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Diacerein Mitigates Renal Ischemia/Reperfusion Injury via
Inhibition of Renal Inflammation, Dendritic Cells Maturation and
Apoptosis: The Role of TLR4/NFKB/NLRP3/IL-1 Signaling Pathway
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SUMMARY: One of the reasons for acute kidney damage is renal ischemia. Nevertheless, there are limited protective and
therapeutic approaches for this problem. Diacerein is an anti-inflammatory drug characterized by numerous biologicalVéetivities
aimed to determine the ameliorative impact of diacerein on renal ischemia/reperfusion injury (I/R) condition, explorirgigiegind
mechanisms. Twenty-four male rats were allotted into four groups (n= 6): sham group; Diacerein (DIA) group; I/R group,an which
non-crushing clamp occluded the left renal pedicle for 45 min, and the right kidney was nephrectomized for 5 min beferfe sienrep
process; I/R + diacerein group, injected intraperitoneally with 50 mg diacerein/kg i.m 30 minutes prior to I/R operatiora/Ische
reperfusion was found to affect renal function and induce histopathological alterations. The flow cytometry analysis dmh@mnstrat
elevated expression of innate and mature dendritic cells in I/R renal tissues. Moreover, upregulation in the expresslamoh#tery
genes (TLR4, Myd88, and NLRP3), and overexpression of the pro-inflammatory cytoking3, #pdptotic (caspase-3) and pyroptotic
(caspase-1) markers were observed in I/R-experienced animals. The aforementioned deteriorations were mitigated by pe@l/R diace
treatment. Diacerein alleviated I/R-induced inflammation and apoptosis. Thus, it could be a promising protective agéfR.against
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INTRODUCTION

