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The concept of ‘β-cell rest’, or suppression of insulin release from β-cells, was originally
developed in the context of type 1 diabetes mellitus. Clinicians noted that the initiation of
insulin therapy in newly diagnosed patients often led to partial remission, the so-called
‘honeymoon period’, which is characterized by increased endogenous insulin secretion and
reduced exogenous insulin requirements. This was first formally documented by Jackson et
al. in 1940, who reported ‘a regimen of control designed to approximate normal conditions
of metabolism’, which markedly decreased insulin requirements in children with type 1
diabetes (1). The first controlled clinical trial of β-cell rest was performed in the 1970’s,
when Mirouze et al. reported increased ‘remission’ rates in patients treated with intensive vs.
conventional insulin therapy (2). These and other observations generated the hypothesis that
decreased demand on β-cells can improve insulin secretion and β-cell viability. This concept
was subsequently expanded into the field of type 2 diabetes (3). In the context of this
review, we use the term β-cell rest ‘inclusively’, meaning that the agents used to induce β-
cell rest may have many additional beneficial effects on glucose metabolism beyond their
direct action on β-cells. Most obvious is the case of exogenous insulin, which ameliorates
glucotoxicity and simultaneously reduces endogenous insulin secretion – effects that are
difficult to tease apart, especially in the clinical setting. Another important distinction is
difficult or impossible to make in the clinical arena: whether improved β-cell function is
observed because of more work performed by existing β-cells or by a greater number
including new β-cells.

Pathophysiology of beta-cell dysfunction in diabetes
Both type 1 and type 2 diabetes are characterized by progressive β-cell loss, resulting in an
increased insulin secretory demand on the remaining β-cells. In type 1 diabetes, β-cell
destruction is caused by an ongoing autoimmune process. In type 2 diabetes, β-cell mass is
also decreased relative to non-diabetic controls matched for body mass index. While the
underlying β-cell defect in type 2 diabetes remains unknown and is under intense
investigation, it is clear that insulin resistance leading to increased insulin demand and β-cell
overstimulation plays an important role. With the rising prevalence of overweight and
obesity in the general population, insulin resistance may also accelerate the progression
toward overt type 1 diabetes in individuals prone to autoimmune diabetes as increased
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workload of β-cells has been associated with augmented antigenicity (4). Recent studies
provide good evidence for a link between nutrition, lipids, and subsequent inflammation and
activation of the immune system (5, 6).

Oxidative stress is another important factor resulting in β-cell dysfunction, as β-cells are
highly sensitive to the detrimental effects of reactive oxygen species (ROS). This may be, in
part, because of a relative deficiency in antioxidant enzymes such as glutathione peroxidase,
superoxide dismutase, and catalase, which normally help to reduce ROS. Particularly in type
2 diabetes, exposure to high levels of glucose and free fatty acids likely increases oxidative
stress in the β-cells, contributing to impaired insulin secretion, reduced β-cell proliferation
and to increased β-cell apoptosis (7, 8).

Mechanisms of beta-cell rest
Exogenous insulin is the agent most frequently used to induce β-cell rest. Its effect on
normalization of blood glucose greatly diminishes the insulin secretory demand, thus
decreasing endogenous insulin production (Fig. 1). Other agents that directly inhibit insulin
secretion from β-cells, such as adenosine triphosphate (ATP)-sensitive potassium channel
(KATP channel) openers and somatostatin, typically require coadministration of insulin in
order to avoid hyperglycemia.

Diazoxide is the best known KATP channel opener. It inhibits insulin secretion by reversing
the effect of glucose, which produces intracellular ATP via glycolysis and thus induces
closure of KATP channels. This leads to subsequent opening of voltage-dependent calcium
channels. Increased intracellular calcium concentrations induce translocation of insulin-rich
vesicles to the cell membrane and exocytosis of insulin (Fig. 1). In addition, many other
factors influence insulin secretion. Examples are pyruvate cycling (9), vagal stimulation
(10), and incretin effects signaled via specific β-cell G-protein coupled receptors that
activate the adenylyl cyclase pathway (11).

Diazoxide has the potential to decrease insulin secretion to fasting levels if given in
adequate doses (12). Because of its lack of selectivity, diazoxide also acts on KATP channels
in smooth muscle, causing a reduction in blood pressure. In fact, the earliest clinical use of
diazoxide was as an antihypertensive agent in 1960 (13). Currently, diazoxide is
administered most frequently for the treatment of hyperinsulinemic hypoglycemia of infancy
(14). Numerous derivatives of diazoxide have been developed, which contain structural
modifications that increase their potency and selectivity for β-cells. Few of these have been
tested in humans, and none are Food and Drug Administration approved for clinical use. A
review of these compounds has been published elsewhere (12).

