KIDNEY DISEASES

Daidzein Mitigates Oxidative Stress and Inflammation in
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Receptor Functions
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Introduction. Chronic kidney disease (CKD) is a health problem
in postmenopausal women, and renal fibrosis is a common feature
of CKD. In the renin-angiotensin system, oxidative stress and
inflammation are involved in the pathogenesis of renal fibrosis.
This study investigated the effect of the phytoestrogen daidzein
on oxidative stress and inflammation and the mediation of the
angiotensin AT1 and Mas receptors in a fibrotic model of kidney
disease of ovariectomized (OVX) rats.

Methods. Unilateral ureteral obstruction (UUO) was performed
to induce chronic renal inflammation and fibrosis in 84 OVX rats,
which were divided into four main groups (each = 21) including
sham + Vehicle (Veh.), UUO + Veh, UUO + estradiol (E2), and
UUO + daidzein. Each main group composed of three subgroups
(n =7), which received saline, losartan (AT1R antagonist), or
A779 (Mas receptor [MasR] antagonist) for 15 days after UUO or
sham operation. Renal pathology, serum and kidney oxidants and
antioxidants, malondialdehyde (MDA), nitric oxide metabolites
(NOx), protein carbonyl (PC), and pro-inflammatory and anti-
inflammatory cytokines were examined.

Results. UUO increased renal glomerulosclerosis, inflammation,
serum and kidney tissue MDA, NOx, and PC together with an
increase in TNF-a, IL-1B, and IL-6 expression. Moreover, UUO
decreased superoxide dismutase and glutathione peroxidase and
catalase activity, total antioxidant capacity, and IL-10 level in
the serum and kidney tissue. AT1R blockade reduced and MasR
blockade worsened renal impairment. Daidzein and E2 alone and
in co-treatment with losartan significantly ameliorated these effects.
Conclusion. Via interaction with AT1R and MasRs, daidzein
improved glomerulosclerosis, oxidative stress, and inflammation
in UUO-OVX rats. Daidzein may be a candidate for estrogen
replacement therapy in postmenopausal or older women against
postmenopausal kidney damage.
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in postmenopausal women with a prevalence of
7% in Europe and over 10% in the United States
(US).! As no treatment modalities are available

Renal fibrosis is a crucial hallmark and outcome
of chronic kidney disease (CKD), a critical condition
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that specifically target fibrogenesis, finding new
therapeutic modalities is the most important
beneficial strategy.

Various signaling pathways and peptides such
as renin-angiotensin (RAS) system, transforming
growth factor-beta 1 (TGF-p1), and their positive
feedback loops are involved in the pathogenesis of
renal inflammation and fibrosis through production
of oxidative stress and inflammation ? In the early
stages of renal fibrosis, activation and production
of reactive oxygen species (ROS) and oxidative
stress lead to infiltration of inflammatory cells,
epithelial to mesenchymal cell transition (EMT),
production of pro-inflammatory cytokines, and
extracellular matrix (ECM) accumulation, leading to
renal fibrosis and CKD.?>*In CKD models such as
unilateral ureteral obstruction (UUQO), production
of ROS and inflammation, and reduced oxidative
defense system have been reported, resulting in
renal dysfunction, proximal tubular epithelial
cell death, autophagy, apoptosis, and fibrosis.>®
Inhibition of angiotensin II type 1 receptors (AT1Rs)
ameliorates these harmful effects while inhibition of
the Ang1-7/MasR axis has the opposite effects.”1°

The classical ACE/ATI1R axis is one of the
main pathways in causing oxidative stress and
inflammation in the pathophysiology of renal
fibrosis.’ Conversely, the non-classical ACE2/
angiotensin-(1-7) MasR axis has an anti-fibrotic
functions.!® RAS function is gender-dependent;
the expression of the classical RAS pathway
components is higher in males, and the expression
of the non-classical RAS pathway components is
higher in females,!! causing gender differences
in CKD progression. These sex differences are
partly due to the protective effects of 17beta-
estradiol (estrogen, E2) against some diseases after
menopause in females. Accordingly, recent studies
have shown that E2 deficiency increases the activity
of the classical RAS system by increasing ACE
and ATIR expression in the lung and heart.!>13
Therefore, E2-based hormone replacement therapy
(HRT) is an effective treatment in reducing CKD.
4 However, HRT has been shown to have many
side effects, and finding alternative therapies
mimicking the beneficial effects of E2 with fewer
side effects is necessary

