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Abstract 

Diazepam binding inhibitor (DBI~_86) is a peptide that is present in large amounts in the intestine and pancreas and 
which inhibits glucose-stimulated insulin release from both perfused pancreas and isolated islets in low nanomolar con- 
centrations. Here, ]DBI33_so (also known as ODN, octadecaneuropeptide), one of the naturally occurring processing 
products of DBI1_86, and certain synthetic modified derivatives, have been shown to inhibit glucose and glibenclamide- 
stimulated insulin se.cretion from isolated rat islets and glibenclamide-stimulated insulin secretion from hamster-insulinoma 
(HIT-T15) fl-cell line. DBIlT_SO (TTN; triakontatetraneuropeptide), another prominent processing product of DBI, had 
no effect. The 50~o inhibitory concentration (ICso) for the effect of ODN on insulin secretion induced by 8.3 or 16.7 mM 
glucose was approximately the same: 5 to 6 nM. Moreover, ODN inhibited insulin release induced by 0.01 or 1 #M 
glibenclamide with a similar IC5o (8 to 10 nM) in both isolated pancreatic islets and in HIT-T15 E-cells. At concentra- 
tion up to 1 #M, ODN had no effect on insulin secretion induced by PACAP (pituitary adenylate cyclase polypeptide), 
BAYK 8644 (methy•-(••4-dihydr•-2•6-dimethy•-3-nitr•-4•2-trif•u•r•methy•pheny•)pyridine-5-carb•xy•ate)• and only mar- 
ginally it affected IBMX-(isobutylmethylxanthine) induced insulin secretion. This indicates that ODN does not act directly 
on ATP-regulated l( ÷ channels, voltage dependent Ca 2 ÷ channels or cAMP production. In contrast, ODN inhibited 
insulin secretion induced by sodium nitroprussiate in a manner that is independent from the presence of extracellular Ca 2 ÷. 
These results suggest that ODN or ODN-like peptide fragments of DBI, may inhibit glucose or glibenclamide-induced 
insulin secretion via. a signaling pathway that regulate the cytoplasmic free Ca 2 ÷ concentration. 
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I. Introduction 

Secretion of insulin from pancreatic fl cells is con- 
trolled by nutrients in the circulation, classical neu- 
rotransmitters released by the autonomic nervous 
system, and peptides. Such regulatory peptides in- 
clude glucagon-like peptide-1(7_37 ) [1] and glucose- 
dependent insulinogenic peptide [2], which are de- 
rived from the intestine, as well as peptides secreted 
from cells or nerve fibers of the pancreas [3]. Thus, 
cholecystokinin [ 3,4], vasoactive intestinal polypep- 
tide [3,4], and pituitary adenylate cyclase polypep- 
tide (PACAP) [5] have been localized to nerve fibers 
in the pancreas and stimulate insulin release; 
whereas somatostatin, galanin, neuropeptide Y 
[3,4], and diazepam binding inhibitor (DBI) [4,7- 
11 ], which have been localized in the parenchyma or 
nerve fibers of the endocrine pancreas and the in- 
testine, decrease glucose-induced insulin secretion. 

Among the peptides that inhibit glucose-induced 
insulin secretion, DBI appears of particular interest. 
Immunohistochemical studies with antisera to DBI 
have shown that DBI is present in considerable 
amounts in the endocrine pancreas (c~ cells in rat, 
b cells in human and pig), as well as in epithelial cells 
of the exocrine pancreas and intestine [7,8,10]. 
At low concentrations (<  10-8 M), DBI inhibits 
glucose-induced insulin secretion from perfused rat 
pancreas and isolated islets [8-11]; this effect is 
considered selective because, unlike galanin, DBI 
does not inhibit glucose-stimulated release of soma- 
tostatin from b cells or glucagon from ~ cells [9,10]. 
Thus, the potency and efficacy with which DBI in- 
hibits insulin release in response to glucose, together 
with its organ and cellular localization, suggest that 
DBI may function as a paracrine hormone of the 
entero-insular axis and play an important role in the 
regulation of insulin secretion. 

DBIl_86 is a 9 kDa polypeptide that was first 
isolated from rat, bovine and human brain by moni- 
toring its ability to displace diazepam from binding 
sites on brain synaptic membranes [12]. The DBI 
cDNA has been cloned and sequenced, and the 

structure of the DBI gene, including the promoter, 
has been elucidated [13,14]. Although the primary 
structure of DBI has been conserved among various 
animal species, the processing of DBI shows 
species-specific differences. In rat brain, DBI is 
naturally processed to peptides similar to DBI33_5o 
(ODN; octadecaneuropeptide) and DBIx7_50 (TTN; 
triakontatetraneuropeptide) [12]. ODN and TTN 
exhibit different biological properties. For example, 
whereas ODN preferentially displaces diazepam 
from binding sites associated with ~-aminobutyric 
acid type A (GABAA) receptors on neurons, TTN 
preferentially displaces diazepam from the mito- 
chondrial DBI receptor complex (MDRC) present 
in several endocrine cell types and glial cells. Thus, 
DBI and TTN potently stimulate steroidogenesis in 
adrenal cortical, Leydig, and glial cells by binding to 
the MDRC and thereby facilitating cholesterol 
transport from the outer to the inner mitochondrial 
membrane [ 12]. In rat pancreatic islets DBI is pro- 
cessed to peptide fragments that react with an 
antiserum to ODN and exhibit a retention time on 
reversed phase high-performance liquid chromato- 
graphy (HPLC) similar to that of ODN [ 11 ]. More- 
over, ODN has been shown to inhibit the release of 
insulin induced by 16.7 mM glucose in isolated rat 
pancreatic islets [11]. Because the mechanism by 
which ODN and DBI attenuate secretagogues- 
induced release of insulin is still poorely understood 
at the molecular level, we have now analyzed the 
structure-activity relation of ODN and related pep- 
tides for the inhibition of glucose-induced insulin 
release and also examined the effects of these pep- 
tides on insulin release induced by different secreta- 
gogues in both isolated pancreatic islets and in ham- 
ster HIT-T15 insulinoma t-cell line. 

