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ABSTRACT
Pentoxifylline is a nonselective non-toxic phosphodiesterase inhibitor pentoxifylline with anti-inflammatory, anti-
proliferative and anti-fibrotic activities in vitro and in vivo. It also inhibits extracellular matrix accumulation.
There has been accumulating research evidence suggesting a renoprotective effect of pentoxifylline and a
therapeutic potential for use in renal disorders. The aim of this paper is to review the relevant of pentoxifylline

research to the field of nephrology.

Proteinuria (albuminuria) in a variety of chronic renal disorders is correlated with dysfunction of the glomerular
permeability barrier which is mostly caused by inflammatory cytokines. Angiotensin-converting-enzyme
inhibitors have been increasingly used to reduce albuminuria with less than the desired benefit. There has been
convincing research evidence suggesting that pentoxifylline can also be useful for reducing albuminuria and thus
preventing the progression of a variety of chronic renal disorders including diabetic nephropathy and primary

glomerulonephritis, and lupus nephritis.
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1. INTRODUCTION
Pentoxifylline [3, 7-dimethyl-1-(5-oxo0-hexyl)-xanthine], a xanthine derivative introduced during the 1970s, and

is a nonselective non-toxic phosphodiesterase inhibitor pentoxifylline with anti-inflammatory, anti-proliferative

and anti-fibrotic activities in vitro and in vivo. It also inhibits extracellular matrix accumulation [1-3].

Blagosklonnaia et al. [2] reported a study which included eleven diabetic patients with, seven of them had diabetic
nephropathy. Pentoxifylline was given by intravenous drip in a dose of 300 mg daily for three weeks. Treatment
was associated with a significant improvement of renal function with increased glomerular filtration, reduction of

proteinuria, and also improvement in hyperglycemia. Treatment was not associated with side effects [2].
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Shoikhet et al. (1986) reported the use of pentoxifylline in 53 patients with a variety of chronic glomerulonephritis.
Pentoxifylline monotherapy had a beneficial effect in latent and hypertonic variants of chronic glomerulonephritis.
In chronic glomerulonephritis with nephrosis, pentoxifylline was more effective when used with heparin and
prednisolone. In chronic glomerulonephritis with renal failure, pentoxifylline was more effective when used with

heparin [3].

Solerte et al. [4] reported a controlled study which included 82 patients with type | and type Il diabetes with
microproteinuria. Treatment group were treated with pentoxifylline 400 mg, while the control group included
patients with more strict hypoglycemic control. Pentoxifylline treatment was associated with a significant

reduction of albuminuria and proteinuria hypoglycemic control [4].

Gordeev et al. [5] reported 18 patients with senile pyelonephritis and renal hypertension whom were treated with
pentoxifylline 600 daily for3 weeks to 6 months. Treatment was associated with a considerable improvement in
medullary blood flow, increase in the excretion of natriuretic PGE and lowering of diurnal excretion of PGF2

alpha, which was associated with increased natriuresis and diuresis [5].

Guerrero-Romero et al. [6], Gorson et al. [7], and Navarro and Mora [8] reported reduction of albuminuria with

pentoxifylline in diabetic patients [6-8].

Berens et al. [9] reported an experimental controlled study on rats with chemically induced nephrotic syndrome
that were treated with pentoxifylline 45 mg/kg i.p. twice daily. Pentoxifylline treatment was associated with 3-
and 6-fold reductions in proteinuria at 7 days and 14 days, respectively, compared with the control rats (p <.01).
Treatment was also associated with marked reductions in glomerular neutrophil and macro-phage counts, but not

T-cells (OX19+) or suppressor/cytotoxic T-cells (0X8+), in rats’ kidneys [9].

Chen et al. [10] emphasized that the accumulation of glomerular macrophages, proliferation of mesangial cells,
and deposition of extracellular matrix proteins are pathological hallmarks of glomerulonephritis. They studied in

vivo effects of pentoxifylline on rat anti-Thy1 disease, a model of mesangial proliferative nephritis.

Sprague-Dawley rats that had nephritis induced in by Anti-Thy1 and treated with pentoxifylline excreted less

urinary protein on the fifth day of nephritis than control rats. Treatment also resulted in:

1. Reduction of glomerular cellularity accumulation and proliferation of glomerular macrophages
2. Reduction of glomerular sclerosis.

