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ABSTRACT

Tadalafil (TAD) is a member of the Phosphodiesterase 5 (PDE 5) inhibitors 
used to treat erectile dysfunction. However, recent evidence suggests that it 
has beneficial nephroprotective effects via a variety of mechanisms. The aim of 
the present study was to investigate the protective effect of TAD against vanco-
mycin (VAN) - induced nephrotoxicity in rats (n=24), which divided into three 
groups; model control group that received intraperitoneal VAN, TAD group that 
received oral TAD and intraperitoneal VAN and normal healthy group. TAD 
group demonstrated a significant decrease in serum levels of renal function 
biomarkers and a significant increase in creatinine clearance level compared 
to the model control group. Furthermore, it showed a significant reduction in 
the renal levels of malondialdehyde (MDA), neutrophil gelatinase-associated 
lipocalin (NGAL), and TNF-α with a significant elevation in the renal level of 
glutathione (GSH) compared to the model control group. Histologically, TAD 
group showed a significant reduction in renal tissue injury that prove its ne-
phroprotective effect due to its antioxidant and anti-inflammatory properties. 
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INTRODUCTION

The kidney performs many vital functions, including eliminating medications 
in their initial state or metabolites. Many drugs undergo filtration, secretion, 
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reabsorption, and elimination by the kidney, making it a common site of toxic-
ity1. As well as, the kidneys take about 25% of the cardiac output, which expose 
them to more circulating drug than other organs2. Several medications like am-
photericin B, vancomycin, aminoglycosides, and platin-containing chemother-
apeutics are highly nephrotoxic3. Vancomycin (VAN) is a glycopeptide used as 
a first-line antibacterial drug for treating infections caused by methicillin-re-
sistant Staphylococcus aureus (MRSA)4. Subsequently, numerous randomized 
clinical trials demonstrated that VAN poses a higher risk of nephrotoxicity than 
most other antibiotics5. The reported incidence of VAN-induced nephrotoxicity 
was 14.3%6. The recommended criteria for VAN-induced nephrotoxicity were a 
rise in serum creatinine level of at least 0.5 mg/dL or a 50% increase over base-
line in consecutive daily tests7. The accurate pathophysiological mechanisms 
of VAN-induced nephrotoxicity are not yet completely known. However, the 
existing consensus states that vancomycin’s nephrotoxic effect is primarily due 
to its intracellular accumulation in the proximal convoluted tubules5. 

Tadalafil (TAD) is a member of phosphodiesterase enzyme type-5 inhibitors 
approved in the management of erectile dysfunction, lower urinary tract symp-
toms (LUTS) secondary to benign prostatic hypertrophy (BPH)8, and pulmo-
nary arterial hypertension9. TAD inhibits the PDE5 enzyme with a greater 
selectivity (in comparison with sildenafil and vardenafil), thus improving in-
tracellular levels of cGMP10. Experimental studies have confirmed that PDE-5 
inhibitors improve endothelial function11,12 and reduce infarct size in animal 
models of myocardial infarction13. PDE-5 inhibitors exert beneficial renal ef-
fects in the I/R rat model14,15. Several previous studies have shown that tadalafil 
can significantly improve renal injury due to several nephrotoxic agents16–18, 
but the effect of TAD on VAN-induced nephrotoxicity has not been investi-
gated. Therefore, the present study was conducted to determine the in vivo 
influence of orally administered TAD on VAN-induced renal injury in rats.

METHODOLOGY

Drugs

Vancomycin (vial) was obtained from Gulf pharmaceutical industries, United 
Arab Emirates and dissolved in distilled water according to the manufacturer’s 
instructions. TAD powder was obtained from Hangzhou hyper chemical mar-
ket, China and suspended in 0.5% carboxymethyl cellulose (CMC)19,20.

Animals

Adult male Wistar albino rats weighing 175–285g were housed for two weeks 
for acclimatization under controlled conditions, including 12 h light/dark cy-
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cles and controlled temperature (25 ºC), with free access to standard food and 
water. 

