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Abstract

Objectives: Weaimed to analyze the effects of diacerein in a
rat model of partial unilateral ureteral obstruction (PUUO).
Methods: We randomly divided 24 female rats into three
groups. Control group, PUUO group and PUUO + diacerein
group. The PUUO groupwas subjected to the PUUOmodel for
seven days. The PUUO + diacerein group received oral
diacerein (80 mg/kg) for seven days. Spectrophotometric
methods were employed to measure oxidative stress
parameters, including malondialdehyde (MDA), protein
carbonyl (PC) and antioxidant enzyme levels, including
glutathione peroxidase (GSH-Px), and superoxide dismutase
(SOD), while indicators of renal function, such as kidney
injury molecule-1 (KIM-1) and neutrophil gelatinous-
associated lipocalin (NGAL), along with inflammatory
parameters interleukin-1 beta (IL-1beta), tumor necrosis
factor-alpha (TNF-alpha), and interleukin-6 (IL-6), were
assessed using the ELISA method. Inflammatory parameters
were measured in blood samples, and other parameters

were analyzed in kidney tissue. Hematoxylin-eosin method
examinations were used for histological analyses.
Results: IL-1beta, TNF-alpha, and IL-6 levels were found to
be significantly decreased in the PUUO + diacerein group
compared to the PUUO group (p=0.006, p=0.002 and p=0.001,
respectively). In the PUUO + diacerein group, GSH-Px and
SOD activities increased compared with the PUUO group
(p=0.031 and p=0.037, respectively). We also observed a
significant improvement in renal function parameters, such
as KIM-1 and NGAL levels in the PUUO + diacerein group
compared to PUUO (p=0.002 and p=0.012, respectively).
The PC and MDA levels were highest in the PUUO group
(p<0.001). Similarly, the histopathologic tissue damage
was the most prominent PUUO group (p<0.001).
Conclusions: Our study found that diacerein is a highly
effective pharmacologic agent in alleviating oxidative dam-
age in PUUO model rats.

Keywords: diacerein; partial ureteral obstruction; oxidative
damage

Introduction

Obstructive uropathy causes oxidative stress associatedwith
increased intraluminal pressure in the upper urinary tract
[1]. It is a prominent cause of chronic renal failure, especially
in infants and children. Obstructive uropathy is the etiologic
factor in approximately half of pediatric patients with end-
stage renal disease undergoing renal transplantation [2].
Ureteral obstructions may develop secondary to intra-
luminal or extraluminal pathologies. Many factors in the
etiology include retroperitoneal fibrosis, malignancies,
foreign bodies, urinary tract stone diseases, and abdominal
surgeries [3]. Partial unilateral ureteral obstruction (PUUO)
is a widespread pathology in the urology discipline [1, 3]. We
have minimal knowledge about the pathophysiologic
changes in the urinary system due to PUUO [2]. Impaired
kidney blood flow, elevated intrapelvic pressure, vasoactive
and inflammatory mediators such as transforming growth
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factor alpha, beta 2-microglobulin, and clusterin are the
main factors involved in the pathophysiology of PUUO [3, 4].
Besides, recent studies have provided considerable evidence
that reactive oxygen species (ROS) formed during PUUO play
essential roles in this pathologic process [4]. It is documented
that in previous experimental studies on rats with PUUO
models, proinflammatory cytokine levels such as tumor
necrosis factor-alpha (TNF-alpha) and interleukin-6 (IL-6)
dramatically increased while tissue damage parameters
such as malondialdehyde (MDA) and protein carbonyl (PC)
elevated to extremely high levels [1, 4]. In this context,
research has focused on pharmacologic agents containing
antioxidant and anti-inflammatory properties to alleviate
PUUO’s harmful effects.

