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Summary. The effect of sulfonylureas on long-term regula-
tion of glucose uptake by insulin and insulin-like growth fac-
tors has been studied in the L6 line of cultured skeletal mus-
cle cells. These cells have previously been shown to possess
many characteristics of differentiated skeletal muscle and to
bind and respond to physiological concentrations of insulin
and insulin-like growth factors I and II. Tolazamide (half-
maximal at 0.2 mg/ml) augments the effects of insulin, insu-
lin-like growth factor I, and insulin-like growth factor II on
glucose uptake, increasing both sensitivity and maximal effi-
cacy of the hormones. In the absence of added hormone, to-
lazamide has no effect on glucose uptake. A similar increase
in insulin-stimulated glucose uptake with unaltered basal up-
take occurs with glyburide (half-maximal at 0.5 pg/ml). The
action of tolazamide requires long-term exposure to the sul-
fonylurea (22 h) and is inhibited by cycloheximide, suggest-
ing a process that involves new protein synthesis. In contrast

to glucose uptake, amino acid uptake in L6 cells is increased
by tolazamide in the absence of hormones. Insulin and the
insulin-like growth factors also stimulate amino acid uptake,
but this effect is not further augmented by tolazamide. Thus,
sulfonylureas appear to directly modulate amino acid up-
take, but to indirectly augment glucose uptake through an ef-
fect on insulin and insulin-like growth factor stimulated
pathways. Neither insulin binding nor insulin degradation is
altered by tolazamide, indicating a post-binding mechanism
of action. The L6 cultured skeletal muscle cell line should be
useful in future studies on the mechanism of the extrapan-
creatic actions of sulfonylureas.

Key words: Amino acid uptake, glucose uptake, glyburide, in-
sulin, insulin-like growth factor I, insulin-like growth fac-
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Sulfonylureas have been used in the management of
diabetes mellitus since the discovery of their hypogly-
caemic actions more than 30 years ago [1], yet their
mechanism or mechanisms of action remain unde-
fined. It was initially thought that sulfonylureas act
solely on pancreatic B cells, since they were noted to
increase insulin levels in Type 2 (non-insulin depen-
dent) diabetic patients [2] and to be ineffective in
Type 1 (insulin-dependent) diabetic patients who total-
ly lack endogenous insulin [3]. Subsequently, it was
found that sulfonylureas also can augment the effec-
tiveness of insulin in peripheral, extrapancreatic tis-
sues. This alternative site of sulfonylurea action was
first suggested by the. observation that chronic sulfon-
ylurea administration in Type 2 diabetic patients re-
sults in improved glucose tolerance in the absence of
elevated insulin levels [4]. Further in vivo studies have
documented increased insulin-stimulated total body
glucose utilisation [5, 6] and increased insulin-stimu-
lated glucose transport [7]. In addition, in vitro obser-

vations have demonstrated sulfonylurea effects in
adipocytes [8, 9], fibroblasts [10, 11], hepatocytes [12,
13], IM-9 lymphocytes [10], breast cancer cells [10], and
BC3H-1 muscle cells [14]. Although there are discor-
dant results in the literature [15], the weight of experi-
mental evidence indicates that sulfonylureas act in part
by increasing sensitivity to insulin in peripheral tissues.
Initial studies on the effects of sulfonylureas in periph-
eral tissues concentrated on possible changes in insulin
receptor number [10, 11, 16, 17] but recent attention
has focused on post-receptor actions [5, 8, 12, 13].

