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We have shown recently that sulfonylureas reduce lipolysis and also
inhibit the utilization of glycerol by adipose tissue when incubated in basal
conditions . Some lipolytic agents have been found to enhance the antilipolytic
effects of sulfonylureas™”. In the present investigation, we have determined
whether epinephrine, a wellknown lipolytic agent, also affects the action of
sulfonylureas on the uptake and utilization of glycerol in adipose tissue.

It has been suggested that the effect of sulfonylureas on adipose tissue
metabolism could be mediated by a reduction of the availability of ATP which
is needed for the activation of the hormone sensitive lipase”. ATP is also
required for the phosphorylation of glycerol and its further metabolization * *®.
Thus, in the present study we have investigated whether glucose, the main
metabolic substrate in adipose tissue, affects the action of sulfonylureas on
these parametets.

Sulfonylureas selected for the present study were tolbutamide and two
potent hypoglycemic sulfonylureas of the socalled second generation, gli-
benclamide, N-4-[ 2-(5-chloro-2-methoxybenzamido)-ethyl Jphenyl-sulfonyl-N’-
cyclohexyl-urea, and glipentide, N-4-[3(o-anisamide)-ethyl]-benzenesulfonyl-
N’-cyclopentylcarbamide.

MATERIALS AND METHODS

Female Wistar rats weighing 150-185 g were used. They were killed without anes-
thesia by cervical fracture. Pieces of the left and right lumbar pads (18 = 3 mg) were
removed from each rat and were placed in incubation vials containing 1 m! of Krebs
Ringer bicarbonate pH 7.4% supplemented with 0.5 pCi of 1-4C-glycerol (32.5 mCi/mM,
from the Radiochemical Center, Amersham, England), 10 mg of bovine albumin purified
by the method of CHEN® and the appropriate amount of the sulfonylurea. Glibenclamide
and glipentide were kindly supplied by Hoechst Ibérica and Laboratorios Uriach, Spain,
respectively.

Pooled tissues from two rats were used in each incubation vial. In each experiment
pie(cies of tissues from the same animals were incubated under the different conditions
studied.

Drugs were diluted in chloroform. The proper amount of drug was added to each
vial in a volume of 100 pl. Chloroform alone (100 pl) was added to control vials. The
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vials were blown to dryness under N; at 37 °C and shaken intensely with the media
for 90 min before introducing the tissue. These were incubated for 180 min at 37 °C
while being shaken at 100 cycles/min as alteady described ™", “CO, was detet-
mined "> *, The tissues were placed in chloroform-methanol (2:1) for the extraction and
purification of lipids® and subsequent fractionation . Aliquots of the media were used
for the determination of glycerol by an enzymatic method®. Statistical analysis was
carried out by paired comparison.

RESULTS

Dose-response curves for the effects of tolbutamide, glipentide and gli-
benclamide on patameters of glycerol metabolism in adipose tissue in vitro,
in the presence of epinephrine and the absence of glucose, are shown in figs 1,
2 and 3. The production of glycerol was reduced significantly by tolbutamide,
glipentide and glibenclamide at a concentration of 1 mg/ml (fig. 1).

Glibenclamide reduced glycerol production to 25% of the basal level
while the decrease induced by glipentide and tolbutamide was to 53 and
55% of the basal level. The uptake of 1-*C-glycerol by the tissue (fig. 2)
and its conversion to “C-glyceride-glycerol (fig. 3) were reduced by gliben-
clamide and glipentide while tolbutamide failed to affect these parameters
of glycerol metabolism significantly.
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Fig. 1 - Dose-response curves for the effects of tolbutamide, glipentide and glibenclamide
on the in vitro formation of glycerol by adipose tissue from fed rats in the presence of
epinephrine (2.8 1tM) in the incubation medium. Statistical comparison to controls are
shown by astherisks: * = p < 0.05, ** = p < 0.01, *** = p < 0.001. Mean values +
SEM for 5 rats/group.
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None of the sulfonylureas significantly altered the formation of “CO,
from 1-*C-glycerol in the presence of epinephrine (data not shown).

The effects of the sulfonylurea drugs at a concentration of 1 mg/ml
on parameters of glycerol metabolism iz vifro in the presence of glucose with
or without epinephrine in the media are presented in tab. 1. In the presence
of glucose and in the presence or the absence of epinephrine, only glibencla-
mide leads to a significant decrease in glycerol production. This indicates
that the effect of tolbutamide and glipentide on glycerol production is more
pronounced in the absence (fig. 1) than in the presence (tab. 1) of glucose
in the incubation media.

As previously observed *’, epinephrine significantly increases the level
of glycerol production and reduced the uptake of 1-**C-glycetol by the tissue
under basal conditions (tab. 1). In the presence of glucose, tolbutamide and
glipentide failed to affect the uptake of 1-*C-glycerol. Glibenclamide signif-
icantly reduced the level of 1-**C-glycerol uptake in the absence of epineph-
rine. Because of this, epinephrine failed to have a significant effect on the
uptake of 1-*C-glycerol in the presence of glibenclamide (tab. 1).

