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Abstract
Streptozotocin (STZ) is a selective pancreatic β cell toxin used to generate experimental
hyperglycemia in rodent models. Several laboratory animal protocols suggest that STZ be
administered to fasted rodents to minimize competition between STZ and glucose for low affinity
GLUT2 transporters on β cells. However, whether the diabetogenic effects of multiple low dose
(MLD)-STZ administration are enhanced by fasting has not been addressed. Given that repeated
bouts of fasting can cause undue metabolic stress in mice, we compared the efficacy of MLD-STZ
injections (50 mg/kg body weight daily for 5 days) to induce experimental hyperglycemia in both
NOD/SCID/γchainnull and C57BL/6J mice that were either ad libitum fed (STZ-Fed) or that had
been fasted for 6 h (STZ-Fasted) prior to the time of STZ administration. Both STZ-Fed and STZ-
Fasted mice had significantly worse glucose tolerance than vehicle-treated control mice 10 days
after initiation of the MLD-STZ regimen. In C57BL/6J mice, fasting glucose levels, serum insulin
levels, β cell mass, and glucose disposal during intraperitoneal glucose tolerance tests (IPGTTs)
were indistinguishable between STZ-Fed and STZ-Fasted mice 20 days after MLD-STZ. The
glucose intolerant phenotypes persisted for 20 weeks thereafter, irrespective of whether C57BL/6J
mice were fed or fasted at the time of STZ injections. However, STZ-Fasted C57BL/6J mice
experienced significant weight loss during the repeated bouts of fasting/re-feeding that were
required to complete the MLD-STZ protocol. In summary, induction of experimental
hyperglycemia can be achieved using the MLD-STZ protocol without repeated bouts of fasting,
which have the potential to cause metabolic stress in laboratory mice.
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Streptozotocin (STZ) is a broad spectrum antibiotic with unique toxic selectivity for the β
cells in the pancreatic islets of Langerhans. Clinically, STZ has been used in the oncology
field for the treatment of meta-static insulinomas.1–3 Aside from this clinical application,
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STZ has been used experimentally since the early 1960s in diabetes research as a tool to
induce hyperglycemia in laboratory rodents via selective β cell destruction. STZ-induced β
cell death has been attributed to different mechanisms.4–6 STZ contains a nitroso moiety,
and once inside β cells, STZ can act as a nitric oxide (NO) donor to create reactive oxygen
species that induce β cell death.7 STZ has also been shown to increase O-linked protein
glycosylation in rat islets by inhibiting O-GlcNAc-selective N-acetyl-beta-D-
glucosaminidase.8 Structurally, STZ contains a DNA alkylating moiety conjugated to the
two carbon position of glucose, and the cytotoxic effects of STZ on β cells have also been
attributed to its ability to alkylate DNA. However, DNA alkylation per se may not be
primarily responsible for β cell destruction. Rather, STZ-induced DNA damage triggers
poly-ADP-ribosylation, a process that significantly depletes cellular NAD+ levels and
adenosine triphosphate (ATP) stores resulting in β cell death and necrosis.5

When delivered by intraperitoneal injection as a single large dose (180–190 mg/kg body
weight), STZ causes massive β cell necrosis within 2–3 days after administration. This bolus
method of STZ administration is typically employed to achieve complete ablation of
recipient β cells before islet transplantation.9,10 One moderate dose of STZ (150 mg/kg body
weight) in conjunction with high fat feeding can also accelerate β cell endoplasmic
reticulum (ER) stress and has recently been used to model advanced Type 2 diabetes in
mice.11 By contrast, multiple low dose (MLD)-STZ injections (e.g. 35–55 mg/kg body
weight/day for 4–5 consecutive days) are often used to model T cell dependent autoimmune
destruction of pancreatic β cells.10 Compared with a single large ablative dose that induces
rapid β cell necrosis, MLD-STZ induces subtoxic effects on β cells, which in most mouse
strains is accompanied by acute insulitis.12,13 Although it can be used as a model for insulin-
dependent diabetes mellitus (IDDM), the MLD-STZ model does not fully mimic the
autoimmune responses associated with Type 1 diabetes, as MLD-STZ induced β cell
destruction and hyperglycemia does not require functional T and B cells in mice.14,15

