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Low insulin content of large islet population
is present in situ and in isolated islets

Han-Hung Huang, Lesya Novikova, S. Janette Williams, Irina V. Smirnova and Lisa Stehno-Bittel*

Department of Physical Therapy and Rehabilitation Science; University of Kansas Medical Center; Kansas City, KS USA
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Abbreviations: BSA, bovine serum albumin; DAPI, 4',6-diamidino-2-phenylindole; EDTA, ethylenediaminetetraacetic acid;
ELISA, enzyme-linked immunosorbent assay; FBS, fetal bovine serum; IHC, immunohistochemistry; IE, islet equivalents;

PBS, phosphate buffered saline; SCB, sodium cacodylate buffer; TEM, transmission electron microscopy

The existence of morphologically distinct populations of islets in the pancreas was described over 60 years ago.
Unfortunately, little attention has been paid to possible functional differences between islet subpopulations until
recently. We demonstrated that one population, the small islets, were superior to large islets in a number of functional
aspects. However, that work did not determine whether these differences were inherent, or whether they arose because
of the challenge of isolation procedures. Nor, was there data to explain the differences in insulin secretion. We utilized
immunohistochemistry, immunofluorescence, ELISA and transmission electron microscopy to compare the unique
characteristics found in isolated rat islet populations in situ and after isolation. Insulin secretion of small isolated islets
was significantly higher compared to large islets, which correlated with higher insulin content/area in small islets (in situ),
a higher density of insulin secretory granules and greater insulin content/volume in isolated islets. Specifically, the core
B-cells of the large islets contained less insulin/cell with a lower insulin granule density than peripheral B-cells. When
insulin secretion was normalized for total insulin content, large and small islets released the same percentage of total
insulin. Small islets had a higher density of cells/area than large islets in vitro and in situ. The data provide a possible
explanation for the inferior insulin secretion from large islets, as they have a lower total cell density and the B-cells of the

core contain less insulin/cell.

Introduction

Morphometrical analysis, first reported in 1947, showed dif-
ferences in size distribution, number and volume of islets from
several species'” including human.®'? In spite of morphological
analysis showing distinct populations of islets, most researchers
and clinicians still consider all islets to be functionally equivalent.

It is surprising that many details about the function of islets
are still unknown.!"'3 In 2001, an important paper examined the
functional differences between islets that related to their size.> The
authors showed a variety of functionally different islet characteris-
tics, including the fact that 60% of the islets responded to glucose
challenge with a dose-dependent insulin release, versus 32% of
islets that had an all-or-none response. Other structural variations
based on islet size were published recently.’

Our laboratory reported that isolated small islets from rats
were superior to large islets in function and in transplanta-
tion outcomes, especially when measuring insulin secretion."
Subsequent experiments by other laboratories confirmed simi-

1516 To further character-

lar results in human and mouse islets.
ize these differences, we determined that large islets contained a

significant diffusion barrier that hampered viability of the islets
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in culture.” Surprisingly, elimination of the diffusion barrier in
large rat islets did not restore insulin secretion to the same rate
as intact small islets, suggesting that there were inherent cellular
differences between large and small islets” which might explain
the inferior insulin secretion by the cells within the large islets.

The behavior of islets in culture has important implications
for islet transplantation. Yet a more important question lingers;
are these differences in islet function solely a result of the ability
of islets of different sizes to withstand the isolation procedure, or
do these functional differences exist in vivo? The experiments
described in this paper begin to elucidate the morphological and
functional differences in rat islet subpopulations, and to deter-
mine whether these differences exist prior to isolation.

Results

Insulin secretion. Perifusion experiments illustrated that under
basal conditions, and at each time point of the biphasic response,
the small islets released more insulin per volume (islet equivalent;
IE) than large islets. Figure 1 shows the results of the enzyme
linked immunosorbent assay (ELISA) from approximately 1,400
islets from six rats. While similar results have been published
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Figure 1. Small isolated islets secrete more insulin per volume. Isolated
islets were separated into large and small populations and exposed to
low and high glucose (indicated at top of graph). At each time point
more insulin was released by the small islets than the large (p < 0.001).

previously with human islets,” the rationale given for the differ-
ence in insulin secretion between large and small islets has been
attributed to core cell death in the large isolated islets." Our pre-
vious publication indicated that such an explanation was insuf-
ficient to account for the dramatic differences in insulin secretion
from large islets.” Thus, we designed a series of experiments to
determine whether there existed inherent differences in large and
small islets prior to isolation that could account for the different
insulin secretion rates.

