Molecular and Cellular Biochemistry
https://doi.org/10.1007/511010-020-03686-x

=

Check for
updates

Inhibition of tumor necrosis factor-a enhanced the antifibrotic effect
of empagliflozin in an animal model with renal insulin resistance

Hoda E. Mohamed'® - Mervat E. Asker' - Mohammed M. Keshawy? - Rehab A. Hasan? - Yasmin K. Mahmoud'

Received: 31 August 2019 / Accepted: 4 January 2020
© Springer Science+Business Media, LLC, part of Springer Nature 2020

Abstract

Insulin resistance (IR) has emerged as one of the main risk factors for renal fibrosis (RF) that represents a common stage
in almost all chronic kidney disease. The present study aims to investigate the inhibitory effect of empagliflozin (EMPA “a
sodium-glucose co-transporter 2 inhibitor””) and infliximab [IFX “a tumor necrosis factor-a (TNF-a) antibody”] on RF in
rats with induced IR. IR was induced by adding 10% fructose in drinking water for 20 weeks. Thereafter, fructose-induced
IR rats were concurrently treated with EMPA (30 mg/kg), IFX (1 dose 5 mg/kg), or EMPA +IFX for 4 weeks, in addition to
IR control group (received 10% fructose in water) and normal control (NC) group. Rats with IR displayed hyperglycemia,
deterioration in kidney functions, glomerulosclerosis, and collagen fiber deposition in renal tissues as compared to NC.
This was associated with downregulation of the renal sirtuin 1 (Sirt 1) expression along with higher renal tissue TNF-o and
transforming growth factor-f1 (TGF-f1) levels. Both EMPA and IFX significantly modulated the aforementioned fibrotic
cytokines, upregulated the renal Sirt 1 expression, and attenuated RF compared to IR control group. Of note, IFX effect
was superior to that of EMPA. However, the combination of EMPA and IFX alleviated RF to a greater extent surpassing the
monotherapy. This may be attributed to the further upregulation of renal Sirt 1 in addition to the downregulation of fibrotic
cytokines. These findings suggest that the combination of EMPA and IFX offers additional benefits and may represent a
promising therapeutic option for RF.
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Introduction a low grade of chronic inflammation [5]. Furthermore, IR

induced in experimental animals from high fructose con-

It is well documented that insulin resistance (IR) is one of
the important metabolic risk factors for chronic kidney dis-
eases, CKD [1, 2]. Several reports demonstrated a strong
association between IR/hyperinsulinemia and kidney dys-
function [3, 4]. Additionally, hyperglycemia induces a kid-
ney damage through several mechanisms including the acti-
vation of the exacerbated polyol and hexosamine flux, an
increase in the advanced glycation end-products (AGEs) for-
mation, and activation of protein kinase C which represents
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sumption was associated with a kidney inflammation and
a renal fibrosis, RF [6-9] which represents a final common
pathway of all progressive kidney diseases regardless the
initial cause of injury [10].

A compiling evidence demonstrated the major role of
transforming growth factor-f1 (TGF-f1) in mediating CKD
associated with progressive RF [11]. TGF-f1 is consid-
ered the major driver of matrix synthesis besides inhibiting
matrix degradation and stimulating the myofibroblast activa-
tion [4, 12, 13]. Additionally, TGF-p1 stimulates mesangial
cells, interstitial fibroblasts, and tubular epithelial cells to
become matrix-producing fibrogenic cells [14].

A large body of literature indicates that inflammation
plays a critical role in the initiation and progression of RF
[15]. Tumor necrosis factor-alpha (TNF-a), a potent proin-
flammatory cytokine that is produced from macrophages,
mesangial cells, and renal tubular epithelial cells, is served
as an important mediator of inflammatory tissue damage [16,
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17]. In addition to its inflammatory role, it stimulates the
release of TGF-P1 and has an important role in glomerular
inflammation and fibrosis [18]. Previous studies on different
models of fibrosis showed that Infliximab (IFX), a mono-
clonal antibody for TNF-a [19], attenuates effectively the
fibrosis and the induced inflammation via decreasing the
TNF-a and inhibiting nuclear factor kappa-B, NF-xB [20,
21]. However its effect on improving RF induced by IR has
not been studied yet.

