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Abstract

Background: Renin-angiotensin system (RAS) is prominently associated with renal pathophysiology in postmenopausal women.
Long non-coding RNAs (IncRNAs) H19, GASS, MIAT, and Rian have been linked to the pathogenesis of renal injury. Aims: This
study aimed to evaluate the beneficial effects of daidzein on unilateral ureteral obstruction (UUQO) induced-renal injury in
ovariectomized (OVX) rats through interaction with angiotensin AT1, Mas receptors, and IncRNAs. Methods: 84 female rats were
ovariectomized (OVX) two weeks before performing obstruction of the left kidney ureter (UUO). The animals were then randomly
divided into four main groups (n=21): Sham+DMSO, UUO+DMSO, UUO+17-Estradiol (E2) (positive control), and
UUO+daidzein. Each main group comprised three subgroups (n=7) and were treated with saline, A779 (MasR antagonist), or
losartan (AT1R antagonist) for 15 days. On day 16, the animals were euthanized, and the left kidneys were harvested for
histopathology and IncRNAs expression assays. Results: UUO significantly increased kidney tissue damage score (KTDS) in the
UUO rats, increased the expression of H19 and MIAT, and decreased the expression of GAS5 and Rian. Daidzein alone and in co-
treatment with losartan or A779 reversed these effects. Daidzein with 1 mg/kg dose was more effective than E2. Conclusion: Daidzein
alone and in co-treatment with A779 and losartan improved renal injury in UUO rats and recovered dysregulated expression of UUO-
related IncRNAs through modulating MasR and ATIR receptors, associating with modulation of the expression of IncRNAs.
Daidzein could be considered a renoprotective phytoestrogen substitute for E2 therapy in postmenopausal women suffering from
renal diseases.
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Introduction

Ureteral obstruction is a common clinical case that
causes renal damage in the clinical situation through
inflammatory cells infiltration, activation of TGF-B1 and
renin-angiotensin system (RAS) pathways, tubular
injury, and extracellular matrix (ECM) overproduction
and deposition (Ucero et al., 2014; Kaeidi et al., 2020).
Unilateral ureteral obstruction (UUO) is approved as an
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experimental model to study renal injury in obstructive
nephropathy (Ucero et al., 2014; Kaeidi et al., 2020).
RAS is one of the most important pathways involved
in developing renal injury in the UUO model. Angll via
AT1 receptors (AT1R) stimulates inflammation, TGF-f
activation, ROS production, tubular atrophy, necrosis,
and fibrosis in the kidney via complex mechanisms
(Esteban et al., 2004). On the other hand, Angiotensin-
converting enzyme 2 (ACE 2), the homolog of ACE,
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counterbalances the ACE activity via Ang II degradation
to the vasodilator peptide Ang 1-7. Ang 1-7 acts on the
G-protein coupled receptor (GPCR) Mas (MasR) to show
the counterbalancing effects of Ang II (Ferrario, 2011).

Female sex hormones have renoprotective effects,
which decreases after menopause (Vellanki and Hou,
2018). Several studies reported that estrogen-based
hormone replacement therapy (HRT) after menopause
protects against chronic kidney disease (CKD), but
adverse effects such as venous thromboembolism (VTE)
and breast, ovarian, and endometrial malignancies
(Dumanski et al., 2017; Vellanki and Hou, 2018). These
are motivations for finding an alternative to reducing the
side effects of estrogen therapy.

Phytoestrogens, a group of plant-derived chemicals,
are estrogen-like compounds derived from plants,
structurally similar to 17B-estradiol (Desmawati and
Sulastri, 2019). Isoflavone daidzein, one of the most
important phenolic phytoestrogens, is found in soybeans
and other legumes (Desmawati and Sulastri, 2019). The
similarity of daidzein chemical structure to E2 results in
imitation of some but not all responses to E2 (Gaete et
al., 2012; Alshehri et al., 2021). Daidzein showed
beneficial effects against many diseases associated with
estrogen regulation, such as cardiovascular diseases,
osteoporosis, breast cancer, and diabetes (Vitale er al.,
2013). Numerous basic and clinical studies have proven
the antioxidant, anti-apoptosis, and anti-inflammatory
effects of daidzein in nephrotoxicity and diabetic kidney
diseases (Laddha and Kulkarni, 2020; Tomar et al.,
2020). Also, it has been confirmed previously in our lab
in UUO model (Askaripour et al., 2022a, b).

