenase Type-XI was purchased from
Sigma Chemical Company, USA. All other chemicals were
of analytical grade, purchased from S.D. Fine-Chem. Ltd.,
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Mumbai, India. Fresh double distilled water was used to
prepare all the solutions. All immunochemicals were
purchased from Biomeda, (CA), USA.

Whole pancreas from rats and monkeys was removed
under anaesthesia and fixed in 10% buffered formalin
for 24 h. Tissues were dehydrated in graded series of
alcohol, embedded in paraffin, sectioned at 5 micron
thickness and used for immunostaining.

Six adult albino Wistar rats of both sexes weighing
between 200-250 g were used for isolation experiments.
Animals were fed on a standard diet with water ad
libitum. Rats were anaesthetized in the morning using
pentothal sodium (35 mg/kg ip) after overnight fasting.
The method of Lacy & Kostinovsky5 was used for
isolation of rat islets.

The isolation procedure standardized in our laboratory6

was followed for the isolation of monkey islets. Six
monkeys (Macaca radiata radiata) of both sexes
weighing between 3-5 kg were used. After overnight
fasting, animals were anaesthetized with pentothal sodium
(35 mg/kg ip) in the morning. Laparotomy was done, about
3-4 g of the pancreas was excised quickly without
damaging the tissue. The excised pancreas was rapidly
immersed in ice cold Hank’s balanced salt solution (HBSS).
The gland was weighed and a catheter (ID 0.023” Clay
Adams Inc., New York) was gently introduced into the
pancreatic duct. Prewarmed (37ºC) sterile HBSS (pH
7.4) containing the enzyme collagenase was injected slowly
into the pancreas. After inflation, the pancreatic duct was
tied with sterile thread. The inflated gland was gently
placed in a 50 ml beaker and the air in the beaker was
displaced with oxygen. The beaker was closed with a
cork and incubated at 37ºC in a water bath for 25 min.
After the incubation period, the digested gland was gently
placed in a petri dish containing cold HBSS. The friable
pancreas was teased into small fragments with the help
of two forceps. The pancreatic fragments were twice
aspirated in 20 ml syringe without needle and ejected into
a petri dish at the end of which the fragments became a
homogenate. After the third aspiration, the homogenate
was poured over a nylon mesh (500 micron). The trapped
tissue debris, lymph nodes and small blood vessels
remaining on the nylon mesh were discarded. Numerous
free islets and dispersed fine acinar tissue were present
in the filtrate. For separation of islets, the filtrate was

centrifuged at 700g for 15 sec. At the end of centrifugation
the pancreatic digest was mixed in 5 ml of 31 per cent
dextran solution. Four ml of 25, 23, 20 and 11 per cent
dextran solutions were layered on top of each other. The
tube was then centrifuged at  800Xg for 10 min. The
islets were present at the 23-20 per cent interface. Islets
were easily identified by their higher opacity and pearly
white appearance when viewed against a black
background with side illumination under dissection
microscope (W. Watson & Sons Ltd., 98141, London).

Specific tests were used to identify rat and monkey
islets after isolation. Dithizone stain was used to check
the purity of the islets. Only the islets took up the stain
and became crimson red colour. Group of islets were
also subjected to histological examination under light
microscope and it was found that no acinar tissue was
adherent to the islets.

The study protocol was approved by the Institutional
Animal Ethics Committee of Christian Medical College,
Vellore.

The isolated rat and monkey islets were fixed in 10
per cent buffered formalin separately for 24 h. The fixed
islets were processed in graded series of alcohol and
embedded in bee-wax. Serial sections of 5 microns were
cut (American Opticals, Model: 820 microtome). The tissue
sections and the isolated islets of rats and monkeys were
stained with Harris´ haematoxylin and eosin while the
remaining serial sections were used for immunostaining.

Serial sections of the rat and monkey native and
isolated islets were immunostained by strepavidin-biotin
peroxidase method7 using pre-diluted polyclonal
antibodies. For each animal, three sections of the native
and isolated islets were immunostained separately for
each hormone used, while three sections were used for
controls i.e., diluted non-immune serum from the same
animal  species in which the primary antibody was raised.