Although RF is considered a major cause of the end-stage
renal disease, treatment remains non-specific and clinically
ineffective [22]. Sodium-glucose co-transporter 2 (SGLT2)
inhibitors are a novel class of glucose-lowering agents with
potential renoprotective effects [23]. Recent studies have
shown that empagliflozin (EMPA) (a member of SGLT2
inhibitors) possess anti-inflammatory and anti-oxidative
stress properties which makes it a prospective renoprotective
drug [24-26]. However, few studies about its effect against
RF are established. On the other hand, increasing evidence
suggests that sirtuinl (Sirt 1) (a nicotinamide adenine dinu-
cleotide-dependent deacetylase) provides renoprotective
effects against the development of different renal disorders
due to its anti-fibrosis, anti-oxidative stress [27], and anti-
inflammatory effects [28].

Therefore, the present study aims to explore the effect
of EMPA and IFX on RF rats with induced IR, to examine
if the combination of the two drugs might offer additional
benefits and to clarify one of the underlying mechanisms.

Materials and methods
Drugs and chemicals

EMPA (Jardiance® film-coated tablets 25 mg) was supplied
from Boehringer Ingelheim, Germany. IFX (Remicade® 1
vial contain 100 mg of IFX) was obtained from Janssen Bio-
tech, USA. Fructose powder was obtained from Unipharma
Co., Egypt.

Animals and experimental design

Thirty male Wistar albino rats weighing 150+ 10 g were
obtained from the Faculty of Veterinary Medicine (Zagazig
University, Egypt) and acclimated in the Animal Facility
of Faculty of Pharmacy, Zagazig University at controlled
environmental conditions with free access to standard chow
and tap water. After 1 week of acclimatization, rats were
fed either normal chow diet and served as normal control
(NC, n=06) or normal chow diet+ 10% w/v fructose in
drinking water for 20 weeks to induce IR [29]. IR was con-
firmed in animals by high oral glucose tolerance test (data
are not shown) and homeostatic model assessment of IR
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(HOMA-IR) value > 4.0 [30]. Thereafter, fructose-induced
IR rats were randomly divided into four groups (n=6). One
group received 10% fructose in drinking water and served
as IR control group. The other three groups were treated
with EMPA (30 mg/kg body weight/day, orally) [31], IFX
(1 dose 5 mg/kg body weight, intraperitoneally, IP) [32, 33],
and combination of EMPA and IFX (with the same doses
as the monotherapy) for four weeks concurrently with con-
trol groups. All experimental protocols were performed in
accordance with the National Institutes of Health (NIH)
guidelines for handling of laboratory animals and approved
from the Ethical Committee of Animal Research of Faculty
of Pharmacy, Zagazig University, Egypt (No. 10-12-2017).

Blood sampling and tissue harvest

At the end of the experiment, blood samples were obtained
via retro-orbital bleeding after overnight fasting and sera
were separated and divided into aliquots and stored at —4 °C
for subsequent measuring of the biochemical parameters.
Rats were scarified and kidneys were removed immediately,
rinsed with normal saline, dried, and weighed. One kidney
was snap frozen in liquid nitrogen (— 170 °C, obtained from
Veterinary Directorate, Zagazig, Egypt) for 5 min then
stored at — 80 °C for further determination of renal SGLT?2,
TNF-a, and TGF-P1 contents and Sirt 1 gene expression.
The other kidney was fixed in 10% neutral buffered for-
malin at 4 °C for 72 h and processed for histopathological
examination.

Analytical methods
Serum biochemical parameters

Glucose level was measured in serum samples by quantita-
tive enzymatic colorimetric determination using diagnos-
tic kits provided from Spectrum kits, Germany, (Catalog
No. 250001). Serum insulin level was determined by solid
phase enzyme-linked immunosorbent assay (ELISA) using
rat insulin kit (RayBiotech, Norcross, GA, Catalog No.
ELR-Insulin) according to the manufacturer’s instructions.
The HOMA-IR was calculated using the formula [[fasting
glucose (mmol/L) X fasting insulin (uIU/mL)]/22.5] [34].
HOMA-IR values >4 are indicator for IR state [30]. Serum
BUN and creatinine were measured using Diamond diag-
nostic assay kits, USA, (Catalog Nos. 215,243 and 242,045,
respectively), following the manufacturer’s instructions.

