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Abstract

Nitroxyl (HNO) is a molecule of significant interest due to its unique pharmacological properties,
particularly within the cardiovascular system. A large portion of HNO biological effects can be
attributed to its reactivity with protein thiols, where it can generate disulfide bonds. Evidence from
studies in erythrocytes suggests that the activity of GLUT1 is enhanced by the formation of an
internal disulfide bond. However, there are no reports that document the effects of HNO on
glucose uptake. Therefore, we examined the acute effects of Angeli’s salt (AS), a HNO donor, on
glucose uptake activity of GLUT1 in L929 fibroblast cells. We report that AS stimulates glucose
uptake with a maximum effective concentration of 5.0 mM. An initial 7.2-fold increase occurs
within 2 min, which decreases and plateaus to a 4.0-fold activation after 10 min. About 60% of the
4.0-fold activation recovers within 10 min, and 40% remains after an hour. The activation is
blocked by the pretreatment of cells with thiol-reactive compounds, iodoacetamide (0.75 mM),
cinnamaldehyde (2.0 mM), and phenylarsine oxide (10 pM). The effects of AS are not additive to
the stimulatory effects of other acute activators of glucose uptake in L929 cells, such as azide (5
mM), berberine (50 uM), or glucose deprivation. These data suggest that GLUT1 is acutely
activated in L929 cells by the formation of a disulfide bond, likely within GLUT1 itself.
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1. Introduction

The unique biological effects of nitroxyl (HNO) and its potential to be a cell-signaling
molecule distinct from nitric oxide (NO) are receiving increasing attention [1-6]. For
example, HNO has documented efficacy for the treatment of heart failure [7-11] and
alcoholism [12]. The physiological effects of HNO appear to be mediated by its reactions
with hemeproteins and with thiols [1,2,13,14]. In particular, the propensity of HNO to react
with biological thiols, such as cysteine residues, is well established. It can react with a single
cysteine residue to produce a sulfinamide as the endproduct, or it can react with two cysteine
residues to produce a disulfide. This chemistry accounts for the observations that HNO
inhibits aldehyde dehydrogenase [12,15], glyceraldehyde-3-phosphate dehydrogenase
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[16,17], cysteine proteases such as papain [18] and cathepsin B [19], and tubulin
polymerization [20]. There has been significant interest in HNO’s unique and positive
effects on cardiac muscle contractility [1,4]. HNO has been shown to react with several
sarcoplasmic proteins involved in Ca2* release and uptake, including the ryanodine receptor
[21], Ca2*-ATPase (SERCA) [11], and phospholamban [9], a protein that regulates SERCA.
It is not clear, at this time, if HNO is produced by cells as a physiological signal or if it is
purely a pharmacological agent [2,6].

The ubiquitously expressed glucose transporter GLUT1 long thought to be responsible only
for basal glucose uptake. However, there is mounting evidence that GLUT1 can be acutely
activated. Cell stressors such as azide [22,23], osmotic stress [24,25], methylene blue [26],
C-peptide [27] and glucose deprivation [28,29] all increase the transport activity of GLUT1.
In contrast to GLUT4 activation, the activation of GLUT1 occurs without a change in the
membrane concentration of the transporter [22]. Currently it is not clear what alteration in
GLUT1 structure accounts for its enhanced activity. Based on work in erythrocytes, the
Carruthers’ lab [30-34] suggests that GLUT1 is activated by the formation of an internal
disulfide bond. This triggers a conformational change in GLUT1 and leads to the
oligomerization (tetramer) and activation of the transporter. This mechanism of activation
has not been confirmed in other cell lines. However, in support of this mechanism, we have
found that two thiol-active agents, phenylarsine oxide [35] and cinnamaldehyde [36],
activate glucose uptake in L929 fibroblast cells, a cell line that express only the GLUT1
isoform [37]. If GLUT1 is activated in L929 cells in a manner similar to erythrocytes, we
would predict that HNO would trigger a disulfide bond formation in GLUT1, which appears
to be the preferred HNO-induced product in a hydrophobic environment [38], and thereby
activate glucose uptake. Therefore, the specific purpose of this study was to systematically
investigate the acute effects of Angeli’s salt (AS), an in situ producer of HNO, on glucose
uptake in L929 fibroblast cells.