Somatostatin and its analogs not only inhibit the release of insulin but also of growth
hormone, glucagon, and gastrin (12, 15). Octreotide is the most frequently used somatostatin
analog; it has clinical utility in a variety of hormone excess syndromes and gastrointestinal
disorders. The inhibition of insulin release by octreotide has been exploited in the treatment
of insulinoma and in hypothalamic obesity, in which insulin hypersecretion is thought to
contribute to the pathophysiology (16). Octreotide inhibits insulin release via the sst5
receptor, while inhibition of glucagon, gastrin, and prolactin release are mediated via the sst2
receptor (17). Selective agonists for the sst5 receptor have been developed but have not been
tested in humans (12). Two of these compounds (SS14 and SS28) have been shown to
inhibit insulin release in vitro under conditions of both normoglycemia (6.1 mmol/L) and
hyperglycemia (20 mmol/L) to a similar degree as native somatostatin (18). Another
selective sst5 receptor agonist (DC-23-99) proved to be a more potent inhibitor of insulin
release than somatostatin, while having less potent effects on glucagon release (19). These

Brown and Rother Page 2

Pediatr Diabetes. Author manuscript; available in PMC 2012 August 13.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



selective sst5 agonists may have future clinical utility for selective inhibition of insulin
release.

Beneficial effects of beta-cell rest
At present, it is not entirely clear why β-cell rest has salutary effects, especially on a long-
term basis. Several explanations have been suggested (Table 1): inhibition of endogenous
insulin secretion might allow chronically overstimulated β-cells to replenish the
immediately secretable insulin pool (20). It has also been speculated that glucokinase (GK)
activity might recover during the period of decreased insulin secretion (21). Impaired
function of GK and consequent impaired interaction with β-cell mitochondria have been
linked to increased β-cell apoptosis (22).

In animal studies, improvement in insulin secretion and sensitivity from diazoxide appeared
to be mediated by decreased activity of key enzymes regulating hepatic gluconeogenesis
including hepatic GK, glucose-6-phosphatase, and phosphoenolpyruvate carboxykinase
(23). Furthermore, blood flow to pancreatic islets is considerably increased after exposure to
potassium channel openers such as diazoxide (24).

Beta-cell rest may also lead to decreased islet fibrosis, which is typically seen in long-
standing type 1 and type 2 diabetes. A possible mechanism is reduced proliferation of
pancreatic stellate cells (which produce extracellular matrix in pancreatic fibrosis), which
are activated by high glucose and insulin levels (25). Beta-cell rest also may reduce the
antigenicity of β-cells, which plays an important role in type 1 diabetes (26–29).

When β-cell rest is induced by insulin therapy, part of the benefit is clearly mediated by
correction of glucotoxicity. Prolonged hyperglycemia leads to numerous harmful effects
including decreased glucose utilization and insulin secretion in β-cells, downregulation of
insulin transcription, upregulation of inflammatory cytokines, and β-cell apoptosis (30, 31).
However, beneficial effects of β-cell rest may also result from decreased production of ROS
independent of correction of hyperglycemia, with consequent improvement of β-cell
function and reduction of apoptosis (8). This may be because of a direct effect of insulin as
an anti-inflammatory hormone or may be secondary to disruption of proinflammatory
processes triggered by glucose-dependent insulin secretion in the β-cell.

Reduction of oxidative stress using insulin, independent of glycemia, has been shown in
humans with type 2 diabetes. Bravi et al. measured markers of oxidative stress in patients
with well-controlled type 2 diabetes [hemoglobin A1c (HbA1c) <7.0%] before and during
euglycemic hyperinsulinemic clamp studies and in non-diabetic controls at baseline (32).
They found that subjects with type 2 diabetes had a decreased glutathione (GSH) to GSH
disulfide (GSSG) ratio compared with controls, indicating a decreased ability to protect β-
cells from hydrogen peroxide-induced oxidative damage. The GSH/GSSG ratio increased in
diabetic subjects during the hyperinsulinemic clamp to near that of normal controls,
suggesting that exogenous insulin decreased oxidative stress independent of its effect on
glycemia.