Renal tissues SGLT2, TNF-a, and TGF-B1 contents
The kidneys were homogenized with a homogenizer. Then

the homogenates were centrifuged at 3000 rpm for 15 min
at 4 °C. The supernatants were kept at — 80 °C until being
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used for measuring SGLT2, TNF-a, and TGF-p1 concen-
trations. Renal SGLT2, TNF-a and TGF-f1 contents were
determined using ELISA assay kits, (Mybiosource, Califor-
nia, San Diego, USA, Catalog No. MBS763535), (Sigma-
Aldrich, St. Louis, MO, USA, Catalog No. RAB0480), and
(Biovision, South Milpitas Blvd., California, USA, Catalog
No. K4344-100), respectively follows the manufacturer’s
instructions.

Renal Sirt 1 gene expression

Total RNA was extracted from kidney tissues using Qiagen
extraction kit (Qiagen, Valencia, CA, USA). The extracted
RNA was reverse transcribed into complementary DNA
(cDNA) using reverse transcription kit (Catalog No. K1621,
Fermentas, Hanover, MD, USA). cDNA was amplified by
reverse transcription polymerase chain reaction (RT-PCR)
and then the real time-PCR result was analyzed using an
Applied Biosystem (StepOne™, USA). Relative messenger
RNA (mRNA) expression relative to the internal control
GAPDH gene was calculated by cycle threshold method
(27444 (Table 1) [35].

Histological examination

Paraffin-embedded kidney sections were used for assessment
of renal injury. Periodic acid Schiff (PAS) stain was used to
assess the basement membranes within the glomerulus and
around the renal tubules (which appear red in color) and also
to assess the presence of glomerulosclerosis by using 5 um
kidney sections (X400 magnification) [36, 37]. The degree
of glomerular damage was scored as follows: 1,<25%; 2,
25-50%; 3, 50-75%; 4,>75%; 5, completely sclerotic glo-
meruli [38]. Masson trichrome was used to detect the pres-
ence of collagen fibers and renal interstitial fibrosis (x 200
magnification) [39]. Previous stains were examined under

Table 1 Sequences of primers used in RT-PCR

Genes Primer sequences GeneBank accession number

Sirt 1 F: 5'"TGACTTCAG
ATCAAGAGA
TGG-3'

R: 5"TGGCTTGAG
GATCTGGGA
GAT-3'

F: 5'-CACCCTGTT
GCTGTAGCCATA
TTC-3'

R: 5-GACATCAAG
AAGGTGGTGAAG
CAG-3'

XM017601788.1

GAPDH XM017592435.1

Sirt 1 Sirtuin 1 or silent mating type information regulation 2
homolog 1, GAPDH glyceraldehyde 3-phosphate dehydrogenase

the light microscope by an experienced morphologist, who
was blinded to the origin of the slides. Morphometric study
was done to assess the collagen area percentage/(um)?> sur-
face area in renal sections. This was measured in six ran-
domly selected high-power microscopic fields within the
sections for each group using a computerized image sys-
tem composed of a Leica Qwin 500 image analyser, which
is connected to a Leica microscope and were expressed as
mean + standard deviation, SD [40].

Statistics

Results were statistically analyzed by Prism 7 GraphPad and
expressed as mean + SD. Comparisons between normal and
IR control groups were performed by using unpaired Stu-
dent’s ¢ test, while the comparisons between groups were
done using analysis of variance (ANOVA) followed by
Tukey—Kramer post hoc test. p values less than 0.05 were
considered as statistically significant.

Results

The induction of insulin resistance was confirmed
by HOMA-IR values

The induction of IR could be confirmed by HOMA-IR val-
ues >4 [30]. As shown in Table 2, rats received 10% fructose

in drinking water for 20 weeks exhibited IR as observed by
HOMA-IR > 4.

