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ABSTRACT

Increased oxidative stress plays a role in the pathogenesis of cellular death and f-cell failure.
The aim of this study was to evaluate the action of different types of phosphodiesterase (PDE)
inhibitors including milrinone (PDE-3), rolipram (PDE-4) and sildenafil (PDE-5) on wviability,
production of Reactive Oxygen Species (ROS) and secretion of insulin from isolated rat pancreatic
islets. Pancreatic islets were carefully isclated and incubated in RPMI 1640 for 24 h. After
overnight incubation, islets were picked up and divided into ten in each groups. Then, milrinone,
rolipram and sildenafil at doses of 0.1, 1, 10 and 100 FM were added to islet groups and incubated
for further 24 h. Then static insulin secretion at 2.8 and 16.7 mM concentrations of glucose, was
tested. Then the viability of cells, level of ROS and insulin were examined. The results of static
experiments showed that secretion of insulin increased significantly in response to glucose at both
basic (2.8 mM) and stimulation (16.7 mM) levels by the lower doses of tested PDE inhibitors. The
level of ROS at the lower doses of milrinone decreased. The viability of islets at the lower doses of
all of PDE inhibitors were increased; however, viability at the higher doses of sildenafil and
rolipram reduced significantly. Milrinone was the most effective PDE inhibitors on the function of
isolated pancreatic islets. PDE inhibitors show the most significant anti-oxidative effects at lower
doses. Concerning improvement of isclated islets function, PDE-3 inhibitor is the best among tested
compounds. PDE inhibitors may help management of diabetes and facilitate conditions of islet
transplantation.
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INTRODUCTION

Increased oxidative stress plays a role in the pathogenesis of cellular death and f-cell failure.
It results from imbalance between production and manifestation of Reactive Oxygen Species (ROS)
{Astaneie et al., 2005; Larijjani et al., 2011). Free radicals are formed in diabetes by glucose
oxidation, non-enzymatic glycation of proteins and the oxidative degradation of glycated proteins.
The imbalance in production of ROS and antioxidant defense damages cellular organelles by
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peroxidation of cellular lipids and development of insulin resistance. Oxidative stress can
accelerate the development of diabetic complications and thus antioxidants have been recently
known beneficial in diabetes (Rahimi et al., 2005) and islet transplantation (Mohseni-Balehi-
Monfared ef al., 2009; Hasani-Ranjbar et al., 2008).

Phosphodiesterases (PDEs) are a class of enzymes that degrade eyelic adenosine monophosphate
{cAMP) and cyclic guanosine monophosphate (¢cGMFP). The cAMFP and ¢GMP are second messengers
responsible for transducing effects of extracellular signals that are formed when adenylyl cyclase
and guanylyl cyclase catalyze adenosine triphosphate (ATP) and guanosine triphosphate (GTF).
Since cyclic nuclectides have an essential regulatory function and diverse physiological action,
PDEs have become recognized as important drug targets for treatment of various disease, such as
asthma, erectile dysfunction, depression and heart failure (Rahimi ef al., 2010; Salari-Sharif and
Abdoellahi, 2010; Milam ef al., 2005).

Milrinon 1s a non-selective PDEI-3 inhibitor which increases both cAMP and ¢GMP and 1s used
in cardiovascular diseases as an inotropic agent. Rolipram is a selective PDE4-inhibitor that
increases cAMP and has been found anti-inflammatory in respiratory tract and a possible
alternative to current antidepressants. Sildenafil is a selective PDEI-B inhibitor that increases
cGMP and 1s used in the treatment of sexual dysfunctions (Brunton et al.,, 2011).

Recent evidences indicate that any increase in intracellular cAMP and ¢GMF may prevent. from
induction of oxidative stress (Abdoellahi et al., 2002a, b; Azadbar et al., 2009; Ranjbar et al., 2010;
Khoshalkhlagh et al., 2007; Hoseini et al., 2006). Specifically, there is goed evidence on reduction
of diabetes-induced oxidative stress by use of PDEIs in rats (Milani ef al., 2005). Several agents
from natural sources have been tested and showed improvement of islets function in diabetes and
islet transplantation (Hasani-Ranjbar et al., 2010; Momtaz and Abdellahi, 2011; Mohseni-Salehi-
Monfared et al., 2009). In this respect, some of herbal sources have shown marked FDE inhibitor
activities and antioxidant (Rahimi ef al., 2010). Studies have indicated that there is a direct relation
between production of free radicals and damage to islets (Larijjani et al.,, 2011).

Considering above facts, we aimed to evaluate the action of different. types of PDEIs on viability
and function of isolated rat pancreatic islets.

MATERIALS AND METHODS

Chemicals: All chemicals were purchased from Sigma-Aldrich Chemie Gmbh (Munich, Germany)
unless otherwise stated. RPMI medium and its supplements were purchased from Invitrogen Co.
(Gibeo, UK). Rat insulin ELISA kit was purchased from Mercodia Co. (Uppsala, Sweden).

