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Abstract
Aims/hypothesis Regular exercise is at the cornerstone of care
in type 1 diabetes. However, relative hyperinsulinaemia
and a blunted glucagon response to exercise promote
hypoglycaemia. Recently, a selective antagonist of somatostatin receptor 2, PRL-2903, was shown to improve glucagon counterregulation to hypoglycaemia in resting
streptozotocin-induced diabetic rats. The aim of this study
was to test the efficacy of PRL-2903 in enhancing glucagon counterregulation during repeated hyperinsulinaemic
exercise.
Methods Diabetic rats performed daily exercise for 1 week
and were then exposed to saline (154 mmol/l NaCl) or PRL2903, 10 mg/kg, before hyperinsulinaemic exercise on two
separate occasions spaced 1 day apart. In the following week,
animals crossed over to the alternate treatment for a third
hyperinsulinaemic exercise protocol.
Results Liver glycogen content was lower in diabetic rats
compared with control rats, despite daily insulin therapy
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(p < 0.05). Glucagon levels failed to increase during exercise
with saline but increased three-to-six fold with PRL-2903 (all
p < 0.05). Glucose concentrations tended to be higher during
exercise and early recovery with PRL-2903 on both days of
treatment; this difference did not achieve statistical significance (p > 0.05).
Conclusions/interpretation PRL-2903 improves glucagon
counterregulation during exercise. However, liver glycogen
stores or other factors limit the prevention of exercise-induced
hypoglycaemia in rats with streptozotocin-induced diabetes.
Keywords Exercise . Glucagon . Hypoglycaemia .
Somatostatin receptor antagonist . Type 1 diabetes
Abbreviations
BBDP
Diabetes-prone BioBreeding rat
CGM
Continuous glucose monitoring
SSTR
Somatostatin receptor
SSTR2a Somatostatin receptor 2 antagonist
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Introduction
Non-severe and severe hypoglycaemia are frequent adverse
effects of insulin therapy in diabetes mellitus [1, 2]. A fear
of hypoglycaemia alters self-management of diabetes and prevents optimal glycaemic control [3]. The increased risk for
hypoglycaemia in type 1 diabetes is related to an early defect
in the glucagon response to developing hypoglycaemia [4]
and subsequent impairments in the sympatho-adrenal and
symptomatic responses to the same level of hypoglycaemia
exposure over time [5].
Along with insulin therapy, regular exercise is at the cornerstone of patient health [5]. Unfortunately, exercise also

Diabetologia (2016) 59:1724–1731

increases hypoglycaemia risk in patients with diabetes [6–8].
The increased risk during and after exercise is likely multifactorial but primarily includes increased skeletal muscle insulin
sensitivity [9, 10] a relative hyperinsulinaemia during the activity [11–13] and an attenuated glucagon response during
exercise [14, 15]. Even in well-controlled patients with type
1 diabetes who have not performed recent exercise,
hyperinsulinaemia and a blunted glucagon response to moderate intensity aerobic exercise occur [14]. A vicious cycle of
blunted counterregulatory responses to exercise and to
hypoglycaemia develops if the two phenomena are held close
together [16]. The mechanism for the blunted glucagon response to exercise (or to hypoglycaemia) in diabetes is unknown but could be related to autocrine or paracrine failures
within the pancreatic islets themselves.
To date, a limited number of potential therapeutics have
been tested in animal models that can improve counterregulation
to hypoglycaemia, either by improving fuel sensing in the
central nervous system [17] or by targeting the alpha cell
directly [18]. Somatostatin is a peptide hormone released
by the delta cells of the pancreas that suppresses the release
of insulin and several counterregulatory hormones, including glucagon, catecholamines, growth hormone and cortisol [19]. In humans and in animal models, diabetes causes
somatostatin levels to rise systemically [20, 21] and within
the islets themselves [20, 22–24]. By antagonising somatostatin receptor (SSTR)2 with a selective SSTR2 antagonist
(SSTR2a), PRL-2903, we have demonstrated that glucagon
and corticosterone responses to insulin-induced hypoglycaemia
are improved [25, 26], as is the depth and duration of
hypoglycaemia [27]. It is currently unknown whether
somatostatin antagonism can enhance glucagon secretion
during exercise and help protect against exercise-induced
hypoglycaemia in a setting of relative hyperinsulinaemia.
The purpose of this study was to test the efficacy of an
SSTR2a in restoring glucagon counterregulation and protection against hypoglycaemia during exercise in regularly active
streptozotocin (STZ)-induced rat models of diabetes.

