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to contribute to the healing of inflammatory injury. Objective: to assess the potential underlying
processes and the protective impact of Metrnl in DN caused by STZ Materials and Methods:
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e Bax cystatin C, creatinine clearance, renal MDA, renal GSH, renal TNF-qa, renal IL-10, and renal gene
e Diabetic expression of HO-1 and Nrf2 were assessed. Additionally, immunohistochemical and renal
Nephropathy histopathology studies were carried out. Results: The DN group had significantly higher serum
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e NFE-KB Bax immunoreaction were upregulated in the DN compared to control. The STZ-induced DN

alterations significantly improved in the DN+Metrnl group. Conclusion: Metrnl offers substantial
e Nrf2 protection against STZ-induced DN through anti-oxidant and anti-inflammatory pathways,
apoptosis inhibition, and the up-regulation of Nrf2 and HO-1 renal gene expressions.
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Introduction

One of the most prevalent complications in
diabetes mellitus (DM) is diabetic nephropathy
(DN) [1]. End-stage kidney disease (ESKD) is
largely caused by DN, which has become the
primary cause of ESKD [2]. Hyperglycemia is the
cause of DN, a chronic kidney disease that can be
fatal and causes glomerular inflammation,
hypertension, and several other serious symptoms
[1].

The characteristic pathological alterations of DN
involve  many aspects, including severe
albuminuria, glomerular basement membrane
thickening, glomerular and tubular hypertrophy,
glomerulosclerosis, and tubulointerstitial fibrosis
[3]. Other variables, including as chronic
inflammation, dyslipidemia, and the buildup of
advanced glycation end products (AGEs), can also
significantly share in the initiation and progression
of DN in addition to chronic continuous
hyperglycemia [4].AGEs raises reactive oxygen
species (ROS) levels [5]. AGEs cross-talk with
other pathways in addition to interacting with their
receptor and changing intracellular signaling to
encourage the production of proinflammatory
cytokines. Diabetes-related AGEs trigger the
apoptosis pathway, and AGE-induced apoptosis
results in basement membrane thickening and
eventual glomerular function loss [6]. Despite
tremendous progress in understanding the
fundamental processes of DN, successfully
addressing these harmful pathways remains a huge
issue.

Erythroid-derived 2-related factor 2 (Nrf2) is a
crucial cellular defense mechanism against
oxidative damage.[7]. Heme oxygenase-1 (HO-1),

a crucial Nrf2 target gene, is regarded as a kidney

protective gene. In addition to producing anti-
inflammatory, antioxidant, and antiapoptotic
chemicals, it contributes to the breakdown of
oxidized heme [8]. Numerous studies have shown
that Nrf2/HO-1 pathway activation can
substantially ameliorate oxidative stress and
inflammatory response while preventing renal
impairment in DN. Numerous antioxidant factors
can have their expression controlled by the
Nrf2/HO-1 signaling pathway. For illnesses where
oxidative stress is elevated, stimulating these
antioxidants is a crucial treatment approach [9].

It is essential to find new drugs for the therapy of
DN and characterize them in preclinical DN
models. Metrnl is a secreted protein that is
expressed in the kidney and other human organs.
Metrnl's role in endocrine metabolism has been
well investigated [10].1t has been demonstrated to
help improve insulin sensitivity and heal
inflammatory damage [11].According to clinical
research, there is a negative correlation between
markers of declining renal function and lower
levels of Metrnl expression in DKD patients. In
addition, Metrnl has been shown in several trials to
have a preventive effect against coronary artery
disease and diabetes mellitus [12]. Metrnl controls
inflammation and energy expenditure
[13].According to a recent study, Metrnl inhibited
apoptosis and endoplasmic reticulum stress [14].
The precise function of Metrnl in DN is still not
well understood in spite of these discoveries.
Determining the importance of Metrnl as a
possible therapeutic agent or biomarker for certain
disorders requires a thorough study. Here, our goal
was to look into the possible function and
molecular underpinnings of Metrnl in STZ-
induced DN.
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Material & Methods

Animals

This study was carried out in accordance with the
rules established by the Animal Experimentation
Ethics Committee of Menoufia University's
Faculty of Medicine with IRB NO: 1/2025BIO 19-
1.The weight of the thirty mature male Wister rats
ranged from 150 to 180 g. The rats were obtained
from a local animal providing facility housed in
housing that had a 12-hour light and 12-hour dark
cycle and ranged in temperature from 20 to 24
degrees Celsius. Regular rat food and tap water
were also freely available to them.