Islet cell composition. The first hypothesis to be tested was
that small islets contained a higher percentage of 3-cells than large
islets and this accounted for the higher insulin secretion. Using
immunofluorescently-stained serial sections of the pancreas, the
islet cell composition was analyzed (Fig. 2A and B). In order to
critically classify the islet as large or small, serial sections of 10 pm
were obtained and only sections with the greatest islet diameter
were analyzed. Approximately 60% of the endocrine cells were
composed of B-cells in large and small islets in situ (Table 1).

The cellular make-up of the large and small islets was ana-
lyzed after isolation (Fig. 2C and D). Again, 65-69% of the
stained cells were B-cells (Table 1). The isolated large islets had
a higher proportion of a-cells than isolated small islets, but the
difference was minor and did not appear to be enough to alter
the total insulin secreted from this population of islets (Table 1).
Unlike humans, the rat islet architecture is organized with o and
d-cells localized to the periphery, while B-cells were predomi-
nately found in the center of the islet. In the large islets, three to
four layers of a- or 8-cells were located at the periphery in situ
(Fig. 2A and B). There was a clear loss of the peripheral o- and
d-cells after isolation (Fig. 2C and D). This loss of peripheral
cells was likely due to the isolation process, in agreement with the
results of others.?*?

One limitation with the analysis of serial sections is that it is
possible to miss or over-count certain cell types, because of the
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Figure 2. Cellular composition does not differ with islet population.
Islets were immuno-fluorescently labeled for B-cells (insulin = green),
a-cells (glucagon = red) and &-cells (somatostatin = blue). Small (A) and
large (B) islets labeled within pancreatic sections (in situ) show same
general cell composition. Small (C) and large (D) islets after isolation
also have the same general composition. Loss of peripheral o- and
3-cells was noted in the isolated islets (C and D) compared to in situ

(A and B). (Scale bar = 50 wm for all images).

2D properties of the preparation. To overcome this limitation, we
repeated the experiments using islets from the two populations
dissociated into single cells and labeled for cell types. The results
show that there was no significant difference in the proportions
of B-cells to other endocrine cells between small and large islets
(Table 1). Finally, we co-stained isolated islets with insulin anti-
bodies (to identify B-cells) and DAPI (to stain nuclei, provid-
ing a total cell count). There was no significant difference in the
proportion of B-cells to total islet cells between small (47%) and
large (50%) islets. Thus, the first hypothesis of a greater propor-
tion of B-cells in small compared to large islets proved to be false.

Islet cell density. While the proportion of a-, B- and 8-cells
within islets from the two populations was not different, we
hypothesized that the total cell density might be greater in small
islets, leading to a higher total number of B-cells per small islet
volume. Immunofluorescence of islets in pancreatic sections and
after isolation showed that small islets consistently had a higher
endocrine (a-, B- and d-cells) cell density that was significantly
greater than large islets (Fig. 3A). Isolated small and large islets
viewed with transmission electron microscopy (TEM) illustrated a
higher total cell density in small islets compared to large (Fig. 3B).

As described above, the inherent limitations when counting
cells within a 2D image required that we verify the results with
a third method. Thus, we isolated 293 islets with diameters of



Table 1. The proportion of a-, - and 3-cells in small and large islets were compared in isolated intact islets (in vitro, intact), isolated islets dissociated

into single cells (in vitro, dissociated), and in pancreatic sections (in situ)

Small Islets (% of endocrine cells)

B-cells a-cells
In situ 59 25
In vitro (intact) 69 19
In vitro (dissociated) 74 17

Large Islets (% of endocrine cells)

“Indicates a statistically significant difference for the individual cell type between large and small islets; p < 0.05.

either 50 or 200 pm. The islets were dispersed into single cells,
and the number of cells/islet counted. Using this method, the
total cell count per volume was recorded. The density of cells
was calculated as the total number of cells/volume (IE) of the
original islets (Table 2). Again, the results demonstrate that the
total number of cells/volume of islets was greater in the small
than large islets. In summary, immunofluorescence (in situ and
in vitro), calculations from TEM micrographs (in vitro) and the
counting of dispersed cells all agreed that the small islets had a
higher cell density.

