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INTRODUCTION

Cardio-renal syndrome (CRS) describes

the mutual effects of both cardiac and
renal injury on each other. Patients suffering
from heart failure are usually suffering from
renal failure and vice versa [1]. The cardio-
renal syndrome is classified into five types. In
this study, we induced type 4 CRS, also known
as chronic reno-cardiac syndrome, by inducing
5/6 nephrectomy in rats. This type is usually
associated with heart failure,
hypertrophy, and cardiac remodeling [2].

The exact mechanisms by which the
heart and kidney affect each other are not fully
understood. Many reports suggested a possible
role for central venous congestion [3], neuro-
hormonal involvement [4], oxidative stress [5],

ABSTRACT

Background: Cardiorenal-syndrome is associated with high morbidity
and mortality rates. This study tries to clarify the cardio-protective
effects of carvedilol in 5/6 nephrectomized rats. Methods: The current
study involved five groups of rats: sham, 5/6 nephrectomy, carvedilol
(20mg/kg/day, i.p), amlexanox (25mg/kg/day, i.p), and carvedilol +
amlexanox groups. Rats were subjected to 5/6 nephrectomy. Just after
surgery, drugs were given for 10 weeks. At the end of study, kidney
functions, blood pressure, and markers of cardiomyocyte apoptosis and
heart failure were measured. Also, cardiac Pl-adrenergic receptor
signaling was measured. Results: 5/6 nephrectomy caused renal
impairment, elevated both systolic and diastolic blood pressure and
apoptosis with downregulation of cardiac p-arrestin2 down-stream
proteins. On the contrary, carvedilol significantly reduced renal and
cardiac deteriorations in 5/6 nephrectomized rats. Moreover, injection of
amlexanox prior to carvedilol significantly reduced -carvedilol-
cardioprotective-effects. Conclusion: Carvedilol-induced cardiac
protection in 5/6 nephrectomized rats is highly correlated with
upregulation of cardiac G-protein coupled receptor kinase 5/p-arrestin2
pathway.
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and renal sympathetic system activity [6] as
potential contributors. Research groups
working on the renal sympathetic activity, as a
possible cause of this syndrome, use f3-
blockers, angiotensin receptor blockers
(ARBs), and their combination as potential
treatments for this syndrome [1].

Carvedilol is a non-selective f-
blocker with ai-blocking effects [7] that can
protect the heart by blocking the detrimental
effects of circulating catecholamines [8].
Previous studies have shown that carvedilol is
more effective in the management of heart
failure than other B-blockers. Later, studies
revealed that B-arrestin dependent signals are
responsible for these beneficial effects of
carvedilol. Therefore, carvedilol is described

cardiac
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as a P-arrestin biased agonist with selective
activation of G-protein coupled receptor
(GPCR)-B-arrestin signaling, while blocks
GPCR-G-protein pathway [9].

B-Arrestin protein is first named for
its ability to arrest (desensitize) B-adrenergic
receptors by uncoupling G-proteins. It was
confirmed that B-arrestins can stimulate its
own  downstream  signaling  pathway
independent of G-protein pathways [10].
Moreover, studies revealed that [-arrestin
dependent signals in the heart can enhance
cardiac contractility and cardiomyocytes
survival in addition to inhibition of apoptotic
signals activated by G-protein pathways [11].
Activation of B-arrestin signaling requires
phosphorylation of the GPCR with GPCR
kinase 5 or 6 (GRKS5 or GRK6) [12].

Phosphatidylinositol 4, 5
bisphosphate (PIP2) is a down-stream signal
for both G-proteins and B-arrestins. Notably,
Gaq and Gy-proteins can breakdown PIP2
into diacylglycerol (DAG) and inositol
triphosphate (IP3) through activation of
phospholipase-C (PLC) [13]. On the other
hand, B-arrestins can promote PIP2 production
[14]. In addition, phosphorylation of PIP2 into
PIP3 activates protein kinase B (PKB or AKT)
[15], which acts as a survival signal by
deactivation of glycogen synthase kinase-33
(GSK3p) [16].

This work investigated the correlation
between the GRKS/B-arrestin2 pathway and
the cardioprotective effects of carvedilol in 5/6
nephrectomized rats.

