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Alteration of 3-cell constitutive NO synthase activity is involved
in the abnormal insulin response to arginine in a new rat
model of type 2 diabetes

M. Novelli&, A. Pocaf, A.D. Lajoix?, P. Beffy®, D. Bezz®,
P. Marchettf, R. Gros®, P. Masiell**

@ Dipartimento di Patologia Sperimentale, B.M.I.E., University of Pisa, Via Roma, 55 Scuola Medica, 1-56126 Pisa, Italy
b UMR 5094 du CNRS, Center for Pharmacology and Health Pharmacology, University of Montpellier | and I1, Montpellier, France
¢ |st. Fisiologia Clinica, CNR, Pisa, Italy
d Dipartimento di Endocrinologia e Metabolismo, University of Pisa, Pisa, Italy

Received 21 July 2003; accepted 20 January 2004

Abstract

We have previously obtained a new type 2 diabetic syndrome in adult rats given streptozotocin and nicotinamide, characterized by reduced
p-cell mass, partially preserved insulin response to glucose and tolbutamide and excessive responsiveness to arginine. We have also establishe
that the neuronal isoform of constitutive NO synthase (nNOS) is expresgezkiis and modulates insulin secretion. In this study, we explored
the kinetics of glucose- and arginine-stimulated insulin release in perifused isolated islets as well as theMf#ectid-L-arginine methyl
ester (-NAME), a NOS inhibitor, to get insight into the possible mechanisms responsible for the arginine hypersensitivity observed in vitro
in this and other models of type 2 diabetes. A reduced first phase and a blunted second phase of insulin secretion were observed upon glucose
stimulation of diabetic islets, confirming previous data in the isolated perfused rat pancreas. Exposure of diabetic islets to 10 mM arginine,
in the presence of 2.8 mM glucose, elicited a remarkable monophasic increment in insulin release, which peaked3at@gslet/min
as compared to 4@ 18 pg/islet/min in control isletsK « 0.01). The addition of -NAME to control islets markedly enhanced the insulin
response to arginine, as expected from the documented inhibitory effect exerted by nNOS activity irgpoetisalwhereas it did not further
modify the insulin secretion in diabetic islets, thus implying the occurrence of a defective nNOS activity in these islets. A reduced expression
of NNOS mRNA was found in the majority but not in all diabetic islet preparations and therefore cannot totally account for the absence of
L-NAME effect, that might also be ascribed to post-transcriptional mechanisms impairing nNOS catalytic activity. In conclusion, our results
provide for the first time evidence that functional abnormalities of type 2 experimental diabetes, such as the insulin hyper-responsiveness to
arginine, could be due to an impairment of nNOS expression and/or activitgéfis.
© 2004 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction moderate and stable hyperglycemia, glucose intolerance,
altered but still present ability g8-cells to respond to glu-
We have previously developed a new experimental model cose and preserved responsiveness to tolbutaridsiéllo
of type 2 diabetes in adult ratdMésiello et al., 1998 et al., 1998, and thus shares a number of similarities with
which is obtained by the combined injection of streptozo- human type 2 diabetes. Actually, the insulin responsiveness
tocin (STZ) and a partially protective dose of nicotinamide to glucose and sulfonylureas, that is not present in other
(NA). This model is characterized by a 40% reduction in established models of type 2 diabetes, such as neonatally
B-cell mass Kovelli et al.,, 200}, which results into a  streptozotocin-induced diabetic rats (nSTZ), GK rats and
partially pancreatectomized raté/¢ir et al., 1981; Giroix
+ Corresponding author. Tel: 39-050-221-8571; et al., 1983; Portha et al., 19pImakes this novel diabetic
fax: +39-050-221-8557. syndrome particularly suitable for both biochemical and
E-mail address; rinomasiello@hotmail.com (P. Masiello). pharmacological studies aimed at assessing the effectiveness
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of new potential anti-diabetic compounds and their mech- functional activity by testing the effect of a pharmacolog-

anisms of action. Indeed, streptozotocin-nicotinamide ical blockade of the enzyme on arginine-induced insulin