2. Materials and methods 

2.1. Rat pancreatic islets 

Male Sprague-Dawley rats (body mass, 180 to 
200 g) were injected i.p. with pilocarpine (25/~g per 
kg of body mass) (Sigma, St. Louis, MO) and killed 
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1 h later by decapitation. Pancreatic islets were iso- 
lated as described by Lacy and Kostianosky [15] 
with minor modifications. Briefly, after digestion 
with collagenase type V (500 I.U./ml) (Sigma) for 
5 min at 37°C, the pancreatic tissue was applied to 
a discontinuous Ficoll gradient (Sigma). After cen- 
trifugation, the islets were collected from the region 
of the gradient between 20.5 and 11 ~o Ficoll, washed 
with phosphate-buffered saline, and suspended in a 
modified Krebs bicarbonate medium (KBRH) con- 
taining 118.4 mM NaC1, 4.96 mM KC1, 1.18 mM 
MgSO4, 1.18 mM NaH2PO4, 2.52 mM CaC12, 
10 mM Hepes (pH 7.4), and 0.5~/o bovine serum 
albumin, which has been equilibrated with 100~o 02. 
After incubation for 45 min at 37°C in the same 
buffer containing 2.8 mM glucose, the islets were 
collected with a Lang-Levy pipette under the guide 
of an inverted light microscope in order to exclude 
other contaminating cells. 

2.2. Hamster insulinoma (HIT-T15) cells 

The hamster ins~alinoma cell line HIT-T 15 (Ameri- 
can Cell Type Culture Collection, Rockville, MD) 
was used. Cells were cultured in Ham's F-12K me- 
dium (Irvine Scientific, Santa Ana, CA) supple- 
mented with 10~o horse serum, 2 mM glutamine, 
1~o penicillin/streptomycin, and 5~o fetal bovine 
serum bought from Gibco (Grand Islets, NY) and 
maintained at 37 ° C in an atmosphere of 5 ~o carbon 
dioxide. The culture medium was changed two times 
weekly after the cells had been rinsed with Hanks' 
balanced salt solution (Gibco). 

2.3. Insulin secrethm experiments 

in a final volume of 2 ml. After removal of 0.2 ml of 
the incubation medium for insulin determination, the 
islets were incubated for a further 60 min at 37°C in 
a final volume of 2 ml of KBRH buffer containing 
either 2.8 or 16.7 mM glucose, in the presence or 
absence of ODN, other DBI-related peptides, 
PACAP, or glibenclamide. At various time intervals, 
0.1 to 0.2 ml of the incubation medium was collected 
for insulin determination. Finally, the insulin remain- 
ing in the islets was determined in 1 M acetic acid 
extracts after lyophilization. Insulin was than as- 
sayed by radioimmunoassay. 

Although the insulin content of the islets and the 
amount of insulin released during the initial 10 min 
exposure to 2.8 mM glucose varied by 20 to 30~o 
between incubations, the fold increase in insulin re- 
lease induced by secretagogues during the subse- 
quent 60-min incubation was consistently propor- 
tional (variability, < 5)'o) to the amount of insulin 
release during the initial 10-min period. Because the 
release of insulin in the presence of 2.8 mM glucose 
was not affected by ODN or its derivatives, the 
amount of insulin released into the medium during 
the initial 10-min incubation period was subtracted 
from that measured in the medium at the end of the 
incubation with the various secretagogues; this re- 
maining amount of insulin was arbitrarily assigned 
the value of 100~o. Thus, the 50~o inhibitory con- 
centration (IC50) and the inhibitory efficacy of ODN 
and its derivatives with respect to the various secre- 
tagogues were then determined relative to the insu- 
lin released in response to the secretagogues alone. 
In each experiment, incubations were performed 
in triplicate, and the insulin in each sample was 
assayed in duplicate. 

All the experiments were carried out in KBRH, 
containing specified glucose or Ca 2 + concentrations, 
at pH 7.4. 

Isolated pancreatic &lets 
Three to five islets were incubated for 10 min at 

37 °C in KBRH medium containing 2.8 mM glucose 

HIT-T15//-cells 
12 h before the experiment, cells were detached 

from their culture dishes using trypsin-EDTA (from 
Gibco) and than plated in 24-multiwell dishes to a 
final density of 5 to 6.105 cell/cm 2. At the moment 
of the experiment the cells were preincubated for 
10 min at 37°C in 1 ml of KBRH with or without 
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ODN. After the preincubation the cells were incu- 
bated for further 60 min (release time) in the same 
condition used during the preincubation period in 
the presence or the absence of glucose, glibencla- 
mide or other secretogogues, as indicated. At the end 
of the release time, the medium was collected and 
assayed by radioimmunoassay. Total insulin present 
in the cells was determined in acetic acid extract 
following lyophilization. The results are expressed as 
insulin secreted in ng/106 cells/h. 

