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SUMMARY

Cisplatin is one of the most effective chemo-
therapeutic agents, but nephrotoxicity is its major
hazard. This study aimed to evaluate the possible
protective effects of mesenchymal stem cell and
alfacalcidol in ameliorating cisplatin-induced
nephrotoxicity in albino rats. Five young male al-
bino rats were utilized to obtain BM-MSCs. Forty
adult male albino rats were divided into: Group
I, n=8: (control), Group II, n=8 (cisplatin): received
cisplatin (6.5 mg/kg) IP as a single dose on day O,
Group III, n=24 (treatment): subdivided into: sub-
group Illa (Alfacalcidol): received 50 ng/kg/day al-
facalcidol oral daily dose for 5 days, then received
cisplatin (as group II), then continued alfacalcidol
for another 5 days, Subgroup IIlb (Alfacalcidol)
(BM-MSCs): received cisplatin (as group II) on day
0, then received BM-MSCs suspension injected
into the tail vein after cisplatin, in a dose of 2 x
106 in 0.5 ml PBS/rat, Subgroup Illc: (BM-MSCs
and alfacalcidol): received 50 ng/kg/day alfacalci-
dol orally daily dose for 5 days, then cisplatin (as

group II) then BM-MSCs suspension injected into
the tail vein, in a dose of 2 x106 in 0.5 ml PBS/rat
one day after cisplatin then continued alfacalcidol
for another 5 days. Blood urea and serum creati-
nine were measured, and kidneys were processed
for histological, immunohistochemical and mor-
phometric studies.

Combined alfacalcidol-and-BM-MSCs-treated
group Illc exhibited marked improvement in his-
tological structure of the kidney and renal func-
tions. Combined treatment of alfacalcidol with
BM-MSCs may represent a suitable modality in
alleviating cisplatin-induced acute kidney injury
than using each modality alone.
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INTRODUCTION

The kidneys are the primary organs impacted
by toxic metabolites and medications that are
eliminated (Mazher et al.,, 2021). Drug-induced
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nephrotoxicity involves kidney injury caused by
medications. The presentation varies from an
acute or chronic injury to nephrotic syndrome
and electrolyte disturbances, which are linked
to glomerular and tubular damage, respectively
(Abd El Zaher et al., 2017). Acute kidney injury
(AKI) is a clinical syndrome manifested by rapid
decline in kidney function. It is a condition caused
by a number of different insults, with a mortality
rate ranging from 30 to 80%. Up to 25% of all in-
stances of acute renal damage can be caused by
drugs (Abd El Zaher et al., 2017).

Cisplatin is one of the most effective chemother-
apeutic agents, and it is widely used in the treat-
ment of a variety of human tumors. It mediates
its tumoricidal effects via a number of different
cytotoxic mechanisms. While cisplatin is mostly
recognized for its ability to destroy DNA, it also
disrupts cytoplasmic organelles, especially the
mitochondria and endoplasmic reticulum. More-
over, it triggers apoptotic pathways and causes
inflammation and oxidative stress (Yamamoto et
al., 2013). One of its dose-limiting toxicities is its
effect on the kidney. This includes acute kidney
injury, which affects around one-third of patients
(Bennis et al., 2014). For this reason, cisplatin was
selected in the present study to cause AKI (Abd El
Zaher et al., 2017).

The pathophysiology of AKI is complex, and in-
volves tubular and vascular damage and inflam-
matory reactions. Current therapies of AKI mainly
include supportive care, including renal replace-
ment therapy. Despite these therapies, the five-
year mortality rate for patients with AKI remains
over 50%. Hence, new therapeutic interventions
and strategies for improving survival outcome
for patients with AKI are needed (Zaahkouk et al.,
2015).

Alfacalcidol is a widely used active vitamin-D
compound, especially in clinical nephrology, be-
cause it does not require enzymatic activation by
the kidneys (Fouad et al., 2010). It is a fat-soluble
vitamin D, well absorbed orally in the presence of
bile. It can also be given intravenously, has a short
half-life (about 3 hours), and is metabolized and
excreted mainly in the bile (Ali et al., 2018). Over
the last few decades, it has become clear that vi-
tamin-D deficiency has a direct correlation with

kidney disease (Hu et al.,, 2020; Mata-Miranda
et al., 2019; Wu et al., 2021; Devine et al., 2003).
Vitamin-D depletion contributes to AKI devel-
opment by leading to upregulation of RAAS (Re-
nin-Angiotensin-Aldosterone System) and to el-
evated mRNA expression of renal-vascular renin
(Imberti et al., 2007).

One of the most important mechanisms under-
lying cisplatin nephrotoxicity is oxidative stress.
This oxidative stress triggers apoptosis, inflam-
mation and intracellular damage. In this case,
administering an antioxidant such as alfacalcidol
may be a good way to avoid cisplatin nephrotoxic-
ity (Tolouian et al., 2023).

Mesenchymal stem cells (MSCs) are adult stem
cells capable of self-renewal and multilineage dif-
ferentiation. They are adherent spindle-shaped
cells isolated from bone marrow, adipose tissue,
umbilical cord, and other tissue sources show-
ing multipotent differentiation characteristics in
vitro (Maridas et al., 2018; Huang et al., 2015).
Recently, MSCs are the preferred stem cells for
cellular therapy of AKI. This is because they are
able to differentiate into cells of mesenchymal
and non-mesenchymal origin, ease of culture
and ex vivo expansion, and anti-inflammatory,
anti-apoptotic and immunosuppressive effects
(Zaahkouk et al., 2015).

The current study aimed to assess the effects of
bone-marrow-derived mesenchymal stem cells
(BM-MSCs) and alfacalcidol treatment, alone or as
a combined treatment to ameliorate cisplatin-in-
duced nephrotoxicity and to restore renal struc-
ture and function in albino rats.