(STZ-NA) diabetic rats are being increasingly utilized in secretion; (c) to evaluate the possible alteration of nNOS

pharmacological research (e.Broca et al., 1999; Kuntz  expression in diabetic islets, to thereby get insight into the

et al., 2002. It should be noted that, as in the other above mechanisms responsible for the arginine hypersensitivity in

mentioned animal models but unlike in human type 2 di- experimental diabetes.

abetes, STZ-NA-induced diabetic syndrome is associated

with neither overweight (the weight gain of diabetic rats is

normal), nor insulin resistance, at least in the first weeks. In- 2. Materials and methods

sulin resistance appears to develop later: we have evidence

of reduced insulin sensitivity in the adipose tissue 2 months 2.1. Animals

after diabetes inductiorF{erabracci et al., 2002but this

issue needs further investigation. With regard to circulating Male Wistar rats of 2-3 months of age were adminis-

lipid values in STZ-NA rats, plasma triglyceride levels are tered intraperitoneally 270 mg/kg of nicotinamide (Sigma,

stably elevated by 40%, cholesterol is unchanged and freeSt. Louis, MO, USA) dissolved in saline, 15 min before an

fatty acids show a slight trend to increase (unpublished data).intravenous injection of 60 mg/kg STZ (Sigma), dissolved in
Another interesting feature of the STZ-NA model is a citrate buffer (pH 4.5) immediately before use. Each group

striking monophasic insulin secretion elicited by arginine in of treated animals was paralleled by a group of controls re-

the presence of non-stimulating glucose concentrations, asceiving the vehicles of both substances. Animals were used

assessed in the isolated perfused pancrigasigllo et al., for the experiments 5-8 weeks after diabetes was induced.

1998. A similar hyper-responsiveness to arginine has also Pancreatic islets were isolated by the collagenase method us-

been observed in several other diabetic models, includinging the procedure of pancreatic duct cannulation and density

NSTZ rats Giroix et al., 1983; Leahy et al.,, 1984GK gradient purification Malaisse-Lagae and Malaisse, 1984

rats Portha et al., 1991 partially pancreatectomized rats After appropriate washing, the islets were immediately used

(Rossetti et al., 1997 glucose-infused ratd_€ahy et al., for perifusion experiments.

1987, and SHR/N-cp ratsMoyles et al., 1988 The reason

for such an exaggerated arginine effect, shared by differ- 2.2. Perifusion experiments

ent experimental diabetic syndromes, remains unclear. In

healthy B-cells, arginine is considered as a potentiator of  The kinetics of insulin release in vitro was studied using

glucose-stimulated insulin secretion, mainly acting through a perifusion apparatus. Batches of 60 islets were housed in

its electrogenic properties leading to cell membrane depo-the bottom of small chambers (subsequently sealed with top

larization. However, in the past few years, evidences have adaptors) and perifused at 32 in Krebs—Ringer—bicarbo-

accumulated suggesting that arginine could also influencenate (KRB)/HEPES buffer (pH 7.4) containing 0.5% bovine

insulin secretion in a more complex fashion, by exerting a serum albumin, at a flow rate of 0.6 ml/min. Islets were

metabolic action based on its monooxygenation by a con- exposed to test agents as indicated in the Figures. After a

stitutive nitric oxide synthase to yield NO and citrulline. 30-min equilibration period, buffer fractions were collected

Indeed, a constitutive neuronal isoform of NOS (nNOS) at 1-min intervals and stored at20°C until assayed for

has been recently characterized in rat islets an@-uell insulin by radioimmunoassay.

lines (Lajoix et al., 200} and shown to be implicated in an

inhibitory modulation of insulin secretion in experiments 2.3. RNA isolation and nNOS expression by reverse

mainly based on the use of pharmacological NOS inhibitors, transcription—polymerase chain reaction (RT-PCR)

such as N-w-nitro-L-arginine methyl ester L{NAME)

