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Abstract

Background and Objective: Febuxostat is used for the treatment of hyperuricemia that improves renal function in CKD patients, but its
renal protective effect has not been fully studied. This study has been undertaken to evaluate the potential modulatory effects of
febuxostat on renal dysfunction and kidney injury in an experimental model of gentamicin-induced nephrotoxicity in rats.
Materials and Methods: These effects were assessed in terms of analysing biochemical (creatinine, urea, blood urea nitrogen, uric acid,
serum electrolytes, alanine aminotransferase, aspartate transaminase and alkaline phosphatase, among others) parameters, total
histological kidney score, as well as the histological assay of kidney and liver tissues. Results: As compared to gentamicin control
(100mgkg~") groups, the febuxostat (10 mg kg™, i.p.) pre/post-treatment was significantly preventive in terms of biochemical parameters
and the total histological score of kidney tissue. Either pre/post-treatment markedly reduced the changes of glomerular enlargement,
degeneration tubular hyaline casts and tubular degeneration, while the liver showed no remarkable changes in hepatocytes or liver
architecture. Conclusion: This observation may have a great impact on the use of aminoglycosides, whereas febuxostat may have a key
potential to prevent the associated renal toxicity induced by the administration of gentamicin.
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INTRODUCTION

Gentamicin, which is useful in the management of
infections caused by gram-negative bacteria, belongs to the
aminoglycosides group (AG) of antibiotics'. The AGis a highly
efficient antibiotic employed for the management of
complicated infections?. However, the use of gentamicin is
associated with severe complications, such as ototoxicity
(ear poisoning), nephrotoxicity (renal toxicity), neuromuscular
blockade and allergic reactions?. A single dose of gentamicin
administration can lead to acute kidney damage®. The
nephrotoxicity induced by gentamicin is associated with
increases in the serum creatinine and blood urea levels and
theinduction of acute tubular necrosis®®. Gentamicin-induced
nephrotoxicity is identified by tubular necrosis without
changing the morphology of glomerular structures®, which
may be caused by the generation of reactive oxygen species
(ROS)'. The ROS overproduction damages macromolecules
and causes cellular injury and necrosis through various
mechanisms, such as lipid peroxidation, protein denaturation
and DNA damage''. Hepatic cells were also affected by
gentamicin, which induced structural and functional changes.
NF-B and its downstream pro-inflammatory cytokines have
been implicated in the aetiology of GNT-induced
hepatotoxicity'?. Given that inflammation plays a significant
part in the development of kidney injury, in many preclinical
and clinical trials, drugs with nephroprotective and
hepatoprotective effects along with anti-inflammatory and
antioxidant properties were examined ',

Febuxostat is a non-purine selective potent inhibitor of
xanthine oxidase'®'”. Febuxostat is used for the treatment of
hyperuricemia and gout, while it has demonstrated
antioxidant, cytoprotection and anti-inflammatory effects'®2,
It is the most used drug in clinics for the treatment of
hyperuricemia, can lower the serum uric acid levels through
targeting xanthine oxidase??2, Experimental research has
shown that febuxostat has nephroprotective effectsand it has
recently been shown to enhance renal function in patients
with CKD stage 3%. In hyperuricemic individuals with CKD,
febuxostat appears to reduce serum uric acid levels and
prevent the progression of renal impairment more effectively
than allopurinol in several experimental and randomized
controlled trials?*?’. Several recent experiments have revealed
that febuxostat protects rats from toxin-induced cardiac and
renal damage?*?.

Febuxostat has been shown to have beneficial effects in
drug-induced renal injury, suggesting that it suppresses
apoptosis and reduces oxidative stress?#3033, Febuxostat has
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superior renal safety to allopurinol, but data on its hepatic
safety are limited. However, its reno-protective and
hepatoprotective properties on gentamicin-induced kidney
injury have yet to be fully studied. Febuxostat at a dose
of 40 mg/day (3-6 months) has a positive effect in patients
with chronic kidney disease, which is reported in recent
clinical studies®**. Hence, the present study was undertaken
to determine whether pre/post-treatment with febuxostat can
alleviate the major traits of gentamicin-induced renal and
hepatic hemodynamic alterations. Additionally, drug-like and
toxicological properties (ADME/T) were assessed to evaluate
the drug-likeness properties.

