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Abstract
β-Cell mass (BCM) influences the total amount of insulin secreted, varies by individual and by the
degree of insulin resistance, and is affected by physiologic and pathologic conditions. The islets of
Langerhans, however, appear to have a reserve capacity of insulin secretion and, overall,
assessments of insulin and blood glucose levels remain poor measures of BCM, β-cell function
and progression of diabetes. Thus, novel noninvasive determinations of BCM are needed to
provide a quantitative endpoint for novel therapies of diabetes, islet regeneration and
transplantation. Built on previous gene expression studies, we tested the hypothesis that the
targeting of vesicular monoamine transporter 2 (VMAT2), which is expressed by β cells, with
[11C]dihydrotetrabenazine ([11C]DTBZ), a radioligand specific for VMAT2, and the use of
positron emission tomography (PET) can provide a measure of BCM. In this report, we
demonstrate decreased radioligand uptake within the pancreas of Lewis rats with streptozotocin-
induced diabetes relative to their euglycemic historical controls. These studies suggest that
quantitation of VMAT2 expression in β cells with the use of [11C]DTBZ and PET represents a
method for noninvasive longitudinal estimates of changes in BCM that may be useful in the study
and treatment of diabetes.
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1. Introduction
β-Cell mass (BCM) in the pancreas is a key factor in determining how much insulin can be
secreted for the maintenance of normal blood glucose concentrations. At present,
information regarding BCM is inferred from blood measurements of stimulated insulin
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production. Such measurements, however, are insensitive to certain types of β-cell
dysfunction due to metabolic stress, as well as to changes in BCM that occur early in
diabetic disease and affect the reserve capacity of β-cell function. Histological assessment of
BCM in humans has been limited to autopsy studies [1], as the pancreas is not an ideal organ
for biopsy. Noninvasive BCM measurements, based on targets other than insulin, have the
potential to provide real-time information on the progression and treatment of diabetes.

Type 1 diabetes (T1D) is a result of the autoimmune destruction of the insulin-producing β
cells of the islets of Langerhans—the endocrine component of the pancreas [2]. This disease
has an insipid beginning and may take years before it can be recognized as clinical
hyperglycemia. While it is traditionally thought that the majority of BCM is destroyed at the
time of presentation with diabetes, several recent studies have suggested that there may be
significant residual insulin-secretory capacity on diagnosis [3]. Moreover, there is a long
preclinical period during which an immunologic assault is believed to occur on the islets of
Langerhans and that hyperglycemia only develops when a critical mass of β cells is lost and
insulin requirement increases.

The natural history of T1D is progression to complete elimination of insulin-secretory
capacity and dependence on exogenous insulin for survival. However, it has not been
possible to accurately determine the BCM that is present in individuals with diabetes and,
therefore, conclusions about the natural history, as well as the effects, of new treatments on
this process are based on indirect evidence. Similarly, a number of abnormalities in the
insulin-producing capacity of the pancreas have been described for patients with Type 2
diabetes (T2D) [4], but there is currently no method of measuring BCM that differentiates
functional versus anatomical defects in insulin secretion in this form of the disease.

A variety of experimental treatments have been developed to treat T1D, including
immunotherapy, stem cell therapy and islet transplantation. The treatment of T2D has been
largely empirical due to the lack of understanding of the basic mechanisms that are at work
in the disease. An understanding of how BCM changes during the various phases of diabetes
may provide important information on the development of new therapies for intervention
strategies in both T1D and T2D.

Progress towards imaging the diseases of the endocrine pancreas has been described in
several studies. Clark et al. [5] demonstrated that the body of the pancreas can be imaged
with fluorine-18 4-fluorobenzyltrozamicol, a radioligand that binds to specific
neuroreceptors (vesicular acetylcholine transporters) that are present on presynaptic vesicles
in neurons innervating the pancreas. Similarly, taking advantage of bicarbonate and/or
organic anion transporters expressed by pancreatic acinar cells, [11C]acetate has been used
to visualize the exocrine pancreas [6,7]. In addition, animal studies show that 2-
[18F]fluoro-2-deoxy-D-glucose may be useful in imaging recently transplanted islets [8].
Markmann et al. [9] recently reported that transplanted cadaveric islets, 14 months
posttransplantation, induce peri-islet cell mass fat deposits that are visible by chemical shift
gradient-echo magnetic resonance imaging (MRI). A possible problem with this approach is
that peri-islet steatosis is likely to persist, at least for a few days, following islet allograft
rejection, and the method is not suitable for imaging islets in situ.