2.4. Insulin radioimmunoassay 

Radioimmunoassays were performed with an 
antibody raised against porcine insulin [ 11 ] and por- 
cine insulin as standards. The separation of anti- 
body-bound ligand from free ligand was achieved 
with protein A (Sigma) [ 16]. x25I-radiolabeled insulin 
(2200 Ci/mmol) was obtained from NEN, Boston. 
Insulin assay buffer contained 23 mM Na2HPO4, 
8 mM NaH2PO4, 0.9~o NaC1, 0.5~o bovine albu- 
min, and 0.1~ o NaN 3 at a pH adjusted to 7.4. 
Radioactivity measurements were done using a LKB 
gamma scintillation counter. 

2.5. [3H]Glibenclamide and [3H]nitrendipine binding 
assay 

[3H]Glibenclamide (0.6 nM) and [3H]nitren- 
dipine (1 nM) were added in 1 ml KBRH to 35 mm 
dishes containing approx. 2.106 H IT-T 15 cells. Cells 
were incubated with the radiolabelled ligand at 37 ° C 
for 45 min. The bound ligand was rapidly (15-20 s) 
separated from free ligand by washing three times 
with 2 ml of ice-cold 50 mM Tris-HC1 buffer at 
pH 7.4. Cell were than digested with 500/~1 of 1 M 
NaOH and an aliquot was transferred to plastic 
counting vials and radioactivity was counted by a 
liquid scintillation counter (efficiency 50 ~o). Specific 
binding was defined as a difference between that in 
absence and that in presence of 10/~M of unlabeled 
ligand. 

2.6. Statistical analysis 

The IC50 values for ODN and its derivatives were 
calculated by probit analysis with the computer pro- 
gram of Tallarida and Murry [17]. Four to six con- 
centrations of each agent were used to determine the 
IC50 value. Data are expressed as means +_ S.E.M., 
and comparisons between groups were performed 
by analysis of variance with the Dunnet test. A 
P value of < 0.05, with n (number of experiments) 
values of > 3, was considered significant. 

2.7. Peptide synthesis 

Peptides were synthesized by the Merrifield solid- 
phase technique with a Beckman 990 automated 
synthesizer [18]. Amino acids were coupled to a 
chloromethylated polystyrene divinyl-benzene resin 
(Peninsula Laboratories, San Carlos, CA). Boc- 
amino acids were of the L- and D-configuration, and 
were obtained, together with N-methylleucine from 
Bachem (Torrance, CA). 

Peptides were purified by gel filtration on Sepha- 
dex G-10 (Pharmacia, Piscataway, N J), followed by 
HPLC on a semipreparative reversed phase C18 
/~-Bondapak column (0.78 cm x 30 cm) (Waters, 
Milford, MA). The synthetic material was eluted 
with a 2 h gradient from 10 to 60~o acetonitrile in 
0.1 ~o trifluoroacetic acid. The purity of the peptides 
was confirmed by thin layer chromatography using 
two different developing system: (a) n-butanol/acetic 
acid/water (4:1:1); (b) n-butanol/acetic acid/water/ 
pyridine (15:3:12:10) and by reversed phase HPLC. 
The amino acid composition of peptides was deter- 
mined after hydrolysis in seal tubes in 6 M HC1 at 
110°C for 24 h by conventional ion-exchange with 
a Beckman 6000 amino acid analyzer. The amino 
acid sequence of peptides was determined with a 
gas phase sequenator; amino acids were identified 
by HPLC alter phenylthiohydantoin derivatization 
[18]. 
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3. Results 

3.1. OD N inhibition o f  high glucose- and glibenclamide- 
induced insulin secretion 

To study the inhibi tory potency and efficacy of  
O D N  and its cottgeners on secre tagogues- induced 
insulin secretion we have used two model  systems: 
(a) the rat  pancreat ic  islets and (b) the HIT-T15  

r-cel ls .  

Rat  pancreatic islets 
The insulin content  of  the isolated rat  pancreat ic  

islets was between 15 and 25 ng per  islet. Dur ing the 
initial 10-min incubat ion in buffer containing 2.8 m M  
glucose, approx.  2 to 3 % of  the islet insulin content  
(0.30 to 0.75 ng per islet) was re leased into the me- 
dium. However ,  during the subsequent  incubat ion in 
the same buffer for a further 60 rain, the amount  of  
insulin re leased increased by only 10 to 20~o 
(Fig. 1A). In  contrast ,  when, after the initial 10-min 
incubat ion in 2.8 m M  glucose, the glucose concen-  
t ra t ion was increased to 16.7 mM,  the amount  o f  
insulin secreted in the medium during 60 min in- 
c reased  by 3- to 5-fold (Fig. 1A) and accounted  for 

up to 2 0 ~  of  the islet insulin content .  The sum of  
the islet insulin content  and the insulin secreted into 
the medium was comparab le  for islets t reated with 
2.8 m M  glucose (25 + 3.5 ng per islet; n = 8) and 
those t reated with 16.7 m M  glucose (26 + 2.8 ng per 
islet; n = 8), indicat ing that  under  the experimental  
condi t ions  used 16.7 m M  glucose did  induce a de- 
tectable increase in insulin secretion but not  a de- 
tectable increase in insulin biosynthesis .  

