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ABSTRACT

Introduction: Chronic kidney disease (CKD) is a worldwide health problem with rising morbidity & mortality. So, this model
was performed to compare the possible effect of adipose tissue-derived stem cells against platelet-rich plasma on CKD induced
by Adriamycin in adult male albino rats.

Materials and Methods: 46 adult male albino rats were classified into a donor group (n=2) and 4 experimental groups (n= 44):
Group I (Control group), Group II: rats received once i.v injection of Adriamycin (ADR) 6mg/kg. This group was subdivided
into two subgroups including Ila where rats were sacrificed after one week and subgroup IIb where rats were sacrificed after
seven weeks. Group III: rats received ADR then after one week, injected once i.v. by Mesenchymal Stem Cells (MSCs) 2x106
and Group IV: rats received ADR then after one week, injected with Platelet-rich plasma (PRP) 1ml/kg via i.p twice a week for
six successive weeks. Blood samples were withdrawn to measure blood urea nitrogen (BUN) and creatinine levels in serum.
Specimens were stained by Haematoxylin and Eosin (H&E), Masson’s trichrome, Periodic acid Schiff reaction (PAS) stains,
and caspase 3& desmin immunohistochemical stains. A fluorescent microscopic study to detect the PKH-26 labeled Adipose
tissue-derived mesenchymal stem cells was also done.

Results: The results revealed degenerative features of renal specimens in subgroup Ila with declined kidney functions. These
changes were aggravated in subgroup IIb, manifested by marked deposition of collagen fibers, total loss in brush border of
many tubules with severe positive immunoreactivity for caspase-3 & desmin within the renal corpuscle. These results were
further confirmed by statistical and morphometric analysis.

Conclusions: MSCs and PRP could attenuate Adriamycin-induced CKD and restore normal renal structure and functions. PRP

was more effective in reducing damage and promoting the healing of renal tissues.
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INTRODUCTION

Chronic kidney disease (CKD) has become a global
major health issuel'l. It is described as a gradual reduction
in kidney function. CKD is caused by long-term damage to
the renal tissues, which may develop into end stage of renal
disease (ESRD)P.. CKD is a condition that worsens over
time, resulting in severe morbidity and mortality. Current
treatment options cannot help with the regeneration and
functional recovery of kidney injury®.

Drug therapy, dialysis and kidney transplantation are
the most common treatments for renal disorders. Dialysis
and kidney transplantation have improved the life quality
and increased the survival rate of patients with ESRD.
However, both treatments are costly and have several
complications. Moreover, these options are associated
with drug therapy limitations, difficulty of dialysis and
insufficient donors for kidney transplantation. Therefore,
there is a need to develop affordable and efficient new
therapies to delay or reverse the progression of CKD >,
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Adriamycin (ADR) is a broad-spectrum anti-
neoplastic antibiotic, commonly used to treat several
malignancies!®. Nephropathy induced by adriamycin is
a well-known animal model, which mirrors histological
changes observed in human CKD through focal segmental
glomerulosclerosis. It is characterized by podocyte injury,
fibrosis, tubulointerstitial inflammation and glomerular
sclerosis. Because of histological damage, renal impairment
occurs78l,

Mesenchymal stem cells (MSCs) are progenitor cells
that have self-renewal capacity and can differentiate into
multiple lineages. MSCs can be isolated from a range
of tissues including adipose tissue and bone marrow.
MSCs have gradually been used to treat a variety of
disorders, mostly through repairing diseased cells and
rebuilding normal cells. MSCs have proangiogenic, anti-
inflammatory, and immunomodulatory properties® %,

Platelet-rich plasma (PRP) is a tiny amount of plasma
containing an increased concentration of platelets. One of
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the most promising technologies is using PRP in tissue
regeneration!'). The concentration of growth factors that
PRP naturally contains is principally responsible for
its effects like platelet-derived growth factor (PDGF),
endothelial vascular growth factor (VEGF), and growth
factor-like insulin (IGF)!'2,

The purpose of the current study is to evaluate and
compare the possible effect of mesenchymal stem cells,
derived from the adipose tissue, versus platelet-rich plasma
on Adriamycin-induced chronic kidney disease in a rat
model. Histological, immunohistochemical, morphometric
and biochemical methods were applied in this work.