DM induction and grouping: Streptozotocin
(STZ), (65 mg/kg) administered intraperitoneally
in 0.2 ml of citrate buffer (Sigma-Aldrich
Chemical Co., USA) resulted in DM [15].

DM was proven to have occurred 48 hours after
the STZ injection. Participating in the trial were
animals with a fasting blood glucose level of more
than 200 mg/dl that were diagnosed with diabetes.
Thirty rats were divided into three groups (n = 10);
Control group, rats were given a single i.p.
injection of 10 mmol/L citrate buffer and for eight
weeks 1 ml phosphate buffer saline (PBS) (Sigma-
Aldrich Company, St. Louis, USA) intravenously
daily.

Diabetic Nephropathy (DN) group: As noted
before, DM was induced. For eight weeks, rats
were given 1 ml of PBS intravenously every day.
Metrnl-treated DN group (DN+Metrnl): Every day
after diabetes was established, Metrnl (Adipogen,
San Diego, CA, USA) was dissolved in 1 mL of
PBS and administered intravenously (2 pg/rat/day)
[16,17,18] for eight weeks.

Urine collection and biochemical analysis

Urine samples were collected for a whole day from
rats housed in various metabolic cages at the end
of the experiment. Urine samples were centrifuged
at 3000 rpm for 12 minutes after their volume was
established. After that, the supernatant was taken
out and kept at -20°C to measure creatinine and
microalbuminuria.

To determine the quantity of aloumin in the urine,
the Microalbuminuria ELISA kit (Exocell Inc.,
Philadelphia, USA) was utilized.The creatinine
clearance (ml/min), with values expressed in
mL/min, was calculated by multiplying the urine
creatinine concentration (mg/dL) by the urine
volume (mL/min) to the plasma creatinine
concentration (mg/dL) [19].

Blood sampling and biochemical analysis

Blood samples were drawn from the retroorbital
venous plexus under mild anesthesia after a 12-
hour overnight fast, and they were split evenly
between two tubes. The first tube was centrifuged
at 2,000 rpm for 10 minutes. The obtained serum
was stored at -20 degrees until further examination
was required. When the blood was transferred to
the second tube, an EDTA tube, this proportion
was utilized to determine the HbAlc.After the rats
were killed by cervical dislocation, the right
kidney was taken for histological examination and
the left kidney was used for a biochemical test.
Fasting serum glucose (Diamond Diagnostic,
Egypt), serum HbAlc (Stanbio Glycohemoglobin,
Egypt), were measured by colorimetric Kits.
Colorimetric kits (Spectrum Diagnostics, Egypt)
were used to measure the concentrations of
creatinine in plasma, urine, and urea. ELISA Kits
for cystatin C (ab201281, Abcam, Cambridge,

UK) were used to measure its serum concentration.
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Tissue Homogenate preparation

Each weighted kidney specimen was homogenized
independently using a tissue homogenizer
(MPW120, MPW Medical
China).The crude tissue homogenate was spun for

Instruments,

15 minutes at 10,000 rpm in an ice-cold centrifuge
before being stored at -80°C for testing. Using
readily accessible commercial kits (Biodiagnostic
CO., Dokki, Giza, Egypt), renal MDA and reduced
glutathione  (GSH)  were  determined by
spectrophotometry in accordance with the
manufacturer's instructions. As directed by the
manufacturer, ELISA Kkits for renal TNF-a. (TNF-
o: ERT2010 1, Assaypro LLC, Saint Charles,
Missouri, USA) and renal IL-10 (ERI3010-1,
Assaypro LLC, Saint Charles, Missouri, USA)
were utilized.

