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Methylenedioxymethamphetamine (MDMA),the Ecstasy brand, leads to cell death in many tissues such as 
kidney because of its oxidative stress properties. The present study aimed to investigate the possible effects of 
vasodilators such as pentoxifylline as a vasodilators on ecstasy induced renal damage caused by ecstasy abuse. 
This experimental study was carried out in four groups of six male wWistar rats weighing 250-300 g (n=24). 
The control group was kept under standard laboratory conditions. In Ecstasy group, this substance was injected 
(as 7.5 mg/kg, q 2 h × 3 doses) intraperitoneally (IP)in the treatment group . In pentoxyfyllinePTX(PTX) 
treated group, 200 mg/kg of pentoxifylline PTX was concurrently administered with the third dose of ecstasy 
injection and in vehicle group, normal saline was injected. Animals’ The kidneys were evaluated for histomor-
phological changes by H&E and PAS stainings. Then the degrees of renal damage were measured scored by 
Image Tools Version 2 software. Although There were no significant differences in diameter and number of 
glomerular cells between control and pentoxifyllinePTX treated groups was detected. However, a significant 
difference was seen with between vehicle and Ecstasy groups (P < 0.05). Tubulointerstitial injury was seen 
in Ecstasy and vehicle groups but it had been decreased in pentoxyfyllinePTX treated group. Findings of this 
study suggest that pentoxifylline PTX can excertexert a positivesignificant  effect on improving the ecstasy 
induced renal tissue injury injuriescaused by ecstasy abuse.
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Introduction

The consumption of Ecstasy (3,4-methylene-
dioxymethamphetamine, MDMA) one 
of the mostcommonillicit synthetic drugs 
(Khajeamiri et al. 2011), known on the street 
as ‘meth’, ‘crystal’ and ‘speed’increases 
thrill-seeking/risk-taking behavior and has 
become more popular among younger people 
(Kalant 2001). Ecstasy is a methamphetamine 
derivative that possesses serious toxic effects 
including hyperpyrexia, rhabdomyolysis, 
cardiac arrhythmias, cerebrovascular lesions, 
intravascular coagulopathy and hepatic 
necrosis (Malpass et al. 1999; Gowing et al. 
2002). 
Psychoactive drugs can induce adverse effects 
on various organs such as heart, kidney and 
liver. They also stimulate the body’s endocrine 
system, Hypothalamic-Pituitary-Thyroid Axis 
and the adrenal glands. The body temperature 
elevation , adrenocorticotropic hormone 
(ACTH) and cortisol secretion were also 
reported following the use of Ecstasy (Gerra 
et al. 2003; Sprague et al. 2003).
MDMA is readily absorbed from the intestinal 
tract and reaches its peak concentration in the 
plasma in 2 hours after oral administration 
(Kalant 2001). MDMA is primarily excreted 
via the kidney (Baumann et al. 2007). Several 
factors may contribute to the adverse renal 
effects of ecstasy, including disseminated 
intravascular coagulation (DIC), vasoconstric-
tion, rhabdomyolysis, hyperthermia and 
metabolism (Carvalho et al. 2002). Ecstasy 
has been associated with acute kidney injury 
(AKI) that is most commonly secondary to 
nontraumatic rhabdomyolysis. More common, 
ecstasy has led to serious hyponatremia and 
hyponatremia-associated deaths. Hyponatre-
mia in these cases is due to a “perfect storm” 
of ecstasy-induced effects on water balance 
(Campbell and Rosner 2008).
Renal damage was also seen in rats following 
ecstasy administration (Ninkovic et al. 2008) 
and polyuria. In addition renal glycosuria and 