Sildenaful and milrinone were cbtained from local pharmaceutical companies.

Animals: Male Wistar rats weighing 200 to 250 g were housed in polypropylene cages under
standard conditions with free access to drinking water and food, 12 h light: 12 h dark cycle and an
ambient temperature of (20 to 25°C). All experiments were performed according to the Animal
Welfare Act and the study protocol was approved by the Institute Review Board of Tehran
University of Medical Sciences.

Islet isolation and culture: Rats were anaesthetized with intraperitoneal injection of sodium
pentobarbital (60 mg kg™) and underwent laparotomy. The common bile duct was ligated at. its exit
into the liver and was then cannulated at its exit from the ducdenum. Then the pancreas was
distended by injecting 10 mL of cold collagenase V (I mg mL™!) prepared in Hanks-[4-(2-
hydroxyethyl)-1-piperazineethanesulfonic acid] (HEPES) buffer (8 g L™ NaCl, 0.4 g L7 KCI,
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0.2 g it MgSO,TH,0, 0.02 g .! Na,HPO,12H,0, 0.06 g L' KH,PO, 035 g L' NaHCO,,
2.32 g L7 HEPES, 0.4 g L' glucese'H,0, 0.186 g L™ CaCl,-2H,O, pH 7.2). After perfusion, the
islets were kept in Krebs buffer (8 g 1. NaCl, 0.27 g .? KCI, 042 g .”! NaHCO,, 0.06 g Lt
NaH,PO,, 0.05 g L™ Mg(Cl,, 2.38 g L' HEPES, 0.22 g L' CaCl;2H.O, 0.5 g L' glucose'H 0,
pH 7.4), centrifuged, separated from the remaining tissue by hand-picking under a
stereomicroscope and incubated overnight in a supplemented EPMI-1640 medium containing
10% BSA, 1% penicillin-streptomyein and 0.1% gentamycin at 5% CQO, and 37°C.

Static insulin secretion: The islets were washed in Krebs-Ringer buffer and then pre-incubated
for 30 min in a water bath with the same buffer at 37°C. The islets were washed again and
then dispensed in batches of 10 using a stereomicroscope. In each experimental set, 1 mL of
2.8 mmoel L 7! glucose were added and incubated for 30 min. Batches of 10 islets were then divided
to two main group; group 1: treated with [Krebs buffer+2.8 mM glucose plus doses (0.01, 0.1, 1 pM)
of milrinone or sildenafil or rolipram] and group 2. treated with [Krebs buffer+16.7 mM glucose
plus doses (0.01, 0.1, 1 uM) of milrinone or sildenafil or rolipram]. The islets were incubated for 30
min, centrifuged and the supernatant was taken to measure secreted insulin using the ELISA
method (Pourkhalili et af., 2009},

MTT assay: Cell wviability was assessed by the [3-(4,5-dimethylthiazcl-2-y1)-2, 5-
diphenyltetrazolium bromide] (MTT) assay. To each well (group one), 20 uL. of MTT was added and
the plates were incubated at 37°C for 4 h. Then to the wells, 100 pL of dimethyl sulfoxide (DMSO)
was added and the plates placed on a platform shaker for mixing. Absorbance was measured with
an enzyme-linked immunosorbent assay (EKLISA) reader at 540 nm.

Measurement of oxidative ability: Oxidative ability was determined in triplicate by conducting
the dithiothreitol (IDT'T) assay, which 1s used for the quantitative measurement of reactive oxygen
species (ROS) formation in viire. Briefly to each well 20 pL of 16 mM DTT in potassium phosphate
(0.1 M) buffer at pH 7.4 were added and incubated for 10 min at 37°C in a water bath. Then
40 pl. of Tris-HCI, that contains ethylene diamine tetra acetic acid (KDTA, 20 mM) and [5,5'-
dithiohis-(2-nitrobenzoie acid)] (DTNEB, (16 mM, 25 uly), was added to this mixture to develop the
yvellow color. After color development, the absorbance was measured at 414 nm with a microplate
ELIZA reader (Larijani ef al., 2011).

Statistical analysis: Data were expressed as Means£5EM of separated experiments and analyzed
using one-way ANOVA followed by Newman Keuls posthoc multiple comparison tests. The
significance level was set at p<0.05.

RESULTS

Cell viability: The viability of islets at doses (0.01, 0.1, 1) of milrinone, rolipram and sildenafil
were significantly increased (p<0.01) as compared to control group, except the dose 0.01 of sildenafil
that showed no significant effect on cell viability (Fig. 1).

