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Abstract

Dose-limiting nephrotoxicity restricts Cisplatin use in high therapeutic doses. Empagliflozin showed a reno-protective effect in diabetic
nephropathy. We investigated if Empagliflozin can ameliorate Cisplatin nephrotoxicity whether used prophylactically or therapeutically.
Forty male Wistar rats were divided into 5 groups: (1) control; (2) Cisplatin-induced nephrotoxicity by single intraperitoneal dose;
(3) Empagliflozin was given for 10 days before a single dose of Cisplatin; (4) a single dose of Cisplatin followed by Empagliflozin for
10 days; (5) received Empagliflozin only. Regular assessment of weight was done, biochemical evaluation for serum urea, creatinine,
uric acid, albumin, and glucose was performed, kidney tissue nerve growth factor-f (NGF-f)) and oxidative stress parameters were
measured, kidneys were evaluated histopathologically and immunostained for caspase 3. Cisplatin significantly reduced body weight,
NGEF-p, and reduced glutathione, elevated urea, creatinine, and malondialdehyde with no effect on other serum biochemical parameters.
Histopathologically, there was high acute tubular necrosis (ATN) score with strong immunostaining of caspase 3. The use of Empagliflozin
significantly reduced urea and creatinine in both prophylactic and therapeutic, reduced ATN score in the prophylactic group associated
with minimal staining of caspase 3 and elevated reduced glutathione. In conclusion, prophylactic Empagliflozin protected against
Cisplatin-induced acute kidney injury mainly via anti-apoptotic effect.
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Highlights:

+ Empagliflozin has a direct nephroprotection effect independent on glycemic control.
+ Empagliflozin protects kidney from tubular damage caused by Cisplatin via suppressing apoptosis.
+ Administration of Empagliflozin after injury confers no reversing effect.

+ Nerve growth factor-f has a relation to Cisplatin toxicity.

Introduction

Cisplatin is one of the most valuable chemotherapeutic agents
which is used in a wide variety of malignancies including head,
neck, ovarian, testicular, lung cancer and refractory non-Hodg-
kin lymphoma. Its effectiveness in cancer arises from interac-
tions with DNA, induction of oxidative stress and apoptosis
(Dasari and Tchounwou, 2014). Despite its effectiveness, its
use is limited by tumor cell resistance and adverse effects such
as neurotoxicity, ototoxicity, and nephrotoxicity (Barabas et
al., 2008; Sancho-Martinez et al., 2012). Nephrotoxicity in the
form of acute kidney injury is the most common and serious
adverse effect. It occurs even after a single dose in one-third
of patients which limits increasing the dose hence impairing
treatment effectiveness (Miller et al., 2010).

It is known that Cisplatin induces its injurious effect on
kidney mainly on S3 portion of proximal convoluted tubules in

form of acute tubular necrosis. Several different mechanisms
have been proposed: accumulation and activation into toxic
metabolite, DNA damage, enhanced oxidative damage, mito-
chondrial dysfunction, inflammation, intracellular messen-
gers and transducers and induction of apoptosis and necrosis
(Peres and da Cunha, 2013).

Many strategies were tried in patients to prevent nephro-
toxicity; as hydration, diuretics and magnesium administra-
tion aiming to decrease Cisplatin concentration in renal cells
and enhancing its excretion. Recently, it was accepted that
short hydration and forced diuresis with mannitol, not fruse-
mide may be safer in preventing Cisplatin nephrotoxicity (Cro-
na et al., 2017). However, this evidence is still limited as man-
nitol is used in selected cases and may be nephrotoxic in large
doses. Further research about hydration is needed to evaluate
it in different ages and practice settings (Duffy et al., 2018).

Empagliflozin is an antidiabetic drug which acts as sodium
glucose transporter (SGLT2) inhibitor in proximal convoluted
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tubules. Its antidiabetic effect arises from inhibition of ab-
sorption of 90% of filtered glucose (Neumiller, 2014). Recent-
ly, it was found that Empagliflozin may have a reno-protective
activity in diabetic nephropathy not only through its glycemic
control effect but also through blood pressure lowering and
direct renal effects — inhibition of inflammatory and fibrot-
ic responses of renal proximal tubular cells to hyperglycemia
(Fioretto et al., 2016; Skrti¢ and Cherney, 2015).