Methods
Experimental animals and ethics statement Male Sprague
Dawley rats (125–150 g, Charles River, Québec, QC, Canada)
were fed standard rodent chow (Ralston Purina, St Louis, MO,
USA) and water ad libitum and were acclimatised to a 12 h
light cycle for a period of 1 week before the induction of
diabetes (week 0) using a single i.p. injection of STZ
(65 mg/kg; Sigma, St Louis, MO, USA). This dose of STZ
leaves some residual beta cell function in rats but the SSTR2a
does not appear to markedly impact insulin section in this
model [26, 27], probably because the beta cells in rats predominantly express SSTR5 rather than SSTR2 [25]. Two rats
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that did not become hyperglycaemic (blood glucose
<15 mmol/l) following STZ administration were eliminated
from the study. Rats were then placed on daily insulin therapy
(split dose of insulin glargine (Sanofi, Laval, QC, Canada):
2.5 U/kg at 09:00 hours and at 16:00 hours; Humulin R insulin
[Eli Lilly, Toronto, ON, Canada]: 5 U/kg at 16:00 hours) to
simulate ‘fair’ glycaemic control during the experimental period. Four healthy rats, four rats with STZ-induced diabetes
not receiving insulin and five diabetic rats receiving insulin
treatment were used for liver glycogen assessment. The Guide
for the care and use of laboratory animals, 8th edn (2011) was
followed. All experiments were approved by the Animal Care
Committee at York University (Toronto, ON, Canada) and
were conducted in accordance with guidelines set by the
Canadian Council for Animal Care.
Exercise habituation, SSTR2a treatment and acute exercise hypoglycaemia challenge Figure 1 shows the study design and timeline. Rats were first habituated to treadmill running over a 5 day period with a goal of establishing a running
speed of 17 m/min, 0% slope, for 30 min (week −1), corresponding to ~80% of maximal oxygen consumption [28].
Following diabetes induction (week 0), daily treadmill
running was resumed for an additional 5 days (week 1).
At 2 weeks after diabetes induction, three repeat exercise/
hypoglycaemic challenges were initiated over a 10 day period
(with at least 1 day off between exposures). Chow, 15 g, was
provided to the animals at 18:00 hours the evening before,
along with the usual dose of insulin glargine (Humulin R
insulin was withheld). Twenty rats were randomly allocated
into two groups and the experimenters were not blinded to the
group assignment nor outcome assessments. One group of rats
(Group 1, n = 10) were treated with an SSTR2a (PRL-2903,
10 mg/kg i.p.) 90 min before exercise on the first two exercise/
hypoglycaemic challenges and then with saline (154 mmol/l
NaCl) 90 min prior to the last exercise/hypoglycaemic challenge (Fig. 1). Conversely, a second group (Group 2, n = 10)
were treated with saline injection (2 ml/kg) 90 min prior to
exercise (t = −90 min) on the first two exercise/hypoglycaemic
challenges and then with the SSTR2a 90 min prior to the last
exercise/hypoglycaemic challenge (Fig. 1). PRL-2903 administered i.p. reaches a peak plasma concentration (Cmax) within
60 min, with a half-life of ~30 h; with good target (pancreas)
distribution sustained for at least 24 h (electronic supplementary material [ESM] Fig. 1).
This crossover design was selected because it allowed for
the assessment of repeated SSTR2a exposure in a setting of
recurrent exercise/hypoglycaemia with a prolonged drug
washout period before a third exercise/hypoglycaemic exposure (Group 1). This design also allowed for the assessment of
SSTR2a after recurrent exercise/hypoglycaemic challenge
(Group 2). The SSTR2a (PRL-2903) was purchased by CPC
Scientific (Sunnyvale, CA, USA) and the dose (10 mg/kg
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Fig. 1 Study design and timeline

body mass) approximated that given in our prior studies
[25–27]. The antagonist was dissolved in saline and given in
a 2 ml/kg volume.
To induce hyperinsulinaemia/hypoglycaemia during exercise, a subcutaneous bolus of Humulin R insulin (Eli Lilly,
Toronto, ON, Canada) was administered 60 min before the
start of exercise (t = −60 min) using an in-house sliding scale,
where X = baseline blood glucose concentration in mmol/l
and Y = target blood glucose concentration (5.0 mmol/l in this
study):


