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INTRODUCTION

Obstructive uropathy, caused by prevention of
urine flow, results in renal damage and loss of
renal function. The obstruction can occur at any
level of the urinary tract. The most common cause
of obstruction in adults is urolithiasis, while
obstructive nephropathy in children is mostly
congenital (1). Acute obstruction of the ureter,
rapidly, triggers a cascade of events in the kidneys.
First, renal blood flow and the glomerular filtration
rate drop. Within few days, hydronephrosis starts
to develop, followed by interstitial inflammatory
infiltration, apoptosis and necrosis.

The main function of metformin, a biguanide
compound widely used for treatment of type 2
diabetes mellitus, is to lower the level of blood
glucose (2, 3) by inhibiting hepatic
gluconeogenesis (4, 5, 6) and increase cellular
glucose uptake (7, 8). Furthermore, metformin
may decrease cardiovascular complications for
these patients (9, 10). Metformin has, also, been
tested in various other disease models where it has
been shown to have anti-oncogenic (11, 12),
cardioprotective (13, 14), and anti-inflammatory
effects (15, 16). Metformin attenuated diabetic
nephropathy when tested in a streptozotocin-
induced diabetic nephropathy model, possibly by
upregulating the anti-oxidative response (17, 18,
19, and 20).

Wnt/B-catenin signaling is a key pathway that
regulates cell fate, organ development, tissue
homeostasis, as well as, injury and repair.
Although relatively silent in normal kidney, Wnt/3
-catenin signaling is re-activated after renal injury
in a wide variety of kidney disorders. Moreover,

multiple components of the renin—angiotensin

system are the direct downstream targets of Wnt/ 3
-catenin.

Irisin was found to convert white fat into
brown fat (21). Subsequent studies have confirmed
that irisin is involved in a variety of physiological
functions, including regulating energy metabolism
(22, 23).

Kidney injury molecule-1 (KIM-1) is a type 1
cell membrane glycoprotein composed of six
cysteine immunoglobulin-like and mucin domain
(18). KIM-1 is normally undetectable in normal
urine but it is expressed at high levels following
kidney insult. Kidney injury molecule (KIM-1) is a
novel biomarker for renal proximal tubular injury
(19).

In this study, we investigated the effects of
metformin on renal fibrosis induced by obstructive
uropathy. We hypothesized that metformin
prevents UUO- induced renal fibrosis and
increases the anti-oxidant response in obstructive
uropathy. We further tested the dependency of
these effects on the expression of kidney tubular
injury molecule-1 (KIM-1), NADPH oxidase
homolog (NOX-4) and Wnt/B-catenin.

We set out therefore to: (i) test the
hypothesis that a unilateral obstructive uropathy
model can induce renal fibrosis; and, if confirmed,
(i1) assess whether the increase in NOX-4, KIM-1
and Wnt/B-catenin expression is involved in renal
fibrosis induced by UUO (iii) investigate the
possible protective effects of metformin and renin—
angiotensin system inhibition by captopril against
UUO- induced renal fibrosis (iv) identify the
correlation between serum irisin level, serum K*,
serum creatinine, renal tissue MDA, KIM-1

expression and NOX-4.
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2. Materials and Methods
2.1. Experimental Animals

Twenty four male albino Sprague Dawley rats
weighing 180-200 grams were used in the present
study. The animals had free access to food and
water and were housed in individual cages with a
12-hour light-dark cycle. The animals were
adapted to these conditions for at least one week
before being used in the experiments and general
conditions were monitored throughout the study.
All protocols and experimental procedures were
approved by the institutional review board (IRB) at
Mansoura Faculty of Medicine with approval code
R.19.04.490-2019/04/20.
2.2. Study Groups

Rats were randomly assigned to one of four
groups (n = 6/group):1, Control negative: sham
rats, which were matched according to weight and
age, had their ureters dissected free, but the ureters
were not occluded, received saline (Sal. group), 2,
control positive obstructive uropathy, UUO: rats
underwent unilateral ureteral obstruction (UUO)
surgery and 3, (Metformin +UUQ) rats received
oral metformin (300 mg/kg/day daily for 21 days)
(17). 4, (Metformin +Captopril +UUO), rats were
treated by angiotensin converting enzyme inhibitor
(Captopril) (50 mg/Kg/day x21 days) (24).
2.3. Unilateral ureteral obstruction (UUQO)
surgery