MATERIALS AND METHODS
Animals and ethics statement

Adult male Wistar rats with an
average weight of about 240 to 260 grams were
bought from the Faculty of Veterinary
Medicine, Zagazig University, Egypt. Rats
were distributed three/cage. They were kept for
one week as an acclimatization period. Rats
had free access to diet and water. Average
temperature (23+2°C), light/dark cycles (12/12
h), and humidity (60+10%) were kept constant.
Animal handling approaches were validated by
the Ethical Committee for Animal Handling at
the Faculty of Pharmacy, Zagazig University,
Egypt, possessing approval no. P4-8-2017. All
animal experiments comply with the ARRIVE

guidelines and are carried out in accordance
with the U.K. Animals guidelines.
Drugs and experimental design

There were five groups: sham group
(n=9), 5/6 nephrectomy group (n=15),
carvedilol group (n=10), amlexanox group
(n=10) and carvedilol + amlexanox group
(n=10). In the sham group, kidneys underwent
evacuation, decapsulation then returned into
the abdomen. This procedure was performed
bilaterally, two-week apart. In the 5/6
nephrectomy group rats were subjected to
surgical operation and removal of 5/6 of the
renal mass. In the carvedilol group, 5/6
nephrectomized rats received carvedilol
(20mg/kg/day, i.p., Roche, Mannheim,
Germany, [17]). In the amlexanox group, 5/6
nephrectomized rats received amlexanox, a G-
protein coupled receptor kinase 5 inhibitor
(GRKS5I) (25mg/kg/day, i.p., Sigma, St. Louis,
MO, [18]). In the carvedilol + amlexanox
group, 5/6 nephrectomized rats received
amlexanox then carvedilol after 30 minutes in
the same doses and route of administration
previously mentioned. All drugs were
dissolved in 5% dimethyl sulfoxide (DMSO,
diluted with saline) and given for 10 weeks just
after surgery. Also, sham and 5/6 nephrectomy
groups received 5% DMSO in the same
volume and sequence of treated groups (shown
in Fig. 1)
Induction of renal failure by 5/6
nephrectomy of total renal mass

First, a lateral dorsal incision was
done to expose and decapsulate the left kidney.
After that, clamping renal vessels and
dissecting both poles (2/3 of the functional left
kidney mass). Then, instant glue was used to
treat the cut surface and stop bleeding. At last,
removal of vessel clamp and returning the
kidney stump into the abdomen was done. Two
weeks later, a total nephrectomy of the right
kidney was done through a lateral dorsal
incision after ligating the right renal vessels.
All operations, in sham and 5/6 nephrectomy
groups were performed under total anesthesia
using sodium pentobarbital (100 mg/kg, i.p.).
All procedures were performed under strict
aseptic conditions. The adrenal glands were
cautiously protected from damage during the
operations. Finally, the lateral dorsal incision
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was sutured in two layers and fixed by instant
glue. Following the operation, each rat
received an antibiotic, Benzyl Penicillin
(Penicillin G Sodium) (AQUA - PEN
1000.000 1.U, CID, Egypt) and kept in a
separate cage freely accessing food and water.
Renal failure was significant after 10 days of
surgery while heart failure and cardiac
remodeling was significant after 10 weeks of
surgery [19].

Measurement of blood pressure

Blood pressure was estimated using a
tail-cuff blood pressure measuring
system. Blood pressure was monitored from
10 AM to 12 noon, by non-invasive tail-cuff
method (Harvard Apparatus Ltd, Edenbridge,
Kent, England). Rats were trained with the
instrument for one week before initiation of the
experiment and were conscious during the
measurement. Rats were placed in a heated
restrainer at 37 + 1 °C for 10 minutes. At least
3 blood pressures were measured for each rat
and the average of them was reported. Blood
pressure was measured before surgery, 10 days
after surgery and at the end of the experiment.
Collection of blood and serum separation

At the end of the experiment, all
animals received urethane (1.3 g/kg, ip.,
Sigma-Aldrich, USA) to achieve anesthesia.
Collecting blood samples was done from the
orbital sinus of fasting rats. Immediately, blood
samples underwent centrifugation to separate
serum then stored at -20°C. Blood samples
were also collected before surgery and 10 days
after surgery as well.

Collection of heart samples for laboratory
analysis:

Finally, heart samples were collected
after the decapitation of rats. Heart samples
were kept immediately in liquid nitrogen at -
80 °C. The weights of the hearts was recorded
and normalized by tibial length.

Colorimetric assays

Measuring serum creatinine and
serum urea was done using quantitative
colorimetric  assay  kits, = commercially
available, purchased from Bio-diagnostic Co.
(Egypt). Caspase-3 activity assay kit (Sigma
Aldrich, USA) was used to measure cardiac
Caspase-3 activity. All procedures followed
the instructions of the manufacturer.