All sections were de-paraffinized in xylene bath to
remove the excess wax. The slides were placed in two
changes of absolute alcohol for 3 min each. The same
procedure was repeated with 90 per cent alcohol. The
slides were placed in blocking reagent in order to block
the endogenous peroxidase activity for five min, which
was pre-diluted with 5 volumes of 100 per cent ethanol.
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The slides were placed in two changes of 70 per cent
alcohol for three min each. The excess alcohol around
the sections was removed and the slides were quickly
immersed in Tris buffer, pH 7.6 for 5 min. Two drops of
tissue conditioner was added and the sections were
incubated for 5 min and then rinsed in buffer solution.
Pre-diluted primary polyclonal anti-guinea pig antibody to
insulin (1:1,000) raised against human insulin, anti-rabbit
glucagon antibody (1:375) raised against Procine glucagon
conjugated to BSA and anti-rabbit somatostatin antibody
(1:500) raised against synthetic somatostatin, were added
to the sections and incubated for one hour. The secondary
antibodies for insulin, glucagon and somatostatin were anti-
rabbit polyclonal antibodies. After incubation for half an
hour, the sections were rinsed with tris buffer, peroxidase
solution was added, incubated for 30 min and later rinsed
with the buffer. AEC (3-amino, 9-ethyl carbazole)
chromogen substrate was added to the sections and was
incubated for 15 min and rinsed with distilled water. The
sections were counter-stained with Harris´ haematoxylin
for 45 sec to facilitate nuclear identification.

Negative controls for immunocytochemical staining
were included by omitting the primary antibody and
replacing it with diluted normal serum.

Morphometric analysis was carried out for the
identification of the islet size. Five sections per slide, with
the total of 25 sections per animal was used for measuring
the diameter of the native and isolated islets. Caliberated
ocular micrometer was used to measure the diameter of
the islets. The profile diameter (d) of the islets was
calculated from the equation d = 2√

—
ab, where a and b

are the major and minor at right angle axis, respectively.
The formula of Williams8 was used to calculate the mean
true diameter (–D) for the isolated and the intact islets.

 –D =
     π     

  ×
                       N

             2              1/di1+1/di2+1/di3-----1/diN

Where N represents the total profiles measured and
di1, di2 to diN represents the profile diameters.

Statistical analysis: was done by one way analysis of
variance (ANOVA) followed by Bonferroni alpha
comparisons using a current SPSS statistical package.

Results & Discussion

Under light microscopy the haematoxylin and eosin
stained sections of isolated rat islets appeared intact and

completely free of acinar cells. The islets were round or
elogated in shape (Fig. 1). Morphometric analysis of the
rat islets revealed that the mean diameters of the native
and isolated islets were 201.4±8.8 µm and 198.44±9.61
µm respectively, the difference was not statistically
significant. Sections of isolated monkey islets showed
that the islets were either round or oval shaped, intact
without acinar contamination (Fig. 2). In monkeys the
mean islet diameter in the native pancreas was
230.78±15.8 µm and in the isolated islets the mean
diameter was found to be 198.44±7.7 µm, which was
significantly lower (P<0.05) that the native islets. This
indicates that the loss of islet mass was more in the
monkeys. Exposure of monkey islets to collagenase for
25 min under static incubation may be the cause for the
reduction in the islet size. In rats, the chopped pancreas
was shaken mechanically with the enzyme for only 7.5
min and showed no significant change in the islet size.
Salvin et al9 attributed the injury of the peripheral parts
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Fig. 2. An isolated monkey islet haematoxylin and eosin stained.
Intact and round shaped × 400.

Fig. 1. Light micrograph of an islet isolated from rat pancreas stained
with haematoxylin and eosin × 400.
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of the islets to the metabolic changes occurring in the
islet cells during the isolation procedure. However, this
injury could be due to enzymatic digestion of the
peripheral parts of the islets by the collagenase enzyme
and mechanical trauma during the process of isolation.

Immunocytochemical staining of the rat native and
isolated islets revealed that the islets were well

granulated. In both the conditions the insulin positive B
cells formed the majority of the islet cells and were
located in the center (Figs 3a, 3b). The A cells were
distributed at the periphery of the isolated islets
(Fig. 4a), similar to their distribution in the native islets
(Fig. 4b). They were comparatively lesser than that of
the B cells. The D cells were also located at the periphery,
both in the native and in the isolated islets (Figs 5a, 5b).