(Panagiotidis et al., 1995; Gross et al., 1997; Salehi et al., Total RNA from islets isolated from either control or

1998; Lajoix et al., 2001 In particular, it was observed diabetic rats was extracted with TRIzol reagent (Life

that L.-NAME markedly enhanced arginine-induced insulin Technologies, Rockville, MD, USA). The integrity of

release at basal glucose concentratidPsn@giotidis et al., RNA and the absence of contaminating genomic DNA

1995; Gross et al., 1997The analogy of this pattern of in-  were assessed after migration on agarose gel and ethid-

sulin secretion with that occurring in the perfused pancreasium bromide staining. First-strand cDNA was synthesized

of STZ-NA rats in the presence of arginine alone, prompted from approximately fwg of total RNA in the presence of

us to hypothesize that an alteration of nNOS activity could both 3ug of random hexanucleotide primers (Life Tech-

be present in experimental diabetes and accoungfoell nologies) and g oligo(dT) (Life Technologies) using

hypersensitivity to the amino acid. Superscript 1| RNase H-Reverse Transcriptase (Life Tech-
On the basis of such considerations, the present study wasiologies). PCR was then performed using Taq polymerase

designed (a) to investigate the kinetics of glucose-stimulated (Life Technologies) and the following pairs of primers: 5

insulin release in perifused isolated islets of STZ-NA di- ATGGAAGAGAACACGTTTGGGGTT-3 and 3-TTAGC-

abetic rats (not yet documented); (b) to address nNOS TTGGGAGACTGAGCCAGCT-3for nNOS, and 5ATC-
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TTTCTGGTGCTTGTCTC-3and B-AGTGTGAGCCAG- whole duration of the stimulus and promptly returning to

GATGTAG-3 for the internal controp,-microglobulin. basal values upon discontinuation of high glucose. The pat-
tern in diabetic islets was considerably different: 16.7 mM
2.4. Data presentation and statistical methods glucose stimulated a rapid release of insulin which peaked

at 4 min (threefold over basal), returned to basal values and
The insulin secretion rate during the perifusion experi- remained constant thereafter, without generation of a signif-
ments was calculated by multiplying the insulin concentra- icant second phase. When the insulin release was integrated
tion in the samples by the flow rate, and was expressed ass the area under the curve (AUC), diabetic islets released
pglislet/min. Statistical analysis of results was performed significantly less insulin than control islet® (< 0.05 at

using Student's test for unpaired data. least) in both the first and the second phase (see insert to
Fig. 1.

3. Results 3.3. Insulin secretion in response to arginine and L-NAME
in perifused islets

3.1. Plasma glucose concentrations
Fig. 2, panel A, shows the secretory response of islets per-
The diabetic rats used in the present study exhibited non-ifused in the presence of 2.8 mM glucose and 10 mM argi-
fasting plasma glucose concentrations significantly higher nine. In control islets, arginine provoked a rapid (4-5 min)
than controls (15% 7.5 mg/dl versus 122 3.0 mg/dl; P < monophasic insulin release (peak at-44.8 pg/islet/min),
0.01), whereas body weights and plasma insulin levels were smaller in magnitude than that produced by 16.7 mM glu-

not different from controls. cose, which declined sharply to basal values. Conversely,
in diabetic islets, arginine induced an abnormally high re-
3.2. Glucose-stimulated insulin secretion in perifused islets sponse, characterized by a striking peak at 4 min &39

31 pgl/islet/min) which promptly returned to baseline as in
The insulin secretory responses of perifused control and controls.