In evaluating the role of extrapancreatic tissues in
mediating hypoglycaemic responses, it is important to
consider the effects of sulfonylureas in skeletal muscle.
Because of the large mass of muscle in comparison
with other organs, insulin-stimulated pathways in
skeletal muscle, such as glucose uptake, have signifi-
cant influence on total body glucose homeostasis [18].
Current evidence suggests that glucose transport regu-
lation includes a rapid, short-term response that is as-
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sociated with the recruitment of glucose transporters or
alterations in intrinsic activity, and a gradual, long-
term response that probably involves changes in the to-
tal number of glucose transporters [19]. It is likely that
these different regulatory events are mediated by dis-
tinct molecular mechanisms. Insulin regulates glucose
transport through both rapid and chronic mechanisms
[19]. Sulfonylureas can augment rapid insulin-mediated
changes in glucose uptake in peripheral tissues [7, §],
but it is not known whether sulfonylureas can augment
long-term insulin effects on glucose uptake. For this
reason, we have characterised the effects of sulfonyl-
ureas on long-term glucose transport regulation in the
insulin-responsive L6 rat skeletal muscle cell line [20].
Since insulin-like metabolic actions in L6 cells are me-
diated by distinct receptors for insulin, insulin-like
growth factor I (IGF I), and IGF 1I in L6 cells [21], we
have evaluated the effects of sulfonylureas on respon-
siveness to all three of these hormones.

Materials and methods

Materials

Cell culture medium and bovine serum were purchased from GIB-
CO (Grand Island, NY). “C-2-deoxy-D-glucose (*C-2-DG, 51.5 Ci/
mol), “C-alpha-aminoisobutyric acid (*C-AIB, 53 Ci/mol), and '*I-
monoiodoinsulin (100 Ci/g) were from New England Nuclear
(Boston, Mass). Sodium tolazamide and potassium glyburide were
from Upjohn (Kalamazoo, Mich) and porcine insulin was from Eli
Lilly (Indianapolis, Ind). Recombinant (thr 59) IGF I was purchased
from AmGen (Thousand Oaks, Calif). Rat IGF II of M, 8700 (alter-
natively designated peak II multiplication-stimulating activity) was
purified from conditioned medium of BRL-3A cells by a modifica-
tion of the procedure of Moses et al. [22]. Bovine serum albumin was
from Armour (Phoenix, Ariz) and all other chemicals were from Sig-
ma (St. Louis, Mo).

Cell culture

The source and methods for culturing the L6 rat skeletal muscle cells
have previously been described [20, 23]. In brief, multiple vials of
cells of similar passage were stored frozen in liquid nitrogen. A fresh
vial was thawed every 3 weeks, and the myoblasts were maintained
by repeat subculturing at low cell density in Eagle’s Minimum Es-
sential Medium (MEM) supplemented with 10% (vol/vol) bovine se-
rum. For experiments, suspensions of myoblasts were prepared by
incubation with Hank’s balanced salt solution containing 0.1% tryp-
sin and 0.5 mmol/1 EDTA, and plated in 60 mm tissue culture dishes
in 3 ml of MEM with 10% bovine serum at a density of 7 x 10° cells/
cm?. The medium was replaced on the 4th, 7th, 8th, 9th, 10th, 11th,
and 14th days after plating. To stimulate differentiation and elimi-
nate undifferentiated myoblasts, cytosine-1-beta-D-arabinofurano-
side (103 mol/1) was added on the 8th and 10th days. This resulted
in a non-replicating monolayer of skeletal myotubes that was used
for experiments between the 15th and 18th days after plating.

2-deoxyglucose uptake

Cell monolayers were rinsed three times with glucose-free MEM
supplemented with 1% bovine serum albumin and then incubated
with the same medium for 22 h at 37 °C prior to the determination of
glucose uptake. To assure effective removal of surface-bound insulin,
the cells were incubated for 30 min at 37°C between each wash.
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Unless otherwise indicated, tolazamide was added at this time. After
14 h of further incubation, the medium was replaced with fresh me-
dium containing the indicated concentrations of tolazamide and hor-
mones. After an additional 8 h of incubation, the medium was re-
moved and glucose uptake rate was determined by incubating for
10 min at room temperature (22°C) in a modified Kreb’s buffer
(122 mmol/1 NaCl, 5 mmol/1 KCl, 2.5 mmol/1 MgSO,, 1 mmol/]
CaCl,, 1% bovine serum albumin, and 23 mmol/1 Tris, pH 7.5) con-
taining the same concentration of hormone and **C-2-DG (0.4 uCi/
dish) at a final concentration of 0.16 mmol/l. Uptake was stopped
by removing the medium and rinsing three times with ice-cold Dul-
becco’s phosphate-buffered saline. The cells were solubilised with
1 N NaOH and cell associated “C-2-DG was determined by liquid
scintillation counting. Protein content of the solubilised extracts was
determined by a modification of the method of Lowry et al. [24].
Glucose uptake has previously been shown to be linear for more
than 10 min under these conditions {20].