Enzyme-linked immunosorbent assays
(ELISA)

Serum levels of brain natriuretic
peptide (BNP, Peninsula Laboratories, Bachem
Group, USA) and cardiac levels of PBI-
adrenergic receptor (B1AR, Biomatik, Ontario,
Canada), B-arrestin2 (life span biosciences,
Inc.), phosphatidylinositol 4,5 bisphosphate
(PIP2, Echelon Biosciences, Inc., Salt Lake
City, UT), diacylglycerol (DAG, Wuhan
EIAab Science Co., Ltd, China) and
phosphorylated AKT S473 (Kit-3997, DRG
International, Inc. USA) were estimated using
rat ELISA kits. All procedures were done
according to the instructions of the
manufacturer.

Statistics

Data are presented as mean + SE.
Groups were analyzed using two-way ANOVA
and post-hoc Bonferroni, or one-way ANOVA
followed by post-hoc Tukey test by GraphPad
Prism version 5 (GraphPad Software, Inc., CA,
USA). P-values <0.05 are considered
significant.

RESULTS
Effect on kidney functions and blood
pressure

In Figure 2, 5/6 nephrectomized rats
experienced significant increases in serum
urea (110.1+£7.6 vs 24.8+3.1 mg/dl after 10
days and 125.9+7.9 vs 23.8+2.8 mg/dl after 10
weeks of surgery) and serum creatinine
(0.87+0.04 vs 0.52+0.03 mg/dl after 10 days
and 0.99£0.03 vs 0.58+0.01 mg/dl after 10
weeks of surgery) in comparison to the sham
group (Fig. 2. A, B). In contrast, serum urea
level significantly decreased in the carvedilol
treated group (-14.5% and -56.8% after 10
days and 10 weeks respectively) compared to
5/6 nephrectomized rats. Moreover, serum
creatinine level significantly decreased in the
carvedilol treated group (-11% and -30% after
10 days and 10 weeks respectively) compared
to 5/6 nephrectomized rats. Moreover, pre-
injection of amlexanox (GRKS5i) to carvedilol
significantly increased both serum creatinine
(14%) and serum urea (30%) levels after 10
weeks of surgery in comparison to the
carvedilol group. (Fig. 2. A, B)

Regarding effects on blood pressure,
5/6 Nephrectomized rats showed significant
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increases in diastolic blood pressure (124+9.6
vs 91+5.9 after 10 days and 129+5.6 vs 84+3.8
after 10 weeks of surgery, respectively) and
systolic blood pressure (179.2+11.4 vs
118.3+£7.8 after 10 days and 200.8+15.5 vs
124+7.7 after 10 weeks of surgery,
respectively) compared to the sham group
(Fig. 2. C, D). In contrast, carvedilol
significantly  decreased diastolic  blood
pressure (-15% and -21%) after 10 days and 10
weeks of surgery compared to 5/6
nephrectomized rats. While carvedilol
significantly reduced systolic blood pressure
after 10 days and 10 weeks of surgery (-22.3%
and -30%) compared to 5/6 nephrectomized
rats. Moreover, pre-injection of amlexanox
(GRKSH5I) to carvedilol increased both diastolic
(23%, P=0.055, after 10 weeks) and systolic
blood pressures (23.5% (P<0.05) after 10
weeks) compared to the carvedilol group. (Fig.
2.C,D)
Effect on cardiac hypertrophy and serum
BNP level (as a marker of heart failure):

In 5/6 nephrectomized rats, there was
a significant increase in normalized heart
weights to tibial length (428+9.6 vs 283.8+6
mg/cm) and serum BNP (2.04£0.09 wvs
0.26+0.02 ng/ml) levels compared to the sham
group (Fig.3. A, B respectively). In contrast,
carvedilol significantly decreased heart
weights (-23%) and serum BNP (-76%) levels
compared to the 5/6 nephrectomy group
(Fig.3. A, B respectively). Moreover, pre-
injection of amlexanox (GRKH5i) to carvedilol
significantly increased both heart weights
(22%) and serum BNP (275%) levels
compared to the carvedilol group (Fig.3. A, B
respectively).
Effect on cardiac pl-adrenergic receptors
(B1ARs) and down-stream signals

5/6 Nephrectomized rats showed
significant reductions in cardiac levels of
B1ARs (13.8+£1.03 vs 38.6+2.6 pg/mg, Fig. 4.
A), B-arrestin2 (81.8+5.5 vs 166.8+9.7 pg/mg,