The combination of empagliflozin with infliximab
synergistically improved the glycemic profile
and renal tissue SGLT2 levels

From the major manifestations of IR are hyperglycemia and
hyperinsulinemia [41], which were apparent here in our
model. As shown in Fig. 1 and Table 3, rats maintained on
10% fructose for 20 weeks displayed significant elevation in
serum glucose and insulin levels as well as HOMA-IR value
in addition to a marked increase in renal tissue SGLT?2 con-
tents as compared with NC group (p <0.001). Concurrent
treatment of IR rats with EMPA, IFX, or the combined treat-
ments significantly improved the altered glycemic profile

Table 2 Effect of administrating 10% fructose in drinking water for
20 weeks on HOMA-IR values

Parameter NC IR

HOMA-IR 1.77+0.11 18.44 £2.04*

NC normal control, IR insulin-resistant rats (n=6/group)

*Significantly different at p <0.05
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Fig.1 Effect of empagliflozin (EMPA, 30 mg/kg body weight/day,
orally), infliximab (IFX, 1 dose of 5 mg/kg body weight, IP), and
the combined treatment for four weeks on a serum glucose level, b
serum insulin level, and ¢ HOMA-IR in normal control (NC) and

Table 3 Effect of empagliflozin (EMPA, 30 mg/kg body weight/day,
orally), infliximab (IFX, 1 dose of 5 mg/kg body weight, IP), and the
combined treatment for four weeks on renal tissue tumor necrosis fac-
tor o (TNF-a), transforming growth factor p1 (TGF-p1), and sodium-

fructose-induced insulin-resistant (IR, 10% fructose in drinking water
for 20 weeks) rats (n=6 rats/group). Bars represented mean+SD.
#»<0.0001 vs NC, % <0.0001 vs IR, “p<0.01 vs IR+IFX,
#p <0.0001 vs IR + EMPA and IR +TFX, ¥p <0.01 vs IR+ IFX

glucose co-transporter 2 (SGLT2) levels and renal silent mating type
information regulation 2 homolog 1(Sirtl) gene expression in normal
control (NC) and fructose-induced insulin-resistant (IR, 10% fructose
in drinking water for 20 weeks) rats (n =6 rats/group)

Parameter Group

NC IR IR + EMPA IR +IFX IR + EMPA +IFX
TNF-a (pg/mg tissue) 151.4+21.45 806.7 +50.63" 316.7+£8.84° 230+35.3154 196.8 +12.215¢
TGF-p1 (pg/mg tissue) 266.3+31.91 911.8+45.63% 517.3£23.09° 368.3+19.205¢  240.7+11.415°
SGLT?2 (ng/mg tissue) 6.65+0.06 30.6+1.78% 15.6+0.71° 16.25+0.93° 11.05+0.49%°
Sirt 1 expression 2.75+0.22 0.84+0.06" 1.83+0.26° 2.45+0.13%4 2.62+0.34>¢

Values are expressed as mean + SD

#p<0.001 vs NC, % <0.0001 vs IR, 2p <0.001 vs IR + EMPA, ®p <0.0001 vs IR + EMPA, % <0.0001 vs IR +EMPA and IR +IFX

and decreased renal tissue SGLT2 levels when compared
to IR group (p <0.0001). The effect of the combined treat-
ments was superior to the individual treatments regarding
insulin level, HOMA-IR value, and renal SGLT2 levels,
while the effect on glucose level was nearly similar to EMPA
treatment.

Empagliflozin, infliximab, and the combined
therapy improved kidney hypertrophy
without significant improvement in the kidney
function parameters

Previous studies demonstrated that hyperinsulinemia plays
an important role in promoting kidney dysfunction by induc-
ing glomerular hyperfiltration, endothelial dysfunction,
mesangial hyperplasia, and renal hypertrophy [42, 43]. Fig-
ure 2 showed that induction of IR significantly increased
kidney weight and serum BUN and creatinine levels in IR
group compared to NC group (p <0.05). Treatment with
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EMPA, IFX, or the combination showed significant decrease
in kidney weight as compared with IR group (p <0.05),
while there was no improvements in renal function param-
eters in all treated groups.

