
Abstract. Background: Diabetic nephropathy is a common
cause of impaired renal function. We investigated the effect
vardenafil, a phosphodiesterase type 5 (PDE-5) inhibitor, has
on renal function in the diabetic rabbit. Materials and
Methods: Blood was taken at 4 and 6 months from control
and alloxan-induced diabetic animals (n=8, in each group)
and biochemical variables pertaining to renal function
determined. A 7-month sample was also analysed after giving
control and diabetic animals (n=4 in each group) either
vardenafil (3 mg/kg) or vehicle to drink for 4 weeks. Spot urine
total protein/ creatinine ratio (TP/C) was determined at 4 and
6 months. At 7 months a 24 h-urine sample was collected to
measure TP/C and creatinine clearance (CrCl). Results: There
was a significant increase in serum creatinine concentration
after 6 months diabetes, which was significantly reduced by
vardenafil. TP/C from diabetic rabbit spot urine samples at 6
months were significantly elevated compared to control
animals, indicating the presence of proteinuria. Vardenafil
treatment caused a normalisation of TP/C. Diabetic animals
receiving vardenafil showed a significant improvement in CrCl
when compared with diabetic animals given vehicle.
Conclusion: These findings highlight a potential role for
vardenafil in the treatment of diabetic nephropathy.

Chronic kidney disease is increasing worldwide at an annual
rate of 8%, with the prevalence higher in developing
countries than in the developed world (1). Diabetic
nephropathy is one of the most common causes of this
problem (1). In fact it is the commonest cause of end stage
renal failure in many countries and is associated not only

with a high morbidity rate but also an increase in mortality
(2-5). It can affect 20-30% of the diabetic population and
presents in its earliest stage with an increased excretion of
albumin (microalbuminuria) in the urine (4). There is also
evidence of an increase in systemic and vascular markers of
inflammation (6), with the progressive growth of the kidney
(7). Accompanying these changes are abnormalities in the
blood biochemical indices of renal function, which precede
renal failure (8). 

The primary treatment of diabetic nephropathy has
focused on the integrated targeting of glycaemic and blood
pressure control to reduce microalbuminuria (3, 9, 10). 

Some patients, however, progress to end stage renal
disease and require renal replacement therapy. It has been
estimated that this treatment can cost as much as 40,000-
50,000 Euros /patient each year (5). Not surprisingly, with
the increasing number of diabetics on renal replacement
therapy a financial strain is placed on health care systems
(2). Thus, the need to develop new treatment strategies for
diabetic nephropathy is obvious.

In the present study, we investigate the effect oral
vardenafil, a phosphodiesterase type 5 (PDE-5) inhibitor,
has on diabetic renal function.

Materials and Methods

Induction of diabetes. Adult mature male rabbits (n=8), fed ad
libitum, were injected intravenously with alloxan (65 mg/kg made
up in 1 ml/kg, saline), while 8 control animals were injected with
the saline vehicle alone (1 ml/kg), after a blood sample was taken.
Diabetic animals received 3 subcutaneous injections of 10 ml of
50% glucose, 4 h apart on the first day of alloxan treatment. A final
glucose injection (10 ml of a 50% glucose solution) was
administered on the morning (7. 30 am) of the second day. This
procedure was carried out to counteract the hypoglycaemia caused
by insulin release from necrosed pancreatic beta cells due to the
acute action of alloxan.

Within 1 week of the alloxan injection, blood samples not
exceeding more than 10% of the total blood volume were taken to
confirm diabetes. Thereafter, blood samples not exceeding 15% of
the total blood volume were taken at 4 and 6 months to monitor
serum biochemical variables that directly relate to renal function
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(urea, sodium, and creatinine), as well as, glucose and bicarbonate.
Spot urine samples were also collected at 4 and 6 months from
control and diabetic animals for the measurement of total protein
and creatinine concentrations.

Experimental animal groups. After 6 months the control and
diabetic animals were divided into 4 groups.

