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Introduction: Prostaglandins (PGs) play an important role in corpus cavernosum relaxation, as evidenced by alprostadil being used as a drug for erectile dysfunction. Reports about the effect of cyclooxygenase (COX) inhibitors on erectile function are highly contradictory.

Aim: To compare the potential effects of some COX inhibitors with varying COX-1/COX-2 selectivities (indomethacin, ketoprofen and diclofenac) with that of the selective COX-2 inhibitor (DFU) on corpus cavernosal tone erectile function in-vitro. The role played by PGE1, PGI2-analogue and PGE4 receptor (EP4)-agonist in controlling corpus cavernosum function and the modulation of their action by sildenafil is also studied.

Methods:

Organ bath experiments were performed using isolated rat corpus cavernosum. Direct relaxations and changes to electric stimulation (EFS, 2-16 Hz, 60 V, 0.8 ms, 10 seconds train)-induced relaxation by the effect of the selected drugs were studied. Strips were precontracted using phenylephrine (PE, 10 -5 M). Results are expressed as mean±SEM of 5-9 rats.

Results: Alprostadil, iloprost and L902688 (selective EP4 agonist) induced direct relaxation where L902688 showed greater relaxant effect with respective pEC50 of 7.53±0.14, 7.56±0.14 and 7.81±0.11.

Sildenafil potentiated the Emax of alprostadil and iloprost but not L902688. EFS and acetylcholine (ACh)induced relaxations were significantly potentiated in presence of indomethacin, ketoprofen and diclofenac (20,100 µM) but not in presence of selective COX-2 inhibitor (DFU, 1 µM). GR32191B (Thromboxane A2 TXA2 receptor antagonist,10 -6 M) significantly reduced the potentiatory effect of indomethacin. Only diclofenac succeeded to potentiate sodium nitroprusside (SNP)-induced relaxations.

Conclusions: EP4 receptors may play an important nitric oxide (NO)/cGMP independent role in corpus cavernosal relaxation erectile process. Nonselective COX inhibitors seem of no harm concerning cavernosal tissue relaxation, possibly because they inhibit the synthesis the highly contracting mediator thromboxane A2.

Introduction:

One of the major genital disorders is erectile dysfunction which can be defined as an impairment of the ability to achieve and maintain a tone of erection sufficient for satisfactory sexual intercourse [START_REF] Lue | Erectile dysfunction[END_REF]. The prevalence of erectile dysfunction worldwide is estimated to be 1-10% for men below 40 years old, 20-40% for those of 60-70 years old and above 50% for those of 70-80 years old. In 2011, the prevalence of erectile dysfunction in Middle East has been reported to be almost 47% for those above 18 years old [2, 3]. The penis in different species mostly consists of three corpora; two corpora cavernosa which are placed dorsally and a corpus spongiosum which is placed ventrally and surrounds the urethra [START_REF] Andersson | Physiology of penile erection[END_REF]. The corpus cavernosum is composed of a sponge-like tissue which consists of a meshwork of interconnected spaces lined by a vascular endothelium and separated by trabecular smooth muscles [START_REF] Bossart | Ultrastructural analysis of human penile corpus cavernosum. Its significance in tumescence and detumescence[END_REF]. In order to induce erection, the rate of blood flow into the corpus cavernosum must exceed the rate of drainage. The smooth muscles of the corpus cavernosum are relaxed resulting in increasing the blood flow into the corpus cavernosum cavernosal smooth muscles and expansion of the sinusoids. This distension forms a mechanical pressure on the wall of the veins and impedes their drainage ability resulting in penile rigidity [START_REF] Fazio | Erectile dysfunction: management update[END_REF]. These events are mainly under central control, where different sorts of stimulation cause generation of nerve impulses and release of relaxant mediators peripherally which are balanced by contractant ones [START_REF] Andersson | Pharmacology of penile erection[END_REF].

One of the major relaxant mediators involved is nitric oxide (NO), it is synthesized and released from the cavernous nerve and endothelium and is reported to be the main mediator involved in both neuronal and endothelial-dependent relaxation of corpus cavernosum [START_REF] Burnett | Nitric oxide in the penis: physiology and pathology[END_REF]. The corpus cavernosal relaxation is mainly mediated through intracellular cyclic nucleotides; cyclic guanosine monophosphate (cGMP) and cyclic adenosine monophosphate (cAMP) and the subsequent activation of protein kinases through different pathways. Among these pathways is guanylyl cyclase (GC)/cGMP pathway. NO activates soluble GC (sGC) which in turn activates cGMP and subsequently cGMP-dependent protein kinase (PKG). As previously reported, PKGby different mechanisms-reduces the availability of intracellular Ca 2+ which in turn results in smooth muscle relaxation and penile erection [START_REF] Andersson | Physiology of penile erection[END_REF].

Among the other mediators which have been reported to play a role in erection are prostaglandins (PGs). Several studies have reported that alprostadil-synthetic PGE1-showed high efficacy in management of erectile dysfunction as it induces corpus cavernosal relaxation.