Renal ischemia is one of the sever clinical problenand blood vessels (Zuk & Bonventre, 2016). Several studies
that face patients admitted to hospitals (Pa¢aat, 2017), report that reperfusion-induced renal tubular damage may
for renal transplantation, cardiovascular surgery (Ahmadids¢ due to a large influx of calcium, reactive oxygen species
etal, 2014), partial nephrectomy, and renal tumors operatigROS), apoptosis, inflammatory cytokines (&wl, 2018).
(Martin et al, 2012). It is a principal reason for acute renal
failure, that progress to chronic renal failure (Malek & Toll-like receptors (TLR) are a big family of
Nematbakhsh, 2015), affecting all the histological structuteansmembrane recognition proteins which incorporate ten
of the kidney, including the glomerulus, interstitium, tubulesnembers in humans. TLR4 is one of the important pattern-
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recognition receptors in renal ischemia. It was demonstratedperiment. Our experimental procedures were accepted by
to trigger the inflammatory response observed in experimetite Ethics Committee of Faculty of Veterinary medicine,
tal-induced ischemia-reperfusion injury effectively. It isMansoura University (Approval No R/109). And all animal
activated by its attachment to the damage-associatexperiments were complied with the ARRIVE guidelines
molecular patterns (DAMPS) with subsequent activation @ind carried out in accordance with the National Institutes of
nuclear factor- kB (NB), which upregulates the tumor Health guide for the care and use of Laboratory animals (NIH
necrosis factor-alpha (TNF, pro-inflammatory cytokines, Publications No. 8023, revised 1978).
interleukin 6 (IL6), and interleukin-1 beta (IB)Lproduction
(Yangetal, 2019). In addition, it is reported that renal tubulaChemicals: Diacerein was obtained from (Eva Pharma,
cell apoptosis is one of the most pathological processegypt) and dissolved in 1 % carboxymethylcellulose (1 %
during ischemial/reperfusion-induced renal damagéMC).
(Kroemeret al, 2010). Thus, recent therapeutic approaches
for renal I/R may have originated from research targetiri@enal I/R injury model: Renal ischemia-reperfusion was
inflammatory process, and apoptosis. performed according to Zahrat al. (2015). In brief, the
rats were anesthetized by being injected intraperitoneally
Diacerein, one of the anthraquinone derivatives, iswith 4 % phenobarbitone with a dose of 10 ml/g body weight.
nonsteroidal anti-inflammatory drug with multiple The rats were placed in heating pads during the operation to
pharmacological effects, such as anti-apoptotic andaintain their temperature at 37 °C. The operation started
antioxidant activities (Bharét al, 2017). It exerts its action with a midline abdominal incision; then, the left renal pedicle
by suppressing the IL-1 converting enzyme, a crucial limitinggas clamped by microaneurysm forceps for 45 min to
enzyme for releasing ILELcytokine, with blocking IL-B  occlude the renal pedicle to achieve maximum renal damage,
receptor binding. Furthermore, it inhibits the expression e¥ithout affecting the life of the rats. Five minutes before the
the pro-inflammatory mediator inducible nitric oxideend of the operation, the right kidney was removed; after
synthase (iINOS) and subsequently, the synthesis of nittiwat, the renal clamps were removed to ensure reperfusion,
oxide (NO) (Abdel-Gabeet al, 2018). Diacerein has beenwhich was confirmed in the next 5 min of the operation by
recognized to have a protective effect against doxorubiatihanging the color of the kidney to bluish color. Then 1 ml
and cisplatin-induced acute kidney injury via its antief 37°C saline was injected into the abdominal cavity; after
inflammatory and antioxidant properties (Refatial, 2016). that, the abdominal incision was sutured in both layer; and
Additionally, a former report demonstrated the ameliorative4 h after the perfusion, the rectal temperatures were
impact of diacerein and its active metabolite rhein omaintained at 37 °C. Finally, the left kidney was harvested.
acetaminophen-induced nephrotoxicity and hepatotoxicity
(Zhaoet al, 1997). Jet al (2005) announced that treatmenExperimental groups: Rats were assigned into four groups
with 150 mg/kg/day of rhein protected the kidney in the earl{6 rats /group): Group | Sham group, we subjected rats to
phase of glomerulosclerosis by attenuating the activities tife same procedure of the surgery with right kidney
caspase-3 and NkB. To our knowledge, no study verified discectomy without occluding the left renal pedicle; Group
the underlying anti-inflammatory and antiapoptotidl sham group treated with diacerein with a dose (50 mg/kg
mechanisms for the renoprotective impact of diacereirm); Group Il I/R group, in which the left renal pedicle
against renal ischemia. Hence, we carried out this reseaodtluded by a non-crushing clamp for 45 min and its right
to evaluate the possible protective impact of diacerein &dney was exposed to nephrectomy 5 min prior to the
renal ischemia and its underlying mechanisms. reperfusion process (Zahrat al, 2015); Group IV I/
R+DIA: rats of this group were injected intraperitoneally
with 50 mg diacerein /kg i.m 30 minutes before surgical
MATERIAL AND METHOD operation in accordance with Abdel-Gakeéal (2018).

Collection of blood and urine samples and harvested
Animals: Twenty-four male albino rats (200-220 g) agedkidney specimens:After the operation, the rats were kept
(16-20 weeks) were brought from the National Researdh4 separate metabolic cages for 24 h to obtain urine samples
Center (Dokki, Giza, Egypt). Then, they were housed in thrée measure creatinine clearance and KIM-1. At the end of
separate steel cages, one week before the experiment a®4amours for reperfusion, the animals were anesthetized
acclimatization span in the Faculty of Veterinary Medicindntraperitoneally with 150 mg/kg body weight of sodium
Mansoura University, Egypt. They were kept in standandentobarbitone, the blood samples were obtained from retro-
laboratory conditions at 24 2 °C with a 12-h light/dark orbital venous plexus, and the serum was separated by
cycle and food with free access to water throughout tleentrifugation and kept at -2 for further measuring
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creatinine and blood urea nitrogen (BUN). Additionally, theypylar injury in I/R lesions according to the study done by
left kidneys of different groups were collected and dividepatelet al (2004).

into three sections. We homogenized the first section in cold

phosphate buffer saline (PBS) (Ph 7.4) and then centrifuggimunohistochemical assay of inflammatory cytokines

at 3000(9. We used the supernatant to measure oxidatiy@_l B), apoptotic marker (caspase-3), pyroptotic marker
stress biomarkers, and IL12 by ELISA, making flowcaspase-1) Immunohistochemical measurement for
cytometry to detect mature dendrltlc cells. We stored thﬁ-ﬂammatory cytokines (IL-R), apoptotic marker (caspase-
second section at -8 for real-time PCR tests for geneg) and pyroptosis marker (caspase-1) was performed according
expression measurement. Their last section part was kepfdiRamos-Varat al (2008). Positive area staining was carried
10 % formalin for histopathological investigation:gyt in renal tissue (mean area) (estimated by taking the avera-
(Hematoxylin and Eosin), immunohistochemical analysisge values from ten fields at ten magnifications) for every re-

