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				Introduction

				The 3,4-methylenedioxymethamphetamine (MDMA) as know ecstasy, is one of the most popular used drugs as a recreational drug by young people [1].There are increasing ev-idence of its toxicity, although MDMA has been considered as a safe drug. The MDMA 

				can affect human organs such as brain, liver, kidney and heart. These effects seem to be dose- related and leading to apoptosis [2]. In the past few years, clinical documents have shown that the kidney is a target for MDMA toxicity. In this sense, Ecstasy is metabolized, and reactive metabolites are readily oxidized to the 5- Quinones and the reactive oxygen 

			

		

		
			
				
					Abstract

					Background:  Methylenedioxymethamphetamine (MDMA) is a hallucinogenic drug of abuse which is the most popular drugs in the world and has been shown to induce apoptosis in kidney cells. As Pentoxifylline (PTX) increases cAMP and reduces tumor necrosis factor-α, the present study aimed to investigate the effect of PTX on kidney damage induced by acute administra-tion of MDMA in the male rat. Materials and Methods: Thirty adult male Wistar rats were randomly divided into five groups: control group (without any intervention), MDMA as sham group (the group received 7.5 mg/kg MDMA three times at every two hours for one day), E1 ( received 100 mg/kg PTX a week before MDMA administration), E2 ( received 100 mg/kg PTX Just in the time of the third injection of MDMA ) and E3 ( received 100 mg/kg PTX followed by one dose of MDMA) groups. At the end of experiment period, kidneys were removed and prepared for H&E staining, TUNEL and western blot techniques. Results: Histopathological studies showed significantly decrease in the kidney cells damage, in the E1 group compared to MDMA group. The number of TUNEL-positive cells was increased significantly in MDMA group. A significant difference was revealed in the mean number of TUNEL-positive cells be-tween the rats treated with PTX before MDMA administration and MDMA group. Expression of active caspase-3 was significantly increased in the MDMA group. While PTX treatment when administrated before MDMA injections could significantly decrease the caspase-3 activi-ty. Conclusion: The PTX can substantially reduce the severity of lesions in the kidney follow-ing administration of MDMA. [GMJ.2016;5(3):131-138]
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				species (ROSs) [3]. It has also been shown that MDMA induces cell death trough an apop-totic pathway by releasing of cytochrome C and caspase cascade activation [4].Cell deaths have been classified by consensus of opinions such as apoptosis, necrosis, necroptosis, au-tophagy and cornification [5]. Apoptosis is a specific morphological appearance of cell death specified by blebbing, cell shrinkage, nuclear fragmentation, chromatin condensa-tion, chromosomal DNA fragmentation, and global mRNA decay [6]. Pro- and anti-apop-totic genes interact with each other to control the completeness of the cell during apoptosis and in the last stage of this process, the Bcl-2 family regulates mitochondrial dysfunction [7]. Pentoxifylline (PTX) has been classified as a vasodilator and a phosphodiesterase in-hibitor drug. The PTX is used for treating of intermittent claudication in the peripheral artery disease. This medication significantly decreases blood viscosity in the peripheral ar-terial disorders and enhancement erythrocytes deformability in healthy patients with periph-eral vascular disease [8]. The mechanisms of its effects seem to be related to change in cel-lular functions and improve microcirculatory perfusion in peripheral and cerebral vascular beds [2]. Recently, PTX, with anti-inflamma-tory and antifibrogenic attributes, has been found to be useful in patients with nephrop-athy [9]. The objectives of the present study were to investigate the possible protective ef-fects of PTX the kidney’ cells apoptosis due to acute administration of MDMA.

				Materials and Methods

				Experimental Groups and Drug

				Male Wistar rats aged 8 weeks were main-tained at 22±1°C on a 12 h light/12 h dark cycle, with free access to water and food ad libitum. The rats were equally distributed into five experimental groups (6 rats per each group) including (1) Control group (without any intervention); (2) MDMA (sham) group: the group received 7.5 mg/kg MDMA three times at every two hours for one day) [10]; (3) Experimental group1(E1): received 100 mg/kg PTX a week before MDMA administra-tion; (4) Experimental group (E2): received 

			

		

		
			
				100 mg/kg PTX just in the time of the third injection of MDMA; (5) Experimental group (E3): received 100 mg/kg PTX followed by one dose of MDMA.The rats were sacrificed after two weeks from the beginning of all ex-periments. All experimental procedures used in the current study were performed in accor-dance with the ARRIVE ethical guidelines. Chemicals were purchased from Sigma ex-cept PTX powder, which was gifted kindly by the Amin Pharmaceutical Co. (Esfahan-Iran). However, pure MDMA was gifted by Dr. Foroumadi, faculty of pharmacy and pharma-ceutical sciences research center, Tehran Uni-versity of Medical Sciences.