This research was conducted to investigate whether Em-
pagliflozin has a reno-protective or therapeutic effect on Cis-
platin-induced acute kidney injury irrespective of its antidia-
betic and glucosuria action, especially in relation to its effect
on apoptosis, oxidative stress, and inflammation.

Materials and methods

Animals and ethical decision

40 Wistar male rats aged (6-8 weeks old) weighing (120-
150 g) were obtained from Tanta University. They were main-
tained for 2 weeks under standard laboratory conditions of
temperature (25 + 3 °C), relative humidity (60 + 4%) and equal
day and night cycle with free access to a standard pellet diet
and water ad libitum. The study methodology was performed
in accordance with international guidelines for Care and use of
laboratory animals.

Drugs and experimental design

Drugs and chemicals

Cisplatin solution vial of Mylan, Greece (1 mg/ml) and Em-
paglifiozin with the brand name (Jardiance) of Boehringer
Ingelheim, Germany were purchased. Carboxymethyl cellulose
(CMC) was obtained from Sigma Pharmaceutical Company,
Quesna, Egypt. All other reagents were purchased from Sig-
ma-Aldrich Co. (St. Louis, Missouri, USA) and were of analyt-
ical grade.

Experimental design

Rats were divided into 5 equal groups (n = 8/group) and ran-
domly allocated following completely randomized design us-
ing (RAND) function in EXCEL. Assessment of weight was
done regularly.

Induction of acute kidney injury was done by intraperito-
neal injection of a single dose (6 mg/kg) of Cisplatin-based on
a previously published study of (Saad et al., 2001).

Empagliflozin was dissolved and suspended in 0.5% CMC
and administered orally by gavage needle in a dose of 10 mg/
kg/day (Lee et al., 2018).

Rats were grouped as follow

Control group: rats were fed 0.2 ml 0.5% CMC daily for
10 days.

Cisplatin group: rats were injected intraperitoneally by a sin-
gle dose of Cisplatin (6 mg/kg).

Empaglifiozin prophylactic group: 10 days before Cisplatin
single dose, 10 mg/kg Empagliflozin was administered by oral
gavage and on 10th day Cisplatin was injected as in Cisplatin
group.

Empaglifiozin therapeutic group: Cisplatin was injected as
in Cisplatin group and 10 mg/kg Empagliflozin was adminis-
tered by oral gavage for 10 days after Cisplatin single dose.
Empaglifiozin group: Empagliflozin was administered in a
dose of 10 mg/kg by oral gavage daily for 10 days.

Animal sacrifice and sample collection

At day 10 after Cisplatin administration, rats were euthanized
via isoflurane inhalation anesthesia, blood samples were col-
lected by cardiac puncture into vacuum tubes and serum was
separated by centrifugation of blood at 4,000 rpm for 20 min.
Serum was kept in plastic Eppendorf at —-80 °C until further
biochemical analysis.

Kidneys were extracted, weighed and washed with phos-
phate buffer. The left one was fixed in 10% neutral buffered
formalin for histopathological examination and the right
one was immediately stored at —80 °C for later assay of nerve
growth factor and oxidative stress parameters; malondialde-
hyde and reduced glutathione.

Biochemical investigations

Serum was used for assaying creatinine with diamond diag-
nostics kit (Diamond diagnostics company, Egypt) according
to Jaffe colorimetric kinetic method (Vasiliades, 1976); Urea
with the diamond diagnostic kit (Diamond diagnostics com-
pany, Egypt) according to Berthelot enzymatic colorimetric
method (Fawcett and Scott, 1960). Uric acid was measured
with uric acid liquicolor kit (Human diagnostics company, Ger-
many) according to PAP (peroxidase-antiperoxidase) method
(Fossati et al., 1980). Albumin was measured in serum with
SPINREACT kit (SPINREACT, S.A./S.A.U., Spain) according to
the bromocresol green colorimetric method (Rodkey, 1964)
and glucose was assayed using SPINREACT kit (SPINREACT,
S.A./S.A.U., Spain) according to GOD-POD (glucose oxidase
and peroxidase) colorimetric method (Trinder, 1969).

Determination of nerve growth factor beta (NGF-f) in
kidney tissue

Kidney was homogenized in 0.1 M sodium phosphate buffer
pH 7.4 in a ratio of 1 g tissue to 4 ml buffer and centrifuged
at 4,000 rpm for 20 min at 4 °C, separated supernatant was
stored at —80 °C for further assay of tissue NGF-f3 with com-
mercially available rat NGF-f8 ELISA kit from Chongqing Bio-
spes Co., Ltd catalog number BEK1171 and results were ex-
pressed as ng/g tissue.