Long non-coding RNAs (IncRNAs) longer than 200
nucleotides regulate the expression of genes through
transcriptional and post-transcriptional modifications
(Guttman et al., 2013). Therefore, it is unsurprising that
dysregulated expression of IncRNAs is associated with
many abnormalities, including fibrotic and vascular
disorders and cancer (Chen er al., 2012; Bijkerk et al.,
2019). The expression of IncRNAs in kidney diseases
(Ignarski et al., 2019), and the association between
IncRNAs and processes leading to renal injury, including
TGF-f/smad signaling (Zhou et al., 2014; Sun et al.,
2017), oxidative stress (Xiao et al., 2019), and ECM
production (Zhou et al., 2014; Sun et al., 2017) have
been reported. LncRNAs H19, Rian (RNA imprinted and
accumulated in the nucleus), MIAT (Myocardial
infarction associated transcript), and GASS5 (growth
arrest-specific 5) play key roles in renal inflammation
and fibrosis development (Xie et al., 2016; Bijkerk et al.,
2019; Yu et al., 2020). Inhibition of H19 in preclinical
models of renal fibrosis and reduction in the expression
of fibrotic-related genes suggested H19 antagonism as an
anti-fibrotic therapy strategy (Xie et al., 2016). Rian and
MIAT affect renal injury in UUO and unilateral
ischemia-reperfusion injury (IRI) models under a
signaling network of microRNAs-mRNAs interactions
mediating kidney dysfunction and fibrosis (Bijkerk et al.,
2019; Zhang et al., 2019). GASS in plasma and urine of
CKD patients correlates with disease stages. GASS is

highly expressed in normal kidneys of rats, and its
reduction in UUO kidneys and TGF-B-induced renal
damage is accompanied by inflammation, apoptosis, and
fibrosis (Yu et al., 2020; Guo et al., 2021).

Since H19, GASS5, MIAT, and Rian have crucial
effects on UUO-induced renal injury, and RAS is an
important pathway involved in the development of the
renal disorder, we investigated whether these IncRNAs
might change in response to the treatment of daidzein on
UUO-induced renal injury in ovariectomized (OVX) rats
in the presence of losartan and A799.

Materials and Methods

Animals

The studies were performed on female Wistar rats (9
weeks old, weight 180-220 g) obtained from the Animal
Center of Kerman University of Medical Sciences
(Kerman, Iran). All experimental steps were performed
by NRC Guide for the Care and Use of Laboratory
Animals: 8th Edn. and approved by the Ethics
Committee of Kerman University of Medical Sciences
(approval No: IR.KMU.REC.1399.031.). The rats were
housed on a 12-hour light/dark cycle pattern with free
access to food and water.

Bilateral ovariectomy

All experimental animals were ovariectomized two
weeks before the experiment. An intraperitoneal dose of
ketamine (80 mg/kg) and xylazine (10 mg/kg) was used
to accomplish a bilateral ovariectomy under general
anesthesia. Bilaterally, the ventral mid-lumbar region
was shaved. A 2-cm incision was created through the
skin and muscle of the abdominal wall. The fallopian
tube and the vascular base of the ovary were ligated with
a 4-0 suture in the proximal region and cut off in the
distal region after the muscles were opened. We
established conditions that were similar to normal
menopause by removing the ovaries. After ovariectomy,
two weeks of recovery are recommended to guarantee
that the effects of the internal region of E2 are eliminated
(Khaksari et al., 2015).

Experimental design

UUO was conducted two weeks after OVX (Xie et
al., 2016). In brief, under anesthesia with a
ketamine/xylazine cocktail (80/10 mg/kg, i.p), a lateral
incision was used to expose the left kidney and ureter. To
prevent retrograde urinary tract infection, the left ureter
was blocked at two spots with silk 4-0 and incised
between ligatures. The sham procedure involved
anesthesia, a flank incision, and isolation but not
dissecting the ureter. Figure 1 depicts the experimental
groups.

The animals were put into four groups at random
(n=21): Sham+DMSO (Dimethyl sulfoxide 1%),
UUO+DMSO, UUO+17B-Estradiol (E2) (5 pg/kg)
(positive control group) (Dixon and Maric, 2007), and
UUO+daidzein 1 mg/kg. Each main group comprised
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three subgroups (n=7) of treating with saline, A779 (744
ng/kg) (Ferrario, 2011), or losartan (10 mg/kg) (Teixeira
et al., 2017) for 15 days. The dose of daidzein was
chosen as a dose-response study in our previous study
(Askaripour et al., 2022b). To simulate the natural
estrous cycle, E2 was given every four days (Guo et al.,
2021). All treatments were performed intraperitoneally
once a day from the first day of UUO (or sham
operation) induction. On day 16, the left kidneys were
taken from euthanized animals. The left kidney was
dissected into two-part, one part was fixed in 10%
formalin overnight, and the other was stored at -80°C for
gene expression analysis.