				Histopathological Studies

				Rats were sacrificed and their kidneys were removed for histopathological examination. The kidneys were completely excised and any extraneous tissue was omitted. Kidney sam-ples were fixed in 10% buffered formalin and embedded in paraffin. After dewaxing 5 μm sections were stained with hematoxylin and eosin (H&E). All slides were evaluated by light microscopy (Olympus BX45) by one pa-thologist who assessed kidney morphology. A minimum of 20 fields was examined in each sample (magnification ×100).In Situ Apop-tosis Assay by Terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) staining Kidneys were perfused with phos-phate-buffered saline (PBS) (50 ml) using the transcardiac approach, followed by 4% phosphate-buffered formalin. Perfusion-fixed kidney tissues were further fixed overnight in a solution of 4% paraformaldehyde in PBS, embedded in paraffin and cut into 3 μm se-rial sections. The TUNEL staining was per-formed using an In Situ Cell Death Detection Kit (Roche, Mannheim, Germany) according to the manufacturer’s protocol. Briefly, the sections were dewaxed in xylol, rehydrated by successive series of alcohol, washed with PBS and deproteinized (or permeabilized) by proteinase K (20 µg/ml) for 30 min at room temperature. The sections were rinsed and incubated with 3% H2O2 in methanol for 10 min in the dark to block endogenous peroxi-dase (POD) and the sections incubated with the TUNEL reaction mixture for 60 min in 

			

		

	
		
			
				37°C at humidified atmosphere and rinsed with PBS. Sections were visualized using con-verter POD for 30 min in 37°C at humidified atmosphere in the dark and rinsed with PBS, and 50-100 µl diaminobenzidine (DAB) sub-strate was added and rinsed with PBS. Four slide fields were randomly examined using a defined rectangular field area at 100× magni-fication. 

				Western Blotting 

				Protein expression in kidney was detected by western blotting. Briefly , part of kidney tis-sue was homogenized in ice-cold lysis buffer containing tris-HCl (50 mM, pH 8.0), NaCl (150 mM), Nonidet P-40 (1%), glycerol (10%), phenylmethylsulfonyl fluoride (10 ml/ml), sodium deoxycholate (0.5%) and aproti-nin (30 ml/ml), in addition to a protease in-hibitor cocktail (Roche Applied Science). The homogenized testes were subjected to centrif-ugation at 12000 g for 20 min at 4ºC, and the supernatant collected. A total of 100 µg of the total protein of the supernatant was loaded onto each lane and electrophoresed on SDS-PAGE gels (10%). Proteins were transferred onto nitrocellulose membranes for 1 h at room temperature and blocked with PBS that con-tained non-fat dried milk powder (5%) for 2h. Membranes were washed with Tris buffer that contained Tween 20 (1%), then probed with a monoclonal anti-caspase-3 antibody (1:1000; Abcam, St. Louis, MO, USA) overnight after which a secondary anti-rabbit akp-linked anti-body (1:10000; Abcam,) was added for 1 h at room temperature, then the membranes were stained with BCIP/NBT. The β-actin served as a positive control for protein loading, and a high range molecular weight standard was used to determine protein sizes. Results were evaluated by the UVIdoc program (UVIdoc version 12.6 for Windows, Copyright 2004). 

				Statistical Analysis 

				Statistical analysis was performed using SPSS for Windows (Ver.19, SPSS, Inc., Chicago, USA). Data were analyzed by one-way analy-sis of variance (ANOVA) followed by Tukey multiple comparison post test and expressed 

			

		

		
			
				as mean ± SD. P< 0.05 was considered to be significant. 

				Results

				Light Microscope Observation

				Light microscope histopathological studies showed significantly decrease the kidney’s cellular damage, including necrosis, hemor-rhage, and tissue edema in E1 as compared to MDMA-treated, E2, and E3. Atrophied glomerulus, increased spaces of Bowman’s capsules, congestion of interstitial space, and tissue edema were seen in MDMA-treated, E2, and E3 groups (Figure-1).