Through an abdominal incision a silk ligature
was tied around the left ureter to make a complete
obstruction before closure of the animal. Both pre-
and post-surgery the animals received analgesic
treatment. Male rats were treated with metformin
(Sigma-Aldrich, USA) (300 mg/kg/day) for 21
days. On day 7, the rats underwent UUO and were
sacrificed on day 21(25). At the day of sacrifice,

blood was collected directly from the left ventricle
of the heart. Blood was centrifuged and serum
levels of creatinine, potassium and irisin were
measured.
2.4. Collection of renal samples

The animals were anesthetized with
pentobarbital [0.6 ml/ kg] and the blood collected
by heart puncture and allowed to clot for 30
minutes. Serum was separated by centrifugation at
2500 rpm for 15 minutes and used for biochemical
estimations. After that rats were sacrificed by
cervical dislocation and the abdomen of terminated
animal was cut open quickly and the kidney was
immediately removed and washed thoroughly with
ice-cold saline and dried with filter paper and
weighted. The kidneys were then processed for
real time polymerase chain reaction (RT-PCR) (n
= 6). Animals were prepared in parallel for
immunohistochemistry. Then portion of the kidney
was used to assess biochemical parameters.
2.5. Determination of creatinine and K" in serum
2.5a. Determination of creatinine in serum

The assay is based on the reaction of
creatinine with sodium picrate. Creatinine reacts
with alkaline picrate forming a red complex. The
time interval chosen for measurement avoids
interference from other serum constituents. The
intensity of the color formed is proportional to
creatinine concentration in the plasma (26).
2.5 b. Determination of K" in serum

Serum samples were separated by
centrifugation at 3000 rpm for 15 minutes. The
clear serum was received in dry sterile tubes and

used directly for determination of K* (27).
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2.6 . Assay of lipid peroxidations marker
malondialdhyde (MDA) and antioxidant
reduced glutathione (GSH) level in renal
tissues
About 50 -100 mg of kidney tissues will be

homogenized in 1-2 ml cold buffer (50 mM

potassium phosphate, pH 7.5,1 mM EDTA) using

mortar and pestle then centrifuged at 4,000 rpm for

15 minutes at 4°C. The supernatant will be kept at

- 20 ° C until it is used for analysis.

Malondialdhyde (MDA) and reduced glutathione

(GSH) in the supernatant of kidney homogenates

were measured using a colorimetric method

according to the manufacturer’s instructions (Bio-

Diagnostics, Dokki, Giza, Egypt).

2.7. Determination of serum irisin level

Irisin level was determined by using rat irisin

ELISA kit purchased from Kono Biotech

Company. Ltd, Zhejiang, China. Purified rat irisin

antibody was used to coat microtiter plate wells to

make a solid-phase antibody, then irisin was added
to wells, combined antibody which with
horseradish peroxidase (HRP) labeled goat anti-rat
become antibody-antigen-enzyme-antibody
complex. After washing completely, 2, 2, 6, 6-
tetramethylpiperidine (TMP) substrate was added
to obtain blue color. The reaction was terminated
by the addition of sulphuric acid solution and the
color change is measured spectrophotometerically
at a wavelength of 450 nm. The concentration of
rat irisin in the sample was then determined by
comparing the optical density of the sample to the
standard curve. Serum — coagulation at room

temperature 10-20 minutes, then centrifugation 20

minutes at the speed of 2000-3000 rotations per

minute to remove supernatant, if precipitation

appeared, centrifugal again.