low tubular reabsorbtion of phosphorous have 
been found in patients who ingested ecstasy 
(Kwon et al. 2003).
Increasing evidence indicated that the drug 
is metabolized by cytochrom P450 enzyme 
system (K.-P. Kreth et al. 2000; Fonsart et al. 
2008; Meyer et al. 2009). It was also shown 
that exposure of rat and human renal proximal 
tubular cells (PTC) to MDMA produced cell 
necrosis (Carvalho et al. 2002). There is some 
evidence suggesting that oxidative stress plays 
a part in the initial stages of MDMA-induced 
tissue damage. Such effects have been also 
found in the liver (Ninković et al. 2004).
Pentoxifylline (PTX), a xantine derivation and 
a nonspecific phosphodiesterase inhibitor, was 
first considered in the treatment of peripher-
al vascular diseases (Samlaska and Winfield 
1994). PTX exerts several pharmacologic 
effects, including improvement in microcir-
culation, increase in erythrocyte deformabil-
ity, reduction in blood viscosity, inhibition of 
platelet aggregation, endothelium-dependent 
vascular relaxation (Samlaska and Winfield 
1994), immunomodulatory (Noel et al. 2000; 
S. Kreth et al. 2010), anti-inflammatory, and 
antiproliferative effects (Savic et al. 2002). 
PTX downregulates several proinflamma-
tory cytokines, including tumor necrosis factor 
alpha (TNF-α) and interleukin-1 (IL-1) and 
IL-6 (Samlaska and Winfield 1994; Heystek 
et al. 2003). Some possible pharmacologic 
mechanisms of PTX that indicate it as a candidate 
to ameliorate AKI include interaction at the level 
of the adenosine receptors (Berens and Luke 
1990), increase in erythrocyte deformability 
(Samlaska and Winfield 1994; Albornoz et al. 
1997), stimulation of vasodilatory prostaglandin 
production and prevention of vascular congestion 
(Krysztopik et al. 2000; Stojiljkovic et al. 2009), 
and suppression of TNF-α and nitrite production, 
proteinuria, and apoptosis (Nasiri-Toosi et al. 
2013).
PTX has also gained considerable interest as 
a reactive oxygen species (ROS) scavenger, 
and several studies have shown its potential 
antioxidant effects (Dousa 1998; Prasad and Lee 
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2007). Moreover, many studies indicate beneficial 
effects of PTX in diabetic patients. Badri et al. 
concluded that PTX ameliorates microalbumin-
uria and proteinuria in patients with diabetic and 
nondiabetic kidney diseases (Badri et al. 2011).
In this study, we investigated the protective effects 
of PTX treatment on ecstasy-induced histological 
changes in the kidney sections of rats.

Methodology

Animal
All procedures used in this study were approved 
by the ethics committee of National Institutes 
of Health (NIH). Twenty-four male wistar rats 
weighing 250-300 g were used in this study. 
Animals were housed under standard conditions 
(12 h light / dark cycles), at temperature 22±2 
°C with free access to water and food ad libitum. 
Animals were divided into four equal groups as 
follows:
Control group: animals were kept under standard 
laboratory conditions.
Ecstasy group: Ecstasy was injected (7.5 mg/
kg, q 2 h × 3 doses) intraperitoneally (IP) to rats 
(Baumann et al. 2007; Khazaei Koohpar et al. 
2013).
Experimental group: Ecstasy was injected (7.5 
mg/kg, q 2 h × 3 doses) and concurrent with the 
third dose of ecstasy injection, 200 mg/kg of PTX 
was injected IP to rats.
Vehicle group: Ecstasy was injected (7.5 mg/kg, q 
2 h × 3 doses) and concurrent with the third dose 
of ecstasy injection, normal saline (NS; 0.9% 
NaCl) was injected IP to rats. 
The rats in each group were sacrificed 2 weeks 
after the start of the experiment and their kidneys 
were excised for histopathological analysis.

Histomorphological study
Kidneys were removed and fixed in formalin %10. 
The organs were embedded in paraffin. Serial 
paraffin sections (5 µm) of the kidneys were cut 
and stained with hematoxylin and eosin (H&E) 
and periodic acid-Schiff (PAS). Sections were 

used to calculate the glomerular cell numbers 
(GCN), proximal tubule cell numbers (PTCN), 
glomerular diameters (GD) and tubulointerstitial 
injuries.
Three slides from each sample were randomly 
selected and photomicrographs were prepared 
and examined from five fields per slide under 
a light microscope at a magnification of ×400. 
The nuclei of all cells in all groups were counted 
and the diameters of glomerular cells were also 
measured. Image Tools Version 2 software 
was used to perform these investigations. A 
semiquantitative scale was designed to evaluate 
the degree of tubulointerstitial injuries (Sunami 
et al. 2004). Score ranging from 0 to 4 was 
determined as follows: 0= normal kidney; 1= 
mild change: tubulointerstitial space dilation; 2= 
moderate change: tubulointerstitial space dilation 
and infiltration of inflammatory cells; 3= severe 
change: tubulointerstitial space dilation, infiltra-
tion of inflammatory cells and damage to cells 
such as tubular atrophy; and 4= very severe 
change:  extensive damage to the whole kidney 
tissue which was not observed in this study 
(Sunami et al. 2004).