Fig. 4. B) and PIP2 (16.2£1.5 vs 47+3.2
nmol/mg, Fig. 4. C) levels in comparison to
sham group. Moreover, 5/6 nephrectomized
rats showed significant increases in cardiac
DAG (5.3£0.33 vs 1.64+0.12, Fig. 4. D) levels
in comparison to the sham group. In contrast,
carvedilol significantly increased cardiac
levels of BlARs (361%) (Fig. 4. A), B-
arrestin2 (111%) (Fig. 4. B) and PIP2 (156%)
(Fig. 4. C) levels compared to 5/6
nephrectomy  group. Also, carvedilol
significantly decreased cardiac levels of DAG
(-67%) (Fig. 4. D) compared to 5/6
nephrectomy group. Moreover, pre-injection
of amlexanox (GRK5i) to carvedilol
significantly reduced cardiac tissue levels of
B1ARs (-21.6%), B-arrestin2 (-52%), and PIP2
(-46%) compared to the carvedilol group (Fig.
4. A, B and C, respectively). Besides, pre-
injection of amlexanox (GRKS5i) to carvedilol
significantly increased cardiac DAG level
(145%) compared to the carvedilol group (Fig.
4. D).
Effect on cardiac apoptotic pathways

5/6 Nephrectomized rats showed
significant decreases in cardiac pS473 AKT
level, the active form of AKT, indicating
reduced AKT activity (1.8+0.15 vs 5.1+0.3
ng/mg) (Fig. 5. A) and significant increases in
cardiac caspase-3 activity (453.7£32 vs
79.7£9.7 Ulg, Fig. 5. B) compared to the sham
group. In contrast, carvedilol significantly
elevated cardiac pS473AKT level, indicating
increased AKT activity (88%) (Fig. 5. A) and
significantly decreased cardiac caspase-3
activity (-65%) (Fig. 5. B) compared to the 5/6
nephrectomy group. Moreover, pre-injection
of amlexanox (GRKS5i) to carvedilol
significantly decreased cardiac pS473AKT
level, indicating reduced AKT activity (-35%)
concomitant with a significant increase in
cardiac caspase 3 activity compared to the
carvedilol group (144%) (Fig. 5. A, B).
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Figure 1
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Fig. 1. Experimental design.
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Fig. 2. Effect of carvedilol, amlexanox, and their combination on kidney functions and blood pressure
after 10 days and 10 weeks in 5/6 nephrectomized rats. Graphical presentation of serum urea (A), serum
creatinine (B), Tail cuff reads of diastolic (C) and systolic (D) blood pressures. Carvedilol (20 mg/kg/day)
and amlexanox (25 mg/kg/day) were injected i.p. for 10 weeks, starting just after 5/6 nephrectomy. In the
carvedilol + amlexanox group, carvedilol was injected 30 minutes after injection of amlexanox. Groups
were analyzed using two-way ANOVA and post-hoc Bonferroni’s test. All values were shown as mean +
SE. (n=5). * P<0.05, ** P<0.01, and *** P <0.001.
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Fig. 3. Effects of carvedilol, amlexanox, and their combination on heart weights, and serum brain
natriuretic peptide (BNP) after 10 weeks of treatment in 5/6 nephrectomized rats. Graphical
presentation of Heart weight/tibial length (A) and serum BNP (B). Carvedilol (20 mg/kg/day) and
amlexanox (25 mg/kg/day) were injected i.p. for 10 weeks, starting just after 5/6 nephrectomy. In the
carvedilol + amlexanox group, carvedilol was injected 30 minutes after injection of amlexanox. Groups
were compared by one-way ANOVA and post-hoc Tukey’s test. Values were shown as mean + SE. (n=5).
* P<0.05, and *** P <0.001.
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Fig. 4. Effects of carvedilol, amlexanox, and their combination on cardiac adrenergic signaling
pathways after 10 weeks of treatment in 5/6 nephrectomized rats. Graphical presentation of cardiac p1-
adrenergic receptors (B1ARs) (A), B-arrestin 2 (B), phosphatidylinositol 4,5 bisphosphate (PIP2) (C) and
diacylglycerol (DAG) (D). Carvedilol (20 mg/kg/day) and amlexanox (25 mg/kg/day) were injected i.p. for
10 weeks, starting just after 5/6 nephrectomy. In the carvedilol + amlexanox group, carvedilol was injected
30 minutes after injection of amlexanox. Groups were compared by one-way ANOVA and post-hoc Tukey’s
test. Values were shown as mean =+ SE. (n=5). *** P <0.001.
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Figure 5
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Fig. 5. Effects of carvedilol, amlexanox, and their combination on cardiac apoptotic signals after 10
weeks of treatment in 5/6 nephrectomized rats. Graphical presentation of cardiac pS473AKT (AKT) and
caspase-3 activity (B). Carvedilol (20 mg/kg/day) and amlexanox (25 mg/kg/day) were injected i.p. for 10
weeks, starting just after 5/6 nephrectomy. In the carvedilol + amlexanox group, carvedilol was injected 30
minutes after injection of amlexanox. Groups were compared by one-way ANOVA and post-hoc Tukey’s
test. Values were shown as mean = SE. (n=5). ** P <0.01, and *** P < 0.001.

