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Abstract
Recent studies suggest that NLRP3 inflammasome activation is involved in the pathogenesis of chronic kidney disease
(CKD). Allopurinol (ALLO) inhibits xanthine oxidase (XOD) activity, and, consequently, reduces the production of uric
acid (UA) and reactive oxygen species (ROS), both of which can activate the NLRP3 pathway. Thus, ALLO can contribute
to slow the progression of CKD. We investigated whether inhibition of XOD by ALLO reduces NLRP3 activation and renal
injury in the 5/6 renal ablation (Nx) model. Adult male Munich–Wistar rats underwent Nx and were subdivided into the
following two groups: Nx, receiving vehicle only, and Nx+ALLO, Nx rats given ALLO, 36 mg/Kg/day in drinking water.
Rats undergoing sham operation were studied as controls (C). Sixty days after surgery, Nx rats exhibited marked
albuminuria, creatinine retention, and hypertension, as well as glomerulosclerosis, tubular injury, and cortical interstitial
expansion/inflammation/fibrosis. Such changes were accompanied by increased XOD activity and UA renal levels,
associated with augmented heme oxigenase-1 and reduced superoxide dismutase-2 renal contents. Both the NF-κB and
NLRP3 signaling pathways were activated in Nx. ALLO normalized both XOD activity and the parameters of oxidative
stress. ALLO also attenuated hypertension and promoted selective tubulointerstitial protection, reducing urinary NGAL and
cortical interstitial injury/inflammation. ALLO reduced renal NLRP3 activation, without interfering with the NF-κB
pathway. These observations indicate that the tubulointerstitial antiinflammatory and antifibrotic effects of ALLO in the Nx
model involve inhibition of the NLRP3 pathway, and reinforce the view that ALLO can contribute to arrest or slow the
progression of CKD.

Introduction

Chronic kidney disease (CKD) is a worldwide health pro-
blem with high rates of mortality and need for renal repla-
cement therapy. Early intervention against risk factors
involved in the pathogenesis of CKD is crucial to avoid the

progression of the disease. CKD is characterized by pro-
gressive proteinuria, hypertension, chronic inflammation
and oxidative stress that lead to loss of renal function and
fibrosis. Recently we showed that renal inflammasome
activation occurs as early as fifteen days after 5/6 renal
ablation (Nx), and persists through advanced phases of this
CKD model [1]. Additional recent observations suggest that
renal inflammasome is activated in patients with CKD and
in animal models of this condition [2−5], and that its
deficiency prevents kidney injury [6].

The Nucleotide-binding oligomerization domain,
Leucine-rich Repeat and Pyrin domain containing-3
(NLRP3) belongs to the NLR family of pattern recogni-
tion receptors. It forms a complex with Apoptosis-
associated Speck-like protein containing a Caspase recruit-
ment domain adaptor protein (ASC), and the caspase 1
protease to generate a multiprotein inflammasome complex,
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which, upon activation, catalyzes the conversion of pro-
interleukin-1β and -18 into their mature forms [7, 8], thus
promoting tissue influx of leukocytes and favoring
inflammation.

Activation of the NLRP3 inflammasome complex is
triggered by recognition of cellular damage-associated
molecular patterns (DAMPs) and pathogen-associated
molecular patterns (PAMPs). A diversity of DAMPs is
capable of activating the NLRP3 inflammasome, e.g. reac-
tive oxygen species (ROS), nucleic acids, extracellular
ATP, and uric acid (UA) [9–13].

The role of UA in the pathogenesis of CKD has yet to be
clarified. It was once thought that, to cause renal inflam-
mation and CKD, UA had to crystallize, just as in joints of
gout patients. However, recent studies indicated that soluble
UA can also activate the NLRP3 inflammasome in renal
tissue [13, 14]. It is unclear to what extent this process is
favored by UA itself, as xanthine oxidase (XOD) catalyzes
the transformation of hypoxanthine into xanthine, as well as
xanthine oxidation to UA. In this process, ROS are also
generated, which may also activate the NLRP3 inflamma-
some [15].