Langouche et al. have proposed that insulin may have an anti-inflammatory effect when
used to maintain strict euglycemia in critically ill patients (33). They demonstrated that
patients in the intensive care unit who were randomized to receive intensive insulin therapy
had lower circulating levels of the intercellular adhesion molecule-1 and E-selectin. In
addition, the group receiving intensive insulin therapy had lower levels of circulating nitric
oxide (NO) and lower gene expression of inducible NO synthase. As high levels of NO are
pro-inflammatory, it is possible that this may provide a link between intensive insulin
treatment and preservation of β-cell function via anti-inflammatory effects.
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Preclinical studies
Many rodent models of diabetes have been developed to further our understanding of
pathophysiology and to develop treatment options. Examples are the non-obese diabetic
(NOD) mouse, which serves as a model for type 1 diabetes, and the leptin-deficient ob/ob
mouse, which is a common model of type 2 diabetes. Streptozotocin-induced diabetic
animals have been used to study both main types of diabetes. Reviews of rodent models can
be found elsewhere (34, 35). It is of note that results of rodent research should be
extrapolated with great caution to clinical results in humans. Many important differences
exist between rodent and human insulin genetics and physiology, and interventions that
prevent or treat diabetes in models such as the NOD mouse frequently prove disappointing
when tested in humans (34).

Insulin
While initiation of insulin therapy at the diagnosis of type 1 diabetes may result in
temporary restoration of endogenous insulin production (the ‘honeymoon’ period),
endogenous insulin secretion inevitably declines again to the point where exogenous insulin
is necessary. Studies of insulin-induced β-cell rest directed at prevention of disease in
diabetes-prone animals are therefore of special interest. Several investigators have found
that treatment of diabetes-prone biobreeding (BB) rats with exogenous insulin and/or
diazoxide resulted in a decreased incidence of diabetes (36, 37). Buschard et al.
demonstrated that 8 d of insulin treatment in several rodent models of type 1 diabetes
resulted in decreased expression of a monoclonal islet cell autoantibody (26). Other
investigators have found that the expression of glutamic acid decarboxylase autoantigen is
correlated with insulin secretion (4). Thus, β-cell rest may delay the onset of diabetes by
decreasing the antigenicity of islets.

Other investigators have studied the effects of insulin-induced β-cell rest on animals with
overt diabetes. Zhou et al. reported the effects of insulin at onset of diabetes in Sprague-
Dawley rats fed high-energy chow and treated with streptozotocin to induce β-cell apoptosis
(38). Two days after streptozotocin treatment, rats were given 7 d of subcutaneous insulin.
Insulin mRNA levels were found to be 81.3% higher in insulin-treated diabetic rats
compared with untreated animals. In addition, early insulin treatment improved the
cytoplasmic insulin content of β-cells viewed on stained pancreas sections. More than 10 yr
earlier, using a similar experimental approach, Kergoat et al. studied the effect of 1 vs. 5 d of
insulin therapy in a streptozotocin-induced rat model of type 2 diabetes (39). In isolated
perfused pancreas preparations, they found that the 1-d treatment regimen had little effect,
but 5 d of insulin resulted in improved glucose-stimulated insulin secretion.

Other agents
Several studies have attempted to differentiate the direct, noxious effect of hyperglycemia
from over-stimulation of β-cells. Yoshikawa et al. incubated islets isolated from Sprague-
Dawley rats in a high-glucose environment (27 mmol/L glucose) for 48 h with either
continuous or intermittent exposure to diazoxide (40). Despite hyperglycemia, both
diazoxide exposure conditions resulted in improved β-cell function. Maedler et al. studied
the effects of diazoxide and the β-cell-selective KATP channel opener NN414 on isolated
human islets (41). They found that both KATP channel openers blocked the adverse effects
of exposure to high glucose and the inflammatory cytokine interleukin-1β on β-cell
secretory dysfunction and apoptosis.

Skak et al. investigated whether NN414 could be used to improve β-cell survival in diabetic
BB rats (42). Animals were treated three times daily on days 1–19 with NN414, diazoxide,
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or vehicle. Almost half of the NN414-treated rats were found to have a β-cell mass
(measured histologically) and function (measured by glucose-stimulated C-peptide) similar
to that of non-diabetic controls vs. only 11% (4 of 36) of vehicle-treated rats. In addition,
responsive NN414-treated rats were almost free of insulitis. Similar results were found in
BB rats treated with insulin plus either diazoxide or NNC 55-0118 (43).