3. Suppression of the activation and proliferation of mesangial cells [10].

Vazquez Garcia et al. [11] reported that treating pediatric patients with grade 1V (OMS) lupus in nephritis with
pentoxifilina resulted in reduction of proteinuria and hematuria and slowed the deterioration in renal function [11].

Ducloux and colleagues [12] reported the use of pentoxifylline 1200 mg daily in the treatment of ten patients with
idiopathic membranous nephropathy for 6 months. Treatment was associated with a significant reduction of

proteinuria from 11 g/day [range 4.6-27] to 1.8 (0-10.9); p=0.001). Ducloux and colleagues suggested that
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pentoxifylline can be safely used as an adjunct therapy to steroids and immunosuppressant therapy in membranous

nephropathy [12].

Lin et al. (2000) reported an experimental study on rats that developed progressively elevated proteinuria and
plasma creatinine, glomerulosclerosis, interstitial inflammation, and fibrosis after 5/6 subtotal nephrectomy. All
the pathological features were reduced by 40%-60% with use of pentoxifylline [13].

Yagmurlu et al. [14] reported an experimental study on rat model of pyelonephritis which showed that

pentoxifylline was effective in preventing renal scar formation in pyelonephritis delayed antimicrobial [14].

Harmankaya and colleagues [15] reported a study which included 50 hypertensive patients (31 males and 19
females, aged between 47 years - 73 years) with type 2 diabetic who had persistent microalbuminuria with normal
renal function. 25 patients were treated with lisinopril 10 mg daily, 25 patients were treated with lisinopril 10 mg
daily + pentoxifylline 600 mg/day for nine months. The combined use of pentoxifylline with an angiotensin
converting enzyme inhibitor was associated with a marked reduction in alouminuria regardless of the glycemic
control [15].

Galindo-Rodriguez et al. [16] reported a study which included eleven patients with refractory nephrotic syndrome
secondary to lupus nephritis who were treated with corticosteroids and immunosuppressive therapy for at least
six months. The use of pentoxifylline resulted in reduction of proteinuria concentrations after from a median of
5.510 2.0 (p = 0.003) in all patients.

Chen et al. [17] reported an experimental study on a Wistar rat model of anti-glomerular basement membrane
crescentic glomerulonephritis. The study showed that pentoxifylline has an effective anti-inflammatory and

immunomodulatory effects that can suppress rat crescentic glomerulonephritis [17].

Davila-Esqueda and Martinez-Morales [18] suggested that the renoprotective effects of pentoxifylline are possibly
attributed to its antioxidant actions. They reported an experimental study on rats with streptozotocin-induced
diabetic nephropathy. Treatment with pentoxifylline eight weeks showed renoprotective effects resulting in a

significant reduction in lipoperoxide levels in the diabetic kidney (P <0.05), compared to control rats [18].

Navarro et al. [19] reported a controlled study which included 61 patients with diabetic nephropathy and
albuminuria despite treatment with angiotensin Il receptor blockers for more than one year. Thirty patients were
additionally treated with pentoxifylline 1200 mg daily. After four months, albuminuria was markedly reduced in
the patients treated with pentoxifylline, while no significant reduction occurred in patients who did not receive
pentoxifylline. The additive antiproteinuric effect of pentoxifylline was associated with a reduction of urinary

tumor necrosis factor (TNF)-alpha excretion [19].

Navarro et al. [20] reported an experimental study on streptozotocin-induced diabetic rats which showed that the
renal expression of the chief pro-inflammatory cytokines TNF-alpha, interleukin (IL)-1 and IL-6 increased in
diabetic nephropathy association with albuminuria. Enalapril and pentoxifylline treatment prevented the enhanced

expression, and urinary cytokine and albumin excretion.
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Chen et al. [2] reported a study which included patients with 17 patients with primary glomerulonephritis with a
persistent spot proteinuria more than 1.5 g/g creatinine and a glomerular filtration rate between 24 mL/min/1.73m
and 115 mL/min/1.73m [2]. They were treated with pentoxifylline 400 mg twice daily for six months. Treatment
was associated with marked reduction in proteinuria with elevation of serum albumin. Treatment was not
associated with a significant change in blood pressure. This beneficial effect was correlated with reduction of

urinary monocyte chemoattractant protein -1 excretion [21].