X−Y
2

Bolus insulin dose ðU=kgÞ ¼
X  0:0749 þ 1:8734
3
Pilot testing of this equation in our laboratory demonstrated
that this target glucose concentration at rest (5.0 mmol/l)
with a two-thirds correction promotes mild to moderate
hypoglycaemia (whole-blood glucose 2–3 mmol/l) by the
end of 30 min exercise in a majority of STZ diabetic rats.
This protocol is similar to one we have published previously
in resting rats [27]. It has the advantage over the glucose
clamp technique since it allows for the assessment of glucose
recovery from hypoglycaemia.
Blood sampling for glucagon and glucose measurements
Blood samples from a saphenous vein bleed (~175 μl) for
basal glucagon were collected on a sedentary day at 1 week
prior to the experimental procedures to limit blood volume
depletion and handling stress. During the exercise/
hypoglycaemia challenges, saphenous blood was collected
for plasma glucagon concentrations at the end of exercise
(t = 30 min, where t = 0 is the start of exercise) and at 40 min
in recovery (i.e. t = 70 min). Blood was collected in chilled
tubes containing EDTA and Trasylol (Bayer Canada,
Etobicoke, ON, Canada) and were assayed via radioimmunoassay (Rat Glucagon RIA kit, Millipore, Billerica, MA, USA)
in duplicate. Blood glucose was measured throughout the experiment using a handheld glucometer (AlphaTRAK, Abbott
Labs, Toronto, ON, Canada) with tail nick (t = −90, −60, −40,
0, 15, 30, 45, 60, 120 and 150 min). Hypoglycaemia was
defined as a whole-blood glucose ≤3.9 mmol/l. If blood glucose level was ≤1.5 mmol/l, rats were monitored closely and
treated with oral glucose gavage if deemed necessary.

Continuous blood glucose monitoring Continuous glucose
monitoring (CGM) was performed in select animals using the
iPro2 system (with Sof-sensor, Medtronic MiniMed,
Northridge, CA, USA) to profile glucose control during a
42 h period. With these measurements, the effects of insulin
treatment, feeding and the hypoglycaemic/exercise challenge
could be monitored (see ESM Fig. 2 for an example CGM
tracing). Rats were killed 6 days after their last exercise/
hypoglycaemic challenge via isoflurane overdose. Liver glycogen content was determined using a method modified from
Carr and Neff [29].
Statistical analysis Two-way mixed ANOVA tests were used
for time-dependent comparisons of glucagon and glucose concentrations for the two groups of rats (treatment group, time).
Two-way repeated-measure ANOVAs (challenge day, time)
were also used to compare glucose and glucagon levels between the first and second exercise/hypoglycaemic challenges
for challenge days 1 and 2. Values are reported as means ±
SEM unless otherwise shown.

Results
Glucagon levels during exercise/hypoglycaemic challenges
All rats were able to complete the 30 min of exercise. Figure 2
shows the glucagon levels for the SSTR2a-treated and salinetreated rats during the three exercise/hypoglycaemic challenges. Basal glucagon values were in accordance with other
previously published data [25–27] and not significantly different between Groups 1 and 2 (Fig. 2). During all three challenges, glucagon concentrations increased significantly with
SSTR2a by the end of exercise (t = 30 min) but failed to increase with saline treatment. In Group 1, glucagon values at
30 min tended to be higher on day 2 compared with day 1
(p = 0.08). In Group 2, glucagon values were higher at 30 min
on challenge day 3, when they received SSTR2a, compared
with animals given the saline treatment on that particular day
(p < 0.05).
Glycaemic responses and change in glucagon levels
Representative CGM tracings for an exercise/hypoglycaemic
challenge day are shown in Fig. 3. Insulin administration and
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exercise resulted in a rapid reduction in glucose levels, with
hypoglycaemia observed at the end of exercise and in early
recovery. While beneficial for profiling overall glycaemic
management, considerable CGM error was noted when glucose levels were changing rapidly (Fig. 3), as has previously
been documented [30–32].
Mean whole-blood glucose concentrations during the three
exercise/hypoglycaemia challenges are shown in Fig. 4. The
insulin dose at t = −60 min was similar between the two groups
of animals on the three challenge days (Group 1: 3.2 ± 0.6
U/kg; 3.2 ± 1.2 U/kg; 2.9 ± 1.3 U/kg; Group 2: 2.8 ± 1.3
U/kg; 2.6 ± 1.3 U/kg; 3.0 ± 1.0 U/kg on days 1–3, respectively). Insulin administration lowered blood glucose to a nadir
soon after the end of exercise. The number of rats requiring
glucose gavage for severe hypoglycaemia was low (n = 4) but
in all instances the requirement occurred after SSTR2a treatment. While glucose concentrations tended to be higher following SSTR2a treatment on exercise/hypoglycaemic challenge days 1 and 2, this difference did not achieve statistical
significance, likely because of high glucose variability among
the animals. Glucose concentrations tended to be lower in