Other previous attempts to image β cells and T1D-related pathology include studies by
Moore et al. [10–12]. Using a β-cell-specific anti-IC2 monoclonal antibody (mAb) modified
with a radioisotope chelator, normal and diabetic rodent pancreata were imaged ex vivo.
Radioimmunoscintigraphy showed major differences in the pancreatic uptake of mAb
between normal and diabetic rodents [10], but it was unclear if the method was suitable for
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in vivo imaging. Radioimmunoscintigraphy with antiganglioside mAbs has been less
promising [13].

In other studies, the uptake 6-deoxy-6-[125I]iodo-D-glucose by pancreata from normal
versus streptozotocin (STZ)-injected rats has been compared. Although islets and acinar
tissues showed differential uptake of the radioligand and although β-cell-depleted pancreata
showed decreased uptake, the clinical utility of this approach is unclear because of the broad
specificity of radioligand binding and high uptake in the liver [14]. The pancreatic uptake of
a tracer [2-(14)C]alloxan has been studied in normal and STZ-treated rodents. The
preferential uptake of radiotracers in a normal pancreas versus a diabetic pancreas has been
demonstrated. Alloxan, however, is a well-known diabetogenic agent itself; thus, the clinical
utility of this approach remains unproven [15]. Dithizone and sulfonylurea receptor ligands
(e.g., 3H glibenclamide) have been studied as possible imaging agents [16], but some show
broad tissue distributions of uptake contraindicating feasibility [17–20].

The use of MRI has been explored in experimental insulitis. Moore et al., using
superparamagnetic-particle-labeled T cells (via a CLIO-Tat peptide or major
histocompatibility complex tetramer peptide complexes), were able to clearly demonstrate
the presence of infiltrating T cells during the evolution of β-cell destruction [10,11]. MRI
has also been used to visualize peri-islet vascular leakage due to insulitis using
superparamagnetic nanobeads [21].

Despite different embryological origins, β cells of the endocrine pancreas and neurons share
expression of a large number of gene products and display many functional similarities.
Previous studies, at both protein and nucleic acid levels, have shown the underlying
physiochemical basis for this functional similarity [22–24]. Our gene expression mapping
studies have led us to focus on one such shared gene product, vesicular monoamine
transporter 2 (VMAT2; also known as SLC18A2), which is expressed by β cells but is
absent from the exocrine pancreas and in a variety of abdominal organs [25]. A specific
ligand for VMAT2, dihydrotetrabenazine (DTBZ), is already in clinical use for the positron
emission tomography (PET) imaging of central nervous system (CNS) disorders [26]. We
studied the binding of [3H]DTBZ to total membrane fractions prepared from purified human
islets and purified exocrine pancreas tissues. We found that [3H]DTBZ specifically bound to
islet membranes but not to membranes from the exocrine pancreas. Immunohistochemistry
further showed that anti-VMAT2 and insulin immunoreactivity colocalized in islet β cells
[20,27–30]. In this study, we tested whether [11C]DTBZ could be used to image the
endocrine pancreas in vivo and whether PET imaging with this radioligand could
discriminate euglycemic rats from rats with diabetes induced by STZ.