DISCUSSION

Chronic kidney disease (CKD) is one
of the worldwide health problems with high
morbidity and mortality rates. Patients
suffering from CKD are usually suffering from
cardiovascular complications, a condition
known as the cardiorenal syndrome (CRS) [1].
Molecular mechanisms of CRS are not fully
understood. Notably, p-arrestin  biased
agonists are promising agents in protection
against heart failure [11]. This study tried to
explore the correlation between the GRKS5/f-
arrestin2 pathway and the cardioprotective
effects of carvedilol in a rat model of CRS.

Cardiorenal syndrome type 4 was
induced by performing 5/6 nephrectomy in
rats, a model that induces hypertension after 10
days and cardiac remodeling after 10 weeks
[19]. In agreement with (Sviglerova et al.,
2010) [19], our results showed significant
elevation in serum creatinine and urea levels
compared to the sham group after 10 days and

10 weeks of 5/6 nephrectomy. Also, our results
showed a significant rise in both diastolic and
systolic blood pressures compared to the sham
group after 10 days and 10 weeks. Moreover,
heart  weights  significantly  increased
indicating cardiac hypertrophy. Furthermore,
serum BNP levels, a marker of heart failure
[20], significantly increased compared to sham
group [21].

One of the potential causes involved
in cardiorenal syndrome is over activation of
renal sympathetic system [6]. Therefore, -
blockers are commonly used for the
management of this syndrome.

Selective targeting of [-arrestin
down-stream signals is promising in the
management of different types of cardiac
disorders [22]. There are two isoforms of [-
arrestins, 1 and 2. P-arrestin2 isoform is
thought to mediate cardioprotective effects
[10]. To investigate the role of renal
sympathetic activity and p-arrestin2 in
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cardiorenal syndrome, we measured changes
in cardiac expression levels of both f1ARs and
[B-arrestin2 in 5/6 nephrectomized rats.

Our results showed significant
reductions in both B1ARs and [-arrestin2
levels in the hearts of 5/6 nephrectomized rats
compared to the sham group. In agreement
with our findings, Meier and colleagues
showed that BARs are downregulated after
prolonged exposure to epinephrine [23]. Also,
Ungerer and colleagues reported similar
observations in failing human hearts [24]. On
the other hand, previous studies that measured
B-arrestin2 levels in failing hearts showed wide
variations depending on the model used and
the site of detection.

Ungerer and colleagues showed no
significant changes in B-arrestin2 levels in
failing human hearts [25]. While Vinge and
colleagues showed significant initial increases
in B-arrestin2 mRNA levels followed by a
decline to normal values after 42 days in
failing hearts using left coronary artery ligation
model [26]. On the other hand, Philip and
colleagues showed significant increases in -
arrestin2 levels in cardiac fibroblasts isolated
from adult failing human left ventricles [27].

In the same context, our results
showed a significant reduction in B-arrestin2
down-stream signals including PIP2 and
pAKT levels in the heart of 5/6
nephrectomized rats in comparison to the sham
group. Moreover, substrates that are blocked
by p-arrestin2 signaling were elevated like
DAG and caspase-3 activity, confirming the
potential role of B-arrestin2 in this model.