XOD activity can be inhibited by allopurinol (ALLO),
which has a double-tracked beneficial effect: on one hand,
ALLO reduces the levels of UA [16]. On the other, by
diminishing ROS production, ALLO exerts antioxidant and
antiinflammatory effects [17, 18], which may also con-
tribute to prevent renal injury [19, 20].

Patients with CKD and high UA levels are frequently
treated with ALLO in order to avoid complications such as
gout. However whether ALLO treatment exerts a protective
effect against progression of CKD has not been unequi-
vocally determined [21]. In the present study, we investi-
gated the hypothesis that inhibition of XOD by ALLO
prevents NLRP3 inflammasome activation and slows the
progression of CKD.

Materials and Methods

Experimental protocol

Eighty-two adult male Munich–Wistar rats, weighing
230–250 g, were used in this study. The rats were obtained
from a local facility at the Faculty of Medicine, University
of Sao Paulo. The experimental procedures were specifi-
cally approved by the local Research Ethics Committee
(CAPPesq, process no. 456/11) and developed in strict
conformity with our institutional guidelines and with
international standards for the manipulation and care of
laboratory animals. Five-sixths renal ablation (Nx) was
performed in a single-step procedure. After ventral lapar-
otomy, rats were anesthetized with ketamine (50 mg/kg im)

and xylazine (10 mg/kg im), the right kidney was removed,
and two or three branches of the left renal artery were
ligated, resulting in the infarction of two-thirds of the left
kidney. Sham-operated rats, used as controls, underwent
anesthesia and manipulation of the renal pedicles without
any reduction of renal mass. After surgery, all animals
received a single dose of enrofloxacin (5 mg/kg im) and
tramadol hydrochloride (10 mg/kg) and, after full recovery,
were given free access to tap water, fed regular rodent chow
containing 0.5 Na and 22% protein (Nuvital Labs, Curitiba,
Brazil), and kept at 23 ± 1 °C and 60 ± 5% relative air
humidity under an artificial 12:12-h light–dark cycle.
Allopurinol (ALLO) treatment (36 mg/kg per day in the
drinking water) was started on the day after renal ablation.
Nx rats were randomized into two groups: untreated Nx rats
(Nx group; n= 28), Nx rats that received ALLO as
described earlier (Nx+Allo group; n= 29). Sham-operated
rats (C group; n= 25) received no treatment. All groups
were followed for 60 days. At the end of the study, tail-cuff
pressure (TCP) was determined with an optoelectronic
automated device (BP 2000 Blood Pressure Analysis Sys-
tem, Visitech Systems, EUA) after rats had been pre-
conditioned to the procedure [22], and urinary albumin
excretion (ALB) was assessed by radial immunodiffusion.
The animals were then anesthetized as described above.
Blood samples were taken from the abdominal aorta for
biochemical analyses, and left kidney was retrogradely
perfused in situ through the abdominal aorta with saline to
remove blood from renal vessels. In 10–11 animals of each
group, the remnant kidney (left kidney in the Control
Group) was perfusion-fixed with Dubosq-Brazil solution.
Subsequently, two midcoronal kidney slices were postfixed
in buffered 10% formaldehyde solution, and embedded in
paraffin using conventional sequential techniques. Histo-
morphometric and immunohistochemical analyses of the
renal tissue were performed in 4-mm-thick sections. In
15–18 animals of each group, the left kidney was perfused
with saline only, excised and rapidly frozen at −80 °C for
protein assessment or isolation of nuclei. For the ELISA and
western blot analyses, we used ten animals per group.
The histomorphometric and immunohistochemical
analyses were performed in eight animals per group. The
remaining parameters were determined in all animals of
each group.