2. Materials and methods
2.1. Chemistry

The stereochemically resolved (+)-9-O-desmethyl-α-dihydrotetrabenazine precursor of
[11C]DTBZ was obtained from ABX Advanced Biochemical Compounds (Radeberg,
Germany). Tritiated DTBZ was purchased from American Radiolabeled Chemicals (St.
Louis, MO). α-2-[3H]DTBZ was labeled to a specific activity of 10–20 Ci/mmol. (+)-
α[11C]DTBZ was synthesized by the [11C]methylation of an appropriate precursor and a
product purified by high-performance liquid chromatography [31,32]. The purity of
[11C]DTBZ preparations varied from 98.5% to 99.9% of the desired (+) product. Specific
activities of carbon-11-labeled radiotracers were >2000 mCi/μmol at the time of injection.
Biodistribution studies of [11C]DTBZ or [3H]DTBZ in Lewis rats were performed as
previously described [33]. Briefly, normal rats were injected via the tail vein with 0.5 μCi/g
[3H]DTBZ in saline. Groups of three animals were sacrificed at 2, 30 and 60 min
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postinjection. The liver, spleen, kidney, lungs, heart, blood, pancreas, thymus and adrenals
were removed and weighed. Tissue radioactivity was measured near or following the
dispersal of weighed tissue samples in scintillation cocktail with an automated counter, and
percent injected dose per gram of tissue (% ID/g) was calculated by the comparison of
samples to standard dilutions of the initial dose.

2.2. Diabetes induced by STZ
All animal studies were reviewed and approved by the Institutional Animal Care and Use
Committee (IACUC) at the Columbia University Medical School (New York, NY). All
experiments were performed in accordance with IACUC-approved procedures. Diabetes
mellitus was induced by a single intraperitoneal injection of 50 mg/kg STZ (Sigma Aldrich,
St. Louis, MO) in Lewis rats (250–350 g; Taconic, Germantown, NY) that had been fasted
for 4 h to enhance the effectiveness of STZ treatment. STZ solution was prepared fresh by
dissolving it in 0.1 M citrate buffer (pH 5.5) and was terminally sterile-filtered.

2.3. Blood glucose and intraperitoneal glucose tolerance tests (IPGTTs)
Blood samples were collected from the rat tail vein. The blood glucose levels of the rats
were monitored daily with an Accu-Check blood glucose monitoring system (Roche
Diagnostics, Sommerville, NJ). IPGTTs were performed in fasting unanesthetized animals,
as previously described [34]. After baseline blood glucose measurements, animals received
an intraperitoneal injection of 1 g glucose/kg body weight. Blood glucose concentrations
were measured again 0, 30, 60, 90 and 120 min later. Animals were considered diabetic
when four consecutive blood glucose values were above 300 mg/dl and when they displayed
abnormal IPGTT responses.

2.4. Pancreatic histology
Rat pancreata were dissected and fixed in 10% buffered formalin, processed and embedded
in paraffin. Five-micron sections were cut and stained routinely with hematoxylin and eosin
(H&E). Ten-micron sections were also stained with guinea pig antibovine insulin or
VMAT2 (Sigma-Aldrich, St. Louis, MO) antibodies and developed by standard indirect
immunohistochemistry methods. Sections were viewed with an optical Leica DME
Microscope (Heidelberg, Germany) adapted with a digital photographic camera.

2.5. Quantitation of VMAT2 and proinsulin transcript abundance in the pancreata of STZ-
treated rodents

Lewis rats were treated with up to two daily low doses (25 mg/kg), a single high dose of
STZ (50 mg/kg) or the citrate vehicle alone. On the sixth day, 6-h fasting blood glucose
measurements were performed, the animals were euthanized and their pancreas were
harvested. Total pancreatic RNA was isolated, and specific transcript abundance was
measured by real-time quantitative reverse transcription polymerase chain reaction (PCR),
as previously described [25]. The conditions used were as follows; one cycle at 95°C for 900
s, followed by 45 cycles of amplification (94°C for 15 s, 55°C for 20 s and 72°C for 20 s).
Oligonucleotides were synthesized by Invitrogen. The primer sequences are as follows:

5′-TCA TGA AGT GTG ACG TTG ACA TCC GT-3′ (β-ACT-5′)

5′-CCT AGA AGC ATT TGC GGT GCA CGA TG-3′ (β-ACT-3′)

5′-GCC CTG CCC ATC TGG ATG AT-3′ (VMAT2-5′); and

5′-CTT TGC AAT AGC ACC ACC AGC AG-3′ (VMAT2-3′)

5′-CCT GTG GAT CCG CTT CCT GCC -3′ (proinsulin-5′)
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5′-GTT GCA GTA GTT CTC CAG TTG G -3′ (proinsulin-3′).