Statistical analysis
Data were statistically analyzed using the SPSS 
Software package. One-way ANOVA and 
Tukey’s Honestly Significant Difference (HSD) 
tests were used to determine the significant 
differences between group means. Data were 
expressed as mean ± standard error of the 
mean (SEM). The statistical significance was 
determined as P < 0.05.

Results

The findings showed a significant decrease in 
the mean glomerular diameter of ecstasy group 
in comparison with other groups except vehicle 
group (Figure 4). Mean glomerular diameters of 
experimental and control groups were similar to 
each other and both were significantly higher than 
those of the ecstasy group (Figure 1).
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There are significant differences between the 
experimental and the ecstasy group, but there 
was no significant difference between control 
and experimental groups (Figure 2).

Movassaghi et al.

Figure 1: Comparison of mean glumerular diameter between groups. *= P < 0.05 in comparison 
with other groups.

Figure 2: Comparison of mean glumerular cell number between groups. *= P < 0.05 in compari-
son with other groups

Comparing the mean number of glomerular cells 
between groups, indicated reduced number of 
glomerular cell in ecstasy and vehicle groups. 
Pentoxifylline can prevent these negative effects. 
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According to our findings, there was a 
significant difference in mean number of 
proximal tubule cells between control group 
and other groups. Pentoxifylline has a positive 
effect on the number of proximal tubular cells 

but no significant difference was seen between 
the experimental group and the ecstasy group; 
Pentoxifylline failed to prevent the reduction 
in proximal tubule cells caused by ecstasy 
(Figure 3).

Figure 3: Comparison of mean tubule cell number between groups. *= P < 0.05 in comparison 
with the control group.

Figure 4: Comparison of histological changes between groups. Specific histological changes 
were not observed in control and experimental groups. Glomerular structure (long arrow) and 
proximal tubule (short arrow) are normal. Glomeruls were atrophied in ecstasy and vehicle 
groups and the spaces of Bowman’s capsules were increased in them (long arrow). Congestion 
of interstitial space is seen in vehicle group (short arrows) and elevation of interstitial spacean 
indicative of tissue edema (short arrows) is observed in ecstasy group (H&E ×40).
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Evaluation of tubulointerstitial injury in different 
groups 
According to our analysis, the severity of 
tubulointerstitial injuries was more in ecstasy 
and vehicle groups in comparison with other 

groups. PTX administration led to less damage 
in PTX treated group and 60% of specimens 
were categorized in normal score (Figure 4). 
Overall there was no significant difference 
in normal scores between experimental and 
control groups (Figure 5).

Figure 5: Comparison of the tubulointerestitial injuries in different groups.

Discussion

The present study was conducted to evaluate 
the protective effects of PTX on kidneys of 
rats that were exposed to Ecstasy. Our results 
revealed that PTX had a significant protective 
effect on GD, GCN and reduction of severity 
of tubulointerstitial injury. 
Several studies showed that MDMA can 
damage many tissues such as brain, heart, liver, 
kidney, and testes. MDMA and its metabolites 
are known to damage kidney during their 
excretion through this organ. MDMA-induced 
rhabdomyolysis, which can lead to myoglobin 
deposition in the kidney, along with extreme 
dehydration and electrolyte imbalances may 
also contribute to acute and chronic renal 
failure (Mas et al. 1999).
The first case of AKI associated with ecstasy 
use was reported in 1992. The patient 