Biochemical and enzymatic analyses

Serum creatinine (SCr) was determined using a commer-
cially available kit (Labtest Diagnostica, São Paulo, Brazil).
The renal XOD activity was quantified using a fluorometric
assay kit (Cayman, Michigan, USA) and the renal UA
content was measured in kidney homogenates, using a
commercial kit (Labtest Diagnostica, São Paulo, Brazil).
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Histomorphometric analysis

For assessment of the glomerular injury, 4-µm-thick sec-
tions were stained by the periodic acid-Schiff reaction. The
extent of glomerular damage was estimated by determining
the frequency of glomeruli with sclerotic lesions (GS), as
described previously [23]. Masson’s trichrome was used to
measure the percentage of renal cortical area (INT), which
was estimated by a point-counting technique.

Immunohistochemical analysis

Immunohistochemical analyses were performed on 4-µm-
thick renal sections mounted on 2% silane coated glass
slides. The following primary antibodies were employed:
monoclonal mouse anti-rat ED-1 (Serotec, Oxford, UK) for
macrophages; polyclonal rabbit anti-collagen I (Abcam,
Cambridge, UK); polyclonal rabbit anti-NLRP3 (Sigma,
Saint Louis, USA). Details of the techniques for ED-1 and
type-I collagen immunohistochemistry are given elsewhere
[22]. For NLRP3 detection, sections were pretreated with
30% hydrogen peroxide in methanol and preincubated with
serum-free protein block (Dako, Glostrup, Denmark). The
primary antibody was diluted at 1:400 in 1% bovine serum
albumin (BSA). After rinsing with tris-buffered saline
(TBS), sections were incubated with HRP-labeled polymer
conjugated with secondary antibodies (Dako, Glostrup,
Denmark), then with DAB substrate-chromogen solution
(Dako, Glostrup, Denmark) for development. The renal
density of ED-1-positive cells was evaluated in a blinded
manner at ×400 magnification. The percentage of cortical
interstitial area occupied by collagen I and the percentage of
glomerular area staining positively for NLRP3 were esti-
mated by the same point-counting technique employed to
evaluate INT, under ×400 magnification. For the estimation
of cortical interstitial NLRP3, the number of cells per mm2

was evaluated under ×400 magnification. For each section,
50 microscopic fields (corresponding to a total area of 1.6
mm2) were examined.

Total protein isolation and isolation of nuclei

Renal proteins were extracted using lysis buffer (Thermo
Scientific, Rockford, USA) with protease and phosphatase
inhibitor (Roche, Mannheim, Germany). Protein con-
centration was determined with the bicinchoninic acid
(BCA) method. For isolation of nuclei, kidney tissues were
homogenized on ice with special glass pestle (Sigma
Aldrich, Saint Louis, USA) in lysis buffer and centrifuged
at 1000 × g for 10 min at 4 °C to obtain a crude nuclear
pellet. The supernatant (cytosolic fraction) was discarded.
Further the pellet was reconstituted in high sucrose

Laemmli buffer and centrifuged at 1500 × g for 10 min at 4
°C to obtain a pure nuclear suspension.

Western blot assays

For western blot analysis, 100 μg of total proteins were
mixed with 2× Laemmli loading buffer and were denatured
at 96 °C for 5 min. For the specific nuclear fraction analysis,
the preconditioned samples were not denatured. Protein
separation was performed by sodium dodecyl sulphate-
polyacrylamide gel electrophoresis. The separated proteins
were transferred to a nitrocellulose membrane. The mem-
brane was incubated with 5% non-fat milk or 5% BSA in
TBS for 1 h at room temperature to block nonspecific
binding. The membrane was then incubated overnight at 4 °
C with primary antibodies for: β-actin, 1:5000 (Sigma
Aldrich, Saint Louis, USA); caspase 1, 1:1000 (Santa Cruz
Biotechnology, Santa Cruz, USA); heme oxygenase 1 (HO-
1), 1:500 (Abcam, Cambridge, UK); superoxide dismutase
2 (SOD2), 1:10000 (Cayman, Michigan, USA); phos-
phorylated nuclear factor kappa B (NF-κB) p65 component,
1:100 (Cell Signaling Danvers, USA); histone H2B, 1:1500
(Abcam, Cambridge, UK). After rinsing with tris-buffered
saline Tween 20 buffer (TBST), membranes were incubated
with secondary antibodies labeled with HRP. Immunos-
tained bands were detected using a chemiluminescence kit
(Thermo Scientific, Rockford, USA), and were further
analyzed by densitometry with a gel documentation system
and the Uvisoft-UvibandMax software (Uvitec Cambridge,
Cambridge, UK).