Alpha-aminoisobutyric acid uptake

Amino acid uptake was measured with the non-metabolisable sub-
strate alpha-aminoisobutyric acid (AIB). The procedure was similar
to that described for glucose uptake, except that regular MEM was
utilised instead of glucose-free MEM. *C-AIB (0.1 uCi/dish) was
added at a final concentration of 1.0 umol/1 and uptake was stopped
after incubation for 20 min at 37°C. AIB uptake was linear for more
than 20 min, with a K., of approximately 3 mmol/1 in this cell line
[25].

Insulin binding

The medium was removed from differentiated L6 myotubes in
60 mm dishes and, after rinsing three times with 2 ml of binding
buffer (120 mmol/1 NaCl, 5mmol/I KCI, 1.2 mmol/l MgSO,,
10 mmol/1 NaHCO;, 1.3 mmol/l CaCl,, 1.2 mmol/1 KH,PO,, and
20 mmol/l1 HEPES, pH 7.8) at 37°C, the monolayer was incubated
for 4 h at 15°C with 2 ml of binding buffer containing **I-iodoinsu-
lin (2.5 x 10~ mmol/1) and additional unlabelled insulin as indicat-
ed. The medium was then removed, and the cells were washed with
ice-cold Dulbecco’s phosphate-buffered saline and solubilised with
1 N NaOH. Cell associated radioactivity was determined, and spe-
cific binding was expressed per mg protein [21]. The effect of tolaza-
mide was studied by adding it to the medium at a concentration of
0.6 mg/ml 22 h before the binding assay and during the 4 h incuba-
tion with labelled hormone.

Hormone degradation

Degradation of insulin, IGF I and rat IGF II were measured as pre-
viously described [26] Iodinated insulin (107 mol/l), IGF I
(108 mol/1), or IGF II (10~ mol/l) was incubated with cells at
37°C for 8 h in the presence or absence of tolazamide (0.6 mg/ml,
23 h), and then precipitated by 10% trichloroacetic acid (TCA) at
0°C. The radioactivity associated with TCA-precipitable protein was
recovered by centrifugation at 4°C. Degradation of insulin before
and after incubation was also studied by radioimmunoassay [27].

Statistical analysis

Data are presented as mean and standard deviation, with differences
between groups tested by Student’s t-test.

Results

Effects of insulin and tolazamide on glucose uptake

Cells of the L6 line grow in culture as undifferentiated
myoblasts which, after reaching confluency, fuse into
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Fig.1A and B. Effect of tolazamide on 2-de-
oxy-D-glucose (2-DG) uptake in L6 myo-
tubes. Differentiated L6 myotubes were pre-
incubated with tolazamide at the indicated
concentrations for 22 h in the presence of in-
sulin (7.5 x 10~% mol/1) during the final 8 h
of preincubation (A) or in the absence of in-
sulin (B). 2-DG uptake per mg of cell protein
was then measured as described in the Mate-
rials and methods section. Basal 2-DG up-
take was 0.38 +0.03 nmol - mg protein—*-
min~!, The data represent mean + SD of du-
plicate determinations from three indepen-
dent experiments
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Fig.2. Dose-response relationship between insulin concentration
and glucose uptake in the presence and absence of tolazamide in dif-
ferentiated L6 myotubes. Insulin was added to the medium at the in-
dicated concentrations for the last 8 h of incubation. 2-DG uptake
was measured in the presence (B) or absence (@) of tolazamide
(0.6 mg/ml, 22 h) as described in Materials and Methods. Basal
2-DG uptake was 0.33 £0.07 nmol-mg protein~'-min~". The data
represent mean + SD from four experiments in duplicate