developed AKI after ingesting three doses of 
ecstasy and developed disseminated intravas-
cular coagulation, which was likely contribu-
tory in the development of AKI (Fahal et al. 
1992). Isolated proximal tubule dysfunction 
after ecstasy use has also been described 
in a single case report of an 18-yr-old who 
developed transient glycosuria, phosphaturia, 
and a solute dieresis (Kwon et al. 2003). One 
of the most serious medical complications 
of ecstasy abuse is related to symptomatic 
hyponatremia (Campbell and Rosner 2008). 
An increase in level of blood urea nitrogen 
(BUN) and creatinine was also reported in 
dose dependent manner in MDMA-treated 
rats (Ahmadizadeh et al. 2010). It has been 
demonstrated that MDMA can induce 
oxidative stress leading cell injury on various 
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tissues such as, liver, kidney, heart and retina 
(Miranda et al. 2007). Other studies showed 
that generation of MDMA metabolites in 
kidney may be responsible for kidney toxicity 
(Carvalho et al. 2002). Our findings along with 
others’ confirmed that kidney is a potential 
target organ for ecstasy-induced toxicity.
To date, the effect of PTX on renal damage 
caused by Ecstasy has not been reported. 
However, there are many reports of nephropro-
tective effects of PTX (Nasiri-Toosi et al. 
2013).
PTX reduced histological changes, such 
as congestion and tubular vacuolization in 
Cyclosporine-induced renal toxicity in ischemic 
kidney (Ates et al. 1996). The beneficial 
effects of PTX on gentamycin-induced 
alteration in glomerular basement membrane 
(GBM) was demonstrated (Stojiljković et al. 
2009). Another study showed that PTX can 
reduce apoptosis by declining TNF-α and 
oxygen free-radical concentrations and it’s 
vasodilatory and decongestant effects could 
induce a significant protective effect against 
Gentamycin-induced AKI (Stojiljkovic et al. 
2009). After PTX treatment, minimal levels of 
hydropic epithelial cell degeneration, tubular 
dilatation, and vascular congestion were 
observed in Amikacin-induced nephropathy in 
male wistar rats. This observation supports the 
hypothesis that PTX can protect kidney tissue 
against oxidative damage caused by Amikacin 
treatment (Ozer et al. 2009). 
Antioxidant effects of PTX on Cisplatin-
induced nephrotoxicity in male Wistar rats 
were examined. PTX alleviated Cisplatin-
induced morphologic changes (Saad et al. 
2004). The protective effects of PTX also 
have been studied on Adriamycin-induced 
nephrotoxicity in rats. PTX prevented tubular 
and interstitial apoptosis in renal tissue (Usta 
et al. 2004). The positive effects of PTX on 
cigarette smoking-induced renal tissue damage 
in rats was reported. It was found that PTX 
prevents the negative effects of smoking on 
glomerular diameter, glomerular cell number 
and proximal tubule cell number. Their study 

shows that PTX treatment is effective in 
preventing the negative effects of cigarette 
smoking on kidneys by inhibiting cell damage 
with its antioxidant properties (Ozkurkcugil et 
al. 2011).
The result of present study showed that the 
mean GD of experimental and control groups 
were similar to each other. A similar effect 
was observed in the evaluation of mean GCN. 
Ecstacy abuse significantly reduced GCN 
and GD in affected kidneys while they were 
protected in rats under PTX treatment. A 
significant decrease was observed in number of 
proximal tubule cells in ecstasy administered 
rats that did not receive PTX. In contrast, mean 
PTCN was not similar between experimental 
and control groups. These results showed that 
PTX treatment can not prevent the negative 
effects of Ecstasy on PTCN. In tubulointersti-
tial injury evaluation, PTX administration led 
to less damage in PTX treated group.

Conclusion

The results of present study suggest that 
Pentoxyfilline have the potential to prevent 
the negative effects of Ecstasy on kidney 
glomerulus by inhibiting cell damage. Further 
studies are needed to more elucidate the exact 
mechanism by which Pentoxyfilline  induces 
renal protection.

Acknowledgement

We would like to offer our special thanks to 
Dr. Foroumadi and Amin pharmaceutical 
company for giving MDMA and Pentoxyfilline 
as gifts. The authors also would like to express 
their appreciations from Azad University of 
Medical Sciences Research Center and Islamic 
Azad University-Pharmaceutical Science for 
their contributions to this study.

Pentoxifylline and MDMA Nephrotoxicity

©2012 Movassaghi et al.; licensee to  Islamic Azad University-Pharmaceutical Sciences Branch

Arc
hive

 of
 S

ID

www.SID.ir

www.sid.ir


42 J Pharm Health Sci    Volume 3   Issue 1    Winter 2014

References

Ahmadizadeh M, Mohammadian B, Sharafee J. Effect 
of vitamin C on 3, 4 metoylenedioxymethamphetamine 
(MDMA) induced nephrotoxicity in rat. J Exp Zool 
India 2010;13:187-91.

Albornoz LE, Sanchez SB, Bandi JC, Canteros G, 
De Las Heras M, Mastai RC. Pentoxifylline reduces 
nephrotoxicity associated with cyclosporine in the 
rat by its rheological properties. Transplantation 
1997;64:1404-07.

Ates E, Sharma P, Erkasap S, et al. Cyclosporine 
nephrotoxicity in the ischemic kidney and the protective 
effect of pentoxyfylline-A study in the rat. Transplanta-
tion 1996;62:864-67.

Badri S, Dashti-Khavidaki S, Lessan-Pezeshki M, 
Abdollahi M. A review of the potential benefits of 
pentoxifylline in diabetic and non-diabetic proteinuria. 
J Pharm Pharm Sci 2011;14:128-37.