Insulin content. With a greater total cell density in the small
islets, we hypothesized that the insulin content stored within
individual B-cells could be greater in cells from small com-
pared to large islets. To test this hypothesis, we utilized three
approaches; the density of insulin granules from isolated islets
was calculated from TEM, the total insulin content of isolated
islets was determined by ELISA, and the in situ insulin content
perisletand per cell was calculated with immunohistochemistry.

The mean insulin granule density (granules/area) was calcu-
lated from B-cells within large and small islets. Figure 4 illus-
trates the differences in granule density between small (A) and
large (B) islets. There was a statistically significant increase in the
average density of insulin granules in the small islets compared
to large islets (Fig. 4C). Our granule counts are consistent with
published figures using the same methods.?

Further confirmation was obtained by analyzing the total
intracellular insulin content of isolated islets. Again, more total
insulin per volume (IE) was measured in small compared to the
large islets under both basal conditions (low glucose) and fol-
lowing a 30 min in vitro high glucose exposure (Fig. 4D). To
test insulin content in situ, pancreatic sections were stained for
insulin and the intensity of the immunohistochemistry stain/islet
was quantified. Once more, the insulin content was greater in the
small islets (Fig. 4E). Thus, using three independent approaches
from both in situ and in vitro preparations, evidence supported
the hypothesis that small islets contain more insulin per volume
or area than large islets.

Interestingly, normalization of the glucose-stimulated insulin
release as a percentage of the total insulin content of the islets
demonstrated that large and small islets actually secreted the
same percentage of their total insulin content over time (Fig. 4F).
The difference in absolute insulin secretion levels was not likely
due to secretory mechanisms, but rather in the increased insulin
stored within the B-cells of the small islets.

Insulin location. Immunohistochemistry demonstrated a
stark difference in the intensity of insulin staining depending on
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Figure 3. Cell density higher in small islets. (A) The density of o, 3 and
d-cells within small and large islets were calculated as cells/area from
immunofluroscent images of pancreatic sections (in situ) and from
isolated islets (in vitro). (B) The total cellular density was measured from
TEM micrographs of isolated islets. (*p < 0.05) and (**p < 0.01).

Table 2. The number of cells dissociated from small or large islets were
counted and calculated as cells/volume (IE)

Islet Diameter (.m) Cells per islet (mean * SE) Cells/IE
Small (50 pm) 83 +22 2235
Large (200 pm) 2071+ 75 874**

**Small islets contain significantly more cells per volume than large
islets (p < 0.001).

the location of the B-cell in the islet. We analyzed the intensity
of the insulin immunostaining per cell within the islets. In small
islets all B-cells contained approximately the same level of insu-
lin staining (Fig. 5A). In large islets, insulin-containing B-cells
located at the periphery of the islets contained approximately
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Figure 4. Small islets have greater insulin content than large islets. (A) Typical TEM micrograph showing B-cells from small islet with densely packed
insulin granules. (B) Typical B-cells from large islet with fewer insulin granules. Scale bar = 2 pum forimages (A and B). (C) B-cells from isolated small
islets have a greater density of insulin granules than B-cells from large islets (p < 0.001). (D) Total insulin content from small (black bars) and large (gray
bars). Isolated islets (measured by ELISA) showed that small islets, in low or high glucose, contained more insulin per volume (p < 0.05). (E) Insulin label-
ing intensity of islets in situ also demonstrated higher values for B-cells from the small islets compared to large islets (p < 0.05). (F) After normalizing
insulin secretion to total insulin content/islet, there was no statistical difference in the level or timing of the first or second phase insulin secretion

the same level of insulin per cell as those within the small islets
(Fig. 5B). However, B-cells located within the core of the large
islets contained significantly less insulin per area (Fig. 5B and C).
This observation was extremely reproducible with 100% of the
examined large islets illustrating the insulin-prominent outer layer
of cells. Due to the inherent variation in staining intensity, com-
parisons were made within preparations. Figure 5C shows the
results from one animal, but is representative of three independent
replications. Because these findings had not been reported previ-
ously, we undertook a series of experiments to confirm the results.
We stained serial sections of the pancreas for insulin using a 3-
amino-9-ethyl-carbazole or a 3,3-diaminobenzidine chromogen
substrate to visualize staining. Both resulted in less insulin stain-
ing in the core cells of the large islets. Subsequently, we repeated
the experiments using three different insulin antibody dilutions
(1:50, 1:100 and 1:200) to be sure that the lighter insulin staining
in the core was not an artifact of the procedures. With all three
dilutions, the results were the same; the insulin staining of the
core cells within the large islets was less compared to the periphery

www.landesbioscience.com

Islets

and compared to the cells of small islets. The same characteristic,
low insulin-containing B-cells in the core of large islets, was noted
in isolated islets in culture. In large islets, insulin-secreting B-cells
located at the periphery of the islets contained more insulin than
the cells located within the central core (results not shown).