Although both vitamin D analogues and MSCs
have separately shown renoprotective effects
in models of acute kidney injury, the potential
benefit of combining alfacalcidol with bone mar-
row-derived MSCs in cisplatin-induced nephro-
toxicity has not been previously investigated. We
hypothesized that alfacalcidol, through its anti-
oxidant and anti-inflammatory properties, would
complement the regenerative and immunomodu-
latory actions of MSCs, resulting in enhanced pro-
tection of renal structure and function.



MATERIALS AND METHODS

Experimental animals

Forty adult male albino rats, 6 weeks old, weigh-
ing 150-200 gm and five young male albino rats
about 2 weeks old and weighing about 80 gm were
purchased from and raised in the Animal House
Center of Physiology Department, Faculty of Med-
icine, Alexandria University, Egypt. They were
maintained under a 12 h dark/light cycle 22+2° C
and 50+10% humidity.

Diet was administered following the Egyptian
Institute of Nutrition (EIN) guides. The diet was
composed of: Bran — cottonseed meal - yellow
corn - molasses - limestone powder - table salt. It
was obtained from Tanta Oil and Soap Company.
Egypt. The animals were given food and water ad
libitum.

The study protocol was approved by the Eth-
ics Committee of the Faculty of Medicine, Alex-
andria University (IRB No: 00012098- FWA No:
00018699). Serial number 0106994. All animal
experiments complied with ARRIVE guidelines
and were carried out in accordance with the U.K.
Animals (Scientific Procedures) Act, 1986 and as-
sociated guidelines, EU Directive 2010/63/EU for
animal experiments.

Isolation of rat BM-MSCs

Five young male albino rats, 2 weeks old, were
sacrificed to obtain MSCs from their long bones.
The nucleated cells were isolated and cultured in
complete culture medium supplemented with 1%
penicillin-streptomycin, then were incubated in
humidified carbon dioxide for 12 to 14 days. After
third passage, BM-MSCs were assessed by flow cy-
tometer and used for treatment.

Cell confluence in culture was estimated by vi-
sual inspection under an inverted phase-contrast
microscope (Nikon TSM) equipped with digital
camera (DCM 510) by comparing the cell-covered
area with the total flask area, as routinely used for
MSC cultures (Abo-Aziza and Zaki, 2017).

This was performed in the center of excellence
in research for regenerative medicine and its ap-
plications (CERMA), Faculty of Medicine, Alexan-
dria University, Alexandria, Egypt (Abd El Zaher et

al., 2017; Maridas et al., 2018; Huang et al., 2015).

Flow cytometric analysis of rat BM-MSCs

Flow cytometer was used to assess the pheno-
type of the third passage of MSCs by analyzing
their specific surface antigen profile. Cultured
cells were detached with 0.25% trypsin-EDTA
solution, washed with PBS, and incubated (30 min,
in the dark) with monoclonal PE-conjugated anti-
bodies for CD44 and CD45 and FITC-conjugated
antibodies for CD90. The cells were subsequent-
ly washed three times with PBS, resuspended in
500uL FACS buffer. Cells were analyzed using
a FACS flow cytometer running Cell Quest soft-
ware (Becton Dickinson, USA) (Abd El Zaher et
al., 2017; Nery et al., 2013). Forward scatter (FSC)
correlates with cell size, while side scatter (SSC)
reflects cell granularity. Cells were first visualized
on FSC-SSC plots to identify the main BM-MSC
population (gate R1). Aliquots of the same P3 cell
suspension were then stained with either CD44-
PE and analyzed as FSC/SSC versus CD44 (panels
a,b) or CD90-FITC and CD45-PE, and analyzed as
FSC/SSC versus CD90/CD45 (panels c,d).

Experimental Design

In this study, forty animals were randomly di-
vided into three groups:

Group I (control, n=8): these were further subdi-
vided randomly into two subgroups:

Subgroup Ia (n=4): where rats received stan-
dard diet and free access to waterSubgroup Ib
(n=4): where rats received a single dose of sodium
chloride (vehicle of cisplatin) intraperitoneal (IP)
0.9% (6.5 ml/kg body weight) (Abdelrahman et al.,
2023).

Group II (cisplatin group, n=8): rats received cis-
platin (6.5 mg/kg) IP as a single dose (Abdelrah-
man et al., 2023; Abd Elsamie et al., 2023).

Group III (treatment group, n=24): were ran-
domly subdivided into three subgroups:

Subgroup IIla: (Alfacalcidol treated subgroup,
n==8): rats in this group received 50 ng/kg/day al-
facalcidol orally as a daily dose by orogastric tube
for 5 days before cisplatin injection. Then they
received cisplatin in a dose and route similar to
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group II. Then they continued alfacalcidol for an-
other 5 days after cisplatin dose (Abd Elsamie et
al., 2023; Moneim et al., 2019).

Subgroup IIIb: (BM-MSCs treated subgroup,
n=38): rats received cisplatin in a dose and route
similar to group II on day O then they received
the BM-MSCs suspension one day after cisplatin
injection. The BM-MSCs suspension was injected
into the rat tail vein, in a dose of 2 x 106 in 0.5 ml
PBS/rat (Abd El Zaher et al., 2017; LZ et al., 2013).

Subgroup Illc: (BM-MSCs and alfacalcidol treat-
ed subgroup, n=38): rats received 50 ng/kg/day al-
facalcidol orally as a daily dose by orogastric tube
for 5 days before cisplatin injection. Then they
received cisplatin in a dose and route similar to
group II. Then they received the BM-MSCs sus-
pension injected into the rat tail vein, in a dose of
2 x 106 in 0.5 ml PBS/rat one day after cisplatin
injection. Then they continued alfacalcidol for an-
other 5 days (Mazher et al., 2021; Abd Elsamie et
al., 2023; LZ et al., 2013).

All rats from all groups were sacrificed by cer-
vical dislocation on the 5th day of the experiment
(Kelada et al., 2024).

