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SUMMARY 

The effects of tolbutamide, glipentide and 
glibenclamide on the utilization of glycerol in 
adipose tissue from fed rats was studied. Glipentide 
and glibenclamide reduced the production of glycerol, 
inhibited the uptake of 1- 14 c glycerol and inhibited 
the conversion of 1- 14 C glycerol to 14 co 2 and 14c
glyceride-glycerol. Tolbutamide had less of an effect 
on the parameters studied;only at a high concentration 
(lmg/ml) did it reduce the formation of 14 C-glyceride
glycerol. The differences between the effects of sulfo 
nylurea compounds versus modulators of intracellular 
cyclic-AMP levels (insulin, epinephrine, theophylline) 
on lipid metabolism is pointed out. The data support 
the possibility that sulfonylureas might act as 
uncoupling agents in adipose tissue. 

Most of the pharmacological effects of sulfonylurea com

pounds are believed to be due to the stimulant action of these 
drugs on the release of insulin from the pancreas (1-5).However, 

there are also some effects of sulfonylureas that are probably 

not mediated by pancreatic insulin secretion.One of the clearest 

examples of an extrapancreatic action is the inhibition of adi

pose tissue lipolysis (6-9). While the mechanism responsible for 

1 Supported in part by Laboratorios Uriach and by Hoechst Ib~rica, 
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the effects of sulfonylureas on lipolysis is unknown, it has been 

suggested that they might act as uncoupling agents of oxidative 

phosphorylation in adipose tissue (10). 

Since adipose tissue metabolizes large amounts of glycerol 

via a pathway which requires the ATP dependent phosphorylation of 

glycerol (11-16), support for the notion that sulfonylureas act as 

uncoupling agents would be obtained if they were found to inhibit 

the utilization of glycerol in adipose tissue. This point was 

studied in the present investigation in which the effect of tolbu

tamide and two other hypoglycemic sulfonylureas, glipentide 

(UR-661) (N-4-{$(0-anisamide)-ethyl}-benzenesulfonyl-N'-cyclopen

tylcarbamide) and glibenclamide (N-4-{2-(5-chloro-2-methoxybenza

mide)-ethyl}-phenyl-sulfonyl-N'-cyclohexil-urea) on the in vitro 

metabolism of glycerol in adipose tissue was determined. 

MATERIALS AND METHODS 

Pieces of lumbar fat pads (18 ± 3 mg/vial) from fed female 

Wistar rats weighing 159 ± 8 g were incubated in 1 ml of Krebs 

Ringer bicarbonate buffer, pH 7.4 (17) containing 0.5 µCi of 

1- 14c-glycerol (32.5 mCi/mmole) and 10 mg of bovine albumin puri

fied by the method of Chen (18).The concentrations of tolbutamide, 

glipentide and glibenclamide used were 1,10,50,100 or 1.000 µg/ml. 

Dilution of the drugs was carried out in chloroDorm. The proper 

amount of the drug was added to each empty vial in a volume of 

100 µl. Chloroform alone (100 µl) was added to control vials. The 

vials were blown to dryness under N2 at 37° and shaken intensely 

with the incubation medium for 90 min before placing the tissues 

in them. Incubation was carried out for 180 min at 37°C under 

o 2 /co 2 (95:5), with shaking (100 cycles/min). The samples were 

processed as previously described (13,14) for the development 

and analysis qf 14co2 , the enzymatic determination of glycerol in 

the media (19) and the purification (20) and fractionation of 

lipids in the tissues (14). 

RESULTS 

The effects of tolbutamide, glipentide and glibenclarnide 

on parameters of lipid metabolism in adipose tissue in vitro is 

presented in Table 1. In accordance with previous reports (21), 
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Table 1. The effects of sulfonylurea compounds on in vitro 

glycerol metabolism in adipose tissue from rats. 

Drug 

cone 

(µg/ml) 

No Drug 

Control 

Production 

of glycerol 

(µmoles/lOOmg) 