ELISA assays

Protein levels of NGAL, MCP-1, IL-1β and IL-10 were
measured by ELISA. The concentration of NGAL was
determined in the urine, using a rat NGAL ELISA kit
(BioPorto, Copenhagen, Denmark). Total IL-1β and IL-10
were measured in homogenized kidney tissue. The serum
concentration and the tissue content of MCP-1 were mea-
sured using a commercial kit (R&D Systems, Minneapolis,
USA). All analyses were performed in accordance with the
manufacturer’s instructions.

Statistical analysis

Results are expressed as means ± SEM. Statistical differ-
ences among groups were assessed by one-way ANOVA
(with Newman–Keuls post-test) [24]. Correlations were
determined by calculating the Pearson’s coefficient. Dif-
ferences were considered significant at P < 0.05. All cal-
culations were performed using GraphPad Prism
4.0 software.
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Results

Allopurinol reduced hypertension and attenuated
tubulointerstitial injury

To address whether ALLO treatment exerts renoprotective
effects on 5/6 renal ablation model (Nx), we evaluated phy-
siologic and morphologic parameters after 60 days of treat-
ment. Body weight (BW), albuminuria (ALB) and serum
creatinine concentration (SCr) in Nx were not changed by
ALLO. However, ALLO prevented the increase in tail-cuff
pressure (TCP) (Table 1). We observed no difference between
Nx and Nx+ALLO regarding glomerulosclerosis (GS)
(Fig. 1a, d). Likewise, a significant increase of the fractional
cortical interstitial area (INT) and an increased excretion of
NGAL in the urine were observed in Nx, whereas ALLO was
effective in preventing all these changes (Fig. 1b–c). Thus,
ALLO had a protective effect on the tubule and interstitium in
Nx, but no effect on glomerular damage.

Allopurinol attenuated renal inflammation and fibrosis

CKD is associated with a progressive increase in renal
inflammation, and ALLO has been proposed as an antiin-
flammatory drug [18]. ALLO decreased serum and renal
monocyte chemoattractant protein-1 (MCP-1) concentration,
and suppressed renal interstitial macrophage infiltration in
Nx animals (Fig. 2a–c, e). To understand the effect of ALLO
on renal fibrosis, we analyzed the percentage of interstitial
renal type 1 collagen expression. ALLO significantly sup-
pressed the increased type 1 collagen staining observed in
Nx (Fig. 2d–e). Thus, ALLO reduced the interstitial mac-
rophage infiltration and fibrosis in the Nx model.

Xanthine oxidase inhibition by allopurinol resulted
in lower uric acid levels and less oxidative stress

Renal XOD activity was significantly higher in Nx than in
C rats. The XOD activity in Nx+ALLO was comparable to

the observed in normal rats (Fig. 3a). Unlike humans, rats
possess uricase, which promotes oxidative degradation of
UA [25]. Despite the presence of uricase, UA levels were
increased in Nx rats. Since uricase is mostly found in liver
and kidneys of rats [26], the increased UA levels found in
Nx could merely reflect the loss of renal mass. XOD activity
inhibition with ALLO normalized renal UA in Nx (Fig. 3b).
We then analyzed the oxidative stress resulting from
increased XOD activity. HO-1 is an inducible enzyme with
potent antioxidant action, which is increased in renal dis-
eases as an adaptation to protect the kidney from ROS
production [27]. SOD2, also known as manganese-
dependent superoxide dismutase, transforms superoxide
coming from mitochondrial electron transport chain into
hydrogen peroxide, also protecting the cells from oxidative
stress [28]. HO-1 content was increased, while the SOD2
expression was decreased, in Nx compared to C. ALLO
reestablished the content of both enzymes, suggesting that
oxidative stress was suppressed by treatment (Fig. 3c–e).