MATERIALS AND METHODS

Study area: The study was carried out at the Department of
Pharmacology, College of Pharmacy, King Khalid University,
Abha, Saudi Arabia, from August to December, 2020.

Chemicals: Febuxostat and gentamicin were purchased from
Sigma-Aldrich (St. Louis, MO, USA). All other chemicals and
reagents used in the present study are of analytical grade.

Animals: Thirty male Wistar Albino rats of 8-10 weeks old
weighing 200-250 g were procured from Central Animal
House Facility (CAHF), King Khalid University, Abha,
Saudi Arabia. The experimental rats were kept in Central
Animal House Facility under natural lighting conditions
(12 hrs light and 12 hrs dark cycle) with a temperature of
22-25°C and relative humidity of approximately 50%. The
experimental animals had free access to a standard rodent
diet (Bio-Serv, Canada) and water ad//ibitum.The experimental
design employed in the present study was approved by the
Institutional Ethics Committee (IEC), King Khalid University
(ECM#2020-3202). All animal experiments were carried out
according to the protocol authorized by the IEC and the
NIH-recommended International Guidelines for Animal
Welfare.

Gentamicin-induced nephrotoxicity: Totally 30 rats were
divided into five experimental groups, each comprising six
animals. The first group (Vehicle Control) served as normal
control was maintained on standard food and water orally.
The second group (Gentamicin Control) was intraperitoneally
(i.p.) administered with gentamicin for 8 days, at a dose of
100 mg kg~'/day*®. The third group (Febuxostat per se) was
administered only with febuxostat at a dose of 10 mg kg~"in
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CMC (0.5%) orally for 8 days??73%. The fourth group
(Febuxostat Pre-treated) was administered with gentamicin
(100 mg kg~'/day, i.p., 8 days) and febuxostat treatment was
given orally for 8 days from a day before the administration of
gentamicin. The fifth group (Febuxostat Post-treated) was
administered with gentamicin (100 mg kg~'/day, i.p.) for
8 days and later treated with febuxostat for the next 6 days
after the completion of 8 days protocol of gentamicin
(100 mg kg~'/day, i.p.) administration.

Blood sampling and biochemical parameters: Twenty-four
hours after the last treatment of each group, blood samples
were collected by cardiac puncture under light isoflurane
anaesthesia. The blood samples were centrifuged for 15 min
at 1000Xg after 2 hrs at room temperature. The serum
samples were stored at -20°C for 48 hrs until further use.
Serum biochemical markers of renal dysfunction and hepatic
injury were estimated using commercially available kits
according to the manufacturer’s protocol (Alpha Laboratories,
United Kingdom) using a standard clinical automated
analyzer. The biochemical markers estimated in the present
study include creatinine, urea, Blood Urea Nitrogen (BUN),
uric acid, serum electrolyte (sodium, potassium and calcium)
levels, Alanine Aminotransferase (ALT), Aspartate
Transaminase (AST), Alkaline Phosphatase (ALP), albumin level
and total protein levels. The rats were sacrificed and their
kidneys and the liver were isolated for histopathological
examination.

Histopathology: The kidney and liver tissues were fixed in
10% buffered formalin solution for 2 days and then
dehydration was done using ascending alcohol
concentrations (70,90, 95 and 100%) for 5 min. Subsequently,
tissues were cleared in xylene and embedded in paraffin
wax. Sections for staining were cut at the thickness of a
five-micrometre and were stained using Hematoxylin and
Eosin staining. Sections were evaluated by a pathologist
blinded to the groups of experimental rats and were examined
under a (Pennsylvania, USA) Liver and kidney changes were
scored as (0) for minimal or no change, (1) for mild injury
characterized by vacuolationin the cytoplasm but no necrosis,
(2) for moderate injury showing cytoplasmic vacuolation,
eosinophilia and stromal changes in the form of sinusoidal
swelling and congestion and (3) for severe injury showing
coagulative necrosis and haemorrhage. Renal changes were
scored as 0, no or minimal change, 1: Mild, 2: Moderate and
3: Severe for the presence and severity of the following
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changes: Degeneration of Bowman's space and glomeruli,
degeneration of renal tubules and presence of casts, vascular
congestion and interstitial edema®°.