post-mitotic, multinucleated myotubes with many
characteristics of skeletal muscle [23, 28]. By treating
cultures with cytosine arabinoside at the time of fu-
sion, it is possible to selectively eliminate residual myo-
blasts and obtain a homogeneous population of differ-
entiated skeletal muscle myotubes [29]. Insulin stimu-
lates glucose uptake in differentiated L6 skeletal
muscle cells, with a maximal 40% increase above basal
under these conditions at an insulin concentration of

Tolazamide concentration

(mg/m1)

107 mol/l. As previously described [20], the effect
reaches a maximum after 8 to 10 h of exposure to insu-
lin.

When tolazamide was added to the culture medium
for 22 h before the determination of glucose uptake,
the effect of insulin was markedly augmented (Fig.1).
Half-maximal stimulation of 2-DG uptake occurred at
a tolazamide concentration of 0.2 mg/ml, and the max-
imal effect required 0.6 mg/ml tolazamide. In the ab-
sence of insulin, tolazamide at concentrations as high
as 0.6 mg/ml had no effect on glucose uptake. Thus,
tolazamide augmented insulin action in a dose-depen-
dent manner, but did not directly affect glucose up-
take. The second generation sulfonylurea glyburide
had a similar effect on insulin-stimulated glucose up-
take but not basal glucose uptake, except that half-
maximal stimulation occurred at a much lower glybu-
ride concentration (0.5 pg/ml).

Although insulin was required, the maximal effect
of tolazamide occurred at low concentrations of insu-
lin. As shown in Figure 2, there was no response to to-
lazamide at 10~ mol/1 insulin, but a similar increase
in glucose uptake at all concentrations between
10~° mol/1 and 10~¢ mol/\. Insulin sensitivity was in-
creased, as evidenced by the 5-fold increment in glu-
cose uptake with 10~° mol/1 insulin. Even at saturating
concentrations of insulin (10~% mol/1), however, tolaz-
amide still increased glucose uptake nearly 2-fold. This
stimulation of maximal efficacy is consistent with a
post-binding mechanism of insulin action.

Effects of insulin-like growth factors and tolazamide
on glucose uptake

The two insulin-like growth factors, IGF I and IGF 11,
both stimulate 2-DG uptake at low concentrations in
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Fig.3. Tolazamide effects on IGF I (A) and
IGF II (B) stimulated 2-DG uptake in differ-
entiated L6 myotubes. Cells were pre-incu-
bated and 2-DG uptake was determined with
(hatched bars) or without (open bars) tolaza-
mide (0.6 mg/ml, 22 h) as described in Mate-
rials and methods. IGF’s were added during
the last 8 h of incubation at the indicated
concentrations. Basal 2-DG uptake was
0.31+£ 0.05 nmol-mg protein~!-min~! (pan-
el A) and 0.30%0.04 nmol - mg protein~!-
min~! (panel B). The data represent mean +
SD from three experiments in duplicate. As-
terisks indicate statistically significant differ-
ences between tolazamide-treated and con-
trol groups by unpaired Student’s t-test
(*p<0.001)
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Fig. 4. Effects of cycloheximide on tolazamide action. Differentiat-
ed L6 myotubes were preincubated in the presence (hatched bars) or
absence (open bars) of 0.6 mg/ml tolazamide for 22h. Insulin
(10~7 mol/1) was added during the final 8 h of incubation as indicat-
ed. In bars labeled Cx, cycloheximide (500 umol/1) was present dur-
ing the first 14 h of pre-incubation and deleted during the final 8 h.
2-DG uptake was then measured as described in Materials and
methods. Basal 2-DG uptake was 0.32:£0.04 nmol-mg protein—'-
min~"'. The data represent mean+SD from three separate experi-
ments in duplicate. Asterisks indicate statistically significant differ-
ences between tolazamide-treated and control groups by unpaired
Student’s t-test (*p<<0.001; **p<0.05)