In 90% pancreatectomized diabetic rats, a 5-d postoperative treatment with diazoxide was
found to lower non-fasting plasma glucose values, improve glucose tolerance after oral
glucose load, and induce a 50% increase in pancreatic insulin content compared with control
(44). Kullin et al. used streptozotocin-induced β-cell damage in Sprague-Dawley rats as a
model for insulitis and studied the effects of diazoxide and the selective KATP channel
opener NNC 55-0118 (45). In isolated islets, both KATP channel openers protected rat islet
morphology from streptozotocin-induced destruction and in addition preserved glucose
oxidation rate and insulin content and secretion.

Studies of somatostatin and its analogs in animal models of diabetes have focused primarily
on prevention or amelioration of diabetic complications (e.g., retinopathy and nephropathy).
Data on the effects of somatostatin on β-cell function in animals are lacking.

Clinical studies
In 1940, Jackson et al. described 27 children with type 1 diabetes who were hospitalized and
treated with regular insulin four times daily to achieve a mean blood glucose of 50 to 75 mg/
dL for about 2 months (1). The authors noted that this treatment resulted in a decrease in
insulin requirements by approximately 50%, presumably because of correction of
glucotoxicity. In 1978, Mirouze et al. described the effects of a brief course of intensive
intravenous insulin vs. conventional (three times daily subcutaneous insulin) therapy in
recently diagnosed patients with type 1 diabetes (2). The primary end-point of the study was
the rate of ‘remission’, defined as aglycosuria with fasting blood glucose <120 mg/dL and
postprandial blood glucose <200 mg/dL without exogenous insulin. In the group that
received intravenous insulin therapy, 75% (9 of 12) entered a remission period lasting a
mean of 8 months vs. an 11% remission rate in controls. The authors concluded that ‘β-cells
can be rested’ with ‘early adequate insulin therapy’, allowing preservation of residual β-cell
function.

More recently, the Diabetes Control and Complication Trial (DCCT) in type 1 diabetes
demonstrated that, among subjects who had C-peptide secretion at baseline, those who
received intensive insulin therapy maintained higher C-peptide secretion over time as
compared with those who received conventional insulin therapy (46). They concluded that
intensive insulin therapy helped preserve endogenous insulin secretion and also resulted in
improved metabolic control. In addition, subjects in the DCCT with higher C-peptide
secretion had a lower risk of complications, including retinopathy, nephropathy, and severe
hypoglycemia (47).

The Diabetes Prevention Trial (DPT-1) was designed to prevent type 1 diabetes by
administration of subcutaneous or oral insulin (48, 49). This large-scale trial was based on
the hypothesis that insulin may lead to immunomodulation and possible induction of
tolerance; thus, insulin was not primarily used to induce β-cell rest. More than 103 000 first-
and second-degree relatives of patients with type 1 diabetes were screened, and subjects
were characterized according to their 5-yr risk of developing type 1 diabetes. The high-risk
cohort was randomized to receive either close follow-up or 0.25 mg/kg/d of subcutaneous
insulin. The intermediate risk group received placebo or oral insulin (7.5 mg/d). There
proved to be no difference in the incidence of new-onset type 1 diabetes in the insulin-
treated groups vs. controls (48). The negative results of the DPT-1, which countered the
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positive results seen in multiple animal trials, might be because of the low dose of insulin
used to avoid hypoglycemia. Alternatively, animal data exist to suggest that β-cell rest with
insulin must be initiated at an earlier stage in the development of diabetes in order to prevent
new-onset disease (50). The Type 1 Diabetes TrialNet study group has initiated a follow-up
trial to further explore the potential role of oral insulin to delay or prevent type 1 diabetes
(51).

In 1988, Glaser et al. reported improved β-cell function after intensive insulin treatment in
patients with poorly controlled type 2 diabetes (52). They studied 12 adult subjects with type
2 diabetes with HbA1c of 10.7–20.5% on maximal metformin and glibenclamide (glyburide)
plus insulin (in 8 of 12 of these patients). Subjects were given intensive insulin therapy via
continuous subcutaneous insulin infusion (CSII, or ‘insulin pump’) for approximately 17 d.
Shortly (1–3 d) after cessation of CSII, subjects showed improved glycemia control and
increased C-peptide responses to glucagon and intravenous glucose. This brief treatment
with CSII also appeared to have long-term benefits: one patient was able to stop all
antidiabetic agents for at least 1 yr after CSII, and an additional five subjects maintained
good blood glucose control on oral hypoglycemic agents for 4 to over 24 months.

