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ABSTRACT
Introduction: Mirabegron is a novel β3-adrenergic receptor agonist that recently approved for the management of
overactive urinary bladder disease. Reactive oxygen species (ROS) have a major role in the pathogenesis of
gentamicin nephrotoxicity. The aim of the present study was to investigate the renoprotective effect of mirabegron
alone and in combination with N-acetylcysteine (NAC) in cases of nephrotoxicity induced by gentamicin in rats.
Materials and Methods: 40 Wistar rats were divided into 5 groups. Group 1; treated with NaCl 0.2 ml i.p. Group
2; received 100 mg/kg of gentamicin i.p. for 8 days for induction of nephrotoxicity. Group 3; treated with
gentamicin + NAC (500 mg/kg i.p.for 8 days). Group 4; treated with gentamicin + mirabegron (10 mg/kg orally
for 8 days). Group 5; treated with gentamicin + NAC + mirabegron. After 8 days, blood samples were used for
assessment of renal function. Serum nitric oxide, renal malondialdehyde (MDA) and glutathione (GSH) levels
were measured. Results: Gentamicin caused a significant elevation of serum creatinine, urea, uric acid and nitric
oxide with significant elevation of kidney MDA with reduction of GSH. Treatment with both of NAC and
mirabegron each alone or in combination with each other caused restoration of renal function parameters and
caused significant decrease in serum nitric oxide and MAD and increase in GSH. These changes were more
marked with combination of NAC and mirabegron. Conclusion: Mirabegron has a modest antioxidant activity
which may be responsible for its protective effect against nephrotoxicity induced by gentamicin.
KEYWORDS: Mirabegron, Gentamicin, Nephrotoxicity - N-acetylcysteine, Oxidative stress.
INTRODUCTION
Mirabegron is the ﬁrst β3-adrenargic agonist that
approved to treat symptoms of hyperactive urinary
bladder disease. It shows high affinity for β3adrenoceptors and very low affinity for β1 and β2adrenoceptors.[1] It causes increase in cAMP
concentrations in the urinary bladder tissue of rat and
causes relaxation of the bladder.[2] Β3-adrenergic receptor
is a new member of β-adrenergic receptors. It has an
important role in the regulation of lipolysis in fat
tissues.[3] Now, it may participate in physiology of the
urinary system[4] and cardiovascular system.[5] The
function of this receptor in renal tissue is still unknown.
In mice, there is evidence that mRNA of β3-receptor is
expressed by the renal artery.[6] DNA analysis in rats
indicated that β3-receptors are found in the renal
medulla.[7] Studies in humans demonstrated that thiazide
diuretic action may be mediate in part through β3adrenergic receptors.[6] β3-receptor is relatively resistant
to desensitization caused by prolonged exposure to
agonists.[8] β3-agonist relatively has few side effects
because of the scanty of tissues that contain this receptor
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in comparison with β1and β2-receptors.[5] In human, β3adrenergic receptor is the main type of receptors in the
urinary bladder smooth muscular layer, but in rat urinary
bladder, β2 and β3-receptors are the main types of
receptors.[9]
N-acetylcysteine (NAC) is an exogenous antioxidant
drug that has a protective effect against injury induced by
oxidative stress. The mechanism underlying this
protection may be related to its ability to inactivate the
free radicals, increase generation of reduced glutathione
or due to its effect on nitric oxide production.[10] NAC
may cause vasodilation of small blood vessels of the
kidney.[11]
Gentamicin is an antibacterial agent that is very useful in
management of sepsis caused by gram negative bacteria
but their usefulness is limited due to severe
nephrotoxicity that has been seen in up to 30% of people
who receive the drugs.[12] The production of excessive
free radicals or the deficiency of the protective
antioxidant mechanism may be responsible for the
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gentamicin-induced kidney toxicity.[13] Gentamicininduced nephrotoxicity increases many proinflammatory
cytokines.[14]
There is a report that suggested that, CL 316,243 which
is highly specific β3-adrenoceptor agonist had an
antiobesity effect in mice with obesity induced by using
of monosodium glutamate.[15] There is also a study that
indicated that β3-adrenoceptor agonist that contains
aryloxypropanolamine moiety may have antioxidant
activity in vitro.[16] Since mirabegron is a novel β3adrenoceptor agonist that lack adequate pharmacological
characters, so the present research is designed to evaluate
the renoprotective and antioxidant activity of mirabegron