In silico ADME/T and analysis of toxicological properties:
The drug-likeness properties of febuxostat were evaluated
using the Lipinski rule of five. Moreover, the pharmacokinetics
properties were also studied. The Lipinski rule of five
parameters was checked with the SwissADME
http://www.swissadme.ch/index.php#)*. The rules are
Molecular weight (<500 g mol™), Hydrogen bond acceptor
(<10), Hydrogen bond donor (<5), Log P, Lipophilicity (<5),
several rotatable bonds (<10) and topological polar surface
area (<140 R2). Also, the toxicological properties of the
febuxostat were assessed using the online tool admetSAR
(http://Immd.ecust.edu.cn/admetsar1/predict/), whereas,
AMES toxicity, carcinogenicity, acute oral toxicity and rat acute
toxicity were studied*'.

Statistical analysis: Results were expressed as Mean+SEM,
p<0.05 (*a), p<0.01 (**b) and p<0.001 (***c) were considered
as statistically significant compared with the vehicle control
and gentamicin-administered group using one-way analysis
of variance (ANOVA) followed by Dunnett's test. The ‘p’ values
were two-tailed.

RESULTS

Effect of febuxostat on biochemical parameters of renal
function: Table 1 presented that, the treatment group's
creatinine levels were significantly lower, while the groups
were compared with the gentamicin control group. A
non-significant urea level was observed for all the groups
except the febuxostat group (FBX-Per se p<0.01). The
FBX-Per se and FBX-PreT demonstrated a significant (p<0.05)
reduction in the urea-nitrogen level compared with the
vehicle control and gentamicin control groups, respectively.
No significant reduction in serum uric acid was observed in
FBX-Per seand FBX-PreT in comparison with the gentamicin
control group.

Effect of febuxostat on serum electrolytes level: The results
of the serum electrolytes are presented in Table 2. The
gentamicin-induced groups exhibited a significant alteration
in the sodium, potassium and calcium levels. The febuxostat
administration showed a notable changein all the electrolytes
levels when compared with the gentamicin control group.
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Table 1: Pre- and post-treatment effects of febuxostat on biochemically analysed renal function parameters in gentamicin-administered nephrotoxic rats.

Groups Creatinine (mg dL™") Urea (mg dL™") BUN (mg dL™") Uric acid (mg dL=")
Vehicle control 0.47%0.0890.10¢ 88.60+7.85 41.36%3.67 1401041
Gentamicin control 1.16£0.108%**< 95.60+10.98 44,62+5.14 2.39+0.25
FBX-per se 0.42%+0.0210.10¢ 43.83+1.47%% 24.50£0.71% 1.841+0.255
FBX-preT 0.51%+0.0700.10¢ 92.00+£13.64 26.26t7.14% 1.77£047
FBX-postT 0.61%0.0200.10¢ 90.20+9.22 42.12£431 1.79+0.46

Results were shown as mean & SEM (six rats in each group), p<0.05%?, p<0.01%**® and p<0.001%**9 were considered as statistically significant

Table 2: Pre- and post-treatment effects of febuxostat on serum electrolyte levels in gentamicin-administered nephrotoxic rats

Groups Sodium (mmol L") Potassium (mmol L) Calcium (mg dL™")
Vehicle control 148.46+1.21¢ 4.89+0.25° 7.20+0.50¢
Gentamicin control 164.961+2.34¢ 6.70+0.19° 10.70%£0.53¢
FBX-per se 151.46+1.82¢ 6.6110.23° 8.161+0.20¢
FBX-preT 153.61+1.12¢ 5.10+0.37° 8.35+£0.29¢
FBX-postT 155.94+1.73b 5.60+0.48° 10.20£0.28¢

Results were shown as Mean=SEM (six rats in each group), p<0.05®, p<0.01® and p<0.001 were considered as statistically significant

Table 3: Provided here the histopathologic scores depicting the kidney lesions among different experimental groups

