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Extrapancreatic action of the sulphonylurea gliquidone: 
post-receptor effect on insulin-stimulated glycogen synthesis 
in rat hepatocytes in primary culture 
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Summary. The effects of  a sulphonylurea, gliquidone, on insu- 
lin binding and the insulin induced rate of  glycogen synthesis, 
were studied in rat hepatocytes in primary culture. Hepato-  
cytes were cultured for 48 h. During the second 24 h of  this pe- 
riod, the hepatocytes were incubated with or without gliqui- 
done (5 mg/1). The binding of  125I-insulin and the insulin 
stimulation of glycogen synthesis from aac-glucose were mea- 
sured. Gliquidone influenced neither insulin binding nor the 
basal rate of  glycogen synthesis, but it did enhance the effect 
of  insulin on glycogen synthesis. Responsiveness was in- 
creased by gliquidone at all insulin concentrations used 
(10-10,000 mU/1); at 1000 mU/1 the drug increased glycogen 

synthesis from 310 to 430% above the basal rate. Half-maxi- 
mal stimulation was reached in control cells at an insulin con- 
centration of  95 m U / l  and in gliquidone-treated cells at 
94 mU/1, which indicates unchanged insulin sensitivity. Based 
on these experiments with cultured rat hepatocytes it appears 
that the extrapancreatic action of  gliquidone is not mediated 
by an effect on insulin binding. 

Key words: Sulphonylurea, rat, insulin binding, insulin action, 
extrapancreatic effect, glycogen synthesis, rat hepatocytes in 
primary culture. 

S u l p h o n y l u r e a s  have  b e e n  r e p o r t e d  to  i nc rease  ce l lu la r  
in su l in  b i n d i n g  to m o n o c y t e s  o f  d i a b e t i c  pa t i en t s  [1], he-  
p a t i c  p l a s m a  m e m b r a n e  p r e p a r a t i o n s  o f  mice  a n d  ra ts  
[2, 3] a n d  h u m a n  f ib rob la s t s  in cu l tu re  [4]. H o w e v e r ,  
such  effects  were  no t  o b s e r v e d  us ing  ra t  l iver  cells  [51 o r  
a d i p o c y t e s  [6]. In  this  s tudy,  we inves t i ga t ed  the  effect  o f  
the  s u l p h o n y l u r e a  d rug  g l i q u i d o n e  on  insu l in  b i n d i n g  
a n d  on  insu l in  ac t i on  (i. e. g l y c o g e n  synthes i s )  in  ra t  
h e p a t o c y t e s  in p r i m a r y  cul ture .  

Materials and methods 

Cell isolation and cell culture 

Isolated hepatocytes were prepared from male Sprague-Dawley rats 
(body weight 170-190 g, Ivanovas, Kisslegg, FRG) fed a standard diet 
ad libitum (Ssniff rat diet, Versuchstierdifiten, Soest, FRG) with free 
access to drinking water. Animals were fasted for 48 h before the prep- 
aration of the cells. Perfusion of the liver was performed according to 
the method of Berry and Friend [7], using a calcium-free Krebs 
Henseleit buffer (pH 7.4) continuously gassed with a mixture of 
O2/CO2 (95 : 5, v/v) and containing collagenase 0.6 g/1 (CLS I, 166 U/  
mg, Worthington Biochemicals, Freehold, New Jersey, USA). 

After 20 min of perfusion, hepatocytes and non-parenchymal cells 
were separated by filtration through a nylon mesh (28 lxm). To remove 
collagenase, the cell suspension was washed three times with perfu- 
sion medium, centrifuged (60 s at 50 g) and the supernatant discarded. 

After the third centrifugation the cells were taken up in culture medi- 
um and counted by using a manual haemocytometer under the micro- 
scope (Diavert, Leitz, Wetzlar, FRG). Viability of the hepatocytes 
used for the experiments was > 95% as judged by Trypan blue exclu- 
sion. Hepatocytes (2.5 x 106) were inoculated (in 3.5 ml of culture me- 
dium) in each 60 x 15-mm plastic culture dish (Greiner, Nuertingen, 
FRG) [8]. The monolayers were cultured for 48 h at a temperature of 
37 ~ in an atmosphere of air saturated with water vapour. Modified 
Dulbecco's minimal essential culture medium was used [Seromed, 
Munich, FRG; HEPES (20 mmol/l), NaHCO3 (4 mmol/1), glutamine 
(4mmol/1), lactate (5mmol/1), pyruvate (0.5mmol/1), glucose 
(10 mmol/1), penicillin (100 U/ml) and streptomycin (100 rag/l)]. 