diabetic islets to 16.7 mM glucose are showifrig. 1 Basal The effect of addition of.-NAME, a NO synthase in-
insulin release was not significantly different between con- hibitor, to the perifusion buffer 10 min before and during
trol and diabetic islets. High glucose elicited a biphasic in- arginine administration, is shown iRig. 2, panel B. In
sulin secretion in control islets with a first phase peaking both control and diabetic islets,-NAME did not influ-
at 4-5min (five- to sixfold over basal), and a subsequent ence the insulin release in the presence of 2.8 mM glucose.
second phase (approximately twofold over basal) lasting the WhenL-NAME was concomitantly present with arginine, it
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Fig. 1. Glucose-stimulated insulin secretion in perifused isolated islets from cofdjobi diabetic @) rats. Batches of 60 islets were perifused with
KRB/HEPES buffer in the presence of 2.8 or 16.7 mM glucose (GLU), as indicated. Data are thetn®@md. of eight perifusions from four separate
experiments in each group. The insert shows the integrated insulin output in response to high glucose during two consecutive 15-min periodis, in contr
() and diabetic W) rats.
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Fig. 2. Insulin secretion in response to arginine alone (panel A) or in combinationLviAME (panel B) in perifused isolated islets from contr@D)

or diabetic @) rats. Batches of 60 islets were perifused with KRB/HEPES buffer in the presence of 2.8 mM glucose (GLU), 10 mM arginine (ARG) and

10mM L-NAME, as indicated. Data are the meah$S.E.M. of 6 and 8-10 perifusions (from three and four to five separate experiments) for control
and STZ-NA rats, respectively. The inserts show the integrated insulin outputs in response to arginine (panel A) orrargiAME (panel B) during

two consecutive 15-min periods, in contrdllf and diabetic M) rats.

increased markedly the monophasic insulin secretion in con-the predicted size was obtained in both control and diabetic

trols only (eightfold with respect to 10 mM arginine alone).
In fact, in diabetic islets,-NAME did not modify the kinet-

islet preparations. In control islets, nNOS expression was
found fairly homogeneous. In most diabetic islet prepara-

ics of the exaggerated insulin release induced by argininetions, nNOS expression was reduced, but showed a certain
alone, as it can also be argued from the AUCs reported in variability with regard to the extent of reduction. Such vari-

the inserts td-ig. 2

3.4. Expression of NNOS in pancreatic islets from control
and diabetic idets

ability was independent on plasma glucose levels of diabetic
rats. Quantification of band intensities by a computerized
program of image processing (SCION image) revealed that
the ratio between nNOS argb-microglobulin expression
was 516 + 15.0 arbitrary units (AU) in diabetic islets ver-

RT-PCR was performed with primers based on the se- sus 1007 £+ 8.3 AU in control islets, being the difference

guence of rat nNOS. As shown Fig. 3 a single band at

significant (P < 0.02, Student’s test).
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C_o1lurol D_ia]betic qurltlrol D_ialb?t_ic models of type 2 diabetes, but the mechanisms involved re-
ety | e S = main elusive. In nSTZ rats, the abnormality was considered

| —
¢, G, G D, D, ¢ GG D D,D, dependent on the failure of arginine-stimulated insulin secre-
“NOS_ ﬂNOS tion to be turned off by low glucose concentratiohedhy
et al., 1984. In GK rats, chronic exposure @tcells to high
N ﬁ2m= &) Bgm—= glucose and consequentincreased availability of endogenous
substrates, such as glycogen, was supposed to be responsi-
Fig. 3. RT-PCR analysis of nNOS expression from control and diabetic ble (Portha et al., 1991
islets issued from two sets of experiments (panels A and B). Total RNA  The mechanism of action of arginine as an insulin sec-

from pancreatic islets was isolated and cDNA was amplified with primers retagogue has not been fuIIy elucidated. Besides its elec-

based on the sequence of NNOS @aemicroglobulin 32m), this latter as : . . i
an internal control. The ratios between nNOS g@admicroglobulin band trogenic effect Ieadmg to a direct membrane depOIanzatlon’

intensities, as quantified by SCION image processing, aré 5115.0 f’irginine_ may also_ act through its metabolization by arginase
arbitrary units (AU) in diabetic islets vs. 100+ 8.3 AU in control islets, into ornithine, which, as a precursor of glutamate and hence
being the difference significant(< 0.02, Student'st test). succinylCoA, can be considered an anaplerotic substrate re-