Given the World Health Organization’s
recommendation of scientific research on herbal
medicines, phytoestrogens that are plant-derived

estrogenic components, have attracted attention
as new therapeutic targets.!> These compounds
are widely found in soybean, legume-based foods,
seeds, cereals, fruits, berries, and vegetables.!®
Their structural similarity with E2, which enables
it to mimic estrogenic effects, has led to their use
in osteoporosis, menopause symptoms, breast
cancer, and prostate diseases. '® An important
member of phytoestrogens is the isoflavone
daidzein with antioxidant and anti-inflammatory
properties.'®!7 Several studies have reported the
beneficial antioxidant and anti-inflammatory effects
of daidzein in renal toxicity.w’18 Currently, there
is no evidence for the interaction of daidzein with
angiotensin AT1 and Mas receptors in kidney
dysfunction and fibrosis in postmenopausal women.
Based on these shreds of evidence, this study aimed
to investigate the possible mechanisms of the effect
of daidzein (and E2, as the positive control) on
oxidative stress, inflammation, and fibrosis through
modulating ATIR and MasR in a model of UUO
nephropathy in OVX rats, as the animal model of
postmenopausal condition in women.

In the present study, 84 female rats (180 to 220 g)
were purchased from the animal center of Kerman
University of Medical Sciences, Kerman, Iran, and
kept in the animal house with normal humidity and
temperature on a 12-h light/dark cycle. Food and
water were available ad [ibitum. Experiments were
performed following the international guidelines
for laboratory animal use and care. The experiment
protocol was approved by the Ethics Committee
of Kerman University of Medical Sciences, Iran
(permission No. IRRKMU.REC.1397.249).

17p-estradiol was purchased in vials from
Aboureyhan Pharmaceutical Company (Tehran,
Iran). Daidzein and losartan (AT1 receptor blocker)
were purchased from Santa Cruz Biotechnology
(Santa Cruz, CA, USA) (sc-24001A and sc-353662,
respectively). The other materials and resources
were: BCA protein quantification kit (DB9684, DNA
Biotech Co., Iran), A779)Mas receptor antagonist,
SML1370) (Sigma-Aldrich, St. Louis, MO, USA),
polyvinylidene difluoride (PVDF) membrane
(162-017777; Bio-Rad Laboratories, CA, USA), 5%
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BSA (A-7888; Sigma Aldrich, MO, USA), Anti-IL-
1p (MBS2004054, Biocompare), anti-TNF alpha
(ab205587, Abcam), anti-IL-10 (ab192271, Abcam),
anti-IL-6 (MBS2002878, Biocompare), anti-beta actin
loading control antibodies (ab8227; Abcam), goat
anti-rabbit IgG H&L (HRP) (ab6721; Abcam), and
goat anti-mouse IgG H&L (HRP) (ab6789; Abcam).

For ovariectomy (OVX), the animal was
anesthetized with ketamine (80 mg/kg) and
xylazine (10 mg/kg) intraperitoneally (IP), and a
transverse incision (3 to 4 cm) was made in the
lower abdominal region. The fat and intestines
were pulled aside to visualize the uterus and its
tubes. After identifying both ovaries, the ovarian
arteries were ligated, and ovaries were extracted.
Then 1-2 ml of sterilized saline solution was poured
into the abdomen, and the muscles and skin were
sutured continuously with 4.0 sterile sutures.
The location of the wound was disinfected using
potassium iodide, and the animals were cared
for two weeks to ensure estrogen depletion.’ On
day 15, unilateral ureteral obstruction (UUO),
an approved model of progressive chronic renal
inflammation and fibrosis, was induced in OVX
rats.’ The animals were anesthetized with ketamine
(100 mg/kg) and xylazine (10 mg/kg), and a left
flank incision was made. The left ureter was ligated
with 4.0 silk suture at two points along its length,
and then the mid-portion was cut and removed.
In the sham group, the flank incision was made,
but the ureter was not ligated. The incision was
sutured as explained above, and the animals were
transferred to their cages with access to food and
water ad libitum.?