TEM analysis of the insulin-containing vesicles in 3-cells from
the core of the large isolated islets compared to the periphery sup-
ported the immunohistochemistry results. Figure 6A and B illus-
trate typical sections from the core (A) and periphery (B) of a large
islet. The density of secretory granules was calculated by counting
the number of granules/defined area and the results are shown in
Figure 6C. There were statistically more secretory granules in the
B-cells of the peripheral cells when compared to the core cells of
the large islets. Thus, the differences in intracellular insulin con-
tent between large and small islets appears to be at least partially
due to a lower amount of insulin in the B-cells within the core of
the large islets.

Characteristics of core 3-cells in situ. Because most explana-
tions concerning the functional differences between large and



small islets focus on the core cell death found in isolated large
islets, and we identified inferior insulin content in large islets in
situ, we examined the general characteristics of the core B-cells
within the large islets using TEM. Using previously published
methods to quantify the quality of mitochondria with electron
micrographs,” we determined that 92% of the mitochondria
from B-cells of large islets were completely intact (grade 1)
with the remaining 8% scored as grade 2 (<50% disruption of
inner mitochondrial membrane). No mitochondria from B-cells
within large or small islets contained compromised mitochon-
dria (grade 3—5). There was no difference in the mitochondrial
scores for the cells from large or small islets. Thus, cell dam-
age during tissue processing could not explain the poor insulin
staining in the core of the large islets.

Discussion

In 1979, Baeten et al. described different islet architecture associ-
ated with islets located in regions of exocrine tissue that drained
into different ducts.!” They concluded that their research con-
tradicted the widely-held belief that all islets have similar com-
position. Since that time, numerous labs have extended the
description of morphological differences in islet populations to
quantifiable functional outcomes. The functional differences
previously described 'between isolated large and small islets
have been impressive. For'example, stimulation by high glucose
(20 mM), caused a release of insulin that is six times higher in the
small compared to large islets.'*!"” Such results have been verified
in human and mouse islets.”'® Other differences between the
populations that we have identified suggest that isolated small
islets have: (1) greater oxygen uptake, (2) better survival in cul-
ture and (3) superior diffusion properties.'* However, all of these
characteristics could be due to the manner in which the two pop-
ulations tolerate the isolation procedures and thus could have no
relevance to the in vivo condition.

With the work described here, we have shown that small
islets have a greater cell density in vitro and in situ, and a greater
insulin content in vitro and in situ. These results suggest that
at least some of the functional and morphological differences
noted between the large and small islets in vitro, are present in
vivo. Further, the results supply the first mechanistic explanation
for the differences in insulin secretion between the populations,
other than large islets are more susceptible to core cell death. The
concept that core cell death of large islets is responsible for all
functional differences between large and small islets is no lon-
ger valid, as methods that improve the diffusion barrier of large
islets reversed core cell death, but did not reverse the poor insulin
secretion phenotype of the large islets.”

We tested several hypotheses to determine how small islets
secreted more insulin per volume. First, we questioned whether
small islets contained a greater percentage of B-cells compared to
large islets, thus making them more efficient insulin-secretors.
However, our results showed that there was no difference in the
cellular composition between large and small islets in vitro or in
situ. Therefore, a greater percentage of insulin-producing B-cells
cannot explain the superior insulin secretion in small islets. Next,
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Figure 5. Core B-cells of large islets have less insulin than peripheral
B-cells in situ. (A) Typical small islet showing dark insulin staining
(brown) throughout the islet. (B) Typical large islet contains lighter
insulin-stained B-cells at the core of the islet. (C) Analysis of single cells
illustrates that the core B-cells of the large islets contain less insulin/cell.
(**p < 0.001).