2. Materials and Methods

2.1. Chemicals

AS was a generous gift of Dr. John P. Toscano (Johns Hopkins University). Phenylarsine
oxide (PAO), cinnamaldehyde, cysteine, iodoacetamide, berberine, 2-deoxy-D-glucose-
[1,2-3H] (2DG) and D-mannitol-1-14C were purchased from the Sigma-Aldrich Chemical
Company (St. Louis, MO, USA).

2.2. Cell culture

L.929 mouse fibroblast cells were obtained from the American Type Culture Collection. To
initiate each experiment, approximately 1.0 x 105 L929 fibroblast cells were plated into each
well of a 24-well culture-treated plate in 1.0 mL of low-glucose (5.5 mM) DMEM
(Dulbecco’s Modified Eagle Medium) supplemented with 10% fetal bovine serum and 1%
penicillin/streptomycin. The cells were grown overnight at 37 °C in an incubator supplied
with humidified room air with 5% CO,.
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2.3. General experimental design

In general, experiments consisted of either one or two phases, either a treatment phase
followed by a glucose uptake phase, or only the glucose uptake phase. Times for each phase
are indicated in the figure legends. To initiate an experiment with a treatment phase, the
media from cells in 24-well plates were replaced with 0.4 mL of fresh treatment media
consisting of either low-glucose DMEM alone (0% FBS) (basal), low-glucose DMEM plus
the chemical of interest (see figure and table legends), or glucose-free DMEM (0% FBS)
(activation by glucose deprivation). Cells were maintained at 37 °C for the times indicated.
If there was no treatment phase, cells were immediately incubated in glucose uptake media
(see below). AS was stored at —4 °C under nitrogen. In all experiments using AS, the solid
compound was quickly dissolved in media at room temperature and distributed to the cells in
the 24-well plate (process took about 30 s). The cells were then returned to the incubator and
the media allowed to warm to 37 °C. All other reagents were added to the media from 100 to
200x stock aqueous (sodium azide, iodoacetamide, cysteine), ethanol (cinnamaldehyde) or
DMSO (berberine, phenylarsine oxide) solutions. Ethanol and DMSO have no effect on
glucose uptake [35,36].

In experiments designed to measure recovery from the effects of AS, the treatment phase
was followed by a recovery period in which cells were washed and returned to low-glucose
media (0.8 mL) without AS for varying times as indicated in figure legend. Glucose uptake
was measured as described below.

2.4. Glucose uptake assay

Glucose uptake was measured using the radiolabeled glucose analog 2-deoxyglucose (2DG)
as previously described [39]. Briefly, the media was replaced with 0.2 mL of glucose-free
HEPES buffer (140 mM NaCl, 5 mM KCI, 20 mM HEPES/Na pH = 7.4, 2.5 mM MgSQy, 1
mM CaCl,, 2 mM NaPyruvate, 1 mM mannitol) supplemented with 1.0 mM (0.3 pCi/mL) 2-
DG (1,2-3H) and 1.0 mM (0.02 pCi/mL) mannitol (1-14C). Uptake media was supplemented
with additional compounds, such as AS, as indicated in the figure and table legends. After a
10-min incubation, cells were washed twice with cold glucose-free HEPES. The cells were
lysed in 0.5 mL lysis buffer (10 mM Tris pH = 7.4, 150 mM NaCl, 5 mM EDTA, 1.0% triton
X-100, 0.4% SDS) and the 3H-2 DG uptake with 14C-mannitol as the extracellular marker
was measured using scintillation spectrometry. Uptake of 14C-mannitol only occurs if the
cell membrane is compromised. Therefore, the use of a double-labeled uptake solution
allows us to both measure surface binding and monitor potential toxic effects of the
experimental treatments that would compromise the cell membrane.

2.5. Statistical analysis

Experimental conditions were repeated in triplicate or quadruplicate and glucose uptake was
measured and reported as nmol/10 min/well + standard error. Statistical significance was
determined by either ANOVA followed by a post-hoc Dunnett test or a two-tailed #test.
Statistical significance is reported at £< 0.01 or £< 0.05. Experiments were repeated
several times and results from representative experiments are reported.

Biochimie. Author manuscript; available in PMC 2016 August 26.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Salie et al.

