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Insulin and Glucagon-Receptor Interactions in the Genetically Obese Zucker Rat: Studies of Hormone Binding and Glucagon-Stimulated Cyclic AMP Levels in Isolated Hepatocytes1 Y. BROER, P. FREYCHET,* AND G. ROSSELIN Unite de Recherches de Diabetologie et d'Etudes Radio-Immunologiques des Hormones Proteiques, U.55 (Institut National de la Sante et de la Recherche Medicale), Hopital Saint-Antoine, 184 Rue du Faubourg Saint-Ant oine, 75571 Paris Cedex 12, France ABSTRACT. Insulin and glucagon binding and glucagon-stimulated cAMP accumulation were studied in liver cells isolated from 12-15 week-old female Zucker rats (lean: Fa/-; obese: fafa). The specific binding of [125I]iodoinsulin and [I25I]iodoglucagon



was measured in cells isolated from 24 h-fasted rats and from fed rats that received 3 g glucose/kg BW ip 90 min prior to sacrifice. In all situations an apparent steady-state of binding was achieved after 60 min at 30 C for both [125I]iodoinsulin and [l25I]iodoglucagon. Studies of binding, over a wide range of hormone concentrations showed that the specific binding of insulin was lower in the obese than in the lean rats but only in 24 h-fasted rats and at low insulin concentrations. In fed rats, no difference was observed between the fafa and the Fa/-. The specific binding of glucagon was similar in obese and in lean animals, but in both groups the binding was significantly higher in fed than in 24 h-fasted rats; this was observed over a wide range



of glucagon concentrations. In the presence of 1 mM theophylline, glucagon-stimulated cyclic AMP levels reached a maximum by 2 min at 30 C. The level attained was higher and more sustained in fed obese than in fed lean rats. For a given amount of glucagon bound, cAMP levels were more greatly



increased in fed obese rats than in other groups. These data indicate that, in addition to the obese or non-obese state of the animal, dietary conditions may affect both the binding capacity of hormone receptors and glucagon-stimulated cyclic AMP production. In this model of obesity (the Zucker rat) and under the conditions of this study, isolated liver cells do not exhibit the considerable insulin binding defect observed in other animal obesities. Glucagon binding and glucagon sensitivity are enhanced in fed rats as compared to fasted rats. Finally, obesity appears to influence steps subsequent to glucagonreceptor interaction. (Endocrinology 101: 236, 1977)



O



levels. Rodents with genetically obese hyperglycemic syndromes (ob/ob, db/db mice) are suitable models to study obesity with diabetes (1). It has recently been observed that the binding of [125I]iodoinsulin to its specific receptors is impaired in isoReceived August 2, 1976. lated hepatocytes (2), thymocytes (3) and Supported by the "Institut National de la Sante et de la Recherche Medicale," by a grant (ATP no. plasma membranes of liver (2,4), fat (5) and 479906) from the "Centre National de la Recherche heart (6) of the ob/ob mouse. A similar, Scientifique," a grant from the "Delegation Generale although quantitatively smaller decrease of de la Recherche Scientifique et Technique" (no. [125I]iodoinsulin binding to liver mem74 7 0376) and by the "Fondation pour la Recherche branes has also been observed in goldthioMedicale Frangaise." glucose-induced obesity in mice (7), and in * Permanent address: Groupe de Recherches sur mononucleated blood cells of man with les Hormones Polypeptidiques et la Physiopathologie Endocrinienne, U.145 (Institut National de la Sante obesity (8-10). A decrease in the binding et de la Recherche Medicale), Faculte de Medecine, of glucagon (11) and an increase in the acChemin de Vallombrose, 06034 Nice Cedex, France. tivity of cAMP phosphodiesterase (12) have 1 Presented in part at the 10th Meeting of the been observed in large adipocytes of normal European Association for the Study of Diabetes, A 20-30% decrease in the binding of Jerusalem, September 11-13, 1974 (Broer, Y., P. rats. 125 I]iodoglucagon has also been reported [ Freychet, and G. Rosselin, Diabetologia 10: 361,1974). BESITY is often associated with resistance to exogenous and endogenous insulin as indicated by high insulin levels in plasma with normal or elevated glucose
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OBESE RAT, HORMONE-RECEPTOR INTERACTIONS in liver membranes of ob/ob mice (2). Apart from obesity, the nutritional state seems to affect the early steps of glucagon action in isolated rat liver cells: both glucagon binding to receptor sites and glucagon-stimulated cyclic AMP levels in the presence of theophylline were found to be higher in cells of fed than in those of fasted rats (13). However, little information exists about the effectiveness of glucagon on adenylate cyclase activity in obese states. The Zucker (fatty, fafa) rat represents a form of extreme obesity which is characterized by a recessive mutant gene fa (14), with hyperinsulinism (15,16) and normal or slightly elevated blood glucose levels (17). Exogenous insulin is ineffective in promoting the incorporation of [14C]glucose into glycogen in the diaphragm of 20 week-old fatty rats (17). However, increased lipogenesis has been observed in liver slices of fafa rats as suggested by the high [14C]glucose incorporation into CO2, phospholipids, triglyceride-glycerol and triglyceridefatty acids (18). It has been found that both pancreas insulin and glucagon from the obese Zucker rats have immunological and biological potencies similar to those of their lean littermates (19). The present studies were designed to investigate the interactions of insulin and glucagon with their specific receptors (20) and to measure the levels of endogenous cyclic AMP (21) under glucagonstimulated conditions in isolated liver cells (2,22) of the Zucker rat. Comparisons were made with non-obese littermates, in the fasted and in the fed state.