SSTR2a-treated animals on challenge day 3 compared with
the saline-treated group.
The change in glucagon level from baseline to 30 and
70 min after exercise is shown in Fig. 4 (insets). The increase
in glucagon from baseline to 30 min was higher with SSTR2a
compared with saline for all three challenges. The change
from baseline to the 70 min time point was also higher in
the SSTR2a-treated rats than in the saline-treated rats on challenge day 1 (p < 0.05), but not on the other days.
Figure 5 shows the fold change in glucagon levels from
baseline to the 30 and 70 min time points vs the glucose
concentrations measured at those same time points. A nonlinear one-phase decay model shows that, at the 30 min time
point, a clear glucose threshold at about the hypoglycaemic
threshold (blood glucose 3.9 mmol/l) existed for the glucagon
fold change in SSTR2a-treated rats, while no glycaemic
threshold existed in saline-treated animals. At the 70 min time
point, glucagon levels clustered around the basal levels even
though the majority of rats were hypoglycaemic. No
glycaemic threshold existed for glucagon response at 70 min
in either treatment group. In a secondary analysis, rats that
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developed hypoglycaemia during the challenge (blood glucose ≤3.9 mmol/l) but did not have a rise in glucagon concentration over baseline were deemed ‘non-responders’. Rats
were deemed ‘responders’ if hypoglycaemia occurred and
peak glucagon levels increased by twofold compared with
the baseline. Three ‘responders’ were identified of eight
(38%) in saline-treated groups at the 30 min time point vs nine
of ten (90%) in the SSTR2a-treated groups (p < 0.05, χ2
analysis).

The blood glucose nadir was not different between salineand SSTR2a-treated rats on day 1 (3.0 ± 0.54 vs 3.0
± 1.08 mmol/l) nor on day 2 (2.0 ± 0.25 vs 2.4 ± 0.51), but
was lower in SSTR2a- than in saline-treated rats on day 3
(3.1 ± 0.32 vs 1.7 ± 0.20 mmol/l, p < 0.01). In the salinetreated animals, the mean glucose nadir was higher on day 1
than day 2 (3.0 ± 0.54 vs 2.0 ± 0.25 mmol/l, p = 0.05), but occurred at a similar time after the start of exercise (89 ± 16 vs 80
± 16 min on days 1 and 2, respectively). In SSTR2a-treated
animals, the glucose nadir tended to be higher on day 1 than
on day 2 (3.0 ± 1.08 vs 2.4 ± 0.51 mmol/l, p = 0.59). The time
to glucose nadir in SSTR2a-treated rats did not differ between
days (105 ± 10 vs 102 ± 14 min on days 1 and 2, respectively)
but tended to be longer than in saline-treated rats (p = 0.17).
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± 14.2 mmol glycosil units/mg protein (p < 0.01) but not to the
level observed in the non-diabetic rats (125.0 ± 24.1 mmol
glycosil units/mg protein).