) . o nal tissue region by ImageJ software).
Renal function markers: KIM-1 protein expression in 24

hours of urine was measured by commercial ELIZA Kitg|ow cytometry of the dendritic cells and detection of
(Catalog Number: RKM29-K01) following the their inflammatory cytokine IL-12 by ELISA : We used
manu.facturer‘s instructions. The levels of creatinine anghgle-cell suspension from renal tissue to assess dendritic
BUN in serum were measured by an auto-analyzer (CX de|| maturation and abundance by staining it with
Beckman, Foster City, CA, USA). Additionally, creatininefiorochrome-labeled antibodies: anti-CD11c (PE) and
clearance (Cr Cl) was estimated as follows: MHC-2 (FITC). Then, we conducted flow cytometry analysis

1 by (Accuri c6 Becton Dickenson, Germany). We measured
Cr CI (ml/min) =Vrine volume () x Urine creatinine conenetration @ the levels of IL-12 in the supernatants of renal homogenates

plasma creatinine () by ELISA kits (Catalog No. LS-F23156) following the

manufacturer's guidelines.
RT-PCR AssessmentExtraction of homogenized renal
tissue total RNA was evaluated using direct-zol RNA (Cat8tatistical analysis: Data were exhibited as meanSD.
R2072., USA). The total RNAwas reversely transcribed intShapiro-Wilk test was used to examine the data normality.
complementary DNA (cDNA) by RT-PCR kit (Cat# one-way ANOVA was utilized, followed by Tukeymst
12594100, Thermo Fisher Scientific, Waltham, MA, USA)hoctest for comparison between experimental groups. The
followed by PCR. 96-well plate StepOne instrumenthreshold for significance was adjusted at p< 0.05. GraphPad
(Applied Biosystem, USA) was utilized in a thermal profile Prism 9 Software was utilized for data analysis.
After the RT-PCR run, data were presented in Cycle threshold
(Ct) for the target genes and housekeeping gene. The
normalization for variation in the expression of target geneRESULTS
NFkB, TLR4, NLRP3, and MYD88 was carried out as per
the mean critical threshold (CT) expression values of
GAPDH housekeeping gene via thACt method. The Impact of Diacerein on renal function markers: As
relative quantitation (RQ) of every target gene was calculatsdown in Table I, renal ischemia significantly affected renal
using the 2AACt method. function by increasing serum creatinine, urea, and 24 hours
urine level of kidney injury molecule -1 (KIM-1) and

Histopathological examination: The renal tissues were decreased creatinine clearance relative to sham rats. In
fixed in 10 % buffered formalin. After that, they werecontrast, diacerein-treated rats significantly improved renal
dehydrated by ascending grades of ethanol and thimction by decreasing the serum level of creatinine, urea,
immersed in a paraffin block. Later, @ thickness section and 24 hours urine KIM-1 and had a remarkable increase in
of renal tissues was cut and stained with H&E and examinetkatinine clearance counterweight to ischemic rats (p<
by light microscopy (400x). The quantitative evaluation 0.001).

Table I. The impact of diacerein on renal functions (serum creatinine, blood urea nitrogen (BUN), creatinine clearan€tMcr@l),
different experimental groups.