Materials and Methods Animals Twelve to fifteen week-old lean (Fa/-) and obese (fafa) female Zucker rats obtained from the Centre de Selection et d'Elevage d'Animaux de Laboratoire (45-Orleans la Source, France) were used. Animals were studied under two nutritional conditions: some were fasted, food being removed at 0900 h, i.e., 24 h before the experiment: others were fed ad libitum on a standard laboratory diet
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and were supplemented with glucose that was injected ip (3 g/kg at 0830 h, i.e., 90 min before sacrifice in order to ensure consistency among fed animals.2 Hormone and chemicals Purified "monocomponent" porcine insulin (MC 821 506) and porcine glucagon (NR 6 770) were used for iodination and as standards in studies of hormone binding. Porcine glucagon (B 66) was used in studies of 3',5'-cyclic AMP (cAMP) accumulation in liver cells. Insulin and glucagon were gifts from J. Schlichtkrull, the Novo Research Institute, Copenhagen, Denmark. Carrier free Na125I (I-S4) was purchased from the Commissariat a l'Energie Atomique (Saclay, France). Guinea pig anti-porcine insulin and rabbit anti-porcine glucagon sera were prepared in our laboratory; goat anti-guinea pig and antirabbit gammaglobulins were purchased from Antibodies Incorporated (Davis, California). Cyclic AMP was measured by a radioimmunoassay technique developed in this laboratory (23,24) following the procedure of Steiner et al. (25). Cyclic AMP, AMP, ADP, ATP, adenosine (A grade), theophylline (B grade), were purchased from Calbiochem; caffeine and other chemicals from Merck, bovine serum albumin (BSA), Fraction V, from Pentex, crude collagenase (CLS, lot 2 KD, 200 U/mg) from Worthington, and hyaluronidase (ovine testes, type II) from Sigma. Isolation of liver cells Liver cells were isolated as described elsewhere (20). The washed cells were resuspended in Krebs-Ringer-bicarbonate buffer (KRB) that contained 30 mg/ml BSA and had been gassed with 95% O 2 -5% CO2 (pH 7.5). The isolation procedure yielded 300-400 x 106 cells from one fasted rat liver and 150-200 x 106 cells from one fed rat liver (obese or lean). Liver weights were 5.7 ± 0.7 g3 in lean and 11.2 ± 0.2 g in obese rats. Liver cells from obese and lean rats were 85-95% viable for at least 6 h as judged by their ability to exclude trypan blue; there was no significant 2