Saline
,_ DMSO {Am
Losartan

Saline
~— DM30 *EATTF
Lozartan

Saline
— (e afam

Laosartan

saline
~ Daidzein { ATTY

Lozartan
Fig. 1: Schematic representation of the experimental groups.
OVX: Ovariectomy, UUO: Unilateral ureteral obstruction,

DMSO: Dimethyl sulfoxide, E2: 17B-Estradiol, A779: Mas
receptor antagonist, and losartan: AT1 receptor antagonist

Histopathologic examination

Masson’s trichrome staining of fixed tissue was
performed after several preparation processes, including
ethanol dehydration, paraffin embedding, and sharp
cutting of embedded tissues into 5-um thick sections.
Masson’s trichrome staining was performed for
histopathological assay. Histologic analysis was
performed by a pathological expert blindly by Olympus
microscope (CX33, Tokyo, Japan). Kidney tissue
damage score (KTDS) was scored from 0 to 4 (O:

Table 1: Sequences of primers used for RT-PCR

normal, 1= <25%, 2= 25-50%, 3= 50-75%, and 4=
>75%), according to the intensity of tubulointerstitial
lesions (hyaline cast, debris, vacuolization, flattening and
degeneration of tubular cells, and dilatation of tubular
lumen, tubular necrosis, loss of tubular brush border,
interstitial mononuclear cells (MNCs) infiltration, and
fibrosis (Rostami et al., 2014).

Total RNA extraction and qRT-PCR

The left tissue kidney was homogenized before RNA
extraction using an ultrasonic homogenizer (UP200H,
50/60Hz, Hielscher, Germany). RNA was extracted
using RNA Mini-Preps kit (Bio Basic, Canada).
PrimeScript 1st cDNA Synthesis kit (Takara Bio, Japan)
was used for cDNA synthesis. We evaluated the
expression of IncRNAs by a StepOnePlus (Applied
Biosystem) instrument using RealQ Plus Master Mix
Green. The Sequences of primers for H19 (Rajabi et al.,
2022), MIAT (Zhou et al., 2017), GAS5 (Wu et al.,
2019), Rian (Bijkerk er al., 2019), and 18S rRNA
(Sawicki et al., 2018) are listed in Table 1. The PCR
efficiency for primers was 1.9. 18S rRNA was used as
the internal control to normalize the expression of target
genes. The reaction mixture was 12.5 pL. composed of 6
pL master mix, 0.5 pL forward primer, 0.5 pL reverse
primer, 2 pL ¢cDNA (1000 ng), and 3.5 pL distilled
water. The real-time PCR was performed under the
following conditions: the initial denaturation step at
95°C for 5 min followed by 40 cycles of denaturation
(95°C, 5 s) annealing (60°C, 30 s), and extension (60°C,
30 s). The relative expression of genes was calculated
according to 2 “A4Ct (Rajabi et al., 2020). Briefly, fold
change gene expression for target genes was calculated
according to the formula: Fold change = 2722¢T in which
AACT is the difference between the DCT of each group
and the DCT of the CTL group, with DCT equal to CT
gene minus CT internal control.

AACT = [(CT gene - CT 18S rRNA) treament - [CT gene - CT
18S rRNA)] c1L

Statistical analysis
All data were presented as mean+SEM. GraphPad
Prism version 6.00 was used for statistical analysis. The

Genes Sequence Product size Tm Annealing Temp.
HI9 Forward 5 -GATGGAGAGGACAGAAGGACAGT-3’ 127 61.27 60
Reverse 5 -GAGAGCAGCAGAGATGTGTTAGC-3° 61.28
MIAT Forward 5" -GAGGGAAGTTCTGAGCTTGG-3" 138 57.89 60
Reverse 5 -CCTTTCTTCTGGGCTGAGAC-3~ 57.89
GAS5 Forward 5 -ATCCATCCAGTCACCTCTGG-3" 296 58.50 60
Reverse 5 -TCTCACAGGCAGTTCTGTGG-3" 59.61
Rian Forward 5 -CTGTTGTGCCCTCCCTGGATG-3" 137 63.01 60
Reverse 5 -CCAGCTAGGCTGTGTAAATCATC-3° 59.19
18S rRNA Forward 5" -GATCCGAGGGCCTCACTAAAC-3" 69 60.20 60
Reverse 5 -AGTCCCTGCCCTTTGTACACA-3" 61.32
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Kolmogorov-Smirnov test was used to determine the
normality of the variant distribution. For group
comparisons, the one-way ANOVA test was performed,
followed by Tukey’s post-hoc test. The Kruskal-Wallis
test was used to assess nonparametric data and pathology
scores, followed by the Mann-Whitney U test. Statistical
significance was defined as a p-value of less than 0.05.