Determination of malondialdehyde and reduced
glutathione in kidney tissue

Tissue levels of malondialdehyde and reduced glutathione
were assayed by colorimetric methods according to Ohkawa et
al. (1979) and Beutler et al. (1963) respectively with available
kits produced by (Biodiagnostic company, Egypt).

Histopathological evaluation

Kidney tissues were fixed in 10% neutral buffered formalin
and embedded in paraffin. 4 pm thick sections were stained
with hematoxylin and eosin (H&E) and examined under a
light microscope. A score of acute tubular necrosis (ATN) was
done via evaluation of 10 fields of outer strip of medulla and
cortex under 200x magnification of each slide and counting
percentages of tubules showing cell necrosis, cast formation,
loss of brush border and tubule dilation as previously reported
by (Kim et al., 2015), this was graded as follows: 0 = none, 1 =
<10%, 2 =11-25%, 3 = 26-45%, 4 = 46-75%, 5 = >76%.

Immunohistochemical evaluation of caspase 3
expression and image analysis

Briefly, 5 pm sized paraffin-embedded tissue sections were
de-paraffinized with xylene and hydrated in graded alcohol
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series, this was followed by thermal preparation in an acid me-
dium. Then allowed to cool for 20 minutes, rinsed with dis-
tilled water and put in tris-buffered saline (TBS), endogenous
peroxidase activity was quenched with 0.3% H,0, solution for
20 minutes, then sections were rinsed in TBS for 5 minutes
3 times and incubated with the primary antibody Rabbit poly-
clonal IgG to rat caspase 3 diluted 1 : 100 (Cusabio technolo-
gy LCC, product code: CSB-PA786000) overnight at 4 °C, then
sequential adding of biotinylated secondary antibody against
rabbit antibody for 1 h at 37 °C; streptavidin conjugated with
horse-radish peroxidase (Streptavidin-HRP) (15 min incuba-
tion) and AEC substrate — HRP reaction dye (AEC substrate
chromogen) with wash in between with TBS for 5 minutes
3 times, after that, slides were stained with DAB (3,39-diamin-
obenzidine tetrahydrochloride) (Sigma Chemical Co., St. Louis
MO, USA), counterstained with hematoxylin and rinsed with
distilled water. The sections were mounted and covered with
coverslip and observed under a light microscope.

Calculation of percentage of cells showing positive immu-
nostaining was done via Image J using IHC profiler plugin
(Varghese et al., 2014) for 10 random fields from each slide.

Statistical analysis

Statistical analysis of results was performed using (Graph Pad
Prism version 5 for Windows, 2007, Graph Pad software, Inc.).
Data were expressed as mean + standard error of mean (SEM)
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and ATN score was expressed as median. Multiple compari-
sons were performed using One-way ANOVA followed by post
hoc Tukey test, and Games Howell test for groups with unequal
variances when assessed by Bartlett test while histopathology
scoring was compared using Kruskal-Wallis test. The 0.05 level
of probability was used as a criterion of significance.

Results

Body weight change, absolute and relative kidney
weight

Initial body weight of rats showed no significant difference
between groups. By comparing weight changes (difference)
between initial and final body weight, it was found that Cispla-
tin group caused a significant decrease in body weight when
compared to control group (p < 0.01). However, the Empag-
liflozin prophylactic group showed a non-significant decrease
compared to Cisplatin group, while Empagliflozin therapeutic
group showed a significant decrease compared to Cisplatin
group (p < 0.001), both prophylactic and therapeutic groups
showed a significant decrease compared to control group (p <
0.001). Empagliflozin group showed no significant change
compared to the control group (Fig. 1A, B). Absolute and rela-
tive kidney weight showed no significant change between dif-
ferent studied groups.

Final body weight
Hl |nital body weight

weight change

Fig. 1. Effect of Cisplatin and Empagliflozin on rat body weight changes.
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A, initial and final body weight; B, weight change (the difference between initial and final body weight). Data are expressed as mean + SEM (n = 8);
** = p < 0.01; ¥ = p < 0.001 compared to control group, ### = p < 0.001 compared to Cisplatin group. Cis = Cisplatin; Empa = Empagliflozin.