alone and in combination with N-acetylcysteine in
kidney toxicity caused by gentamicin in adult rat.
MATERIALS AND METHODS
1. Drugs and chemicals
Mirabegron was purchased as a commercial tablet
(Betmiga® 50 mg) from Astellas Pharma Europe and
dissolved in normal saline. N-acetylcysteine white power
was purchased from Sigma-Aldrich, USA and dissolved
in normal saline. Gentamicin obtained from Schering
Plough as commercial ampules (Garamycin® 20 mg).
Commercially available kits were used for assessment of
renal parameters. Reduced glutathione, Ellman’s reagent
and malondialdehyde were purchased from Sigma
Aldrich, United State of America.
2. Animals
Male Wistar Albino rat with a weight 160-210 g was
chosen in the research. The animal’s house of the
University of Assiut was the source of the used rats. Rats
consumed water and laboratory food ad libitum. Rats
were kept inside laboratory for seven days adaptation
before the start of research. All the animal experiments
were conducted in accordance with the guide for the care
and use of laboratory animals of the National Institutes
of Health (NIH 1985). The research was approved by the
ethics committee of the College of Medicine, University
of Assiut (approval no: 17300266).
3. Induction of nephrotoxicity
Gentamicin 100 mg / Kg b.w. is injected
intraperitoneally daily for eight days for induction of
kidney toxicity.[17]
4. Animal grouping
Five groups of animals, eight rats in each one were used
in the study. The first group injected i.p. with 0.2 ml of
Na Cl and used as control group. The second one
received i.p. injection of gentamicin. The third group
injected with gentamicin + NAC (500 mg/kg i.p. for
eight days). The fourth group injected with gentamicin +
mirabegron (10 mg/kg orally using oral gavage needle
for eight days). The fifth group injected with gentamicin
+ NAC (500 mg/kg i.p. for eight days) + mirabegron (10
mg/kg orally using oral gavage needle for eight days).
Depending on the range of doses of previous
investigations, we selected the mirabegron and NAC
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doses.[18,19] On the eighth day, rats were decapitated after
anesthetizing the animals by using of pentobarbital (50
mg / kg b.w.). Then collection of the samples of blood
was done. Centrifugation of the blood for ten min at
3000 revolutions / min was done. Then storage of serum
at -20 °C was performed for further assessment of nitric
oxide and renal function parameters. Then, the right
kidneys were removed and immediately frozen in the
liquid nitrogen for the evaluation of renal oxidative
stress. The left kidneys were removed and preserved in
formalin 10% for hematoxylin and eosin staining and
histopathological studies.
Later on, the right kidneys were weighed and
homogenization in phosphate buffer was done. Then cold
centrifugation for fifteen min at 10500 revolutions / min
was performed. Then glutathione and MDA were
measured in the kidney homogenate.
5. Renal function assessment
Using the kits which are commercially available,
measurement of serum urea, uric acid and creatinine was
done. These kidney parameters were used as indicators
for kidney function and for assessment of kidney
toxicity.
6. Evaluation of the renal oxidative stress
Determination of the renal reduced glutathione (GSH)
According to the method indicated by Boyne and
Ellman,[20] the renal GSH levels were measured.
Trichloroacetic acid 10 % was mixed with the renal
homogenate. Then cold centrifugation at 5000
revolutions / min for ten min was performed. Disodium
hydrogen phosphate buffer (pH 8.4) was mixed with the
supernatant and 0.25 ml Ellman’s reagent was added and
then incubated for ten min. The absorbance of the color
was measured spectrophotometrically at 412 nm.
Malondialdehyde (MDA) assay
According to the method described by Ohkawa and his
group,[21] MDA level was measured in kidney
homogenate. It was measured spectrophotometrically
through colorimetric reaction with thiobarbituric acid.
MDA level is a good marker for oxidative stress and
lipid peroxidation.
7. Determination of serum nitric oxide
Nitric oxide (NO) oxidation causes release of stable
products as nitrite. So measurement of serum nitrite is a
good indicator for serum nitric oxide which is involved
in several inflammatory conditions.[22] Serum nitrite can
be determined using spectrophotometric method after
adding Griess reagent.[23]
8. Histopathological examination
The samples of the kidney tissues were cut by a special
microtome and staining was done by hematoxylin and
eosin stain. Examination of the sections by the light
digital microscopy was done. The damage in kidney
tissue was scored as grade zero if there was normal renal