Gene expression quantification using RT-PCR
RT-PCR was used to analyze the relative mRNA
levels of the Nrf2 and HO-1 genes in the renal
material. The TRIzol reagent (Invitrogen,
Carlsbad, CA, USA) was used to extract total
RNA from tissues in accordance with the
manufacturer's instructions. The extracted RNA
was stored at -80 C until it was needed. The
quantity and purity of RNA were determined by
measuring the absorbance at 260 nm (A260) with a
nanophotometerN60.In  the first PCR step,
complementary DNA (cDNA) synthesis (reverse
transcription phase) was carried out using
ThermoScript RT reagent kits (Invitrogen).cDNA
was then amplified using SYBR Green Mix Kits
(Stratagene-USA).Each amplification curve's cycle
threshold, or Ct, values were
determined.Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) was the reference gene.
Data analysis was conducted using the 7500 ABI
PRISM 2.0.1 wversion (Applied Biosystems-
USA).The comparative AACt method was used to

measure and express the relative amounts of Nrf2,
and HO-1.

The following primers were used for the Nrf2
gene:

(1)Forward primer: 5-
GGTTGCCCACATTCCCAAATC-3
(@) Reverse primer: 5-

CAAGTGACTGAAACGTAGCCG-3

The following primers were used for the HO-1
gene:

(1) Forward primer: 5-
AGGTGCACATCCGTGCAGAG-3

(2) Reverse primer: 5-
CTTCCAGGGCCGTATAGATATGGTA-3
Histopathological method

Kidney tissue slices were fixed at 10% neutral
buffered formalin for histological investigations.
They were then dried in ethyl alcohol, washed in
xylol, and lastly placed with paraffin.
Haematoxylin and Eosin was used to stain the 4
um-thick sections.

For immunohistochemical studies, the Kkidney
paraffin sections (4 pum) were stained by Bax
(rabbit polyclonal antibody, Dako, Carpinteria
California, USA), and NF-kB (monoclonal,
dilution 1:200, Abcam).

Statistical analysis

The data was tabulated and analyzed using SPSS
Statistical Package for Social Science software,
version 16 (SPSS, Inc., USA).Use the Shapiro test
to determine if the data has a normal distribution.
The statistical data was displayed as X+SD, or
mean + standard deviation. To determine the
significance of the group differences, a one-way
analysis of variance (ANOVA) was followed by a
post hoc Tukey test. A probability value below
0.05 was considered statistically significant
(p<0.05).
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Results

While the DN group's serum levels of glucose,
glycosylated HbAlc, urea, creatinine, cystatin C,
urinary albumin, renal MDA and renal TNF-a
were dramatically higher than those of the control,
the group's renal GSH, renal IL-10,creatinine
clearance values, and the expression of the Nrf2
and HO-1 genes were dramatically lower. While
renal GSH, renal IL-10,creatinine clearance values

and renal gene expression of Nrf2 and HO-1 of
DN+Metrnl were dramatically higher than those of
DN but still dramatically lower than those of
control, serum levels of glucose, glycosylated Hb
Alc, urea, creatinine, cystatin C, urinary albumin,
renal MDA and renal TNF-aof the DN+Metrnl
group were dramatically lower than those of DN
but still dramatically higher than those of the
control group.(Table 1).

Table (1): The measured serum glucose, glycosylated HbA1. urea, creatinine, cystatin C, creatinine
clearance, urinary albumin, renal TNF-a, renal IL-10, renal MDA, renal GSH, renal Nrf2 gene

expression and renal HO-1 gene expression in all studied groups.

Control group DN group DN+Metrnl group
Serum Glucose (mg/dl) 80.99+7.36 318+9.1" 239+6.3™
Serum glycosylated Hb A1,(% of normal | 3.75+0.15 10.9+0.91 7.99+0.297
Hb)
Serum Urea (mg/dl) 30.92+1.87 99.2+3.14° 59.6+2.16™"
Serum Creatinine (mg/dI) 0.51+.08 1.61+0.1" 0.99+0.117*
Serum cystatin C (mg/L) 0.65+0.05 1.99+0.04" 1.08+0.13™
Creatinine clearance (mL/min) 1.09+0.05 0.41+0.03" 0.77+0.08™"
urinary albumin (mg/day) 49.2+2.3 159.1+3.4° 08.36+2.48™"
Renal MDA (nmol/ gm. Tissue) 8.2+2.9 28.3+2.14° 19.23+ 1.25™"
Renal GSH (umol/gm. Tissue ) 27.9+2.01 8.25+1.02" 18.35+0.47"
Renal TNF-a (ng/ml) 19.2+1.2 47.5+0.9° 29.1+2.041°"
Renal IL-10 (ng/mL) 20.25+1.25 6.32+0.9° 15.89+1.02™"
Renal Nrf2 gene expression 1 0.29+0.03" 0.61+0.06 "
Renal HO-1 gene expression 1 0.42+0.04" 0.72+0.017