filling TCA cycle. Actually, arginine is not very effective

as an initiator of insulin secretion, but is rather a potentia-
4. Discussion tor of insulin release in the presence of stimulating glucose

concentrations. Finally, arginine (at concentrations as low

Our experiments show that the islets of STZ-NA diabetic as 20-3QuM) is the substrate of nNOS activity leading to
rats, in contrast to those of nSTZ rats or GK rats which are production of NO and citrulline. Although the role of en-
blind to glucose in vitro Giroix et al., 1983; Leahy et al., dogenously produced NO (and of exogenous NO donors as
1984; Portha et al., 1991are still able to release insulin in  well) on B-cell function remains controversigbélehi et al.,
response to glucose, even though both the first and especiallyl996; Smukler et al., 2002 consistent evidences coming
the second phase of secretion are reduced with respect tdrom two independent groups converge at indicating that
control islets. The impairment in glucose-stimulated insulin NNOS activity negatively regulates insulin secretion in the
secretion in perifused islets is quite similar to that observed isolated perfused pancredsajoix et al., 2001; Gross et al.,
in the perfused pancreas of STZ-NA diabetic ratsgiello 1995, isolated isletsRanagiotidis et al., 199%nd in cul-
et al.,, 1998. It should be mentioned that in human type turedp-cells Beffy et al., 200}.
2 diabetes the abnormality in insulin secretory kinetics is  The present results, based on the use of a pharmacologi-
different, since the first phase is usually more impaired than cal inhibitor of NO synthase, provide for the first time ev-
the second phasélpsken et al., 1989 The reason for this  idence that in the islets of the STZ-NA diabetic rats, the
discrepancy remains unknown, although a possibility could hyper-responsiveness to arginine could result from the loss
be related to the occurrence of different alterations in the of the inhibitory modulation exerted by nNOS activity in
functional pools of secretory granules facells and their normal islets (ajoix et al., 2001; Panagiotidis et al., 1995;
regulatory mechanismsRfrsman and Renstrom, 2003  Gross et al.,, 1997 Indeed, the arginine-induced insulin
With regard to the mechanisms of glucose-induced insulin hypersecretion observed in diabetic islets could be repro-
release, there is a general consensus that glucose entemuced in normal islets by treatment with the nNOS inhibitor
B-cells via facilitated transport involving GLUT-2 trans- 1-NAME, as expected on the basis of the above-mentioned
porter, is phosphorylated by glucokinase and subsequentlyprevious reports. Furthermore, exposure of diabetic islets to
metabolized through glycolytic and mitochondrial oxida- r-NAME completely failed to modify their response to argi-
tive pathways, leading to increased production of ATP at nine.
the expense of ADP. This in turn results in closure of  The basal maximal stimulation of arginine-induced in-
ATP-regulated K-channels inducing membrane depolar- sulin secretion in STZ-NA diabetic islets, which remained
ization and opening of voltage-gated Zachannels and  unchanged also in the presence of a nNNOS inhibitor, could
subsequent increase in intracellular2Caconcentrations  result from either a decreased nNOS expression or a reduced
which, in the presence of other amplification signals, fi- activity of the enzyme but also from both these defects.
nally trigger exocytotic events, releasing stored insulin from Although reduced in most cases, the discrete nNOS expres-
secretory granule pools. sion still present in diabetic islets and the absence of clear
Besides alteration in the kinetics of glucose-stimulated correlation between nNOS mRNA levels and the results

insulin release, another abnormality has been confirmed toobtained after a pharmacological blockade of the enzyme
occur in this diabetic model, i.e. the hypersecretion of in- activity strongly suggest that the decreased catalytic activity
sulin in response to arginine at low glucose concentrations, responsible fof3-cell hypersensitivity to arginine is likely
that is very striking all the more since tifecell mass of to result from NnNOS post-transcriptional defects. In this
STZ-NA rats is reduced by about 40% versus normal rats respect, it has already been reported that in STZ diabetic
(Novelli et al., 200). The hyper-responsivenessiptells to rats a reduced skeletal muscle nNOS activity was associ-
arginine has been documented in several other experimentahted with unaltered nNOS mRNA expression, suggesting
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that post-transcriptional mechanisms were responsible for