3. Results

Page 4

3.1. Angeli’s salt activates glucose uptake in a dose-dependent manner

Experiments with erythrocytes suggest that GLUT1 can be activated by internal disulfide
bond formation, which leads to an oligomerization of the transporter [32,33]. Because AS
stimulates disulfide bond formation via an in situ release of HNO [1,2], we were curious to
determine if AS could activate glucose uptake in L929 fibroblast cells, which express only
GLUT1 [37]. In our initial experiment, L929 fibroblast cells were exposed to 10 mM
Angeli’s salt either (1) only during a 30-min treatment phase, (2) during the treatment phase
and again during the 10-min uptake phase, or (3) only during the uptake phase. We chose
this AS concentration based on previous work, which had shown that AS in the range of
0.25-10 mM stimulated the dimerization of the cardiac sacroplasmic reticulum protein
phospholamban [9]. The results, shown in Fig. 1, reveal that the greatest activation of
glucose uptake by L929 fibroblast cells is observed when AS is included only during the
uptake phase (uptake increased 4.2x). In a subsequent experiment, the dose dependency of
glucose uptake was determined by exposing cells to concentrations of AS ranging from 0 to
20 mM only during the 10-min uptake. The results are shown in Fig. 2. There was a
significant 2.5x activation of uptake (£< 0.01) at 1.0 mM, which reached a 3.8x maximum
at 5.0 mM. There was a small, but significant decrease in the activation at 20 mM AS. AS
did not produce any visible toxic effects, as assessed by cell morphology and cell
attachment, at any concentration tested.

3.2. Control experiments

AS decomposes with a half-life of about 2.5 min to release HNO and nitrite [3]. HNO itself
is not stable, but forms a dimer that decomposes to nitrous oxide (N,O) and water [2]. To
insure that the activity that we were observing was a result of HNO rather than nitrite, we
compared the stimulatory effects of 5.0 mM AS when it was added to uptake media just
prior to measurement of glucose uptake to its effects when it was incubated in the uptake
media overnight (room temperature), allowing AS to decompose. The results, normalized to
control, are shown in Fig. 3. The overnight incubation did reduce uptake from 3.04 + 0.01
times control to 2.19 £ 0.06, but surprisingly, uptake remained significantly elevated over
control. This residual activity could not be attributed to nitrite, because in a separate
experiment, 5 mM nitrite had no effect on glucose uptake (see Fig. 3). However, incubating
the AS with excess cysteine overnight to react with HNO did completely block the
stimulatory effects of AS (Fig. 3). Interestingly, cysteine’s ability to HNO at this
concentration (2x concentration of AS) appears to be time dependent. Adding cysteine with
fresh AS to cells only modestly reduced the stimulatory effect of AS (data not shown).
Higher concentrations of cysteine may be required to scavenge HNO more quickly [3].

3.3. Time course of activation and recovery of AS-activated glucose uptake

It seems possible that the much lower activation observed when AS was placed only in the
30-min treatment phase (see Fig. 1) could actually represent activation followed by recovery
as HNO is depleted. Therefore, to explore time course of activation, L929 cells were
exposed to 5 mM AS in the radioactive uptake buffer for times ranging from 2 to 20 min.
The results, expressed as nmols glucose uptake per minute, are shown in Fig. 4. Uptake at
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time represents the uptake per minute for control cells that had been exposed to uptake
media without AS for 20 min. The data shows a burst of activation in the first 3 min
followed by a steady rate of uptake that remains elevated (4.0%) over control for the
remainder of the 20 min. This burst of activity correlates well with the half-life for the
release of HNO from AS (2.5 min).

To measure the recovery from the effects of AS, L929 cells were exposed to AS for 10 min,
then incubated in fresh DMEM media (5.5 mM glucose) without AS. Uptakes were
measured either immediately or after 5, 10, 25 or 50 min. As shown in Fig. 5, about 60% of
the activity recovered within 10 min, but the remaining 40% was maintained even after 50
min. This experiment was repeated multiple times and all results revealed a fast recovery
phase lasting between 5 and 10 min with a residual activation of 20-50% that lasted for up
to an hour.

3.4. Effects of pretreatment with thiol-reactive compounds on AS activation

If the activation of glucose uptake by AS is triggered by a reaction of HNO with thiols, we
ought to be able to inhibit the activation by pretreating cells with a thiol-reactive compound.
To test this, we pretreated L929 cells with 0.75 mM iodoacetamide for 20 min before
stimulating with AS. The results are shown in Fig. 6. Pretreatment with iodoacetamide by
itself did not affect glucose uptake, but essentially completely inhibited activation by AS.
When iodoacetamide was incubated overnight (room temperature) with an equal
concentration of cysteine, the iodoacetamide no longer inhibited AS activation of glucose
uptake. Cysteine itself did not alter glucose uptake (see Fig. 3).