Baumann MH, Wang X, Rothman RB. 3, 4-Methylene-
dioxymethamphetamine (MDMA) neurotoxicity in rats: 
a reappraisal of past and present findings. Psychophar-
macology 2007;189:407-24.

Berens KL, Luke DR. Pentoxifylline in the isolated 
perfused rat kidney. Transplantation 1990;49:876-78.

Campbell GA, Rosner MH. The agony of ecstasy: 
MDMA (3, 4-methylenedioxymethamphetamine) and 
the kidney. Clin J Am Soc Nephrol 2008;3:1852-60.

Carvalho M, Hawksworth G, Milhazes N, et al. Role of 
metabolites in MDMA (ecstasy)-induced nephrotoxic-
ity: an in vitro study using rat and human renal proximal 
tubular cells. Arch Toxicol 2002;76:581-88.

Dousa TP. Signaling role of PDE isozymes in pathobiol-
ogy of glomerular mesangial cells. Cell Biochem 
Biophys 1998;29:19-34.

Fahal IH, Sallomi D, Yaqoob M, Bell G. Acute renal 
failure after ecstasy. BMJ 1992;305:29.

Fonsart J, Menet M-C, Declèves X, et al. Sprague–
Dawley rats display metabolism-mediated sex differenc-
es in the acute toxicity of 3, 4-methylenedioxymetham-
phetamine (MDMA, ecstasy). Toxicol Appl Pharmacol 
2008;230:117-25.

Gerra G, Bassignana S, Zaimovic A, et al. Hypothalam-
ic–pituitary–adrenal axis responses to stress in 

subjects with 3, 4-methylenedioxy-methamphetamine 
(‘ecstasy’) use history: correlation with dopamine 
receptor sensitivity. Psychiatry Res 2003;120:115-24.

Gowing LR, Henry-Edwards SM, Irvine RJ, Ali RL. 
The health effects of ecstasy: a literature review. Drug 
Alcohol Rev 2002;21:53-63.

Heystek HC, Thierry AC, Soulard P, Moulon 
C. Phosphodiesterase 4 inhibitors reduce human 
dendritic cell inflammatory cytokine production and 
Th1-polarizing capacity. Int Immunol 2003;15:827-35.

Kalant H. The pharmacology and toxicology of 
“ecstasy”(MDMA) and related drugs. CMAJ 
2001;165:917-28.

Khajeamiri AR, Kobarfard F, Ahmadkhaniha R, 
Mostashari G. Profiling of ecstasy tablets seized in Iran. 
Iran J Pharm Res 2011;10:211-20.

Khazaei Koohpar Z, Hashemi M, Mahdian R, Parivar K, 
Rezayat M. The Effect of Pentoxifyllineonbcl-2 Gene 
Expression Changes in Hippocampus after Long–term 
use of ecstasy in Wistar Rats (2013-3). Iran J Pharm 
Res 2013.

Kreth K-P, Kovar K-A, Schwab M, Zanger UM. 
Identification of the human cytochromes P450 involved 
in the oxidative metabolism of “Ecstasy”-related 
designer drugs. Biochem Pharmacol 2000;59:1563-71.

Kreth S, Ledderose C, Luchting B, Weis F, Thiel M. 
Immunomodulatory properties of pentoxifylline are 
mediated via adenosine-dependent pathways. Shock 
2010;34:10-16.

Krysztopik RJ, Matheson PJ, Spain DA, Garrison RN, 
Wilson MA. Lazaroid and pentoxifylline suppress 
sepsis-induced increases in renal vascular resistance 
via altered arachidonic acid metabolism. J Surg Res 
2000;93:75-81.

Kwon C, Zaritsky A, Dharnidharka VR. Transient 
proximal tubular renal injury following Ecstasy 
ingestion. Pediatr Nephrol 2003;18:820-22.

Malpass A, White JM, Irvine R, Somogyi AA, Bochner 
F. Acute toxicity of 3, 4-methylenedioxymethamphet-
amine (MDMA) in Sprague–Dawley and Dark Agouti 
rats. Pharmacol Biochem Behav 1999;64:29-34.

Mas M, Farré M, de la Torre R, et al. Cardiovascular 
and neuroendocrine effects and pharmacokinetics of 
3, 4-methylenedioxymethamphetamine in humans. J 
Pharmacol Exp Ther 1999;290:136-45.

Movassaghi et al.