L6 cells (Fig.3 A and B). It has previously been shown
that the effect of each of these hormones on glucose
uptake is mediated by distinct high affinity receptors
[21]. As was the case for insulin, the stimulation of
2-DG uptake by IGF I and IGF II was augmented by
tolazamide. Although tolazamide effects were only
studied at two hormone concentrations, the similar
increments in glucose uptake at low and maximal hor-

10~° mol/1 2x10~8 mol/1

IGF II

mone concentrations are consistent with both in-
creased sensitivity and increased maximal efficacy in
response to tolazamide.

Effect of cycloheximide on tolazamide responsiveness

The effect of tolazamide on insulin-stimulated L6 cell
glucose uptake required pre-incubation with the sul-
fonylurea for at least 8 to 10 h, with maximal effects
after 22 h. To test the requirement for new protein syn-
thesis during this relatively long exposure to tolaza-
mide, cycloheximide (500 umol/1) was added during
the first 14 h of the incubation with tolazamide. In sep-
arate experiments, this concentration of cycloheximide
was shown to inhibit the incorporation of H-leucine
into protein by more than 98% (data not shown). The
protein synthesis inhibitor was removed by changing
the medium at the time of addition of insulin, since
previous experiments have shown that the long-term
effect of insulin on 2-DG uptake is blocked by cyclo-
heximide. As shown in Figure 4, cycloheximide pre-
treatment had no effect on the stimulation of 2-DG up-
take by insulin. When present during the first 14 h of
exposure to tolazamide, however, cycloheximide com-
pletely blocked the augmentation of insulin action.
Thus, it is tentatively concluded that the effect of tolaz-
amide on insulin-stimulated glucose uptake in L6 cells
requires protein synthesis.

Effect of insulin and tolazamide on AIB uptake

Insulin stimulates a number of metabolic responses in
addition to glucose uptake in L6 cells. For example, in-
sulin has previously been shown to increase the uptake
of the non-metabolisable amino acid analogue AIB
[20, 21]. To determine whether the augmentation of in-
sulin-stimulated glucose uptake is associated with
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Fig. 5. Tolazamide effect on AIB uptake in L6 myotubes. Differen-
tiated L6 myotubes were incubated with (hatched bars) or without
(open bars) tolazamide (0.6 ng/ml, 22 h). Insulin (10~° mol/1 or
10-7 mol/1) was added during the last 8 h of incubation as indicated.
AIB uptake was then determined as described in Materials and
methods. The data represent mean=+SD from two experiments in
duplicate. Asterisks indicate statistically significant differences be-
tween tolazamide-treated and control groups by unpaired Student’s
t-test (*p<0.001; **p<0.01)

changes in other insulin responses, the effect of tolaza-
mide on AIB uptake was studied. In contrast to 2-DG
uptake, the transport of AIB in L6 cells in the absence
of insulin was increased by tolazamide (40% increase
with 0.6 mg/ml tolazamide) (Fig.5). Although insulin
also stimulated AIB uptake, the insulin effect was not
significantly augmented by tolazamide. Protein content
was not altered by insulin (8 h) or tolazamide (22 h).