2.8. Histopathological examination of kidney
tissue by Hematoxylin and Eosin

Twenty micrometer-thick sections of kidney
slices were stained with hematoxylin and eosin
(H&E), and the slides of kidney were stained with
hematoxylin for 15 minutes and in HCI alcohol
solution for 35 seconds. Then, the sections were
immersed with eosin for 10 minutes and 90%
ethanol for 40 seconds. After that, the section was
examined, and images of the kidney tissue were
captured under light microscope.
2.9. Histopathological examination of kidney
tissue by Masson trichrome staining

The dissected left kidneys were cut into small
pieces after its dissection out, kept in fixative (10%
neutral buffered formalin) for about one week,
washed, dehydrated with alcohol of different
grades, then cleared by xylene and embedded in
paraffin wax to form a hard block. 5-um thick
sections from a hard block were mounted on glass
slides and subjected to the following staining
procedures: Masson's Trichrome stain for
evaluation of collagen and extracellular matrix
(ECM) accumulation and interstitial fibrosis.
2.10. Immunohistochemical study of a novel
biomarker for the early detection of kidney tubular
injury after obstructive uropathy (Wnt/S-catenin)

Serial coronal sections (40 um) were sliced

using a freezing sledge microtome, and a 1:6 series
was used for all quantitative
immunohistochemistry. Peroxidase-based
immunostaining was completed. In brief,
following quenching of endogenous peroxidase
activity where appropriate (using a solution of 3%
hydrogen peroxide/10% methanol in distilled
water) and blocking of nonspecific secondary

antibody binding (using 3% normal serum in Tris-
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buffered saline (TBS) with 0.2% Triton X-100 at
room temperature for one hour), sections were
incubated overnight at room temperature with the
appropriate primary antibody diluted in 1% normal
serum in TBS with 0.2% Triton X-100 (polyclonal
anti- B - catenin rabbit antibody, Cat#YPA1340,
dilution 1:200; Chongqging Biospes Co., Ltd.,
Chongqing, China).
2.11. RNA Extraction and First-strand cDNA
synthesis

For all animals, the kidney was removed for
RNA extraction under standard sterile surgical
method. Total RNA was extracted from kidney
tissue using Trizol Reagent [Invitrogen, USA]
according to the manufacturer’s description and
treated with RNase-free DNase to remove any
residual genomic DNA. Single stranded cDNAs
were synthesized by incubating total RNA [1pg]
with Revert Aid H Minus M-MuL V Reverse
transcriptase [200 U], oligo-[dT] primer [5 puM],
Random Hexamer Primer [5 uM], dNTPs [1 mM],
and Ribo Lock RNase-inhibitor [20 U], for S5min at
25°C followed by 60 minutes at 42°C in a final
volume of 20 pl. The reaction was terminated by
heating at 70°C for 5 minutes.
2.12. Real-time RT-PCR Analysis of KIM-1
Expression

Primers for the KIM-1 gene (NM 173149,
forward primer:
TGGCACTGTGACATCCTCAGA; reverse
primer:GCAACGGACATGCCAACATA) and the
house keeping GAPDH gene (NM 017008,
forward primer: CCTGGAGAAACCTGC-
CAAGTAT; reverse primer:
AGCCCAGGATGCCCTTTAGT) were designed
using ABI Primer Express software (Applied
Biosystems, Foster City, CA). Total RNA was

reverse transcribed with ABI High-Capacity
cDNA Reverse Transcription kit and then
subjected to real-time PCR using ABI SYBR green
PCR master mix (Applied Biosystems, Cheshire,
UK). The cycle time values of KIM-1 were
normalized with GAPDH, and the relative
differences between control and Cd groups were
calculated and expressed as percentage of controls.
2.13. Quantitative real-time PCR for kidney
oxidative stress marker NADPH oxidase homolog
(NOX-4)