Lin et al. (2008) reported a randomized controlled study which included patients with estimated glomerular
filtration rate (eGFR) of 10 mL/min/1.73m to 60 mL/min/1.73 m [2] and urinary protein more than 500 mg/g of
creatinine. In the first year of the study, 27 patients were initially treated with losartan, 100 mg/daily, while the
remaining 29 patients served as control. During the next 6 months of the study, all patients were treated with
pentoxifylline in a dose of 400 mg twice daily for patients with eGFR of 30 mL/min/1.73m to 60 mL/min/1.73 m
[2] and once daily for patients with eGFR of 10 mL/min/1.73m to 29 mL/min/1.73 m [2]. During the first year of
the study, pentoxifylline treatment was associated with reduction in median proteinuria from 1,140 mg/g to 800
mg/g (median change, -23.9%) compared with 1,410 mg/g to 1,810 mg/g (median change, 13.8%) in the control
patients. Lin et al. found that the addition of pentoxifylline to losartan reduced proteinuria in patients with chronic

kidney disease stages 3 to 5 [22].

Zhou and colleagues (2009) reported an experimental study on a rat model of obstructive nephropathy which
showed that pentoxifyllin can inhibit tubulointerstitial fibrosis and prevent loss of vascular endothelial growth
factor by up-regulating the expression of its MRNA through stabilizing it in cultured renal tubular epithelial cells
[23].

Ng et al. (2009) reported a controlled experimental study on rat model of accelerated anti-glomerular basement

membrane glomerulonephritis which showed that pentoxifylline had anti-fibrosis effect [24].

Goicoechea et al. (2012) reported a randomized study which included 91 patients with estimated glomerular
filtration rate (eGFR) less 60 ml/minutes. Forty-six patients were treated with pentoxifylline 800 mg in two
divided doses for 12 months. Pentoxifylline treatment was associated with marked reduction of high-sensitivity
C-reactive protein, serum fibrinogen and TNF-alpha. Pentoxifylline treatment also stabilized renal function and

prevented worsening of eGFR in patients who did not receive pentoxifylline [25].

Badri et al. [26] reported a double-blind, placebo-controlled study which included non-diabetic patients with
membranous nephropathy and urinary protein excretion more than 500 mg/24 hours. The patients treated with
pentoxifylline 400 mg two or three times a day for six months experienced a significant reduction of mean urinary
protein excretion (p <0.001) [26].

2. CONCLUSION

Proteinuria (albuminuria) in a variety of chronic renal disorders is correlated with dysfunction of the glomerular

permeability barrier which is mostly caused by inflammatory cytokines. Angiotensin-converting-enzyme
inhibitors have been increasingly used to reduce albuminuria with less than the desired benefit. There has been

convincing research evidence suggesting that pentoxifylline can also be useful for reducing albuminuria and thus
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preventing the progression of a variety of chronic renal disorders including diabetic nephropathy and primary

glomerulonephritis, and lupus nephritis.

REFERENCES
1. Pilotovich VS, Kozlov GT, Tukai NI et al. (1982) Potentials of conservative therapy in chronic kidney failure.
Terapevticheskii arkhiv 54(7): 79-82.
2. Blagosklonnaia laV, Mamedov R, Kozlov VV et al. (1982) Effect of trental on indices kidney function in

diabetes mellitus. Problems of Endocrinology 28(3): 3-8.

3. Shoikhet IN, Treivish VS, Novikova NN (1986) Pentoxifylline (Trental) in the treatment of chronic
glomerulonephritis. Terapevticheskii arkhiv 58(8): 71-73.

4. Solerte SB, Fioravanti M, Bozzetti A et al. (1986) Pentoxifylline, albumin excretion rate and proteinuria in
type | and type Il diabetic patients with microproteinuria. Results of a short-term randomized study. Acta
diabetologica Latina 23(2): 171-177.

5. Gordeev AV, Sura VV, Savitskii SN (1991) Senile pyelonephritis with the arterial hypertension syndrome:
The use of trental. Terapevticheskii arkhiv 63(6): 43-46.

6. Guerrero-Romero F, Rodriguez-Moran M, Paniagua-Sierra JR et al. (1995) Pentoxifylline reduces proteinuria
in insulin-dependent and non-insulin-dependent diabetic patients. Clinical Nephrology 43(2): 116-21.

7. Gorson DM (1998) Reduction of macroalbuminuria with pentoxifylline in diabetic nephropathy. Report of
three cases. Diabetes Care 21(12): 2190-2191.