The relative amount of mRNA was calculated by the comparative cycle threshold (CT)
method given by Livak et al. [35] and was normalized by β-actin expression.

2.6. PET scan study protocol
Baseline PET scans were performed on five normal euglycemic adult rat subjects. Following
baseline scan, diabetes was induced with STZ and was confirmed by blood glucose
concentration testing. A second PET scan was performed on diabetic rats. Prior to imaging,
the animals were anesthetized with intraperitoneal injections of ketamine and xylazine. After
a whole-body transmission scan had been obtained (used to perform attenuation correction
of emission data), the radioligand was taken up in a sterile saline vehicle and [11C]DTBZ
was administered (1 μCi/g) in a bolus injection via the penile vein. PET scans of the animals
were acquired dynamically 60 min postinjection on a Concorde microPET-R4 (CTI
Molecular Imaging, Knoxville, TN, USA). The scanner provided a 100×80-mm field of
view with a reconstructed resolution of 2.25 mm in the central 40 mm of the field of view.
PET data were processed using an attenuation correction matrix obtained by transmission
scans, and images were reconstructed using Fourier rebinning, followed by two-dimensional
filtered backprojection.

2.7. Data analysis and interpretation
Region(s)-of-interest (ROI) analysis and image reconstruction were performed with AsiPro
and microPET manager software (Concorde Microsystems, Knoxville, TN). Visual analysis
was performed by individuals experienced in PET interpretation using coronal, transverse
and sagittal reconstructions. Reconstructed PET images with a slice thickness of 5 mm were
used to identify and measure radioligand activity within each organ of interest. ROI were
manually placed across image planes for the determination of time–activity curves. The ROI
in STZ-induced diabetic rats was drawn using known landmarks, any remaining [11C]DTBZ
avidity in the pancreas of diabetic STZ-treated animal and the original pattern of
[11C]DTBZ uptake seen in the pancreas of animals prior to treatment with STZ. Time–
activity measurements in tissues of interest [pancreas, liver (right lobe), kidney (right and
left cortices) and abdominal wall] were based on the sampling of equal volumes at baseline
and then in diabetic animals.

The comparison of [11C]DTBZ uptake among the pancreata of all animals studied was
performed by calculating the specific binding index (SBI), which relates uptake
concentration in the object of interest Cp (i.e., pancreas) to a reference region Cr (e.g.,
kidney), as discussed by Fleming et al. [36]. Unlike standardized uptake volume, the SBI
requires that nonspecific contribution be subtracted from the total uptake. In these studies,
nonspecific contribution was estimated from uptake measurements in ROI placed in the
abdominal wall. Total and nonspecific uptake concentrations where estimated from areas
under the curve of time–activity curves during the last half of the dynamic scan period
(1350–3450 s). The SBI of [11C]DTBZ uptake in the pancreas relative to the kidney was
then calculated as SBI=Cp/Cr.

3. Results and discussion
Previous studies have shown that DTBZ specifically targets the VMAT2 [37–40]. Using in
situ hybridization, immunohistochemistry and confocal microscopy, Weihe et al. [20],
Maffei et al. [25] and Anlauf et al. [27] have shown that VMAT2 immunoreactivity
colocalizes with insulin or is expressed with other β-cell markers and is absent from human
islet cells stained with antiglucagon, somatostatin and pancreatic polypeptides. In the
context of PET scanning with DTBZ, VMAT2 expression (as determined by
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immunohistochemistry in rodent tissues and by our studies using quantitative real-time
PCR) is restricted to specific areas of the CNS, focal staining in the enteric nervous system,
enterochromaffin cells, chromaffin cells of the adrenal medulla and β cells of the endocrine
pancreas [30]. The in vivo biodistribution of DTBZ (Table 1) shows a higher uptake of
DTBZ in the pancreas relative to many other abdominal organs. The neuropharmacology
and neurofunctional anatomy of VMAT2 have been reviewed in detail [30,41].