Lesion Control (A) Gentamicin (B) Febuxostat only (C)  Febuxostat pre-treatment (D)  Febuxostat post-treatment (E)
Glomerular enlargement 0 2.32 0 1.87 127
Glomerular degeneration 0 2.24 0 1.56 1.93
Tubular degeneration 0 2.73 0 1.43 1.62
Hyaline casts in tubules 0 291 0 1.51 1.32

(0) For minimal or no change, (1) Mild injury characterized by vacuolation in the cytoplasm but no necrosis, (2) Moderate injury showing cytoplasmic vacuolation,
eosinophilia and stromal changes in the form of sinusoidal swelling and congestion and (3) Severe injury showing coagulative necrosis and haemorrhage

Table 4: ADME/T properties of febuxostat serum protein parameters, the experimental group had
EhyS'CTChem'cal properties TS significantly higher total protein levels (p<0.05, Fig. 2) than the
ormula o N
Molecular weight 31637 g mol- control group. A non-significant serum albumin level was
Number of H-bond acceptors 5 noted in febuxostat treated groups (Groups 4 and 5).
Number of H-bond donors 1
MLOGP 1.46 . . s .
Number of rotatable bonds 5 Histopathological examination: Hematoxylin  and
Topological polar surface area 111.45 A Eosin-stained sections from control rats' kidney tissue revealed
Zra;mamk'"e"" it normal renal architecture, as well as the pyramidal structure of
absorption i .

Pl 9 the renal medulla and cortex (Fig. 3a), compared to the
BBB permeant No o .
Toxicological properties gentamicin control’s kidney, showed a marked glomerularand
AMES toxicity Non-AMES toxic tubular injury with gentamicin (Fig. 3b) and febuxostat only
Carcinogens Non-carcinogens 4154 (Fig. 3¢). The changes were in the form of glomerular
Acute oral toxicity Il . .
Rat acute toxicity 23811 enlargement and degeneration, tubular hyaline casts

Molecular weight (<500 g moL~"), hydrogen bond acceptor (<10), hydrogen (indicating severe proteinuria) and tubular degeneration.

bond donor (<5), Log P, lipophilicity (<5), number of rotatable bond (<10), Either pre-treatment (Fig. 3d) or post-treatment (Fig. 3e) with
topological polar surface area (<140 A2 and category-ll means

(500 mg kg~'>LD50 <5000 mg kg~") febuxostat markedly reduced the changes mentioned above
(Table 3). Hematoxylin and Eosin-stained sections from the
Effectof febuxostaton liverfunction parametersandserum  liver showed no remarkable changes in hepatocytes or liver

protein levels: The effect of febuxostat on liver function  architecture with gentamicin, febuxostat, pre-treatment or
parameters and serum protein levels in gentamicin-induced ~ Post-treatment (Fig. 4a-e).

rats is shown in Fig. 1-2, respectively. The ALP levels were

noted to be significantly decreased in the febuxostat Drug-likeness properties of febuxostat: Febuxostat follows
treated groups (Groups 4 and 5) when compared with the  the Lipinski rule of five, while it also has high Gl absorption.
gentamicin-induced group. At the same time, the FBX-PreT  Also, it will not cross the blood-brain barrier. The result of the
(Group 4) showed a significant (p<0.01) reduction in the AST ~ ADME/T analysis has been presented in Table 4. Moreover, the
level compared with the gentamicin group. On the other ~ admetSAR study showed that febuxostat was found to be
hand, an unchanged ALT level was observed for the  non-AMES, non-carcinogenic and have weak rat toxicity
febuxostat treated groups (Groups 3, 4 and 5). In terms of  properties.
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Fig. 1: Pre- and post-treatment effects of febuxostat on liver Fig. 2: Pre- and post-treatment effects of febuxostat on

function parameters in gentamicin-administered serum protein levels in gentamicin-administered
nephrotoxic rats nephrotoxic rats
Results were shown as Mean £ SEM (six rats in each group), p<0.05%2, Results were shown as Mean=SEM (six rats in each group), p<0.05%*2
p<0.01%**» and p<0.001"*9 were considered as statistically significant and p<0.01**b were considered as statistically significant as compared
as compared to the gentamicin group to the gentamicin group
(a) (b) (©)
(@) (e