0.256±0.027 

Tolbutamide 

1 0.314±0.034 
0.362±0.129 
0.313±0.062 
0.280±0.034 
0.211±0.055 

10 
50 
100 
1000 

Glipentide 

1 
10 
50 
100 
1000 

0.213±0.023 
0.226±0.025 
0.180±0.015* 
0.149±0.025* 
0.079±0.037** 

Glibenclamide 

1 
10 
50 
100 
1000 

0.250±0.066 
0.298±0.071 
0.260±0.038 
0.169±0.060* 
0.049±0.018*** 

Uptake of 

(1- 14C) 
t glycerol 

5. 87 ±O .17 

7.03±0.92 
5. 79±1.30 
6.04±0.76 
6.09±0.94 
4.57±1.01 

6.26±0.97 
6. 71±1. 41 
6.38±1.34 
5.17±1.25 
3.06±0.73** 

5. 80±1. 21 
5. 31±1. 11 
5.18±1.12 
4.85±1.15 
1.51±0.37*** 

Formation 

of 14co2 t 

2.16±0.43 

2.75±0.77 
2.49±0.61 
2.72±0.66 
2.18±0.71 
2.29±0.55 

2.38±1.05 
2.92±1.50 
2.42±0.78 
1.85±0.45 
1.09±0.59* 

2.10±0.68 
1.19±0.59 
2.29±0.68 
2.15±0.45 
0.83±0.22*** 

Values are means± S.E.M. for 5 rats/group 

Formation of 
14C-glyceri

t 
de-glycerol 

3. 71±0. 32 

4.27±0.68 
3.29±0.84 
3.32±0.46 
3.92±1.20 
2.28±0.46* 

3.89±0.55 
3.79±0.32 
3.97±0.92 
3.33±0.97 
1.05±0.24*** 

3.70±0.73 
3.03±0.63 
3.15±0.43 
1. 61±0. 43*** 
1. 07±0. 05*** 

t = 
* 

expressed as% of initial radioactivity/100 mg 

statistically, significant compared to Control values 

(* = p<.05, ** = p<.01, *** = p<.001). 

tolbutamide in concentrations up to 1 mg/ml in the incubation 

medium failed to significantly influence the production of gly

cerol. In contrast, both glipentide and glibenclamide had very 

intense effects on basal lipolysis, significantly reducing the 

production of glycerol at concentrations of 50 µg/ml and 100 

mg/ml, respectively. Tolbutamide in concentrations up to 1 mg/ml 
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failed to significantly alter the uptake of 1-14C glycerol while 

glibenclamide and glipentide both significantly reduced this 

parameter. The effect of glipentide on the uptake of 1-14C 

glycerol was greatest and at a concentration of 1 mg/ml the 

value was 26% of the control level. 

The control values for the formation of 14CO2 and 14c
glyceride-glycerol show that practically all the labelled glyc~ 

rol taken up by the tissue was transformed into these two metabo

lites. This agrees with previous experiments in which the incuba

tion of glycerol was carried out in the absence of glucose (13-

16) as in the present study. Tolbutamide in the concentrations 

employed did not exert a statistically significant effect on 

the formation of 14CO2 while both glipentide and glibenclami

de at high concentrations decreased it significantly.The formation 

of 1 4c-glyceride-glycerol from 1- 14C-glycerol was reduced by 

all three sulfonylureas, but higher concentrations of tolbutami

de and glipentide were required compared to glibenclamide in 

order to produce a statistically significant reduction in the 

formation of this metabolite. 

DISCUSSION 

The present findings show that the well-known antilipoly

tic effect of sulfonylurea compounds in adipose tissue (10) is 

accompanied by an intense inhibition of glycerol uptake and 

metabolism. The so-called second generation sulfonylureas (22), 

glipentide and glibenclamide, were more potent than tolbutamide, 

a first generation compound, in their effects on glycerol metabo

lism in adipose tissue. The comparative potencies of these drugs 

on adipose tissue in vitro can be associated to their hypoglycemic 

effects in vivo as it is well known that both glipentide and gli-

benclamide are more potent hypoglycemic 

(22,23). It 1s to be noted that the 

agents than tolbutamide 

inhibitory action of the 

sulfonylureas on glycerol uptake might have been underestimated 

in the present investigation. The dilution of isotopic glycerol by 

cold glycerol produced by the tissue during incubation could 

affect the calculation of glycerol uptake. Since the production 

of glycerol was reduced by the sulfonylurea agents, the specific 

activity of labelled glycerol was greater in the vials incubated 

with the drugs than in the control samples. As a result, the ac-
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tual inhibitory effect of the drugs on the uptake of glycerol by 

the tissue was probably greater than the level calculated from 

the data obtained. It is reasonably certain that the effects of 

sulfonylurea compounds on glycerol metabolism in adipose tissue 

in vitro is not mediated by insulin since this hormone typically 

enhances the uptake and oxidation of glycerol in adipose tissue 

(24) while the sulfonylureas inhibited these parameters. It is 

also unlikely that the effect of sulfonylureas on lipolysis and 

glycerol metabolism in adipose tissue can be accounted for on 

the basis of their enhancing effect on cyclic AMP levels (9) since 

epinephrine and theophylline also enhance the level of cyclic 

AMP in adipose tissue (10,25,26) but they have opposite effects 

to sulfonylureas on lipolysis in adipose tissue and do not affect 

the production of CO2 from glycerol (24,27). 