Group 1 (4 control rabbits) and Group 2 (4 diabetic rabbits)
were given vardenafil (3 mg/kg, Bayer Healthcare AG, Germany)
made up in 120 ml HCl acid water, pH 4.5, to drink each morning
for 4 weeks, this was followed by HCl acid water, pH 4.5, given ad
libitum. Animals in Group 3 (4 control rabbits) and Group 4 (4
diabetic rabbits) received HCl acid water, pH 4.5, to drink ad
libitum for 4 weeks. The vardenafil dose used has been reported to
be the minimum necessary to elicit urological changes following
partial bladder outlet obstruction in the rat (11). 

Rabbits in all four experimental groups readily drank the
vardenafil solution or vehicle. 

The final 7-month blood sample was taken after 4 weeks
vardenafil or vehicle treatment. 

All animals were placed in metabolic cages at 7 months to
collect 24 h urine samples to measure total protein and creatinine
concentrations, as well as to determine creatinine clearance (CrCl).

Kidney sections were also collected from control and diabetic
vehicle-treated rabbits for transmission electron microscopy (TEM).
Animals were weighed at the start and the end of the study.

Statistical analysis. For parametric analysis the results are expressed
as mean±SD using a Student's unpaired or paired t-test, with
statistical significance accepted at p<0.05. For nonparametric
analysis, the results are expressed as median with range using the
Mann Whitney unpaired test and the Wilcoxon paired test. Values
from both tests were considered significant at p<0.05 

Results

The starting weights of control rabbits were less than the
diabetic rabbits [control: 3.0 (2.8 -3.2kg); diabetic: 3.3 (3.2-
3.4 kg; p=0.002) Mann Whitney test, n=8]. At the end of 7
months, the control animals were significantly (p=0.008;
Wilcoxon test) heavier than their starting weights, while the
diabetic animals showed no significant change from their
starting weights, [control: 3.9 (3.6 - 4.3kg); diabetic: 4.0 (2.2-
4.8 kg) n=8]. The final weight of the control animals was
not significantly different from the final weight of the
diabetic animals.

Serum glucose concentration was significantly elevated 1
week after the alloxan injection compared to vehicle-treated
control animals (similar to serum glucose concentration in
Table I). Acid water treatment did not induce metabolic
acidosis, since there were no significant difference in serum
bicarbonate concentration in control and diabetic animals
before and after acid water or vardenafil treatment. For
example, 6 month diabetic serum bicarbonate before
vardenafil treatment was 26 mmol/l (20-28 mmol/l, n=4); 7
month diabetic serum bicarbonate after vardenafil
treatment was 26 mmol/l (22-27 mmol/l, n=4). 

Blood samples analysed from 4-month (results not
shown) and 6-month diabetic animals (Table I) revealed
impaired renal function as there was a significant increase
in serum creatinine and urea concentrations. There was also
a significant increase in serum glucose concentration, with
a significant fall in serum sodium concentration. 

Serum creatinine (Ìmol/l) concentration from diabetic rabbits
before and after oral vardenafil treatment. The diabetes-
induced increase in serum creatinine concentration was
significantly reduced by vardenafil (6-month diabetic
creatinine: 97±13 Ìmol/l; n=4 vs. 7-month diabetic creatinine
following vardenafil: 87±12 Ìmol/l; n=4, p=0.015; paired
Student's t-test.

Urinary total protein (g/l) / creatinine (mmol/l) ratio (TP/C)
from control and diabetic rabbits with and without oral
vardenafil treatment. TP/C from diabetic rabbit urine samples
at 6 months but not at 4 months (results not shown) was
significantly elevated compared with controls, indicating the
presence of proteinuria. Control TP/C: n=8, 0.0116 (0.0091-
0.0191) vs. diabetic TP/C: n=8, 0.0227 (0.0096-0.1632),
p<0.038 (Mann Whitney, unpaired test). Vardenafil
treatment caused a normalisation of TP/C from diabetic
animals (n=3) at 0.0143 (0.0118-0.0176). 