Fig. 3(a-e): Histological presentation of kidney tissues, (a) Control group showing normal renal architecture with numerous
healthy glomeruli and tubules, (b) Gentamicin only group showing a marked impairment of the renal architecture
with severe glomerular (blue arrows) and tubular degeneration (black arrows) and hyaline casts in the tubular lumens
(green arrows), (c) Febuxostat only group showing no significant changes in renal architecture, (d) Febuxostat
pre-treatment and Febuxostat post-treatment (e) Showing a marked reduction of gentamicin-induced glomerular
injury (blue arrows) and tubular degeneration (black arrows)
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(2) (b)

(d

()

(e)

Fig. 4(a-e): Histological presentation of liver tissues, showing no significant changes in the liver between (a) Control,
(b) Gentamicin, (c) Febuxostat only, (d) Febuxostat pre-treatment and (e) Febuxostat post-treatment groups

DISCUSSION

The present study revealed that febuxostat has
renoprotective properties against gentamicin-induced
nephrotoxicity /n vivo. Drug-likeness properties (ADME/T) of
febuxostat were also evaluated using /n sifico methods. The
results revealed that pre-and post-treatment treatments of
febuxostat demonstrated marked protective effects against
gentamicin-induced nephrotoxicity. Proximal tubular epithelia
are polarized cell that consists primarily of a basolateral and
apical membrane. It has been documented that certain
foreign particles are specifically taken up by these epithelial
cells through selective carriers and exported via other
receptors®. The uptake of these xenobiotics on the proximal
epithelium cells leading to acute renal failure (ARF) is a
common problem. Previously it has been reported that
xanthine oxidase (XO) inhibitors improved the renal
outcome in the case of the hypertensive patients®.
Allopurinol, one type of XO inhibitor, competitively inhibits
the XO and blocks the formation of uric acid*. A study
demonstrated that allopurinol reduces the risk of ARF
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caused by snake venom®. However, reversible clinical
hepatotoxicity along with ARF may also occur after the
allopurinol therapy, which is potentially regarded as an
extreme side effect®.

However, Hu and Brown demonstrated that febuxostat,
another type of XO inhibitor, was more effective than
allopurinol for the treatment of hyperuricemia and gout®.
In addition, it has been already reported that febuxostat
inhibits XO in both oxidized and reduced forms and has less
effect on other purine and pyrimidine enzymes*. Moreover,
the anti-inflammatory and antioxidant effect of febuxostat is
more than that of allopurinol*=°, Recently, Omizo et a/*'
reported the cardio-renal effects of XO inhibition in rodent
Chronic Kidney Disease (CKD) model with hyperuricemia®'. In
the same study, they revealed that febuxostat alleviated
arteriolar, glomerular and tubulointerstitial injury in an animal
model. Moreover, a meta-analysis by Lin et a/>? depicted the
reno-protective effect of febuxostat in CKD patients®.
Additionally, it has been reported that febuxostat decreases
the progression of renal interstitial injury by reducing
oxidative stress®,
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Aminoglycosides have long been known for their
adverse ability to induce nephrotoxicity. Gentamicin, an
aminoglycoside, disrupts renal processes through lysosomal
phospholipidosis. Gentamicin-induced nephrotoxicity is
functionally characterized by changes in several biochemical
parameters, including the higher level of serum creatinine and
Blood Urea Nitrogen (BUN) and a decrease in the Glomerular
Filtration Rate (GFR)*.

In the present study, we investigated the potential
pre- and post-treatment effects of febuxostat in
gentamicin-induced acute nephrotoxicity model in rats. The
result of the current study regarding the hepatic biomarkers
indicated that treatment with gentamicin  causes
hepatotoxicity with a significant increase in serum ALT and
ALP levels. Importantly, the transaminase and ALP level in
serum is considered crucial biomarkers for the normal
functioning of the liver. This is due to the cytoplasmic nature
and permeability of hepatocyte membranes®. In this study,
treatment with febuxostat reduced the elevation of hepatic
biomarkers. Further, gentamicin caused elevation in serum
albumin level as well as total protein level.