In the presence of  2.8 m M  glucose, O D N ,  at con- 
centra t ions  up to 1 #M,  did not  affect islet insulin 
content  or the amount  of  insulin released into the 
medium (Fig. 1A). However ,  O D N  abol ished insulin 
secretion induced by 16.7 m M  glucose (Fig. 1A) 
with an ICso of  6 n M  (Tables 1 and 2). Using  
8.3 m M  glucose as st imulant,  al though the amount  
of  insulin secreted was smaller (approx.  9 ng/4 islet/ 
h), the potency of  O D N  was similar (ICso approx.  
7 nM;  Table 1). 

Insulin secretion in response  to gl ibenclamide 
began more  prompt ly  than that  in response  to 
16.7 m M  glucose (Fig, 1B). Insulin secretion induced 
by 1 # M  gl ibenclamide (1 # M  is a maximal ly  effec- 
tive concentra t ion  of  this drug) cont inued to increase 
throughout  the 60-min incubat ion but  at 60 min it 

Table 1 

Effect of various ODN concentrations on insulin secretion stimulated by glucose or glibenclamide in isolated rat pancreatic islets and 
in hamster insulinoma cells (HIT-T15 fl-cells) 

ODN (nM) Inlhibition of secretagogue-induced insulin secretion (~o) 

Isolated rats Pancreatic islets a Hamster insulinoma cells (HIT-T15 r-cells) 

Glucose Glucose Glibenclamide Glibenclamide Glibenclamide 
(8.3 mM) (16.7 mM) (1/~M) (0.01/zM) (1/zM) 

1 9.(I + 0.50 5.0 + 0.80 2.3 + 0.82 5.0 + 0.30 3.5 + 0.33 
5 3~ + 4.2* 30 + 2.8* 33 + 7.2* 39 + 6.0* 35 + 2.5* 

10 7(I + 6.5* 68 + 8* 50 + 9.5* 62 + 8.2* 58 _+ 3.2* 
100 9(I + 5.8* 83 + 7.6* 71 + 9.8* 90 + 8.0* 92 _+ 6.4* 

a Values are expressed as a percentage of insulin release in presence of secretagogue alone, after subtracting insulin released during the 
initial 10-min incubaticn in 2.8 mM glucose. 
Each value is the mearL + S.E.M. of three to five experiments. * P< 0.01 compared to control. 



158 P. De Stefanis et al. / Regulatory Peptides 56 (1995) 153-165 

@ 

. m  

0 

i T )  

. B  

0 

0 
0 
t./) 

.=_ 

20 

16 

12 

8 

4 -  

0 

A. GLUCOSE / / J  

1 6 . 7 m M ~ ~  

2.SmM GLUC, 2.8ram GLUC. + lpM ODN 
. . . .  , . . . . i . . . . , . . . . J  . . . . . . . . .  i . . . . . . . . .  i . . . . , . . . . i . . . . . . . . . i  

10 20 30 40 50 60 

16-  

B. GLIBENCLAMIDE 

\ 
lpM GLIB. + lpM ODN 

0 10 20 30 40 50 60 

T I M E  ( rnin ) 

HIT-TI5-fl cells 
The insulin content of this tumor fl cell line was 

between 3.8 and 5.2 ng/106 cells. During 60 min 
incubation in buffer containing 2.8 mM glucose, 6 to 
8 ~o of the total insulin content was released in the 
medium. Incubation with increasing concentrations 
of glucose (from 8.3 to 33.4 mM) produced only a 
modest increment (5 to 6 ~ over control level) in the 
amount of insulin secreted. Due to the glucose in- 
competence of this cell line further experiments with 
glucose were not conducted. 

In contrast incubation of the cells with glibencla- 
mide produced a dose related increase of insulin 
secretion that reached a maximum (approx. 2.5-fold 
over the control release measured in presence of 
2.8 mM glucose) for doses ofglibenclamide included 
between 10 - 7  and 10 - 6  M (Fig. 2). The extent of 
glibenclamide-induced insulin secretion from HIT- 
T15 fl cells was similar to that obtained in rat pan- 
creatic islets (see Fig. 1B), it increased with time up 
to 60 min and then leveled offbetween 60 and 90 min 
of incubation. In HIT-T15 fl-cells, ODN inhibited 
insulin secretion induced by 1 #M glibenclamide with 

Fig. 1. Effect of  O D N  on insulin secretion elicited by 16.7 mM 
glucose (A) or glibenclamide (B). Islets were incubated for 10 min 
at 37°C in 2 ml of KBRH buffer containing 2.8 m M  glucose. At 
the end of this period (time 0) 0.2 ml of the medium was collected 
for determination of insulin, and 0.2 ml of  secretagogue (10 × in 
incubation buffer) in absence (closed square) or in presence (open 
square) of O D N  (1 /~M) was added. At various times after the 
addition of the secretagogue, 0.1 ml of the incubation medium was 
collected for insulin determination. After 60 min, the islets were 
separated from the medium by centrifugation at 900 g and insu- 
lin present in both the supernatant and the islets was assayed. 
Values are means _+ S.E.M. 

was slightly lower than that obtained with 16.7 mM 
glucose (Fig. 1B). 