MATERIALS AND METHODS

Chemicals

A. Doxorubicin hydrochloride/ Adriamycin
(Adriadox): in the form of lyophilized powder 50mg
(catalog number 1225703) that was dissolved in 25ml
of saline. It was purchased from RMPL PHARMA LLP,
Mumbai, India.

B. Adipose tissue-derived mesenchymal stem cells
(ADMSCs): PKH-26 labeled mesenchymal stem cells that
were prepared at the unit of tissue culture in the Histology
Department, Faculty of Medicine, Cairo University. They
were prepared from minced rat perirenal tissue, added
collagenase type 1, and centrifuged to obtain a high-density
cell pellet. The pellet was resuspended in Dulbecco’s
Modified Eagle Medium (DMEM), Fetal Bovine Serum,
and Penicillin-Streptomycin and cultured. Then they
were labeled with Paul Karl Horan 26 (PKH-26) (catalog
number MINI26)

C. Platelet Rich Plasma (PRP): PRP was obtained
from the unit of tissue culture, Biochemistry Department
at the Faculty of Medicine, Cairo University. Venous blood
from rats was collected, centrifuged, and plasma collected.
The top layer was removed, leaving 5 mL of plasma as
PRP, stored at -20°C, and thawed.

Experimental animals

This study involved 46 adult male albino rats, aged
around twelve weeks old, weighing 180 grams on average.
The animals were purchased and bred in the Animal House.
Animals were placed in hygienic cages, kept in clean
properly ventilated rooms, and allowed free access to diet
and water. The study was conducted following the ethical
policies and procedures of the Animal Committee of ethics
of Kasr Al-Ainy, Faculty of Medicine, Cairo University
(CU-IACUC) (approval number CU/III/F/23/22).

The study design

Rats were divided into four groups in addition to a
donor group:

Donor Group: It included 2 rats that were used for the
preparation of ADMSCs.

Group I (Control group), 16 rats: Rats were subdivided
into 4 subgroups, 4 rats each as follows:

*  Subgroup IA: Included normal animals that did not
receive any medication or underwent any surgical
intervention. Rats were sacrificed after seven
weeks.

*  Subgroup IB: Each rat received one i.v injection
of about 0.5 ml saline, through the tail vein. They
were sacrificed with subgroup IIb.

*  Subgroup IC: Each rat received as Subgroup IB.
Then one week later, rats also received an i.v
injection of about 0.5 ml of phosphate-buffered
saline (PBS) once and were sacrificed with group
1.

*  Subgroup ID: Each rat received as Subgroup IB.
Then one week later, rats received intraperitoneal
injections of an average of 0.2 ml saline twice a
week. Rats were sacrificed with group I'V.

Group II (Adriamycin group), 12 rats: Induction of
CKD was induced by injection of Adriamycin (Adriadox,
50 mg powder was dissolved in 25ml of saline, RMPL
PHARMA LLP, Mumbai, India). Each rat received one
injection of Adriamycin (ADR) in a dose of 6mg/ kg
(average 1.1mg/each rat) dissolved in 0.5 ml saline, via tail
vein!'3l, This group was subdivided according to time of
sacrification into:

e Subgroup Ila (Adriamycin, 1 week): It included 4
rats that were sacrificed after one week to confirm
the establishment of chronic kidney damage.

*  Subgroup IIb (Adriamycin, 7 weeks): It included 8
rats that were sacrificed after seven weeks!!4l,

Group IIT (MSCs- treated group), 8 rats: Each rat
received ADR with the exact route & dose as in group II.
One week later, each rat received a single i.v injection of
2x106 MSCs in 0.5 ml of PBS, in the tail vein and then
sacrificed after seven weeks!!>161,

Group IV (PRP treated group), 8 rats: Each rat was
given ADR exactly as in group II. One week later, rats
received a dose of 1ml/kg PRP (average 0.2 ml/each rat)
via intraperitoneal injection (i.p) twice a week till the
experiment ended (seven weeks after ADR injection)!”).