The formation of “CO, and of “C-total lipids from 1-*C-glycerol under
basal conditions was significantly reduced by epinephtine (tab. 1). Neither
tolbutamide nor glipentide had significant effects on these two parameters

-
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Fig. 2 - Dose-response curves for the effects of tolbutamide, glipentide and glibenclamide
on the #n vitro uptake of 1-*C-glycerol by adipose tissue from fed rats in the presence of
epinephrine (2.8 pM) in the incubation medium. Symbols as in fig. 1.
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Fig, 3 - Dose-response curves for the effects of tolbutamide, glipentide and glibenclamide
on the in vitro formation of “C-glyceride-glycerol from 1-“C-glycerol by adipose tissue
from fed rats in the presence of epinephrine (2.5 pM) in the incubation medium. Symbols
as in fig. 1.

while glibenclamide significantly reduced them to the levels observed under
basal conditions in the presence of epinephrine. As a result, the difference
in the formation of “CO, and “C-total lipids observed in the presence versus
the absence of epinephrine under basal conditions failed to occur when the
tissues were incubated in the presence of glibenclamide.

In the presence of glucose, a considerable amount of the 1-*C-glycerol
converted to “C-total lipids appeared in the form of “C-fatty acids. Epi-
nephrine significantly decrease the formation of “C-fatty acids as well as
the formation of "C-glyceride-glycerol (tab. 1). Tolbutamide and glipentide
were without significant effect compared to the basal conditions on “C-fatty
acid and “C-glyceride-glycerol formation in the presence and absence of
epinephrine. Glibenclamide, on the other hand, very significantly decreased
fatty acid and glyceride-glycerol formation compared to basal conditions in
the absence of epinephrine in the medium. Because of this, epinephrine failed
to reduce significantly the formation of fatty acids and glyceride-glycerol in
adipose tissue treated with glibenclamide.

DISCUSSION

The present study shows that tolbutamide inhibits epinephrine-stimu-
lated lipolysis. While tolbutamide typically lacks an effect on glycerol
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basal level tolbutamide glipentide glibenclamide
— — — + — +
glycerol production 0.355+0.1201 1.242£0.360*3 0.30410.81 1.34510.440* 0.22840.057 0.71540.089%* 0.1514+0.026 0.362+0.177
p? n.s. n.s. ns. n.s. < 0.05 <005
utilization of 1-14C-glycerol (uptake) 6.84+1.58 1.99 £0.40%* 6.63+1.02  2.0330.56** 5.54+2.23 2.431+0.77% 2.22+0.72 1.33£0.69
p n.s. n.s. n.s. n.s. < 0.05 n.s.
formation of “CO, 2.6310.58 0.81+0.20* 2534053 0.7240.19%* 2.58+0.73 1.141£0.27% 1.234£0.49 0.4740.21
p n.s. n.s. n.s. n.s. < 0.05 n.s.
formation of *C-total lipids 4.19+£1.02 1.17+0.24* 3911055  0.9640.23%** 2.931+1.36 1.28+0.56* 0.99+0.37 0.85+0.50
P n.s. n.s. n.s. n.s. < 0.05 n.s.
formation of UC-fatty acids 1.45£0.37 0.244-0.13* 1.31£0.26  0.1540.11%* 0.73+0.36 0.76+0.33 0.144+0.04 0.04+0.02
p n.s. n.s. ns. n.s. < 0.001 n.s.
formation of MC-glyceride-glycerol 2.69£1.02 0.78+0.18** 2.354£0.68  0.7210.23** 2.50+1.30 1.1940.68* 0.61£0.28 0.48+0.36
p n.s. n.s. n.s. n.s. < 0.01 n.s.

! Mean values + SEM for 6 rats/group

? Statistical comparison to basal level, n.s. = not significant (p > 0.05)
* Statistical comparison to drug-treated tissue without epinephrine in the medium:* = p < 0.05; ** = p < 0.01; *** = p < 0.001

Table 1 - Effect of sulfonylurea drugs (1 mg/ml) on iz vifro glycerol metabolism in adipose tissue from fed rats carried out in the presence
of glucose, with (+) or without (—) epinephrine (0.5 pg/ml) in the incubation medium.
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production in the absence of epinephrine ', SToNE et al.’ observed an
antilipolytic effect of tolbutamide in adipose tissue incubated under basal
conditions. But the use of fasted rats in which lipolytic activity in adipose
tissue is intense * '°, may account for the results obtained by STONE et al. *.
Thus, the antilipolytic action of tolbutamide may be said to appear only
when tissue lipolysis is activated.

We have previously observed "' that 50 g of glipentide and 100 pg
of glibenclamide/ml were enough significantly to decrease the in vitro pro-
duction of glycerol by adipose tissue incubated in basal conditions. In the
present study we have observed that doses of 1 mg/ml of either sulfonylurea
are needed to obtain the same effect in tissues incubated in the presence
of epinephrine. Thus, contrary to tolbutamide, both glipentide and gliben-
clamide have a less marked antilipolytic effect in the presence than in the
absence of epinephrine. The possibility exists that while tolbutamide does
not affect the amount of glycerol taken up by the tissue either in the absence
or in the presence of epinephrine, this parameter is much lower in the
tissues incubated with glipentide and glibenclamide in the presence of epi-
nephrine than in the absence of this hormone . This means that in the
presence of epinephrine and glipentide or glibenclamide a smaller fraction of
the glycerol from the medium returns to the tissue and the differences in
the net production of glycerol are less apparent.