ODN (1/~M) inhibited glibenclamide-induced in- 
sulin secretion (Fig. 1) and the IC50 for this effect 
was approx. 10 nM (Table 1). 
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Fig. 2. Glibenclamide elicits a dose-related increase of insulin 
secretion in HIT-T15 r-cells. Cells were incubated for 60 min in 
KRBH buffer containing 2.8 m M  glucose and variable amount of 
glibenclamide as indicated. Each bar is the mean + S.E.M.; n = 6; 
*P<0.01 when compared with control cells. 
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an IC50 of  approx.  8 n M  (Table 1). The inhibi tory 
potency o f  O D N  was independent  from the concen-  
t rat ion of  gl ibenclamide because  O D N  inhibited in- 
sulin secretion elicited by 0.01 # M  gl ibenclamide 
with a potency (IC50 = 7.8 + 1.5 n M )  similar to that  
observed when 1 /~M gl ibenclamide was used 
(Table 1). These  da t a  suggest that  O D N  is not  a 
compet i t ive  gl ibenclamide antagonis t  at its binding 
sites. Indeed  [ 3H ]glibenclamide binding to the H I T -  
T15 fl cells (60_+ 0.12 fmol/mg protein;  n =  3) was 
not  d i sp laced  by O D N  up to concent ra t ions  o f  
1 ~M.  

3.2. Structure-activity inhibition of  high glucose- or 
glibenclamide-induced secretion of  insulin by O D N  pep- 
tide fragments 

To investigate the structural  features of  O D N  re- 
quired for negative modula t ion  of  insulin secretion 
elicited by 16.7 m M  glucose, in rat  pancrea t ic  islets 
or by gl ibenclamide in HIT-T15  t - ce l l s  we synthe- 
sized pept ides  cor responding  to the amino acid se- 
quences present  in DBI~_86 or O D N  and we sub- 
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sti tuted some of  the natura l  amino acids of  O D N  
with the cor responding  enant iomers  or  N-methyl  de- 
rivatives. 

Modif ica t ion  of  the NH2-terminal  region o f  O D N  
resulted in a reduct ion in inhibitory activity with 
both secretagogues (Table 2). Thus,  removal  of  the 
NH2-terminal  glutamine (DBI34_50) or  el imination 
of  the NH2-terminal  nine residues (DBI42_5o) of  
O D N  marked ly  reduced inhibitory potency.  Modi -  
fication of  the CO O H - te rmina l  region of  O D N  also 
resulted in a loss of  inhibi tory potency.  The amide 
derivative o f  O D N  was one order  of  magni tude  less 
potent  than O D N ;  DBI33_52 , which has the same 
sequence o f  O D N  with an extra glycine and lysine 
at the COOH- te rminus ,  DBI33_42 , DBI38_43 , and 
T T N  (DBI  17-50), were all ineffective inhibitors of  
g lucose- induced insulin secretion up to 1 /~M con- 
centrat ion.  

Structural  analogs of  O D N  in which Asp  48, both  
Asp  42 and Asp  48, or Asp  38, Asp  42, and Asp  48 all 

were replaced  by D-aspar ta te  were approximate ly  
equipotent  to O D N  with IC50 values between 5 and 
7 nM.  O D N  derivatives in which Leu 49 or both  Leu 46 

Table 2 

Effect of ODN and related synthetic peptides on glucose and glibenclamide-stimulated insulin secretion in isolated rat pancreatic islets 
and in hamster insulinoma cells (HIT-T15 t-cells), respectively 

Peptide Amino-acid sequence Glucose-induced insulin Glibenclamide-induced insulin 
release in isolated islets release in HIT-T15 t-cells 

IC5o (nM) inhibition To IC5o (nM) inhibition Fo 
at 10 nM at 10 nM 

ODN (DBI33_50) QATVGDVNTDRPGLLDLK 6 68 + 8.0 9 85 _+ 6.0 
DBI34_5o ATVGDVNTDRPGLLDLK 100 32 + 5.0 - - 
DBIaz_5o DRPGLLDLK > 100 4 + 0.6 > 100 2 + 0.3 
ODN-NH 2 QATVGDVNTDRPGLLDLKGK-NH 2 100 31 + 8.0 - - 
DB133_~2 QATVGDVNTDRPGLLDLKGK 600 2 + 0.5 - - 
DB133_43 QATVGDVNTD > 100 22 + 9.0 - - 
DBI38_43 DVNTDR > 100 17 + 8.0 - - 
TTN (DBI17_5o) TQPTDEEMLFIYSHFKQATVG 700 24 + 3.0 > 100 5 + 0.7 

DVNTDRPGLLDLK 

Value for the inhibition of insulin secretion in the presence of glucose (16.7 mM) and glibenclamide (1/~M) are means + S.E.M. of 4 to 
6 experiments. The IC5o values were calculated according to Tallarida and Murray [ 17] (as indicated in Materials and methods). 
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and L e u  49 w e r e  replaced with N-methylleucine, or in 
which Arg 43 and Leu 47 were both replaced by the 
corresponding D-amino acids, all inhibited glucose- 
stimulated insulin secretion from rat pancreatic is- 
lets or glibenclamide-induced insulin release in HIT- 
T15 fl-cells with IC50 values of ~ 10 nM. 

3.3. Signaling pathways mediating the effect of ODN 
on secretagogues-induced insulin secretion 

These studies were aimed to elucidate at what 
level, in the cascade of events leading to secretion of 
insulin, ODN produced its effects. 