There has been a single uncontrolled clinical trial of short term (4–12 wk), twice daily
insulin injections in 18 children with type 2 diabetes, who either had a history of diabetic
ketoacidosis or had a HbA1c >9% (53). This study showed a marked improvement in
HbA1c from 12.81% at baseline to 7.59% after treatment. The improvement persisted over a
12-month follow-up period.

Early insulin treatment in the course of type 2 diabetes has been suggested by many
clinicians and clinical investigators but has not been widely accepted as a treatment
modality. The availability of nasal or inhaled insulin may change clinical practice in the
future as much of the hesitance stems from having to use injections. Two recent studies
suggest that intensive insulin therapy at diagnosis of type 2 diabetes may lead to significant
long-term improvement in β-cell function to the extent that subjects remain euglycemic off
all diabetes therapy except appropriate diet. Ryan et al. gave 16 obese adult subjects with
newly diagnosed type 2 diabetes a 2 to 3-wk course of intensive insulin therapy. At 1 yr
follow-up, seven of the subjects remained near-euglycemic on diet therapy alone (54). Li et
al. treated 138 consecutive adult patients with newly diagnosed type 2 diabetes with
intensive insulin therapy using CSII for 2 wk. The remission rates (percent maintaining
near-euglycemia on diet alone) were 72.6% at 3 months and 47.1% at 1 yr (55). Ilkova et al.
showed similar results with a group of 13 subjects with newly diagnosed, diet-unresponsive
type 2 diabetes. Subjects were treated with 2 wk of intensive insulin therapy using CSII.
More than half maintained near-euglycemia on diet alone 12 months after CSII and 38.5% at
24 months. In four subjects, glycemia control deteriorated after 9–34 months but was
restored by a second 2-wk course of CSII (56).

Prospective controlled trials of the effect of early β-cell rest in type 2 diabetes have not yet
been conducted to confirm the above results. To address this issue, a trial is underway in
adolescents and young adults with recently diagnosed type 2 diabetes, comparing the effect
of conventional therapy (diet and metformin) with conventional therapy plus 2 wk of β-cell
rest using insulin via CSII and diazoxide (57).

Clinical studies: other agents
Bjork et al. demonstrated in a small study of 20 young, adult patients with type 1 diabetes
that the combination of insulin and diazoxide (4–6 mg/kg/d) produced greater β-cell rest
(evidenced by lower C-peptide levels) than insulin alone (58). Importantly, subjects who
received the 3-month course of diazoxide in this trial had higher residual endogenous insulin
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secretion at 1 yr compared with controls. Currently, Grill et al. are recruiting adult patients
with recent onset type 1 diabetes to test whether low and intermittent (i.e., night time)
dosing of diazoxide together with insulin administration can prevent β-cell loss during a 12-
month observation period, and whether this approach is associated with fewer side effects of
long-term diazoxide administration (59).

Thirty years ago, Greenwood et al. reported that treatment with diazoxide (5 mg/kg/d) led to
improved insulin secretion in adults with type 2 diabetes (3). Diazoxide and insulin were
administered to 10 diabetic subjects for 7 d. An additional four diabetic subjects received
insulin plus placebo, serving as a control group. There was a substantial increase in the
insulin response to stimulation with glucagon and tolbutamide after discontinuation of
diazoxide compared with placebo. Guldstrand et al. replicated these results with an even
shorter course of diazoxide (100 mg every 8 h × six doses) in eight obese individuals with
type 2 diabetes (60). In this study, subjects were treated with insulin alone or insulin plus
diazoxide in a randomly ordered treatment, with subjects serving as their own controls.
Despite an identical degree of blood glucose control during the two treatment periods,
insulin secretion was significantly better following treatment with diazoxide. The degree of
C-peptide suppression achieved during these studies was not documented, however, and it is
unclear if the benefit seen was actually because of resting of β-cells.

Laedtke et al. studied the effects of somatostatin in 11 adult subjects with type 2 diabetes.
Subjects were given an overnight infusion of either somatostatin (60 ng/kg/min) or saline,
while plasma glucose was maintained at 8 mmol/L (144 mg/dL) (61). To compensate for the
lack of selectivity of somatostatin for the sst5 receptor, subjects received growth hormone
and glucagon replacement during the somatostatin infusion. Immediately following
cessation of the infusion, subjects exhibited improvement in mean insulin secretion rates to
approximately that of non-diabetic controls, as well as improved insulin pulse mass and total
insulin secretion. In an earlier study, five patients with type 2 diabetes had been studied after
secondary failure of oral agents, with and without the addition of a long-acting somatostatin
analog SMS 201-995 to an intermediate-acting insulin regimen (62). While β-cell function
was not directly affected, postprandial glucose excursions were lower immediately after the
administration of SMS 201-995, most likely because of the suppression of glucagon
secretion and delayed intestinal absorption.