It should be noted that the fed state of the animals which is referred to throughout this paper designates rats (both obese and lean) which, in addition to being fed ad libitum, were given a glucose load of 3 g/kg BWip. 3 Mean ± SEM.
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difference in the viability of cells in the obese, lean, fasted or fed animals. Studies of hormone binding to isolated liver cells Studies were conducted at 30 C in a manner similar to those previously described (20) with the following modifications: each incubation tube contained, in a final volume of 250 /A\, 100 fx\ of the cell suspension containing about 2.5 x 106 cells/ml, i.e., 1.0 x 106 cells/ml final incubation volume, and 25 /u.1 unlabelled hormone at concentrations ranging from 0-28 nM in KR phosphate (KRP) with 10 mg/ml BSA and 25 fx\ of 125I-labelled hormone (0.025-0.035 nM) in the same buffer. For glucagon, the incubation medium also contained 2,000 IU/ml of kallikrein inhibitor (Zymofren, Specia) and 100 /xg/ml of bacitracin (26) as inhibitors of glucagon degradation. The cell-bound hormone was isolated by rapid filtration and washing of the incubation mixture on cellulose acetate Millipore filters as described elsewhere (20). Radioactivity that was bound to cells in the presence of 100 Atg/ml of unlabelled insulin or unlabelled glucagon was considered nonspecific binding and was subtracted from the total binding in order to calculate the specific binding. Studies of hormone degradation Liver cells (1.0 x 106/ml) were incubated at 30 C for 60 min with [125I]iodoglucagon (0.3 nM) in presence of kallikrein inhibitor (2,000 IU/ml) and bacitracin (100/Mg/ml) and for 10 min with [125I]iodoinsulin (0.3 nM) without any inhibitor of degradation. At the end of the incubation the reactions were stopped by cooling and immediately centrifuging. The 125I-labelled hormones remaining intact in the supernatants were evaluated by measuring their ability to rebind to specific receptor in liver membranes (27) and to rebind to antibodies to insulin and to glucagon. For unlabelled insulin at higher concentration (1.5 nM) incubated for 60 min with liver cells, a radioreceptor assay (19) was used to measure the amount of insulin remaining intact in the supernatant. Appropriate controls without cells represented 100% of the substrate available for degradation.
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pH 7.5) contained, in a final volume of 625 /AI, 2 x 106 cells/ml, 30 mg/ml BSA, 10 mM alanine, 1 mM theophylline, and the indicated glucagon concentrations. The reaction was stopped with the addition of 4 volumes of methanol to 1 volume of incubation mixture. Cyclic AMP was measured by radioimmunoassay on the solubilized dried residue obtained after evaporation of the methanol extract.



•*



Other determinations Plasma insulin concentration (IRI) was measured by radioimmunoassay (29,30); the results are expressed in terms of a rat insulin standard (supplied by A. E. Lambert; 17 U/mg). Plasma glucose was assayed by the glucose oxidase (Boehringer Mannheim Test, FRG) method. Protein concentration was measured by the method of Lowiy et al. (31). Cell number was determined by counting in a Malassez chamber, and cell diameter by a micrometric measurement.



Results Experimental animals Some characteristics of the animals studied are given in Table 1. The body weight of the obese was significantly higher than that of the lean. The liver weight of the obese was twice as great as in the lean; however, the diameter of isolated hepatocytes was similar in both types of rats. Plasma glucose levels did not differ significantly between the lean and the obese whether fasted or fed,4 although plasma was slightly higher in the fed obese. Peripheral IRI was six times higher in fed obese and three times higher in fasted obese as in their lean counterparts. Peripheral IRI of fed lean was similar to that of fasted obese. In fed animals, differences between portal and peripheral IRI were noticeable in lean but not in obese rats (Table 1). Binding of [125I]iodoinsulin and [125/]iodoglucagon to isolated liver cells of lean



Measurement of cAMP 4 Conditions were as described previously Rats were kept individually in metabolic cages (21,28). Briefly, the incubation medium (KRB, under conditions which excluded coprophagy.
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OBESE RAT, HORMONE-RECEPTOR INTERACTIONS TABLE 1. Experimental animals



Body weight (g)



Liver cell diameter Gam)



Plasma glucose (mg/100 ml)



Fasted



Fed



Liver weight



a)



(25). 194 ±4



(16) 5.7 ±0.7



(6) 27.1 ± 0.4



(5) 27.3 ± 0.5



(10) 96t ±6



(11) 153 ±10



± SE



(7) 337* ± 16



(21) 380 ±9



(9) 11.2 ±0.2



(5) 28.1 ± 0.5



(4) 28.2 ± 0.4



(11) 102f ±10



P values
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