Uptake of STZ into rodent β cells is mediated by GLUT2 transporters, which are highly
expressed on β cells in mice and rats. Notably, protocols from the National Institutes of
Health (NIH) Diabetic Complications Consortium suggest that mice be fasted for at least 4–
6 h prior to MLD-STZ administration.16 This recommendation likely stems from concerns
that the STZ will compete with postprandial glucose for GLUT2-mediated uptake into the β
cell, which seems logical when one considers that GLUT2 has a low affinity (high Km) for
glucose, and glucose transport into β cells via GLUT2 is thought to occur mostly at high
blood glucose concentrations during postprandial periods.17,18 Fasting for 6–16 h before
MLD-STZ does have diabetogenic effects in both mice and rats.19,20 However, to our
knowledge, whether the efficacy of MLD-STZ to induce hyperglycemia is truly enhanced by
fasting, or conversely impaired during feeding, has never been addressed before in a mouse
model. This is an important consideration given that laboratory mice have also been reported
to lose 5–16% of their body weight during fasting,21 suggesting that repeated rounds of food
restriction may be a source of considerable stress in experimental mice.

Given this concern and the lack of literature dealing with this aspect of experimental design,
we tested whether MLD-STZ has differential effects on the induction of experimental
hyperglycemia when administered to fed or fasted mice. Our results show that in two inbred
strains of laboratory mice commonly used in diabetes research (NOD/SCID/γchainnull and
C57BL/6J mice), MLD-STZ was equally efficacious at inducing glucose intolerance and β
cell loss irrespective of whether male mice were fed ad libitum or fasted for 6 h at the time
of STZ injections. However, in C57BL/6J mice, 6 h of food withdrawal prior to STZ
treatments led to significant cumulative weight loss. Based on these results, we conclude
that fasting mice prior to STZ administration is not required for induction of hyperglycemia.
Moreover, our findings raise the possibility that repeated rounds of fasting/re-feeding
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required for MLD-STZ protocols may unnecessarily increase metabolic stress in laboratory
rodents. This is an important consideration when refining experimental animal protocols to
minimize animal discomfort and stress.

Animals
Immunodeficient male NOD/SCID/γchainnull (NOD–SCID) mice (20 weeks of age) were
obtained from a breeding colony at the Indiana University (IU) School of Medicine
Laboratory Animal Research Center (LARC) maintained by the IU In Vivo Therapeutic
Core within the Simon Cancer Center (Indianapolis, IN, USA).22 Male C57BL/6J mice (8
weeks of age) were purchased from the Jackson Laboratory (Bar Harbor, ME, USA). The IU
School of Medicine Institutional Animal Care and Use Committee approved all mice
protocols according to the Association for Assessment and Accreditation of Laboratory
Animal Care (AAALAC) guidelines. Mice were fed a sterilized rodent diet (Harlan Teklad
LM-485, #7912; Harlan Teklad, Madison, WI, USA). Mice were housed at a density of no
more than four per cage in ventilated cages with free access to food and water at a controlled
temperature of 23° C with 12 h light–dark cycles (lights on at 07:00 h; lights off at 19:00 h).
Normally, the cages were lined with corncob bedding, but the mice were transferred to cages
lined with pelleted paper bedding for MLD-STZ injections and while fasting for
intraperitoneal glucose tolerance tests (IPGTTs; described below). The mice were
anesthesized by intraperitoneal administration of ketamine (60 mg/kg) and xylazine (5 mg/
kg) and euthanized by bilateral thoracotomy before tissues were harvested. GraphPad
StatMate (GraphPad Software, Inc, San Diego, CA, USA) was used for sample size power
calculations based on area under the curve analysis (AUC) during IPGTTs between STZ-
and non-STZ-injected mice.

Materials and methods
STZ was purchased from Sigma-Aldrich (St Louis, MO, USA). The drug was solubilized in
phosphate buffered saline (PBS; pH 7.4) at a final concentration of 2.92 mg/mL immediately
before use and injected intraperitoneally within 5 min of preparation. MLD-STZ (50 mg/kg
body weight) was administered daily at 16:00 h for five consecutive days. At the time of
STZ injection each day, the mice were either ad libitum fed (herein referred to as STZ-Fed
mice) or fasted for 6 h (10:00–16:00 h) (herein referred to as STZ-Fasted mice) with free
access to water. Four NOD/SCID mice per experimental group were injected with STZ; one
mouse in the NOD–SCID STZ-Fed group died prior to the initial analysis at day 10. Sixteen
C57BL/6J mice per experimental group were injected with STZ, and measurable blood
glucose data from all the STZ-injected C57BL/6J mice were included for analysis.