PIP2 is a down-stream signal for both
G-proteins and [-arrestins. Goaq and GPy-
proteins can mediate PIP2 breakdown into
DAG and IP3 through activation of PLC [13].
GPy-protein is associated with all types of
GPCRs including Gas-PCRs like f1ARs [28].
Therefore, low PIP2 and high DAG cardiac
levels may indicate high G-proteins activity
and over-stimulation of GPCRs like B1ARs in
the heart of 5/6 nephrectomized rats. [-
Arrestins can promote PIP2 production by
uncoupling of G-proteins or possibly by other
direct effects [14]. In agreement with our
findings, Suresh and colleagues reported that
activation of PLC and depletion of PIP2

contributes to heart failure by compromising
T-tubule function [2].

Noteworthy, DAG is an upstream
signal for protein kinase C (PKC) [29].
Activation of PKC mediates cardiac
hypertrophy, remodeling, and failure [30].
Braz and colleagues showed that transgenic
overexpression of PKCa promotes ventricular
dysfunction and alterations in  Ca?
homeostasis [31].

Furthermore, phosphorylation  of
PIP2 to PIP3 promotes activation of AKT
protein with subsequent inhibition of caspase-
3 leading to decreased apoptosis' [16, 32]
Therefore, depletion of cardiac PIP2 level as
observed in 5/6 nephrectomized rats
contributes to increased cardiomyocytes
apoptosis. In agreement with our results, chang
and colleagues showed reduced cardiac AKT
and increased caspase-3 activities in a heart
failure model in rats [33].

To investigate the potential role of -
arrestin2 in our model, we explored the effect
of carvedilol as a B-arrestin biased agonist [9]
on cardiac remodeling in 5/6 nephrectomized
rats. Carvedilol can block sympathetic effects
on B1ARs. However, carvedilol can mediate
additional effects by selective activation of B-
arrestins down-stream signals.

Our results showed that carvedilol
improved kidney functions compared to the
5/6 nephrectomy group. This effect may be
attributed to the blocking of sympathetic
activity in the kidney or indirectly to improved
cardiac functions. Also, carvedilol reduced
diastolic and systolic blood pressures, heart
weights, and serum BNP levels compared to
the 5/6 nephrectomy group. In agreement with
our findings, previous studies showed that use
of B-blockers can protect against heart failure
by blocking detrimental effects of sympathetic
over-activity [34].

In the same context, carvedilol
elevated cardiac levels of PIAR and p-
arrestin2 compared to the 5/6 nephrectomy
group. In agreement with our findings,
previous studies confirmed that, prolonged use
of B-blockers is associated with increased f-
receptors expression [35].

Also, carvedilol increased cardiac
levels of PIP2 and AKT activity and reduced
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DAG and caspase-3 activity compared to the
5/6 nephrectomy group. These observations
are in harmony with reduced cardiac
remodeling and increased [-arrestin2 levels as
illustrated before. In agreement with our
findings, Zheng and colleagues showed that
carvedilol reduced cardiac apoptosis in a rat
model of diabetic cardiomyopathy as
evidenced by increased AKT activity and
reduced caspase-3 activity [36].

To explore the effect of GRKS5 in
conveying the cardioprotective role of
carvedilol in 5/6 nephrectomized rats, we
examined the effect of amlexanox (GRKS5i)
alone and in combination with carvedilol on all
measured parameters.

GRKS5 is a serine/threonine kinase
that mediates GPCR phosphorylation after
ligand binding and promotes membrane
translocation ~ of  [B-arrestins,  receptor
endocytosis, and B-arrestin signaling [12]. In
the same context, GRKS5 can directly activate
the nuclear factor kB (NFxB) protein [37].
Activation of B-arrestin signaling by GRKS5
mediates anti-inflammatory effects [38], in
contrast to NFxB  which  mediates
inflammatory effects [39]. Therefore, GRK5
may promote opposing signals and the net
result depends on the basal level of
inflammation in the studied subjects [40].

In the current study, amlexanox use
significantly ameliorated the detrimental
changes in 5/6 nephrectomized rats. However,
the effects observed were significantly lower
than that of carvedilol. We think that the
improvement observed with amlexanox may
be due to its anti-inflammatory effect not due
to inhibition of GRKS5/B-arrestin2 pathway.

Moreover, pre-injection of
amlexanox  significantly  reduced the
ameliorative effects of carvedilol in 5/6
nephrectomized rats. This observation can be
explained by the antagonism between
amlexanox and carvedilol on the GRKS5/B-
arrestin2 level and support the potential role of
the GRKS5/B-arrestin2 pathway in this study.

CONCLUSIONS

Considering all previous findings, we
showed that the cardioprotective effects of
carvedilol in the cardiorenal syndrome are

highly correlated with the upregulation of
GRKS5/B-arrestin2 pathway.
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