The OVX/UUO rats were divided into four
main groups (n = 21): sham + Veh. (DMSO), UUO
+ Veh., UUO + 17p-estradiol (5 ng/kg)*! (positive
control), and UUO + daidzein (1 mg/kg). This dose
of daidzein was determined in a preliminary dose/
response study using five different daidzein doses
against UUO-induced kidney inflammation and
fibrosis. In each main group, consisting of three
subgroups (n = 7), one subgroup received saline,
one received A779 (744 pg/kg),* and one received
losartan (10 mg/kg)? for 15 days. All treatments
were injected intraperitoneally. On the 16" day,
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the animals were anesthetized with ketamine+
xylazine (80/10 mg/kg), and blood samples were
taken from the left ventricle and centrifuged (4000
g, 5 min). Serum samples were frozen at -80 °C
for the determination of serum redox status. The
left kidney was harvested; one part was immersed
in 10% formalin for morphological studies, and
the other part was frozen in liquid nitrogen and
stored at -80 °C for tissue redox and western blot
studies.

Left kidney tissues fixed with 4% buffered
paraformaldehyde were embedded in paraffin,
and 5-pm-thick sections were prepared. Masson’s
trichrome staining was performed on the sections
for glomerulosclerosis assay and hematoxylin and
eosin (H&E) staining for the inflammation assay. An
expert pathologist blind to the experimental groups
examined the sections with an Olympus microscope
(CX41, Tokyo, Japan). Collagen deposition was
considered glomerulosclerosis and was assessed
in 20 randomly selected fields of cortical glomeruli
(magnification: x 400). Glomerular damage score of
0 to 4 were used as 0 = normal, 1 = sclerosis up to
25%, 2 = sclerosis of 26 to 50%, 3 = sclerosis of 51
to 75%, 4 = sclerosis of > 75% of the glomeruli.?*
For quantitative scoring of inflammation, six
fields in each sample were selected, and scores 0
to 4 were used (magnification x 100), with score
0 = normal glomeruli, tubules, and interstitium,
1 = inflammatory cells present in < 25%,
2 = inflammation in < 50%, 3 = inflammation
in < 75%, and 4 = inflammation in > 75% of the
fields of view.?

The homogenate of the kidney was prepared by
adding 100 mg tissue in 1 mL phosphate buffer
(50 mmol/1; pH 7.5) containing 1 mM EDTA.2¢

For MDA assessment, the method of Rao et al.
was used with a slight modification. Briefly, kidney
tissue homogenate or serum was mixed with
trichloroacetic acid and thiobarbituric acid (TBA)
and then placed in a boiling water bath for 45
minutes. After cooling, n-butanol was added,
and the mixture was centrifuged for 10 minutes.
Finally, the pink-colored mixture was separated,
and the absorbance was measured at 534 nm. %/
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The ferric reducing antioxidant power (FRAP)
assay procedure (Benzie and Strain, 1996) was used
to measure TAC.?® Briefly, serum or kidney tissue
homogenate and FRAP reagent were mixed and
incubated at 37 °C for 5 minutes, and absorbance
was read at 593 nm.

PClevels were measured by Levine et al.’s method,?
based on the reaction of 2,4-dinitrophenylhydrazine
(DNPH) with carbonyl groups in the oxidatively
damaged proteins. The absorbance of the 2,
4-dinitrophenyl (DNP) hydrazones was measured
at 370 nm.

The superoxide dismutase (SOD) and glutathione
peroxidase (GPx) activities in the serum and kidney
tissue homogenate were determined according to
the Randox kit instructions (UK; Cat NO.RS504;
UK; Cat NO.SD125, respectively). In this procedure,
the absorbance of SOD and GPX was measured at
560 and 340 nm, respectively.3**! Sinha’s method
with minor modifications was used to determine
catalase (CAT) activity.’? Samples and reagents
were mixed and heated for 10 min and placed
in a boiling water bath. Then the absorbance of
samples was measured at 570 nm.

The Griess method was used to measure the NOx
levels. Deproteinization was performed using ZnSO,
in the presence of 0.3 M NaOH. Then vanadium
(II) chloride (VaCl;) and the Griess reagent were
mixed with the deproteinated sample, and the
mixture was incubated at 37 °C for 30 min. Finally,
optical density (OD) was determined at 540 nm.*