Age-matched control mice were fasted for 6 h (Control-Fasted) or ad libitum fed (Control-
Fed) before being injected with a PBS vehicle control. C57BL/6J mice were weighed at
10:00 h and again at 16:00 h to compare changes in body weight between treatment groups
(STZ-Fed, STZ-Fasted, Control-Fed, and Control-Fasted) during the five-day MLD-STZ
treatment protocol and body weights were recorded weekly (at 10:00 h) thereafter.

For IPGTTs, mice were fasted for 6 h (10:00–16:00 h). Glucose (2 g/kg body weight) was
injected intraperitoneally and blood glucose concentrations (mg/dL) before (0 min) and 10,
20, 30, 60, 90, and 120 min after intraperitoneal glucose injection were determined from tail
vein bleeds using an AlphaTRAK glucometer (Abbott Laboratories, Abbott Park, IL, USA).
To examine in vivo glucose stimulated insulin secretion (GSIS), mice were fasted for 6 h
and glucose (2 g/kg body weight) was injected intraperitoneally; serum was collected from
tail vein bleeds 0, 5, and 10 min after the glucose injections and stored at –80° C before
analysis. Serum was collected from ad libitum fed mice at 10:00 h to determine random fed
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plasma insulin concentrations. Plasma insulin concentrations were measured using an ultra-
sensitive mouse insulin ELISA (Crystal Chem, Downers Grove, IL, USA).

Following euthanasia, pancreata were dissected, weighed, and placed in a Z-Fix buffered
zinc formalin fixative (Anatech, Battle Creek, MI, USA) for 24 h. Pancreata were paraffin-
embedded and sectioned longitudinally at 5 μm intervals. Three sections spaced 25 μm apart
from three mice in each experimental group were immunostained for insulin and
counterstained with hematoxylin as previously described.23 A Zeiss Z1 inverted microscope
equipped with an Orca ER CCD camera (Hamamatsu Photonics, Hamamatsu City, Japan)
was used to acquire digital images of the entire stained pancreatic section. The β cell area
was calculated using AxioVision software (Carl Zeiss Inc, Thornwood, NY, USA), and the
average relative β cell area for each animal was multiplied by pancreatic weight to estimate
β cell mass.

Differences between groups were examined for significance using one-way or two-way
analysis of variance (ANOVA) as appropriate followed by the Tukey–Kramer post hoc test
using GraphPad Prism statistics software (GraphPad Software, Inc). Data are expressed as
means ± SEM. P values <0.05 were considered significant.

Results
MLD-STZ is equally diabetogenic in immunodeficient mice whether administered in the fed
or fasted state

The diabetogenic effects of MLD-STZ are reportedly magnified in immunocompromised
mice.14,15,24 Therefore, the effects of MLD-STZ (50 mg STZ/kg body weight/day for 5
consecutive days) were examined in immunodeficient male NOD/SCID/γchainnull mice that
were either ad libitum fed (STZ-Fed mice) or that had been fasted for 6 h (10:00–16:00 h;
STZ-Fasted) at the time of daily STZ injections. Mice were subjected to IPGTTs 10 days
later to assess glucose homeostasis. Both groups of STZ-treated mice had significantly
higher glucose excursions during IPGTTs compared with PBS-injected ad libitum fed NOD/
SCID/γchainnull control mice (Figure 1a). The AUC analysis of blood glucose levels during
IPGTTs in both groups of STZ-treated mice was significantly larger than in the PBS-
injected controls, but, importantly, there was no difference in glucose tolerance between
STZ-Fed and STZ-Fasted NOD/SCID/γchainnull mice (Figure 1b). Although STZ was
sufficient to induce hyperglycemia within 10 days in both groups of STZ-treated NOD/
SCID/γchainnull mice, fasting prior to STZ injections did not alter the development of
hyperglycemia in this immunodeficient model as fasting glucose levels were comparable
between STZ-Fed and STZ-Fasted mice (Figure 1c). NOD/SCID/γchainnull mice rapidly
became ill following STZ administration, preventing continued longitudinal assessment of
the effects of MLD-STZ in this strain. However, these data indicate that MLD-STZ was
equally efficacious at inducing a severe hyperglycemic phenotype in male immunodeficient
mice irrespective of whether the mice were ad libitum fed or fasted before consecutive STZ
injections.