Diacerein (4,5-diacetoxy-9,10-dioxo-9,10-dihydroanthracene)
is a pharmacologic agent mainly used for analgesic effects in
the treatment of osteoarthritis [5, 6]. Its primary mecha-
nism of action is described as an interleukin-1b (IL-1beta)
blocker [7]. Previous studies have revealed that rhein, the
active metabolite of diacerein, has anti-inflammatory,
antipyretic, antioxidant, and antitumor properties [5, 8].
Our research stands upon the hypothesis of detailing the
specifications of possible nephroprotective peculiarities of
this pharmacological agent against secondary renal dam-
age on PUUO based on cytoprotective properties. In this
context, the pharmacological efficacy of diacerein has been
analyzed inmany different systems, such as the liver, testis,
and kidney, in the ischemia-reperfusion model [9]. There is
a minimal number of studies in the literature regarding the
protective effect of diacerein on kidney tissue. Through
these limited studies, diacerein has been documented to
minimize oxidative stress on renal injury models caused by
nephrotoxic agents [6]. In our study, the effect of diacerein
on kidney tissue was analyzed in detail using the PUUO
model.

This experimental study aimed to evaluate diacerein’s
possible renoprotective activity in a rat PUUO model. To our
knowledge, this is the first study in which diacerein was
applied in the PUUO model.

Materials and methods

All experimental interventions were approved by the Animal Experi-
ments Local Ethics Gaziosmanpaşa University (HADYEK 2021-5). Our
study included 24 female Albino-Wistar rats (230–410 g, 12–14 weeks
old). We experimented with a constant temperature (22 ± 2 °C) with a
12-h light/dark cycle.

Surgical procedure

All surgical interventions were performed under sterile conditions with
xylazine/ketamine anesthesia. Sterile saline was administered at the
rate of 5 % of body weight by catheterizing the right femoral vein to
replace the fluid lost until the end of the procedure.

Control group: These rats underwent laparotomy through the
midline incision of the abdomen. Their ureters were manipulated but
not ligated. Approximately 5 mL of blood samples were taken from the
inferior vena cava of the rats in this group for biochemical analysis. In
addition, left nephrectomy was performed for biochemical analysis and
histopathological examinations [2, 3].

PUUOgroup:Amidline incisionwasmade as previously described
in the literature, and the left ureter was exposed over the left psoas
muscle. Two-thirds of the left ureter was embedded in the psoas muscle
with 4-0 non-absorbable sutures. After seven days, approximately 5 mL
of blood samples were taken from the inferior vena cava of the rats in
this group for biochemical analysis. In addition, left nephrectomy
was performed for biochemical analysis and histopathological exami-
nations [3].

PUUO + diacerein group: This group was designated as the treat-
ment group and established similarly to the PUUO model in the PUUO
group. In addition, diacerein 80mg/kgwas administered to the rats in this
group by oral gavage once a day for seven days [10].

Histopathologic examination

At the end of the experiment, the kidneys were placed directly in a 4 %
buffered neutral formalin solution and fixed for three days for histo-
logical analysis. The blocked kidneys were sectioned, and consecutive
thin serial sections of 5 µm thickness were taken. The renal tissue sec-
tions were placed on frozen slides for hematoxylin and eosin staining
and prepared for histopathologic analysis to detect tissue damage. Renal
tissues of the study groups were analyzed under a 40× objective with a
research light microscope (Nikon, Eclipse, 200; Japan). Renal tissue
section specimens were evaluated for overall tissue integrity, paren-
chymal and stromal damage, tubular integrity, necrosis, and congestion
and graded semiquantitatively from 1 to 4. Accordingly, 1 (none) means
there is no damage; 2 indicates mild damage (epithelial flattening, tu-
bule dilatation, nuclear dropout, and loss of brush border); 3 ismoderate
damage (focal coagulative type necrosis); and 4 (infarction) is a sign of
severe damage [11].

Preparation of kidney tissues for biochemical analysis

Tissues were washed with cold normal saline solution and weighed to
prepare homogenate and supernatant. With the help of a homogenizer,
10 % homogenates were formed with pH 7.4 Tris-HCl phosphate buffer
solution (1:10). The MDA level was measured in some homogenates
without any process. The remaining homogenates were centrifuged at
4,000 rpm at 4 °C for 15 min, and the supernatant was analyzed for PC
levels and glutathione peroxidase (GSH-Px) and superoxide dismutase
(SOD) activities.
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Measurement of SOD and GSH-Px activity in tissues

SOD enzyme activity was analyzed by themethodmodified by Sun et al.,
while GSH-Px activity was analyzed according to the method of Paglia
et al. The enzyme activity of both methods was expressed as U/g protein
[12, 13].