We also investigated the effects of two other thiol-reactive compounds, cinnamaldehyde
(CA) and phenylarsine oxide (PAO). Previous work had shown that these two agents can
activate glucose uptake in L929 cells, but that they also inhibit subsequent activation by
more robust activators of glucose uptake [35,36]. We treated cells with either 2 mM CA or
10 uM PAO for 30 min and then measured glucose uptake in the presence and absence of 5
mM AS. The results are shown in Table 1. As previously reported, treatment with either CA
or PAO activated glucose uptake [35,36], but not to the same degree as AS. However,
treatment with CA or PAQ prior to treatment with AS blocked the more robustly activating
effects of AS.

3.5. Combined effects of activators on glucose uptake

We had previously shown in L929 fibroblast cells that glucose uptake is acutely activated by
multiple agents [26,29,40]. In order to gain some insight into to the activation pathway of
AS, we conducted a series of additivity experiments with three of these activators: azide,
berberine and glucose deprivation. L929 cells were incubated for 30 min with maximally
effective concentrations of sodium azide (5 mM), berberine (50 uM), or media lacking
glucose. Uptakes were then measured in the presence and absence of maximally effective
concentration of AS (5.0 mM). The results are shown in Table 2. As expected, each
stimulant significantly activated glucose uptake. However, AS did not significantly increase
the effects of the other stimulants. These results suggest that the stimulalants, azide,
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berberine, glucose deprivation, and AS, share a common, rate-determining step in their
mechanisms of action.

4. Discussion

The role of nitric oxide (NO) as a biological second messenger has been well established
leading to increased interest in the physiological action of other redox forms of NO [3].
HNO, the product of a one-electron reduction of NO, in particular has garnered much
attention because it has interesting pharmacological properties that differ distinctly from NO
[1-5,41-43]. Of particular interest is the reaction of HNO with thiols. HNO can react with a
thiol to produce an N-hydroxysulfenamide which can either rearrange to form a sulfinamide
or react with a second thiol to produce a disulfide plus hydroxylamine [2]. This chemistry
appears to account for much of the biological activity of HNO [3,44,45].

In this study we report for the first time that AS very quickly activates glucose transport
activity in L929 fibroblast cells, which express only the GLUT1 isoform of the GLUT
family [37]. A 7.2-fold increase in activity occurs within 2 min of exposure to AS (see Fig.
4), which decreases to an average 4.0-fold activation after 10 min (see Figs. 1, 2 and 4). The
maximum effective concentration is about 5.0 mM and higher concentrations (20 mM)
reduce this activation, likely due to additional reactions of HNO (see dose-dependent data in
Fig. 2 and the twice-exposed data in Fig. 1). GLUT1 activation by AS can be blocked by
three thiol-active reagents: iodoacetamide, cinnamaldehye, and phenylarsine oxide (Fig. 6,
Table 1), suggesting the activation is caused by a reaction of HNO with cysteine residues.
Possible targets for HNO are cysteine residues within GLUT1 itself. Previous work in
erythrocytes has shown that GLUT1 can be activated by disulfide bond formation within
GLUT1 [31], and computational studies have indicated that within a hydrophobic
environment such as the cell membrane, the disulfide product of HNO reaction with cysteine
residues is the preferred product over the sulfinamide [38]. It is not known if HNO is the
actual agent responsible for physiological activation of GLUT1 or if this is purely a
pharmacological phenomenon. The millimolar concentrations required to activate GLUT1
are higher than the concentrations needed to inhibit GAP [16,17], but are similar to the range
of concentrations shown to enhance cardiac function [11]. Regardless, if HNO enhances
glucose uptake via activation of GLUTL in cardiac tissue as well as L929 fibroblast cells,
that would be an added benefit in the use of HNO donors in the treatment of heart failure.
While HNO appears to enhance cardiac contractility by affecting calcium concentrations,
and calcium is also known to be involved in the regulation of glucose uptake in some cell
types, this does not appear to be the mechanism of AS activation of glucose uptake in L929
cells. Previous work in this cell line has shown that altering calcium concentrations in the
media and treatment with dantrolene does not affect glucose uptake [39]. Future
investigations should be done to determine if HNO does indeed activate glucose uptake in
cardiac cells.

Angeli’s salt can produce nitric oxide as well as HNO [5]. This study does not directly test
for the potential involvement of the nitric oxide signaling pathway in AS action. However, it
seems unlikely that the causative agent for the activation of glucose uptake in these cells is
nitric oxide. A previous study showed that the nitric oxide donor, sodium nitroprusside, did

Biochimie. Author manuscript; available in PMC 2016 August 26.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Salie et al.