Total cellular RNA was extracted from a given
cell line with Trizol reagent (Invitrogen). Total
cellular RNA (2 pg) was isolated from cultured
cells and reverse-transcribed using oligo (dT) and
M-MLV reverse transcriptase (Promega). The
cDNA concentration was adjusted to 100 ng/ml,
and PCR was performed using an iQ SYBR Green
Supermix (Bio-Rad Laboratories, Hercules, CA,
USA) with 5 min of predenaturation at 95°C,
followed by 40 cycles of DNA amplification
including annealing at 60°C for 30 s and extension
at 72°C for 30 s. Assays used the following primer
sets: NOX-4, 5-GGCTGGAGGCATTGGAGTAA-3'
(forward) and 5'-CCAGTCATCCAACAGGGTGTT-3'
(reverse);B-actin, 5'-TCAAGATCATTGCTCCTCCTG-
3" (forward) and 5-CTGCTTGCTGATCCACATCTG-
3" (reverse). The relative expression of the reverse
transcription (RT)-PCR products was determined
using the ACt method. This method calculates the
relative expression using the following equation:
fold induction = 2 — (ACt), where Ct is the
threshold cycle and ACt = (Ctgene of interest—Ctp-actin)-
Each sample was run in triplicate, and three
independent experiments were performed. The
mean Ct was used in the ACt equation.

2.14. Statistical Analysis
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Values are presented as the mean (+/-) SD.
One-way analyses of variance (ANOVA) were
used to compare each molecular variable between
control negative (Saline), control positive (UUO),
(UUOD + Metformin) and (UUO +
Metformin+Captopril). When a  significant
interaction was detected, post-hoc t-tests were used
to compare the two groups at different time points.
Pearson correlation analyses were used to study
the correlations between serum K*, serum
creatinine, serum irisin, renal tissue MDA, KIM-1
expression and NOX-4 expression in UUO group
and the correlations between serum irisin level and
the estimated parameters. All data were analyzed
using SPSS (SPSS, Sigma Plot Software, Inc,
Chicago, IL) program statistical package for social
science version 17. Results were considered
significant when (P <0.05).

3. Results

3.1. Metformin increases serum irisin level and
renal tissue antioxidant GSH level and
decreases serum creatinine level and oxidative
stress marker MDA in a rat model of renal

fibrosis

Obstructive uropathy led to a significant
increase in serum creatinine in proportional to
control (Table 1). While it decreased, significantly,
in (UUO + Metformin) and (UUO +
Metformin+Captopril) - treated groups. In
addition, UUO led to a significant increase in
serum K* level. While it decreased, significantly,
in metformin and (Metformin+Captopril) treated
groups in proportional to UUO group. In addition,
serum irisin level increased, significantly, in (UUO
+ Metformin) and (UUO + Metformin+Captopril)
treated groups. Moreover, UUO led to a highly
significant increase in malondialdhyde (MDA) in
proportional to control. While it decreased,
significantly, in (UUO + Metformin) and (UUO +
Metformin+Captopril) ~ treated  groups  in
proportional to UUO group. Moreover, UUO led
to a significant decrease in GSH level in
proportional to control. While it increased,
significantly, in metformin and
(Metformin+Captopril) - treated groups in
proportional to UUO group.

Table (1): Effect of UUO, (UUO +Metformin) and (UUO +Metformin + Captopril) on serum creatinine level, serum
K* level, serum irisin level, malondialdehyde (MDA) and reduced glutathione (GSH) level

Sal. uvuo uvuo UUO + Metformin
group group +Metformin +Captopril
group group
Serum creatinine (mg %) 0.57£0.08 0.91 £ 0.29* 0.66 £ 0.15# 0.51 +£0.19#
Serum K* (mmol/L.) 4.5+0.2 5.2+0.5% 4.9+0.7 4.7+0.4
Serum irisin level (ng\ml) 60.71+ 04.21 5843 +7.11 98.17 £9.75# 91.7+ 11.6#
MDA (nmol/g. renal tissue) 12.7+0.47 23.9+0.4* 17.9+£0.9%# 14.9+0.8*#
GSH (nmol/g. renal tissue) 112.93+7.22 54.63* 107.29# 100.43*#

Test used: ANOVA followed by posthoctukey for multiple comparisons.Values are expressed as mean £+ S.D.

(n=6). *(P <0.05): significant in proportional to control.# (P <0.05): significant as compared with UUO.

3.2. The Effects of UUO, Metformin and
captopril on morphology of tubular cells
Kidney sections from UUO group (Figure 1

B) showed irregular arrangement of cells with a

reduction in the number of cells, and the cells
showed pyknosis (Darkly-stained nucleus and
cytoplasm). The number of abnormal cells was

significantly reduced in the kidney tissues
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obtained from (Metformin + UUO) group
(Figure 1 C) and (Metformin + captopril +UUO)

group (Figure 1 D).