Allopurinol treatment reduced NLRP3
inflammasome activation

The NLRP3 inflammasome has been shown to play a role in
the pathogenesis of CKD [2, 3]. We assessed the expression
of components of the NLRP3 inflammasome complex in
our model. Activated caspase 1 content was increased in Nx
kidney compared to C, whereas ALLO reduced this para-
meter (Fig. 4a, b). NLRP3-positive staining was increased
in both glomerular and tubulointerstitial areas in untreated
Nx. Although ALLO treatment promoted no change in the
glomerular NLRP3 content (Fig. 4c, i), it reduced the
amount of NLRP3-positive cells in the tubulointerstitial
compartment (Fig. 4d, i). Since the renal content of NLRP3
inflammasome components was increased in Nx, we
investigated the renal abundance of IL-1β, which is the final
product of this pathway [7, 8]. The IL-1β protein levels
were increased in Nx, whereas ALLO reduced this para-
meter (Fig. 4e). The NF-κB system, when activated, pro-
motes the transcription of genes related to proinflammatory
proteins such as mcp-1, pro-il-1β and pro-il-18 [29]. Inter-
estingly, NF-κB was activated in Nx, but ALLO did not
interfere with this parameter (Fig. 4g, h). Further, we
evaluated the ratio of the antiinflammatory IL-10 protein
levels to the proinflammatory IL-1β. The IL-10/IL-1β ratio
was diminished in Nx, whereas ALLO normalized this ratio
(Fig. 4f). We concluded that ALLO inhibits the NLRP3
inflammasome activation, with reduction of the IL-1β pro-
duction and increased antiinflammatory IL-10 levels. To
investigate whether the effects of ALLO are mediated by
NLRP3 activation, we performed correlation analyses. We
observed that NLRP3 activation correlated positively with
the density of macrophage infiltration (Fig. 5a) and with the

Table 1 Body weight, albuminuria, serum creatinine and tail-cuff
pressure 60 days after renal ablation

C Nx Nx+ALLO

BW, g 309 ± 8 253 ± 6a 264 ± 6a

ALB, mg/24 h 3 ± 1 100 ± 14a 87 ± 16a

SCr, mg/dL 0.6 ± 0.1 1.2 ± 0.1a 1.1 ± 0.1a

TCP, mmHg 134 ± 2 212 ± 8a 191 ± 6ab

Body weight (BW, g), urinary albumin excretion (ALB, mg/24 h),
serum creatinine (SCr, mg/dL) and tail-cuff pressure (TCP, mmHg) in
C, Nx and Nx+ALLO groups. Results expressed as means ± SE
ap < 0.05 vs. C
bp < 0.05 vs. Nx

O. Foresto-Neto et al.



percent cortical interstitial area (Fig. 5b) in Nx+ALLO. In
addition, TCP correlated positively with the amount of
NLRP3-positive cells (Fig. 5c) and with the renal IL-1β
content (Fig. 5d) in Nx+ALLO, in consistency with the
observed positive correlation between NLRP3 inhibition
and parameters of renal injury in ALLO-treated rats.
Together, the correlation data suggest that the protective
effect of ALLO is associated with NLRP3 inhibition.

Discussion

As expected [30–34], renal ablation was accompanied by
growth stunting, severe albuminuria, systemic hypertension,
impaired renal function, renal inflammation, glomerulo-
sclerosis and tubulointerstitial injury. The mechanisms

involved in the progression of renal damage in this model
are not yet fully understood, although it is well known that a
number of inflammatory and hemodynamic factors can
promote the progressive loss of nephrons, eventuating in the
replacement of renal parenchyma by a fibrotic tissue.