Alprostadil has been first demonstrated by [START_REF] Ishii | Studies on male sexual impotence. Report 18. Therapeutic trial with prostaglandin E1 for organic impotence][END_REF] for treatment of erectile dysfunction as intracavernous injection [START_REF] Ishii | Studies on male sexual impotence. Report 18. Therapeutic trial with prostaglandin E1 for organic impotence][END_REF]. Sildenafil is administrated by oral route as it allows rapid absorption and high bioavailability. However, it may cause systemic side effects including visual disturbance, facial flushing and headache [START_REF] Srinath | Sildenafil-oral medication for erectile dysfunction-a review[END_REF]. Alprostadil, on the other hand, is administrated by intracavernous injection which allows satisfactory response and limits its systemic side effects except some local pain. It is used in mild to severe organic cases, and in combination in those cases unresponsive to sildenafil alone [START_REF] Lee | Non-invasive Management Options for Erectile Dysfunction When a Phosphodiesterase Type 5 Inhibitor Fails[END_REF]. Several other PGs have been also reported to contribute to the control of corpus cavernosal tone. The major PGs produced in human corpus cavernosum are PGE2, PGD2, PGF2α, PGI2 and thromboxane A2 (TXA2). Arachidonic acid is the main precursor of prostanoids synthesis in mammalian cells. It is a substrate for cyclooxygenase enzymes (COX-1 and COX-2) which are responsible for the synthesis of prostanoids [START_REF] Narumiya | Prostanoid receptors: structures, properties, and functions[END_REF][START_REF] Dobrek | The role of prostanoids in the urinary bladder function and a potential use of prostanoid-targeting pharmacological agents in bladder overactivity treatment[END_REF][START_REF] Helliwell | Prostaglandin synthases: recent developments and a novel hypothesis[END_REF]. Some of them are involved in contraction of penile tissue including PGF2α and more importantly TXA2 which in turn result in inhibition of penile erection. Others are involved in relaxation such as PGE1 and PGE2 which in turn cause stimulation of penile erection [START_REF] Khan | The role of prostaglandins in the aetiology and treatment of erectile dysfunction[END_REF].

In this regard, the use of nonsteroidal anti-inflammatory drugs (NSAIDs) in patients with erectile dysfunction has been always questionable as they inhibit the cyclooxygenase (COX) enzymes and in turn inhibit the synthesis of PGs. Determining the potential effect of COX inhibitors with varying selectivities on corpus cavernosal relaxation may help to reduce the incidence of NSAIDs untoward effects and help prescribing the appropriate COX inhibitor as anti-inflammatory agents for patients with erectile dysfunction. However, controversial data has been reported, for instance, a clinical study reported that the use of NSAIDs increases the risk of erectile dysfunction [START_REF] Shiri | Effect of nonsteroidal anti-inflammatory drug use on the incidence of erectile dysfunction[END_REF]. In line, an in-vivo animal study by [START_REF] Cabral | Effects of the essential oil of Croton zehntneri and its major components, anethole and estragole, on the rat corpora cavernosa[END_REF] reported that indomethacin inhibits rat corpus cavernosal relaxation [START_REF] Cabral | Effects of the essential oil of Croton zehntneri and its major components, anethole and estragole, on the rat corpora cavernosa[END_REF]. However, [START_REF] Ghasemi | Effect of anandamide on nonadrenergic noncholinergicmediated relaxation of rat corpus cavernosum[END_REF] showed that indomethacin does not affect nonadrenergic noncholinergic relaxation of rat corpus cavernosum [START_REF] Ghasemi | Effect of anandamide on nonadrenergic noncholinergicmediated relaxation of rat corpus cavernosum[END_REF]. On the other hand, in rabbit corpus cavernosum, indomethacin was reported to inhibit electric field stimulation (EFS)-induced contractile response [START_REF] Azadzoi | Relative roles of cyclooxygenase and nitric oxide synthase pathways in ischemia-induced increased contraction of cavernosal smooth muscle[END_REF]. Similarly, in case of acetylcholine (ACh)-induced relaxation which is endothelial-dependent, the effect of COX inhibitors was variable as some studies reported that indomethacin shows no effect on AChinduced relaxation in rabbit corpus cavernosum [START_REF] Kim | Modulation of vasoactive intestinal polypeptide (VIP)-mediated relaxation by nitric oxide and prostanoids in the rabbit corpus cavernosum[END_REF], while others reported that it enhances the same response in both human and rabbit corpora cavernosa [START_REF] Azadzoi | Endothelium-derived nitric oxide and cyclooxygenase products modulate corpus cavernosum smooth muscle tone[END_REF]. [START_REF] Senbel | Functional inhibition of erectile process in rats by indomethacin[END_REF] showed that both indomethacin and diclofenac significantly inhibit erectile responses in rats, while celecoxib shows no significant effect [START_REF] Senbel | Functional inhibition of erectile process in rats by indomethacin[END_REF]. [START_REF] Gleason | Non-steroidal anti-inflammatory drug (NSAID) use is not associated with erectile dysfunction risk: results from the Prostate Cancer Prevention Trial[END_REF] reported that the regular use of NSAIDs increases the prevalence of erectile dysfunction [START_REF] Gleason | Non-steroidal anti-inflammatory drug (NSAID) use is not associated with erectile dysfunction risk: results from the Prostate Cancer Prevention Trial[END_REF]. In contrast, another study showed that uncontrolled inflammatory conditions are associated with risk of moderate to severe erectile dysfunction and such prevalence was decreased after controlling the underlying conditions using NSAIDs, suggesting that the use of NSAIDs is not associated with increased risk of erectile dysfunction [24].

Aim of the work:

The present study aims to investigate the possible contribution of some selected PGs analogues to corpus cavernosal relaxation erection; namely alprostadil (synthetic PGE1), iloprost (PGI2 analogue) and L902688 (selective EP4 agonist) and, as a consequent step, the possible interaction and cross-talking between effective PGs and sildenafil (phosphodiesterase-5 "PDE-5" inhibitor) as a major NO modulator in the corpus cavernosum. The study also aims to compare the potential effects of some COX inhibitors with varying COX-1/COX-2 selectivities (such as indomethacin, ketoprofen and diclofenac) with that of the selective COX-2 inhibitor (DFU) on corpus cavernosal relaxation erectile functions. which in turn may help to reduce the incidence of NSAIDs untoward effects and help prescribing the appropriate COX inhibitor as antiinflammatory agents for patients with erectile dysfunction.

Materials and methods:

Materials:

The chemicals used in this study and their respective sources were as following: Acetylcholine chloride (Sigma), alprostadil (Tocris), Atropine sulphate (Merck), 5,5-dimethyl-3-(3-fluorophenyl)-4-(4-methylsulphonyl) phenyl-2(5H)furanone (DFU, Cayman), diclofenac sodium (Sigma), GR32191B hydrochloride (Sigma), Guanethidine sulphate (Sigma), iloprost (Tocris), indomethacin (Sigma), ketoprofen (European Egyptian Pharm. Co.), L902688 (Cayman), Phenylephrine hydrochloride (Sigma), RO11328452 hydrochloride (Tocris), SC51322 (Tocris), Sildenafil citrate (Viagra®, Pfizer), Sodium nitroprusside (Merck), Thiopentone sodium (vial, Biochimie).