Experimental groups Sham DIA I/R I/R+DIA
Serum creatinine (mg/dl) 0.63 + 0.04 0.72+0.05 2.97 +0.18&%% 1.43 + 0.32&%%%8
Serum BUN (mg/dl) 31.2+£2.77 35.7+2.41 246 + 12.56%%% 106.6 + 36.86&&%%
Creatinine Clearance (ml/min) 0.272 +£0.01 0.288 + 0.01 0.016 + 0.00&%% 0.088 + 0.03%4558
KIM-1 (ng/ml) 0.278 +0.31 0.293 + 0.31 1.2 +0.158%& 0.546 +0.10%45%8

Data are expressed as mea8D. 4% p < 0.001, &&p < 0.01 andlp < 0.05 significant vs sham grod#p < 0.001, an&p < 0.01 significant vs I/R group.
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Influence of diacerein on renal morphologyBy examining loss of brush-border membranes, necrosis, and interstitial
the renal tissue using H and E staining, we found that teeema. This affection was significantly improved by
sham and diacerein groups rats (Figs. 1A, B) showed n@retreatment with diacerein which showed mild epithelial
mal glomeruli (G) and tubules (T). In contrast, in the I/Rells degeneration in a few tubules (Fig. 1F). By scoring the
group, (Figs. 1C, D and E) there was great affection in thebular injury, we found that pretreatment with 50mg
histology of the renal tissues in the form of severe congestidracerein significantly alleviated (p < 0.001) the tubular
of BV around the glomeruli, swelling of renal tubular cellsnecrosis concerning I/R group (Fig. 1G).

DIA group with normal glomeruli (G) and tubules (T). Panels (C, D, and E) showed
renal sections from the I/R group demonstrating marked pathological changes:
Coagulative tubular necrosis with preserved outline and complete loss of nuclei
(black arrows), loss of brush border (arrowheads), occasionally pyknotic cells with
shrunken dark nuclei (blue arrow), congested BV around glomeruli (red arrows),
interstitial edema (*), and cellular hydropic changes (thick arrow) (F). Renal sections
from the I/R+DIA group exhibited very mild epithelial cell degeneration in a few
tubules (arrow), hydropic changes (thick arrow) minimal interstitial oedema (*)
features of reversible cell injury. (G) The histogram of tubular injury scoring values
is presented as mea$D. % p, andp < 0.01 significant vs sham groufp <

0.001 significant vs I/R group (H&E, X: 400, Bar fifh).

T
control Dia IR IR+Dia

)

Effect of diacerein on the inflammatory pathway (TLR4/ immunoexpression of inflammatory pathway compared to
NF-KB/NLRP-3) gene expression and pro-inflammatory /R group, indicating the powerful anti-inflammatory
cytokines (IL-1B) immunoexpression.The expression of character of diacerein against renal ischemia.

TLR4, MYD88, NF«B, and NLRP3 genes in renal tissues

at the mRNA level was significantly elevated in the I/REffect of diacerein on the inflammatory response
groups (Figs. 2A, B, C and D), indicating exaggeratemhediated by renal dendritic cells (DCs) population and
inflammatory response, which subsequently resulted Ih-12 immune expression.By examining DCs in renal
upregulating nuclear transcription factor MB; increasing tissue by flow cytometry, either innate DCs through its re-
the protein level of pro-inflammatory cytokine ceptor CD11c expression or mature DCs through its recep-
immunoexpression of ILfA(Fig. 3C) in relation to the sham tor MCH-Il expression, we found that renal ischemia/
group. Presurgical administration of diacerein markediyeperfusion markedly upregulated the expression of innate
downregulated (p< 0.001) the genes and thBCs and mature DCs (Figs. 4C and G respectively) in
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Fig. 2. Effect of diacerein treatment on the
expression of antioxidant genes A) TLR4 B)
MYD88 C) NF«B D) NLRP3 in different
groups of rats*&p < 0.001 significant vs
sham group®*% < 0.001 significant vs I/R
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Fig. 3. Photomicrographs of immunostained renal sections againgt lLaspase-3, Caspase-1 demonstrate a negative tubular reaction
in sham (A, E, 1) and DIA groups (B, F, J) groups, a strong positive brown cytoplasmic reaction in the tubular epithéBédells
arrows) in the I/R group (C, G, K), and very minimal reaction (Black arrows) in I/R+DIA group (D, H, L). (M, N, O) pane$ theeal
histogram of the area fraction of immunopositivif.p < 0.001 significant vs sham grou@gh< 0.001 significant vs I/R group. (IHC