Fasting does not alter STZ-induced hyperglycemia in C57BL/6J mice
C57BL/6J mice are a commonly used inbred strain in the diabetes literature and many
knockout and transgenic mouse models are generated and described on congenic C57BL/6
backgrounds. Thus, ad libitum fed and fasted (6 h) male C57BL/6J (8 weeks of age) mice
were treated with MLD-STZ (50 mg/kg body weight/day) for five consecutive days. STZ-
treated C57BL/6J mice had impaired glucose tolerance compared with PBS-treated control
mice 10 days after MLD-STZ (Figure 2a). However, AUC analysis of blood glucose levels
during IPGTTs showed that glucose intolerance was comparable in the STZ-Fed and STZ-
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Fasted mice (Figure 2b). Both groups of STZ-treated mice were frankly hyperglycemic at
this early time point (Figure 2c). IPGTTs performed 20 days after MLD-STZ revealed that
STZ-induced glucose intolerance persisted in both STZ-Fed and STZ-Fasted C57BL/6J
mice, but again there were no differences between the two groups (Figures 2d and e).
Hyperglycemia was detectable 20 days after MLD-STZ injections in both STZ-Fed and
STZ-Fasted mice, with 87% (14 out of 16) of the STZ-Fasted mice and 93% (15 out of 16)
of the STZ-Fed mice demonstrating fasting blood glucose values greater than 250 mg/dL. In
aggregate, fasting at the time of MLD-STZ did not further exacerbate STZ-induced
hyperglycemia (Figure 2f). STZ-induced glucose intolerance and hyperglycemia tended to
be worse in STZ-treated mice when these parameters were re-evaluated 20 weeks after STZ
injections, but glycemia was more variable at this later time point in both the STZ-Fed and
STZ-Fasted groups and statistically not different to the PBS-Fed mice (Figures 2g–i).
Importantly, AUC analyses of GTT data from STZ-Fed and STZ-Fasted mice were
essentially indistinguishable at this later time point. Collectively, these data indicate that the
development of MLD-STZ-induced glucose intolerance and hyperglycemia is similar
regardless of whether C57BL/6J mice are ad libitum fed or fasted before consecutive STZ
injections.

β cell function is impaired and β cell mass is decreased to a similar extent in STZ-Fed and
STZ-Fasted C57BL/6J mice

To assess whether fasting mice during MLD-STZ differentially alters β cell function
compared with administering STZ to ad libitum fed mice, in vivo GSIS experiments were
performed in STZ-Fed and STZ-Fasted C57BL/6J mice 10 days after MLD-STZ injections.
As expected, serum insulin levels in the control mice (PBS-treated) increased transiently in
response to an intraperitoneal glucose challenge (2 g/kg body weight) (Figure 3a). By
contrast, an intraperitoneal glucose challenge failed to result in an increase in serum insulin
levels in either the STZ-Fed or STZ-Fasted mice (Figure 3a). The AUC analysis of insulin
secretion over 10 min was significantly decreased in the STZ-Fed and STZ-Fasted C57BL/
6J mice compared with the PBS-Fed controls, and no difference was observed between the
two STZ-treated groups (Figure 3b). Likewise, random fed insulin levels 25 days after
MLD-STZ were measured and found to be identically decreased in both STZ-treated groups
compared with the PBS-treated control mice (Figure 3c). These data reveal that MLD-STZ
is able to induce β cell dysfunction to a similar extent in C57BL/6J mice that are ad libitum
fed or fasted before consecutive STZ injections.

Islet area and β cell mass were also measured in the STZ-Fed and STZ-Fasted C57BL/6J
mice and compared with the PBS-Fed mice. Both the STZ-Fed and STZ-Fasted mice had
smaller islets than the control mice (Figures 4a–c). Morphometric analysis showed a 50%
reduction in β cell mass in both groups of STZ-treated mice compared with the controls, and
again no difference was observed between the STZ-Fasted and STZ-Fed mice (Figure 4d).
This suggests that reduced β cell mass in response to MLD-STZ occurs independently of
whether the drug is administered under fed or fasting conditions.