Methods:

2.2.1.The isolated rat corpus cavernosum smooth muscle

Experiments were carried out on male albino Wistar rats weighing 300-350 g. The animals were obtained from the Animal House of Alexandria University Faculty of Pharmacy.

The rats were housed in animal cages, in groups under normal environmental conditions of day light and temperature with access to water and chow. Study protocols comply with the international guidelines for the proper conduct of animal experiments and are approved by the Animal Care and Use Committee (Project Number: ACUC17/25)-Faculty of Pharmacy-Alexandria University. All applicable international, national, and institutional guidelines for the care and use of animals were followed. Preparation of the muscle was performed as described by [START_REF] Keegan | Effects of chelator treatment on aorta and corpus cavernosum from diabetic rats[END_REF] and Abd Elmoneim et al. (2017) [START_REF] Keegan | Effects of chelator treatment on aorta and corpus cavernosum from diabetic rats[END_REF][START_REF] Abd Elmoneim | Potassium channels modulate the action but not the synthesis of hydrogen sulfide in rat corpus cavernosum[END_REF]. Male Wistar Rats weighing 300-350 g were anesthetized by intraperitoneal injection of thiopentone (50 mg/kg) and then sacrificed by exsanguination. The lower abdomen was opened and the penis was exposed, excised away from its skeletal muscles (bulbospongiosum and isquicavernosum) at the base and fixed in a petri dish containing Krebs solution (Composition in mM; NaCl 118, KCl 4.7. CaCl2 2.5, MgSO4.7H2O 1.2, KH2PO4 1.2, NaHCO3 25 and glucose 11) and aerated with 95% O2 and 5% CO2. It was then cleaned from its surrounding adventitial tissue, vein, artery, urethra, corpus spongiosum and parts of tunica albuginea. Each corpus cavernosum was excised by removal of the thick medial septum and a longitudinal slit was made in the remainder of the tunica albuginea to facilitate drug penetration. Two corpus cavernosal strips 2x2x15 mm were obtained and each one was mounted in a 10 ml organ bath containing Krebs solution, kept at 37 o C and continuously aerated with 95% O2 and 5% CO2. Each strip was fixed at one end between two parallel platinum electrodes while the other end was tied and attached to a force displacement transducer (Grass FT-03) which in turn was connected to a computerized data acquisition system through an MLAC11 Grass adapter cable. Tension studies were performed using Lab Chart-7 pro software (Power Lab 4/35, model ML 866/P; AD Instrument Pty Ltd, Castle Hill, Australia). The tissue was left to equilibrate under a resting tension of 1 g for 60 min during which the physiological solution was replaced each 15 min prior to experiment.

A total of 60 rats were used in the study and two corpora were obtained from each rat.

Experiments were repeated 5-9 times, where (n) thorough the study represents number of animals.

Relaxant effect of iloprost, alprostadil and L902688 on PE-precontracted strips in absence and presence of sildenafil

Isolated rat corpus cavernosum was precontracted with a submaximal concentration of phenylephrine (PE, 10 -5 M) and after stabilization, increasing concentrations of alprostadil (10 -9 -10 -6 M), iloprost (10 -9 -10 -6 M) or the selective EP4 agonist (L902688, 10 -9 -10 -6 M) were added in a cumulative fashion to the organ bath. The effect of each concentration of the tested PG analogue was calculated as a percentage relaxation from PE-induced contraction. The same experiment was repeated after incubating the tissue with a concentration of (10 -6 M) sildenafil which gave less than 50% relaxation.

Effect of iloprost, alprostadil and L902688 on EFS-induced relaxation

The effect of the tested PGs analogues on EFS-induced relaxation was investigated. Following precontraction with PE (10 -5 M), increasing frequencies of (2-16 Hz, voltage 60 V, pulse duration 0.8 ms, train duration 10 seconds) were applied then the tissue was incubated with a concentration of (10 -6 M) of the tested PG analogue for 2 min followed by repeating the frequency response curve. Atropine (10 -6 M) and guanethidine (5×10 -6 M) were added to the organ bath before starting the experiment to block muscarinic receptors and prevent the release of norepinephrine, respectively, during subsequent EFS.

Effect of indomethacin, ketoprofen, diclofenac and DFU on EFS, ACh and SNPinduced relaxation

The tested COX inhibitors were chosen based on their IC50 ratios as follows; indomethacin, ketoprofen and diclofenac (IC50 ratio "COX-1/COX-2" = 0.0125, 0.016 and 1.97 respectively) were chosen as nonselective COX inhibitors, while DFU (IC50 ratio = 74) was chosen as a highly selective COX-2 inhibitor [27, 28]

The effect of two different concentrations of (20 and 100 µM) of indomethacin, ketoprofen and diclofenac and a concentration (10 -6 M) of DFU on rat corpus cavernosal relaxation in response to EFS (2-16 Hz), ACh and sodium nitroprusside (SNP, 10 -9 -10 -3 M). The tested COX inhibitor or its vehicle was incubated for 20 min in case of indomethacin, ketoprofen and diclofenac or 30 min in case of DFU followed by repeating the frequency or concentration-response curve.

Effect of indomethacin on EFS-induced relaxation in presence of TXA2 receptor blocker

Isolated rat corpus cavernosal smooth muscle was precontracted with PE (10 -5 M) and after stabilization, increasing frequencies of (2-16 Hz) were applied and then repeated to ensure the reproducibility of their response, then the tissue was incubated with the selective TXA2 receptor blocker (GR32191B, 10 -6 M) for 30 min followed by repeating the frequency response curve.

The tissue was then incubated with indomethacin (20 µM) for 20 min followed by repeating the frequency response curve again.