Biochemical analysis

At the end of the experiment, venous blood (2
ml) was collected from retro-orbital venous plex-
us in dry clean non-heparinized test tubes. The
samples were allowed to clot for 30-40 minutes at
room temperature, then centrifugation was done
at 2500 rpm for 15min. The serum was separated,
and renal functions (blood urea nitrogen and se-
rum creatinine) were evaluated using urea ELISA
kit and creatinine ELISA kit. Abbot, Austria.

Histological assessment

Kidney tissues were obtained from euthanized
rats for histological and immunohistochemical
examination. The excised kidneys were cut into
small specimens and fixed in 10% formol saline,
processed by standard procedures and embed-
ded in paraffin wax. Paraffin-embedded tissues
were cut into 5 pym thick sections.

The specimens were stained for examination
of structural changes by Hematoxylin and eosin
(H&E) stain, Masson’s trichrome stain to demon-

strate collagen fibers and Periodic-Acid Schiff’s
(PAS) Stain. Sections were examined with an
Olympus LM (Olympus BX41) equipped with spot
digital camera (Olympus DP20) at CERMA (Cardiff
et al., 2014; Feldman and Wolfe, 2014; Lau, 2019;
Dey, 2018; Van et al., 2020).

Basement membrane thickness was assessed in
PAS-stained sections by a blinded semi-quantita-
tive scoring system. Five non-overlapping fields
per rat (n=5 rats per group) were scored by two in-
dependent observers on a 0—3 scale: O = normal,
1 = mild thickening, 2 = moderate thickening, 3 =
severe thickening. Mean + SD was calculated per
group.

Immunohistochemical assessment

Immunohistochemical studies were applied to
detect Rabbit Anti-active caspase-3 Monoclonal
Antibody, Clone (EPR18297), Unconjugated (Ab-
cam Cat# ab184787, Dilution: 1:1000) and Mouse
Anti- TNF alpha Monoclonal Antibody (Elab-
science Cat# E-AB-22159, Dilution: 1:50).

Active caspase-3 was selected as the apoptotic
marker because it represents the principal execu-
tioner caspase downstream of both intrinsic and
extrinsic pathways, mediating DNA fragmentation
and cellular dismantling. It has been extensively
validated as a sensitive and specific indicator of
apoptosis in kidney tissue (DHO et al., 2025).

Paraffin-embedded kidney sections (4-5 um)
were mounted on positively charged slides, de-
paraffinized in xylene, and rehydrated through
descending grades of ethanol to distilled water.
Antigen retrieval was carried out in citrate buffer
(pH 6.0) at 95 °C for 15 min, and endogenous per-
oxidase activity was quenched with 3% hydrogen
peroxide for 10 min. Non-specific binding was
blocked using normal serum for 30 min at room
temperature. Sections were then incubated over-
night at 4 °C with Rabbit anti-active Caspase-3
monoclonal antibody (EPR18297) (Abcam, Cat#
ab184787, 1:1000). After washing, slides were
incubated with the appropriate biotinylated sec-
ondary antibody and streptavidin—-HRP complex,
using the Vectastain ABC-HRP kit (Vector Labo-
ratories). Immunoreactivity was visualized with
3,3'-diaminobenzidine (DAB; Sigma) and coun-



terstained with Mayer’s hematoxylin. Negative
controls were processed by replacing the primary
antibody with non-immune serum. Slides were
dehydrated, mounted, and photographed with a
Leica light microscope (Leica Microsystems, Swit-
zerland)

Immunostained sections for caspase-3 and
TNF-a were processed simultaneously to ensure
identical exposure times to DAB. All slides were
developed for exactly 3 minutes in DAB, rinsed
in PBS, counterstained, and mounted together to
minimize variability. Images were captured under
the same illumination and camera settings. The
brown DAB signal was quantified as the percent-
age of immunopositive area in five non-overlap-
ping fields per section using Leica Qwin V.3 image
analysis software. The mean percentage per ani-
mal was calculated and used for statistical com-
parison between groups (da Hora, et al., 2005; Cui
et al., 2016; Mohamed and Shenouda et al., 2021),

For each marker (active caspase-3 and TNF-a),
five non-overlapping cortical fields per section
were randomly selected from five animals per
group using a 40x objective. All images were
captured under identical illumination and expo-
sure settings to avoid bias. The area percentage
of positive immunoreactivity (brown DAB stain-
ing) in the tubular epithelium and glomeruli was
quantified using Leica QWin V3 image analysis
software (Leica Microsystems, Wetzlar, Germa-
ny). The software threshold was calibrated once
at the beginning of the analysis to detect only the
positive DAB signal and applied uniformly across
all groups. The mean area percentage of positive
staining from all measured fields was calculated
for each animal, and group means + SD were then
derived. These data were used to compile Tables
5 and 6. Statistical comparisons between groups
were performed as described in the Statistical
Analysis section. (Varghese et al., 2014).

Morphometric analysis

The mean area percentage of collagen fibers
stained with Masson’s trichrome stain and the
mean number of positive immune reactivity in
the tubular epithelium were measured in five
non-overlapping fields from five different sections
of different rats in each group. Measurements

were performed at image analysis unit at the CER-
MA using Leica Q win V.3 program installed on a
computer connected to a Leica DM2500 micro-
scope (Wetzlar, Germany) (Abdelrahman et al.,
2023; Mohamed and Shenouda et al., 2021).

Statistical analysis

All biochemical and morphometric results were
analyzed using IBM SPSS software package ver-
sion 20.0. (IBM Corp., Armonk, NY, USA). Kolmog-
orov-Smirnov test was used to verify the normality
of distribution. Quantitative data were expressed
as mean SD. ANOVA was used for normally dis-
tributed quantitative variables, to compare be-
tween more than two groups, and Post-Hoc test
(Tukey), and were considered significant when
P<0.05 (Kotz et al., 2005; Kirkpatrick et al., 2015).