Animals were sacrificed by i.p. injection of thiopental
sodium 500 [Egyptian Int- Pharmaceutical Industries CO-
(EIPCO)] in a dose of 50 mg/kg!'®).

Preparation of adipose tissue-derived mesenchymal
stem cells (ADMSCs)

According to the method used by Kelp et al., (2017)
& Hendawy et al., (2021)112% preparation of Paul Karl
Horan 26 (PKH26)-labeled ADMSCs was performed at the
unit of tissue culture, Histology Department.

Preparation of platelet-rich plasma (PRP)

PRP was purchased from the Biochemistry Department.
The used protocol for the preparation of PRP was like that
used previously by Karina et al., 201921,
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Serological and Biochemical studies

Just before sacrification, samples from blood were
collected from the rats’ tail veins for the detection of BUN
and creatinine levels in serum. These parameters were
used for the assessment of renal damage and functional
recovery.

The left kidneys were homogenized for detection of
tissue malondialdehyde (MDA) as a marker of oxidative
stress that was measured by Elisa kits. It was extracted
by the dispersive liquid-liquid microextraction (DLLME)
method and was measured by gas chromatography-mass
spectroscopy (GC/MS). MDA is a harmful product of lipid
peroxidation??!. All the previous studies were done in the
Biochemistry Department.

Histological study

The right kidney sections were fixed in formol saline at
10% concentration for paraffin block preparation. Paraffin
sections (5-7um) were exposed to the following:

i. Hematoxylin and FEosin stain®): to detect
histological changes of kidney structure.

ii. Masson’s trichrome stain®!: to demonstrate the
deposition of collagen fiber.

iii. Periodic Acid Schiff Reaction (PAS) staining!**: to
detect the state of brush borders and basal laminae
of renal tubular cells.

iv. Immunohistochemical staining using the following
primary antibodies?*!:

1. Anti caspase-3 antibody (Rabbit polyclonal
antibody, Thermo Scientific Laboratories
(USA), cat. number RB-1197-R7): marker
to demonstrate apoptosis. The positive
reaction appeared as brown deposits in the
cytoplasm. Positive tissue control was a
specimen of human tonsils according to the
data provided by the antibody manufacturer.
The negative control section was one of
the renal tissue specimens that underwent
the same processing except for adding the
primary antibody.

2. Anti desmin antibody (Mouse monoclonal
antibody [DE-U-10], Abcam plc, England,
catalog number ab6322): marker used
to assess the affection of podocytes. The
cytoplasm of the positive response was
colored brown. Positive tissue control was
a specimen of rat colon, human skeletal
muscle, and mouse cardiac muscle tissue
according to the data provided by the
antibody manufacturer. The negative control
section was one of the renal tissue specimens
by omitting the step of adding the primary
antibody.

Sections for immunohistochemical staining exposed
to antigen retrieval by boiling in citrate buffer at pH
6.0 for about 10 min. Then incubation with the primary
antibody for an hour was done. SP Histostain kit system
(LAB-SA system, San Francisco, USA) was used. Mayer's
hematoxylin was used for counterstaining.

V. Detection of PKH26 labeled ADMCS in unstained
sections by fluorescent microscope (Japan, 7M03285).
Positive sections appeared as red fluorescent color in the
glomeruli & tubules of the cortical kidney.

Positive tissue control was a specimen of the developing
cortex showing young migrating neuron according to
the datasheet provided by the antibody manufacturer.
The negative control section was one of the renal tissue
specimens where no homing of the labeled ADMCS had
been occured, , so no red fluorescent color in kidney cells
was detected in negative control sections.

Morphometric Studies

Data was achieved using the “Leica Qwin 500C”
image analyzer system (Leica Imaging System Ltd,
Cambridge, UK). Randomly chosen ten non-overlapping
fields were used for each measurement. The number of the
affected renal glomeruli was counted in H and E-stained
specimens per low power field (x100 magnification
measuring frame 116964.91 um?). The mean area percent
of collagen deposition per low power field (x200), PAS-
positive material per high power field (x400 inside a
standard measuring frame of area 7286.67um?), caspase-3,
and desmin-positive immunoreactivity per high power
field (x400 inside a standard measuring frame of area
7286.67um?) were also measured.