Western blot analyses were performed as
previously described, with some modifications.*
For this, tissues were lysed with RIPA buffer.
The lysates were removed by centrifugation at
14,000 rpm for 20 min at 4 °C. Protein concentration
was determined by the BCA Protein Quantification
kit according to the manufacturer's instructions. The
tissue lysates were mixed with an equal volume of
2x Laemmli sample buffer. Lysates (20 png) were then

subjected to SDS-PAGE after 5 minutes of boiling
and were subsequently transferred to a 0.2 pm
Immune-Blot™ polyvinylidene difluoride (PVDF)
membrane. The membranes were then blocked
with 5% BSA in 0.1% Tween 20 for 1 hour. Then,
the membranes were incubated with anti-IL-1,
anti-TNF alpha, anti-IL-10, anti-IL-6, and anti-beta
actin loading control antibodies for 1 hour at room
temperature. Subsequently, the membranes were
washed three times with TBST and incubated with
goat anti-rabbit IgG H&L (HRP) and goat anti-
mouse IgG H&L (HRP) secondary antibodies. The
membranes were then incubated with enhanced
chemiluminescence (ECL) for 1 to 2 min. B-actin
was used for normalization of protein expression.
Gel Analyzer version 2010a (NIH, USA) was used
for performing densitometry of protein bands. The
percentage area under the curve (PAUC) of each
band was divided by the PAUC of its corresponding
actin band, and the results were compared between
groups as described previously.®

In the sham + Veh. groups, histology of kidney
tissue was normal, but in the UUO + Veh. groups,
severe glomerulosclerosis and inflammation were
observed (P < .001) (Figure 1A-D). Treatment with
E2 and daidzein alone and in co-treatment with
A779 or losartan reduced glomerulosclerosis and
inflammation significantly (P < .05). Daidzein
+ A779 co-treatment was more effective on
inflammation than E2 + A779 co-treatment (P < .01).

As seen in figure 2A, the serum level of MDA
in the UUO + Veh. groups increased significantly
compared to the sham+ Veh. groups (P < .001).
Treatment with E2 and daidzein alone and in co-
treatment with A779 or losartan reduced MDA
levels, significantly (P < .05). Daidzein was more
effective than E2 in reducing MDA (P < .001). The
serum levels of TAC and antioxidant enzymes
(SOD, GPX, and CAT activity) decreased in the
UUO + Veh. groups compared to the sham+ Veh.
groups (P < .05) (Figure 2 B-E). Treatment with E2
and daidzein alone and co-treatment with A779 or
losartan increased TAC and antioxidant enzyme
levels (P < .05).
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Figure 1. Representative Masson'’s trichrome staining (magnification x400) (A), and H&E staining (magnification x100) (B) of kidney
sections from studied groups received saline, A779, or Losartan. Quantitative (mean + SEM) analysis of the glomerular injury (C) and
inflammtion (D). Red arrows :Glomeruli; yellow arrows: Foci of chronic inflammatory cells aggragation (n = 7 in each group; *** P < .001
vs. sham+ Veh, # P < .01, ## P < 001 vs. UUO+ Veh, %% P < .01 vs. UUO+E2).

Effect of Daidzein on Serum Protein Carbonyl
and NOx Concentrations

The serum levels of PC and NOx increased
significantly in the UUO + Veh. groups compared
to their corresponding sham + Veh. groups (P < .05)
(Figure 3 AB). Treatment with E2 and daidzein alone
and in co-administration with A779 or losartan
reduced PC and NOx significantly (P < .001).

Effect of Daidzein on Oxidant and Antioxidant
Levels in the Left Kidney

The kidney levels of oxidant MDA in the UUO
+ Veh. groups increased significantly compared to
their corresponding sham+ Veh. groups (P < .001)
(Figure 4A). Treatment with E2 and daidzein alone

and in co-treatment with A779 or losartan reduced
MDA levels significantly (P < .001). Daidzein was
more effective than E2 in reducing MDA (P < .001).
In UUO + Veh. groups, the kidney levels of TAC
and antioxidant enzymes (SOD, GPX, and CAT
activity) decreased compared to the sham + Veh.
groups (P < .001) (Figure 4 B-E). Treatment with E2
and daidzein alone and in co-administration with
A779 or losartan increased TAC and antioxidant
enzyme levels (P < .001).

Effect of Daidzein on Left Kidney Protein
Carbonyl and NOx Concentrations

In the sham + Veh. groups, PC and NOx levels
were normal. In UUO + Veh. groups, the kidney

36 Iranian Journal of Kidney Diseases | Volume 16 | Number 1 | January 2022
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Figure 1. Continued

levels of PC and NOx increased significantly
compared to the sham + Veh. groups (P < .001)
(Figure 5 AB). Treatment with E2 and daidzein
alone and in co-administration with A779 or
losartan reduced kidney PC and NOx significantly
(P <.001).