Fig. 3a. Positively stained B cells (I, shown by arrows) in the central
core of the rat native islet surrounded by unstained non-B cells × 400.

Fig. 3b. Intact isolated rat islet showing positively stained B cells
(I, shown by arrows) occurring at the center of the islet × 400.

Fig. 4b. Isolated rat islets stained for A cells (G, shown by arrows)
secreting glucagon. The cells are present at the periphery of the islets×400.

Fig 4a. Immunocytochemical staining of A cells (G, shown by arrows) in
the rat native islets. These are located at the periphery of the islet × 400.

Fig. 5a. Native rat islet revealing somatostatin D cells (S, shown by
arrows). They were few and were present at the periphery × 400.

Fig. 5b. Isolated rat islet showing the presence of D cells (S, shown
by arrow) immunocytochemically stained for somatostatin × 400.
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Immunocytochemistry of monkey native and isolated
islets revealed that the native islets were well granulated
than the isolated islets. Insulin containing B cells
occupied the periphery and were found to be the
predominant cell type (Figs 6a, 6b), both in the native
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as well as in the isolated islets. In the native and isolated
islets, the glucagon secreting A cells were found to be
lesser than that of the B cells and were observed at
the center and also at the periphery (Figs 7a, 7b). Like
in native islets, the somatostatin expressing D cells were

Fig. 6a. Immunoreactive B cells (I) occupy the periphery of the native
islet. The insulin secreting B cells are the predominant cell type × 400.

Fig. 6b. Isolated monkey islet showing weak positive staining for B
cells (I) which are present at the periphery×400.

Fig. 7a. Central and peripherally arranged A cells (G) present in an
native monkey islet×400.

Fig. 7b. Isolated monkey islet showing less staining for glucagon
secreting A cells (G) present in the center and at the periphery×400.

Fig. 8a. Somatostatin D cells (S) present in the central area of the
monkey native islet. Very few D cells were present×400.

Fig. 8b. An isolated monkey islet stained for somatostatin. The
section show very weak immunostaining for D cells (S) present at
the center of the islet × 400.
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present in the center of the isolated islets (Figs 8a, 8b).
Though the arrangement was similar, isolated islets
showed reduction in the staining of all the three cell
types. The decrease in the hormonal content might be
due to the longer time involved in processing the monkey
pancreas.

The immunocytochemical findings showed, that
there was a species-specific arrangement of cell types
in rat and monkey islets. The differences in the
distribution may reflect a functional significance and
may be related to the embryonic development of the
pancreas10. In rats, islets showed central core of B
cells with peripherally arranged A and D cells revealing
similar distribution to that of humans11. In contrast to
the above predominant pattern for pancreatic islets, islet
cell distribution in the monkey tissue examined,
appeared to be the reverse. In monkeys the B cells
were peripherally arranged while the A and D cells
are mostly in the center. The present results of the
arrangement of bonnet monkey pancreatic islets cell
types were identical to the previously described reports
on other monkey species2,12. The cellular organization
of non-human primate islets appears to be important in
the regulation of islet hormone secretion. It is shown
that the difference in the arrangement of cell types is
usually the result of location of capillaries within the
islets13. Stagner et al14 reported that in rat islets, blood
flowed in the direction from the B cell core to the
non B cell mantle which was also the same in monkeys
where B to A to D cell sequence was present, despite
the apparent difference in islet anatomy. Ulrich et al15

found a species variation in the distribution of drug
metabolizing enzymes in the pancreas. In Macaca irus
the immunoreactive cells were present in the centre
but the number varied from one islet to another16.

In conclusion, the results of the present study show
that the islets isolated by two different enzymatic
digestion techniques in two different species showed
different arrangement of cell types but well preserved
islet cell morphology like that of the native islets by
immunocytochemistry. By using this technique,
presence of islet hormones in the transplanted graft
may be studied. Further studies on isolated islets of
various species need to be done to study some of the
intricate mechanisms that govern integrated functions
of the cells in the pancreatic islets.
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