64

European Journal of Biomedical and Pharmaceutical Sciences

*
* $ @
100

* $

$ @

50

B

M

M

B

C
A

+

+

C
G

N

+

N

G

A

G

N

N

+

o

n

N

tr

G

o

N

l

0

S tu d y G ro u p s

Fig. 2. Effect of Gentamicin (GN), N-acetylcysteine
(NAC) and Mirabegron (MB) on the serum urea.
Values are expressed as mean ± SEM. (n = 8 rats in each
group)
*p < 0.05 when compared to normal control group.
$
p < 0.05 when compared to GN treated group.
@
p < 0.05 when compared to GN + NAC treated group.
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In the present study, severe nephrotoxicity appeared
when the gentamicin (100 mg/kg i.p.) was used for eight
days as it was evident from figures 1, 2 and 3 that
showed a significant (p< 0.05) increase in the serum
creatinine, serum urea, and serum uric acid in
comparison to the saline-treated group. NAC (500 mg/kg
i.p. for eight days) caused a significant (p< 0.05)
nephroprotective effect as noted by the reduction of the
levels of the serum urea, serum creatinine and serum uric
acid in comparison with the gentamicin injected rats
(figures 1, 2 and 3). Treatment with mirabegron (for 8
days) caused a significant (p< 0.05) nephroprotective
effect against gentamicin-induced nephrotoxicity as
noted by the reduction of the level of the elevated renal
parameters in comparison with the gentamicin treated
group but this nephroprotective effect was less marked
than the nephroprotective effect induced by NAC and the
reduction in serum creatinine was non-significant
(figures 1, 2 and 3). The combination of NAC with
mirabegron
caused
significant
(p<
0.05)
nephroprotective effect as noted by the reduction of the
level of the elevated renal parameters in comparison with
the gentamicin
treated rats.
However,
this
nephroprotective effect was higher than the
nephroprotective effect induced by the NAC or
mirabegron when used alone (figures 1, 2 and 3).
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RESULTS
1. Results of the renal function assessment
Effect of gentamicin, NAC and mirabegron on serum
creatinine, urea and uric acid.

Values are expressed as mean ± SEM. (n = 8 rats in each
group)
*p < 0.05 when compared to normal control group.
$
p < 0.05 when compared to GN treated group.
@
p < 0.05 when compared to GN + NAC treated group.

U re a

9. Statistical analysis
Data were represented as the mean ± S.E. One way
analysis of variance (ANOVA) was used to detect if
there is statistical signiﬁcant diﬀerence between the
different groups. For multiple comparisons, Tukey’s post
hoc test was used. If P < 0.05, the results were
considered as statistically significant differences. The
analysis was done with Prism software (Graph-Pad
Software, version 7).

Group 1; received normal saline 0.2 ml i.p. Group 2;
received GN i.p.100 mg/kg for 8 days. Group 3; treated
with GN and NAC (500 mg/kg i.p. for 8 days). Group 4;
treated with GN and MB (10 mg/kg orally for 8 days).
Group 5; treated with GN and NAC (500 mg/kg i.p. for 8
days) with MB (10 mg/kg orally for 8 days).
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tissue, grade (+) for mild renal affection, grade (++) for
moderate renal affection and grade (+++) for severe renal
affection.[24]
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Fig. 3: Effect of Gentamicin (GN), N-acetylcysteine
(NAC) and Mirabegron (MB) on the serum uric acid.
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Fig. 1. Effect of Gentamicin (GN), N-acetylcysteine
(NAC) and Mirabegron (MB) on the serum
creatinine.
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Values are expressed as mean ± SEM. (n = 8 rats in each
group)
*p < 0.05 when compared to normal control group.
$
p < 0.05 when compared to GN treated group.
@
p < 0.05 when compared to GN + NAC treated group.
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2. Results of the renal oxidative stress assessment
1. Effect of gentamicin, NAC and mirabegron on the
reduced glutathione (GSH): A significant (p<0.05)
reduction in GSH was caused by the administration of
gentamicin for 8 days (figure 4). NAC caused a
significant (p<0.05) elevation of the renal GSH in
comparison with gentamicin treated group (figure 4).
Treatment with 10 mg/kg of mirabegron caused also
non-significant elevation of the renal GSH (figure 4).
The combination of NAC with mirabegron caused a
significant (p< 0.05) elevation in the GSH and this
increase was more marked than the increase that caused
by the NAC or mirabegron when used alone (figure 4).
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Fig. 5 Effect of Gentamicin (GN), N-acetylcysteine
(NAC) and Mirabegron (MB) on the renal
malondialdehyde (MDA).
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Fig. 4. Effect of Gentamicin (GN), N-acetylcysteine
(NAC) and Mirabegron (MB) on the renal reduced
glutathione (GSH).
Values are expressed as mean ± SEM. (n = 8 rats in each
group)
*p < 0.05 when compared to normal control group.
$
p < 0.05 when compared to GN treated group.
@
p < 0.05 when compared to GN + NAC treated group.