Results

Histomorphological evaluation of renal tissue
The KTDS was significantly higher in the
UUO+DMSO groups compared to the sham groups
(P<0.001). Treatment with daidzein (and E2)
significantly reduced the KTDS compared to
UUO+DMSO (P<0.05). In UUO+DMSO subgroups,
A779 further increased KTDS, and losartan decreased
this score compared to the sham subgroups (P<0.001).
Co-treatment daidzein (or E2) with A779 or losartan
significantly reduced the KTDS compared to
UUO+DMSO (P<0.05); so, co-treatment with A779
masked its harmful effects, and co-treatment with

A
Saline
Sham DMSO
DMSO
uuo

E2

losartan further decreased KTDS. Daidzein treatment
with a dose of 1 mg/kg was more effective than E2 in
reducing KTDS in related groups (P<0.001) as shown in
Figs. 2A, B and 3.

The effect of daidzein on IncRNAs expression
According to real-time PCR data in the obstructed
kidney groups, the expression level of H19 and MIAT
was significantly increased compared to related
Sham+DMSO groups (P<0.001) (Figs. 4A and B).
Treatment with daidzein (and E2) significantly reduced
the expression level of H19 and MIAT compared to
UUO+DMSO groups (P<0.001). Daidzein 1 mg/kg
significantly decreased the expression of MIAT
compared to related UUO+E2 groups (P<0.01) (Fig. 4B).
In the sham subgroups, A779 increased H19, and MIAT
expression compared to the saline group (P<0.001).
Also, losartan decreased MIAT expression compared to
the saline group (P<0.001). Co-treatment daidzein (and
E2) with A779 or losartan significantly reduced the
expression level of H19 and MIAT compared to
UUO+DMSO groups (P<0.001) (Figs. 4A and B).

Losartan

A779
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Fig. 2: Effect of daidzein and E2 on kidney tissue damage in experimental rats. Masson’s trichrome staining showed histologic
abnormalities in the cortex (A) and medulla (B) of the left kidney. Collagen content in the interstitium by changing the intensity of
the blue color in the background (x400 magnification). Red arrow: glomeruli, yellow arrow: inflammation, green arrow: tubular
epithelial cells vacuolization and brush border loss, bluish arrow: tubular cell necrosis and detachment, and black arrow: cast.
DMSO: Dimethyl sulfoxide, E2: 17p-Estradiol, DZ: Daidzein, and UUO: Unilateral ureteral obstruction

5o

R [ Saline
. S W A779
JCTETC I [ Losartan
o oo oW
le 34 H##
Ee oo
= ## [T
é i ## 555 o0
et
1 ]
ol
E2 DZ
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Groups

Fig. 3: The mean score was obtained from KTDS in sham and
UUO groups. *** P<0.001 vs. Sham+DMSO groups. ## P<0.01,
#H# P<0.001 vs. UUO+DMSO groups. $$$ P<0.001 vs.
UUO+E2 groups. oaao P<0.001 indicates a significant
difference between subgroups. DMSO: Dimethyl sulfoxide, E2:
17B-Estradiol, DZ: Daidzein, UUO: Unilateral ureteral
obstruction, and KTDS: Kidney tissue damage score
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Figures 4C and D showed that in the groups with
obstruction kidney, the level of gene expression GASS
and Rian was significantly decreased compared to
Sham+DMSO groups (P<0.05). Treatment with daidzein
(and E2) significantly increased the expression of GAS5
and Rian compared to the UUO+DMSO groups
(P<0.001). Daidzein 1 mg/kg is more effective than E2
in GASS5 and Rian expression (P<0.001). The results
showed that in the sham groups, A779 significantly
decreased the expression of GASS5 and Rian compared to
saline and losartan (P<0.001). In the UUO+DMSO
groups, A779 further decreased these IncRNAs than the
related Sham+DMSO group (P<0.05). Co-administration
of daidzein (and E2) with A779 or losartan significantly
increased the expression of GASS and Rian compared to
related groups in the UUO+DMSO (P<0.001). So, co-
treatment with A779 masked its inhibitory effects and
co-treatment with losartan further increased these
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Fig. 4: Effect of daidzein on the relative expression of IncRNAs H19 (A) and MIAT (B), GASS5 (C), and Rian (D) in obstructed
kidney tissue of sham and UUO rats. * P<0.05, ™ P<0.01, ** P<0.001 vs. Sham+DMSO groups. ### P<0.001 vs. UUO+DMSO
groups. $$ P<0.01, $$$ P<0.001 vs. UUO+E2 groups. aao P<0.001 indicates a significant difference between subgroups.
Mean+SEM (n=7). DMSO: Dimethyl sulfoxide, E2: 173-Estradiol, DZ: Daidzein, and UUQ: Unilateral ureteral obstruction

IncRNAs (Figs. 4C and D).