Measurement of MDA and PC levels in tissues

While the studywas performed according to the Esterbauermethod, the
measurementmethod of lipid peroxidation, protein carbonyl content in
the tissue was examined by the method based on the reaction of the
carbonyl group to form 2,4-dinitrophenylhydrazine 2,4-(DNPH) [14, 15].

Protein quantification in tissues

Protein contents of all homogenates and supernatants were analyzed
according to the Folin-Lowry method et al. [16].

Measurements of proinflammatory cytokines

TNF-alpha (BTlab, Code: E0764Ra, Lot No: 202104006), IL-1beta (BTlab,
Code: E0119Ra, Lot No: 202104006) and IL-6 (BTlab, Code: E0135Ra, Lot
No: 202104006) parameters were studied from serum samples obtained
from the blood of rats.

Assessment of renal function

Neutrophil gelatinous-associated lipocalin (NGAL, BTlab, Code: E0762Ra,
Lot No: 202104006) and kidney injury molecule-1 (KIM-1, BTlab, Code:
E0549Ra, Lot No: 202104006) were assayed from renal homogenized
with a homogenizer with 0.01 N pH=7.2–7.4 phosphate buffer and then
from the supernatants obtained after centrifugation at 4,000 rpm for
15 min at 4 °C. All ELISA kits were provided by Atlas Biyoteknoloji

(Ankara, Turkey), and the measurement methods were performed as
described in the package inserts of the ELISA kits. The amount of protein
in the supernatants was also measured as previously described [16].

Statistical analysis

Descriptive statistics were used to provide information about the gen-
eral characteristics of the study groups. The measured data of the var-
iables were described using mean and standard deviation (x ± SD)
(mean values ± standard deviation). Differences between groups were
evaluated by One-Way Analysis of Variance (ANOVA) by assessing the
homogeneity of variances. Post-hoc Tukey HSD or Tamhane’s T2 was
used for pairwise comparisons. p-Values less than 0.05 were considered
statistically significant. Off-the-shelf statistical software was used for
calculations (IBM SPSS Statistics 26, SPSS Inc., an IBM Co., Somers, NY).

Results

Tables 1 and 2 document our biochemical analysis results.

Effect of diacerein on oxidative stress in
renal tissue

SOD and GSH-Px activities were reported as 39.0 ± 8.84 U/g
protein and 5.24 ± 0.78 U/g protein in the PUUO + diacerein
group, respectively, which were higher compared to the
PUUO group (p=0.037 and p=0.031, respectively). MDA and PC
levels, end products of lipid peroxidation and protein
oxidation, were calculated as 9.04± 1.55 nmol/gwet tissue and
1.75 ± 0.40 nmol/mg protein in the PUUO group. There was a
dramatic decrease in these values in the PUUO + diacerein
group (p=0.010 and p=0.003, respectively).

Table : Effect of diacerein on renal function and oxidative stress levels.

Parameters Groups p-Value

Control (n=) PUUO (n=) PUUO + diacerin (n=)

SOD, U/g protein . ± .a . ± .b . ± .a .
GSH-PX, U/g protein . ± .a . ± .b . ± .c <.
MDA, nmol/g wet tissue . ± .a . ± .b . ± .c <.
PC, nmol/mg protein . ± .a . ± .b . ± .a <.
KIM-, ng/protein . ± .a . ± .b . ± .a <.
NGAL, ng/protein . ± .a . ± .b . ± .a <.

Values are expressed as mean ± SD. One-Way Analysis of Variance (ANOVA) was used for multigroup comparisons. Differences between groups were
examined with post hoc Tukey HSD or Tamhane’s T. p-Value less than .were considered significant and highlighted in bold. Different lowercase letters
(a,b,c) in the same line indicate a statistically significant difference (p<.) between the groups by post-hoc analysis. GSH-PX, glutathione peroxidase;
KIM-, kidney injury molecule-; MDA, malondialdehyde; NGAL, neutrophil gelatinous-associated lipocalin; PC; protein carbonyl; PUUO, partial unilateral
ureteral obstruction; SOD, superoxide dismutase. Repeatability before ANOVA was calculated with the F test for each variable. Accordingly, F test values
were . for SOD, . for GSH-PX, . forMDA, . for PC, . for KIM-, and . for NGAL. Since our T table value in the relevant degree of freedom is
calculated as ., all F test values of our variables are below this value. The variables are suitable for repeatability.
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Effect of diacerein on renal function

Renal function markers, KIM-1, and NGAL levels improved
significantly in the PUUO + diacerein group compared to the
PUUO group (p=0.002 and p=0.012, respectively).