Biochemical results
Administration of Cisplatin caused significant increase in se-
rum creatinine and urea (p < 001) compared to the control
group, and Empagliflozin both prophylactic and therapeutic
groups showed a significant decrease in serum creatinine and
urea (p < 0.05, 0 < 0.001) respectively in prophylactic group and
(p < 0.001) in therapeutic group compared to Cisplatin group,
while there was no significant difference between prophylactic
and therapeutic Empagliflozin groups compared to each other.
Cisplatin and Empagliflozin did not affect serum uric acid
and albumin as there were no significant changes between dif-
ferent studied groups except that Empagliflozin only group
showed a significant decrease in uric acid compared to the con-
trol group.

Empagliflozin therapeutic group and Empagliflozin only
group showed a significant increase in serum glucose lev-
el compared to the control group with no other significant
changes in other groups (Table 1).

Kidney tissue nerve growth factor-beta (NGF-f)
results

Administration of Cisplatin caused significant decrease in
tissue levels of NGF-f3 (p < 0.01) compared to the control
group, but both prophylactic and therapeutic group of Em-
pagliflozin did not show any significant difference either com-
pared to Cisplatin or compared to each other, while showing
significant decrease compared to the control group (p < 0.01)
(Fig. 2).
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Table 1. Effect of Cisplatin and Empagliflozin on serum biochemical parameters

Group Creatinine (mg/dl) Urea (mg/dl) Uric acid (mg/dl) Albumin (g/dl) Glucose (mg/dl)
Control 0.525 +0.025 49.25 +2.491 1.490 + 0.242 3.813 £0.079 82.63 £ 6.00
Cis 0.850 + 0.057*** 95.25 + 3.839"* 1.518 +0.233 4163 £0.090 100.4 + 6.936
Empa-prophylactic 0.675 +0.041%* 49.38 + 3.173### 2.535 + 0.450 3.863 +0.122 97.75 + 7.907
Empa-therapeutic 0.637 + 0.032## 50.13 + 4.809%## 3.194 + 0.559 4150 +0.128 111.1 + 4.486*
Empa 0.487 +0.023 39.63 £ 1.647 0.461 + 0. 074* 3.913£0.130 112.0 + 5.688*

Values are expressed as mean + SEM

*p < 0.05; ** p < 0.01; *** p < 0.001 compared to control group; # p < 0.05, ## p < 0.01, ### p < 0.001 compared to Cisplatin group; Cis = Cisplatin;

Empa = Empagliflozin.

Kidney NGF concnetration (ng/g tissue)

Fig. 2. Effect of Cisplatin and Empagliflozin on kidney tissue nerve
growth factor-3.

Data are expressed as mean + SEM (n = 8); * =p < 0.05; ** =p < 0.01
compared to control group. Cis = Cisplatin; Empa = Empagliflozin.
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Kidney tissue malondialdehyde and reduced
glutathione results

Cisplatin injection caused a significant reduction in reduced
glutathione with an elevation of malondialdehyde (p < 0.001)
compared to control group, pretreatment with Empagliflozin
resulted in significant elevation of reduced glutathione (p <
0.001), while there was a non- significant change in the post-
treatment group compared to Cisplatin group. Both pre and
the posttreatment group did not show any significant differ-
ence in malondialdehyde level compared to the Cisplatin group
(Fig. 3A, B).

Histopathological results

Administration of Cisplatin-induced acute tubular necrosis
in the form of tubular degeneration, diffuse inflammatory in-
filtrate and severe interstitial hemorrhage with median ATN
score (4.25) which was significant compared to control group
(p < 0.001) (Fig. 4A, B and Fig. 5). Empagliflozin prophylactic
group showed significant decrease in the number of infiltrated
cells, hemorrhage and tubular degeneration with median ATN
score (1.25) compared to Cisplatin group (p < 0.05) (Fig. 4B, C
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Fig. 3. Effect of Cisplatin and Empagliflozin on kidney tissue reduced glutathione A and malondialdehyde B.