Treatment with empagliflozin plus infliximab
significantly improved renal fibrosis

It was reported that IR and the released inflammatory
cytokines are responsible for glomerular mesangial
expansion, basement membrane thickening, podocytopa-
thy, and the loss of slit pore diaphragm integrity, which
leads to glomerulosclerosis and tubulointerstitial injury
[44]. As shown in Fig. 3, both PAS and Masson trichrome
representative images of IR group showed thickening in
the glomerular (glomerulosclerosis) and tubular base-
ment membrane (score 4) indicated by the increase in
PAS-positive staining area with loss of renal tubule brush
border as well as a marked increase in collagen fibers
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Fig.2 Effect of empagliflozin (EMPA, 30 mg/kg body weight/day,
orally), infliximab (IFX, 1 dose of 5 mg/kg body weight, IP), and
the combined treatment for four weeks on A kidney weight, B serum
blood urea nitrogen (BUN) level, C serum creatinine level in normal

deposition around renal glomeruli and in between the
renal tubules as compared with NC group (p <0.0001).
In contrast, the PAS stain in both treatments showed pre-
served brush borders of the tubules with thin basement
membrane (decreases in PAS-positive area) in addition
to a significant decrease in the amount of collagen fibers
in comparison with IR group (p <0.001). Moreover, IFX
(score 2) achieved better effect than EMPA (score 3) on
glomerulosclerosis. Co-administration of EMPA with IFX
induced a better improvement in decreasing glomerulo-
sclerosis (score 1) and collagen fibers deposition than the
individual treatments.

Empagliflozin, infliximab, and the combined
treatments ameliorated renal tissue TNF-a
and TGF-B1 levels

Several studies confirmed the relationship between high
fructose diet consumption and production of proinflam-
matory cytokines such as TNF-a [7, 45-47]. Addition-
ally, hyperglycemia as previously described increased the
formation of AGEs, which in turn stimulates the release
of numerous cytokines including TNF-a and TGF-f1
[48, 49]. As illustrated in Table 3, using 10% fructose in
drinking water for 20 weeks produced a dramatic increase
in profibrotic cytokines levels in renal tissues, which were
significantly decreased by both the individual and com-
bined treatments. Noteworthy, the combined treatments
reduced the renal tissue TNF-a and TGF-p1 levels to
greater extent than the individual treatment, so the com-
bination achieved the best result.
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control (NC) and fructose-induced insulin-resistant (IR, 10% fructose
in drinking water for 20 weeks) rats (n=6 rats/group). Bars repre-
sented mean +SD. *p <0.001 vs NC, *p <0.01 vs IR

Treatment with empagliflozin plus infliximab
synergistically upregulated renal Sirt 1 gene
expression

Several studies reported the downregulation of Sirt 1 expres-
sion during IR state [S0-53]. Here, in this study, and as
shown in Table 3, the renal expression of Sirt 1 gene was
significantly downregulated in the induced IR rats as com-
pared to NC group. On the other hand, the administration
of EMPA, IFX, and the combined treatment for four weeks
resulted in a significant upregulation of renal Sirt 1 expres-
sion. The combined treatment exerted greater effect than
treatment with EMPA alone regarding Sirt 1 expression
(p<0.0001).

Discussion

The present study demonstrated that the treatment either
with EMPA or IFX ameliorated RF, which resulted from
induced IR mainly via improving hyperglycemia, decreasing
renal tissues TNF-a and TGF-f1, and the upregulation of
Sirt 1 gene expression. It is worth mentioning that the renal
antifibrotic effect of IFX on RF was more remarkable than
that of EMPA. Moreover, the inhibition of TNF-a by IFX
enhanced the antifibrotic effect of EMPA against RF besides
the upregulation of Sirt 1 gene expression in renal tissues by
combined drugs. This adds extra benefits to the combined
treatment in ameliorating RF.