Creatinine clearance (CrCl) following 4 weeks’ oral vardenafil
or vehicle treatment from 7-month control and diabetic rabbits.
Control rabbits receiving vehicle had a CrCl of 9.3±3.3
ml/min, a value not statistically different from control
animals receiving oral vardenafil (8.0±0.5 ml/min).

Diabetic vehicle-treated rabbits had a fall in CrCl
compared with vehicle-treated controls, however, the
difference was not statistically significant.

In contrast, diabetic animals receiving vardenafil showed
a significant improvement in CrCl compared with diabetic
animals given vehicle: diabetic vehicle-treated, 6.1±3.7
ml/min, n=4 vs. diabetic vardenafil-treated, 11.3±1.0
ml/min, n=4, p=0.035 (unpaired Student's t-test). This
improvement in CrCl was not statistically different from
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Table I. Serum biochemical variables from 6-month control and diabetic
rabbits: evidence of renal impairment. 

Biochemical Control (n=8) Diabetes (n=8) P-value
variable mean±SD mean±SD (unpaired

Student's t-test)

Glucose (mmol/l) 7.5±0.4 26.2±4.7 <0.0001
Sodium (mmol/l) 143±1 131±4 0.0001
Urea (mmol/l) 5.2±0.3 9.7±2.0 <0.0001
Creatinine (Ìmol/l) 79.0±10 95.0±9 0.0045



control animals receiving vehicle. Similar results were found
even when CrCl was expressed per kg (results not shown).

Transmission electron microscopy (TEM) comparison of
kidney sections taken from vehicle-treated control and diabetic
rabbits. TEM revealed no significant evidence of morpho-
logical changes between control and diabetic rabbit kidney
sections following vehicle treatment. 

Discussion

The serum biochemical data presented in this study
demonstrate that significant renal impairment is evident 6
months following the induction of diabetes (a rise in serum
creatinine and urea and a fall in sodium concentrations).
We have previously reported similar findings. In addition,
we found renal impairment starts much earlier than we
report here (3 months after the induction of diabetes) (12).
The effect of vardenafil (a PDE-5 inhibitor) on the erectile
process and in particular its beneficial actions on patients
with erectile dysfunction are well-documented (13,14). 

Here, for the first time, we report that 4-week treatment
with oral vardenafil significantly reduced the diabetic-induced
increase in serum creatinine concentration. We also report
that the diabetic rabbits had an elevated urinary TP/C [a test
for proteinuria (15)], which was normalised by vardenafil.
Taken together, these findings imply that vardenafil can
reduce proteinuria and improve the renal status in diabetic
nephropathy. It appears that this property is only evident
when kidney function is impaired, since vardenafil had no
effect on the renal function of control rabbits.

The early stages of diabetic nephropathy are
characterised by an increase in glomerular hyperfiltration,
which increases the glomerular filtration rate (GFR) and is
believed to contribute to the progression of renal
impairment (7, 16). As the nephropathy progresses, renal
function deteriorates and a reduction in GFR becomes
evident (17, 18). 

In our study, we measured CrCl, an index of GFR (19),
and found that control animals had similar CrCl values to
the GFR values previously reported for control rabbits (20).
We also found that diabetic vehicle-treated animals did not
show evidence of glomerular hyperfiltration (elevated CrCl),
when compared with vehicle-treated control animals. In
fact, our data suggest that diabetic animals were moving
into the phase when GFR starts to fall and before
significant morphological changes become evident.

Interestingly, diabetic rabbits that received vardenafil
showed a significant increase in CrCl, compared with
diabetic vehicle-treated animals, providing further evidence
of drug-induced improvement in renal function.
Importantly, this increase did not induce glomerular
hyperfiltration, since CrCl was not significantly greater than

that obtained from control vehicle-treated animals. Nor was
the increase related to differences in the final body weight
of the animals in each group, since results were similar
when CrCl was expressed per kg.