Experimental design

Twenty-four male Wistar albino rats (Rattus norvegicus) were randomly as-
signed to three groups of 8 rats each as follows: (1) Normal control group: 
Maintained on standard food and water for 14 days. (2) Model control (VAN) 
group: Treated with intraperitoneal VAN (200mg/kg/ twice daily) for 14 days. 
(3) TAD group: Treated with oral TAD (5mg/kg/ once daily) and intraperito-
neal VAN (200mg/kg/twice daily) for 14 days.

The induction of significant nephrotoxicity in the rat model depended on a 
pilot study and a previous study by Uhuo and his colleagues21. The dose of TAD 
was selected according to previous studies18,22.

Samples collection 

On the 15th day, the rats were anaesthetized by a mixture of ketamine 90mg/kg 
(Alfasan, Holland) and xylazine 10mg/kg (Bimeda, Canada) given intramuscu-
larly. After that, Rats were sacrificed by decapitation. The blood samples were 
taken from the trunk and allowed to clot at room temperature. Thereafter cen-
trifuged for 15-20 minutes at 3000 rpm. The isolated serum was kept at -80 °C 
to be available afterwards for biochemical examination. Both kidneys of each 
rat were excised and washed with phosphate buffer saline (pH 7.4). One of the 
kidneys was rapidly frozen with dry ice and stored at -80 °C to be available 
afterwards for homogenization. At the same time, the other kidney was kept in 
a neutral buffered formalin of 10% for histopathological analysis. 

Renal tissue homogenization

Kidney tissues were homogenized in phosphate buffer saline in a proportion 
of 10% (w/v), using tissue homogenizer (IKA, Germany) for 1 minute at 4 ºC. 
After that, centrifuged at 3000 rpm for 20 minutes. 

Biochemical analyses 

Urea and creatinine serum levels were measured according to the urease-
modified Berthelot method23 and Jaffe method24 respectively, using reagent 
kits (Linear Chemicals, Spain) with UV/Visible spectrophotometer (Cecil, 
England). Creatinine clearance was calculated using a neural network-based 
calculator of rat creatinine clearance from serum creatinine and body weight25. 
Renal levels of glutathione (GSH), malondialdehyde (MDA), neutrophil gelati-
nase-associated lipocalin (NGAL), and tumor necrosis factor- alpha (TNF-α) 
as well as serum cystatin C level, were measured according to the sandwich 
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ELISA technique26, using rat ELISA kits (MyBioSource, USA) with ELISA plate 
reader (HUMAN Diagnostic Worldwide, Germany).

Histopathological analysis 

Kidney tissue processing was done using the paraffin section technique27. The 
slides were examined under a light microscope (Olympus, Japan) at 20X mag-
nification. Kidney tissue damage was graded according to the affected area in 
the tubulointerstitial area of the cortex, including tubular epithelial cell swell-
ing, cast deposition, necrosis, desquamation, and interstitial inflammation as 
follows: 0 for normal tissues, 1 (mild) for < 25%, 2 (moderate) for > 25% but < 
50%, 3 (severe) for ≥ 50% but < 75%, 4 (very severe) for ≥ 75%.

Statistical analysis

SPSS software version 26 was applied for data analysis. Numerical data are 
expressed as Mean ± SEM and one-way ANOVA with least significant differ-
ences (LSD) post hoc test for comparison among groups. For histopathological 
scores, Kruskal-Wallis and Mann-Whitney U tests were used. The difference 
was considered significant when p value was < 0.05.

RESULTS and DISCUSSION 
Effects of tadalafil on renal function biomarkers

Serum levels of cystatin C, urea, and creatinine were significantly higher (p < 
0.05) in the VAN group as compared to their corresponding levels in the normal 
healthy group. Furthermore, the level of creatinine clearance (Cr Cl) was signifi-
cantly lower (p < 0.05) in the VAN group compared to that of the normal group. 
On the other hand, the TAD group showed significantly lower (p < 0.05) serum 
levels of renal function biomarkers and a significant (p < 0.05) higher level of 
Cr Cl as compared with their corresponding levels in the VAN group (Table 1).