counterstained with Mayer's hematoxylin. X:400, Bap59).
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comparison with the sham group. Diacerein treatmeiffect of diacerein on apoptosis and pyroptotic markers
significantly downregulated (p < 0.001) the expression ¢Caspase-3, caspase-1 immunoexpressioRenal tissue
innate and mature DCs (Figs. 4D and H respectively) mpoptotic and pyroptotic cell marker caspase-3 and caspase-
relation to the I/R group. As a result of this downregulating at the protein level was significantly elevated in the I/R
effect of diacerein on DCs, the secretion of the inflammatogroup (Figs. 3G and K) in comparison to the sham group.
marker (IL-12) was downregulated (Fig. 4K) compared tBiacerein treatment showed a strong anti-apoptotic property
the ischemic group, resulting in more inhibition of théby decreasing (p < 0.001) the caspase-3 positive cells

inflammatory process. compared to the renal ischemic group.
FO1 CD11-¢c-normal F03 -ve-control-CD11-¢ F04 CD11-c-Ischemia F02 CD11-¢-D1
" g _Gate: (R4 in all) and (RS in all) o _Gate: (R4 in all) and (R5 in al g _Gate: (R4 in all) and (RS in all) o Gate: (R4in all) and (R5in all)
— L 5 Fve-pop. +ve-pop.| 2 ve-pop. +ve-pop |
8 29.2% 70.8% 63. %p 36,1%6p
% g
2 N ¥
S
°
c
]
T a b3
[)] ] 5 84
S o~
s o
L
[}
£
E -
W : P e T TR R Y 1) = L
FLA-H C FLI-H D w3 w2 ﬁru-u”“ W5 456
F05 MHC-ll-normal F08 -ve-control-MHC-Il FO7 MHC-Il-Ischemia F06 MHC-II-D1
g _Gate: (R4 in all) and (RS in all) o _Gate: (R4 in all) and (R5 in all) g _Gate: (R4 in all) and (RS in all) g _Gate: (R4 in al)) and (R5 in all)
K] 2 9 Fve-pop. +ye-pop. © tve-pop. +ye-pop,
3 28.8% 71.2% 41.7% 58.3%
o 1
15
E=
S
o
c |-
| S € €t o
b o] > 2 3 &=
ol° 3 3"
S
3
o
[}
2 .,,mmw mm%m—rm—rr
8 g oS 156 a,,,!.s ) P wt W W56
E F - H FL1-H

&&&

50

CD11-c polstive immature dendritic cells
MHC-Il positive mature dendritic cells
Relative IL12 pg/mg protein

control IR control IR control IR+Di

Fig. 4. The flow cytometric analysis of single-cell suspensions of the kidney for CD11-C positive immature and MHC-lInpakitive
dendritic cell in different experimental groups shows normal expression for sham (A,E) and DIA group (B,F), marked expt#gsion i
group (C,G) and moderate expression in I/R+DIA group (D,H); (I) Histogram of CD11-c positive immature cells; (J) Histogram of
MHC-II positive mature cells; (K) The ELISA results showing the level of IL-12 in different grétfgs.< 0.001significant vs sham
group,®&p < 0.001, significant vs I/R group.