8. Navarro JF, Mora C (1999) Antiproteinuric effect of pentoxifylline in patients with diabetic nephropathy.
Diabetes Care 22(6): 1006-1008.

9. Berens KL, Verani RR, Luke DR (1998) Role of neutrophils and macrophages in experimental nephrosis of
the rat. Renal Failure 20(1): 53-63.

10. Chen YM, Chien CT, Hu-Tsai Ml et al. (1999) Pentoxifylline attenuates experimental mesangial proliferative
glomerulonephritis. Kidney International 56(3): 932-943.

11. Vézquez Garcia MJ, Vargas Camafio ME, Olalde Carmona R (2000) Use of pentoxifylline in pediatric patients
with grade 1V (OMS) lupus nephropathy who have received multiple treatments. Revisita Alergia Mexico
47(3): 109-114.

12. Ducloux D, Bresson-Vautrin C, Chalopin J (2001) Use of pentoxifylline in membranous nephropathy. Lancet
357(9269): 1672-1673.

13.Lin SL, Chen YM, Chien CT et al. (2002) Pentoxifylline attenuated the renal disease progression in rats with
remnant kidney. Journal of the American Society of Nephrology 13(12): 2916-2929.

14.Yagmurlu A, Boleken ME, Ertoy D et al. (2003) Preventive effect of pentoxifylline on renal scarring in rat
model of pyelonephritis. Urology 61(5):1037-1041.

15. Harmankaya O, Seber S, Yilmaz M (2003) Combination of pentoxifylline with angiotensin converting enzyme
inhibitors produces an additional reduction in microalbuminuria in hypertensive type 2 diabetic patients. Renal
Failure 25(3): 465-470.

16. Galindo-Rodriguez G, Bustamante R, Esquivel-Nava G et al. (2003) Pentoxifylline in the treatment of
refractory nephrotic syndrome secondary to lupus nephritis. Journal of Rheumatology 30(11): 2382-2384.

33


https://pubmed.ncbi.nlm.nih.gov/7135229/
https://pubmed.ncbi.nlm.nih.gov/7135229/
https://pubmed.ncbi.nlm.nih.gov/7100130/
https://pubmed.ncbi.nlm.nih.gov/7100130/
https://pubmed.ncbi.nlm.nih.gov/3764765/
https://pubmed.ncbi.nlm.nih.gov/3764765/
https://pubmed.ncbi.nlm.nih.gov/3751450/
https://pubmed.ncbi.nlm.nih.gov/3751450/
https://pubmed.ncbi.nlm.nih.gov/3751450/
https://pubmed.ncbi.nlm.nih.gov/1948744/
https://pubmed.ncbi.nlm.nih.gov/1948744/
https://pubmed.ncbi.nlm.nih.gov/7736673/
https://pubmed.ncbi.nlm.nih.gov/7736673/
https://pubmed.ncbi.nlm.nih.gov/9839116/
https://pubmed.ncbi.nlm.nih.gov/9839116/
https://pubmed.ncbi.nlm.nih.gov/10372263/
https://pubmed.ncbi.nlm.nih.gov/10372263/
https://pubmed.ncbi.nlm.nih.gov/9509560/
https://pubmed.ncbi.nlm.nih.gov/9509560/
https://pubmed.ncbi.nlm.nih.gov/10469361/
https://pubmed.ncbi.nlm.nih.gov/10469361/
https://pubmed.ncbi.nlm.nih.gov/10887773/
https://pubmed.ncbi.nlm.nih.gov/10887773/
https://pubmed.ncbi.nlm.nih.gov/10887773/
https://pubmed.ncbi.nlm.nih.gov/11425374/
https://pubmed.ncbi.nlm.nih.gov/11425374/
https://pubmed.ncbi.nlm.nih.gov/12444210/
https://pubmed.ncbi.nlm.nih.gov/12444210/
https://pubmed.ncbi.nlm.nih.gov/12736043/
https://pubmed.ncbi.nlm.nih.gov/12736043/
https://pubmed.ncbi.nlm.nih.gov/12803510/
https://pubmed.ncbi.nlm.nih.gov/12803510/
https://pubmed.ncbi.nlm.nih.gov/12803510/
https://pubmed.ncbi.nlm.nih.gov/14677181/
https://pubmed.ncbi.nlm.nih.gov/14677181/

17.Chen YM, Ng YY, Lin SL et al. (2004) Pentoxifylline suppresses renal tumour necrosis factor-alpha and
ameliorates experimental crescentic glomerulonephritis in rats. Nephrology, Dialysis, Transplantation 19(5):
1106-1115.