RESULTS

Morphology and Immunophenotype of BM-
MSCs

Morphological Characterization by inverted
phase contrast microscope

Afterashortperiod of cell culture, spindle adher-
ent cells on the tissue culture plastic were formed.
Proliferation of cells continued and confluence of
70-90% was reached within two weeks. Primary
cells appeared adherent fusiform or polygonal in
shape, having multiple small cytoplasmic projec-
tions. Cultures from passage 0 (P0), passage 1(P1),
passage 2 (P2) and passage 3 (P3) were photo-
graphed when they were almost semi-confluent
(at 50%, 60%, 70%, 80% confluence respectively),
denoting that cellular morphology and prolifer-
ative potential were maintained in the passages
adopted in this study (Fig. 1a, b, c and d, respec-
tively).

Characterization of BM-MSCs by Colony Forming
Unit (CFU) assay

The CFU assay revealed that the cultured cells
contained a subpopulation that can produce new
fibroblast like colonies from single cells (Fig. 2).

Immunophenotyping of MSCs by flow cytometer

A flow cytometer analysis of the BM-MSCs from
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Fig. 1.- Morphological characterization of BM-MSCs showing large, flattened, spindle -shaped fibroblast -like cells. (a) PO
adherent fusiform cells with small cytoplasmic projections at 50% confluence. (b) P1 large spindle -shaped cells with 60%
confluence. (c) P2 large spindle -shaped cells with 70% confluence. (d) P3 large spindle -shaped cells with 80% confluence.

(Inverted phase contrast microscope, X 100). Scale bars: 200 pm.

P3 detected that they were positive for typical
CD44 & CD90 surface markers. It demonstrated
that 97.7 and 98.7% of the cultured BM-MSCs ex-
pressed CD44 and CD90 respectively. On the oth-
er hand, they were negative for the hematopoietic
marker CD45 (Fig. 3 a-d).

Biochemical results

Statistical analysis of the collected data showed
that there was a significantly high increase (P val-
ue < 0.001) in the blood urea nitrogen and serum
creatinine levels in group II when compared to
group I (control). On the other hand, treatment of
cisplatin-induced nephrotoxicity with ALFA, BM-
MSCs and their combination significantly reduced
the serum creatinine and the blood urea level (P
<0.05) in comparison with the cisplatin group.
There was an insignificant difference between
groups IIIb and Illc (Fig. 4a, b) (Tables 1 & 2).

Histological results

H & E stain results

H&E sections of the renal cortex of the Control
group I showed normal renal corpuscles which
appeared as spherical structures surrounded by
Bowman’s capsule enclosing a narrow urinary
space. Proximal convoluted tubules (PCT) ap-
peared having a narrow lumen and lined by a sin-
gle layer of acidophilic cuboidal cells with evident
apical brush border. The distal convoluted tu-
bules (DCT) were having a wider lumen and lined
by more cells at cross sections. Also, the cells lin-
ing the distal tubules were crowded at one side,
forming the macula densa of the juxtaglomerular
apparatus. The renal medulla showed the collect-
ing ducts, lined with simple squamous to cuboi-
dal epithelium with flattened to rounded vesicular
nuclei, respectively (Fig. 5a, b).

Renal cortex of group II showed marked dis-
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Fig. 2.- CFU assay for BM-MSCs at P3 using Crystal Violet stain showing several colonies. (Inverted phase contrast microscope,

X 100). Scale bars: 200 pm.

ruption of the renal cortex histology, where some
renal corpuscles appeared with a wide urinary
space, and some appeared atrophied. Proximal
and distal tubules appeared with widened lumina
and were hardly distinguished. The tubular epi-
thelium showed vacuolation, blebbing, desqua-
mation into the lumina of the tubules. Moreover,
homogeneous eosinophilic materials were detect-
ed in the lumina in some tubules. The epithelial
cells lining some tubules showed pyknotic nuclei.
Foci of inflammatory cells with flattened nuclei
were noticed. Homogeneous acidophilic mate-
rial (hyaline casts) was seen inside the lumen of
some renal tubules. Moreover, there was marked
congestion in the cortical blood vessels and in be-
tween the cortical tubules (Fig. 5 c-e).

Alfacalcidol-treated subgroup Illa did not show
any noticeable improvement, and most of the his-
topathological changes induced by cisplatin toxic-
ity were still detected. These changes included the

distorted cortex with wide areas of degeneration,
renal corpuscles with widened urinary space, and
some corpuscles were atrophied. Proximal and
distal tubules appeared with widened lumina with
homogeneous eosinophilic materials. The tubular
epithelium showed vacuolation, and some cells
showed pyknotic nuclei. Inflammatory cells with
flattened nuclei were noticed (Fig. 6a, b).

The BM-MSCs treated subgroup IIIb showed
some improvement in the form of renal corpus-
cles with restored glomeruli, but still having wide
urinary space. Some cells in the cortical tubules
still showed cytoplasmic vacuolations, while the
rest appeared with normal vesicular nuclei. The
PCT regained their normal appearance; narrow
lumen and apical brush border. Few inflammato-
ry cells were seen (Fig. 6¢, d).

BM-MSCs and-alfacalcidol-treated subgroup
Illc revealed obvious improvement with resto-
ration of the renal corpuscles with intact glomeru-
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li, Bowman’s capsule with ordinary urinary space,
and most cells exhibited normal nuclei. The renal
tubules restored their normal structure with api-
cal brush border, and no inflammatory cells were
observed (Fig. 6¢, ).

Masson’s trichrome stain results

Masson’s trichrome stained sections revealed
collagen deposition in the cortical interstitium
around the renal corpuscles and the renal tubules.
In the Control group I, the collagen deposition was
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Fig. 4.- (a): Serum creatinine level (mg/dl) and (b): BUN level (mg/dl) in the studied groups.