The action of tolbutarnide as an uncoupling agent in brown 

fat cells (28) raises the possibility that oxidative phosphoryla

tion might be uncoupled by sulfonylureas in white adipose tissue 

as well. Thus, one possible explanation for the effects of sulfo

nylurea compounds on glycerol metabolism is that they might redu

ce the availability of ATP which is required to activate the 

hormone-sensitive lipase (29) and to phosphorylate glycerol (11, 

12) for metabolism in the tissue (14). Further studies are re

quired to test this hypothesis, but whatever the mechanism for 

the influence of sulfonylureas on glycerol metabolism turns out to 

be, it is evident from the present study that these intense 

effects must be taken into account in order to understand the 

action of these compounds on adipose tissue. 

REFERENCES 

1. H,S. Seltzer, J. CZin. Invest. 41, 289 (1962). 

2. R.S. Yalow, H. Black, M. Villazon and S.A. Berson, 

Diabetes, 9, 3'56 (1960). 

3. J.M. Feldman and H.E. Lebovitz, Diabetes, 18, 529 (1969). 

4. P. Berchtold, P. BjBrntorp, A. Gustapson, A. Jonsson and 

S.F. Fagerberg, Eur. J. Ctin. Pharmaa., 4, 22 (1971). 

5. P. Berchtold, V. BUber, V. Meier, J.P. Feilber and G. 

Keiser, Diabetoiogia, 7, 77 (1971). 

6. D.B. Stone, J.D. Brown and C,P. Cox, Am. J, Physioi. 

216, 26 (1966). 



650 Sulfonylureas and Glycerol Metabolism Vol. 16, No. 4 

7. J.D. Brown and D,B. Stone, Endocrinology, 81, 71 (1967). 

8. J.N. Fain, J.W. Rosenthal and W.F. Ward, Endocrinology, 

90, 52 (1972). 

9. J.D. Brown, A.A. Steele, D,B. Stone and F.A. Steele, 

Endocrinology, 90, 47 (1972), 

10. J.N. Fain, PharmacoZogicaZ Reviews, 25, 67 (1973). 

11. J. Robinson and E.A. Newsholme, Biochem. J., 104, 2c (1967). 

12. G. Antony, L.W. White and B,R, Landau, J. Lipid Res., 10, 

521 (1969). 

13. E. Herrera and L. Lamas, Biochem. J., 120, 433 (1970) 

14. E. Herrera and A. Ayanz, J. Lipid Res., 13, 802 (1972). 

15. E. Herrera, Rev. Esp. FisioZ., 29, 155 (1973). 

16. E. Montoya and E, Herrera, Hormone Res., 5, 129 (1974). 

17. W.W. Umbreit, R.H. Burris and S.F. Stauffer, in 

Manometric Techniques, 4th ed. Burgess Publishing Co., 

Minneapolis, p. 132 (1964). 

18, R.F. Chen, J. BioZ. Chem., 242, 173 (1967). 

19. P.B. Garland and P.J. Randle, Nature, 196, 987 (1962). 

20. J. Felch, M. Lees and G.H. Sloane Stanley, J. BioZ. Chem., 

226, 497 (1957). 

21. D.O. Allen, E.E. Largis and J. Ashmore, Diabetes, 23, 

51 (1974). 

22. A. Loubati~res, G. Ribes, M.M. Marianini and R. Alric, 

Acta Diabet. Lat., 10, 261 (1973). 

23. J. Garc!a-Rafanell and J. Morell-Mestre, Rev. Esp. FisioZ., 

30, 91 (1974). 

24. E. Herrera and M.C. Dominguez, VIII Congress of Inter

national Diabetes Federation. Excerpta Medica, 280, 100 

(1973). 

25. J.F. Kuo and E.C. DeRenzo, J. BioZ. Chem., 244, 2252 (1969). 

26. J. Moskowitz and J.N. Fain, J. BioZ. Chem., 245, 1101 

(1970). 

27. M.C. Dom!nguez and E. Herrera, unpublished observation. 

28. S.S. Chan and J.N. Fain. MoZecuZar PharmacoZoy, 6, 

513 (1960). 

~9. J.K. Huttunen, D. Steinberg and S.E. Mayer, Proc. Nati. 

Acad. Sci. US., 67, 290 (1970). 