18. Davila-Esqueda ME, Martinez-Morales F (2004) Pentoxifylline diminishes the oxidative damage to renal
tissue induced by streptozotocin in the rat. International Journal of Experimental Diabesity Research 5(4):
245-251.

19. Navarro JF, Mora C, Muros M et al. (2005) Additive antiproteinuric effect of pentoxifylline in patients with
type 2 diabetes under angiotensin Il receptor blockade: A short-term, randomized, controlled trial. Journal of
the American Society of Nephrology 16(7): 2119-2126.

20. Navarro JF, Milena FJ, Mora C et al. (2006) Renal pro-inflammatory cytokine gene expression in diabetic
nephropathy: effect of angiotensin-converting enzyme inhibition and pentoxifylline administration. American
Journal of Nephrology 26(6): 562-570.

21.Chen YM, Lin SL, Chiang WC et al. (2006) Pentoxifylline ameliorates proteinuria through suppression of
renal monocyte chemoattractant protein-1 in patients with protein uric primary glomerular diseases. Kidney
International 69(8): 1410-1415.

22.Lin SL, Chen YM, Chiang WC et al. (2008) Effect of pentoxifylline in addition to losartan on proteinuria and
GFR in CKD: a 12-month randomized trial. American Journal of Kidney Disease 52(3): 464-474.

23.Zhou QG, Zheng FL, Hou FF (2009) Inhibition of tubulointerstitial fibrosis by pentoxifylline is associated
with improvement of vascular endothelial growth factor expression. Acta Pharmacologica Sinica 30(1): 98-
106.

24.Ng YY, Chen YM, Tsai TJ et al. (2009) Pentoxifylline inhibits transforming growth factor-beta signaling and
renal fibrosis in experimental crescentic glomerulonephritis in rats. American Journal of Nephrology 29(1):
43-53.

25. Goicoechea M, Garcia de Vinuesa S, Quiroga B et al. (2012) Effects of pentoxifylline on inflammatory
parameters in chronic kidney disease patients: A randomized trial. Journal of Nephrology 25(6): 969-975.
26.Badri S, Dashti-Khavidaki S, Ahmadi F et al. (2013) Effect of add-on pentoxifylline on proteinuria in
membranous glomerulonephritis: A 6-month placebo-controlled trial. Clinical Drug Investigation 33(3): 215-

222.

34


https://pubmed.ncbi.nlm.nih.gov/14993492/
https://pubmed.ncbi.nlm.nih.gov/14993492/
https://pubmed.ncbi.nlm.nih.gov/14993492/
https://pubmed.ncbi.nlm.nih.gov/15763938/
https://pubmed.ncbi.nlm.nih.gov/15763938/
https://pubmed.ncbi.nlm.nih.gov/15763938/
https://pubmed.ncbi.nlm.nih.gov/15917336/
https://pubmed.ncbi.nlm.nih.gov/15917336/
https://pubmed.ncbi.nlm.nih.gov/15917336/
https://pubmed.ncbi.nlm.nih.gov/17167242/
https://pubmed.ncbi.nlm.nih.gov/17167242/
https://pubmed.ncbi.nlm.nih.gov/17167242/
https://pubmed.ncbi.nlm.nih.gov/16541021/
https://pubmed.ncbi.nlm.nih.gov/16541021/
https://pubmed.ncbi.nlm.nih.gov/16541021/
https://pubmed.ncbi.nlm.nih.gov/18617301/
https://pubmed.ncbi.nlm.nih.gov/18617301/
https://pubmed.ncbi.nlm.nih.gov/19079293/
https://pubmed.ncbi.nlm.nih.gov/19079293/
https://pubmed.ncbi.nlm.nih.gov/19079293/
https://pubmed.ncbi.nlm.nih.gov/18679024/
https://pubmed.ncbi.nlm.nih.gov/18679024/
https://pubmed.ncbi.nlm.nih.gov/18679024/
https://pubmed.ncbi.nlm.nih.gov/22241639/
https://pubmed.ncbi.nlm.nih.gov/22241639/
https://pubmed.ncbi.nlm.nih.gov/23392759/
https://pubmed.ncbi.nlm.nih.gov/23392759/
https://pubmed.ncbi.nlm.nih.gov/23392759/