Fig. 5.- a: A photomicrograph of a section of rat’s renal cortex of group I with normal renal architecture. The glomerulus (G)
is surrounded by Bowman’s capsule having an outer layer of simple squamous epithelium and an inner layer with podocytes
and mesangial cells with a urinary space (U). The renal tubules are intact with preserved cytoplasm and nuclei. T macula
densa, (P) PCTs, (D) DCTs, (CD) collecting duct. b: A photomicrograph of a section of rat’s renal medulla of group I showing the
collecting ducts (CD), blood vessels between them (red arrow) and renal interstitium (yellow arrow). c-e: Photomicrographs
of a section of group Il showing: c: renal cortex of atrophied glomeruli (GL). Some tubules are dilated (black star) and no PCTs
could be identified. Other tubules show cytoplasmic vacuolations and hydropic degeneration (*), while some tubules show
desquamation of epithelial cells (black arrow). Inflammatory cells are seen (blue arrow). d: renal cortex showing destruction
of the renal architecture. The glomeruli (GL) are atrophied with wide urinary space (U). Some tubules are dilated with flat
epithelial lining (black star) and shedding of epithelial cells in the lumen (black arrow) and no PCTs could be identified. Some
tubules show cells with pyknotic nuclei (arrowhead). Some cortical congested blood vessels (C) are seen. e: rat’s renal me-
dulla showing dilated renal tubules with acidophilic hyaline materials (H) in the lumen. Marked congestion and peritubular
hemorrhage (C) are noticed. Some tubular cells show vacuolations (*) and others show pyknotic nuclei (arrowhead). Inflam-
matory cells (blue arrow) are seen. (H&E, X400). Scale bars: 50 pm.
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Fig. 6.- a & b: Photomicrographs of section of rat’s kidney from group Illa showing a: the cortex appearing with wide areas of
degeneration and atrophied glomeruli (GL). Some glomeruli show wide urinary space (U). Some tubular cells show cytoplas-
mic vacuolations (*) and pyknotic nuclei (arrowheads). Large collections of inflammatory cells with flattened nuclei are seen
(blue arrow). b: the medulla with dilatation of the renal tubules (black star). Some tubular cells show cytoplasmic vacuolations
(*). Large collections of inflammatory cells with flattened nuclei are seen (blue arrow). Marked congestion and peritubular
hemorrhage are seen in between the tubules (C). Some cells show sloughing of parts of their epithelium inside their lumina.
¢ & d: Photomicrographs of section of rat’s kidney from group IIIb showing c: the cortex appearing with nearly normal renal
corpuscles with restored glomeruli (G) but still having wide urinary space (U). Few tubular cells show slight cytoplasmic vac-
uolations (v). Many normal PCTs (P) show regained apical brush borders, while few PCTs show loss of the apical brush border
of the renal tubular epithelium (*). (D) DCT. d: the medulla appearing with dilatation of tubules (black star). Mild peritubular
congestion is still seen (C). Some tubular cells show pyknotic nuclei (arrowhead). e & f: Photomicrographs of a section of rat’s
kidney from group IIIc showing e: restoration of the renal corpuscles with intact glomeruli (G), layers of Bowman’s capsule
with ordinary urinary space (U). Most cells exhibit normal nuclei, and the tubules restored their normal structure. PCTs (P)
show apical brush border. No inflammatory cells are observed. (D) DCT. f: renal medullary tubules of regular structure lined
with simple cuboidal cells featuring rounded vesicular nuclei and acidophilic cytoplasm. No inflammatory cells are observed.
(CD) Collecting duct. (H&E stain, X400). Scale bars: 50 pm.
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Table 1. Serum creatinine level (mg/dl) in the studied groups

mochemical GRS i Guwf Guuefh  Gwfe
Serum creatinine (mg/dl)
Min. - Max. 0.32-048 1.65-2.80 135-152 056-120 0.60-0.97 o o00. o001+
Mean + SD 0.41+0.06 @ 2.27+041 1.41+0.05 0.84 +£0.27 0.79+£0.12
pl <0.001* <0.001* 0.001* 0.004*
p2 <0.001* <0.001* <0.001*
p3 <0.001* <0.001*
p4 0.992

SD: Standard deviation F: F for One way ANOVA test, Pairwise comparison between each 2 groups was done using Post Hoc Test

(Tukey)

p: p value for comparing the studied groups

pl: p value for comparing Group I and each other groups
p2: p value for comparing Group II and each other groups
p3: p value for comparing Group Illa and each other groups
p4: p value for comparing Group IIIb and Group Illc

*: Statistically significant at p < 0.05

Group I: Control

Group II: Cisplatin

Group IIla: ALFA-treated group

Group IIIb: Stem cell-treated

Group Illc: ALFA+ stem cell-treated

Table 2. BUN level (mg/dl) in the studied groups

mochemical (S Gl Gowla Gowfh Goule
BUN (mg/dl)
Min. - Max. 16.40-19.60 78.0-130.0 49.0-70.0 22.40-35.0 21.0-26.0 165.905*  <0.001*
Mean + SD 18.06 +1.13 106.0+18.35 58.40 + 6.88 28.14 £ 4.27 22.60+1.78

pl <0.001* <0.001* 0.109 0.792

p2 <0.001* <0.001* <0.001*

p3 <0.001* <0.001*

p4 0.647

SD: Standard deviation

F: F for One way ANOVA test, Pairwise comparison between each 2 groups was done using Post Hoc Test (Tukey)

p: p value for comparing the studied groups

pl: p value for comparing Group I and each other groups
p2: p value for comparing Group II and each other groups
p3: p value for comparing Group Illa and each other groups
p4: p value for comparing Group IlIb and Group Illc

*: Statistically significant at p < 0.05

Group I: Control

Group II: Cisplatin

Group IIla: ALFA-treated group

Group IIIb: Stem cell-treated

Group Illc: ALFA+ stem cell-treated

minimal and appeared as a thin rim surrounding
the cortical structures.