3. Results of the serum nitrite assessment
Gentamicin caused a significant (p< 0.05) increase in
serum nitrite (figure 6). 500 mg/kg of NAC
intraperitoneally resulted in significant (p< 0.05)
decrease in the nitrite level in comparison with the rats
injected with gentamicin (figure 6). Treatment with
mirabegron caused also a significant (p< 0.05) reduction
of the serum nitrite but this reduction was less marked
than the reduction that was induced by NAC (figure 6).
The combination of NAC with mirabegron caused a
significant (p< 0.05) reduction of the serum nitrite
(figure 6).
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2. Effect of gentamicin, NAC and mirabegron on the
renal malondialdehyde (MDA): 100 mg/kg of
gentamicin intraperitoneally when used for eight days
resulted in a significant (p< 0.05) elevation of MDA
(figure 5). 500 mg/kg of NAC resulted in a significant
(p< 0.05) decrease in the MDA as compared to the
gentamicin treated group (figure 5). Treatment with
mirabegron caused also a non-significant reduction in the
MDA in comparison with the gentamicin treated rats
(figure 5). The combination of NAC with mirabegron
resulted in a significant (p< 0.05) reduction of renal
MDA as compared to the gentamicin treated rats
(figure 5).

S tu d y G ro u p s

Fig. 6 Effect of Gentamicin (GN), N-acetylcysteine
(NAC) and Mirabegron (MB) on the serum nitrite.
Values are expressed as mean ± SEM. (n = 8 rats in each
group)
*p < 0.05 when compared to normal control group.
$
p < 0.05 when compared to GN treated group.
@
p < 0.05 when compared to GN + NAC treated group.
4. Histopathological results
Table 1 and figures 7-A to 7-E summarized the renal
pathological changes caused by the different treatment.

www.ejbps.com

66

Elbadr.

European Journal of Biomedical and Pharmaceutical Sciences

Table. 1: Histopathological feature for the effect of gentamicin, NAC and mirabegron on rat kidney
Group
Vascular
Inflammatory
Tubular
Intratubular
congestion
cell infiltration
necrosis
hyaline casts
Control
Gentamicin
+++
+++
++
++
Gentamicin + NAC
+
+
+
Gentamicin + Mirabegron
++
++
+
+
Gentamicin + Mirabegron + NAC
+
+
+
Scoring was done as follows:
None (-), mild renal affection (+), moderate renal affection (++), and severe renal affection (+++).

Figure. (7-A): Normal kidney of the control rat
group showing the normal structure of renal
parenchyma with intact glomerular tuft and renal
tubule with vesicular nuclei.(H &E x 200).

Figure (7-B): Kidney of rats treated with gentamicin
showing marked thickening and vaculation in the
wall of blood vessel as well as perivascular infiltration
by leucocytes and atrophied glomerular tuft and
renal tubule (H &E x 200).

Figure (7-C): Kidney of rats treated with gentamicin
+ NAC showing moderate improvement of
glomerular tuft and renal tubule (H &E x 200).