Effect via influx of extracellular Ca 2 + 
The glibenclamide-induced insulin secretion from 

HIT-T15 B-cells was dependent on extracellular 
Ca 2 + (Fig. 3). Thus, we have explored whether ODN 
attenuated glibenclamide-induced insulin secretion 
by preventing the opening of voltage dependent Ca 2 ÷ 
channels conseguent to depolarization induced by 
closure of the ATP-regulated K + channels. How- 
ever, ODN in concentrations that blocked glibencla- 
mide induced insulin secretion failed to inhibit 
the binding of nitrendipine on these cells (0.60 + 
0.050 pmol/mg protein in control and 0.58 _+ 0.048 
pmol/mg protein in cells treated with 1 #M ODN; 
n = 3) and more important, in concentration of 1/~M 
ODN failed to block insulin secretion elicitd by the 
voltage dependent Ca 2÷ channel activator BAYK 
8644 ((methyl- (1,4-dihydro-2,6- dimethyl- 3-nitro- 
4,2-trifluoromethylphenyl) pyridine- 5-carboxylate)) 
(Fig. 4). 

Effect via regulation of intracellular Ca e ÷ 
As shown in Fig. 3, 1 mM sodium nitroprussiate 

elicited an approx. 2-fold increase of insulin secre- 
tion over the control level in absence or presence 
of extracellular Ca 2+ . Incubation of the culture 
with 1 /~M ODN resulted in inhibition of sodium 
nitroprussiate-elicited insulin secretion from HIT- 
T15 fl-cells in presence and absence of Ca 2+ 
(Fig. 3A and B). 
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Fig. 3. Role of extracellular Ca 2 ÷ in glibenclamide-and sodium 
nitroprussiate-induced insulin secretion from HIT-T15 fl-cells; 
effect of ODN. B,  control cells; 171, glibenclamide ! #M; I ,  
sodium nitroprussiate 1 #M; \ \ ,  glibenclamide + ODN 1/~M;//,  
sodium nitroprussiate + ODN 1/aM. All samples were incubated 
for 60 min in KRBH buffer containing 2.8 mM glucose and the 
indicated concentration of secretagogue. Note that ODN (1/1 M) 
inhibits sodium nitroprussiate induced release of insulin in pres- 
ence and absence of extracellular Ca 2+. Each bar is the 
mean + S.E.M. of 6 experiments. **P<0.01 when compared with 
the respective control. *P < 0.01 when cells treated with glibencla- 
rnide or sodium nitroprussiate without ODN were compared with 
cells treated with glibenclamide and sodium nitroprussiate with 
ODN. 

Effect via accumulation of cAMP 
PACAP is a potent stimulant of adenylate cyclase 

that has been shown to increase insulin secretion 
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Fig. 4. O D N  falls to inhibit secretion elicited by BAYK 8644. 
Experimental condition as described in Fig. 2. Each point is the 
mean + S.E.M. of thre:  experiments. 

from pancreatic fl cells [6]. As shown in Fig. 5A 
PACAP stimulated insulin secretion from pancre- 
atic islets with a maximal efficacy (2-fold) at 1 nM 
concentration. This secretion approached a plateau 
after 10 min of incubation. ODN (1 #M) did not 
inhibits insulin secretion elicited by PACAP 
(Fig. 5A). 

Incubation of islets for 10, 20, 40, 60 min with 
ODN before exposure to PACAP, or addition of 
ODN after PACAP application, also had no effect 
on PACAP-induced insulin secretion. The 50~o 
effective stimulation of insulin secretion by PACAP 
is 0.5 nM; ODN also had no effect on insulin se- 
cretion induced by PACAP at the concentration of 
0.5 nM (control = 3.8 + 0.02 ng/four islets/h, 0.5 nM 
PACAP 8.0 + 0.6 ng/four islets/h; 0.5 nM PACAP + 
1 #M ODN 1 #M ,= 7.8 + 0.7 ng/four islets/h; n = 3). 

IBMX (isobut:¢lmethylxanthine) by blocking 
phosphodiesterases, increased cAMP content [9] 
and released insulin from HIT-T15 r-cells (Fig. 5B). 
However ODN produced only a marginal inhibi- 
tory effect on IBMX-induced insulin secretion 
(Fig. 5B). 

2 

o 1.8 

1.4 

~- 1.2 

c 1 

. ~  0 . 8  

® 0.6 

o 0 . 4  

c 0.2 

IOIJM IBMX 

B. IBMX 

,B,.,~ " ~ f =  lO,uM IBMX 
+ l pM ODN 

.-5 ..... + . . . . . . . .  ~ . . . . .  - - - -  / 

CONTROL 

. . , . , . . .= . . , , . , , . , i , , . , , , . . .~ , . . , . , , , . i . , , . , , , , , i . . . . , , , . , i . . . . . . . . . i , , , . . . . . ,~  