We showed previously that the innate immunity and
proinflammatory signaling pathway, NF-κB, is activated in
the remnant kidney [35], and that its inhibition with pyr-
rolidine dithiocarbamate exerted a renoprotective effect
[35]. Activation of this system leads to the transcription of a
number of genes that codify for inflammatory mediators
[29]. In the present study, we confirmed that the NF-κB
system is activated in Nx rats, which may have contributed
to enhance the expression of MCP-1 and IL-1β. The NLRP3
inflammasome is another innate immunity pathway acti-
vated in CKD [2, 3]. Recently, we showed that the renal

Fig. 1 Frequency of glomeruli with sclerotic lesions (GS, %) (a),
percentage of cortical interstitial area (INT, %) (b), and urinary
excretion of neutrophil gelatinase-associated lipocalin (NGAL, µg/24
h) in urine (c) 60 days after renal ablation. Periodic Acid-Schiff (PAS)

(×400) staining was used to analyze glomerular injury, and Masson’s
trichrome (×200) was employed to evaluate the percentage of renal
cortical interstitial area (d). Results expressed as means ± SE. ap < 0.05
vs. C, bp < 0.05 vs. Nx

Allopurinol and NLRP3 in remnant kidney



expression of NLRP3 is increased 15, 60 and 120 days after
renal ablation [1]. Accordingly, we showed in the
present study that the renal content of NLRP3 and mature
caspase 1 was elevated 60 days after Nx, in association with
increased IL-1β protein content, which exerts a proin-
flammatory effect in the renal tissue, promoting enhanced
cytokine production and macrophage recruitment. Thus,
activation of one or more innate immunity pathways was
evident in Nx rats. The consequent trend toward renal
inflammation in Nx rats was intensified by the observed
downregulation of the antiinflammatory protein IL-10 in the
remnant kidney.

The mechanisms by which innate immunity is activated
in the Nx model and in other instances of CKD have not
been determined. UA is one possible candidate. In the last
few years, evidence that elevated UA levels can activate
NLRP3 and cause renal damage has emerged [3, 4, 12]. In
the present study, the renal UA content was moderately

increased after 60 days of Nx, as a possible result of
enhanced renal XOD activity. In addition to promoting UA
production, XOD activation also results in ROS production,
thus activating both the NF-κB and NLRP3 pathways
[9, 36]. We showed HO-1 induction in the Nx group,
suggesting an adaptation against the oxidative stress and
other cytotoxic effects such as apoptotic cell death. In
consistency with these results, SOD2, which promotes the
conversion of O2

− to H2O2 and O2 [37], was diminished in
Nx animals, suggesting a deficiency in the ROS removal
after renal ablation, further contributing to oxidative stress.

ALLO prevented renal XOD activation and reduced
hypertension, tubular injury (as shown by enhanced urinary
NGAL), interstitial macrophage infiltration and interstitial
fibrosis after 60 days of treatment. These data corroborate
previous observations that ALLO exerts a considerable
renoprotective and antiinflammatory effect [20]. However,
ALLO treatment promoted no significantly reduction in

Fig. 2 Serum (a) and renal (b) content of monocyte chemoattractant
protein-1 (MCP-1, pg/mL), interstitial macrophage infiltration (cells/
mm2) (c), and cortical interstitial area occupied by type-I collagen (%)
(d). Immunohistochemistry was performed to identify and quantify

macrophages (ED-1), stained in red, and collagen 1, stained in dark-
brown (×400) (e). Results expressed as means ± SE. ap < 0.05 vs. C,
bp < 0.05 vs. Nx

O. Foresto-Neto et al.



albuminuria or glomerular injury, indicating that renopro-
tection was confined to the interstitial compartment. This
observation is consistent with previous clinical observations
that ALLO may exert renoprotection without reducing
proteinuria [16, 19]. In another study of the Nx model,
ALLO reduced renal injury and proteinuria [38]. However,
that study utilized rats made hyperuricemic by oxonic acid,
and thus may not be comparable to our study.