Losartan

AT79

Inflammation score

UUO+Daidzein

UUO+Veh UUO+E2
Groups

Sham+Veh

Effect of Daidzein on the Expression of Pro-
inflammatory and Anti-inflammatory Cytokines
Figures 6A—C show a significant increase in the
expression of the protein of inflammatory cytokines
TNF-a, IL-1B, and IL-6 in the obstructed kidney
in UUO + Veh. groups compared to sham + Veh.
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groups (P < .001). Daidzein and E2 treatment
alone and in co-treatment with A779 or losartan
significantly reduced the inflammatory cytokine
levels (P < .001). Daidzein was more effective
than E2 in reducing the expression of TNF-a, IL-
1B, and IL-6 proteins (P < .05). The expression of
anti-inflammatory IL-10 significantly decreased
in the UUO + Veh. groups compared to the sham
+ Veh. groups (P < .05). Treatment with E2 and
daidzein alone and in co-treatment with A779 or
losartan increased the expression of IL-10 protein
significantly (P < .001).

The present study investigated the effect of
daidzein and E2 and the interaction with the RAS
system in UUO-induced renal oxidative stress
and inflammation in OVX female rats. The main
findings were that daidzein and E2 alone and in
co-treatment with A779 or losartan, improved the
pathology of inflammation and glomerulosclerosis

40

in the obstructed kidney, balanced the circulatory
and kidney redox state by decreasing serum and
tissue MDA and increasing serum and tissue
TAC and antioxidant enzymes, reduced reactive
nitrogen species (RNS) of protein carbonyl and NOx
concentration in the serum and UUO kidney, and
reduced the expression of inflammatory cytokines
TNF-a, IL-1B, and IL-6 and increased the expression
of anti-inflammatory cytokine IL-10.

A significant increase in hydrostatic pressure in
UUO triggers ROS and RNS production, the release
of cytokines, and inflammatory cell infiltration,
leading to extracellular matrix metalloprotein
(EMT) expression and myofibroblast activation and
expression of fibrogenic genes.** Several studies
have proved a positive feedback loop between ROS,
inflammatory cytokines, and signaling pathways
such as RAS and TGF-B1 in the progression of
renal fibrosis.*3¢37 In the present study, UUO
increased oxidative stress, inflammation, and
glomerulosclerosis in OVX female rats by elevation
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of MDA, protein carbonyl, NOXx, and inflammatory
cytokines and reduction in TAC, antioxidant
enzymes, and anti-inflammatory cytokine IL-10.

The classical and non-classical RAS axes have
important functions in the progression and
development of renal fibrosis.?® Ang II, the main
peptide of the classical RAS axis, triggers ROS
activation and inflammation through a positive loop
with TGF-B1, inducing remodeling,**3?but Angl-7
counteracts these effects.*? 4! In the present study,
UUO and the blockade of Mas receptors by A779
revealed the highest renal injury and inflammation
score and serum and tissue MDA levels and the
lowest serum and tissue antioxidant capacity and
antioxidant enzyme activity (Figures 1-4, UUO +
Veh. group). Conversely, UUO and the blockade
of AT1 receptors by losartan produced the lowest
renal injury and inflammation scores and the highest
serum TAC, SOD, and catalase levels (Figures 1-3,
UUO + Veh. group). While treatment with E2 and
daidzein almost completely inhibited the effect of
UUO on renal injury and inflammation, daidzein
seems to be more effective than E2 (Figure 2, UUO
+ daidzein and UUO + E2 groups). Reduction of
serum and kidney tissue MDA, protein carbonyl
and NOx, and raising of antioxidant balance are
associated with these improving effects (Figures 3-5).
Again, A779 worsened the situation, but losartan
helped to improve the situation in some aspects. It
seems that the antioxidant and anti-inflammatory
activity of daidzein and E2 have prominent
effects because their combination with losartan
or with A779 potentiates or reduces their effects,
respectively, but in only some aspects. Investigating
the effects of E2 and daidzein on the expression of
AT1 and Mas receptors in the kidney tissue could
help further clarify the nature of the interaction
of E2 and daidzein with these classical and non-
classical angll receptors.