Previously, it has been reported that the amount of serum
creatinine is relatively higher in patients with renal disorder?.
Importantly, serum creatinine level is much higher in the late
stage of renal failure and hence, it is considered a crucial tool
forassessing renal function. In the present experimental study,
we assessed the level of serum creatinine after pre- and
post-treatment with febuxostat in gentamicin administered
rats. The analysis revealed that the amount of serum creatinine
was significantly higher when the animals receive gentamicin
alone. However, the serum creatinine level was noted to be
significantly decreased after the treatment with febuxostat in
gentamicin-administered rats. The amount of serum
creatinine was noted to be decreased in both the pre- and
post-treatment with febuxostat. Additionally, BUN that is
related to measuring urea in the kidney and liver is known as
an indirect method, although BUN is functionally related to
the renal excretory function’’. Like serum creatinine,
gentamicin also increased the BUN in model animals that
depicts the functional disorder of the kidney. But the
administration of febuxostat gradually reduces the BUN in a
significant manner and importantly, the lowest amount was
shown by the pre-treatment group. Further, it has been
already described thatlowering uricacid levels alleviates renal
dysfunction®®.In the present study, treatment with febuxostat
reduced the amount of uric acid comparatively which was
elevated in the case of treatment with gentamicin. The
aforesaid key findings of the present study certainly suggest
that febuxostat might possess a renal-protective potential
against experimentally induced gentamicin-nephrotoxicity.

Subsequently, the level of electrolytes was also
determined as the amount of electrolyte might provide
valuable information about the renal function and should be
a part of the required assessment of ARF>°. As part of this,
sodium, potassium and calcium levels were determined in this
experimental study. The amount is elevated in renal failure,
thereby gentamicin increases the concentration of the
electrolyte. Although the amount was followed a downward
trend in the case of febuxostat, pre-treatment of febuxostat
reduced the amount significantly as the level was less than
that of post-treatment with febuxostat.

Furthermore, the histopathological study of the kidney
delineated that gentamicin significantly damaged the tubular
cellof therat kidney that ultimately leading to tubular necrosis
and corroborated the nephrotoxic effect induced by
gentamicin. However, treatment with febuxostat showed
lesser damage as compared to the treatment with gentamicin.
Hence, the result of the present study further proposes that
febuxostat might possess a potential renal protective
activity.

The study shows that early assessment of Absorption,
Distribution, Metabolism, Excretion and Toxicity (ADMET) plays
a key role in drug discovery. Presently, /in silico methods have
been commonly used to estimate the ADMET properties
because /n vivo and jn vitro testing is expensive and
time-consuming*'®, According to Lipinski's rule, orally
administered drugs must have a molecular weight of
500 (<500 g mol="), ten hydrogen bond acceptor sites (<10),
five hydrogen bond donor sites (<5) and a Lipophilicity value
of LogP of five (<5). If any of these laws are broken, the drug
or compound would not be deemed to have good oral
bioavailability®'. This study demonstrated that febuxostat
followed these rules, which indicate good oral bioavailability.
The use of admetSAR in /n silico toxicology analysis of
febuxostat showed thatitis non-Ames, non-carcinogenic and
has low rat toxicity properties.

CONCLUSION

Based on the discussion, it can be concluded that
febuxostat might have the potential to prevent
gentamicin-induced experimental nephrotoxicity. Based on
the biochemical and histopathological outcomes as noted
in the present study, administration of febuxostat can
rescue the cell from the gentamicin-nephrotoxic effect. The
present study, therefore, proposes that febuxostat might
be a potential pharmacologic intervention against
gentamicin-induced nephrotoxicity.
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SIGNIFICANCE STATEMENT

Drug-induced nephrotoxicity isacommon cause of acute
kidney injury. There is still a lack of extensive experimental
studies investigating the renal protective potential of
febuxostat in animal models. In this study, treatment with
febuxostat in experimental rats showed protection against
gentamicin-induced nephropathy. This is probably due to the
relief of inflammation and oxidative stress associated with
nephrotoxicity. The use of selective xanthine oxidase inhibitor,
febuxostat offers new scope for potential nephroprotective
treatment against drug-induced acute kidney injury.
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