* Significant compared with control, # Significant compared with DN.
showed mesangial expansion with tubular atrophy

and interstitial cellular proliferation (Fig. 1B). The
DN+Metrnl  showed
glomerulus and tubules (Fig. 1C).

Hematoxylin and Eosin staining:
Sections from control group showed normal renal improvement of renal

glomerulus and tubules (Fig. 1A). The DN group

X200

Control DN DN+Metrnl

Fig (1): H& E- stamed kldney sections in the studled groups (H&E x200): (A) are photomlcrographs of the control group
showed normal renal glomerulus (black arrow) and tubules (blue arrow). (B) are photomicrographs of the diabetic group
showed mesangial expansion (black arrow) with tubular atrophy (blue arrow) and interstitial cellular proliferation (star).
(C) is a photomicrograph of the DN+Metrnl showing marked improvements in the renal glomerulus (black arrow) and
tubules (blue arrow).
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Immunohistochemical results

In Bax stain, The DN group showed substantial
elevation in the percentage area of Bax when
compared to control (68.5£0.02 vs 13.2+0.15,
respectively, P<0.05). However, the DN+Metrnl
group showed a substantial decrease in this
percentage compared to DN (32.8+0.33 vs
68.5+0.02, respectively, P<0.05), but still
increased from the control group. (Fig. 2: A-D).

x400
Control DN

Bax

In NF-kB stain, The DN group showed a
substantial elevation in the percentage area of NF-
kB compared to control (70+0.05 vs15.1+0.03.,
respectively, P<0.05). However, the DN+Metrnl
group showed a substantial decrease in this
percentage when compared to DN group
(33.4+0.12 vs 70+0.1, P<0.05),but still increased
from the control. (Fig. 2: E-H).

DN+Metrnl

Iclaan percentage
of Bax positive cells

of NFkB positive...

Mean percentage

Fig (2): Representative micrographs of the different experimental groups showing significant increase of the Bax (A-D)
and NF-kB (E-H) immunoreaction in DN and a significant decline in the DN+Metrnl.

Discussion

Numerous research on the preventive impact of
Metrnl in DM, and other conditions have been
conducted in recent years. We identified Metrnl as
a new renoprotective impact in our investigation.
Numerous physiological processes, such as insulin
sensitivity, immunology, and inflammation, are
regulated by adipokines [20]

Animals that received STZ injections showed
substantially worse glycemic states than those in
the control group. Pancreatic B-cells are the
preferred location for the accumulation of STZ, a
hazardous glucose analogue that causes cell
toxicity, apoptosis, and increased generation of
reactive oxygen species.[21]

When compared to the DN group, DN+Metrnl

significantly reduced the glycemic impairment

brought on by STZ. Adipokines and other
secretory proteins may directly control glucose
homeostasis in humans by modifying glucose
absorption and release. Previous research found a
negative correlation between Metrnl and a
glycemic index, which includes fasting C-peptide,
FBG and HbAlc [22,23]. Previous studies
revealed that the concentration of Metrnl was
lower in diabetic patients than in healthy people
[24],Who reported also an inverse correlation
between Metrnl level and TNF-a and hs-CRP.

Asleh et al. found that podocytes were more
susceptible to the adverse effects of hyperglycemia
and were primarily linked to DN with proteinuria
due to changes in podocyte morphology. These

outcomes supported the DN group's findings that
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their renal function was lower than that of the
control [25].