IR is considered an important clinical and biochemical
determinant, not only of diabetes but also of many other clin-
ical states because it represents an underlying mechanism
for several diseases including type 2 diabetes mellitus, obe-
sity, cardiovascular and CKD [41, 54]. Furthermore, several
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Fig.3 photomicrographs of renal tissues in rats A representative » A PAS stain (X 400)
PAS-stained sections X400 magnification, B representative Masson’s
trichrome-stained sections X200 magnification, and C percentage
of collagen area in different groups. NC normal control, /R insulin
resistance rats + 10% fructose in water, IR+ EMPA insulin resistance
rats + 30 mg/kg/day body weight of empagliflozin, orally for 4 weeks,
IR+IFX insulin resistance rats+1 dose 5 mg/kg body weight of
infliximab IP, IR+EMPA+IFX insulin resistance rats+empa-
gliflozin +infliximab (with the same doses of the monotherapy).
Bars represented mean +SD. *» <0.0001 vs NC, % <0.0001 vs IR,
9 <0.0001 vs IR+ EMPA and IR +IFX

studies have reported the association between IR and kidney
dysfunction [3, 44] in addition to its role in promoting RF
[2]. Spoto et al. reported that high insulin level induces the
growth of mesangial cells and inhibits its apoptosis during
IR states, in addition to reduce the activity of matrix metal-
loproteinases, leading to RF [54].

Previous studies showed that IR was often accompanied
by NF-xB activation [55, 56]. The activation of NF-kB path-
way in turn regulates the expression of target genes encod-
ing inflammatory mediators, such as TNF-a [57]. On the
other hand, a negative crosstalk between NF-kB pathway
and Sirt 1 expression was reported [28, 56, 58]. Yeung et al.
stated that Sirt 1 inhibits NF-xB activity by deacetylating the
p65 subunit, blocking NF-kB ability to bind DNA, thereby
inhibiting the transcription of TNF-a [59]. In 2014, Du et al.
demonstrated that Sirt 1 expression was decreased by TNF-o
in a time- and dose-dependent manner [60]. Additionally, a
previous study showed that a significant upregulation in Sirt
1 expression in patients with inflammatory bowel disease
successfully treated with IFX [61].

More importantly, evidence of a potential link between
Sirt 1 and TGF-B1 has emerged from previous studies [62,
63]. It was reported that Sirt 1 inhibits TGF-p1 signaling by
deacetylating Smad3 and represses the effect of TGF-f1 on
RF progression [13]. Noteworthy, phosphorylation of Smad3
is considered as a key signaling mechanism underlying the
fibrogenesis in response to TGF-p1 [64]. This effect provides
an additional benefit for the Sirt 1 upregulation against RF.

Although RF represents a common stage of almost all
CKD [65], currently there are no effective treatments for pre-
venting the progression of RF [66]. Therefore, new medical
therapies or combined therapies that hinder RF are highly
required. In this study, the researchers propose that inhibit-
ing TNF-a by using IFX will increase renal Sirt 1 expression

and in turn inhibit TGF-B1 and attenuate the progression gm s

of RF. Therefore, a combination of IFX and EMPA would E 2

enhance the antifibrotic effect of EMPA against RF. E 5 50
In the current study, rats received 10% fructose in drink- £

ing water for 20 weeks demonstrated marked hyperglycemia, ° R

significant elevation of profibrotic cytokines, thickness in the & ¢ «E«}‘v

basement membrane of the glomeruli (glomerulosclerosis),
and the renal tubules with a loss of tubular brush borders as
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well as collagen fibers deposition. These changes concurred
with the biochemical features typically seen in RF and in
agreement with previous reports [29, 67, 68]. Therefore, our
results indicated that fructose-fed rats could be a perfect
model for studying the pathological mechanisms of RF and
the therapeutic interventions.

EMPA is a new oral antidiabetic drug, exerts its effect by
inhibiting SGLT?2 in kidney [69]. This fact was shown in the
present results and evidenced by a significant decrease in the
glycemic index. EMPA reduces the plasma glucose concen-
tration by preventing the reabsorption of glucose from the S1
segment of proximal convoluted tubule, thereby increasing
the urinary glucose excretion [70]. IFX, which is a chimeric
(mouse—human) monoclonal Immunoglobulin G1 antibody,
binds specifically to TNF-a and prevents its interaction with
the TNF-a receptors. It also induces the lysis of activated
immune cells and apoptosis in activated macrophages and
T cells [71, 72]. IFX has been used to treat several autoim-
mune and chronic inflammatory diseases such as rheumatoid
arthritis, Crohn’s disease, and ulcerative colitis [73].