Effect of tolazamide on insulin binding

L6 cells have previously been shown to have high-af-
finity cell surface binding sites for insulin [20]. At
15°C, steady state binding is reached after 4 h of incu-
bation with I-iodoinsulin. Under these conditions,
the K for insulin binding is 1.5 x 10~° mol/1. To deter-
mine whether the augmentation of insulin effects by
tolazamide results from altered insulin binding, differ-
entiated L6 myotubes were incubated for 22 h at 37°C
in the presence or absence of 0.6 mg/ml tolazamide,
and then the specific binding of insulin was deter-
mined. As shown in Figure 6, tracer insulin binding
was unaffected by tolazamide treatment, and the
competition curve with unlabelled insulin was super-
imposable with the curve from control cells. Thus,
treatment with tolazamide under conditions known to
augment insulin effects on glucose uptake does not al-
ter insulin binding.

301

(% of tracer/mg protein)

Specific binding

10 9 2] 7
-Log [insulin}
{mol/1)

Fig. 6. Tolazamide effect on insulin binding in L6 myotubes. Differ-
entiated myotubes were incubated with "I-iodoinsulin and the indi-
cated concentrations of unlabeled insulin for 4 h at 15°C after prein-
cubation with (W) or without (@) tolazamide (0.6 mg/ml, 22 h).
Specific binding was then determined as described in Materials and
methods. Each point represents the mean of 3 experiments in dupli-
cate

Effect of tolazamide on hormone degradation

Hormone stability was assessed by quantifying TCA-
precipitable radioactivity in the incubation media
after exposing iodinated hormone to L6 cells. There
was modest degradation (approx. 15%) of IGF 1
(10~% mol/1) and greater degradation (approx. 45%) of
insulin (10=7 mol/1) or IGF IT (10~% mol/I). However,
tolazamide (0.6 mg/ml) did not alter the degradation
rates of any of the hormones. When the insulin con-
centration (10~7 mol/1) before and after 8 h of incuba-
tion was further assessed by radioimmunoassay, it was
found to be decreased by 40% without tolazamide and
45% with tolazamide (0.6 mg/ml), similar to the results
with the TCA-precipitation method.

Discussion

The extrapancreatic actions of the sulfonylureas, which
may play an important role in the pharmacologic ac-
tion of these drugs, have been demonstrated in a num-
ber of different cell types. Relatively little is known
about sulfonylurea effects on skeletal muscle, however,
even though muscle is a quantitatively important site
of insulin-stimulated glucose disposal [18] and a site of
insulin resistance in non-insulin-dependent diabetes
mellitus [30]. In studies on diaphragm muscle from rats
[7] or mice [31], chronic treatment with tolbutamide has
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been shown to increase rapid insulin effects on glucose
uptake without affecting basal glucose uptake. These
findings differ from observations in the BC3H-1 cul-
tured muscle cell line, in which glyburide, glypizide,
and tolbutamide have been shown to increase basal
glucose uptake but not to augment the effect of insulin
[14, 32].

Glucose wuptake by mammalian cells occurs
through a carrier-mediated mechanism that is regu-
lated by both rapid changes in the location or intrinsic
activity of the glucose transporter, and longer term
changes in the number of glucose transporters [19].
Studies in diabetic animals have demonstrated a de-
crease in the total number of glucose transporters that
can be at least partially reversed by insulin treatment
[33, 34], but the effects of sulfonylureas on long-term
regulatory changes in glucose uptake have not been
studied. For this reason, we evaluated the effects of
sulfonylureas on glucose uptake chronically regulated
by hormones in cultured skeletal muscle cells. We uti-
lised L6 cells for these studies because they have previ-
ously been shown to have high-affinity insulin binding
sites which mediate a number of biological responses
after exposure to physiological levels of insulin [20, 35].
In contrast to the central nervous system tumour-de-
rived BC3H-1 cells, which exhibit a morphology sug-
gestive of smooth muscle cells [36], the L6 cells appear
to be more representative of skeletal muscle. They
were initially derived from skeletal muscle of newborn
rats and, during differentiation, undergo fusion into
multinucleated, contracting myotubes [23].