Formation of ROS: As indicated in Fig. 2, the ROS dropped significantly by exposure to doses
(0.1 and 1) of milrinone, rolipram and sildenafil (p<0.01) as compared to control group. ROS
decreased to 19 and 40% of control at doses of 0.1 and 1 of milrinone; 14 and 19% at doses
{0.1 and 1) of rolipram and 15 and 22% at doses (0.1 and 1) of sildenafil.
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Release of insuhn release from in isolated Langerhans islets incubated with different PDE
inhibitors. One milliliter of glucose (2.8 mM L™ was used as secretogogue of insulin.
Milrinon (M), Rolipram (R) and sildenafil at doses of 0.01, 0.1 and 1 umecl L 7! were used.
Values are Mean+SEM. **Difference between control (Cont) and treated groups is
significant at p<0.01

Insulin secretion: Treatment of incubated 1slets with doses (0.01, 0.1, 1) of milrinone, sildenafil
and rolipram significantly increased insulin secretion after glucose challenge tests (p<0.01). The
insulin concentration at the basal 2.8 mM glucose in doses (0.01, 0.1, 1) of milrinone were
21.874£3.97, 25.25441.80 and 27.87+1.58 ug L% of rolipram were 20.83+£3.71, 22.71+£1.92 and
29.73+£1.13 pg L' and of sildenafil were 24.97+0.42, 27.42+1.30 and 29.39+1.056 pug L7,
respectively in comparison to contrel non-treated group (18.9442.45 pe L1 (Fig. 3).
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Fig. 4. Release of insuhn release from in 1solated Langerhans islets incubated with different PDE
inhibitors. One milliliter of glucose (16.7 mM L™!) was used as secretogogue of insulin.
Milrinon (M), Rolipram (R) and sildenafil at doses of 0.01, 0.1 and 1 umecl L 7! were used.
Values are MeantSEM. **Difference between control (Cont) and treated groups is
significant at p<0.01

When 24 h pre-cultured islets were treated with doses of (0.01,0.1, 1) of milrinone, rolipram and
sildenafil, the concentration of insulin post glucose (16.7 mM) were 43,743, £59.13+1.68, 85.934+6.38,
46.9446.20, 47.6+1.30, 48.840.15, 45.5448.78, 86.984+4.59 and 89.7045.75 pg L%, in comparison
to 41.9+1.98 ug L~ for the control group. There was a significant increase in insulin secretion after
treatment. with doses (0.1 and 1) of milrinone and rolipram and doses (0.01, 0.1, 1) of sildenafil
(p<0.01) {Fig. 4).

DISCUSSION

The present results indicate that PDE inhibitors increase viabihty of islets and insulin secretion
and decrease formation of ROS. The present positive effects of are most probably return to
antioxidant potentials that increasing of cAMP and ¢GMF give to the cells. Previously, Milani ef al.
(2008) reported that treatment of diabetic rats with PDE inhibitors increase body antioxidant
capacity. They reported a better antioxidant activity for milrinene in comparison to sildenafil and
theophylline. Therefore, the point is that both cAMP and eGMP activate antioxidant processes that
in case of milrinone because of its double PDEI-3 and 4 inhibitory potentials, the antioxidant effect
and thus insulin secretion become much better than sildenafil or rolipram.

It 1s known that biological responses triggered by oxidative products are associated with lipid
peroxidation derivatives, which can induce intracellular pathogenic signals such as caleium, G-
proteins, cAMP, cGMP and MAP-kinase cascade leading to cellular dysfunction (Leonarduzzi ef al.,
2000), The mechanism by which increased blood glucose concentrations lead to lipid peroxidation
is the reduction of molecular oxygen and production of oxygen free radicals and «-ketoaldehydes,
which finally break down phospholipids and accumulate lipid peroxides. Reduction in the activities
of antioxidant enzymes like superoxide dismutase and catalase and glutathione peroxidase result
in reduced total antioxidant capacity in diabetes (Astaneie ef al., 2005). Therefore, by increasing
cyclic nucleotides, PDEIs can overcome oxidative stress.

In 1998, it was reported that nitric oxide (NO) donors have antioxidant property due to
concerted action of cyclic nuclectides (cAMFP and ¢GMP) (Polte and Schroder, 1998). Then other
studies indicated positive effects for NO in protection against cellular damage induced by oxidative
stress in vascular endothelium (Motterlim ef al., 1996), lung fibroblasts (Wink ef al., 1993), salivary
glands (Abdellahi and Safarhamidi, 2002; Abdollahi ef ai., 2000a, b, 2003a, b) and human
neuroblastoma cells (Andoh et al., 2003). It was shown that dipyridamole as a cAMP/eGMP PDE
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inhibitor reduces oxidative stress in diabetic nephropathy (Onozato ef al., 2003; Michell et al.,
2001). Therefore, the second mechanism for the actions of PDE inhibitors can be activation of
NO production and promoting positive anti oxidative stress elements. More support come
from clinical studies that indicates a higher NO concentration in response to oxidative stress in
human illnesses like inflammatory bowel disease (Jahanshahi ef al., 2004) and diabetes
{(Radfar et al., 2005),

These findings suggest that PDEIs may help management of diabetes and facilitate conditions

of 1sle transplantation.
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