the enzymatic defecPerreault et al., 2000

Taken together, our results, obtained through a pharma-
cological and molecular approach, support the conclusion

that in STZ-NA diabetic animals, the abnormal insulin re-

sponsiveness to arginine, which might have a compensatory

significance, is likely dependent on post-transcriptional de-
fects inp-cells NNOS, leading to a reduced catalytic activity

of the enzyme. Such an alteration might develop in this and
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expressed in pancreafizcells controls insulin secretion. Diabetes 50,
1311-1323.

Leahy, J.L., Bonner-Weir, S., Weir, G.C., 1984. Abnormal glucose regu-
lation of insulin secretion in models of reduced B-cell mass. Diabetes
33, 667-673.

Leahy, J.L., Cooper, H.E., Weir, G.C., 1987. Impaired insulin secretion

associated with near normoglycemia. Study in normal rats with 96-h

in vivo glucose infusions. Diabetes 36, 459-464.

Malaisse-Lagae, F., Malaisse, W.J., 1984. Insulin release by pancreatic
islets. In: Laener, J., Pohl, S.L. (Eds.), Methods in Diabetes Research,
vol. 1. Wiley, New York, pp. 147-152.

other experimental models of type 2 diabetes as a conse-masiello, P., Broca, C., Gross, R., Roye, M., Manteghetti, M., Hillaire-

guence of the diabetic state, by unknown mechanisms which

warrant further investigations.

References

Beffy, P., Lajoix, A.D., Masiello, P., Dietz, S., Peraldi-Roux, S., Chardes,
T., Ribes, G., Gross, R., 2001. A constitutive nitric oxide synthase
modulates insulin secretion in the INS-1 cell line. Mol. Cell. En-
docrinol. 183, 41-48.

Broca, C., Gross, R., Petit, P., Sauvaire, Y., Manteghetti, M., Tournier,
M., Masiello, P., Gomis, R., Ribes, G., 1999. 4-Hydroxyisoleucine:
experimental evidence of its insulinotropic and antidiabetic properties.
Am. J. Physiol. 277, E617-E623.

Fierabracci, V., De Tata, V., Pocai, A., Novelli, M., Barbera, A., Masiello,
P., 2002. Oral tungstate treatment improves only transiently the alter-
ation of type 2 diabetes. Endocrine 19, 177-184.

Giroix, M.-H., Portha, B., Kergoat, M., Bailbe, D., Picon, L., 1983.
Glucose insensitivity and amino-acid hypersensitivity of insulin release
in rats with non-insulin-dependent diabetes. Diabetes 32, 445-451.

Gross, R., Roye, M., Manteghetti, M., Hillaire-Buys, D., Ribes, G., 1995.
Alterations of insulin response to differeftcell secretagogues and
pancreatic vascular resistance inducedNSnitro-L-arginine methyl
ester. Br. J. Pharmacol. 116, 1965-1972.

Gross, R., Roye, M., Manteghetti, M., Broca, C., Hillaire-Buys, D.,
Masiello, P., Ribes, G., 1997. Mechanisms involved in the effect of ni-
tric oxide synthase inhibition on-arginine-induced insulin secretion.
Br. J. Pharmacol. 120, 495-501.

Hosken, J.P., Rudenski, A.S., Burnett, M.A., Matthews, D.R., Turner, R.C.,

1989. Similar reduction of first- and second-phase B-cell responses

at three different glucose levels in type Il diabetes and the effect of
gliclazide therapy. Metabolism 38, 767—772.

Kuntz, E., Pinget, M., Damgé, C., 2002. Effects of cholecystokinin oc-
tapeptide on the exocrine pancreas in a new rat model of type 2
diabetes. Eur. J. Pharmacol. 448, 253-261.