The mechanisms by which tolbutamide, glipentide and glibenclamide
exert their effects on the metabolism of glycerol in adipose tissue is not
yet clear. It has been suggested that the antilipolytic effect is exerted by a
direct action at the level of hormone-sensitive triglyceride lipase *. Sulfonyl-
urea drugs might decrease the availability of ATP needed for activation of
the enzyme by acting as uncoupling agents in white adipose tissue as they
do in brown fat cells ™. Support for this notion comes from the fact that
these drugs were found in the present study to reduce the uptake and uti-
lization of glycerol via pathways directly dependent upon ATP availability***.
Tolbutamide reduced the production of glycerol without affecting the uti-
lization of 1-**C-glycerol. This observation does not contradict the above
notion as the specific activity of the tracer is higher in the tissues incubated
with tolbutamide than in the controls. Consequently, the actual amount of
glycerol taken up by the tolbutamide-treated tissue would be lower when
this dilution of the isotope is taken into account. When this consideration
is applied to the effects of glipentide and glibenclamide, their effects on
the utilization of glycerol are higher than that derived directly from the raw
data. The differences in the effects of the sulfonylurea drugs on lipolysis
and glycerol utilization is not unexpected since the degtee of ATP reduction
can ‘E)se different with each drug as is the case with other metabolic inhibi-
tors .,

Our results with glucose in the incubation media also support these
points. We have observed here that the antilipolytic effect of tolbutamide
in both basal conditions and under the stimulation of epinephrine is com-
pletly abolished by the presence of glucose which could compensate the
reduction in the availability of ATP produced by the drug. These results
differ from those of BRowN et al. ®, who failed to observe a decrease in the
antilipolytic effect of tolbutamide in the presence of glucose, but they incu-
bated their specimens in the presence of theophylline which has intense
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effects on the metabolism of glycerol in adipose tissue that are quite dif-
ferent from those produced by epinephrine ”. Glucose also abolished the an-
tilipolytic effect of glipentide as well as the inhibitory effect of this drug
on the utilization of glycerol in both the absence and the presence of epi-
nephrine. Glibenclamide however maintains its antilipolytic effect and its
inhibitory effect on the utilization of glycerol in the presence of glucose.
The effects of epinephrine on the production and utilization of glycerol are
completely abolished in the presence of glibenclamide and glucose. These
effects of glibenclamide are very similar to those of oligomycin® a potent
uncoupling agent known to be active in adipose tissue *°.

In agreement with other authors >, we observed that the concen-
trations of the sulfonylureas needed to obtain in witro effects on adipose
tissue metabolism are higher than those observed in human fluids during
treatment with these hypoglycemic drugs. The poor solubility of these
drugs could decrease their actual concentration in contact with the tissue
pieces. In any event, although the antilipolytic effect of the sulfonylurea
drugs has been well documented both iz vitro and in vivo, the extrapolation
of their effects on the in vitro glycerol utilization by adipose tissue here
observed to the in vivo situation remains to be established.

CONCLUSIONS

The data presented here show once more that the utilization of glycerol
by rat adipose tissue incubated iz vitro is considerably higher than previously
thought. Besides theit antilipolytic effect, the sulfonylureas decrease the
uptake and metabolization of glycerol by the tissue, and this effect is seen
both in the absence and the presence of epinephrine,

As both lipolysis and glycerol utilization in adipose tissue depend on
ATP, the possibility exists that either effect of these drugs could be mediated
by reducing the availability of ATP in the tissue.

Our results with glucose support this possibility. Glucose, the main
metabolic fuel for adipose tissue, decreases both the antilipolytic effect of
sulfonylureas and their inhibitory effect on glycerol utilization by the tissue.
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SUMMARY

Pieces of lumbar fat pads from fed female rats were incubated in the presence of
1-“C-glycerol. Epinephrine (2.8 pM), glucose (5 mM), tolbutamide, glipentide or gli-
benclamide were added to the incubation media. The sulfonylurea drugs reduced the
lipolytic effect of epinephrine in the absence of glucose; the effect of glibenclamide was
greatest. In the absence of epinephrine, both glipentide and glibenclamide reduced the
uptake of 1-“C-glycerol and its conversion to glyceride-glycerol while tolbutamide had
no effect on these parameters. In the presence of glucose, the lipolytic effect of epineph.
rine was retained but tolbutamide and glipentide no longer affected glycerol metabolism.
Glibenclamide still inhibited the production of glycerol and the utilization of 1-*C-glycerol
by the tissues in the presence of glucose. The possibility that sulfonylureas exert their
effect on adipose tissue glycerol metabolism by acting as uncoupling agents is discussed.
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