Discussion

In the current study, we investigated whether
daidzein’s (or E2) positive effect on UUO-induced-renal
injury in OVX rats can change the expression of UUO-
related IncRNAs (H19, GASS5, MIAT, and Rian). In
addition, the relationship between daidzein (or E2)
treatment and the expression of IncRNAs was also
investigated in the presence of two angiotensin receptor
blockers losartan and A779. According to the results,
daidzein treatment significantly decreased the expression
of H19 and MIAT and increased the expression level of
GAS5 and Rian that is beneficial against the
pathogenesis of UUO. Moreover, except for H19, the
effect of daidzein on the expression of IncRNAs
promoted when cotreated with losartan. The daidzein had
less (though significant) effect on the expression of
MIAT, GASS, and Rian when cotreated with A779. The
decreased expression of H19 in response to daidzein was
independent of losartan or A779 treatments.

Decreased level of estrogen after menopause is a
strong risk factor for CKD progression, which may cause
kidney failure at the end stages (Vellanki and Hou,
2018). To avoid the side effects of estrogen therapy,
attempts to find a suitable replacement for estrogen have

been considered. Herein, we showed that daidzein, as a
natural compound resembling 17B-Estradiol, could
improve histopathological damage and modulate the
expression of UUO-related IncRNAs H19, MIAT,
GASS5, and Rian similar to and even better than E2 in
ovariectomized rats. The increased expression level of
H19 and MIAT, and decreased levels of GAS5 and Rian
have played an important role in the pathogenesis of
renal injury in the obstructed kidney (Xie et al., 2016;
Bijkerk et al., 2019; Yu et al., 2020). The use of
antagonist and animal models of gene-deficient of
IncRNAs reversed the expression of these IncRNAs. We
observed a similar pattern of expression for these
IncRNAs in UUO female rats. Our results showed that
daidzein alone and co-treatment with A779 or losartan,
attenuated kidney tissue damage, decreased levels of
H19 and MIAT, and increased levels of GAS5 and Rian
in OVX rats; therefore, it inhibited the harmful effects of
A779 and co-administration with losartan potentiated its
effects.

Considering the important role of RAS axes renal
injury and chronic kidney disease (CKD), we examined
the impact of daidzein in the presence of two RAS axes
blockers, A779, and losartan, on IncRNAs. A779 blocks
Ang (1-7) receptor and inhibits Ang (1-7)-MasR axis,
which has anti-inflammation, anti-apoptosis, and anti-
fibrotic impact on renal injury. In contrast, losartan is the
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antagonist of type I angiotensin II receptor (AT1R) and
inhibits Ang II-AT1R signaling, promoting renal injury
(Ferrario, 2011; Wang et al., 2018). Didezine altered the
expression of IncRNAs. Previously, Fan et al. (2019)
showed that daidzein treatment upregulated the
expression of IncRNA XLOC_098131 that subsequently
regulated the Toll-like receptor signaling pathway in
immune responses. Also, daidzein affected the
expression of IncRNAs in lung cancer cells (Li et al.,
2021). The regulatory effect of daidzein on the
expression of IncRNAs has been considered.

In an experimental study, Su er al. (2018) showed
that increased expression of H19 correlated with the
activation of RAS signaling and promoted pulmonary
artery hypertension (PAH). H19 affected RAS axes
through the Let-7-AT1R axis by directly binding to Let-7
and preventing it from binding to its target ATIR. As
result, ATIR increases in pulmonary arterial smooth
muscle cells (PASMCs) and promotes PAH (Su et al.,
2018). Moreover, Ang II significantly increased MIAT
expression in a mouse model of cardiac hypertrophy and
rat heart-derived H9c2 cells (Zhu et al., 2016). In
contrast to H19 and MIAT, the expression of GAS5 and
Rian in response to daidzein was different in the
presence of RAS axes blockers. GASS5 and Rian
exhibited higher expression levels when daidzein was co-
treated with AT1R blocker losartan. Moreover, daidzein
reverses the effect of A779. In adult rat cardiac
fibroblasts, Ang II decreased IncRNA-NR024118 and
Cdknlc via ATI receptor, while losartan almost
completely reversed the down-expression of these
IncRNAs (Jiang et al., 2015). According to the
RNAlnter, the binding of GAS5 to ACE2 was
experimentally validated by qRT-PCR and RNA
immunoprecipitation (Li et al., 2018). Li et al. (2018)
confirmed a direct relation between GAS5 and ACE2 in
acute respiratory distress syndrome (ARDS). They
showed that decreased level of GASS5 in ARDS
decreases ACE2 by increasing the expression level of
miR-200c. Therefore, H19, GASS5, and Rain might relate
to RAS axes, in addition to being involved in renal
pathophysiology. However, more investigations are
needed to clarify the detailed mechanism.