Few studies exist of somatostatin and its analogs in type 1 diabetes, including small numbers
of subjects and reporting mixed results. Grunt et al. investigated the effect of octreotide on
β-cell function in children with newly diagnosed type 1 diabetes (63). Ten children were
given 50 μg/m2 of octreotide subcutaneously twice daily for 21 d after diagnosis. Although
there were no differences in insulin requirement or HbA1c, subjects who had received
octreotide had higher glucagon-stimulated C-peptide compared with controls at 6 and 12
months. Bjork et al. studied the effect of diazoxide compared with octreotide on C-peptide
secretion and glycemia control in six subjects (64). After 1 wk, the glucagon-stimulated C-
peptide response was markedly reduced in patients who had received diazoxide but
unchanged after receiving octreotide, suggesting that this dose of octreotide (50 μg three
times daily) is ineffective in inducing β-cell rest.

Deleterious effects of beta-cell stimulation
If β-cell rest is good for β-cell function, then one might argue the converse: β-cell
stimulation should worsen β-cell function. Sulphonylureas close KATP channels and thus
insulin secretion. For the past 50 years, they have been widely used drugs for the treatment
of type 2 diabetes; however, there is an ongoing debate about their potentially harmful
effects on β-cells and the cardiovascular system. Several studies have shown that these
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agents induce apoptosis in β-cell lines, rodent islets, and islets isolated from human donors
(65, 66). However, in the United Kingdom Prospective Diabetes Study, loss of β-cell
function was not unique to sulfonylureas but occurred at a similar rate of decline in patients
with type 2 diabetes on metformin or conventional (mainly diet) treatment, suggesting that
factors other than β-cell stimulation had to be playing a role (67).

Therapeutic implications
Solid evidence based on basic and clinical studies has shown that β-cell rest has the potential
to improve β-cell function both acutely and chronically. Although clinical trials of insulin
for prevention of type 1 diabetes in humans have been disappointing, the protective effect of
intensive insulin treatment in patients with type 1 diabetes has been clearly shown in the
DCCT, and part of this effect may be because of induction of β-cell rest. However, the
strategy of intensive β-cell rest using a combination of insulin and KATP channel openers
has not yet been fully explored for prevention or delayed progression of new-onset type 1
diabetes. Diazoxide may be particularly attractive for this type of study as it is relatively safe
and easy to administer.

The three studies demonstrating prolonged clinical remission of type 2 diabetes after a short
period of β-cell rest using intensive insulin therapy are very intriguing (54–56). If confirmed
by controlled clinical studies, this suggests a new paradigm for the treatment of type 2
diabetes, in which β-cell function may be preserved by the use of early insulin therapy for β-
cell rest. Furthermore, as the ultimate goal is prevention of overt diabetes and its associated
complications, β-cell rest may be part of a therapeutic approach for both types of diabetes in
the preclinical state. Large, multicenter trials of β-cell rest may provide information on
whether this strategy will ultimately prove beneficial in altering the natural history of both
type 1 and type 2 diabetes.
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Fig. 1.
Schematic presentation of glucose-mediated insulin secretion and medications that block
insulin secretion. Glucose transporter 2 actively transports glucose into β-cells. Lower
extracellular glucose concentrations induced by exogenous insulin lead to less glucose
uptake. Glucose metabolism induces adenosine triphosphate (ATP) production, causing
closure of the ATP-sensitive potassium (KATP) channels. The altered membrane potential
leads to depolarization and influx of calcium via voltage-gated calcium channels. Closure of
KATP channels can be directly blocked by KATP channel openers, such as diazoxide, or
indirectly blocked by second-messenger systems triggered by interaction of somatostatin
with the sst5 receptor. Somatostatin may also have direct effects on calcium channels.
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Table 1

Proposed mechanisms for beneficial effects of β-cell rest

Restocking’ of cellular insulin stores (20)

Recovery of GK activity (21)

Reduction of gluconeogenic enzymes (e.g., GK, glucose-6-phosphatase, and phosphoenolpyruvate carboxykinase) (23)

Improved pancreatic islet blood flow (24)

Decreased islet fibrosis (25)

Decreased islet antigenicity (26–29)

Reduction in reactive oxygen species (8, 32, 33)
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