To model human T1D, we selected an STZ-treated Lewis rat model. STZ is widely used to
induce experimental diabetes in rodents [42]. Previous studies have shown that STZ enters β
cells via glucose transporter 2 and induces a series of intracellular changes, including
formation of free radicals and liberation of nitric oxide, that result in β-cell death by necrosis
[43]. Following STZ treatment, the majority Lewis rats used in these studies became stably
hyperglycemic.

We next targeted VMAT2 expressed by the β cells of the endocrine pancreas with
[11C]DTBZ, a radioligand suitable for PET scanning. Quantitative measurements of
[11C]DTBZ uptake allowed us to estimate target abundance in the anatomical space
occupied by the pancreas and to indirectly (since VMAT2 is expressed only in the β cells of
the pancreas) obtain a measure of BCM. PET imaging of the abdomen of STZ-induced
diabetic rats showed differences both in the pattern and in the density of DTBZ uptake in the
area of the pancreas compared to baseline studies in euglycemic animals (Fig. 1, left panel;
Fig. 2).

Quantitative measurements of radioligand uptake in ROI placed in the right lobe of the liver,
in the cortex of kidneys and in the pancreas were obtained (Fig. 1, right panel). DTBZ is
removed from the bloodstream by both the liver and the kidney. In the liver, [11C]DTBZ is
catabolized and excreted into bile, seen radiographically as a steady accumulation of activity
over the scanning period. Pancreatic DTBZ uptake usually increased monotonically from 1
min to about 40 min postinjection during the imaging period. Via the kidneys, [11C]DTBZ
passes from the bloodstream, via urine, to the bladder. In healthy animals, the renal cortex
does not accumulate the radioligand and provides a convenient reference organ for DTBZ
uptake. In all euglycemic animals studied, the uptake of DTBZ by the pancreas was similar
to, or exceeded, its accumulation in the liver. Following induction of diabetes, the uptake of
DTBZ in the pancreas dropped significantly (P <.05) to levels approaching the activity
measured in the renal cortex. Quantitative analysis of images reconstructed from the
[11C]DTBZ PET scans suggests that the VMAT2 abundance in pancreata was reduced, but
not completely ablated, in some of the diabetic animals induced with STZ treatment relative
to their pretreatment levels and other control animals.

Reduced [11C]DTBZ uptake in the pancreas of STZ-induced diabetic rats is consistent with
the diabetogenic action of STZ, their abnormal IPGTTs and the micro-anatomical findings
obtained from a review of sections of the pancreas obtained from rodents following imaging
with [11C]DTBZ. Immunohistochemistry and H&E staining of sections of the pancreata
from STZ-induced diabetic rats showed reduced islet areas and frequencies compared to
sections from control rodents (Fig. 3, panels A–D). The frequency of cells with anti-insulin
and anti-VMAT2 immunoreactivity within islets was also reduced in the pancreata from
STZ-induced diabetic rats relative to those of controls (Fig. 3, panels E–H). The loss of
VMAT2 and proinsulin expression throughout STZ-treated pancreata was confirmed by
parallel studies using real-time quantitative PCR measurements of specific transcript
abundance (Fig. 4). While STZ-induced loss of proinsulin transcripts paralleled the loss of
VMAT2 transcripts, no inference in the amounts of insulin message relative to VMAT2
message, however, could be drawn due to differences in the efficiencies of separate PCRs.
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STZ, at the dose used in these studies, induces transient diabetes in 100% of the population.
By 2 weeks, the majority of animals develop stable hyperglycemia (blood glucose >300 mg/
dl). Occasionally, animals recover to show normal or nearly normal fasting blood glucose
levels. One such animal (Animal D), along with the other study animals, is presented in Fig.
5 using the SBI of [11C]DTBZ in the pancreas, relative to the kidney and fasting blood
glucose levels, as a metric of the effects of STZ-induced β-cell damage. Compared to
animals that developed stable diabetes after STZ treatment, the change in SBI following
STZ treatment in Animal D was modest (22% vs. 60–90% measured in Animals A–C).
While the exact relationship between SBI and BCM, as determined by morphometric and
histological methods, is under study in our laboratory, the 22% drop in SBI measured in an
STZ-treated latently diabetic animal is consistent with previous reports of changes in β cells
preceding overt hyperglycemia [44]. The observed spread of SBI values in control animals
is probably caused by a variety of measurement errors (e.g., reproducible ROI placement in
small animals, dose injection differences and variations in the acquisition of emission data)
as well as yet poorly understood biological differences.