DISCUSSION

Renal ischemia/reperfusion injury is one of the maja2011). Nevertheless, the full pathophysiology of renal
complications of renal transplantation, renal vasculaschemia has not been fully understood.
surgeries, aortic clamping, and shock. Many reports
discussed the underlying pathophysiological pathways and The first goal of our study was to examine the
their impact on renal function (Sharfuddin & Molitoris, renoprotective of diacerein against renal ischemia. We found
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that renal ischemia/reperfusion deteriorated renal functigmoduction leads to renal damage. We found that 45 minutes
by increasing serum creatinine, urea, and 24 hours urine legérenal ischemia upregulated innate and mature DCs and
of KIM-1, as the first indicator of acute kidney injury, withtheir inflammatory marker IL12. This finding agrees with
decreasing creatinine clearance; similar results were report@ohget al (2018). Diacerein pretreatment significantly
by Awadallaet al (2021). According to Goldfarkbt al  downregulated the expression of innate and mature DCs and
(2001), the elevation of serum creatinine is associated witheir inflammatory cytokine IL12 because diacerein has an
renal medullary injury, which explained by the fact thainhibitory impact on the NB transcription factor, which
reperfusion produces anoxia, which leads to lipithas a positive regulator of the maturation of DCs (Latez
peroxidation and may be the causative agent of apoptoals 2015). To our knowledge, we are the first to discuss the
and cellular necrosis (Shimizet al, 2016). However, regulatory effect of diacerein on renal dendritic cells.
pretreatment with diacerein showed statistical improvement
in renal function markers serum creatinine, urea, creatinine Regarding the renoprotective effect of diacerein on
clearance, and KIM-1. These findings agree with those cénal tubular epithelial cells survival, we found increased
Barakatet al (2021). To the best of our knowledge, this ismmunoexpression of caspase 3 in the I/R group in
the first work declaring the downregulatory effect oicomparison to the sham. This finding is consistent with Yang
diacerein on KIM-1 secretion. This study showed considet al. (2010). Diacerein treatment significantly
rable improvement in the histopathological picture imlownregulated caspase-3 immunoexpression in the ischemic
ischemic acute kidney injury. Similar results reported bgroup. This finding agrees with those of Reftial (2016).
Refaieet al (2016). DIA renoprotective regarded to its antiPyroptosis is a highly inflammatory form of lytic
inflammatory and anti-apoptotic effects, preserving rengrogrammed cell death. We found that renal ischemia
tubular epithelial cell damage. significantly increased the mRNA gene expression of NLRP3
in renal tissue and the immunoexpression of caspase 1, which
The second goal of our work is to explore theoromoted groptosis. This finding is consistent with Sein
underlying renoprotective mechanisms of diacerein agairat (2020). DIA treatment markedly downregulated the
renal ischemia. In our study, DIA pretreatment decreaseapression of NLRP3 mRNA and caspase-1
IL-13 immunoexpression, inhibiting renal inflammationimmunoexpression, in keeping with Refaeal (2022),
(Athanasopoulost al, 2016). indicating that diacerein might have an anti-apoptotic effect
on ischemic renal tubular cells. Inhibition of inflammasome
TLR4 receptors are essential pattern-recognitioactivation by diacerein with its subsequent activation of
transmembrane proteins in monocytes, macrophages, aagpase-1, changes proactive IR-thto active IL-13
renal tubular epithelial cells activated by recognition ansupporting the well-known theory of the specific targeted
binding to DAMPs released from damaged cells afteénhibitory effect of diacerein on IL-f by direct locking of
exposure to ischemia (Cat al, 2019), leading to activation its receptor. The inhibition of NdB phosphorylation, NLRP3
of Myd88 and NF«B. This nuclear transcription factor inflammasome inhibition, and autophagic stimulation has an
activates the production of pro-inflammatory cytokines. Imhibitory effect against the maturation and secretion of pro-
our study, we found that renal ischemia increased mRNAflammatory cytokines (Saitobt al, 2008). The anti-
expression of TLR4, MyD88, and NEB with subsequent apoptotic effect of diacerein in renal ischemia may be due to
overproduction of protein level of proinflammatory cytokindts upregulating and downregulating effects on renal
(IL-1b). This finding agrees with Wet al (2007). In autophagic and inflammatory processes, respectively.
contrast, treatment with diacerein downregulated the
expression of mRNA of TLR4, MyD88, and NéB,
decreasing the protein level of pro-inflammatory cytokin€ ONCLUSIONS
(IL-1B). These results are consistent with Ibrakaimal.
(2021). These outcomes demonstrated that diacerein has a
powerful renal anti-inflammatory character through two Administration of diacerein markedly attenuated re-
dependent ways first by its inhibitory effect on TLR4/NFnal I/R injury in rats. This ameliorative effect of diacerein
KB- pathway with its subsequent secretion of proeould be attributed to inhibition of TLR4/NKkB/NLRP3
inflammatory mediators, and second, via its well-knowimflammatory pathway with subsequent depression of IL-
direct blockage action against I3 Teceptors which starts 1b proinflammatory cytokine secretions and dendritic cells
the renal ischemic inflammatory flu. maturation. Moreover, diacerein improved renal tubular
epithelial cell survival by reducing apoptotic caspase-3, and
Dendritic cells are the most abundant leukocyte ipyroptotic caspase-1 cellular death. Hence, diacerein could
renal tissue and their activation with inflammatory cytokinese a promising protective agent against renal I/R.
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