In addition to the above mechanisms of daidzein
and E2 in inhibition of renal injury and inflammation,
assessing the expression of inflammatory and anti-
inflammatory cytokines in UUO kidney tissue
revealed that TNF-o, IL-1p, and IL-6 were highly
up-regulated, and anti-inflammatory cytokine
IL-10 was highly down-regulated by the process
of UUO-induced renal injury (Figure 6). Daidzein
(and E2) significantly recovered the up-regulation
of inflammatory cytokines and reversed the down-
regulation of IL-10. Except for IL-1p, for the other

three cytokines, daidzein was more effective than
E2. Co-treatment with losartan seems to increase
the improving effects of daidzein on the expression
of inflammatory cytokines (Figure 6).

Inconsistent with our study, in UUO mice,
disruption of the ACE2 gene impaired the ACE2/
Ang 1-7 axis but enhanced the ACE/Ang II/AT1
axis leading to activation of the NF-xB pathway
and expression of renal TNF-a, IL-18, and MCP-
1.2 However in that study the effect of daidzein
and E2 and their interaction with AT1 and Mas
receptors were not investigated. More recently, in
2020, in two animal models of kidney damage by
cisplatin and diabetes, treatment with daidzein
suppressed the NF-«kB pathway, NOx2, TNFa,
MCP-1, and IL6 production, and lipid peroxidation
but increased antioxidant enzyme activities.!843
These findings follow the antioxidant and anti-
inflammatory effects of daidzein found in our UUO
model in ovariectomized rats. Also, in the mice
model of angiotensin II-induced abdominal aortic
aneurysm, daidzein exhibited anti-inflammatory
and antioxidant effects via decreasing pro-
inflammatory cytokines and increasing anti-
inflammatory cytokines.** Although losartan and
A779 monotherapy showed significant effects on
kidney injury, inflammation, and related oxidative
stress and inflammatory factors, the powerful effects
of daidzein and E2 masked the effects of losartan
and A779 to some extent when they were used in
combination with daidzein and E2.

According to the present study, daidzein and E2
improve renal oxidative stress and inflammation
in the OVX (postmenopausal model) rats by
augmenting the redox system and anti-inflammatory
cytokine balance. Our results suggest that MasR
agonist(s) may be more beneficial than ATIR
blockers in protection against renal fibrosis.
However, more studies are needed to clarify the
interaction of daidzein and RAS receptors. Daidzein
therapy is recommended as a natural alternative
to estrogen hormone replacement therapy (HRT)
in postmenopausal or older women against renal
dysfunction.

The present study was financially supported
by the Deputy of Research and Technology of

41



Daidzein mitigates oxidative stress and inflammation—Askaripour et al

Kerman University of Medical Sciences (Kerman,
Iran) (Grant No: IRRKMU.REC.97000173) and Bam
University of Medical Sciences (Bam, Iran) (Grant
No: IR. MUBAM.REC.1398-31).

10.

12.

13.

14.

42

. Hallan SI, @vrehus MA, Romundstad S, et al. Long-term

trends in the prevalence of chronic kidney disease and the
influence of cardiovascular risk factors in Norway. Kidney
Int. 2016; 90:665-73.

. Rukavina Mikusic NL, Kravetz MC, Kouyoumdzian NM, et

al. Signaling pathways involved in renal oxidative injury:
role of the vasoactive peptides and the renal dopaminergic
system. J Signal Transduct. 2014;2014.

. SunY, Zhang Y, Zhao D, et al. Rotenone remarkably

attenuates oxidative stress, inflammation, and fibrosis
in chronic obstructive uropathy. Mediators Inflamm.
2014;2014.

. Dendooven A, Ishola Jr DA, Nguyen TQ, et al. Oxidative

stress in obstructive nephropathy. Int J Clin Exp Pathol.
2011;92:202-10.

. XuY, Ruan S, Wu X, Chen H, Zheng K, Fu B. Autophagy

and apoptosis in tubular cells following unilateral ureteral
obstruction are associated with mitochondrial oxidative
stress. Int J Mol Med. 2013;31:628-36.

. Chen J-F, Liu H, Ni H-F, et al. Improved mitochondrial

function underlies the protective effect of pirfenidone
against tubulointerstitial fibrosis in 5/6 nephrectomized
rats. PloS One. 2013;8:e83593.

. Qi SS, Zheng HX, Jiang H, Yuan LP, Dong LC. Protective

Effects of Chromium Picolinate Against Diabetic-Induced
Renal Dysfunction and Renal Fibrosis in Streptozotocin-
Induced Diabetic Rats. Biomolecules. 2020;10:398.

. Li L, Zepeda-Orozco D, Black R, Lin F. Autophagy is a

component of epithelial cell fate in obstructive uropathy.
Am J Pathol. 2010;176:1767-78.