				Detection of dead renal tubular epithelial cells using TUNEL staining To further evaluate the mechanisms of cell death, we examined the remnant kidney tissue cells for the presence of fragmented DNA using TUNEL staining as-says. A higher level of TUNEL-positive cells was observed in renal tissue in MDMA group. There were significant differences in the num-ber of apoptotic cells between control and MDMA groups (P=0.045). The proportion of TUNEL-positive cells in the kidneys from the E1 group was lower than in the MDMA group. Treatment with PTX before the MDMA injec-tions significantly reduced the total number of TUNEL-positive cells in the E1 group. There were no significant differences between con-trol group and E1 group (P= 0.994). The dif-ferences between the other two experimental groups and the control group were significant) Figure-2).

				Western Blotting

				As shown in the Western blotting analysis, compared to the control kidney, injection of MDMA could significantly increase apoptot-ic related protein, caspase-3. However, PTX administration at 100 mg/kg before MDMA exposure effectively suppressed the up-reg-ulation of cleaved-caspase-3 protein, while PTX injection after MDMA administration did not affect the activity of caspase-3 com-pared with MDMA group and could not in-hibit the up-regulation of cleaved-caspase-3 (Figure-3).

			

		

	
		
			
				Figure 2. The TUNEL assay for apoptotic cells in the renal tissue. (A): Control group; (B): MDMA group; (C): E1 group; (D): E 2 group; (E): E3 group. The arrows point to an apoptotic cell. (TUNEL staining, ×40)
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				Figure 1. Photomicrograph of lobules from control (A), MDMA (B), E1(C), E2 (D) and E3 (E) groups. Long arrow shows glomerular structure and short arrow shows congestion in interstitial space. (Hematoxylin and eosin, ×40).
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				Discussion

				Several studies showed that MDMA could damage many organs such as brain, heart, liver, kidney, and testes. Over the past years, ecstasy has been associated with an aspect of nephrotoxic effects, such as acute kidney inju-ry and hyponatremia [11].

				The MDMA and its metabolites damage kid-ney during their excretion through this organ. Also, MDMA can cause rhabdomyolysis, which can lead to myoglobin deposition in the kidney, along with dehydration and elec-trolyte inconsistency may also contribute to acute and chronic renal failure [12]. Symp-tomatic hyponatremia is one of the most com-plications of ecstasy [11]. It has been shown that MDMA can induce oxidative stress lead-ing cell damage in many tissues such as liver, kidney, heart, and retina [13].

				Many other studies demonstrated that genera-tion of MDMA metabolites in the kidney may be responsible for renal toxicity [14]. Our findings along with others corroborated that kidney is a potential target organ for ecsta-sy-induced toxicity. In this study, we showed the tubulointerstitial injury and a significant decrease was observed in the number of prox-imal tubule cells in MDMA-treated rats. 

				Increased production of ROS and toxic oxida-tion products may be responsible for damag-ing [15]. Increased oxidative stress can cause organ damage and apoptosis. Mitochondria, fat, and antioxidant defense are shown to be a major target of increased oxidative/nitrosa-tive stress when exposure to toxic compounds and/or in pathological conditions [16]. It is possible that MDMA and/or its metabolites restrain the mitochondrial function by inter-acting with mitochondrial proteins [17]. Also, MDMA and its metabolites can cause indi-rectly mitochondrial dysfunction by increas-

			

		

		
			
				ing oxidative/nitrosative stress [18]. 

				Apoptosis is a regulated process which in-volved in physiological and pathological re-sponses, including cell damage followed by exposing toxic substances. Since MDMA had been characterized as a pro-apoptotic agent for neurons [19], we attempt to find if renal cells apoptosis could contribute to the neph-rotoxic effect of this drug, focusing on the ac-tivation of caspases-3, which plays a key role in the executive phase of cell apoptosis. Our data showed that a high dose administration of MDMA has a toxic effect on the kidney tissue with a stimulating apoptotic pathway for nor-mal renal cells. The MDMA treatment caused the release of caspase activation, thus sug-gesting for other apoptotic agents changing of mitochondrial membranes through alternating in Bcl-2-like proteins, cytochrome c releasing and activation of effector caspases. The for-merly reported role of MDMA as an inductor of cellular oxidative stress [20], could clarify apoptosis caused by redox disruption has been shown to happen in many cases by changes in mitochondria [21]. Our data also demon-strated that MDMA injection would increase caspase-3 protein activity in renal tissue. 