Figure (7-D): Kidney of rats treated with gentamicin
+ Mirabegron showing mild improvement of
glomerular tuft and renal tubule (H &E x 200).
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Figure (7-E): Kidney of rats treated with gentamicin
+NAC
+
Mirabegron
showing
marked
improvementof glomerular tuft and renal tubule (H
& E x 200).
DISCUSSION
Severe elevation in renal function parameters was seen in
this study after the use of gentamicin for eight days in
rats. These results suggested the occurrence of kidney
toxicity with renal dysfunction in the rats treated with
gentamicin. Increase in the serum urea, creatinine and
uric acid are signs for kidney dysfunction.[25] The
gentamicin-induced renal functional abnormalities were
associated with high renal oxidative stress as
demonstrated with the marked reduction of the renal
glutathione. Moreover, a marked elevation of the renal
lipid peroxidation as demonstrated with the elevation in
renal MAD was seen in the gentamicin-injected rats.
These results were in agreement with the results of other
investigators who demonstrated that the oxidative stress
was the major factor responsible for renal toxicity of
gentamicin.[26] Gentamicin toxicity was associated with
an increase in the levels of MDA which is an indicator
for the increase in ROS production.[27] Gentamicin
increased serum nitrite which is a stable end product of
nitric. This finding is in accordance with many studies
that demonstrated that gentamicin may induce nitric
oxide synthase enzyme causing an increase in the
production of NO that elevates the levels of peroxy
nitrite that may share in kidney toxicity caused by
gentamicin.[26] Nitric oxide (NO) is needed for the
normal renal function but its excessive production may
be responsible for the damage of renal tissues.[28]
Many studies in the experimental animals indicated that
gentamicin can cause kidney toxicity through changes in
the structure and function of apical membrane.[29]
Gentamicin can increase the generation of free nitrogen
and oxygen radicals which may contribute in kidney
damage through lipid membrane peroxidation,
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denaturalizing effect on proteins and damaging effect on
nucleic acids.[30] Antioxidant agents and antioxidant
enzymes (as catalase and dismutase) can protect against
kidney toxicity caused by high doses of gentamicin by
converting these free radical into less toxic
metabolites.[31]
These results indicated that the administration of NAC
with gentamicin caused a statistically significant
reduction in the elevated renal parameters. This is an
indicator that NAC has a nephroprotective effect against
gentamicin-induced nephrotoxicity. The results also
demonstrated a decrease in renal MDA levels with NAC.
Further, renal GSH level was also restored with the
NAC. This is an indicator that NAC has a renal
antioxidant activity which may be responsible for
protection against kidney toxicity caused by gentamicin.
NAC caused also reduction of the serum nitrite. This is
an indicator for the reduction in the formation of the
toxic peroxy nitrite which may have a role in gentamicininduced nephrotoxicity.
As mentioned before, the nephrotoxicity induced by
gentamicin is mainly due to the elevation of the levels of
free radicals; NAC may cause a nephroprotection
through its antioxidant activity. There were previous
reports which indicated that NAC caused a restoration
and regeneration of glutathione inside the cells.[32] It also
caused an inhibition of oxidative effects of free
radicals[33] and increased the activity of the antioxidant
enzymes as dismutase.[34]
The results demonstrated that treatment with mirabegron
caused a statistically significant reduction of the elevated
serum urea and serum uric acid. Mirabegron caused also
a non-significant reduction in serum creatinine. This is
an indicator that mirabegron may have a
nephroprotective effect against gentamicin-induced
nephrotoxicity. Mirabegron caused a non-significant
reduction in renal MDA levels. It also caused an increase
in renal GSH. The results also indicated that mirabegron
caused a reduction of the serum nitrite which is an
indicator for the reduction in the formation of the toxic
peroxy nitrite which is a potent free radical. Most of the
results of the renal function tests and antioxidant activity
indicated that mirabegron caused a mild improvement in
the renal function tests and the drug had a modest
antioxidant activity in comparison to the gentamicin
treated group. There are no sufficient data that can
confirm or exclude the possible antioxidant and
renoprotective effect for mirabegron. However, there
was a study that indicated that β3-adrenoceptor agonist
that contained aryloxypropanolamine moiety may have
antioxidant activity in vitro.[16]
The combination of mirabegron with NAC caused a
statistically significant reduction of renal parameters in
comparison to the gentamicin treated group. The
reduction in renal parameters was slight higher than the
reduction caused by the treatment with NAC alone. The
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reduction in renal MDA levels was statistically
significant and was higher than the reduction caused by
NAC alone. The increase in renal GSH was much higher
than the increase that caused by NAC alone. The results
also indicated that the combination of NAC and
mirabegron caused statistically significantly reduction of
the serum nitrite which was higher than that of NAC
alone.
The above results indicated that the combination of NAC
and mirabegron caused a slight higher antioxidant
activity and renoprotection against gentamicin-induced
nephrotoxicity. This is an indicator that the addition of
mirabegron to NAC in cases of gentamicin induced
nephrotoxicity may an additional benefit.
CONCLUSION
This study had shown that mirabegron which is a novel
β3-agonist has a modest antioxidant activity and
renoprotection against gentamicin nephrotoxicity in rats.
The combination of NAC and mirabegron caused
additional benefits in the management of kidney toxicity
caused by the use of gentamicin. Further studies in
human are needed to investigate any possible
nephroprotective effect for mirabegron in human.
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