Effect of diacerein on proinflammatory
cytokine levels

In PUUO group, TNF-alpha, IL-1beta, and IL-6 levels were
763 ± 113 ng/L, 764 ± 77.7 pg/mL, and 17.6 ± 2.75 ng/L,
respectively. All these proinflammatory cytokine levels
decreased in the PUUO + diacerein group compared to the
PUUO group (p=0.002, p=0.006, and p=0.001, respectively).

Effect of diacerein on renal damage

In the PUUO group, we observed marked epithelial flat-
tening, tubular dilatation and irregularities, nuclear
detachment/separation, loss of brushy edge, focal coagu-
lative necrosis, glomerular deformities, local tissue erosions/
losses, and diffuse congestion areas (Figure 1). Rats in this
group had 3.13 renal injury scores. PUUO + diacerein group
had a significant improvement in tissue damage parameters,
and the renal injury score was 2.02 (p<0.001).

Discussion

This experimental study documented that diacerein treat-
ment in PUUO showed renoprotective activity biochemically
and histopathologically. The data obtained in our study
demonstrated a decrease in MDA and PC levels, which are
directly related to the increased oxidative stress level after
PUUO following diacerein treatment. Similarly, we observed

decreased proinflammatory cytokine levels such as IL-1beta,
TNF-alpha, and IL-6. On the other hand, there was a signifi-
cant increase in the activities of GSH-Px and SOD. In addition,
we noted that renal function level improved after diacerein
treatment, and tissue damage in parenchymal, stromal, and
tubular structures regressed histopathologically.

Obstructive nephropathy is not a primitive mechanical
disorder of the urine system but a complex phenomenon
that causes glomerular hemodynamic and tubular func-
tional changes [17]. The pathophysiology of urinary tract
obstruction includes impaired renal blood flow, increased
renal pressure, and ischemic atrophy [2, 17]. ROS also plays
an important role in renal damage. During urethral
obstruction, renal flow is impaired, and a large amount of
oxygen enters the environment with the refusion of tissues
after treatment. Superoxide anions increase in tissue end
products through a series of reactions in which xanthine
dehydrogenase plays a key role [8].

However, in addition to the decreased antioxidant
reserve in the obstructive kidney, highly increased ROS
levels show destructive effects on membrane lipids, carbo-
hydrates, proteins, and other molecules [2]. Demirbilek et al.
reported decreased antioxidant levels and increased oxida-
tive stress products in the obstructive kidney [18]. Yasar et al.
observed an increase in MDA and nitric oxide levels in the
PUUO-induced rat model compared to the control group [3].
Similarly, Öztürk et al. observed decreased SOD, GSH-Px,
and catalase activities and increased MDA levels in
PUUO-induced rats [2]. We observed a decrease in antioxi-
dant enzymes (SOD and GSH-Px activities), and a significant
increase in PC andMDA levels, which aremarkers of protein
and lipid metabolism damage markers, in the PUUO model-
induced rat group. In addition, ROS causes serious damage
to the cell membrane through lipid peroxidation reactions
and contributes significantly to tubulointerstitial inflam-
mation [1, 4]. Wang et al. reported that a unilateral ureteral
obstruction mice model caused a significant increase in

Table : Effect of diacerein on proinflammatory cytokine levels.

Parameters Groups p-Value

Control (n=) PUUO (n=) PUUO + diacerin (n=)

TNF alpha, ng/L  ± .a  ± 
b

 ± 
a <.

IL-beta, pg/ml  ± .a  ± .b  ± .a .
IL-, ng/L . ± .a . ± .b . ± .a <.