Data are expressed as mean + SEM (n = 8); *** = p < 0.001 compared to control group; ### = p < 0.001 compared to Cisplatin group. Cis = Cisplatin;

Empa = Empagliflozin.
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Fig. 4. Sections from the kidney (H&E x400) of a, control group with normal appearance of the glomeruli, tubules, and interstitial tissue; b, Cisplatin
group showing massive tubular degeneration (), diffuse inflammatory cellular infiltration (Arrowhead) and severe interstitial hemorrhage (4\);

¢, Cisplatin + Empagliflozin prophylactic group showing significant decrease in the number of infiltrated cells (Arrowhead), hemorrhage (4\) and tubular
degeneration (N); d, Cisplatin + Empagliflozin treatment group showing mild inflammatory cellular infiltration (Arrowhead) with minimal hemorrhage
(AN) and areas of tubular degeneration and necrosis (N); e, Empagliflozin group showing apparently normal glomeruli, tubules, and interstitium.

and Fig. 5), while Empagliflozin therapeutic group showed
mild inflammatory infiltrate with minimal hemorrhage and
areas of tubular degeneration and necrosis with median ATN
score (3) which was not significantly different compared to
Cisplatin group (Fig. 4B, D, Fig. 5). Empagliflozin group alone
did not show a significant difference compared to the control
group (Fig. 4A, E and Fig. 5).

Immunohistochemical results of caspase 3

Sections from Cisplatin group showed diffuse cytoplasmic and
strong nuclear positive staining of caspase 3 compared to min-
imal staining of the control group (Fig. 6A, B). The use of Em-
pagliflozin in the prophylactic group resulted in mild positive
staining of caspase 3 compared to Cisplatin group (Fig. 6B, C),
while Empagliflozin therapeutic group showed moderate posi-
tive staining of caspase 3 (Fig. 6B, D). Empagliflozin alone did
not differ from the control group (Fig. 6A, E). Quantitative as-
say of percentage of positive cells showed that Cisplatin caused
significant increase in percentage of positive cells compared to
control group (p < 0.001), Empa-prophylactic group resulted
in significant decrease in percentage of positive cells compared
to Cisplatin group (p < 0.001), while Empa therapeutic group
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Fig. 5. Effect of Cisplatin and Empagliflozin on acute tubular necrosis
factor score of histopathological sections.

Data are expressed as median and range (n = 8); *** = p < 0.001 compared
to control group; # = p < 0.05 compared to Cisplatin group.

Cis = Cisplatin; Empa = Empagliflozin.
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Fig. 6. Renal sections of immunohistochemical staining of caspase 3 (x400) of a, control group showing minimal positive staining for caspase 3;
b, Cisplatin group showing strong positive staining for caspase 3 (N); ¢, Cisplatin + Empagliflozin prophylactic group showing mild positive staining
for caspase 3 (N); d, Cisplatin + Empagliflozin treatment group revealing moderate positive staining for caspase 3 (N); e, Empagliflozin group showing

minimal positive staining for caspase 3.

showed non-significant decrease when compared to Cisplatin
group with (p-value = 0.07). Empagliflozin group was non-sig-
nificant compared to control group (Fig. 7).
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Fig. 7. Effect of Cisplatin and Empagliflozin on the percentage of
caspase 3 positive cells.
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Data are expressed as mean + SEM (n = 8); ** = p < 0.001 compared to
control group; ### = p < 0.001 compared to Cisplatin group.
Cis = Cisplatin; Empa = Empagliflozin.

Discussion

Cisplatin is a powerful and reliable chemotherapeutic agent
against many solid tumors. However, its use is limited by the
development of nephrotoxicity which restricts high therapeu-
tic doses. Therefore, finding an adjuvant therapy to ameliorate
Cisplatin-induced nephrotoxicity is a priority. Strategies for
preventing this injury nowadays include hydration and use of
diuretics but unfortunately increased renal toxicity still occurs
(Miller et al., 2010).

The purpose of this study was to investigate if SGLT2 inhib-
itor Empagliflozin, a drug used in treatment of type 2 diabetes,
has a potential protective or therapeutic effect on acute kidney
injury induced by Cisplatin and to elucidate its mechanism of
action especially in relation to its effect on apoptosis marker
caspase 3, oxidative stress and modulators of inflammation
and cell differentiation via nerve growth factor assay. In ad-
dition, its effects on the other biochemical markers of kidney
function and histopathology were assessed.

A single dose model of Cisplatin acute kidney toxicity was
chosen in this study due to its clinical relevance as 30% of pa-
tients are exposed to acute kidney injury after a single dose,
and due to its reproducibility as previously investigated (Ali et
al., 2011; Humanes et al., 2012).