Discussion
We show that SSTR2a improves glucagon counterregulation
during exercise performed in a hyperinsulinaemic state in diabetic rats. We also show that, despite enhanced glucagon
responsiveness during exercise with recurrent antagonism,
hypoglycaemia still occurs in early recovery from exercise
in this model, likely because of sustained hyperinsulinaemia
and an unsustained elevation in glucagon secretion, coupled
with low glycogen stores. These findings are important in
understanding the limits of the therapeutic potential of
SSTR2a in type 1 diabetes and help shed light on the mechanisms for the high incidence of exercise-associated
hypoglycaemia in patients living with the condition.
Aerobic exercise is generally thought to promote
hypoglycaemia in type 1 diabetes because it enhances
insulin-independent glucose disposal without promoting the
usual reduction in insulin secretion to help augment hepatic
glucose production [33]. Rather than drop during exercise,
insulin levels tend to rise [14], likely because of enhanced
blood flow and insulin absorption [34]. Other factors, such
as impaired counterregulatory responses [33] or reduced hepatic glycogen stores [35], might also contribute to increased
risk for exercise-induced hypoglycaemia. There may also be
impairments in glucagon secretion during exercise [14], particularly in a setting of hypoglycaemia [7]. The blunted rise in
the glucagon:insulin ratio in diabetes during aerobic exercise
limits hepatic glucose production [36], and hypoglycaemia
occurs in about half of the patient population [7, 37, 38] unless
preventive actions are taken [37–39].
In line with the clinical observations in humans of a blunted
glucagon response to exercise [14], we demonstrate here that
glucagon counterregulation is attenuated during exercise in
diabetic rats (Figs 4 and 5). We also demonstrate, for the first
time, that SSTR2a pretreatment augments the glucagon response during exercise-induced hypoglycaemia (Fig. 2).
Importantly, we also show that glucagon responsiveness to
this potential therapy is glucose sensitive, with the drug acting
primarily to boost glucagon concentrations only during
hypoglycaemia (Fig. 5). This finding supports our previous
studies in which drug responsiveness occurred during
clamped hypoglycaemia, but not during euglycaemia or
hyperglycaemia [26]. Thus, this potential therapeutic should
be considered as a way to improve glucagon counterregulation
without sacrificing overall metabolic control by promoting
sustained hyperglucagonaemia.
Even though SSTR2a treatment increases glucagon
counterregulation and tends to delay the onset of
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hypoglycaemia during exercise, it does not dramatically lower
overall hypoglycaemic risk in this model. These results extend
our previous findings that an SSTR2a improves glucagon
counterregulation in resting diabetic rats during acute [25, 26]
and recurrent [27] hypoglycaemia, but also suggest that other
factors are likely involved that drive exercise-associated
hypoglycaemia. Relative hyperinsulinaemia during exercise,
hepatic glucagon resistance and reduced hepatic glycogen
stores are possible reasons why SSTR2a treatment was unsuccessful in ameliorating hypoglycaemia in this model. In support
of the latter, although insulin therapy increased liver glycogen
content in rats with STZ-induced diabetes, levels were not restored to those observed in non-diabetic animals (Fig. 6).
Unfortunately, liver glycogen levels were not measured at the
end of the exercise/hypoglycaemia protocol in this study, but
rather after a 3 day recovery period when levels were likely
somewhat restored by usual insulin therapy and ad libitum
feeding (Fig. 6). Had liver glycogen been assessed when
hypoglycaemia was induced, we may have observed even further diminished stores. A further reduction in liver glycogen
content because of exercise and a prolonged hypoglycaemic
state likely contributed to the failure of SSTR2a treatment to
protect against hypoglycaemia. Although hepatic glucagon resistance is also a possibility, a recent study by Castle et al [40]
showed that hepatic glucagon resistance does not occur in
humans with type 1 diabetes, even after multiple exposures to
exogenous glucagon. In our study, high prevailing insulin concentrations likely promoted increased glucose disposal during
muscular exercise [41], thus limiting the effectiveness of glucagon at increasing hepatic glucose production, as is seen in
patients with type 1 diabetes on bi-hormonal pump therapy
who still develop hypoglycaemia with glucagon administration
at rest [42, 43] and during exercise (R. Rabasa-Lhoret,
Department of Nutrition & Institut de Recherches Cliniques
de Montréal, Faculty of Medicine, Université de Montréal,
Montreal, QC, Canada, personal communication).
One alternative explanation for the failure to protect against
hypoglycaemia in this study might be that glucagon concentrations, although increased with SSTR2a treatment, could not
be sustained as the glucose was reaching its nadir (Fig. 4).
These two phenomena are likely related: had the glucagon