Figure (1): Histopathological examination of the renal tubules.

A) H&E staining of control group (n=6) (H&E, 200

X) showed a normal appearance for kidney tissue ~ B) H&E staining of UUO group (n=6) (H&E, 200 X): swollen
proximal tubules epithelial lining with loss of brush border, even the tubules lumen is very narrow due to the swollen
epithelial lining (arrowhead) C) H&E staining of Metformin + UUO group (n=6) (H&E, 200 X): Metformin
administration attenuated renal injury induced by UUO. D) H&E staining of the UUO + Metformin + Captopril group
(n=6) (H&E, 200 X): metformin and captopril administration attenuated tubular injury induced by UUO.

3.3. Metformin and captopril administration
attenuated fibrosis in obstructed kidneys

Masson’s trichrome staining showed that
collagen deposition increased in the interstitial
area, suggesting that 14 days UUO induced renal
interstitial fibrosis (Figure 2 B). Metformin

treatment significantly attenuated UUO-induced
collagen deposition (Figure 2 C). Moreover,
metformin and captopril treatment significantly
attenuated UUO-induced collagen deposition

(Figure 2 D).
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Figure (2): Effect of metformin and captopril on collagen production in unilateral ureteral obstruction rats. Representative sections of
Masson’s trichrome-stained kidneys. Collagen was stained blue. A) Masson trichrome staining of the Sal group (n=6): showed a
normal appearance for kidney tissue with no evidence of fibrosis (Masson trichrome x 100) B) Masson trichrome staining of UUO
group (n=6): Masson’s trichrome stain shows marked fibrosis (Arrowhead) (Masson trichrome x 100) C) Masson trichrome staining
of UUO + metformin (n=6): Masson’s trichrome stain showed mild degree of fibrosis (Arrow head) (Masson trichrome % 100) D)
Masson trichrome staining of UUO+ Metformin + Angiotensin converting enzyme inhibitor (Captopril) (n=6): showed mild degree
of fibrosis (Arrowhead). E) ROI of Masson trichrome staining of kidney tissues

a: significance as compared to control group.

b: significance as compared to UUO group.

c: significance as compared to (UUO +Metformin).

3.4. Effect of metformin and captopril on the level with increased expression of endogenous Wnt/[3-
of expression of tubular injury marker Wnt/f- catenin. While its expression decreased in kidney
catenin in response to 14 days UUO tissues obtained from metformin treated group

Figure (3 B) showed that the tubules were (Figure 3 C) and kidney tissues obtained from

significantly dilated in obstructive uropathy group captopril + metformin treated group (Figure 3 D).
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kidney tissue
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C uuo wuo UUQ & metformin
&Metformin and captopril

Figure (3): Enhanced expressed Wnt/B-catenin was localized in both the injured proximal and distal tubules following UUO.
Histopathological examination of renal tubules. A) Immunostaining of control group (n=6): showed decreased endogenous Wnt/p-
catenin, brown stain (arrowhead) (Magnification, 200X) B) Immunostaining of UUO group (n=6): showed increased endogenous
Wnt/B-catenin, brown stain (arrowhead) (Magnification, 200X) C) Metformin administration led to a significant decrease in the
biomarker of kidney injury (Wnt/B-catenin) (Magnification, 200X). D) Captopril and metformin administration led to a significant
decrease in the biomarker of kidney injury (Wnt/B-catenin) (Magnification, 200X) E) ROI of beta- Catenin staining of kidney tissues
a: significance as compared to control group.

b: significance as compared to UUO group.

c: significance as compared to (UUO +Metformin).
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3.5. Effect of metformin on kidney tubular
injury molecule-1 (KIM-1) expression in response
to 14 days obstructive uropathy

Figure (4) showed that KIM-1 mRNA and

protein expression increased in rats subjected to

KiM-1/GAPDH

10

U0+ metformin uuo+metformin=captopril

obstructive uropathy compared to sal. group.
Metformin and captopril treatment attenuated the
increased expression of KIM-1 at the mRNA and
protein levels, significantly, as compared with

Uuo0.