At least three important questions are left unanswered but are underscored by our studies.
First, what purpose do VMAT2 molecules serve in β cells? Clues to the role of VMAT2 in
islet function can be garnered from studies showing that purified islets (with little or no
contamination from surrounding nervous tissue) are rich sources of mono-amines such as
epinephrine and dopamine [45], as well as from studies demonstrating the presence of
biosynthetic apparatus for these neurotransmitters in β cells [46,47]. The role of these
neurotransmitters as paracrine agents active in the entrainment of secretory activity in islets
is still largely speculative, but it has been shown that these neurotransmitters affect islet cell
function [48–51]. In the context of disease, loss of VMAT2 immunoreactivity within nerve
fibers of the pancreas has been reported as an early lesion in the development of
autoimmune diabetes in a rat model [28]. These observations support a hypothesis that
VMAT2 may be a “neuronal” autoantigen similar to GAD65 [52].

Second, on a per-β-cell basis, does VMAT2 expression change during progression of T1D
and T2D? Such data will be important in the final interpretation of quantitative data obtained
from PET scans of prediabetic and diabetic individuals. The expression of VMAT2 protein
in PC12 and cultured chromaffin cells can be regulated by lithium ions [53] and high
extracellular concentrations of potassium ions [54] and gastrin [55], respectively. In a
broader context, the density of VMAT2 expression in the CNS (as determined by PET and
[11C]DTBZ) is reduced in Parkinson’s disease [56] and is increased in Tourette’s syndrome
and bipolar disorders [57,58]. In ex vivo experiments, using purified human islets, we found
that glucose stimulation of islets did not affect the binding of [3H]DTBZ to membrane
preparations (data not shown). In in vivo experiments, we inadvertently imaged nonfasting
control animals and again could not readily detect differences in [11C]DTBZ uptake in the
pancreas between fasting and nonfasting animals (data not shown). Preliminary data also
show that DTBZ uptake in vivo in the pancreas is not effected by tolbutamide (50 mg/kg)
given 1 h earlier. As there are multiple factors responsible for the regulation of VMAT-2,
the quantitative changes in [11C]DTBZ uptake in euglycemic versus diabetic animals
reported here must be viewed appropriately. Furthermore, it was not possible to precisely
define the entire pancreas in many diabetic animals. The future use of computerized
tomography images in register with PET images may be required to accurately define the
area of the pancreas and to enable more precise measurements of possible changes in BCM.

Lastly, given the sensitivity and resolution of current PET methods and the VMAT2 density
in the β-cell component of the endocrine pancreas, what will be the minimum detectable loss
of BCM? In autopsy studies, it has been observed that BCM varies widely among
individuals [59]; thus, it is likely that the full value of this potential noninvasive method of
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measuring BCM will be realized in longitudinal studies. In human and animal models, a loss
of >65% of the original BCM (as measured by histological techniques) results in abnormal
glucose tolerance [60,61]. Via PET, we were able to detect changes in [11C]DTBZ uptake
that were not associated with the development of hyperglycemia. Our current studies in a
spontaneous diabetes model suggest that changes in [11C]DTBZ uptake precede the
development of hyperglycemia.