The relaxant response of the drug, EFS, ACh or SNP was measured as a percentage of PE-induced contraction and compared in absence and presence of the tested drug. Changes in relative potency of ACh or SNP on detrusor muscles are determined by comparing EC50 values of ACh or SNP in absence and presence of the tested drug. Meanwhile, time-matched control experiments were conducted to ensure the stabilization of PE-induced contraction as well as the reproducibility of the subsequent following relaxation over the duration of the experiment.

Data analysis and statistics:

All the obtained results are expressed as mean ± SEM. Values between parentheses (n) represent the number of animals in each group. For analysis of unpaired data, the student's t-test was used, while for multiple comparison, one-way analysis of variance (ANOVA) was used followed by Dunnett's post-test. Statistical significance was considered at the level of P< 0.05. Analysis was performed using computer software programs; GraphPad Instat 3.06, copyright 1992-2000 and GraphPad Prism 6.01.

Results:

Relaxant effect of iloprost, alprostadil and L902688 on PE-precontracted strips

Corpus cavernosal strips were precontracted with a A submaximal concentration of 10 -5 M submaximal PE concentration of 10 -5 M which induced contraction of 0.30±0.02 g of isolated rat corpus cavernosum. The relaxant effect of iloprost (10 -9 -10 -6 M), alprostadil (10 -9 -10 -6 M) or L902688 (selective EP4 agonist, 10 -9 -10 -6 M) was tested on PE-precontracted strips. All the tested PG analogues induced concentration-dependent relaxation of PE-precontracted strips.

Among the tested compounds, the most effective as potent relaxant was L902688 with a maximum attained relaxation of 47.49±2.52% (at concentration 10 -6 M) and pEC50 equals 7.81±0.11. While iloprost and alprostadil were less effective in relaxing rat corpus cavernosum; the maximum attained relaxation for iloprost was 34.19±4.98% and that for alprostadil was 21.53±3.79% (at concentration 10 -6 M). pEC50 of iloprost was 7.56±0.14, while that of alprostadil was 7.53±0.14 (Table 1A).

Effect of iloprost, alprostadil and L902688 on EFS-induced relaxation

EFS (2-16 Hz) induced frequency-dependent relaxation of PE (10 -5 M)-precontracted strips of rat corpus cavernosum with a maximum attained relaxation of 81.24±4.32% (at 16 Hz). EFS-induced relaxation was tested in absence and presence of iloprost, alprostadil or L902688 (10 -6 M). Alprostadil (10 -6 M) produced a significant potentiation of EFS-induced relaxation at all tested frequencies, while iloprost (10 -6 M) produced a significant potentiation only at lower frequencies (2-4 Hz). At frequency of 4 Hz, alprostadil produced higher potentiation of EFSinduced relaxation, as relaxation was increased to 68.56±9.01% in presence of alprostadil, and to 61.31±5.30% by the presence of iloprost compared to 45.35±3.75% as control. On the other hand, L902688 (10 -6 M) produced no significant effect on EFS-induced relaxation at all tested frequencies (Table 1B).

Effect of sildenafil on alprostadil, iloprost and L902688-induced relaxation of PEprecontracted strips of isolated rat corpus cavernosum preparation

In order to investigate the effect of combination of sildenafil (PDE-5 inhibitor) with the tested PG analogues on rat isolated corpus cavernosum, a A concentration response curve of sildenafil (10 -7 -10 -4 M) was first conducted on PE (10 -5 M)-precontracted strips and a concentration of 10 -6 M which gave a percentage relaxation of 20.55±2.37% was chosen for further experiments. In combination with sildenafil (10 -6 M), a significant potentiation of the relaxant effect of alprostadil and a downward shift of its concentration response curve was observed as sildenafil significantly potentiated the Emax of alprostadil from 24.30±2.39% to 56.75±3.01%. Sildenafil also potentiated the relaxant effect of iloprost but to lesser extent than alprostadil, as the Emax of iloprost was significantly potentiated from 34.19±4.98% to 48.39±3.00% in presence of sildenafil. On the other hand, the relaxant effect of L902688 was not significantly potentiated in presence of sildenafil as its maximum attained relaxation (at 10 -5 M) was 57.52±3.74% and 52.72±5.57% in absence and presence of sildenafil respectively (Figure 1). The pEC50 values of the three PGs analogues were not significantly changed in presence of sildenafil.

Effect of indomethacin, ketoprofen, diclofenac and DFU on EFS-induced relaxation

EFS (2-16 Hz) induced frequency-dependent relaxation of rat corpus cavernosal strips precontracted with PE (10 -5 M). EFS-induced relaxation was tested in absence and presence of indomethacin, ketoprofen, diclofenac (20 and 100 µM) or DFU (1 µM). EFS (2-16 Hz)-induced relaxation of isolated rat corpus cavernosum was significantly potentiated in presence of indomethacin, ketoprofen and diclofenac (20 and 100 µM) but not in presence of DFU (10 -6 M). Indomethacin produced the highest potentiation followed by diclofenac then ketoprofen. At frequency of 2 Hz, indomethacin (100 µM) significantly potentiated EFS-induced relaxation from 20.20±1.86% to 65.49±4.87%, while diclofenac and ketoprofen (100 µM) potentiated the same relaxant effect to 56.69±3.79% and 41.51±6.07% respectively (Figure 2).

Effect of indomethacin on EFS-induced relaxation in presence of TXA2 receptor blocker

In order to investigate the effect of TXA2 activity on the potentiatory effect of indomethacin on EFS-induced relaxation, the effect of GR32191B (TXA2 receptor blocker, 10 -6 M) on EFS-induced relaxation of PE-precontracted strips and its combination with indomethacin (20 µM) were tested. GR32191B (10 -6 M) caused a downward shift of the frequency response curve to EFS (2-16 Hz) on isolated rat corpus cavernosum in comparison to control was observed in presence of GR32191B. It significantly potentiated the percentage relaxation at frequency 2 Hz from 14.06±2.09% to 44.08±4.20%. In presence of GR32191B, the potentiatory effect of indomethacin (20 µM) at high frequencies was not different, and slightly but non-significantly changed at 4 Hz in comparison to indomethacin alone. At 2 Hz, indomethacin's effect in presence of GR32191B was significantly different than indomethacin alone although its potentiatory effect was much reduced; it potentiated relaxation by 19.55±5.14% in presence of GR32191B, compared to 67.35±16.75% in its absence. of GR32191B No significant difference between the effect of combination and GR32191B was observed at all frequencies (Figure 3).