Table 1. Effects of tadalafil on renal function biomarkers (mean + SEM)

Groups
Serum 

cystatin 
C (ng/ml)

Serum urea
(mg/dl)

Serum Cr
(mg/dl)

Cr Cl 
(ml/min)

Normal 269.62±10.43 28.68±1.29 0.49±0.03 0.79±0.07

VAN 553.15±27.82a 42.28±1.69 a 1.30±0.21 a 0.35±0.08 a

TAD 324.11±11.03 ab 34.39±2.08 ab 0.55±0.03b 0.74±0.05b

Cr: creatinine; Cr Cl: creatinine clearance; a: p < 0.05 compared to normal group; b: p < 0.05 
compared to VAN group. 
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Effects of tadalafil on oxidative stress biomarkers 

The VAN group showed a significant increment (p < 0.05) in the level of renal 
tissue malondialdehyde (MDA) and a significant decline (p < 0.05) in the level 
of renal tissue glutathione (GSH) as compared to their corresponding levels 
in the normal group. On the other hand, the TAD group showed significantly 
lower (p < 0.05) level of renal tissue MDA and significantly higher (p < 0.05) 
level of GSH in renal tissue as compared to the VAN group (Table 2).

Table 2. Effects of tadalafil on renal tissue oxidative stress biomarkers (mean + SEM)

Groups MDA (nmol/ml) GSH (µg/ml)

Normal 1.17±0.04 38.14±1.08

VAN 4.04±0.10 a 10.83±0.23 a

TAD 1.83±0.03 ab 28.69±0.40 ab

MDA: malondialdehyde; GSH; glutathione; a: p < 0.05 compared to normal group; b: significant 
difference p < 0.05 compared to VAN group.

Effects of tadalafil on inflammatory biomarkers

Table 3 showed that the levels of neutrophil gelatinase-associated lipocalin 
(NGAL) and tumor necrosis factor-alpha (TNF-α) in renal tissue were signifi-
cantly higher (p < 0.05) in the VAN group than in the normal group. More 
interestingly, the TAD group showed significantly lower (p < 0.05) renal tissue 
levels of NGAL and TNF-α compared with the VAN group.

Table 3. Effects of tadalafil on renal tissue inflammatory biomarkers (mean + SEM)

Groups NGAL (pg/ml) TNF-α (pg/ml)

Normal 254.02±12.41 870.43 ± 50.93

VAN 1269.73±62.24 a 1761.96±46.4 a

TAD 351.30±11.37 ab 872.2±84.7 b

NGAL: neutrophil gelatinase-associated lipocalin; TNF-α: tumor necrosis factor- alpha; a: p < 
0.05 compared to normal group; b: p < 0.05 compared to VAN group.
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Histopathological examination

VAN group showed significant kidney tissue damage (p < 0.05) as compared 
to the normal group, with the development of tubular epithelial cell swelling, 
desquamation, necrosis, cast deposition and interstitial inflammation (Figure 
1-B). VAN group had 87.5% highly severe (score 4) and 12.5% severe (score 3) 
histopathological changes compared to healthy kidney tissue. More interest-
ingly, The TAD group showed a significant decline (p < 0.05) in kidney tissue 
injury compared to the VAN group (Figure 1-C). In comparison to those of nor-
mal kidney tissue, the TAD group showed 12.5% mild (score 1), 75% moderate 
(score 2), and 12.5% severe (score 3) histopathological changes.