A possible mechanism for the action of vardenafil on
diabetes-induced impaired renal function can be inferred
from previous studies. It has been proposed that glomerular
hyperfiltration is significantly dependent upon an increase in
nitric oxide (NO) activity in the early phase of diabetic
nephropathy (21). However, in the later phase when the GFR
starts to fall a concomitant reduction in NO activity seems to
occur. The diabetes-induced reduction in NO activity could
be due to a defect in synthesis or quenching through the
production of superoxide radicals and advanced glycosylation
end products (22, 23). In the context of renal function an
increase in NO/cGMP activity would cause renal vasodilation.
Thus, vardenafil, a potent and highly selective PDE-5
inhibitor may be restoring GFR, reducing serum creatinine
and urinary TP/C by enhancing NO-induced cGMP
formation/accumulation, as with cavernosal tissue (24).

Cyclosporin A, a potent immunosuppressive agent, causes
nephrotoxicity characterized by similar renal changes to those
reported here, i.e. elevated serum creatinine levels and a
decrease in CrCl (25, 26). FR226807 (Fujisawa Pharmaceutical,
Japan) another PDE-5 inhibitor was found to improve
cyclosporin A-induced nephrotoxicity in spontaneous
hypertensive rats, as did sildenafil (25). This finding suggests
that PDE-5 inhibitors have a beneficial effect on impaired renal
function. These authors also suggested that the effect of
FR226807 was probably due to an increase in cGMP content in
the kidney, rather than via reducing blood pressure.

An important finding from that study was that
cyclosporin A-induced pathological changes in renal
morphological were improved by FR226807. Further work
is required to determine whether vardenafil treatment can
arrest or delay the known renal morphological changes that
are associated with diabetic nephropathy. 

Finally, the present study suggests a possible role for
vardenafil in the treatment of diabetic nephropathy.

Acknowledgements

We are grateful to Bayer Healthcare AG for financial support.

References

1 Alebiosu CO and Ayodele OE: The global burden of chronic
kidney disease and the way forward. Ethn Dis 15: 418-423, 2005.

2 Wong JS: Proteinuria in diabetic patients in a primary health
care setting in Sarawak. Med J Malaysia 60: 146-150, 2005.

3 Astrup AS, Tarnow L, Rossing P, Pietraszek L, Riis Hansen P
and Parving HH: Improved prognosis in type 1 diabetic patients
with nephropathy: A prospective follow-up study. Kidney Int 68:
1250-1257, 2005.

Lau et al: Vardenafil and Diabetic Rabbit Renal Function

853



4 Thorp ML: Diabetic nephropathy: common questions. Am Fam
Physician 72: 96-99, 2005.

5 Rupprecht H and Piehlmeier W: Recommendations for the
management of diabetic patients with nephropathy. MMW
Fortschr Med 147: 43-46, 2005.

6 Nelson CL, Karschimkus CS, Dragicevic G, Packham DK,
Wilson AM, O'Neal D, Becker GJ, Best JD and Jenkins AJ:
Systemic and vascular inflammation is elevated in early IgA and
Type 1 diabetic nephropathies and relates to vascular disease
risk factors and renal function. Nephrol Dial Transplant 20:
2420-2426, 2005.

7 Satriano J and Vallon V: Primary kidney growth and its
consequences at the onset of diabetes mellitus. Amino Acids 31:
1-9, 2006.

8 Kussman MJ, Goldstein H and Gleason RE: The clinical course
of diabetic nephropathy. JAMA 236: 1861-1863, 1976.

9 Fioretto P and Solini A: Antihypertensive treatment and
multifactorial approach for renal protection in diabetes. J Am
Soc Nephrol 16: S18-S21, 2005.

10 Hughes DB and Britton ML: Angiotensin-converting enzyme
inhibitors or angiotensin II receptor blockers for prevention and
treatment of nephropathy associated with type 2 diabetes
mellitus. Pharmacotherapy 25: 1602-1620, 2005.