Arc
hive

 of
 S

ID

www.SID.ir

www.sid.ir


43

Meyer MR, Peters FT, Maurer HH. The role of human 
hepatic cytochrome P450 isozymes in the metabolism of 
racemic 3, 4-methylenedioxyethylamphetamine and its 
single enantiomers. Drug Metab Dispos 2009;37:1152-
56.

Miranda M, Bosch-Morell F, Johnsen-Soriano S, et al. 
Oxidative stress in rat retina and hippocampus after 
chronic MDMA (‘ecstasy’) administration. Neurochem 
Res 2007;32:1156-62.

Nasiri-Toosi Z, Dashti-Khavidaki S, Khalili H, 
Lessan-Pezeshki M. A review of the potential protective 
effects of pentoxifylline against drug-induced 
nephrotoxicity. Eur J Clin Pharmacol 2013;69:1057-73.

Ninkovic M, Selakovic V, Ðukic M, et al. Oxidative 
stress in rat kidneys due to 3, 4-methylenedioxymetam-
phetamine (ecstasy) toxicity. Nephrology 2008;13:33-
37.

Ninković M, Maličević Ž, Selaković VM, Simić I, 
Vasiljević ID. N-methyl-3, 4-methylenedioxyamphet-
amine-induced hepatotoxicity in rats: oxidative stress 
after acute and chronic administration. Vojnosanit Pregl 
2004;61:125-31.

Noel C, Copin M-C, Hazzan M, et al. Immunomod-
ulatory effect of pentoxifylline during human 
allograft rejection: Involvement of Tumor Necrosis 
Factor-[alpha] and Adhesion Molecules1. Transplanta-
tion 2000;69:1102-07.

Ozer MK, Asci H, Oncu M, et al. Effects of pentoxifyl-
line on amikacin-induced nephrotoxicity in rats. Ren 
Fail 2009;31:134-39.

Ozkurkcugil C, Yilmaz MY, Ozkan L, Kokturk S, 
Isken T. Protective effects of pentoxifylline on cigarette 
smoking-induced renal tissue damage in rats. Toxicol 
Ind Health 2011;27:335-40.

Prasad K, Lee P. Suppression of hypercholesterolemic 
atherosclerosis by pentoxifylline and its mechanism. 
Atherosclerosis 2007;192:313-22.

Saad SY, Najjar TA, Alashari M. Role of non-selective 
adenosine receptor blockade and phosphodiesterase 
inhibition in cisplatin-induced nephrogonadal toxicity 
in rats. Clin Exp Pharmacol Physiol 2004;31:862-67.

Samlaska CP, Winfield EA. Pentoxifylline. J Am Acad 
Dermatol 1994;30:603-21.

Savic V, Vlahovic P, Djordjevic V, Mitic-Zlatkovic M, 

Avramovic V, Stefanovic V. Nephroprotective effects 
of pentoxifylline in experimental myoglobinuric acute 
renal failure. Pathol Biol 2002;50:599-607.

Sprague JE, Banks ML, Cook VJ, Mills EM. 
Hypothalamic-pituitary-thyroid axis and sympathetic 
nervous system involvement in hyperthermia induced 
by 3, 4-methylenedioxymethamphetamine (Ecstasy). J 
Pharmacol Exp Ther 2003;305:159-66.

Stojiljkovic N, Veljkovic S, Mihailovic D, et al. 
Protective effects of pentoxifylline treatment on 
gentamicin-induced nephrotoxicity in rats. Ren Fail 
2009;31:54-61.

Stojiljković N, Veljković S, Mihailović D, et al. 
Pentoxifylline ameliorates glomerular basement 
membrane ultrastructural changes caused by gentamicin 
administration in rats. Bosn J Basic Med Sci 2009;9:239.

Sunami R, Sugiyama H, Wang D-H, et al. Acatalas-
emia sensitizes renal tubular epithelial cells to 
apoptosis and exacerbates renal fibrosis after unilater-
al ureteral obstruction. Am J Physiol Renal Physiol 
2004;286:F1030-F38.

Usta Y, Ismailoglu UB, Bakkaloglu A, et al. Effects of 
pentoxifylline in adriamycin-induced renal disease in 
rats. Pediatr Nephrol 2004;19:840-43.

Pentoxifylline and MDMA Nephrotoxicity

©2012 Movassaghi et al.; licensee to  Islamic Azad University-Pharmaceutical Sciences Branch

Arc
hive

 of
 S

ID

www.SID.ir

www.sid.ir