. AlQudah M, Hale TM, Czubryt MP. Targeting the renin-

angiotensin-aldosterone system in fibrosis. Matrix Biol.
2020;91:92-108.

Lv LL, Liu BC. Role of non-classical renin-angiotensin
system axis in renal fibrosis. Front Physiol. 2015;6:117.

. Sullivan JC, Gillis EE. Sex and gender differences in

hypertensive kidney injury. Am J Physiol Renal Physiol.
2017;313:F1009-F17.

da Silva JS, Sun X, Ahmad S, et al. G-Protein—Coupled
Estrogen Receptor Agonist G1 Improves Diastolic
Function and Attenuates Cardiac Renin—Angiotensin
System Activation in Estrogen-Deficient Hypertensive
Rats. J Cardiovasc Pharmacol. 2019;74:443-52.

Hussien NI, El-kerdasy HI, Sorour SM, Shoman AA.
Chronic oestrogen deficiency induced by ovariectomy
may cause lung fibrosis through activation of the renin-
angiotensin system in rats. Arch Physiol Biochem. 2019:1-
10.

Dumanski SM, Ramesh S, James MT, et al. The effect
and safety of postmenopausal hormone therapy and
selective estrogen receptor modulators on kidney
outcomes in women: a protocol for systematic review and

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

29.

30.

meta-analysis. Syst Rev. 2017;6:1-10.

Organization WH. WHO traditional medicine strategy:
2014-2023: World Health Organization; 2013.

Petrine JC, Del Bianco-Borges B. The influence of
phytoestrogens on different physiological and pathological
processes: An overview. Phytother Res. 2020;35:180-97.

Meng H, Fu G, Shen J, et al. Ameliorative effect of
daidzein on cisplatin-induced nephrotoxicity in mice via
modulation of inflammation, oxidative stress, and cell
death. Oxid Med Cell Longev. 2017;2017: 3140680

Tomar A, Kaushik S, Khan SI, et al. The dietary isoflavone
daidzein mitigates oxidative stress, apoptosis, and
inflammation in CDDP-induced kidney injury in rats:
Impact of the MAPK signaling pathway. J Biochem Mol
Toxicol. 2020;34:e22431.

Amirkhosravi L, Khaksari M, Soltani Z, Esmaeili-

Mahani S, Karam GA, Hoseini M. E2-BSA and G1

exert neuroprotective effects and improve behavioral
abnormalities following traumatic brain injury: The role of
classic and non-classic estrogen receptors. Brain Res.
2020;1750:147168.

Bai Y, Wang W, Yin P, et al. Ruxolitinib Alleviates
Renal Interstitial Fibrosis in UUO Mice. Int J Biol Sci.
2020;16:194.

Dixon A, Maric C. 17B-Estradiol attenuates diabetic kidney
disease by regulating extracellular matrix and transforming
growth factor-B protein expression and signaling. Am J
Physiol Renal Physiol. 2007;293:F1678-F90.

Teixeira LB, Parreiras-e-Silva LT, Bruder-Nascimento T, et
al. Ang-(1-7) is an endogenous B-arrestin-biased agonist
of the AT 1 receptor with protective action in cardiac
hypertrophy. Sci Rep. 2017;7:1-10.

Haghighi M, Nematbakhsh M, Talebi A, et al. The role

of angiotensin Il receptor 1 (AT1) blockade in cisplatin-
induced nephrotoxicity in rats: gender-related differences.
Ren Fail. 2012;34:1046-51.

Zhang H, Li P, Burczynski FJ, et al. Attenuation of
diabetic nephropathy in Otsuka long-Evans Tokushima
fatty (OLETF) rats with a combination of Chinese herbs
(tangshen formula). Evid Based Complement Alternat
Med. 2011;2011: 613737.

Szalay Cl, Erdélyi K, Kékény G, et al. Oxidative/nitrative
stress and inflammation drive progression of doxorubicin-
induced renal fibrosis in rats as revealed by comparing

a normal and a fibrosis-resistant rat strain. PLoS One.
2015;10:e0127090.

Bandegi AR, Rashidy-Pour A, Vafaei AA, Ghadrdoost B.
Protective effects of Crocus sativus L. extract and crocin
against chronic-stress induced oxidative damage of brain,
liver and kidneys in rats. Adv Pharm Bull. 2014;4:493.

Rao B, Soufir J, Martin M, David G. Lipid peroxidation in
human spermatozoa as related to midpiece abnormalities
and motility. Gamete Res. 1989;24:127-34.