Values are expressed as mean ± SD. One-Way Analysis of Variance (ANOVA) was used for multigroup comparisons. Differences between groups were
examined with post hoc Tukey HSD or Tamhane’s T. p-Value less than .were considered significant and highlighted in bold. Different lowercase letters
(a,b) in the same line indicate a statistically significant difference (p<.) between the groups by post-hoc analysis. IL-beta, interleukin- beta; IL-,
interleukin-; PUUO, partial unilateral ureteral obstruction; TNF alpha, tumor necrosis factor-alpha. Repeatability before ANOVA was calculated with the F
test for each variable. Accordingly, F test values were . for TNF-alpha, . for IL-beta, and . for IL-. Since our T table value in the relevant degree of
freedom is calculated as ., all F test values of our variables are below this value. The variables are suitable for repeatability.
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myeloperoxidase activity and inflammatory cytokine levels
in rats [19]. Similarly, Ozbek et al. documented intense
leukocyte infiltration in the periglomerular and peritubular
interstitium with unilateral ureteral obstruction [20]. We
observed severe inflammatory infiltration areas in our his-
topathologic specimens in rats with PUUO. Besides, there
was a significant increase in proinflammatory levels such as
IL-1beta, IL-6, and TNF-alpha. Increased oxidative stress in
PUUO is closely associatedwith tubulointerstitial lesions and
renal fibrosis [1, 20]. It is crucial to keep the ROS level under
control to minimize the harmful effects of PUUO. Increasing
antioxidant levels and suppressing inflammation are
essential [2, 3].

Diacerein is an anthraquinone derivative [21, 22]. Its
primary mechanism of action is the inhibition of the IL-1
signaling pathway. In addition, different studies have
reported an inhibitory effect of this pharmacological
agent on IL-6 and TNF-alpha. In addition to these potent
anti-inflammatory properties, diacerein has anti-apoptotic
and antioxidant properties [21]. Previous studies have
analyzed the efficacy of diacerein in different medical
disciplines, such as nephroprotective, hepatoprotective,
anti-neuropathic pain, intervertebral disc degeneration,
anti-ulcerative colitis, thyroid dysfunction, testicular
damage, epidermolysis bullosa, antinociceptive effect,
insulin sensitivity, and glycemic control [9].

Figure 1: Representative microscopic images of kidneys from the study groups (A) control group; (B) PUUO group; (C) PUUO + diacerein group) and (D)
graphical display of group mean values of tissue damage scores. Kidney tissue with a regular histologic arrangement of glomerular (black star) and
tubular (red star) structures without tissue damage is seen in picture A. Picture B shows kidney tissues with severe tissue damage, such as deformed
glomerular (black star) and tubular (blue star) structures, congestion and intense hemorrhage (black arrowhead), ischemia (black arrow), areas of
parenchymal and stromal tissue erosion (green arrow), inflammatory cell infiltration (blue arrowhead). The damage score of this group is the highest of
the others. In picture C, renal tissues with glomerular (black star) and tubular (red star) structures in generally normal histological order, although there
are mild tissue damages, including tubular dilatation (yellow arrow), tubular apoptotic cells and epithelial debris (yellow arrowhead), some areas of
inflammation (blue arrowhead). Tissue damage is lower in this group than in the PUUO group. (Hematoxylin-eosin, Scale bar=50 µm). The graphical
image is a comparative display of the tissue damage score values. Different colors of the graph columns indicate that each group is statistically different
from each other (p<0.001). PUUO, partial unilateral ureteral obstruction.
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The renoprotective efficacy of diacerein has not been
fully elucidated. Tubular epithelial cell apoptosis plays a
significant role in the pathogenesis of acute kidney injury.
Diacerein reverses the direction of the apoptotic balance by
reducing renal Bax levels, thereby improving apoptosis. On
the other hand, the proinflammatory response plays a key
role in acute kidney injury. Diacerein suppresses inflam-
mation by inhibiting the synthesis of IL-1beta. Simulta-
neously, it alters tubular water and sodium transport,
leading to a reduction in kidney inflammation and an
improvement in kidney functions. However, insufficient
levels of antioxidant enzymes exacerbate renal damage.
Diacerein contributes to its renoprotective efficacy by
increasing endogenous antioxidant enzyme levels [6, 22].
There is a limited number of studies evaluating the reno-
protective activity of diacerein. Abd-Ellatifa et al. evaluated
the efficacy of diacerein against glycerol-induced renal
injury and documented that diacerein attenuated oxidative
damage with anti-apoptotic, antioxidant, anti-necroptotic,
and anti-inflammatory effects [6]. A similar study by Refaie
et al. evaluating the efficacy of diacerein in doxorubicin-
induced nephrotoxicity in rats reported that diacerein sup-
pressed oxidative stress, inflammation, and tissue damage.
The study details showed that diacerein also demonstrated
antioxidant activity by increasing SOD, glutathione (GSH),
and catalase in rat groups [23]. Similar to this activity, Refaie
et al. reported that diacerein showed antioxidant activity by
increasing SOD activity in cervical hyperkeratosis [7]. Abdel-
Gabera et al. reported that diacerein also caused antioxidant
activity by increasing GSH and SOD activities in testicular
oxidative damage [8]. Ischemia-reperfusion injury causes
hydrogen peroxide to be cleaved into hydrogen and oxygen
free radicals, thereby disrupting defense mechanisms by
destroying biological molecules such as amino acids, nucleic
acids, and cell membranes [24, 25]. In this context, antioxi-
dant defense mechanisms are critical in ischemia-
reperfusion injury [26]. Our study observed a statistically
significant increase in GSH-Px and SOD activities in the
diacerein treatment group compared to the PUUO group.