Repeated bouts of fasting result in weight loss in C57BL/6J mice
Laboratory mice have been reported to lose up to 5% of their body weight during a 6 h fast
and nearly 16% of their body weight during a 16 h fast.21 The STZ-Fed and STZ-Fasted
C57BL/6J mice were weighed daily the morning before (10:00 h) and again at the time of
the STZ or PBS injections (16:00 h) for five consecutive days to monitor changes in body
weight during the treatment protocol. In parallel, two control groups of mice were either fed
(Control-Fed) or fasted (Control-Fasted) prior to PBS injections. When comparing the
absolute and relative (% body weight) changes in body weight across the four treatment
groups, the fasted mice tended to lose more body weight each day than the ad libitum fed
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mice (Figures 5a and b). During the five bouts of fasting/re-feeding, both the Control-Fasted
and STZ-Fasted C57BL/6J mice experienced significant weight loss compared with the
Control-Fed and STZ-Fed groups (Figure 5c and d). Over the five-day treatment period, the
Control-Fasted and STZ-Fasted mice lost an average of 2.8% (2.825 ± 0.38%) and 3.2%
(3.153 ± 0.37%) of their initial body weight each day, whereas the Control-Fed and STZ-
Fed mice lost an average of 1.9% (1.850 ± 0.37%) and 2.2% (2.195 ± 0.38%) of their initial
body weight. These data suggest that repeated bouts of fasting are a source of metabolic
stress in C57BL/6J mice.

Discussion
The main focus of our study was to provide objective data on whether midday fasting (6 h)
is required for MLD-STZ to induce hyperglycemia in two strains of laboratory mice
commonly used in the diabetes literature. We found that fasting NOD/SCID/γchainnull and
C57BL/6J mice for 6 h before MLD-STZ injections did not enhance the effects of STZ
when compared directly with ad libitum fed mice that received MLD-STZ at the same time.
In our study, MLD-STZ was equally efficacious at inducing glucose intolerance,
hyperglycemia, β cell dysfunction, and β cell loss irrespective of whether male mice were ad
libitum fed or fasted for 6 h at the time of STZ injections. Notably, repeated bouts of fasting
combined with STZ had detectable consequences on body weight regulation in C57BL/6J
mice, as fasted mice treated with STZ lost on average 3.2% of their starting body weight
each day of a 6 h fast.

The NIH Diabetic Complications Consortium suggests that mice be fasted for at least 4–6 h
prior to MLD-STZ administration.16 Others have reported fasting laboratory rodents for
durations ranging from 4–16 h before administering MLD-STZ to induce experimental
hyperglycemia.19,20 Clearly, fasted rodents respond to MLD-STZ; however, whether fasting
is advantageous or necessary for the diabetogenic effects of MLD-STZ is less clear. The
rationale for fasting mice before administering MLD-STZ is also debatable. While it is
conceivable that STZ may compete with glucose for uptake into β cells via low affinity
GLUT2 transporters during postprandial periods, there are little published data to support
this concern. In fact, intravenous infusion of D-glucose did not prevent β cell damage when
a single dose of STZ (60 mg/kg body weight) was given to rats that had been fasted for 24
h25 By contrast, two non-metabolizable forms of glucose (3-O-methyl-D-glucose (3-OMG)
and 2-deoxy-D-glucose) were able to partially protect against STZ-induced hyperglycemia
in the same experimental setting when administered immediately prior to STZ.25 In a
follow-up study, 3-OMG administered immediately prior to MLD-STZ also delayed insulitis
and diabetes by two weeks in outbred CD-1 mice.13 These data suggest that β cell glucose
metabolism, not GLUT2-mediated uptake, is the limiting factor for MLD-STZ efficacy. In
agreement with this, our experimental findings indicate that repeated rounds of fasting
reported in some MLD-STZ protocols do not actually improve or enhance the efficacy of
MLD-STZ to induce a hyperglycemic phenotype in inbred mouse strains.