. Benzie IF, Strain JJ. The ferric reducing ability of plasma

(FRAP) as a measure of “antioxidant power”: the FRAP
assay. Anal Biochem. 1996;239:70-6.

Levin RL. Determination of carbonyl content in oxidatively
modified proteins. Methods Enzymol. 1990;186:464-78.

Weydert CJ, Cullen JJ. Measurement of superoxide



31.

32.

33.

34.

35.

36.

37

38.

39.

Daidzein mitigates oxidative stress and inflammation—Askaripour et al

dismutase, catalase and glutathione peroxidase in
cultured cells and tissue. Nat Protoc. 2010;5:51-66.

Paglia DE, Valentine WN. Studies on the quantitative
and qualitative characterization of erythrocyte glutathione
peroxidase. J Lab Clin Med. 1967;70:158-69.

Sinha AK. Colorimetric assay of catalase. Anal Biochem.
1972;47:389-94.

Yucel AA, Gulen S, Dincer S, Yucel AE, Yetkin Gl.
Comparison of two different applications of the Griess
method for nitric oxide measurement. J Exp Integr Med.
2012; 2:1.

Babaei H, Alibabrdel M, Asadian S, Siavashi V,
Jabarpour M, Nassiri SM. Increased circulation
mobilization of endothelial progenitor cells in preterm
infants with retinopathy of prematurity. J Cell Biochem.
2018;119:6575-83.

Siavashi V, Nassiri SM, Rahbarghazi R, Vafaei R, Sariri R.
ECM-dependence of endothelial progenitor cell features. J
Cell Biochem. 2016;117:1934-46.

Panizo S, Martinez-Arias L, Alonso-Montes C, et al.
Fibrosis in Chronic Kidney Disease: Pathogenesis and
Consequences. Int J Mol Sci. 2021;22:408.

. Grande MT, Pérez-Barriocanal F, Lopez-Novoa JM. Role

of inflammation in tubulo-interstitial damage associated to
obstructive nephropathy. J Inflamm. 2010;7:1-14.

Lakshmanan AP, Watanabe K, Thandavarayan RA, et
al. Telmisartan attenuates oxidative stress and renal
fibrosis in streptozotocin induced diabetic mice with the
alteration of angiotensin-(1-7) mas receptor expression
associated with its PPAR-y agonist action. Free Radic
Res. 2011;45:575-84.

Kim H, Baek CH, Lee RB, Chang JW, Yang WS, Lee SK.
Anti-fibrotic effect of losartan, an angiotensin Il receptor
blocker, is mediated through inhibition of ER stress via

up-regulation of SIRT1, followed by induction of HO-1 and
thioredoxin. Int J Mol Sci. 2017;18:305.

40. Choi HS, Kim IJ, Kim CS, et al. Angiotensin-[1-7]
attenuates kidney injury in experimental Alport syndrome.
Sci Rep. 2020;10:1-11.

41. ShiY, Lo C-S, Padda R, et al. Angiotensin-(1-7) prevents
systemic hypertension, attenuates oxidative stress
and tubulointerstitial fibrosis, and normalizes renal
angiotensin-converting enzyme 2 and Mas receptor
expression in diabetic mice. Clin Sci. 2015;128:649-63.

42. Liu Z, Huang XR, Chen HY, Penninger JM, Lan HY.
Loss of angiotensin-converting enzyme 2 enhances
TGF-B/Smad-mediated renal fibrosis and NF-k B-driven
renal inflammation in a mouse model of obstructive
nephropathy. Lab Invest. 2012;92:650-61.

43. Laddha AP, Kulkarni YA. Daidzein Attenuates Kidney
Damage in Diabetic Rats. FASEB J. 2020;34:1-1.

44. Liu YF, Bai YQ, Qi M. Daidzein attenuates abdominal
aortic aneurysm through NF-kB, p38MAPK and TGF-31
pathways. Mol Med Rep. 2016;14:955-62.

Correspondence to:

Hamid Najafipour, MD

Department of Physiology, School of Medicine, Kerman and Bam
University of Medical Sciences, Kerman and Bam, Iran

Mailing Address: 22 Bahman Blvd., Kerman, Postal code:
7619813159, Iran

Tel: 0098 343 226 4071

E-mail: najafipourh@yahoo.co.uk

Received August 2021

Revised October 2021
Accepted December 2021

43