Figure 1. Kidney tissue sections of the experimental groups 

(A): Normal healthy group, (B): VAN group, (C): TAD group, green arrow: tubular epithelial cell 
swelling, yellow arrow: desquamation, black arrow: necrosis, blue arrow: cast deposition, red 
arrow: interstitial inflammation [H&E, 20X]

Oxidative stress is one of the primary mechanisms of intracellular renal dam-
age induced by VAN, which may result in acute tubular necrosis (ATN). VAN 
increases oxygen consumption by inducing mitochondrial oxidative phospho-
rylation. High oxygen consumption promotes reactive oxygen species (ROS) 
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generation. ROS cause depolarization of the mitochondrial membrane and 
liberation of cytochrome C, which activates the apoptotic caspases chain. Sub-
sequently, necrosis will develop after ATP depletion28. 

The current study demonstrated that intraperitoneal VAN administration in 
a total dose of 400mg/kg for fourteen days deteriorates renal function in ac-
cordance with a previous study21 and could be related to oxidative stress, which 
could enhance the formation of a set of vasoactive mediators that can deterio-
rate renal functions directly by causing renal vasoconstriction and thus reduce 
GFR29. Likewise, oxidative stress can enhance the action of adenosine30. In the 
VAN group, the renal tissue level of MDA was significantly increased, while the 
renal tissue level of GSH was significantly reduced, in agreement with previ-
ous studies21,31,32. The highly sensitive compound to ROS is lipid. MDA is pro-
duced as a byproduct of lipid peroxidation by ROS31. GSH is a significant tissue 
antioxidant that directly overcomes reactive hydroxyl free radicals and other 
oxygen free radicals. It functions as a substrate of glutathione peroxidase, per-
mitting the reduction of peroxides. So, the exhaustion of GSH is considered an 
indicator of oxidative stress33. NGAL and TNF-α renal tissue levels were sig-
nificantly increased in the VAN group in agreement with previous studies34,35, 
which could be attributed to NF-κB pathway activation by high ROS, resulting 
in the release of many cytokines that cause inflammation and necrosis36. His-
tologically, VAN causes significant kidney tissue damage with the development 
of tubular epithelial cell swelling, desquamation, necrosis, cast deposition and 
interstitial inflammation in line with previous study32. ROS subsequently cause 
cellular energetics depletion5. Cell necrosis is historically regarded as a passive 
process due to the loss of cellular energetics. ATP depletion results in a loss of 
a cytoskeletal element, cell polarity, and membrane integrity with increased 
back leak of tubular filtrate. As well as ATP depletion causes a high increase in 
intracellular ca+2 level which can participate in cell death30. 

On the other hand, oral daily TAD during parenteral VAN administration im-
proved renal function in consistency with a recent study done by Mohammed 
et al. showing that the antioxidant, anti-inflammatory, and anti-apoptotic ef-
fects of TAD reduce gentamicin‑induced renal injury in rats17. Moreover, TAD 
group showed significantly lower renal MDA and higher renal GSH levels. This 
finding is in accordance with a previous study18, which can be attributed to the 
activation of the Nrf2/HO-1 mediated antioxidant pathway37. The TAD group 
showed significantly lower renal levels of inflammatory biomarkers NGAL and 
TNF-α in agreement with previous studies16,22. This anti-inflammatory effect 
of tadalafil can probably be attributed to inhibiting NF-κB activation through 
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increased intracellular levels of cGMP and cGMP-dependent protein kinase 
(PKG)38. Histologically, TAD group showed a significant reduction in renal tis-
sue injury as compared to the VAN group. TAD treatment markedly reduced 
the development of tubular cell swelling, desquamation, cast, necrosis, and in-
terstitial inflammation. These outcomes appear in accordance with a previous 
study done by Gasanove et al. showed tadalafil administration before renal 
ischemia/reperfusion injury attenuated necrosis, leukocyte infiltration, brush 
border abnormality, and glomerular sclerosis in rat kidney compared to that of 
the induced group39.  In conclusion, according to this research’s findings, the 
protective effect of TAD against VAN-induced nephrotoxicity could be attrib-
uted to the antioxidant and anti-inflammatory properties of TAD. 
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