Although the beneficial effect of reducing UA levels is
self-evident in conditions such as gout, the mechanisms of
ALLO renoprotection in CKD remain unclear. In the Nx
model, Sanchez-Lozada et al. [38] showed that treatment
with ALLO prevented glomerular hypertension in associa-
tion with less inflammation. To date, a few clinical trials
have assessed the potential role of reducing serum UA
levels in the control of hypertension [39, 40]. In our study
ALLO reduced UA in Nx as consequence of the XOD
inhibition. However, it is well known that XOD inhibition
by ALLO also reduces the synthesis of ROS [41]. There-
fore, renoprotection by ALLO may have been at least in part
independent of its action on renal UA content. Oxidative
stress contributes to atherosclerosis, endothelial dysfunction
and renal artery stenosis, all of which can lead to systemic
hypertension [41, 42]. Nakazono et al. [43] demonstrated a

causal link between oxidative stress and hypertension in
spontaneously hypertensive rats, whereas treatment with
ALLO reduced blood pressure in these animals. Thus, the
antihypertensive effect of ALLO, shown in our study, can
be attributed not only to renal UA normalization, but also to
reduction of oxidative stress.

Both renal UA and ROS production, which are reduced
by ALLO, can activate NLRP3 inflammasome [14, 15],
whereas their suppression can inhibit this effect. Accord-
ingly, evidence is growing that ALLO suppresses renal
NLRP3 activation, resulting in amelioration of renal injury
[12]. Previous work had shown that NLRP3 deletion
reduces renal fibrosis and reverses mitochondrial dysfunc-
tion in the unilateral ureteral obstruction model [6]. In the
present study, ALLO treatment attenuated the activity of the
NLRP3 pathway, indicated by reduction of both NLRP3
and active caspase 1, thus normalizing the production of
IL-1β. Importantly, ALLO had no effect on the NF-κB
system, another innate immunity component. This finding
suggests that the antiinflammatory effect of XOD blockade
is essentially due to inhibition of the NLRP3 inflamma-
some, without interference on the NF-κB pathway. This
view is reinforced by the observation that the NLRP3
content correlated significantly with TCP, interstitial

Fig. 3 Xanthine oxidase activity (XOD, µU/mg) (a) and uric acid
concentration (UA, mg/g) (b) were evaluated in renal tissue using
enzymatic assays. The renal contents of heme oxygenase 1 (HO-1) (c)

and superoxide dismutase 2 (SOD2) (d) were quantified using western
blot analysis (e). Results expressed as means ± SE. ap < 0.05 vs. C,
bp < 0.05 vs. Nx

Allopurinol and NLRP3 in remnant kidney



Fig. 4 Renal content of caspase 1 (a) was evaluated by western blot
analysis (b). The presence of NLRP3 (%) in glomeruli (c) and the
number of NLRP3-positive cells (cells/mm2) in the tubulointerstitial
(TUB-INT) compartment (d) were evaluated using immunohis-
tochemistry staining. Protein levels of IL-1β (pg/mL) (e) and the IL-10
and IL-1β contents (f) were quantified by ELISA. To evaluate the NF-

κB activation in renal tissue, the phosphorylated p65 content was
quantified in nuclei (g) by western blot analysis (h). Histone H2B was
used as loading control. Illustrative microphotographs show the pre-
sence of NLRP3-positive staining in glomeruli, and NLRP3-positive
cells in tubules or at the interstitium (arrows) (×400) (i). Results
expressed as means ± SE. ap < 0.05 vs. C, bp < 0.05 vs. Nx

O. Foresto-Neto et al.



expansion and the density of interstitial macrophage infil-
tration, whereas the content of IL-1β correlated with TCP.

In summary, our observations indicate that the antiin-
flammatory and antifibrotic effect of ALLO in the Nx model
involves inhibition of the NLRP3, but not of the NF-κB
pathway. The fact that ALLO-induced renoprotection was
incomplete suggests that the NF-κB system and/or other
signaling pathways may also participate in the pathogenesis
of renal injury associated with this model. Whatever the
mechanisms involved, ALLO may play a role in the quest to
arrest or detain the progression of CKD.
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