For the first 4 h of culture, this medium was supplemented with 
10% fetal calf serum (Seromed) to improve monolayer formation. Af- 
ter 4 h in culture, the medium was changed and fresh culture medium 
without fetal calf serum was added, but supplemented with bovine se- 
rum albumin (1.0 g/l) and insulin (150 mU/l). During the second day 
of culture, the culture medium as described above contained no insu- 
lin, but did include serum albumin (1.0 g/l, all dishes) with or without 
gliquidone (5.0 mg/1) (gift from Dr. E. Rupprecht, Thomae, Biberach, 
FRG). This culture medium was changed every 6 h. All assays were 
performed after 48 h of culture. 

Insulin binding 

Fresh culture medium, as during the second day of culture but with- 
out antibiotics, was added to the monolayers before the binding 
experiment. The temperature was lowered to 20 ~ and after 1 h the 
medium was exchanged against identical culture medium (2 ml) 
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Table 1. Binding of 125I-insulin to rat hepatocytes in primary culture 
incubated with or without gliquidone (5.0 rag/l) 

Insulin Insulin binding (mU/g protein) 
concentration 
(mU/l) Control cells Gliquidone- 

treated cells 

1.5 0.22 + 0.008 0.24 __. 0.01 
26.5 2.6 +0.26 2.8 +0.24 
51.5 3.9 +0.49 4.1 +0.54 

126.5 7.2 +0.82 7.1 +0.84 
251.5 10.4 +1.5 9.8 +1.6 
501.5 13.2 +1.7 13.1 +1.7 

5001.5 30.4 +2.4 31.4 +4.4 

Results represent mean+_SEM of four separate experiments per- 
formed in duplicate 

Table 2. Effect of gliquidone on DNA, protein and glycogen content 
of rat hepatocytes in primary culture 

DNA Protein Glycogen 
(.ttg/dish) (~tg/dish) (mmol glucose/ 

g protein) 

Control 11.9+1.5 (6) 2103+201 (6) 148.3+37.2 (5) 
hepatocytes 

Gliquidone- 11.7 _+ 1.8 (6) 2049 + 192 (6) 147.1 + 21.0 (5) 
treated 
hepatocytes a 

Results represent mean _+ SEM with the number of experiments given 
in parentheses. Experiments were performed in duplicate. 
a Gliquidone concentration 5.0 mg/1 

which contained in addition labelled insulin, (1.5 mU/1 (MonoJ2SI - 
(TYR A 14)-insulin, 183 ~tCi/lxg, Novo, Copenhagen, Denmark) 
alone or with unlabelled insulin (porcine monocomponent insulin 
25-5000 mU/1, Novo). Equilibrium binding was reached after 2 h of 
incubation at 20 ~ (data not shown). The supernatant was then aspi- 
rated to remove unbound insulin and the monolayer was washed four 
times with buffered saline (4 ml, Tris (Tris(hydroxymethyl)-amino- 
methan, Merck, Darmstadt, FRG) (5 mmol/1), NaC1 (0.154mol/1), 
pH 7.4, 4 ~ The cells were taken off in 2 x 1 ml NaOH (0.2 mol/1, 
4~ and counted for radioactivity (NE 1600, Nuclear Enterprises, 
Edinburgh, UK). The binding data were corrected for protein content, 
insulin degradation and non-specific binding, i.e. the binding of la- 
belled insulin in the presence of insulin 1000 U/1. 

Glycogen synthesis rate 

The assay for insulin-stimulated incorporation of labelled glucose 
(D-(UJ4C) glucose, 270 mCi/mmol, Amersham International, Braun- 
schweig, FRG) into glycogen was a modification of the method of 
Bernaert et al. [9]. Fresh culture medium, as during the second day of 
culture but without antibiotics, was added 1 h before the glycogen 
synthesis measurements. Then hepatocyte monolayers were incubat- 
ed for 2 h at 37 ~ in 2 ml of identical culture medium with glucose (fi- 
nal concentration 10 mmol/1, including D-(UJ4C) glucose 0.1 mCi/1), 
with or without insulin (0-10,000 mU/1), with or without gliquidone 
(5.0 rag/l). Blank control dishes were incubated at 4 ~ with the same 
medium as above, including labelled glucose. The incubation was 
stopped by four washes with buffered saline (see above, 4 ml, 4 ~ to 
remove labelled glucose. Afterwards KOH (300 g/l, 1 ml, 4~ was 
added for 30 min. The solubilized material plus a further 1 ml KOH 
were transferred to tubes containing carrier glycogen (2 rag) and the 
mixture was boiled for 30 min. Following cooling on ice, glycogen 
was precipitated by the addition of ethanol (4 ~ final concentration 