In conclusion, the beneficial effect of daidzein alone
or in the presence of A779 and losartan on the renal
injury was accompanied by changes in the expression of
UUO-related IncRNAs (H19, GASS5, MIAT, and Rian).
Phytoestrogen daidzein can be a possible treatment
candidate in postmenopausal women suffering from
kidney disease, however, further molecular mechanisms
need to be investigated.

Acknowledgements

The present study was financially supported by the
Deputy of research and technology of Kerman University
of Medical Sciences (Kerman, Iran) (grant No.:
98000952) and Bam University of Medical Sciences
(Bam, Iran) (grant No.: 400000080).

IJVR, 2023, Vol. 24, No. 1, Ser. No. 82, Pages 14-21

Conflict of interest

All of the authors declare that there are no conflicts
of interest in this manuscript.

References

Alshehri, MM; Sharifi-Rad, J; Herrera-Bravo, J; Jara, EL;
Salazar, LA; Kregiel, D; Uprety, Y; Akram, M; Igbal,
M; Martorell, M and Torrens-Mas, M (2021).
Therapeutic potential of isoflavones with an emphasis on
daidzein. Oxid. Med. Cell. Longev., 9: 6331630-6331637.

Askaripour, M; Najafipour, H; Saberi, S; Jafari, E and
Rajabi, S (2022a). Daidzein mitigates oxidative stress and
inflammation in the injured kidney of ovariectomized rats:
AT1 and Mas receptor functions. Iran. J. Kidney Dis., 1:
32-43.

Askaripour, M; Najafipour, H; Saberi, Sh; Yazdani, S;
Jafarinejad-Farsangi, S; Rajabi, S; Jafari, E; Proost, P;
Struyf, S and Poosti, F (2022b). Isoflavone daidzein
ameliorates renal dysfunction and fibrosis in a
postmenopausal rat model: Intermediation of angiotensin
AT1 and Mas receptors and microRNAs 33a and 27a. Iran.
J. Basic. Med. Sci., 25: 1317-1325.

Bijkerk, R; Au, YW; Stam, W; Duijs, JM; Koudijs, A;
Lievers, E; Rabelink, TJ and Van Zonneveld, AJ (2019).
Long non-coding RNAs Rian and Miat mediate
myofibroblast formation in kidney fibrosis. Front.
Pharmacol., 10: 215-223.

Chen, G; Wang, Z; Wang, D; Qiu, C; Liu, M; Chen, X;
Zhang, Q; Yan, G and Cui, Q (2012). LncRNADisease: a
database for long-non-coding RNA-associated diseases.
Nucleic. Acids. Res., 41: D983-D986.

Desmawati, D and Sulastri, D (2019). Phytoestrogens and
their health effect. Open Access Maced. J. Med. Sci., 7:
495-499.

Dixon, A and Maric, C (2007). 17p-Estradiol attenuates
diabetic kidney disease by regulating extracellular matrix
and transforming growth factor- protein expression and
signaling. J. Physiol. Renal Physiol., 293: F1678-F1690.

Dumanski, SM; Ramesh, S; James, MT; Metcalfe, A;
Nerenberg, K; Seely, EW; Robertson, HL. and Ahmed,
SB (2017). The effect and safety of postmenopausal
hormone therapy and selective estrogen receptor
modulators on kidney outcomes in women: a protocol for
systematic review and meta-analysis. Syst. Rev., 6: 1-10.

Esteban, V; Lorenzo, O; Rupérez, M; Suzuki, Y; Mezzano,
S; Blanco, J; Kretzler, M; Sugaya, T; Egido, J and
Ruiz-Ortega, M (2004). Angiotensin II, via AT1 and AT2
receptors and NF-kB pathway, regulates the inflammatory
response in unilateral ureteral obstruction. J. Am. Soc.
Nephrol., 15: 1514-1529.

Fan, H; Lv, Z; Gan, L; Ning, C; Li, Z; Yang, M; Zhang, B;
Song, B; Li, G; Tang, D and Gao, J (2019). A novel
IncRNA regulates the toll-Like receptor signaling pathway
and related immune function by stabilizing FOS mRNA as
a competitive endogenous RNA. Front. Immunol., 10: 838-
847.