So, the observed marked decrease in serum glucose and
insulin levels by IFX mainly through improving the peripheral
actions of insulin agreed with previous studies regarding the
ability of IFX to restore blood glucose homeostasis [74, 75].

It is known that TNF-a production increases under
chronic hyperglycemia conditions. TNF-a affects insulin
sensitivity through its ability to decrease the tyrosine kinase
activity of insulin receptors in addition to induce delays in
insulin-mediated glucose uptake in skeletal muscle [76].
Moreover, IFX decreased renal SGLT?2 through autocrine
manner. It was reported that blocking renal TNF-a in cul-
tured kidney epithelial cells decreases the renal SGLT2 [77].

The treatment either with EMPA or IFX significantly
attenuated RF in consistent with previous studies [78, 79],
which is confirmed in our model by a significant decrease
in kidney weight, renal TNF-a, TGF-p1 levels, glomeru-
losclerosis, preserved renal tubule brush border with thin
basement membrane, and decrease in percentage of collagen
area. These findings render them as potential therapeutic
approaches that could prevent or delay the progression of
RF. However, the effect of the combined treatments was
superior to individual ones.

Several studies demonstrated that TNF-a is critically
involved in the pathogenesis of RF [15]. It was reported
that TNF-a has a prominent role in glomerular inflamma-
tion and fibrosis [18, 80]. Therefore, the inhibitory effect of
EMPA on renal TNF-a level appeared to be mediated mainly
through the reduction of NF-kB pathway which is involved
in TNF-a synthesis [26].

Apart from the anti-inflammatory properties of EMPA,
several studies have shown that EMPA could reduce TGF-
B1, which is a key fibrogenic cytokine, promoting RF by
increasing the ECM accumulation [12]. It is known that

hyperglycaemia increases the formation of AGEs, which
provokes the production of proinflammatory and profi-
brotic cytokines such as TGF-p1 [81]. So, EMPA decreased
hyperglycemia and in turn the induced TGF-p1. Support-
ively, it was reported that EMPA was able to reduce the
high glucose-induced tubular expression of inflammatory
and fibrotic markers in a previous in vitro study [82].

It was reported that TNF-a signals are required for the
endothelial cells to release TGF-p1 [80]. Additionally, mac-
rophages and fibroblasts are stimulated by TNF-a for pro-
ducing TGF-p1 [83]. As for IFX, the significant decrease
in renal TNF-o and TGF-P1 contents was likely due to the
specific binding of IFX to TNF-«, preventing its binding
with receptors [84] and consequently decreased TGF-f1
synthesis [20].

A key finding of the current study was the significant
decrease in renal Sirt 1 in IR rats, which increased sig-
nificantly after treatment with EMPA, IFX, or the com-
bined therapy. Interestingly, the effect of the combination
of EMPA and IFX on the upregulation of renal Sirt 1 was
more remarkable than that of EMPA alone. Accumulating
evidences suggested the inhibitory role of IR on Sirt 1 [85].
The present results showed that EMPA effectively inhibited
SGLT?2 and in turn upregulated Sirt 1 expression in IR. This
is in agreement with previous study [86] suggesting that
EMPA could serve as Sirt 1 upregulator beside its hypo-
glycemic effect. Interestingly, more elevation in renal Sirt 1
expression was observed in [FX-treated group over EMPA-
treated group, which might be attributed to the remarkable
inhibition of TNF-a by IFX more than EMPA.

Conclusion

Collectively, our findings confirmed the protective role of
EMPA and IFX against RF, which might broaden their thera-
peutic effect. This work highlighted EMPA/IFX combination
as a promising therapeutic strategy to ameliorate RF associ-
ated with IR. The TNF-a inhibiting effect of IFX and the
upregulation of renal Sirt 1 expression by IFX and also by
EMPA through blocking SGLT?2 offers additional benefits
against RF. Surely, further experimental and clinical studied
are required to certify these results.

Study limitations

In this study, non-significant improvement in kidney func-
tion was observed after both treatments, which might be due
to the short duration of our treatment model or small dose
used regarding IFX. Therefore, further investigations with
longer treatment duration and higher doses of IFX should
be carried out to verify our results.
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