4. Conclusions
We find that the use of PET and [11C]DTBZ provides a means to visualize the BCM of the
endocrine pancreas and to discriminate differences in radioligand uptake among euglycemic
rodents and those with chemically induced diabetes. This method may find future use in the
management and diagnosis of diabetes.
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Fig. 1.
Serial PET images of transverse, coronal and sagittal abdominal planes of a Lewis rat before
and after the induction of diabetes with STZ. The pancreas is identified by an arrow.
Approximately 300 μCi of (+)-α-[11C]DTBZ was used for imaging. Euglycemic Lewis rats
were imaged to establish baseline data and then treated with STZ. Once stable
hyperglycemia had been established, diabetic rats were imaged again, at least 2 weeks after
STZ treatment. Blood glucose concentrations of untreated 4-h-fasted animals imaged ranged
from 90 to 125 mg/dl. The blood glucose levels of 4-h-fasted diabetic animals were usually
>450 mg/dl in all diabetic animals studied. Reconstructed images represent the summed data
of the entire scanning period. The quantitation of activity within the pancreas, liver and
kidney ROI during the scan period is shown in time–activity curves in the right panel. The
amount of [11C]DTBZ (in nCi/ml) versus the duration of the PET scan (in s) is plotted on
the y and x axes, respectively. Solid lines (−) represent activity in the liver; open triangles
(△) represent activity in the cortex of kidneys; open circles (○) represent activity in ROI in
the pancreas (P, pancreas; K, kidneys; L, liver).
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Fig. 2.
Concordant PET imaging studies with [11C]DTBZ in normal and STZ-induced diabetic rats.
Pancreata are identified by arrows. The left lobes of the liver (L) and the kidney (K) are also
identified. The blood glucose levels of 4-h-fasted diabetic animals (Animals B and C) were
494 and 453 mg/dl, respectively.
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Fig. 3.
Immunohistochemistry of pancreata from euglycemic controls (left panel) and STZ-induced
diabetic Lewis rats (right panel) following imaging. Paraffin-embedded sections from
control and STZ-treated rat pancreata were stained by H&E (panels A–D) or processed for
immunohistochemistry with anti-insulin antibodies (panels E and F) or antibodies to
VMAT2 (panels G and H). Sections in the right panel originated from the body of the
pancreas of diabetic rats where loss of DTBZ binding was observed. Indirect staining of
slides was performed with horseradish-peroxidase-conjugated antigoat or guinea pig
immunoglobulins and developed with 3c3-diaminobenzidine HCl. Panels A and B are
photomicrographs at ×100 magnification; all other panels were taken at × 400
magnification.
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Fig. 4.
VMAT2 and proinsulin transcript abundance in whole pancreata from control and STZ-
treated Lewis rats. Total RNA from whole pancreata obtained from STZ-treated and
untreated rats were prepared and probed for the expression of specific transcripts for β actin,
VMAT2 and proinsulin. Transcript abundance in each sample was normalized to the amount
of β-actin transcript present in the total RNA pool and then compared and normalized to the
amount VMAT2 or proinsulin transcript present in untreated control rat pancreata. Median
values are plotted, and error bars show the range of values obtained from three samples.
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Fig. 5.
SBI of [11C]DTBZ in rat pancreata and fasting blood glucose levels. Specific binding
indices of [11C]DTBZ in rat pancreata from a longitudinal study. Uptake measurements
performed before (A, B, C and D) and after STZ treatment (A STZ, B STZ, C STZ and D
STZ) versus 4-h fasting blood glucose measurements taken directly before PET imaging
were fitted to a power function with the following characteristics: at infinitely high specific
binding indices, the curve became asymptotic to the line y =95 mg/dl and, at infinite values
of blood glucose concentration, specific binding indices approached the line x =0. The
goodness of fit was estimated by linear regression.
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Table 1

Biodistribution of radiolabeled DTBZ in tissues

Organs % ID/g (total organ weight)

Brain 0.44±0.12

Eyes 0.18±0.11

Heart 0.68±0.052

Lung 0.51±0.12

Pancreas 5.43±0.19

Spleen 0.74±0.21

Kidney 2.73±0.058

Liver 3.28±0.41

Stomach 1.38±0.043

Small intestine 1.63±0.24

Cecum 0.66±0.13

Large intestine 0.86±0.042

Testes 0.34±0.012

% ID

Organs 30

Urine 16

Carcass ~46

Recovery ~92

Results are shown as percent injected dose per total organ wet weight (g)±S.D., obtained at 30 min postinjection of [3H]DTBZ.
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