				The PTX is a methylxanthine phosphodiester-ase inhibitor, which can reduce platelet aggre-gation, enhancement red cell deformability, and lower blood viscosity [22]. Also, it can weaken the release of pro-inflammatory cy-tokines and inhibits the production of tumor necrotic factor-alpha (TNF-α) by blocking in-tracellular phosphodiesterase [23]. 

				The TNF-α is an important cytokine partici-pating in damage and inflammation in animal and human renal lesions [24]. The TNF-α ex-pression, synthesis, and excretion can be de-creased by PTX in chronic renal disease and diabetic patients [25]. This makes PTX a good candidate for the treatment of these cases.

			

		

		
			
				Figure3. Effect of PTX on MDMA-Induced renal cell apoptosis. The Western blotting analysis in experi-mental groups indicated that the PTX treatment could decrease the expression of caspase-3 after MDMA exposure. According to the weight of protein (caspase-3) and protein marker, the blocking is done within the target band (A: E3 group; B: E2 group; C: MDMA group; D: E1 group; E: Control)
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				All of our findings confirmed the results of other studies in this field. Since PTX can block inflammatory cytokine production (interleu-kin-1 and tumor necrosis factor); so, it can decrease the inflammatory reaction and also can inhibit cell damage indirectly, which have been shown in the results of microscopic stud-ies the cell death process in treatment group [26].The helpful effects of PTX on gentam-ycin-induced alteration in glomerular base-ment membrane was proved [27]. Another study demonstrated that PTX could decrease apoptosis by reduction of TNF-α and oxygen free-radical concentrations so this drug could be protective against acute kidney injury Gen-tamycin-induced [28]. The protective effects of PTX also have been studied on Adriamy-cin-induced nephrotoxicity in rats. In this study, PTX could prevent tubular and intersti-tial apoptosis in renal tissue [29]. Ozkurkcugil et al., showed that PTX treatment is effective in preventing the negative effects of cigarette smoking on kidneys by inhibiting cell damage with its antioxidant properties [30].

				The result of present study documented that MDMA abuse significantly reduced tubu-lointerstitial damage in affected kidneys when they were protected in rats by PTX treatment after MDMA administration. A significant de-crease was observed in the number of cells in MDMA administered rats that did not receive PTX. 

				In our model, the PTX (100mg/Kg, i.p.) ad-ministrated after MDMA injections could not 

			

		

		
			
				reduce either the number of affected renal cells and apoptotic bodies nor the caspase-3 expression significantly. On the other hand, when PTX was administrated before MDMA substantially improved renal injury in the number of affected renal cells and apoptotic bodies. Furthermore, the caspase-3 expression showed significantly decrease when adminis-trated before MDMA injections. 

				Conclusion

				The administration of PTX was shown to have the potential to prevent the negative effects of Ecstasy on kidney glomerulus by inhibiting cell damage. Further studies are needed to elucidate the exact mechanism by which PTX induces protection in the kidney.
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Abstract

Background: Methylenedioxymethamphetamine (MDMA) is a hallucinogenic drug of abuse
‘which is the most popular drugs in the world and has been shown to induce apoptosis in kidney
cells. As Pentoxifylline (PTX) increases cAMP and reduces tumor necrosis factor-a, the present
study aimed to investigate the effect of PTX on kidney damage induced by acute administra-
tion of MDMA in the male rat. Materials and Methods: Thirty adult male Wistar rats were
randomly divided into five groups: control group (without any intervention), MDMA as sham
group (the group received 7.5 mg/kg MDMA three times at every two hours for one day), E1 (
received 100 mg/kg PTX a week before MDMA administration), E2 ( received 100 mg/kg PTX
Just in the time of the third injection of MDMA ) and E3 ( received 100 mg/kg PTX followed
by one dose of MDMA) groups. At the end of experiment period, kidneys were removed and
prepared for H&E staining, TUNEL and western blot techniques. Results: Histopathological
studies showed significantly decrease in the kidney cells damage, in the E1 group compared to
MDMA group. The number of TUNEL-positive cells was increased significantly in MDMA
group. A significant difference was revealed in the mean number of TUNEL-positive cells be-
tween the rats treated with PTX before MDMA administration and MDMA group. Expression
of active caspase-3 was significantly increased in the MDMA group. While PTX treatment
‘when administrated before MDMA injections could significantly decrease the caspase-3 activi-
ty. Conclusion: The PTX can substantially reduce the severity of lesions in the kidney follow-
ing administration of MDMA. [GMJ.2016;5(3):131-138]
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