Effect of indomethacin, ketoprofen, diclofenac and DFU on ACh-induced relaxation

A concentration response curve of ACh (10 -9 -10 -3 M) was conducted showing a concentration-dependent relaxation of rat corpus cavernosal strips precontracted with PE (10 -5 M) with a maximum attained relaxation of 46.59±1.61% and pEC50 equals 5.77±0.15. The effect of indomethacin, ketoprofen, diclofenac (20 and 100 µM) or DFU (10 -6 M) was tested on ACh-induced relaxation. ACh-induced relaxation was significantly potentiated in presence of indomethacin, ketoprofen and diclofenac (20 and 100 µM) but not in presence of DFU (10 -6 M). In contrast to EFS, diclofenac produced the highest potentiation of ACh-induced relaxation followed by indomethacin then ketoprofen, as diclofenac and indomethacin produced a significant potentiation of ACh-induced relaxation at low and high concentrations (20 and 100 µM), while ketoprofen only potentiated ACh-induced relaxation at high concentration (100 µM).

At concentration of 100 µM, diclofenac potentiated the Emax of ACh from 47.13±1.69% to 101.24±1.77%, compared to 88.27±4.75% in presence of indomethacin and 59.36±5.24% in presence of indomethacin and ketoprofen respectively. All the tested COX inhibitors produced no significant effect on ACh potency (Table 2).

Effect of indomethacin, ketoprofen, diclofenac and DFU on SNP-induced relaxation

A concentration response curve of SNP (10 -9 -10 -3 M) was conducted showing a concentration-dependent relaxation of rat corpus cavernosal strips precontracted with PE (10 -5 M) with a maximum attained relaxation of 99.44±1.88% and pEC50 equals 5.35±0.14. SNP-induced relaxation was tested in absence and presence of indomethacin, ketoprofen, diclofenac (20 and 100 µM) or DFU (10 -6 M). SNP-induced relaxation was significantly potentiated only in presence of diclofenac (20 and 100 µM). It shifted the concentration response curve of SNP to the left and significantly increased its pEC50 from 5.35±0.14 to 6.44±0.11 with no significant effect on Emax. On the other hand, none of indomethacin, ketoprofen (20 and 100 µM) or DFU (10 -6 M) caused a significant effect on SNPinduced relaxation of PE-precontracted strips (Table 3).

Discussion:

Prostanoids, by acting on specific PGs receptors in the rat corpus cavernosum, were found to play an important role in corpus cavernosal relaxation erectile function. The fact that alprostadil has been successfully used locally for treatment of erectile dysfunction in addition to the potential deleterious effects resulting from inhibition of PGs synthesis by NSAIDs have opened up the field for extensive studies to find out more efficient, reliable and safe medications.

In the present study, The relaxant effect of alprostadil, iloprost and L902688 (selective EP4 agonist) on rat corpus cavernosum and their effect on neuronally-mediated relaxation induced by EFS were tested. All the tested PGs analogues caused concentration-dependent relaxation of rat corpus cavernosum. The most effective as potent relaxant was the EP4 agonist as shown by its lowest EC50 value, followed by iloprost then alprostadil, suggesting that EP4 receptors may be among the main receptors involved in rat corpus cavernosal relaxation and hence erectile process in rats. These findings are consistent with those previously reported by [START_REF] Khan | The role of prostaglandins in the aetiology and treatment of erectile dysfunction[END_REF] who stated that PGE1 is among the main PGs involved in corpus cavernosal relaxation and that EP4 receptors may have a major role in this process In the current study, although EP4 agonist was the most effective potent in relaxing corpus cavernosum, it did not affect the neuronally-mediated relaxation. On the other hand, both alprostadil and iloprost, which were less effective as direct relaxants, potentiated EFS-induced relaxation of rat corpus cavernosum. EFS is reported to activate mainly NO/cGMP pathway to induce corpus cavernosal relaxation [START_REF] Rajfer | Nitric oxide as a mediator of relaxation of the corpus cavernosum in response to nonadrenergic, noncholinergic neurotransmission[END_REF]. The neurogenic origin of EFS-induced response using parameters similar to those used in the current study was previously confirmed [START_REF] Wada | Effects of castration on nitric oxide-mediated relaxations in male rat corpus cavernosum smooth muscle[END_REF].

So, it could be suggested that the mechanisms of action of both alprostadil and iloprost but not EP4 agonist may interact with NO/cGMP pathway. These findings are consistent with those reported by [START_REF] Sato | Characterization of prostaglandin E receptor subtypes involved in the relaxation of rabbit penile corpus cavernosum smooth muscle[END_REF] who revealed that EP4-mediated relaxation of rabbit corpus cavernosum is independent on NO/cGMP pathway, as they showed that neither NO synthase inhibitor nor sGC inhibitor affect the relaxant effect of EP4 agonist [START_REF] Sato | Characterization of prostaglandin E receptor subtypes involved in the relaxation of rabbit penile corpus cavernosum smooth muscle[END_REF].