Cisplatin caused significant decrease in body weight of rats
consistent with the results obtained by (Ali et al., 2011; Hu-
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manes et al., 2012) and may be attributed to decreased food
intake due to nausea and anorexia induced by it, in addition to
induction of polyurea and loss of nutrients in urine (Humanes
etal., 2012; Liu et al., 2006).

In the present study, a single dose of Cisplatin caused a
significant increase in serum creatinine and urea which is ex-
plained by the reduction of glomerular filtration rate because
of acute tubular injury and necrosis. Accumulation of Cisplatin
and conversion to active metabolite in renal tubular cells re-
sults in renal cell death, inflammation, fibro-genesis and tissue
remodeling (Dugbartey et al., 2016; Taguchi et al., 2005). The
main mechanism of this injury is oxidative stress as Cisplatin
contains chloride ion which is hydrolyzed and releases hydrox-
yl radicles, but the use of antioxidant strategies had variable
effects and decreased the anti-tumor effects of Cisplatin (Shi-
rali and Perazella, 2014).

Although Cisplatin tends to elevate uric acid level due
to deficient excretion as reported previously by (Silici et al.,
2011), there was no statistically significant change in uric acid
level between the different studies groups in the present study.

The nerve growth factor is a neurotrophic protein that
maintains the critical balance between cell differentiation,
survival, and death during development and adulthood. It is
expressed not only in nervous tissue but also in many mam-
malian cells and acts on two types of receptors: tyrosine kinase
receptor A (TrkA) and p75 neurotrophic receptor. The first one
is related to cell differentiation, survival and thus protection
of cells, while the latter is involved in induction of apoptosis
and death of cells. It is also a strong inducer of epithelial cells
and fibroblasts and has a strong relationship to inflammation
and tissue repair (Micera et al., 2007). It was reported that it
may be attributed to renal fibrosis through promoting epithe-
lial-mesenchymal transition through TGE-f signaling activa-
tion (Vizza et al., 2015).

It was demonstrated that NGF-f signaling is important
in human kidney and glomerular response to injury with the
existence of NGF-f and TrkA receptors in tubular and glomer-
ular cells while p75 in interstitial and mesangial cells (Bono-
figlio et al., 2007).

In the present work, Cisplatin caused a significant reduc-
tion of NGF-f3 level in kidney tissue. This may demonstrate
that there was a loss of its effect on cell survival as TrkA re-
ceptor exists in tubular cells, also, tubulointerstitial apoptosis
and renal dysfunction was reported to be associated with up-
regulation of proapoptotic cytokines and such as TNF-«a and
TGF-$ and down-regulation of survival factor (Teteris et al.,
2007) which was shown in this study; as reduction of NGF-
was associated with increased caspase 3 immunostaining, the
marker of apoptosis.

One of the main mechanisms of Cisplatin-induced acute
kidney injury is oxidative stress via phospholipid damage, mi-
tochondrial dysfunction and lysosomal hydrolase inhibition
which leads to the accumulation reactive oxygen species. Ac-
tivation of Cisplatin also leads to consumption of reduced glu-
tathione which enhances the level of reactive oxygen species
and cellular damage (Hosohata, 2016). Administration of Cis-
platin in this study caused a reduction of reduced glutathione
with an elevation of lipid peroxidation products.

It is now known that apoptosis or necrosis in tubular and
tumor cells induced by Cisplatin is dose-dependent; as low
dose may have relation to apoptosis while high dose leads to
necrosis especially in renal tubules, and this necrosis may lead
to activation of the inflammatory and immune responses.
Another type of cell death called necroptosis or actively pro-
grammed necrosis may also occur in tubular cells as a result

of an interaction of Cisplatin with different cellular organelles
that have interacting pathways of necrosis and apoptosis (San-
cho-Martinez et al., 2012).

Accumulation of Cisplatin inside proximal tubules and
hence mitochondria which are abundant in this site, leads to
mitochondrial dysfunction and reduction of ATP. DNA damage
induced by Cisplatin causes activation of p53, increased reac-
tive oxygen species and endoplasmic reticular stress, which
all together lead to activation of caspase 9 and consequently
caspases 3, 6, 7 that promote apoptosis and necrosis (Miller
etal., 2010).

In the present study, there was mainly a histopathological
picture of necrosis and degeneration of tubular cells in Cispla-
tin group. The level of caspase 3 has been also elevated, which
is a marker of apoptotic pathway activation and is regarded as
an irreversible event before cell death. This indicates the occur-
rence of necroptosis.