463 

66% by volume) and after centrifugation (10 min, 1000 g) the residue 
was washed again with ethanol and finally resuspended in water. 
Radioactivity was counted in scintillation fluid (Kontrogel, Kontron, 
Ztirich, Switzerland) in a liquid scintillation counter (Packard, Down- 
ers Grove, Illinois, USA). Samples were corrected for blank control 
values and for protein content. Gliquidone had no influence on the 
glycogen extraction procedure as tested before the experiments were 
performed. 

Glycogen content 

Medium was removed after 48 h of culture and the hepatocyte mono- 
layers were washed four times with buffered saline (see above, 4 ml, 
4 ~ Then 2 x 1 ml trichloroacetic acid (75 g/l, 4 ~ were added. The 
monolayers were scraped off and the suspension was transferred to 
tubes which were centrifuged (10 min, 8000 g). From the resulting su- 
pernatant the acid was extracted by four treatments with water-satu- 
rated ether (4 x volume). After neutralization and freezing in liquid 
air, the samples were lyophilized, redissolved in sodium-acetate-buf- 
fer (200 mmol/1, pH 4.8) and the glycogen content determined photo- 
metrically after digestion with amyloglucosidase (Boehringer, Mann- 
heim, FRG) as described by Keppler et al. [10]. 

Protein and D NA-determination 

After 48 h of culture the monolayers were washed four times with buf- 
fered saline (see above, 4 ml, 4~ For protein determination, the 
cells were solubilized in 2 x I ml trichloroacetic acid (50 g/l). Protein 
determination was performed according to the method of Lowry et al. 
[11], using bovine serum albumin fractionV (Sigma, Taufkirchen, 
FRG) as standard. For DNA-determination, the cells were solubilized 
in 2 x 1 ml perchloric acid (100 g/l). DNA was measured according to 
Richards [12]. 

Statistical analysis 

Statistical analysis was performed by the two-tailed paired Student's 
t-test. Results are given as mean _+ SEM. 

Results 

No difference in t25I-insulin binding to rat hepatocytes 
in primary culture was observed when gliquidone-treat- 
ed cells were compared with control cells (Table 1). The 
concentration of gliquidone used is 2-5-fold higher 
than the level measured in peripheral venous plasma in 
vivo [13]. After absorption from the gut this concentra- 
tion might be reached in the liver, the main organ of 
degradation of the drug [14]. DNA and protein content 
of monolayers incubated in the presence and absence of 
gliquidone were identical, which indicates that any pro- 
liferation or breakdown of the cells were equal in both 
groups (Table 2). As further controls insulin degrada- 
tion and insulin dissociation were investigated. After 
t25I-insulin binding (2 h at 20 ~ approximately 7% of 
the total insulin was degraded in both groups, as mea- 
sured by trichloroacetic acid (100g/l) precipitation. 
Dissociation of 125I-insulin, measured after binding (2 h 
at 20 ~ was also unaffected by g]iquidone (data not 
shown). 

As a measure of insulin action, the insulin-stimulat- 
ed glycogen synthesis rate from labelled glucose was in- 
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Fig. 1. Effect of gliquidone on the insulin-stimulated glycogen syn- 
thesis rate in rat hepatocytes, 0----43: control cells, 0 - - - - 0 :  cells 
treated with gliquidone (5.0 rag/l). Basal rate of glucose incorporation 
into glycogen was 17.5 + 4.5 mmol glucose, g protein -a. 1 h -1 in con- 
trol cells and 18.1 _+ 4.4 mmol glucose-g protein -1 -h -1 in gliquidone- 
treated cells. Results are expressed as mean _+ SEM from six separate 
experiments performed in duplicate. 
* p <  0.05, ** p <  0.005, *** p <  0.0005, **** p <  0.0125 