Lajoix, A.-D., Reggio, H., Chardés, T., Péraldi-Roux, S., Tribillac, F.,
Roye, M., Dietz, S., Broca, C., Manteghetti, M., Ribes, G., Wollheim,
C.B., Gross, R., 2001. A neuronal isoform of nitric oxide synthase

Buys, D., Novelli, M., Ribes, G., 1998. Experimental NIDDM: de-
velopment of a new model in adult rats administered streptozotocin
and nicotinamide. Diabetes 47, 224-229.

Novelli, M., Fabregat, M.E., Fernandez-Alvarez, J., Gomis, R., Masiello,
P., 2001. Metabolic and functional studies on isolated islets in a
new rat model of type 2 diabetes. Mol. Cell. Endocrinol. 175, 57—
66.

Panagiotidis, G., Akesson, B., Rydell, E.L., Lundquist, ., 1995. Influence
of nitric oxide synthase inhibition, nitric oxide and hydroperoxide on
insulin release induced by various secretagogues. Br. J. Pharmacol.
114, 289-296.

Perreault, M., Dombrowski, L., Marette, A., 2000. Mechanism of
impaired nitric oxide synthase activity in skeletal muscle of
streptozotocin-induced diabetic rats. Diabetologia 43, 427-437.

Portha, B., Serradas, P., Bailbé, D., Suzuki, K.I, Goto, Y., Giroix,
M.-H., 1991.8-Cell insensitivity to glucose in GK rat, a spontaneous
nonobese model for type 2 diabetes. Diabetes 40, 486—491.

Rorsman, P., Renstrom, E., 2003. Insulin granule dynamics in pancreatic
beta cells. Diabetologia 46, 1029-1045.

Rossetti, L., Gerald, I.S., Zawalich, W., DeFronzo, R.A., 1987. Effect
of chronic hyperglycaemia on in vivo insulin secretion in partially
pancreatectomized rats. J. Clin. Invest. 80, 1037-1044.

Salehi, A., Carlberg, M., Henningson, R., Lundquist, I., 1996. Islet consti-
tutive nitric oxide synthase: biochemical determination and regulatory
function. Am. J. Physiol. 270, C1634—-C1641.

Salehi, A., Parandeh, F., Lundquist, |., 1998. The nitric oxide synthase
inhibitor N®-nitro-L-arginine methyl ester potentiates insulin secretion
stimulated by glucose and-arginine independently of its action on
ATP-sensitive K channels. Biosci. Rep. 18, 19-28.

Smukler, S.R., Tang, L., Wheeler, M.B., Salapatek, A.M., 2002. Exoge-
nous nitric oxide and endogenous glucose-stimulated beta-cell nitric
oxide augment insulin release. Diabetes 51, 3450-3460.

Voyles, N.R., Powell, A.M., Timmers, K.l., Wilkins, S.D., Bhathena,

S.J., Hansen, C., Michaelis 1V, O.E., Recant, L., 1988. Reversible
impairment of glucose-induced insulin secretion in SHR/N-cp rats.
Genetic model of type 2 diabetes. Diabetes 37, 398-404.

Weir, G.C., Clore, E.T., Zmachinski, C.J., Bonner-Weir, S., 1981. Islet

secretion in a new experimental model for non-insulin-dependent di-
abetes. Diabetes 30, 590-595.



	Alteration of beta-cell constitutive NO synthase activity is involved in the abnormal insulin response to arginine in a new rat model of type 2 diabetes
	Introduction
	Materials and methods
	Animals
	Perifusion experiments
	RNA isolation and nNOS expression by reverse transcription-polymerase chain reaction (RT-PCR)
	Data presentation and statistical methods

	Results
	Plasma glucose concentrations
	Glucose-stimulated insulin secretion in perifused islets
	Insulin secretion in response to arginine and l-NAME in perifused islets
	Expression of nNOS in pancreatic islets from control and diabetic islets

	Discussion
	References