we hypothesized that each B-cell within the islet was more effi-
cient at releasing insulin. For the first time, we showed that cells
of small islets contained more total insulin than cells from large
islets. Thus, the two populations of islets actually secrete the same
percentage of their total insulin, but cells from large islets store
far less insulin to be released. More specifically, the B-cells found
in the core of the large islets have a lower insulin content com-
pared to the peripheral cells or the B-cells found in small islets.
Functional differences in the core and peripheral 3-cells has been
described previously in vivo and in vitro with core B-cells con-
taining fewer insulin granules after stimulation.?>

The two most important findings were that the total num-
ber of cells per islet area was greater in small islets and the aver-
age B-cell contained more insulin than cells from large islets.
Although the small islets account for a vast majority of the total
number of islets, they make up only a very small percentage of
the total islet volume. From this observation, many labs have con-
cluded that large islets are responsible for the bulk of the pan-
creatic endocrine function.?®* This concept has been prevalent
in the literature, with little functional data to support it. The
finding that, on average, the cells of small islets contain more
insulin than cells from large islets, and the in vitro data showing
that small islets secrete significantly more insulin/volume than
large islets, argues for an important role for small islets in glucose
regulation in vivo.

It is interesting to consider the role of different islet popu-
lations during the onset and progression of type 1 and type 2
diabetes. In a rat model of type 2 diabetes (fa/fa) exposure of
islets to high glucose was more detrimental to the B-cells of the
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Figure 6. Core B-cells of large islets have less insulin than peripheral
B-cells in vitro. (A) Typical B-cells from core of large islet with few insulin
granules/area. (B) Typical B-cells from periphery of large islet with a
higher density of insulin granules. (Scale bar = 2 pm for both images)
(C) Analysis of cells from core and periphery of large islets showed
statistically greater insulin granules/area in the peripheral region.

(**p < 0.001).

large islets than cells from small islets.>**! These studies showed
that large islets released less insulin per cell than smaller ones
from the same obese animals, and significantly less than the islets
from the lean animals.** Additionally, there were fewer insulin-
secreting cells within the large islets of the obese rats. The authors
concluded that the large islets were predominantly affected in
the obese diabetic rat and that the small islets maintained nor-
mal insulin secretion during the time when the large islets had
become non-functional.?"** In studies of people with type 2 dia-
betes, researchers noted a shift in cellular composition, with an
increase in a-cells and a decline in B-cells that was particularly
noticeable in the large islets.”

The results presented here demonstrate that many of the
characteristics associated with islets of different sizes after
islet isolation, were consistent when examined in situ in rats.

www.landesbioscience.com
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Unique characteristics, inherent within the pancreatic tissue of
rats, included a higher density of cells in the small islets with
greater insulin content. Different islet populations may have
important distinctions, many of which are yet to be character-
ized, but that may be necessary for a healthy endocrine pancreas.

Methods

Rat islet isolation. Twenty-six adult, male Sprague Dawley
rats (ages 7-10 weeks) were housed on a 12 hours light/dark
cycle with free access to standard laboratory chow and water.
All animals received care in compliance with the Principles of
Laboratory Animal Care formulated by the National Society
for Medical Research and the Guide for the Care and Use of
Laboratory Animals published by the US National Institutes of
Health (NIH Publication No. 85-23, revised 1996).

Islet isolation methods followed our published procedures
described in detail."*'!® Briefly, rats were anesthetized by intra-
peritoneal injection of a mixture of ketamine and xylazine. After
the peritoneal cavity was exposed, the pancreatic main duct to
the intestine was clamped and the pancreas cannulated in situ
via the common bile duct. The pancreas was distended with col-
lagenase and removed. Islets were gently tumbled, washed and
passed through a sterile 30 mesh stainless steel screen and centri-
fuged. The pellet was mixed with Histopaque, centrifuged and
the islets floating on the gradient were collected and sedimented.
Islets were passed through a sterile 40 m mesh cell strainer with
Hank’s Buffered Salt Solution (HBSS). After this cleaning pro-
cess, islets were placed into CMRL 1066 medium containing
2 mM glutamine, 10% fetal bovine serum (FBS) and 1% antibi-
otic/antimycotic solution and put into a 37°C culture chamber
containing 5% CO,.