To fast or not to fast experimental mice during MLD-STZ injection protocols is an
important question that should be carefully considered when refining experimental protocols
in an effort to minimize animal discomfort and stress. Mice have very high metabolic rates
and, although they are primarily nocturnal eaters, laboratory mice can consume up to 30% of
their food during the light cycle.21 This indicates that mice in the laboratory setting with free
access to food and water are never truly fasting, and are therefore likely not conditioned for
the metabolic stressors of acute daytime food restriction. In support of this idea, previous
reports show that laboratory mice can lose 5–16% of their body weight during prolonged
fasting performed as part of physiological assessments.21 Fasting-induced weight loss is
primarily thought to be due to reductions in fat and muscle tissue mass, but fasting also
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reduces liver glycogen stores.21 While fasting-induced weight loss in C57BL/6J mice was
somewhat smaller in our study, our data demonstrate that repeated cycles of fasting
combined with STZ can negatively impact body weight regulation in mice without
improving the effects of MLD-STZ. While it is admittedly difficult to assess stress in
rodents undergoing standard laboratory procedures, collectively these findings predict that
repeated rounds of food restriction during MLD-STZ protocols could be a source of
undesirable metabolic stress in experimental cohorts of mice. This is an important
consideration, given that C57BL/6J mice are a commonly used inbred strain and many
knockout and transgenic mouse models are generated on congenic C57BL/6 backgrounds.
As our data indicate that ad libitum fed mice respond equally well to MLD-STZ compared
with mice that are fasted for 6 h before MLD-STZ, we conclude that fasting mice before
MLD-STZ injections can justifiably be considered for omission from animal protocols. We
acknowledge that the most consistent differences between experimental groups were
observed at 10 and 20 days, and that metabolic data 20 weeks after MLD-STZ was more
variable. The lack of statistical significance between groups at 20 weeks may indicate that
our study was underpowered to detect differences at later time points, which should have
bearing on sample size selection for extended longitudinal studies.

The effects of STZ can often be heterogeneous among various mouse models and additional
factors also need to be considered in preparing animal protocols. Certainly, male mice are
more susceptible to MLD-STZ than females of the same strain.26 In general, the
diabetogenic effects of STZ are magnified in many immunodeficient strains.14,15,24 In our
present study, older NOD/SCID/γchainnull mice required euthanasia within two weeks of
MLD-STZ, suggesting that lower doses or even fewer doses are needed for longitudinal
studies in this immunodeficient strain. By contrast, MLD-STZ induced a very durable
phenotype in C57BL/6J mice, and these mice could be studied five months after STZ
injections. Together, these data point to the presence of important genetic modifiers that may
limit or promote the toxic effects of MLD-STZ in divergent inbred strains.

In addition to the fasting/fed status and genetic background of experimental mice, multiple
factors may influence the response to MLD-STZ, including STZ preparation and handling,
the time of day that mice are injected, and the site or route of injection. With regard to these
factors, we dissolved STZ immediately before injection, maintained it at room temperature,
and injected all mice within 5 min of preparation. Many protocols indicate that STZ should
only be dissolved in a low pH citrate buffer. However, other groups, including our own, cite
good diabetogenic results when preparing STZ in a neutral pH buffer (e.g. in PBS).10,27

There is, however, a time-dependent decrease in the stability of STZ in a neutral pH
buffer,27 so the time between mixing and injection for each treated mouse should be
minimized. A previous study showed a circadian rhythm for STZ response, with the largest
induction of experimental diabetes observed when STZ was delivered at 16:00 h,28 which is
the time that we performed our MLD-STZ injections. Finally, intravenous and
intraperitoneal injections of STZ have shown similar diabetogenic results, as seen in the
literature.10,26 Administration of STZ via intraperitoneal injection is technically easier and
can be done with high reproducibility by most trained laboratory staff.