Metrnl significantly improved the DN group's
renal impairment brought on by STZ. Metrnl has
been shown in previous studies to protect kidneys
with DN by lowering the synthesis of fibrotic
molecules and blocking the TGF-f1/Smads
signaling pathway[12]. In contrast to the
normoalbuminuria group, the albuminuria group's
serum Metrnl concentrations were considerably
lower, according to the primary finding of the prior
study [20]. Previous study revealed that A/G and
serum Metrnl level were protective factors against
DN. The study also discovered a correlation
between the severity of DN and serum Metrnl
levels, indicating that Metrnl may be a viable new
treatment target for individuals with DN [20].
Oxidative stress has an important role in the
pathogenesis of DN. Our findings are consistent
with other research showing that STZ-induced
diabetes in rats resulted in oxidative damage. This
is seen in the DN group by a substantial increase in
renal MDA levels and a decrease in GSH
[26],because hyperglycemia increases free radicals
and decreases cellular antioxidants, it can
exacerbate oxidative stress and lipid peroxidation.
Oxidative stress causes structural damage to
proteins, lipids, DNA, and RNA, which leads to
DN symptoms.[27].

Metrnl significantly reduced the oxidative stress
brought on by STZ. Metrnl's antioxidant action is
consistent with a prior work [28] that found that
DOX-induced
oxidative stress, apoptosis, and cardiac dysfunction
by activating SIRT1.Another study attributed the

Metrnl  autocrinely inhibits

antioxidant activity of metrnl to its ability to

scavenge free radicals and increased anti-oxidant

production via up-regulation of Nrf2/HO-1
pathway [18].

Complex pathway interaction enhanced renal
tubular apoptosis and elevated inflammation and
oxidative stress in the pathogenesis of renal
damage [29]. According to earlier research, the
DN group revealed a significant rise in renal Bax
immunoreaction  levels [30]. Renal Bax
immunoreaction was downregulated in the
DN+Metrnl group compared to the DN group.
Previous studies have already established the anti-
apoptotic effects of Metrnl [28,31].

Inflammation has a significant part in the
pathophysiology of DN, according to mounting
data. The pathophysiology of certain inflammatory
diseases seems to be significantly influenced by
the NF-xB pathway [32]. A NF-kB-dependent
inflammatory response may worsen renal failure in
both acute and chronic kidney disorders
[33].According to our findings, renal NF-kB
immunoreaction was upregulated in DN compared
to control with increase in TNF-o and decrease in
the anti-inflammatory IL-10, this agreed with prior
study [32]

In contrast to the DN group, Metrnl significantly
reduced  proinflammatory  cytokines  and
downregulated NF-kB renal immunoreaction with
an increase in IL-10. A prior research found a
substantial negative connection between Metrnl
levels and TNF-a [34].

Through the elevation of IL-14 gene expression,
Metrnl can provide an anti-inflammatory impact.
Another method that Metrnl reduces inflammation
is by upregulating the peroxisome proliferator-
activated receptor-delta (PPAR-d) pathways.
Metrnl promotes the expression of PPAR-d [35], a
member of the PPARs family that inhibits the
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expression of IL-1B and IL-6 in monocytes and
reduces inflammation by downregulating the gene
expression  of  matrix  metalloproteinase-9,
inducible nitric oxide synthase, and scavenger type
A receptors in macrophages [36]. In addition,
Metrnl knockout results caused inflammatory
activation by increasing the NF-kB pathway and
impairs vasodilation function by decreasing the
eNOS phosphorylation level[37].

The transcriptional regulation of the genes
encoding endogenous antioxidant enzymes is
mostly governed by Nrf2 signaling [38].HO-1 is
one of the phase Il antioxidant enzymes.
According to reports, Nrf2-mediated antioxidant
enzymes have promise as therapeutic targets for
reducing  oxidative stress and enhancing
renoprotection [39].

Our results revealed that DN dramatically
downregulated Nrf2/HO-1 pathway and this goes
in line with previous study [6].

In contrast to the DN group, Metrnl activated the
Nrf2/HO-1 pathway and this in line with previous
study [18]. According to a prior study, Metrnl
enhanced nuclear accumulation and cardiac Nrf2
protein abundance, which in turn activated
downstream antioxidant enzymes and reduced
DOX-induced cardiac damage [28].More studies
are needed on Metrnl impact on DN to further
elucidate its underlying mechanisms involved.
Conclusion

Metrnl offers substantial protection against STZ-
induced DN through anti-oxidant and anti-
inflammatory pathways, apoptosis inhibition, and
the up-regulation of Nrf2 and HO-1 renal gene

expressions.
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