Ferrario, CM (2011). ACE 2: More of Ang 1-7 or less Ang
II?. Curr. Opin. Nephrol. Hypertens., 20: 1-5.

Gaete, L; Tchernitchin, AN; Bustamante, R; Villena, J;
Lemus, I; Gidekel, M; Cabrera, G and Astorga P
(2012). Daidzein-estrogen interaction in the rat uterus and
its effect on human breast cancer cell growth. J. Med. Food.
15: 1081-1090.

Guo, Y; Li, G; Gao, L; Cheng, X; Wang, L; Qin, Y and



Iranian Journal of Veterinary Research, Shiraz University

21

Zhang, D (2021). Exaggerated renal fibrosis in IncRNA
Gas5-deficient mice after unilateral ureteric obstruction.
Life. Sci., 264: 118656.

Guttman, M; Russell, P; Ingolia Nicholas, T; Weissman
Jonathan, S and Lander Eric, S (2013). Ribosome
profiling provides evidence that large noncoding RNAs do
not encode proteins. Cell. 154: 240-251.

Ignarski, M; Islam, R and Miiller, RU (2019). Long non-
coding RNAs in kidney disease. Int. J. Mol. Sci., 20: 3276.

Jiang, X; Zhang, F and Ning, Q (2015). Losartan reverses the
down-expression of long noncoding RNA-NR024118 and
Cdknlc induced by angiotensin II in adult rat cardiac
fibroblasts. Pathol. Biol., 63: 122-125.

Kaeidi, A; Sahamsizadeh, A; Allahtavakoli, M; Fatemi, I;
Rahmani, M; Hakimizadeh, E and Hassanshahi, J
(2020). The effect of oleuropein on unilateral ureteral
obstruction induced-kidney injury in rats: the role of
oxidative stress, inflammation and apoptosis. Mol. Biol.
Rep., 47: 1371-1379.

Khaksari, M; Abbasloo, E; Dehghan, F; Soltani, Z and
Asadikaram, G (2015). The brain cytokine levels are
modulated by estrogen following traumatic brain injury:
Which estrogen receptor serves as modulator?. Int.
Immunopharmacol., 28: 279-287.

Laddha, AP and Kulkarni, YA (2020). Daidzein attenuates
kidney damage in diabetic rats. FASEB. J., 34: 1-1.

Li, L; Liu, J; Wang, X; Xiong, X; Huang, S and Wang, X
(2021). Microarray analysis of differentially expressed long
non-coding RNAs in daidzein-treated lung cancer cells.
Oncol. Lett., 22: 789-799.

Li, HB; Zi, PP; Shi, HJ; Gao, M and Sun, RQ (2018). Role
of signaling pathway of long non-coding RNA growth
arrest-specific transcript 5/microRNA-200c-3p/angiotensin
converting enzyme 2 in the apoptosis of human lung
epithelial cell A549 in acute respiratory distress syndrome.
Chin. Med. J., 98: 3354-3359.

Rajabi, S; Najafipour, H; Jafarinejad-Farsangi, S; Joukar,
S; Beik, A; Iranpour, M and Kordestani, Z (2020).
Perillyle alcohol and Quercetin ameliorate monocrotaline-
induced pulmonary artery hypertension in rats through
PARPI-mediated miR-204 down-regulation and its
downstream pathway. BMC Complement Med. Ther., 20:
1-12.

Rajabi, S; Najafipour, H; Sheikholeslami, M; Jafarinejad-
Farsangi, S; Beik, A; Askaripour, M and Miri Karam,
Z (2022). Perillyl alcohol and quercetin modulate the
expression of non-coding RNAs MIAT, H19, miR-29a, and
miR-33a in pulmonary artery hypertension in rats. Non-
coding RNA Res., 7: 27-33.

Rostami, B; Nematbakhsh, M; Pezeshki, Z; Talebi, A;
Sharifi, MR; Moslemi, F; Eshraghi-Jazi, F and Ashrafi,
F (2014). Effect of testosterone on Cisplatin-induced
nephrotoxicity in surgically castrated rats. Nephro-Urol.
Mon., 6: €21546.

Sawicki, KT; Chang, HC; Shapiro, JS; Bayeva, M; De
Jesus, A; Finck, BN; Wertheim, JA; Blackshear, PJ and
Ardehali, H (2018). Hepatic tristetraprolin promotes
insulin resistance through RNA destabilization of FGF21.
J. Clin. Investig. Insight. 3: €95948-e95959.

Su, H; Xu, X; Yan, C; Shi, Y; Hu, Y; Dong, L; Ying, S;
Ying, K and Zhang, R (2018). LncRNA H19 promotes the
proliferation of pulmonary artery smooth muscle cells
through ATIR via sponging let-7b in monocrotaline-
induced pulmonary arterial hypertension. Respir. Res., 19:
1-18.