Figure (4): Products of RT-PCR for KIM-1 in Sal. control group [1], UUO group [2], Metformin +UUO group [3] and

UUO +Metformin +Captopril [4]

a: significance as compared to sal. group.

b: significance as compared to UUO group.

¢: significance as compared to (UUO +Metformin).
Sal: saline  UUO: Unilateral ureteral obstruction

3.6. Effect of metformin on NADPH oxidase
homolog (NOX-4) expression in response to 14
days obstructive uropathy

Figure (5) showed that NOX-4 mRNA and
protein expression increased, significantly, in rats
subjected to 14 days obstructive uropathy

compared to sal. group. Metformin and captopril

NOX-4/beta actin

11T

wuo-+metformin

treatment attenuated the increased expression of
NOX-4 at the mRNA and protein levels,
significantly, as compared with UUO.

vuo+metformin-+Ccaptopril

Figure (5): Products of RT-PCR for NOX-4 mRNA and protein expression in sal. control group [1], UUO group [2], Metformin

+UUO group [3] and UUO +Metformin +Captopril [4].
a: significance as compared to Sal. group.

b: significance as compared to UUO group.

c: significance as compared to (UUO +Metformin).
Sal: saline  UUO: Unilateral ureteral obstruction
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3.7. Correlations between serum K* serum creatinine, renal tissue MDA, renal tissue KIM-1,
creatinine, serum irisin, renal tissue MDA, KIM-1 renal tissue NOX-4 expressions and there is a
expression and NOX-4 expression in renal tubules negative correlation with serum irisin level.

in obstructive uropathy group
Table (2) showed that there are a significant

positive correlations between serum K*, serum

Table (2): Correlations between serum K*, serum creatinine, serum irisin level, renal tissue MDA and kidney tubular
injury molecule-1 (KIM-1) expression and NADPH oxidase homolog NOX-4 expression in obstructive uropathy group

(UUO)
Parameters Serum Serum Serum Renal KIM-1 NOX-4
K* Creatinine irisin tissue expression
MDA
Serum K* r 0.9 -0.4 0.8 0.8 0.998
P 0.000%** 0.000%** 0.000%**
0.1 0.000%**
Serum r -0.3 0.5 0.4 0.375
Creatinine P 0.013%* 0.023*
0.2 0.071
Serum irisin -0.6 -0.1 -0.2
0.8 0.5 0.5
Renal tissue r 0.8 0.299
MDA p 0.000%**
0.155
KIM-1 r 0.958
expression
P P 0.000%**
NOX-4 r
p

KIM-1: Kidney Tubular Injury Molecule-1.
NOX-4: NADPH Oxidase Homolog 4.

r: Pearson’s correlation coefficient.

P: Probability.

*(P <0.05): is considered significant.

*% % (P <0..001): is considered highly significant.

Table (3): The correlation between serum irisin level and the estimated parameters

Sal. uuo UUO +Metformin UU(lgalzlt(e)g:ilimin

Level of irisin ( ng\

Level of irisin ( ng\ ml) Level of irisin ( ng\ ml) ml)

Level of irisin ( ng\ ml)

P P P P
Serum K* 0.010* .000%** .000%** .000%**

Serum
Creatinine 0.022* .00Q*** 0.020%* 0.019%*

XA 0.024* 000+ 000%#* 000##*

s 0.0026* 0.006* 0.871 0.041%

KIM-1
expression

NOX-4 0.030* .000%** 0.022%* 0.013*

0.020* .000%** .000%** .000%**

r: Pearson’s correlation coefficient

P: Probability

*(P <0.05): is considered significant.

*% % (P <0..001): is considered highly significant.
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3.8. Correlations between serum irisin level and
the estimated parameters

Table (3) showed that there are negative
correlations between serum irisin level and serum
K*, serum creatinine, renal tissue MDA, KIM-1
expression and NOX-4. However, serum irisin
level shows a positive correlation with renal tissue

antioxidant GSH level.