In summary, our results objectively show that multiple low doses of STZ are equally
effective in inducing experimental hyperglycemia whether administered under fed or fasted
conditions. We conclude that fasting prior to administration of multiple low doses of STZ is
not required, nor is it beneficial, for inducing glucose intolerance, hyperglycemia, β cell
dysfunction, and β cell loss. Furthermore, fasting may add unnecessary steps to experimental
designs and unnecessary metabolic stress to experimental mice.
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Figure 1.
Multiple low dose streptozotocin (MLD-STZ) is equally diabetogenic in immunodeficient
mice whether administered in the fed or fasted state. NOD/SCID/γchainnull mice were either
ad libitum fed (STZ-Fed) or fasted (6 h; STZ-Fasted) at the time of MLD-STZ injections (50
mg STZ/kg body weight/day for 5 consecutive days). (a) Results of intraperitoneal glucose
tolerance tests (IPGTTs) performed on treated mice 10 days after MLD-STZ. IPGTTs were
performed as described in the Materials and methods section. (b) Area under curve (AUC)
analyses for IPGTTs. (c) Fasting (6 h) blood glucose concentrations in treated mice. Results
are expressed as the means ± SEM, n = 3–5 mice per group. **P < 0.01, ***P < 0.001
compared with phosphate buffered saline (PBS)-treated NOD/SCID/γchainnull mice that
were ad libitum fed (Control) at the time of injection.

Chaudhry et al. Page 10

Lab Anim. Author manuscript; available in PMC 2014 October 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Fasting does not alter streptozotocin (STZ)-induced hyperglycemia in C57BL/6J mice. Male
C57BL/6J mice were either ad libitum fed (STZ-Fed) or fasted (6 h; STZ-Fasted) at the time
of multiple low dose (MLD)-STZ injections (50 mg STZ/kg body weight/day for 5
consecutive days). (a) Results of intraperitoneal glucose tolerance tests (IPGTTs) performed
on treated mice 10 days after MLD-STZ. (b) Area under curve (AUC) analyses for IPGTTs.
(c) Fasting (6 h) blood glucose concentrations in treated mice 10 days after MLD-STZ. (d)
Results of IPGTTs performed on treated mice 20 days after MLD-STZ. (e) AUC analyses
for IPGTTs. (f) Fasting (6 h) blood glucose concentrations in treated mice 20 days after
MLD-STZ. (g) Results of IPGTTs performed on treated mice 20 weeks after MLD-STZ. (h)
AUC analyses for IPGTTs. (i) Fasting (6 h) blood glucose concentrations in treated mice 20
days after MLD-STZ. Results are expressed as the means ± SEM. (a–f) n = 15–25 mice per
group. (g–i) n = 4–5 mice per group. **P < 0.01, ***P < 0.001 compared with Control mice.
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Figure 3.
β cell function is impaired in streptozotocin (STZ)-Fed and STZ-Fasted C57BL/6J mice. (a)
In vivo glucose stimulated insulin secretion (GSIS) in treated C57BL/6J mice 10 days after
multiple low dose (MLD)-STZ. (b) Corresponding area under curve (AUC) analyses for
GSIS. (c) Random fed serum insulin levels (ng/mL) in treated C57BL/6J mice 25 days after
MLD-STZ. Results are expressed as the means ± SEM. n = 5 mice per group. *P < 0.05,
**P < 0.01 compared with Control mice that were ad libitum fed at the time of injection.
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Figure 4.
β cell mass is decreased to a similar extent in streptozotocin (STZ)-Fed and STZ-Fasted
C57BL/6J mice. Pancreata from treated C57BL/6J mice were harvested 25 days after
multiple low dose (MLD)-STZ injections and sectioned. Sections were stained for insulin
and counterstained with hemotoxylin. (a–c) Representative pancreatic sections at 10×
magnification are shown from each treatment group. (d) Average β cell mass in treated mice.
Results are expressed as the means ± SEM. n = 4 mice per group. *P < 0.05 compared with
Control mice that were ad libitum fed (phosphate buffered saline (PBS)-Fed) at the time of
injection.
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Figure 5.
Repeated bouts of fasting results in weight loss in C57BL/6J mice. Male C57BL/6J mice
were weighed at the start (10:00 h) and end (16:00 h) of the fasting period daily for five
days. (a) Relative (% body weight) and (b) absolute (g) daily weight loss in C57BL/6J mice
during multiple low dose streptozotocin (MLD-STZ) injection protocol. (c) Average relative
(% body weight) and (d) absolute (g) daily weight loss for each treatment group calculated
from the average weight lost during days 1–5 of MLD-STZ injections. Values were
expressed as % body weight and absolute values in grams. Results are expressed as the
means ± SEM. n = 15–16 mice per group. *P < 0.05, **P < 0.01, ***P < 0.001 compared
with Control mice that were ad libitum fed (Control-Fed) at the time of injection.
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