0 10 20 30 40 50 60 70 80 

TIME ( rain I 

Fig. 5. O D N  falls to inhibits insulin secretion elicited by PACAP 
(A) in rat pancreatic islets and by IBMX (B) in hamster  insuli- 
noma cells (HIT-T15 r-cells). (A) Islets incubated in KRBH 
buffer containing 2.8 m M  glucose were treated with 1 nM PACAP. 
O D N  (1 /~M) was added together with PACAP. The condition 
of the experiment are identical to that described in Fig. 1. (B) 
HIT-T15 r-cells incubated in KRBH buffer containing 2.8 mM 
glucose were treated with 10 #M IBMX. The conditions of the 
experiment are identical to that described in Fig. 2. Note that the 
first measurement of insulin release was made 15 min after the 
beginning of the incubation. Each point is the mean + S.E.M. of 
three (A) to five (B) experiments. *P<  0.05 when IBMX + O D N  
is compared with IBMX alone. 
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4. Discussion 

The present results in rat pancreatic islets of 
Langheran and in hamster HIT-T15 /~ insulinoma 
cells demonstrate that ODN (DBI33_50), a naturally 
occurring peptide fragment of rat DBI, inhibits 
glucose- and glibenclamide-induced insulin secretion 
with a potency one or two order of magnitude higher 
than that of DBI34_50, DBI42_50, DBI33_52, DBI33_ 
4a, or DBI38_43 , suggesting specific structural require- 
ments for the interaction of this family of peptides 
with receptors located on//cells. The inhibitory po- 
tency of ODN is comparable to that described for 
DBIl_86 [8-11] suggesting that ODN exhibits the 
same biological activity as the parent molecule with 
regard to regulation of glucose- and glibenclamide- 
stimulated insulin secretion. 

Because the potency and specificity of ODN on 
glibenclamide-elicited insulin secretion observed in 
isolated hamster //-cells (HIT-T15 /~ cells) is vir- 
turally identical to that observed in pancreatic islets, 
it is tempting to speculate that ODN is a paracrine 
hormone that once released from ~ or b, cells [I0] 
directly modulates secretion of insulin from/~ cells 
and does not act indirectly via receptors located on 

or b cells or on nerve terminals in which transmit- 
ters or neuropeptides capable of modulating insulin 
secretion are located. 

The potency and efficacy of ODN appear to de- 
pend on the integrity of both the NH 2- and COOH- 
termini of the peptide. Thus, removal of the NH 2- 
terminal glutamine (DBI34_50) or the NHz-terminal 
nine amino acid residues (DBI42_50) markedly re- 
duced the inhibitory potency. Addition of glycine 
and lysine to the COOH-terminus (DBI33_52) or 
amidation of the carboxy group of the terminal lysine 
(ODN-NH2) also significantly reduced the potency 
of ODN. 

In contrast, substitution of one, two, or all three 
aspartate residues in the central region of the ODN 
sequence with D-aspartate, or substitution of Leu 46 
and Leu 49 with N-methylleucine, produced only 
minor changes in the potency of ODN. 

The mechanism behind the modulatory effect of 
ODN on the secretory process of insulin is still un- 
clear. Both DBI and ODN act at benzodiazepine 
binding sites associated with the ~ subunit of the 
GABA A receptors in brain [ 12]. GABA is present 
in high concentration in pancreatic fl cells and it is 
released during glucose-induced depolarization [ 19]. 
Although the role of GABA on insulin secretion re- 
main controvesial, it has been reported that GABA 
may facilitate glucose-induced insulin release [20], 
acting at GABA A receptors located on ~, b [ 19] or 
fl cells [21]. Thus, the possibility must be considered 
that the inhibitory effect of ODN is mediated via a 
negative modulatory action at GABA A receptors. 
However, clonazepam, a specific positive allosteric 
modulator at GABA A receptors in the central ner- 
vous system, has no effect on glucose-induced se- 
cretion of insulin from rat pancreatic islets in vitro 
[22]. Thus, it seems unlikely that the inhibition of 
glucose-induced insulin release by ODN would be 
mediated by down-regulation of the action of GABA 
at GABA A receptors, given that, in the same prepa- 
ration, anxiolytic benzodiazepines have no effect on 
insulin secretion. On the other hand both PK 11195 
and 4'-chlorodiazepam, drugs that exhibit high af- 
finity for the benzodiazepine biding site located on 
MDRC, have been shown to inhibit glucose-induced 
insulin secretion from isolated rat islets in vitro [22]. 
Thus, the inhibitory action of ODN on insulin re- 
lease may be mediated via interaction with the 
MDRC. However, this hypothesis is not supported 
by the observation that TTN, the DBI processing 
product that exhibits the highest affinity for the 
MDRC [12,18], was markedly less potent than 
ODN in inhibiting glucose or glibenclamdie-induced 
insulin secretion (see Table 2). 

It has been postulated that the action of ODN or 
DBI on the stimulation of insulin secretion by glu- 
cose can be mediated via an attenuation of the in- 
hibition ofATP-regulated K ÷ channels. The amount 
of insulin released following the closing of ATP sen- 
sitive K ÷ channels by glucose is dose related and 
requires the activation of (i) the low-affinity, high- 
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capacity glucose transporter 2 (GT2), (ii) the 
high-K,~a (Michaelis constant) glucokinase that 
catalyzes the conversion of glucose to glucose-6- 
phosphate, and (iii) anaerobic glycolysis, which gen- 
erates ATP [23-:27]. 