Page 7

activate glucose uptake in L929 cells, but it was about half as effective as AS (2x activation
rather than 4x) and required a much longer activation time (30-45 min) [39].

In addition to the interesting potential pharmacological effects of AS on glucose uptake, this
study also sheds light on a potential mechanism for the acute activation of GLUT1 in L929
fibroblast cells. Once thought to be responsible only for basal glucose uptake, it has been
shown by a number of studies that this ubiquitously expressed transporter can be acutely
activated by a variety of reagents [22-29]. It is known that the activation of GLUT1 occurs
without a change in the concentration of the transporter in the plasma membrane [22].
However, the change in GLUT1 that accounts for its increased activity has not been
established. One intriguing possible mechanism, based on Carruthers’ results with
erythrocytes [30-34] and consistent with our data in L929 fibroblast cells, is outlined in Fig.
7. This model proposes that GLUT1 can exist in multiple states ranging from monomers
containing reduced thiols to oligomers stabilized by internal disulfide bond formation. The
reduced monomer displays the lowest activity and the oligomer the highest. Carruthers has
demonstrated in erthryocytes that an internal disulfide bond forms between Cys 347 and Cys
421 that stabilizes the more active GLUT1 oligomer, likely a tetramer [31,32]. Furthermore,
they have shown that Cys 421 can be modified by iodoacetamide. While our study in L929
cells does not provide direct evidence that GLUT1 is the target for HNO, the ability to block
HNO activation with iodoacetamide suggest that activation requires a disulfide bond
formation within some protein. The speed at which activation occurs makes it attractive to
suggest that GLUTL itself is the target. Also, cinnamaldehye, a known Michael acceptor for
thiols, partially activates glucose uptake, but prevents the full, subsequent activation by AS.
This model explains these observations by suggesting that cinnamaldehye adds to a thiol in
GLUT1, partially activating the transporter, but effectively blocking the disulfide bond
formation required for full activation of GLUT1 [36]. In addition, phenylarsine oxide, a
substance that reacts with vicinal thiols also activates glucose uptake, but prevents full
activation by AS. Interestingly, PAO is typically a more robust activator than cinnamaldehye,
and like AS, activates glucose uptake within minutes [35]. This suggests that the reaction of
PAO with vicinal thiols mimics a disulfide bond. It may be that the bulky phenyl ring
prevents stabilization of the tetramer required for full activation of GLUT1.

We also show that AS does not further enhance the activation of other, slower acting
stimulators such as sodium azide, berberine, or glucose deprivation (see Table 2). A logical
interpretation of this data is that these other methods of activation also stimulate disulfide
bond formation. Future studies should look for more direct evidence of disulfide bond
formation in GLUT1 and subsequent oligomerization.

5. Conclusions

This study demonstrates that AS, likely through the release of HNO and subsequent
disulfide bond formation, very quickly activates the transport activity of GLUT1. These data
are consistent with a proposed mechanism for GLUT1 activation that involves the formation
of a disulfide bond within GLUTL1.
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Fig. 1.
Effects of AS on 2DG uptake. L929 fibroblast cells were incubated at 37 °C for 30 min in

DMEM media (5.5 mM glucose) with or without 10.0 mM AS. Ten-minute 2DG uptakes
were then measured as described in materials and methods in the presence and absence of 10
mM AS. Con (control) represents cells not exposed to AS, (Tr) represent cells exposed with
AS during the 30-min treatment phase, (Tr + Up) represents cells treated to AS during both
the treatment and uptake phase, and (Up) represents cells exposed to AS only during the 10-
min uptake phase. Data are means + S.E from four wells. @Significantly greater than control
and Psignificantly different than maximum effect (Up) at £< 0.01.
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Fig. 2.