level been sustained at a higher level for a longer period with
SSTR2a, the animals might not have reached hypoglycaemia
(Fig. 5). This finding is consistent with the observation that
SSTR2a treatment in pancreatic slices from diabetes-prone
biobreeding (BBDP) rats increase glucagon secretion rates
initially but then secretion rates drop even when hypoglycaemia
is maintained [25]. Interestingly, although the pancreatic
slices from BBDP rats treated with an SSTR2a drop their
relative glucagon secretion rates over time in a hypoglycaemic
setting, they have a robust secretion in response to subsequent
arginine stimulation, thereby suggesting that diabetes itself
alters the glucose-sensing and glucagon-secretion capacity
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of the alpha cell, rather than impairing glucagon content
per se [25].
We chose a unique model for the induction of exerciseinduced hypoglycaemia that simulates what typically happens
to type 1 diabetes patients when they exercise. However, some
limitations of this model should be acknowledged. We used a
modified in-house sliding scale equation for bolus insulin administration, which takes into account initial blood glucose
levels and a target glucose concentration of ~5.0 mmol/l, in
an attempt to modestly elevate relative insulin levels during
exercise. However, insulin concentrations were not measured
during this protocol and it is unclear if the SSTR2a promoted
increased insulin secretion, which has been reported for cultured human islets [44]. Nonetheless, Yue et al [26] found no
change in systemic insulin levels in rats with STZ-induced
diabetes given SSTR2a, likely because SSTR5 is the main
receptor isoform in beta cells in rats [25].
We gave mildly hyperglycaemic rats an insulin bolus that
would normally result in relative hyperinsulinaemia during
exercise, simulating exercise being performed after a mealtime insulin bolus. The combined effect of exercise with insulin administration resulted in a majority of rats developing
hypoglycaemia by the end of exercise or in early recovery
(Fig. 4). Importantly, insulin dose has been shown to have
an important influence on the efficacy of an SSTR2a to augment hepatic glucose production [26]. When hypoglycaemia
is induced with a minimum insulin dose (~5 U/kg R insulin),
the glucose infusion rate necessary to maintain glucose in the
target range is lower for SSTR2a-treated rats compared with
saline-treated animals [26]. The lower glucose requirement
during hypoglycaemia with an SSTR2a is associated with
improved glucagon responsiveness, a finding that has recently
been reported in the BBDP rat model [25]. Interestingly, when
hypoglycaemia is induced with a higher insulin dose (10 U/kg
R insulin), no difference in glucose infusion rate is observed
between drug-treated and control rats even though glucagon
levels are elevated with the SSTR2a [26]. Taken together with
our findings, it appears that SSTR2a treatment has little efficacy on glucose levels when circulating insulin levels are dramatically elevated, likely because of a relatively low
glucagon:insulin ratio [36].
Liver glycogen content is implicated in recovery from
exercise-induced hypoglycaemia. At least in theory, recovery
from hypoglycaemia may be impaired despite glucagon
counterregulation if the liver glycogen content is low because
of a previous bout of hypoglycaemia, poor diabetes control or
prolonged exercise. Poorly controlled diabetes in rats, even
without exercise, dramatically diminishes liver glycogen
stores [45], while intensive insulin treatment can help recover
glycogen content to some degree [46], but can also increase
hypoglycaemia risk. These findings are confirmed in our
study as the non-diabetic rats had much higher baseline liver
glycogen concentrations compared with the diabetic rats not
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treated with insulin (Fig. 6). Matsui et al [47] found that running on a treadmill for 30 min at 20 m/min largely depletes
liver glycogen levels in non-diabetic rats. We also found that
daily insulin treatment improves, but does not fully restore,
baseline liver glycogen content. Moreover, because the rats in
our study were exercising while partially fasted on the day of
experiment, liver glycogen content may well have been the
limiting factor for their capacity to counterregulate, with
SSTR2a treatment.

Conclusion
Our results show that SSTR2a treatment increases glucagon
counterregulation in STZ diabetic rats during exercise, but
animals still develop hypoglycaemia during early recovery.
The failure to prevent hypoglycaemia after exercise despite
SSTR2a treatment in this rodent model may be related to
several factors including an unsustained glucagon
counterregulation, relative hyperinsulinaemia and severely
depleted liver glycogen stores. Thus, an SSTR2a may be considered a potential anti-hypoglycaemic agent for exercise, although its use may be limited by elevated prevailing insulin
levels and compromised liver glycogen stores.
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