However, in group II and the Alfacalcidol-treat-
ed subgroup Illa, collagen deposition was evident
and markedly increased in comparison to the
control group. While, in BM-MSCs-treated sub-
group IIIb, collagen deposition was noticeably de-
creased. The BM-MSCs-and-alfacalcidol-treated

subgroup Illc almost revealed no apparent dif-
ference in collagen deposition from the control
group (Fig. 7 a-e). These findings were further
morphologically measured and statistically ana-
lyzed to confirm the microscopic results (Table 3).
PAS stain results

Sections of the Control group I showed PAS pos-
itive reaction in the basement membranes of pa-
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Table 3. Mean percentage of fibrosis in the studied groups

Group I Group I1 Group IIla Group IIIb Group IlIc F p
(n=10) (n=10) (n=10) (n=10) (n=10)
Percentage of
fibrosis
Min. — Max. 8.96 -10.77 34.46 - 47.08 14.91-19.30 | 10.05-14.63 10.89-12.62 979 974* <0.001*
Mean * SD 9.86 +0.57 38.95 £ 4.50 17.34£1.68 12.38 +1.42 11.57 £0.61
pl <0.001* <0.001* 0.115 0.458
p2 <0.001* <0.001* <0.001*
p3 <0.001* <0.001*
p4 0.931
SD: Standard deviation
F: F for One way ANOVA test, Pairwise comparison between each 2 groups was done using Post Hoc Test (Tukey)
p: p value for comparing the studied groups
pl: p value for comparing Group I and each other groups
p2: p value for comparing Group II and each other groups
p3: p value for comparing Group Illa and each other groups
p4: p value for comparing Group IlIb and Group Illc
*: Statistically significant at p < 0.05
Group I: Control
Group II: Cisplatin
Group Illa: ALFA-treated group
Group IIIb: Stem cell-treated
Group Illc: ALFA+ stem cell-treated
Group Illc: ALFA+ stem cell-treated
Table 4. Semi-quantitative scoring of basement membrane thickness in PAS-stained sections
Score 0 Score 1 Score 2 Score 3
CROSE (Normal) (Mild) (Moderate) (Severe) RIatiE®
Group I (Control) 25 0 0 0 0.00 £0.00
Group II (Cisplatin) 0 3 8 14 2.44+0.51
Group IlIa (Alfacalcidol) 4 9 10 2 1.56 +0.63
Group IIIb (BM-MSCs) 9 11 5 0 1.00+0.45
Group Illc (BM-MSCs + Alfacalcidol) 15 8 2 0 0.56+£0.38

Values indicate number of fields scored in each category (five fields x five rats = 25 fields per group).

rietal layer of Bowman’s capsule and of convolut-
ed tubules, as well as brush borders of proximal
tubules.

The cortex of group I and the Alfacalcidol-treat-
ed subgroup Illa showed renal corpuscles with
noticeably widened tubules. It revealed focal loss
of PAS reaction in most of the PCT, complete or
partial loss of their brush borders with thickened
basement membrane.

In BM-MSCs-treated subgroup IIlb, the cortex
showed some PCT with restored brush border,
while some PCT still showed loss of their brush
border. Thickening of the basement membrane
was still noticed. The BM-MSCs-and-alfacalci-
dol-treated subgroup Ilic revealed that PAS pos-
itive reaction was more or less similar to the con-
trol group (Fig. 8 a-e).

Basement membrane thickness was evalu-
ated in PAS-stained sections, using a blinded
semi-quantitative scoring system. Group II (cis-
platin) showed the highest scores indicating se-
vere thickening, whereas Groups IIIb and Illc
showed markedly reduced scores approaching
control values (Table 4).

Immunohistochemical results

Detection of active caspase-3 in apoptotic cells:
(Table 4)

The control group (group I) showed very weak
cytoplasmic caspase-3 reaction in the glomeru-
li of renal corpuscle, as well as cells lining renal
tubules in comparison to Cisplatin group (group
I1), which showed intense positive cytoplasmic re-



Table 5. Percentage of active caspase-3 immunostaining in the studied groups

Group I Group I1 Group IIla Group IIIb Group IlIc F p
(n=10) (n=10) (n=10) (n=10) (n=10)
Area % of ac-
tive caspase 3
Min. — Max. 2.84-17.10 54.68 - 63.76 37.49-44.34 | 25.84-30.82 15.57-20.07  948064* <0.001*
Mean + SD 4.76 +1.60 59.29 +3.19 40.32+2.16 28.36 +1.79 17.88+1.58
pl <0.001* <0.001* <0.001* <0.001*
p2 <0.001* <0.001* <0.001*
p3 <0.001* <0.001*
pa <0.001*

SD: Standard deviation

F: F for One way ANOVA test, Pairwise comparison between each 2 groups was done using Post Hoc Test (Tukey)

p: p value for comparing the studied groups

pl: p value for comparing Group I and each other groups
p2: p value for comparing Group II and each other groups
p3: p value for comparing Group Illa and each other groups
p4: p value for comparing Group IIIb and Group Illc

*: Statistically significant at p < 0.05

Group I: Control

Group II: Cisplatin

Group Illa: ALFA-treated group

Group IIIb: Stem cell-treated

Group Illc: ALFA+ stem cell-treated

action with significant difference (P < 0.05) from
control group (Table 5).

The alfacalcidol-treated group (group IIla)
showed high positive cytoplasmic caspase-3 re-
action in the glomeruli, together with nuclear and
cytoplasmic expression in the renal lining tubular
cells with a significant difference (P < 0.05) from
control group as well as cisplatin group (Table 5).

The MSCs- treated group (group IIIb) showed
moderate positive cytoplasmic expression of
caspase-3 in the glomeruli, as well as cytoplasmic
and nuclear reaction in some renal tubular cells,
with a significant difference (P < 0.05) from the
control group, cisplatin group, as well as alfacalci-
dol-treated group (Table 5).