11 Tinel H, Stelte-Ludwig B, Hutter J and Sandner P: Pre-clinical
evidence for the use of phosphodiesterase-5 inhibitors for
treating benign prostatic hyperplasia and lower urinary tract
symptoms. BJU Int 98: 1259-1263, 2006.

12 Thompson CS, Mumtaz FH, Khan MA, Wallis RM, Mikhailidis
DP, Morgan RJ, Angelini GD and Jeremy JY: The effect of
sildenafil on corpus cavernosal smooth muscle relaxation and
cyclic GMP formation in the diabetic rabbit. Eur J Pharmacol
425: 57-64, 2001. 

13 Brock G, Nehra A, Lipshultz LI, Karlin GS, Gleave M, Seger
M and Padma-Nathan H: Safety and efficacy of vardenafil for
the treatment of men with erectile dysfunction after radical
retropubic prostatectomy. J Urol 170: 1278-1283, 2003.

14 Sommer F: Potency and selectivity of vardenafil: a
phosphodiesterase Type 5 inhibitor. Expert Opin Drug Metab
Toxicol 1: 295-301, 2005.

15 Gai M, Motta D, Giunti S, Fop F, Masini S, Mezza E, Segoloni
GP and Lanfranco G: Comparison between 24-h proteinuria,
urinary protein/creatinine ratio and dipstick test in patients with
nephropathy: patterns of proteinuria in dipstick-negative
patients. Scand J Clin Lab Invest 66: 299-307, 2006.

16 Sochett EB, Cherney DZ, Curtis JR, Dekker MG, Scholey JW
and Miller JA. Impact of renin angiotensin system modulation
on the hyperfiltration state in type 1 diabetes. J Am Soc
Nephrol 17: 1703-1709, 2006.

17 Mogensen CE: How to protect the kidney in diabetic patients:
with special reference to IDDM. Diabetes 46: S104-111, 1997.

18 Rudberg S and Osterby R: Decreasing glomerular filtration rate
– an indicator of more advanced diabetic glomerulopathy in the
early course of microalbuminuria in IDDM adolescents?
Nephrol Dial Transplant 12: 1149-1154, 1997.

19 Rebsomen L, Pitel S, Boubred F, Buffat C, Feuerstein JM,
Raccah D, Vague P and Tsimaratos M: C-peptide replacement
improves weight gain and renal function in diabetic rats.
Diabetes Metab 32: 223-228, 2006.

20 Carroll JF, Mizelle HL, Cockrell K, Reckelhoff JF, Clower BR
and Granger JP: Cholesterol feeding does not alter renal
hemodynamic response to acetylcholine and angiotensin II in
rabbits. Am J Physiol 272: 940-947, 1997.

21 Levine DZ: Hyperfiltration, nitric oxide and diabetic nephropathy.
Curr Hypertens Rep 8: 153-157, 2006.

22 Ceriello A, Giugliano D, Quatraro A, Dello Russo P and
Lefebvre PV: Metabolic control may influence the increase in
superoxide generation in diabetic serum. Diabetes Med 8: 540-
542, 1991.

23 Hoffman D, Seftel AD, Hampel N and Resnick MI: Advanced
glycation end-products quench cavernosal nitric oxide. J Urol
153: 441A, 1995.

24 Supuran CT, Mastrolorenzo A, Barbaro G and Scozzafava A:
Phosphodiesterase 5 inhibitors – drug design and differentiation
based on selectivity, pharmacokinetic and efficacy profiles. Curr
Pharm Des 12: 3459-3465, 2006.

25 Hosogai N, Tomita M, Hamada K, Ogawa T, Hirosumi J, Manda
T and Mutoh S: Phosphodiesterase type 5 inhibition ameliorates
nephrotoxicity induced by cyclosporin A in spontaneous
hypertensive rats. Eur J Pharmacol 477: 171-178, 2003.

26 Myers BD: Cyclosporine nephrotoxicity. Kidney Int 30: 964-974,
1986.

Received June 18, 2007
Accepted June 26, 2007

in vivo 21: 851-854 (2007)

854



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 793.701]
>> setpagedevice