Prior to experiments, the islet culture media was changed
to L15 containing 10% FBS and 5 mM HEPES and islets were
transferred into 37°C culture chamber without CO,. Isolated
islets were separated by size manually or by using the COPAS
biosorter.”” The diameter of every islet was recorded for calculat-
ing total islets volume using light microscopy. Islet Equivalents
(IE) were calculated by taking duplicate samples of each batch of
islets (comprising <2% of the islet fraction). Individual islets were
counted and their diameters measured. For irregularly shaped
islets, two to four diameter measurements were taken at different
locations on the islet and averaged. Islet volumes were calculated
and converted to IE for the sample and the entire islet fraction.

Cell dispersion. For single cell assays, intact isolated islets
from eight rats were exposed to calcium-magnesium free HBSS
14.8 mM HEPES with papain (5 U/ml final concentration) using
our published protocol."” After incubation on a rotator at 37°C for
30 min, the islets were pipetted, dispersing them into single cells.
The cells were transferred to CMRL 1066 as the final culture
medium. When necessary, islets or dispersed B-cells were identi-
fied with dithizone labeling following published procedures.’®¥

Tissue preparation for immunostaining. Seven rats were
anesthetized and transcardially perfused with 80-100 ml of
physiological saline, followed by 250 ml of a fixative solution con-
taining 4% paraformaldehyde in 0.1 M phosphate buffered saline



(PBS, pH 7.4) within 9 min of extermination. The pancreas was
removed and dissected into three parts (head, middle and tail).
Only the tail section was used for the analysis in this study.

Pancreatic samples and isolated islets were fixed in 10% nor-
mal buffered formalin in PBS, pH 7.4 for 3 days at 4°C. Paraffin
embedded tissue sections were cut (7-10 pwm thickness),
mounted on Superfrost/Plus microscope slides (Fisher Scientific,
# 12-550-15) and dried at 40°C overnight and stored at 4°C
until processing. The paraffin embedded sections were deparaf-
finized/rehydrated in xylene followed by ethanol and PBS serial
rehydration. Antigen retrieval was completed in 0.01 M citrate
buffer, pH 6.2, with 0.002 M EDTA for 30 min using a steamer.
Slides were permeabilized in 1.0% Triton X-100 in 0.1 M PBS
for 30 min.

Immunofluorescence staining. Sections from three rats
(>75 islets) were blocked in 10% normal donkey serum, 1.0%
bovine serum albumin (BSA) and 0.03% Triton X-100 diluted
in 0.1 M PBS for 30 min. Incubation with the primary antibody
mix was performed at 4°C overnight in a wet chamber followed
by incubation with the mix of fluorophore conjugated secondary
antibodies at room temperature for 2 hours in a wet chamber
protected from light. Both primary and secondary antibodies
were diluted in 1% NDS, 1% BSA and 0.03% Triton X-100.
Slides were mounted with anti-fading agents. In some cases,
4',6-diamidino-2-phenylindole (DAPI, 0.5 pg/ml Molecular
Probes, # D1306) staining was performed to reveal the nuclei
for 5 min at room temperature after the secondary antibody
exposure.

Primary antibodies used were the following: anti-insulin
(1:100, Abcam, # ab7842; 1:100, Santa Cruz Biotechnology, #
$¢-9168), anti-glucagon (1:200, Abcam, # ab10988) and anti-
somatostatin (1:200, Abcam, # ab53165). Corresponding sec-
ondary antibodies were conjugated with Cy2 (1:200, Jackson
ImmunoResearch Laboratories Inc., # 706-225-148), Alexa
647 (1:400, Molecular Probes, # A31573), Alexa 555 (1:400,
Molecular Probes, # A31570) or DyLight 488 (1:400, Jackson
ImmunoResearch Laboratories Inc., # 706-485-148).

Images were obtained on an Olympus Fluoview 300 con-
focal microscope or using a Nikon C1Si or a C1Plus confocal
microscope. Images were acquired using 10x-100x objectives
(depending on the experiment) and analyzed using FlouView or
Ps Adobe Photoshop CZ4 software.
Insulin
try (IHC) was completed on pancreatic sections from four

Immunohistochemistry. immunohistochemis-
rats using anti-insulin (1:100, Santa Cruz Biotechnology, Inc.,
# sc-9168) and Vectastain Elite ABC kit (Vector Laboratories,
#PK-6101) in  combination with  3,3-diaminobenzi-
dine Substrate kit (Vector Laboratories, #
SK-4100) as per manufacturer instructions. On occasions,

Peroxidase

3-amino-9-ethyl-carbazole was used. After staining, slides were
dehydrated in xylene and placed on coverslips in Permount
mounting medium (Fisher Scientific, #S15-100). The specific-
ity of insulin immunoreactivity was confirmed by omitting the
primary antibodies from some sections. Images were collected
on a Nikon Eclipse 80i microscope and analyzed with Ps Adobe
Photoshop CZ4 extended software, by determining the average
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pixel value of staining per cell or per islet. Background staining
was subtracted from each value.