To confirm the previous assumption about the possible interaction between the studied PGs analogues and NO/cGMP pathway in rat corpus cavernosum, a combination of alprostadil, iloprost or L902688 with sildenafil-the selective PDE-5 inhibitor-was tested. According to [START_REF] Burnett | Nitric oxide in the penis: physiology and pathology[END_REF] and [START_REF] Andersson | Pharmacology of penile erection[END_REF], NO/cGMP pathway is the major pathway involved in relaxation of corpus cavernosum [7, 8]. In the current study, Such proposed interaction was confirmed in the current study as sildenafil-the selective PDE-5 inhibitor-significantly potentiated the relaxant effect of alprostadil on rat corpus cavernosum. A similar potentiation but to a lesser extent was observed using combination of sildenafil and with iloprost. In combination with sildenafil, the Emax values of alprostadil was increased from 24.30±2.39% to 56.75±3.01% and for iloprost from 34.19±4.98% to 48.39±3.00% respectively. Inline, clinical reports show that the use of sildenafil in combination with alprostadil led to a synergistic improvement of erectile dysfunction [START_REF] Mazo | Sildenafil and alprostadil in the combined drug therapy of erectile dysfunction[END_REF][START_REF] Nehra | Rationale for combination therapy of intraurethral prostaglandin E(1) and sildenafil in the salvage of erectile dysfunction patients desiring noninvasive therapy[END_REF]. On the other hand, Although EP4 agonist (L902688) alone was the most effective potent among the tested PGs analogues in directly relaxing corpus cavernosum, it's the relaxant effect of selective EP4 agonist was not potentiated when combined with sildenafil; the Emax value for L902688 was 57.52±3.74% and 52.72±5.57% in absence and presence of sildenafil respectively. These findings are in line with the suggestion that PGE1 and PGI2 pathways but not EP4 receptors pathway may involve a cross talking with NO/cGMP pathway, as discussed earlier. Future studies are required to measure the expression of EP4 receptors as well as the level of various prostanoids synthesized in rat corpus cavernosum.

At the cellular level, EP2, EP4 and IP receptors-the major PG receptors involved in the relaxant effect of alprostadil and iloprost in rat corpus cavernosum-are Gs-coupled which activates AC/cAMP pathway and subsequently activates cAMP-dependent protein kinase (PKA) leading to relaxation of the smooth muscles [START_REF] Ricciotti | Prostaglandins and inflammation[END_REF]. On the other hand, sildenafil-via inhibition of PDE-5inhibits the breakdown of cGMP which in turn inhibits PDE-3 and increases the intracellular cAMP level resulting in further activation of PKA involved in the relaxant pathway of both alprostadil and iloprost [START_REF] Uckert | Interactions between cGMP-and cAMP-pathways are involved in the regulation of penile smooth muscle tone[END_REF]. Some reports have also suggested that there is a cross talk between PKA and PKG in vascular smooth muscles, as they activate each other [39, 40], as shown in figure 4. Since this potentiatory effect was not observed in case of EP4 agonist and since alprostadil activates both EP2 and EP4 receptors, it seems that this interaction with NO/cGMP may be limited to EP2 receptors in the corpus cavernosal tissues. The modest potentiation of iloprost effect by sildenafil may be also mediated by interaction between NO/cGMP pathway and EP2 receptors. Since iloprost activates EP2 and IP receptors, the involvement of IP receptors in such interaction cannot be ruled out. However, since EP4, EP2 and IP receptors are also all Gscoupled and all activate PKA, it was expected that the relaxant effect of EP4 agonist would be also potentiated upon its combination with sildenafil. However, it was not altered, indicating the possible involvement of another mechanism that would mask the potentiatory effect of sildenafil.

In fact, [START_REF] Yokoyama | The prostanoid EP4 receptor and its signaling pathway[END_REF] reported that EP4 receptors activation may involve stimulation of Gi which leads to contractile effect rather than relaxation [41], and so it may limit the potentiatory effect of sildenafil in the specific case of the EP4 agonist.

These observations give more evidence that the use of combination of sildenafil and alprostadil could be indeed beneficial for the management of erectile dysfunction, after proving the same results in human tissues. The advantage will be to reduce the oral dose of sildenafil and hence to decrease the side effects. The combination of alprostadil/sildenafil and iloprost/sildenafil showed similar relaxant effect as they attained almost the same Emax. Therefore, combination of iloprost and sildenafil seems also to be of potential therapeutic value and worth to be clinically investigated.

In the present study, effect of nonselective COX inhibitors of different selectivities including; indomethacin, ketoprofen and diclofenac (IC50 ratio "COX-1/COX-2" = 0.0125, 0.016 and 1.97 respectively) as well as the highly selective COX-2 inhibitor (DFU, IC50 ratio = 74) [START_REF] Rajfer | Nitric oxide as a mediator of relaxation of the corpus cavernosum in response to nonadrenergic, noncholinergic neurotransmission[END_REF][START_REF] Wada | Effects of castration on nitric oxide-mediated relaxations in male rat corpus cavernosum smooth muscle[END_REF], was tested on EFS (neuronal-dependent), ACh (endothelial-dependent) and SNP (neuronal and endothelial-independent)-induced relaxation of rat corpus cavernosum. The current study showed that the tested nonselective COX inhibitors potentiated the neuronal (EFS) and endothelial (ACh)-dependent relaxation of rat corpus cavernosum. Indomethacin was the most effective among them in potentiating EFS-induced relaxation. Diclofenac was the most effective in potentiating ACh-induced relaxation, while ketoprofen was the least effective on both responses. On the other hand, diclofenac was the only one among them to potentiate SNP (neuronal and endothelial-independent)-induced relaxation, suggesting that the potentiatory effect of diclofenac may involve interaction with cGMP beyond the level of NO synthesis as reported by [START_REF] Ortiz | The NO-cGMP-K+ channel pathway participates in the antinociceptive effect of diclofenac, but not of indomethacin[END_REF] [START_REF] Ortiz | The NO-cGMP-K+ channel pathway participates in the antinociceptive effect of diclofenac, but not of indomethacin[END_REF]. On the other hand, the highly selective COX-2 inhibitor (DFU) showed no significant effect on either the neuronal, endothelial and SNP-dependent relaxation of rat corpus cavernosum, indicating that COX-2 isoenzyme may not be involved in the relaxation of corpus cavernosal smooth muscles which may be COX-1 dependent.