However, ODN, potently (IC5o 5-6 nM) and with 
similar efficacy inhibits insulin secretion elicited by 
different doses (83 and 16.7 mM) of glucose and in 
doses as high as 1 #M falls to modify the release of 
insulin in the presence of 2.8 mM glucose. This is 
taken to indicate that ODN is not competitive with 
glucose in the above mentioned glucose-induced 
cascade of glycolytic events. Because in addition to 
glucose ODN with high potency also inhibits secre- 
tion of insulin elic, ited by glibenctamide, we consid- 
ered it possible that ODN acts on a site located in 
the domain of the ATP-regulated K + channel. How- 
ever, two obserwLtions are against this hypothesis: 
(1) the effect of ODN on glibenclamide-induced in- 
sulin secretion did not appear competitive in nature 
and (2) ODN up to 1 #M concentration failed to 
displace the binding of [3H]glibenclamide from its 
recognition sites located on HIT-T15//cells.  Thus, 
ODN may inhibit insulin secretion induced by glu- 
cose or glibenclarnide, by preventing the closing of 
ATP-regulated K + channels, binding to a site dif- 
ferent from that where the glibenclamide acts or by 
affecting a more distal component of the signaling 
pathway, the L-type voltage sensitive Ca 2+ chan- 
nels, for example [28]. Hence, we have addressed 
the question of whether ODN influences glucose or 
glibenclamide-induced insulin secretion binding to 
voltage dependent Ca 2+ channels. However, this 
does not appear to be the case because ODN, up to 
concentration of l #M, failed to inhibit the binding 
of nitrendipine to its binding sites on HIT-T15 // 
cells or to modify the BAKY-8644 induced-insulin 
secretion. 

Indirect evidence suggest that DBI inhibits 
cAMP-induced secretion of insulin from pancreatic 
islets [9]. Since cAMP may act as intracellular mes- 
senger in the release of insulin induced by glucose 
and glibenclamide [29] we also studied i fODN could 

suppress insulin release induced, in isolated pancre- 
atic islets or in HIT-T15 t-cells, by PACAP, a 
polypeptide which potently increases cAMP content 
and releases insulin [6] or by IBMX, a blocker of 
phosphodietearase that also increases the islets 
cAMP content and releases insulin [9]. ODN failed 
to antagonize the insulin secretion elicited by 
PACAP in isolated islets and, only marginally, re- 
duced the insulin secreation elicited by IBMX in 
HIT-T15//-cells. Because DBI, in concentration of 
0.1 #M, strongly suppressed insulin secretion elic- 
ited by IBMX in rat pancreatic islets [9], our data 
may suggest that: (a) the insulin secretion eliceted by 
IBMX in isolated islets is not mediated via an in- 
crease of cAMP content in//-cells, or (b) that the 
effect of ODN on insulin secreation, unlike that of 
DBI, is unrelated to changes in cAMP content; how- 
ever, an accurate dose-responce study using IBMX 
or PACAP in presence or absence of ODN has not 
jet been performed, therefore a better understanding 
regarding the possible role of ODN on glucose- or 
glibenclamide-induced insulin secretion requires 
further investigation. 

Another second messenger, presumably involved 
in the cascade of events leading to insulin secretion 
after glucose or glibenclamide stimulation, is cyclic- 
adenosine-diphosphate-ribose (cADPR) [30,31] 
which mobilizes intracellular Ca 2 + from a ryanodine 
sensitive (IP 3 insensitive) Ca 2+ stores [30,31]. 

In order to explore whether ODN inhibits glucose- 
and glibenclamide-elicited insulin secretion modu- 
lating the cADPR content and/or activity, we have 
used sodium nitroprussiate, which is a nitric oxide 
(NO) donor. Nitric oxide has been shown to medi- 
ate insulin secretion from pancreatic t-cells eliceted 
by high glucose and tolbutamide [33], presumably 
by enhancing the production of cADPR [32] and 
therefore by regulating the release of Ca 2 + from ry- 
anodine sensitive stores [30]. ODN inhibited insu- 
lin secreation elicited by 1 mM sodium nitriprussiate 
in pancreatic t-cells regardless of the extracellular 
Ca 2 + concentration. 

Taken together these data suggest that ODN may 



164 P. De Stefanis et al. / Regulatory Peptides 56 (1995) 153-165 

a t tenua te  glucose or g l ibenc l amide - induced  insu l in  
secret ion affecting in t racel lu lar  C a  2 ÷ signaling.  In i -  
tial m e a s u r e m e n t  o f  free cytosolic Ca  2 ÷ concen t r a -  
t ion  ( [Ca  2÷ ]i) with fura  II,  single/3 i n s u l i n o m a  cells, 
indica tes  tha t  O D N  a t tenua tes  the accu lua t ion  of  
[ Ca2 ÷ ]i elicited by  g l ibenc lamide  a n d  by  sod ium ni-  

t ropruss ia te .  The  effect o f  the later drug o n  [Ca  2 ÷ ]i 
occurs  in absence  of  extracel lular  Ca  2+ a n d  it is 

abol i shed  by  O D N  in cells i n cu b a t ed  in Ca  z + free 
med ium.  Since  the m o d u l a t i o n  of  the c A M P  pa th-  
way  does no t  appear  to con t r ibu te  subs tan t ia l ly  to 
the act ion of  O D N  on  glucose-  an d  g l ibenclamide-  
i nduced  insu l in  secrea t ion  a n d  [Ca  2+ ]i rise in p a n -  
creatic r -ce l l s ,  pe rhaps  others  m e c h a n i s m s  that  
regulate in t racel lu lar  Ca  2+ stores such  as IP  3 or 
cyclic A D P - r i b o s e  can  be regulated by O N D .  
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