Increased inflammatory response increasingly potenti-
ates oxidative stress, leading to organ dysfunction. For this
reason, suppressing inflammation in tissue subjected to
ischemia-reperfusion injury is extremely important [24].
Barakat et al. observed that diacerein caused a significant
decrease in transforming growth factor beta-1 levels in the
kidney and improved renal function in cisplatin-induced
nephrotoxicity [27]. In another study evaluating cisplatin-
induced nephrotoxicity, Addel-Aziz et al. concluded that
diacerein improved oxidative stress in kidney tissue by
reducing TNF-alpha levels [28]. In a similar study, Taha et al.
observed that diacerein decreased IL-1beta immune

expression in renal ischemia-reperfusion injury and allevi-
ated renal damage by suppressing renal inflammation [29].
Tamura et al. reported that diacerein blocked the production
of reactive oxygen radicals due to inhibition of neutrophil
activation in a model of gastric ulceration [22]. In our study,
we observed that IL-1beta, TNF-alpha, and IL-6 decreased in
the diacerein-treated group and, at the same time, inflam-
matory cell infiltration regressed in tissue histopathologic
samples.

Diacerein has long been used safely and widely world-
wide [9]. The average elimination half-life is around 7–8 h
[30]. Diacerein is reported to have a limited risk of skin and
gastrointestinal side effects. Considering the risk of gastro-
intestinal disorders, the laxative effect of diacerein due to its
anthraquinone chemical structure is quite common. Large
series studies report a 24 % absolute increase in the risk of
patients experiencing diarrhea compared to placebo. The
incidence of cutaneous reactions associated with diacerein
ranges from 1.8 to 9.4 %. Rash, pruritus, and eczema are the
most commonly observed dermatological problems associ-
ated with this pharmacologic agent. There are limited
adverse effects on the liver. The most commonly observed
liver pathology is a moderate increase in liver enzymes
without bilirubin increase [30]. On the other hand, diacerein
has no gastrointestinal bleeding or cardiac, renal, or hema-
tologic toxicity effects [5, 29].

Our study’s most prominent limitation is evaluating
diacerein’s possible side effect profile in rats. Other limita-
tions are the inability to perform detailed immunohisto-
chemical staining due to technical shortcomings and the
inability to calculate the glomerular filtration rate.

In conclusion, our study was the first in the English
literature to evaluate the efficacy of diacerein in rats with
the PUUOmodel. According to the data obtained in our study,
diacerein is a highly effective pharmacologic agent in sup-
pressing inflammation secondary to PUUO, improving
oxidative damage, and protecting renal function. Our study
needs extensive randomized studies to guide routine urol-
ogy practice.
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