TXA2 is reported to be one of the major contractile PGs in corpus cavernosal smooth muscles In the present work, and in response to EFS (4-16 Hz), the percentage relaxation of rat corpus cavernosum induced by indomethacin in presence of TP receptor antagonist was not significantly different neither from the effect of indomethacin alone nor from the effect of the antagonist, i.e. the potentiatory effect of indomethacin was significantly inhibited/masked in presence of TP receptor blocker. This indicates that this potentiatory effect may be partially due to the inhibition of the synthesis of the contractile prostanoid TXA2, leading to increasing the availability and/or synthesis of NO and also giving the upper hand to the relaxant prostanoids. The slight potentiatory effect of indomethacin on EFS (2Hz)-induced relaxation that remained after blocking TXA2 receptors may be attributed to inhibiting the synthesis of other contractile PGs such as PGF2α. These findings suggest that nonselective COX inhibitors may not be of harm concerning cavernosal tissue relaxation. This data remains to be confirmed using isolated human cavernosal tissues.

Measuring the expression of EP1, EP4 and IP receptors in rat corpus cavernousm and the level of contractile and relaxant PGs synthesized in rats treated with COX inhibitors remains a limitation of the current study. The promising results of this in-vitro study remain to be verified using human corpus cavernosum, in-vivo, as well as in clinical practice.

Conclusion:

The current study highlights the importance of EP4 receptor agonist in rat corpus cavernosal relaxation erectile process; activation of EP4 receptors could be implicated in mediating the important relaxant effect of PGs in corpus cavernosum. Since in clinical practice, alprostadil is already used for When compared to alprostadil that is already used alone and in combination for the management of erectile dysfunction, and its combination with sildenafil has been proven to be effective, the use of EP4 agonist and iloprost as well as the combination of iloprost with sildenafil could be promising in this respect and worth further investigation. A cross-talk between NO/cGMP pathway and PGE1 and PGI2 pathways but not EP4 agonist pathway may exist in rat corpus cavernosum.

COX-1 isoenzyme may be involved in corpus cavernosal tone regulation erectile process; nonselective COX inhibitors potentiated both the neuronal and endothelial-mediated relaxation, part of this effect may be attributed to inhibition of TXA2 synthesis. In contrast, selective COX-2 inhibitor may have no significant effect on corpus cavernosal relaxation erectile function. So, the use of COX inhibitors may be safe in patients suffering from erectile dysfunction, which needs further clinical investigation. 
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 12 . Furthermore, high expression of EP4 receptors in human corpus cavernosum relative to the other PGs receptors of the E-series was reported by Komuro et al. (2006) [29]. Also, EP4 receptors are reported to be more involved in relaxation than EP2 in rabbit corpus cavernosum [30]. The current study was the first to investigate the involvement of EP4 receptors and also the effect of iloprost on rat corpus cavernosal relaxation. At the cellular level, the intracellular signaling pathways of the tested PGs in corpus cavernosum involve activation of EP2 and EP4 receptors by alprostadil [31], EP2/4 and IP receptors by iloprost [32], and EP4 receptors by L902688. They all are Gs-coupled which activates AC/cAMP pathway in corpus cavernosal smooth muscles resulting in lowering the intracellular Ca 2+ level which in turn results in corpus cavernosal relaxation [33].

[ 43 ]

 43 . The current study investigated the possible role of TXA2 in the potentiatory effect of nonselective COX inhibitors on EFS-induced relaxation of rat corpus cavernosum showed that blocking TXA2 receptors by GR32191B significantly potentiated the neuronally-mediated relaxation induced by EFS. These results are in accordance with the findings of Jeremy et al. (2004) and Koupparis et al. (2005) who reported that TXA2 may increase the expression of NADPH oxidase which in turn decreases the availability of NO [44, 45]. This effect is reported to be mediated via TP receptors [46]. Moreover, TP receptors activation is reported to inhibit endothelial NO production in vascular tissues [47].

Figure ( 1 ).

 1 Figure (1). Relaxant effect of sildenafil (10 -7 -10 -4 M) on PE (10 -5 M)-precontracted strips (panel a) and effect of sildenafil (10 -6 M) on iloprost (10 -9 -10 -6 M, panel b), alprostadil (10 -9 -10 -5 M, panel c) or L902688 (10 -9 -10 -5 M, panel d)-induced relaxation of PE (10 -5 M)-precontracted strips of isolated rat corpus cavernosum. Responses are expressed as mean ± SEM. * denotes significant difference from the corresponding PG analogue (p < 0.05). Values between parentheses indicate the number of animals.

Figure ( 2 ).

 2 Figure (2). Effect of indomethacin, ketoprofen and diclofenac at concentrations (20 µM, panel a) and (100 µM, panel b) and DFU (10 -6 M, panel c) on electric field stimulation-induced relaxation of PE (10 -5 M)-precontracted strips of isolated rat corpus cavernosum. Responses are expressed as mean ± SEM. * denotes significant difference from control (p < 0.05). Values between parentheses indicate the number of animals.

Figure ( 3 ).

 3 Figure (3).Effect of indomethacin (20 µM) on electric field stimulation (EFS)-induced relaxation of PE (10 -5 M)-precontracted strips of isolated rat corpus cavernosum in absence and presence of GR32191B (10 -6 M). Responses are expressed as mean ± SEM. * denotes significant

Corpus cavernosal strips were precontracted with PE ( 10 - 5 M

 105 ). Responses are expressed as mean ± SEM. Values between parentheses indicate the number of animals. * denotes significant difference from the respective control value for each SNP concentration (in absence of the tested COX inhibitor) (p < 0.05).