Dc?se—dependent effects of AS on 2DG uptake. Ten-minute 2DG uptakes were measured in
the presence of AS concentrations ranging from 0 to 20 mM as described in materials and
methods. Data are means + S.E. of four wells from a representative

experiment. 8Significantly different than 0 mM exposure to AS and Psignificantly different
than maximum effect at 5.0 mM AS at £< 0.01.
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Fig. 3.
Control experiments. 2DG uptakes were measured as described in materials and methods in

the presence of 5.0 mM AS added just before uptake (AS), 5.0 mM AS allowed to
decompose overnight at room temperature (dAS), 5.0 mM sodium nitrite (Nit), 5.0 mM AS
plus 10.0 mM cysteine incubated overnight (AS + Cys), or 10.0 mM cysteine (Cys). Data are
means + S.E. normalized to control for 10-14 samples. *Significantly elevated from control
at P<0.01.
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Fig. 4.
Time course for AS activation of 2DG uptake. 2DG uptakes in the presence of 5.0 mM AS

were measured for 2, 3, 5, 8, 10, 15, and 20 min as described in materials and methods and
expressed as the average nmol 2DG/minute + S.E from four wells of a representative
experiment. The uptake at 0 min exposed to AS represents the per minute-uptake for a 20-
min uptake for cells not exposed to AS. &Significantly different than zero time exposure to
AS and Psignificantly different than maximum effect at 2 min exposure to AS at £< 0.01.
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Fig. 5.

Efgfect of recovery time on AS-activated 2DG uptake. L929 fibroblast cells were incubated at
37 °C for 10 min in DMEM media (5.5 mM glucose) supplemented with 5.0 mM AS. Ten-
minute 2DG uptakes were then measured immediately or media were replaced with AS-free
media and uptakes were measured after 5, 10, 25, or 50 min. Data are expressed as a
percentage of full activation (0 min recovery) + S.E. from three wells of a representative
experiment. 8Significantly different than basal uptake (0% activation) and Psignificantly
different than 100% activation at A< 0.01.
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Fig. 6.
Effect of iodoacetamide on AS-activated 2DG uptake. L929 fibroblast cells were treated for

20 min at 37 °C in DMEM media (5.5 mM glucose) alone or supplemented with 0.75 mM
iodoacetamide or supplemented with a mixture of 0.75 mM iodoacetamide and 0.75 mM
cysteine that had been incubated overnight. Ten-minute 2DG uptakes were then measured in
the presence and absence of 5 mM AS. (Con) represents control cells not treated with
iodoacetamide or AS, (1) represents cells exposed to iodoacetamide during the 20-min
treatment, (AS) represents cells exposed to AS during the 10-min uptake, (I + AS) represents
cells pre-treated with iodoacetamide and exposed to AS during the uptake phase, and ((I +
C)+AS) represents cells pretreated with an iodoacetamide—cysteine mixture and then
exposed to AS. Data are means + S.E. from four wells of a representative experiment.
*Significantly elevated from control at A< 0.01.
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Fig. 7.
Model mechanism for activation of GLUT1. In this model for activation of GLUT1 in L929

fibroblast cells, GLUT1 exists in a number of states in the membrane ranging from a fully
reduced monomer form, which would have the lowest transport activity, to an oligomer
(tetramers), which would have the highest activity.
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Table 1

Effects of CA and PAO treatment on AS activation of glucose uptake.

Treatment 2DG uptake (w/o AS) (nmol/10 min/well)  2DG uptake (+5.0 mM AS) (nmol/10 min/well)

Control 1.41+0.03 2.84 +0.08
2.0mM CA 1.99 +0.07* 1.51+0.15*
10.0 y]M PAO  2.17 £ 0.06* 2.09 + 0.09#

L929 fibroblast cells were incubated for 30 minutes at 37° in DMEM media (5.5 mM glucose) plus either no additions (control), 2.0 mM CA or
10.0 pM PAO. Glucose uptake was measured as described in materials and methods in the presence and absence of 5.0 mM AS. Data are the means
from quadruplicate samples of 2DG uptake in nmol/10 min/well + standard error. Significance from respective control at £< 0.01 (*), or at P<
0.05 (#).
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Table 2

Combined effects of AS with other activators.

[AS] Control +Azide +Berb +No glucose

0mMm 0.59 +£0.03 1.88+0.06* 1.74+0.08* 2.82+0.07*
50mM 183+0.09% 2.21+0.09 1.88+0.04 3.00+0.10

L929 fibroblast cells were incubated for 30 minutes at 37° in DMEM media containing either 0 mM glucose (no glucose), or 5.5 mM glucose
containing no additions (control), 5.0 mM sodium azide, or 50 pM berberine. Glucose uptake was measured as described in materials and methods
in the presence and absence of 5.0 MM AS. Data are the means from quadruplicate samples of 2DG uptake in nmol/10 min/well + standard error.
Significance at £+ 0.01 from 0 mM AS control (*), or from respective conditions without AS (#).
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