4. Discussion

The main findings in the present study are: (a)
obstructive uropathy increased serum creatinine
and serum K*, significantly, in proportional to
control (b) Wnt/B-catenin and KIM-1 expressions
were upregulated in the injured renal tubules in
obstructive uropathy group (c) metformin
administration led to a significant decrease in
serum creatinine, serum K*, Wnt/B-catenin and
KIM-1 expression in proportional to obstructive
uropathy. (d) angiotensin converting enzyme
inhibitor (Captopril) and metformin led to a
significant decrease in serum creatinine, serum K*
level, KIM-1 expression and B-catenin expression
in proportional to obstructive uropathy (e)
metformin increased both GSH levels in rats
subjected to obstructive uropathy, indicating that
metformin upregulates the antioxidative response
to obstructive uropathy (f) metformin increases
serum irisin level in a rat model of obstructive
uropathy

Reactive oxygen species are a recently
recognized mechanism in the pathogenesis of
obstructive uropathy in experimental models (28).
So, we decided to measure MDA and GSH levels
as biomarkers of oxidative stress in renal tissue. In
this study, we confirmed the protective role of

metformin on renal tissue damage after the

induction of obstructive uropathy in rats. Our
results showed that the obstructed kidney had
significantly higher tissue MDA, and lower GSH
levels along with more fibrosis. Our findings
corroborate those of earlier studies demonstrating
that an enhanced endogenous oxidative stress has a
major role in the severity of obstructive uropathy -
induced acute renal failure (29, 30).

Renal fibrosis underlies all forms of end-stage
kidney disease, regardless of the primary insult. It
is characterized by the excessive accumulation of
extracellular matrix components after renal injury,
which eventually leads to renal failure (31).
Currently, treatment of renal fibrosis is severely
limited and often ineffective (32, 33). Kidney
transplantation is the only effective option for end-
stage renal fibrosis. However, limited organ
availability and the high morbidity of
transplantation highlight the urgent need for novel
strategies to prevent renal fibrosis. Metformin is
the most frequently prescribed antidiabetic drug
worldwide. It has been prescribed to patients with
type 2 diabetes, yet its underlying mechanism
remains largely elusive (30). Metformin reduces
glucose levels and improves insulin sensitivity.
Recently, metformin has gained attention for its
pleiotropic effects. In this study, we examined the
effect of metformin on renal fibrosis.

The animal model used in our study was the
obstructive uropathy model, a well-established
model of renal fibrosis. The pathogenesis of renal
fibrosis caused by obstructive uropathy involves
infiltration of the kidney by inflammatory cells
including monocytes, activation and possible
transformation of intrinsic renal cells, and
interactions between infiltrating and resident cells

(27). This is in agreement with our results which
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showed that obstructive uropathy induced renal
fibrosis as indicated by the upregulation of
extracellular matrix proteins and collagen
deposition in the kidney sections stained by
Masson’s trichrome staining.

In this study, metformin treatment significantly
attenuated UUO-induced collagen deposition and
attenuated renal fibrosis. This is in agreement with
the previous finding that metformin attenuated
progression of fibrosis in dogs subjected to 14
days unilateral ureteral obstruction (17), as well
as, in mouse models of 7 and 14 days obstructive
uropathy (18, 19).

Activation of the renin-angiotensin system is
associated with various deleterious effects,
including vasoconstriction, inflammation,
hypertrophy, and extracellular matrix protein
synthesis (34, 35, 36). Angiotensin II, the main
effector of the renin-angiotensin system, is a
critical mediator of fibrogenesis. We used the
UUO model, also, to detect the role of RAS
inhibition in renal fibrosis. In the present study,
inhibition of renin—angiotensin system by captopril
attenuated renal fibrosis. In agreement with the
previous finding that angiotensin II was
upregulated in the kidney tissue of UUO rats,
accompanied by the upregulation of angiotensin II
receptors, suggesting that the renin-angiotensin
system had been activated and TGF-beta is the key
factor of the profibrotic effects of angiotensin II
37).