vestigated. Insulin (10-10,000 mU/l)  stimulated glyco- 
gen synthesis in a dose-dependent manner; the maxi- 
mum of approximately 310% above basal was reached 
at an insulin concentration of 1000 mU/1 (Fig. 1). Gli- 
quidone did not change the basal rate of glycogen syn- 
thesis, whereas it did significantly increase the insulin- 
stimulated rate at all insulin concentrations (from 310% 
to 430% in presence of insulin 1000 mU/1). Half-maxi- 
mal stimulation was reached in both groups at the same 
insulin concentration (control, 94 + 5 mU/1; and gliqui- 
done-treated cells, 94 + 11 mU/1; mean _+ SEM), which 
indicates that gliquidone changed insulin responsive- 
ness but not insulin sensitivity. In accordance with the 
rate of glycogen synthesis, gliquidone did not change 
the basal glycogen content of hepatocytes after culture 
(Table 2). 

Discussion 

This study shows that the sulphonylurea gliquidone in- 
creases the insulin responsiveness of glycogen synthesis 
in primary cultures of rat hepatocytes without affecting 
insulin binding and insulin sensitivity. This is in agree- 
ment with other findings in vitro. Salhanick et al. [15] 
also observed an increased insulin responsiveness un- 
der the influence of tolazamide in primary cultures of 
hepatocytes, studying insulin-stimulated lipogenesis. 
Neither the sensitivity of the insulin effect on lipogene- 
sis nor binding were influenced by the drug. Another 
important target tissue of insulin, adipose tissue in cul- 
ture, showed a potentiation of insulin-stimulated glu- 
cose uptake under the influence of a sulphonylurea [6]. 
Again no change in insulin sensitivity or insulin binding 
was observed. Thus, in several systems where insulin ac- 
tion has been tested in vitro, a post-receptor effect of 
these drugs could be demonstrated. 

On the other hand, we and the two other groups [6, 
15] could not find an effect of sulphonylurea on insulin 
binding, dissociation or degradation. This is in agree- 
ment with a number of other studies in vitro. In hepato- 
cytes in culture, Fleig et al. [5] could not observe a 
change in insulin binding in glibenclamide-treated cells. 
In other culture systems with adipocytes [6, 16], human 
skin fibroblasts, IM-9 lymphoblasts, MCF-7 human 
mammary carcinoma or H 35 rat hepatoma cells [17] 
different sulphonylurea drugs also showed no effect on 
insulin binding. Only Prince and Olefsky [4] observed a 
modest increase in insulin receptors in human fibro- 
blasts in culture. Thus, the insulin receptor of tissues 
studied in vitro was not influenced by sulphonylureas 
except in one study with human fibroblasts [4]. This is in 
contrast to a number of studies in vivo. 

Bachmann et al. [2] and Feinglos and Lebovitz [3] 
observed enhanced insulin binding to purified liver 
plasma-membrane preparations from rats and mice, 
treated orally with gliquidone or glipizide. Also an in- 
creased number of insulin receptors was observed in 
circulating monocytes of non-insulin-dependent diabet- 
ic patients treated with sulphonylureas [1, 18]. It is at 
present not clear why these findings in vivo are not in 
agreement with the majority of studies in vitro. Several 
explanations seem possible: (1) In the experiments 
where an increase in binding was observed, the drug 
was given to animals or patients over a long period. 
Thus the effect of the sulphonylureas on binding might 
be very slow and has to be studied in culture systems for 
longer periods. (2) The effect observed in vivo might be 
secondary to changes in the insulin serum levels during 
the sulphonylurea therapy. It is well established that the 
insulin receptor capacity is inversely related to the insu- 
lin plasma levels in the state of insulin deficiency [22, 
23]. Decreasing insulin levels during sulphonylurea 
therapy were observed earlier by different investigators 
[19, 20] and also recently by Lunetta et al. [21] and by 
Beck-Nielsen et al. [18] with adult-onset diabetic pat- 
ients. (3) Another explanation for the discrepancy could 
be that factors as yet unknown might be involved, since 
in all experiments where an increase in insulin binding 
could be observed the drug was given orally. 

In summary, it may be postulated that sulphonyl- 
urea drugs have extrapancreatic effects which might be 
independent of interactions between insulin and its re- 
ceptor on the surface of peripheral cells. 
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