Empagliflozin is an inhibitor of SGLT2 transporter in
kidney which showed a reno-protective effect in diabetic ne-
phropathy with reduction of cardiovascular risks through con-
trol of hyperglycemia, lowering of blood pressure and body
weight in addition to decreasing inflammation and glomerular
hyperfiltration (Perrone-Filardi et al., 2017; Wanner, 2017). It
was also shown that it may have a direct anti-inflammatory,
antiapoptotic, anti-mitochondrial dysfunction and anti-oxida-
tive effect, especially in studies of cardioprotection by these
agents which seems to be independent of its effect on blood
glucose level (Lahnwong et al., 2018).

In our work, administration of Empagliflozin orally in a
dose of 10 mg/kg daily either prophylactic or therapeutic did
not increase body weight compared to Cisplatin group, while
when taken alone did not differ from control group (usual
weight gain was preserved) and this is in contrary to studies
that demonstrated decreased visceral adiposity by Empagli-
flozin (Kusaka et al., 2016; Xu et al., 2017). This may be ex-
plained by long-term administration of Empagliflozin in these
studies in contrast to a short time in the current study. How-
ever, induction of hyperphagia and intake of fluids in response
to glucosuria may have occurred in the group of Empagliflozin
drug alone so weight gain was preserved.

Administration of Empagliflozin in both prophylactic and
therapeutic groups resulted in a reduction of renal function
parameters; serum creatinine and urea with no effect on al-
bumin level. An increased serum glucose level was observed in
Empagliflozin alone group which may be explained by compen-
satory hyperphagia (mentioned above). There was also a sig-
nificant decrease in uric acid level in Empagliflozin only group
compared to control, which may be attributed to increased uric
acid excretion due to glucosuria (Chino et al., 2014).

Despite the importance of NGF-f in cell survival, reduc-
tion of NGF-f in Cisplatin group was also observed in both
prophylactic and therapeutic Empagliflozin groups which in-
dicates that the protective effect on the kidney is not through
NGE-p.

Pretreatment with Empagliflozin caused improvement
of the histopathological picture in form of decreased inflam-
matory infiltrate, tubule degeneration and hemorrhage and
decreased ATN score. This was associated with elevation of
reduced glutathione in kidney tissue. However, posttreat-
ment with this drug showed a lower improvement than in
the pretreatment group and a non-significant change of the
ATN score compared to Cisplatin group. The improvement in
pretreatment group may be related to antiapoptotic effect as
demonstrated by mild positive immunohistochemical staining
of caspase 3 in this group compared to moderate staining in
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posttreatment group, in addition to enhancing antioxidant de-
fense in kidney tissue.

There are two types of SGLT family of glucose transporters
expressed in kidney: SGLT 2 transporters are expressed in the
S1 segment of proximal convoluted tubules and mediate 90%
absorption of glucose, while SGLT1 transporters are present in
S3 portion and account for reabsorption of the remaining glu-
cose not absorbed by SGLT2 transporters (Szablewski, 2017).
Some studies revealed that diabetic state may attenuate Cis-
platin nephrotoxicity through upregulation of SGLT1 which
may indicate a cytoprotective effect on the kidney (Debnam et
al., 1995; Scott et al., 1989).

Empagliflozin inhibits SGLT2 transporters in kidney,
which leads to increased activity of SGLT1 transporters as a
compensatory mechanism (Rieg et al., 2014). This may have a
cytoprotective effect as the SGLT1 transporters are involved
in repair of plasma membrane integrity and tight junction as
previously reported (Ikari et al., 2005a). Moreover, SGLT1 ex-
pressed in S3 partially suppressed peroxynitrite production
hence protecting from Cisplatin nephrotoxicity (Ikari et al.,
2005b). So, this may explain the renoprotective effect of Em-
pagliflozin in this study although not investigated.

Conclusions

In conclusion, the present study demonstrated the protective
effect of pretreatment with Empagliflozin on acute kidney
injury induced by Cisplatin through reduction of apoptosis
mainly and elevation of reduced glutathione, but not through
nerve growth factor beta which was reduced in Cisplatin group.
Further research is needed to investigate if Empagliflozin in-
terferes with the antitumor effect of Cisplatin as most mecha-
nisms of renal toxicity and tumor effects are interrelated.
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