In the L6 myotubes, the first generation sulfonyl-
urea tolazamide causes a dose-dependent augmenta-
tion of insulin-stimulated glucose uptake. The half-
maximally effective concentration of 0.2 mg/ml is
within the therapeutic range in humans [8]. As was the
case with isolated rat and mouse diaphragm muscle,
the sulfonylurea has no effect on basal glucose uptake,
but increases responsiveness to insulin. This is charac-
terised by increases in both the potency and the maxi-
mal effectiveness of insulin. Thus, the action of tolaza-
mide in L6 cells parallels the effect observed in
isolated skeletal muscle and differs from findings in
the BC3H-1 cells. At lower concentrations consistent
with its increased potency, the second generation sul-
fonylurea glyburide causes a similar increase in insu-
lin-stimulated glucose uptake in L6 cells, indicating
that the response occurs with other active sulfonyl-
ureas. This augmentation of chronic insulin stimulato-
ry effects on glucose uptake in skeletal muscle cells by
sulfonylureas may in part explain their therapeutic ef-
fects in Type 11 diabetes.

The increase in insulin-stimulated glucose uptake
develops gradually, with a maximal effect after 22 h of
exposure to tolazamide. This long preincubation time
suggested a process requiring new protein synthesis, a
possibility that was supported by studies with the pro-
tein synthesis inhibitor cycloheximide. When added
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during the first 14 h of incubation with tolazamide and
then removed at the time of addition of insulin, cyclo-
heximide does not alter the insulin effect, but it totally
prevents the increase in insulin responsiveness second-
ary to tolazamide. It is unlikely that this requirement
for protein synthesis can be simply equated with the
formation of new glucose transporter molecules, since
basal transport is unaffected by the sulfonylurea.
Whether the inhibitory effect of cycloheximide is in-
dicative of the synthesis of nonfunctional transporters
that are activated by insulin or some other protein that
augments insulin responsiveness remains to be deter-
mined. It is important to note that insulin itself has
little effect on glucose uptake after brief exposure of
L6 cells under these conditions, with a maximal re-
sponse requiring 8 to 10 h of incubation with insulin
[20]. Thus, although rapid insulin effects can be dem-
onstrated in L6 cells under different experimental con-
ditions [35], it is unlikely that increased glucose uptake
in the present studies results from a simple transloca-
tion of glucose transporters [19].

Whatever the mechanism through which sulfonylu-
reas increase insulin-stimulated glucose uptake, it ap-
pears also to affect responsiveness to the homologous
hormones IGF I and IGF II. The action of low and
high concentrations of these hormones is increased by
tolazamide, suggesting that both sensitivity and maxi-
mal efficacy of IGF I and IGF II are increased. Previ-
ous studies in L6 cells have demonstrated that distinct
insulin, IGF I, and IGF II receptors mediate the ac-
tions of these hormones on glucose uptake [21]. The ef-
fects of tolazamide at low IGF concentrations suggest
that the actions of all three receptors are modified by
the sulfonylurea. Since insulin binding and insulin and
IGF degradation are unaffected by tolazamide in the
L6 cells, it is likely that increased hormone action oc-
curs through a post-binding mechanism. This could re-
sult from modifications in the three types of hormone
receptors, the glucose transporter, or yet undefined
pathways through which transporter function is al-
tered.

In addition to its effects on glucose uptake in L6
cells, tolazamide also increases uptake of the non-me-
tabolisable amino acid analogue AIB. In contrast to
the effects on glucose uptake, however, only basal AIB
uptake is stimulated by tolazamide. Insulin itsell in-
creases AIB uptake, but its effect is not augmented by
the sulfonylurea. An increase in basal AIB uptake
without alterations in insulin-stimulated AIB uptake in
response to tolazamide has recently been observed in
mouse skeletal muscle [14], further establishing the
similarities betwen L6 cells and mature skeletal muscle.
This cultured skeletal muscle cell line should be useful
in future studies on the mechanism of the extrapan-
creatic actions of sulfonylureas.
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