Cell composition. To determine the cell composition, the
relative proportion of immuno-labeled endocrine (o-, B- and
8-) cells in pancreatic sections from three rats or preparations
of single dispersed cells [200 cells from six rats dissociated into
single cells with six aliquots of single cells from each group (small
or large)] were evaluated by counting the number of individual
types of cell and dividing by the total sum of endocrine cells per
islet. In addition, DAPI was used to count the total cell number
in the preparation.

Islet perifusion. Small and large islets (1,400 islets) from six
rats were preincubated for 90 min in RPMI 1640 medium con-
taining 10% FBS and 3 mM glucose at a 37°C with 5% CO,.
After preincubation, the islets were incubated in the glucose peri-
fusion system individually with a constant flow rate (500 p.l/min)
at 37°C for 90 min including: 30 min of basal condition
(3 mM glucose) following by 30 min of high glucose concentra-
tion (20 mM) and 30 min of basal condition (3 mM glucose).
During the perifusion, samples of medium with released insulin
were collected from the output fraction every 3 min starting with
the last 10 min of the first low glucose exposure. Samples were
frozen at -80°C. At the end of the perifusion, the islets were har-
vested and frozen at -80°C. The total protein in the islets was
extracted by acid-ethanol (0.18 M _HCI in 95% ethanol). The
released insulin and the total intracellular insulin amounts of
large and small islets were determined by the ELISA (ALPCO,
Salem, NH) as we have published previously in references 14, 17
and 18.

Transmission electron microscopy. Islets from five rats
were treated with 10 nM AuNP-DNA-Cy for 24 hours, washed
twice with PBS, and then transferred to fresh media contain-
ing no AuNPs for an additional 72 hours. Islets were pelleted
and immersed in 2% paraformaldehyde/2.5% glutaraldehyde
in 0.1 M sodium cacodylate buffer (SCB). The islets were then
rinsed with 0.1 M SCB and placed in secondary fixative con-
taining 2% osmium tetraoxide in 0.1 M SCB. Next, islets were
rinsed with distilled water and stained with 3% uranyl acetate.
The fixed islet samples were rinsed with distilled water before
undergoing a graded ethanol dehydration series. Propylene
oxide was used as a transitional solvent and tissues were embed-
ded in Embed 812 resin. Samples were placed in a 60°C oven
to cure. The blocks were sectioned at the islet equatorial region
using a Leica UCT ultramicrotome (80 nm thin) and then
mounted on grids for imaging. Images were captured from ran-
dom sections using a J.E.O.L. JEM-1400 electron microscope.
Insulin granules (halo-containing granules) were counted per
pm? in B-cells from small islets (105 cells from 46 islets) and in
the periphery (outer three layers) or core of large islets (155 cells
from 60 islets) using standard procedures.?* Total cell density
was analyzed by counting cells within a 25 x 25 wm region of
interest in the core of each islet using published protocols at
x3,800 magnification.”? This method tends to overestimate the
absolute cells/area, but the objective of the calculations was to
compare one population of islets to another, rather than obtain
an absolute value, and the approach was applied uniformly to
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islets of both populations. Our published protocol was utilized
to determine mitochondrial quality from final magnifications
of x10,800.%

Statistics. Over 2,225 islets from 26 rats were analyzed for
this study. The experimental design included comparing large
and small islets from healthy animals, thus each animal pro-
vided islets for both groups. The exact number of islets/experi-
ment is shown in the methods section. Two-Way ANOVA with
Fisher Least Significant Difference (LSD) test or a Kruskal-
Wallis ANOVA on Ranks was used to compare multiple
groups. For the single cell assays (immunostaining and TEM

experiments) nested ANOVA was used. All figures and tables
include means + SE. p value <0.05, was considered statistically
significant.
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