Figure ( 1 )
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Table ( 2). Percentage relaxation induced by ACh on isolated rat corpus cavernosum in absence and presence of indomethacin, ketoprofen, diclofenac or DFU

 ( -6 M). Responses are expressed as mean ± SEM. * denotes significant difference from control. # denotes significant difference from indomethacin (p < 0.05). No significant difference between the effect of combination and GR32191B was observed. Values between parentheses indicate the number of animals. 11.54 ±0.94* 25.14 ±2.99* 36.87 ±3.63* 49.90 ±6.27* 54.30 ±5.90* 66.21 ±4.77* 86.32 ±5.89* 5.83 ±0.29 Indomethacin 100 µM (6) 9.63 ±0.65* 30.00 ±1.87* 45.40 ±2.30* 54.77 ±3.54* 60.05 ±5.36* 61.80 ±6.53* 88.27 ±4.75* 6.14 ±0.27 .80 ±1.74* 22.94 ±1.58* 33.03 ±2.55* 38.99 ±4.44* 52.41 ±5.73* 58.82 ±4.66* 59.36 ±5.24* 6.32 ±0.29

	synthase, PKA= cAMP-dependent protein kinase, PKG= cGMP-dependent protein kinase,			
	sGC= soluble guanylyl cyclase			ACh concentration (log M)			
		-9	-8	-7	-6	-5	-4	-3	pEC50
	Control (24)	3.93 ±0.34	9.10 ±0.79	17.43 ±1.21	24.22 ±1.31	28.91 ±1.39	36.23 ±1.19	47.13 ±1.69	5.77 ±0.15
	In presence of Indomethacin 20 µM (6)	5.92 ±1.05	19.26 ±2.30* 37.92 ±2.24* 44.43 ±3.99* 50.80 ±5.43* 55.31 ±4.86* 69.27 ±3.26* 6.38 ±0.24
	Ketoprofen 20 µM (6)	6.53 ±0.84	19.17 ±1.70* 23.29 ±4.04	30.03 ±6.51	41.18 ±7.85	45.88 ±5.66	58.29 ±6.02	5.79 ±0.38
	Diclofenac 20 µM (6)								
	Ketoprofen 100 µM (6)								
	Diclofenac 100 µM (6)	22.96 ±1.87* 35.41 ±1.99* 36.96 ±3.62* 52.31 ±4.55* 69.41 ±1.79* 88.80 ±1.51* 101.24 ±1.77* 5.57 ±0.12
	DMSO (vehicle) (6)	4.48 ±0.85	12.10 ±1.65	21.68 ±2.15	29.81 ±1.80	35.53 ±2.02	38.31 ±3.82	53.64 ±4.28	5.94 ±0.20
	Figure (4). Proposed mechanism of interaction between alprostadil, iloprost, or EP4 agonist			
	(L902688) and sildenafil in isolated rat corpus cavernosum.						
	AC= adenylyl cyclase, ATP= adenosine triphosphate, Ca 2+ = calcium, cAMP= cyclic adenosine			
	monophosphate, cGMP= cyclic guanosine monophosphate, eNOS= endothelial nitric oxide			
	synthase, EP= prostaglandin E receptor, Gs= G-protein coupled receptors, GTP= guanosine			
	triphosphate, IP= prostaglandin I receptor, K + = potassium, MLC= myosin light chain, MLC-			
	PO4= phosphorylated myosin light chain, NO= nitric oxide, nNOS= neuronal nitric oxide			
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DFU 10 -6 M (6)

  

	3.43 ±0.54	12.39 ±1.64	22.45 ±2.15	28.35 ±1.77	32.90 ±3.06	36.21 ±4.07	51.56 ±3.36	5.89 ±0.24

Corpus cavernosal strips were precontracted with PE (10 -5 M). Responses are expressed as mean ± SEM. Values between parentheses indicate the number of animals. * denotes significant difference from the respective control value for each ACh concentration (in absence of the tested COX inhibitor) (p < 0.05). Table (3). Percentage relaxation induced by SNP on isolated rat corpus cavernosum in absence and presence of indomethacin, ketoprofen, diclofenac or DFU

  

				SNP concentration (log M)			
		-9	-8	-7	-6	-5	-4	-3	pEC50
	Control (24)	5.91 ±0.54	13.34 ±1.16	24.23 ±1.73	36.71 ±2.58	55.83 ±3.05	77.68 ±3.60	98.02 ±2.39	5.35 ±0.14
	In presence of Indomethacin 20 µM (6)	6.04 ±0.81	12.19 ±2.27	26.66 ±3.70	39.38 ±2.11	63.76 ±3.32	85.00 ±4.45	98.93 ±4.56	5.56 ±0.08
	Ketoprofen 20 µM (6)	5.70 ±0.98	13.30 ±2.59	19.26 ±1.42	34.79 ±4.47	53.10 ±3.33	77.82 ±4.55	91.92 ±5.17	5.38 ±0.21
	Diclofenac 20 µM (6)	7.54 ±1.03	23.32 ±2.39* 46.46 ±4.68* 59.97 ±3.95* 84.56 ±5.28* 93.87 ±6.13	96.68 ±2.08	6.39 ±0.17*
	Indomethacin 100 µM (6)	7.93 ±1.54	10.56 ±1.54	27.17 ±3.70	43.61 ±4.05	65.87 ±3.58	88.67 ±7.20	99.27 ±7.18	5.63 ±0.15
	Ketoprofen 100 µM (6)	6.10 ±1.16	13.57 ±2.23	20.38 ±2.37	37.14 ±4.81	52.11 ±4.06	81.09 ±4.52	96.91 ±4.07	5.30 ±0.10

Diclofenac 100 µM (6) 11

  .57 ±1.18* 22.81 ±4.04* 45.83 ±3.37* 69.75 ±2.44* 93.41 ±2.91* 94.93 ±3.69 102.27 ±4.32 6.44 ±0.11*

DMSO (vehicle) (6)

  

		5.72 ±0.58	18.75 ±2.65	32.99 ±3.89	49.11 ±5.27	63.84 ±4.50	79.99 ±4.50	91.84 ±3.61	6.04 ±0.27
	DFU 10 -6 M (6)	5.96 ±0.91	20.68 ±2.43	32.37 ±3.35	44.81 ±5.31	57.09 ±5.14	79.01 ±3.31	88.65 ±2.92	5.93 ±0.24

% Relaxation