The combined Alfacalcidol-and-MSCs-treated
group (group Ilic) showed few positive cytoplas-
mic reactions of caspase-3 in the glomeruli with
cytoplasmic and nuclear expression in the renal
tubular cells, with a significant difference (P <
0.05) from control group, cisplatin group, alfacal-
cidol treated group and MSCs — treated group (Fig.
9 a-f).

Detection of tumor necrosis factor a (TNF-a) in
renal tissue

Control group (group I) showed very weak cyto-
plasmic TNF-a reaction in the glomeruli of renal
corpuscle as well as cells lining renal tubules.

Cisplatin group (group II) showed intense pos-
itive cytoplasmic TNF-a reaction along glomeru-
lus, as well as cytoplasmic and nuclear reaction of
cells lining renal tubules with a significant differ-
ence (P < 0.05) from control group (Table 6).

Alfacalcidol- treated group (group Illa) showed
high positive cytoplasmic TNF-o reaction in the
glomeruli, together with nuclear and cytoplasmic
expression in cells lining renal tubules, with a sig-
nificant difference (P < 0.05) from control group
as well as cisplatin group (Table 6).

MSCs- treated group (group IIIb) showed mod-
erate positive cytoplasmic expression of TNF-ain
the glomeruli, as well as cytoplasmic and nucle-
ar reaction cells lining some renal tubules, with
a significant difference (P < 0.05) from control
group, cisplatin group, as well as alfacalcidol
treated group.

Alfacalcidol-and-MSC-treated group (group IlIc)
showed weak positive cytoplasmic reaction of
TNF-o in the glomeruli, together with weak cyto-
plasmic and nuclear reaction in the renal tubular
cells, with a significant difference (P < 0.05) from
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Table 6. Percentage of TNF-a immunostaining in the studied groups

Group I Group I1 Group IIla Group IIIb Group IlIc F p
(n=10) (n=10) (n=10) (n=10) (n=10)
Area % of
TNF-[
Min. — Max. 1.23-3.57 53.02 -64.24 40.03-47.83 | 32.70-39.51  17.89-22.70 g42916* <0.001*
Mean + SD 2.53+0.79 59.86 + 3.82 43.86 +2.54 35.33+2.22 19.87 +1.50
pl <0.001* <0.001* <0.001* <0.001%
p2 <0.001* <0.001* <0.001*
p3 <0.001* <0.001%
p4 <0.001*

SD: Standard deviation

F: F for One way ANOVA test, Pairwise comparison between each 2 groups was done using Post Hoc Test (Tukey)

p: p value for comparing the studied groups

pl: p value for comparing Group I and each other groups
p2: p value for comparing Group II and each other groups
p3: p value for comparing Group Illa and each other groups
p4: p value for comparing Group IlIb and Group Illc

*: Statistically significant at p < 0.05

Group I: Control

Group II: Cisplatin

Group Illa: ALFA-treated group

Group IIIb: Stem cell-treated

Group Illc: ALFA+ stem cell-treated

control group, cisplatin group, alfacalcidol-treat-
ed group and MSCs — treated group (Fig. 10 a-f)
(Table 6).

Morphometric results

Sections stained by Masson’s trichrome showed
that the mean area percentage of collagen fibers
deposition in the renal cortex in cisplatin group
(group II) was increased significantly in compar-
ison with control group (group I). Treatment of
cisplatin—induced acute nephrotoxicity with alfa-
calcidol (group IIla), MSCs (group IIIb), and their
combination (group Ilic) significantly reduced the
percentage of fibrosis (P < 0.05) in comparison
with the cisplatin group (group II). No significant
difference was shown between the MSCs (group
I1Ib) and the combined-treated groups (group Illc)
(Table 3).

The mean area percentage of caspase-3 im-
munostaining in the renal cortex showed a sig-
nificant increase in the cisplatin group (group
IT) in comparison with the control (group I) and
other treated groups. A significant decrease in
caspase-3 immunoexpression in the MSCs-treat-
ed group (group IIIb) was observed in comparison
with alfacalcidol-treated (group IIla). Moreover,

caspase-3 immunoexpression was significantly
decreased in the combined treated group (group
Illc) in comparison to group IIla and group IIIb
(Table 5).

The mean area percentage of TNF-o immunos-
taining in the renal cortex was highly increased
in the cisplatin group (group II) in comparison to
the control (group I) and other treated groups. A
significant decrease in the TNF-a immunoexpres-
sion in the MSCs-treated group (group IIIb) was
observed in comparison to alfacalcidol-treated
(group IIla). Moreover, TNF-a immunoexpres-
sion was significantly decreased in the combined
treated group (group Illc) in comparison to group
I1Ia and group IIIb (Table 5).

DISCUSSION

Although vitamin-D analogues and MSCs have
each demonstrated renoprotective effects in acute
kidney injury, their combined use in cisplatin-in-
duced nephrotoxicity has not yet been explored.
We hypothesized that alfacalcidol would comple-
ment the effects of MSCs, providing greater pro-
tection of renal structure and function.

The destructive effects of cisplatin were shown
in the current study, such as altered architecture
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Fig. 7.- (a-f): A photomicrograph of a section of rat’s kidney of (a): group I showing minimal deposition of collagen fibers (blue
color) in the renal corpuscles and renal tubules (black arrows), (b): group II showing intense deposition of collagen fibers
in the renal corpuscles together with interstitial fibrosis (black arrows), (c): group Illa showing deposition of collagen fibers
in the renal corpuscles and interstitial tissue (black arrows), (d): group IIIb showing deposition of collagen fibers mainly in
the interstitial tissues (black arrows), (e): group Illc showing mild deposition of collagen fibers in the renal corpuscles and
interstitial tissue (black arrows) (Masson’s trichrome, X200) Scale bars: 100 um. (f): Mean percentage of fibrosis in the studied

groups.

of the kidney, degenerative changes of the renal
corpuscles with atrophy of the glomeruli and
widened urinary spaces. Also, the renal tubules
were dilated, having cytoplasmic vacuolization,
pyknotic nuclei, desquamated epithelial cells and
intraluminal cast formation with loss of the char-
acteristic brush border of PCTs. Moreover, there
were interstitial inflammatory cellular infiltration
and vascular congestion. Similar findings were
mentioned in other studies (Ghaly et al., 2014,
Boulikas et al., 2003).