Whereas some data point to a protective role of
Wnt/B-catenin in healing and repair after acute
kidney injury, increasing evidence suggests that
sustained activation of Wnt/ [ —catenin is
associated with the development and progression

of renal fibrotic lesions. Here, in this study, kidney

sections obtained from obstructive uropathy group
showed increased expression of endogenous
Wnt/B-catenin. Its expression decreased in kidney
tissues obtained from metformin - treated group
and kidney tissues obtained from inhibitor of
renin—angiotensin  system  captopril-metformin
treated group.This is in agreement with the
previous findings that in kidney cells, Wnt/ B -
catenin promotes the expression of numerous
fibrosis-related genes, such as snaill, plasminogen
activator inhibitor-1, and matrix metalloproteinase-
7 (38).

Antioxidants can ameliorate obstructive
uropathy -associated injury, as previously
demonstrated that the antioxidants NADPH
oxidase inhibitor diphenyleneiodonium and the
complex I inhibitor rotenone prevented renal
damage in response to 3 days obstructive uropathy
(39, 340, 41). Our current data suggest that
metformin can upregulate GSH activity, which
might reduce ROS in response to obstructive
nephropathy. Also, our current data showed that
metformin attenuated MDA in the renal tissue. So,
metformin acts as an antioxidant has an essential
role in reducing levels of reactive oxidant species
(ROS) produced during obstructive uropathy,
limiting the damage created by ROS.

Also, in the present study, we used the model to
answer the question of whether KIM-1 was
actually playing a role in fibrosis, whether it was
simply a biomarker of injury, or if alternatively it
was driving a fibrotic reaction when expressed?
KIM-1 has been demonstrated to be a proximal
tubular injury marker (42, 43). In the present
study, we demonstrated a downregulation of KIM-
1 in the metformin-treated rats. Also, we

demonstrated a downregulation of KIM-1 in
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(metformin+captopril)- treated rats. In agreement
with the finding that KIM-1 expression was
strongly upregulated two days after unilateral
ureteral obstruction (44). In this genetic approach,
there is activation of expression of KIM-1 in
kidney tubules in the absence of any other injury
stimulus (44). Also, in this transgenic model,
expression of KIM-1 caused spontaneous and
progressive interstitial kidney inflammation and
fibrosis, even in the absence of any kidney injury.
This finding was indicative of a role for KIM-1 in
fibrosis. Also, in this genetic approach (44), a
mouse model with a truncated form of KIM-1, the
mice were protected from fibrosis. Furthermore,
expression of KIM-1 was associated with
upregulation of the proinflammatory cytokine
monocyte chemotactic protein-1 (MCP-1).

Here, we found that metformin increased
serum irisin level in obstructive uropathy. This
finding is in agreement with Li et al. (2015) (45)
who found that metformin significantly elevated
plasma irisin levels in WT and in db/db mice. In
addition, it could be hypothesized that prevention
or attenuation of renal tissue oxidative stress after
UUO and the significant increases in serum irisin
level contributes to prevent UUO-induced renal
fibrosis. This hypothesis is supported by several
studies showing that irisin acts as a therapeutic
agent that inhibits oxidative stress and fibrosis (46)
and recently, it was reported that irisin can
alleviate the occurrence of heart, liver and kidney
fibrosis (47,48,49) . Also, in the present study,
metformin decreased serum creatinine and K*
level. We assessed expression of NOX-4, KIM-1
and Wnt/B-catenin and serum irisin level to answer
the question of whether there is a correlation

between antifibrotic effect of metfromin and its

renoprotective effect? Metformin protects against
renal fibrosis via its antioxidative effect via
attenuation of expression of NOX-4 and MDA and
via stimulation of endogenous irisin release, as
well as, its renoprotective effect via attenuation of
expression of KIM-1 and Wnt/p-catenin.
5. Conclusions

Here, in the present study, inhibition of KIM-1,
NOX-4, Wnt/ B -catenin expression and increased
serum irisin level by administration of metformin
and inhibition of renin—angiotensin system by
captopril alleviate kidney fibrosis induced by
UUO. Thus, our data provide a rationale for the
treatment of renal fibrosis using metformin and
captopril. We believe the current study is an
important step towards the further development of
irisin as a novel therapeutic approach for kidney
fibrosis.
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