Sun, J; Zhang, S; Shi, B; Zheng, D and Shi, J (2017).
Transcriptome identified IncRNAs associated with renal

fibrosis in UUO rat model. Front. Physiol., 8: 658-668.

Teixeira, LB; Parreiras-e-Silva, LT; Bruder-Nascimento,
T; Duarte, DA; Simdes, SC; Costa, RM; Rodriguez,
DY; Ferreira, PA; Silva, CA; Abrao, EP and Oliveira,
EB (2017). Ang-(1-7) is an endogenous [-arrestin-biased
agonist of the AT1 receptor with protective action in
cardiac hypertrophy. Sci. Rep., 7: 11903-11913.

Tomar, A; Kaushik, S; Khan, SI; Bisht, K; Nag, TC; Arya,
DS and Bhatia, J (2020). 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., 34: 22431.

Ucero, AC; Benito-Martin, A; Izquierdo, MC; Sanchez-
Nino, MD; Sanz, AB; Ramos, AM; Berzal, S; Ruiz-
Ortega, M; Egido, J and Ortiz, A (2014). Unilateral
ureteral obstruction: beyond obstruction. Int. Urol.
Nephrol., 46: 765-776.

Vellanki, K and Hou, S (2018). Menopause in CKD. Am. J.
Kidney Dis., 71: 710-719.

Vitale, DC; Piazza, C; Melilli, B; Drago, F and Salomone, S
(2013). Isoflavones: estrogenic activity, biological effect
and bioavailability. Eur. J. Drug Metab. Pharmacokinet.,
38:15-25.

Wang, M; Chen, DQ; Chen, L; Cao, G; Zhao, H; Liu, D;
Vaziri, ND; Guo, Y and Zhao, YY (2018). Novel
inhibitors of the cellular renin-angiotensin system
components, poricoic acids, target Smad3 phosphorylation
and Wnt/B-catenin pathway against renal fibrosis. Br. J.
Pharmacol., 175: 2689-2708.

Wu, N; Zhang, X; Bao, Y; Yu, H; Jia, D and Ma, C (2019).
Down-regulation of GASS ameliorates myocardial
ischaemia/reperfusion injury via the miR-
335/ROCK1/AKT/GSK-3 axis. J. Cell. Mol. Med., 23:
8420-8431.

Xiao, X; Yuan, Q; Chen, Y; Huang, Z; Fang, X; Zhang, H;
Peng, L and Xiao, P (2019). LncRNA
ENSTO00000453774.1 contributes to oxidative stress
defense dependent on autophagy mediation to reduce
extracellular matrix and alleviate renal fibrosis. J. Cell.
Physiol., 234: 9130-9143.

Xie, H; Xue, JD; Chao, F; Jin, YF and Fu, Q (2016). Long
non-coding RNA-H19 antagonism protects against renal
fibrosis. Oncotarget., 7: 51473-51481.

Yu, Y; Jiang, H; Niu, Y; Huang, J; Zhang, X; Liu, X;
Zhang, Y; Liu, S; Fu, H and Yu, C (2020). Long
noncoding RNA-GASS5 retards renal fibrosis through
repressing miR-21 activity. Exp. Mol. Pathol., 116:
104518-104529.

Zhang, Y; Zhang, YY; Xia, F; Yang, AX; Qian, JX; Zhao,
H and Tao, WY (2019). Effect of IncRNA-MIAT on
kidney injury in sepsis rats via regulating miR-29a
expression. Eur. Rev. Med. Pharmacol. Sci., 23: 10942-
10949.

Zhou, Q; Chung, ACK; Huang, XR; Dong, Y; Yu, X and
Lan, HY (2014). Identification of novel long noncoding
RNAs associated with TGF-f/Smad3-mediated renal
inflammation and fibrosis by RNA sequencing. Am. J.
Pathol., 184: 409-417.

Zhou, X; Zhang, W; Jin, M; Chen, J; Xu, W and Kong, X
(2017). IncRNA MIAT functions as a competing
endogenous RNA to upregulate DAPK2 by sponging miR-
22-3p in diabetic cardiomyopathy. Cell. Death Dis., 8:
€2929-e2937.

Zhu, XH; Yuan, YX; Rao, SL and Wang, P (2016). LncRNA
MIAT enhances cardiac hypertrophy partly through
sponging miR-150. Eur. Rev. Med. Pharmacol. Sci., 20:
3653-3660.

IJVR, 2023, Vol. 24, No. 1, Ser. No. 82, Pages 14-21


http://www.tcpdf.org