The actual mechanism of cisplatin-induced
nephrotoxicity is still unknown, and different the-
ories were reported. Among these mechanisms
are DNA damage, mitochondrial dysfunction, lip-
id peroxidation, and structural protein degrada-
tion (Saad et al., 2009; Basnakian et al., 2005; Ali
and Al Moundhri, 2006).

Many authors proved that the direct tubular
damage caused by cisplatin is due to binding of its
platinum component to DNA with formation of in-
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ter- and intra-strand cross-links, thereby halting
DNA synthesis and replication inducing molecu-
lar damage with consequent apoptosis. Moreover,
cisplatin-induced mitochondrial dysfunction led
to DNA damage, with increased production of ROS

creased caspase-3 immunoreactivity in cisplatin
group in the current study, and with the results
of other studies (Abdelrahman et al., 2023; Abd
Elsamie et al., 2023; LZ et al., 2013; Ramesh and
Reeves, 2003).

and free radicals and oxidative stress (Ghaly et al.,

The cisplatin apoptotic pathways include the
2014; Qi et al., 2013). This is consistent with in-

intrinsic pathway involving the cell organelles

Fig. 8.- (a-e): A photomicrograph of a section of rat’s kidney of (a): group I showing a strong positive reaction (dense magenta
red color) in the brush border of the PCTs (P) as well as the glomerular (2 arrows) and tubular (thin arrow) basement mem-
branes, (b): group I demonstrates complete or partial loss of the brush border (green arrow) in most of the PCTs. Some renal
tubules show disruption of their basement membranes (thick arrow) while other tubules show thickening of the basement
membrane (thin arrow). Thickening of the GBM (2 arrows) could be seen, (c): group Illa showing partial or complete loss of
the brush border of the PCTs (green arrow). Some renal tubules show disruption of their basement membrane (thick arrow)
while others demonstrate thickened basement membrane (thin arrow). Thickening of the GBM (2 arrows) could be seen, (d):
group IIIb showing some PCTs that restored their brush border (P) while other tubules still show loss of apical brush border
(green arrow). Thickening of the basement membrane of some tubules (thin arrow) together with slight thickening of the
GBM (2 arrows) is observed, (e): group Illc showing more or less normal thickening of the glomerular (2 arrows) and tubular
(thin arrow) basement membranes. Most of the PCTs restored their brush borders (P). (PAS, X400). Scale bars: 50 pum.
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like mitochondria and endoplasmic reticulum, the activation of specific proteases called execu-
together with the extrinsic pathway, also known tioner caspases, including caspase-3 (Peres and
as the death receptor pathway, which involves the Cunha, 2013).

activation of death receptors in response to bind-

) Desquamation of the renal tubular epithelial
ing membrane receptors. These pathways lead to

cells caused by cisplatin in the current study may

Mean of Area % of active caspase 3
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Group I Group IT GroupIlla ~ GroupIllb  Group Illc

Fig. 9.- (a-f): A photomicrograph of a section of rat’s kidney of (a): group I showing scarce cytoplasmic caspase-3 reaction
along the renal corpuscles as well as renal tubules, (b): group II showing intense positive cytoplasmic caspase-3 reaction
along the renal glomeruli as well as cytoplasmic and nuclear reactions in the cells lining renal tubules, (c): group IIIa show-
ing a positive cytoplasmic caspase-3 reaction along the glomeruli together with nuclear and cytoplasmic expression along
cells lining renal tubules, (d): group IIIb showing a moderate positive cytoplasmic expression of caspase-3 along the renal
glomeruli as well as cytoplasmic and nuclear reaction along some renal tubular cells, (e): group Illc showing low positive
cytoplasmic reaction of caspase-3 along the renal glomeruli and few cytoplasmic and nuclear reactivity to cells lining renal
tubules. (Caspase-3 immunostaining X 400) (f): Percentage of active caspase-3 immunostaining in the studied groups. Scale
bars: 50 pm.

215



Protective role of stem cells in cisplatin induced acute kidney injury

60 4

50 4

40 A

30 A

Mean of Area % of TNFa

y ¢ 0
e — Group 1 Group I1 Group Illa Group IlIb  Group Illc
.

Fig. 10.- (a-f): A photomicrograph of a section of rat’s kidney of (a): group I showing scarce cytoplasmic TNF-a reaction along
the renal glomeruli as well as the renal tubular cell, (b): group II showing a strong positive cytoplasmic TNF-a reaction along
the renal glomeruli with cytoplasmic and nuclear reaction in the renal tubular lining cells, (c): group IIIa showing a positive
cytoplasmic TNF-a expression along the glomeruli together with cytoplasm and nuclei of some cells lining the renal tubule.
(d): group IIIb showing moderate positive cytoplasmic expression of TNF-0, along the glomeruli as well as the cytoplasm
and nuclei of some renal tubular lining cells. (e): group IlIc showing low positive cytoplasmic reactions of TNF-a along the
glomeruli and cells lining the renal tubules. (TNF-acimmunostaining X 400). (f): Percentage of TNF-0 immunostaining in the
studied groups. Scale bars: 50 pm.

be explained by redistribution or alteration of in the development of intraluminal hyaline casts
integrin, which anchors the tubular cells (Abd EI (Sadek et al., 2016). This may cause obstruction of

Zaher et al.,, 2017; Kumar et al., 2013). The inter- urine flow and elevation of intra-tubular pressure,
action of the detached tubular epithelial cells and with tubular dilatation and flattening of tubular