Statistical Studies

The measurements obtained were examined using
Statistical Package for Social Science (SPSS) version 16
(Chicago- USA). Then comparisons between different
groups were made by one-way analysis of variance
(ANOVA) and then post-hoc Tukey test. Findings were
presented as mean + standard deviation (SD). The
differences were deemed statistically significant when the
probability (p) value was less than 0.05231,

RESULTS
Biochemical Results (Table 1, Histograms 1-3)

Regarding BUN, also creatinine levels in serum, with
tissue malondialdehyde (MDA), the mean values of their
levels for both subgroup Ila (Adriamycin, 1 week) and
subgroup IIb (Adriamycin, 7 weeks) exhibited a significant
rise compared to group I (control). Also, values of these
measurements in subgroup IIb showed a significant rise
compared to subgroup Ila. Moreover, group III (MSCs-
treated group) together with group IV (PRP-treated group)
exhibited a significant decline compared to subgroup IIb.
In addition, group IV showed a significant decline as
regards group III.
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Immunofluorescent Results

Specimens of renal cortex of group III (MSCs -treated
group) expressed homing of MSCs labeled with PKH26 in
the glomeruli & tubules of the cortical kidney (Figure 1).

Hematoxylin and Eosin Results

Examination of renal sections in all control subgroups
showed the normal histological appearance of the cortex
comprised of Malpighian renal corpuscles (each is
composed of a capsular space-enclosed glomerulus).
PCTs exhibited narrow lumina bordered by cuboidal
cells that were highly acidophilic in their cytoplasm
and had vesicular rounded nuclei. DCTs displayed wide
lumen and were bordered by cubical cells which have
vesicular rounded nuclei and lighter acidophilic cytoplasm
(Figure 2).

Sections of subgroup Ila showed distorted renal
corpuscles and destruction of glomeruli with some
shrunken glomeruli were also noticed. In addition,
some renal corpuscles showed a wide capsular space.
The epithelial lining cells of some tubules showed
vacuolated cytoplasm and dark-stained pyknotic nuclei
(Figures 3 A,B).

While specimens in subgroup IIb showed congested
peritubular capillaries, distorted renal corpuscle with
destruction of glomeruli, and widening of the capsular
spaces. Most of the tubular lumina contains cellular debris
in addition to the widening of the lumina some tubules
and vacuolated cytoplasm of tubular epithelial lining
cells. Shedding of tubular epithelial lining cells is detected
(Figure 3C). Distorted renal tubules and peritubular
congestion with focal areas of interstitial mononuclear
infiltration were also demonstrated (Figure 3D).

Specimens from the renal cortex of group III showed
almost preserved glomerular structure with normal capsular
space. The PCTs showed narrow lumina while the DCTs
showed wider lumina (Figure 4A). The preserved structure
of glomerulus (G) with a slight widening of capsular space
was noticed. Most PCTs showed normal architecture with
pale vesicular nuclei of their cells (Figure 4B).

Specimens of group IV displayed an almost restored
normal appearance of glomeruli & PCTs with almost
normal capsular space. In addition, almost all cells of the
tubules have pale vesicular nuclei (Figures 4 C,D).

The mean number of affected renal corpuscles (= SD)
in subgroup Ila (67.19 £ 1.83 per low power field) and in
subgroup IIb (88.07 = 1.55 per low power field) revealed
a significant rise as compared to group I (6.74 + 0.98 per
low power field). Also, subgroup IIb (88.07 + 1.55 per low
power field) exhibited a significant rise as compared to
subgroup Ila (67.19 £ 1.83 per low power field). Group
1T (37.79 += 1.71 per low power field) & group IV (19.27
+ 1.33 per low power field) showed a significant decline
in comparison to subgroup IIb (88.07 = 1.55 per low
power field). Also, group IV (19.27 £+ 1.33) displayed a

significant decrease compared to group III (37.79 + 1.71
per low power field) [Table 2, Histogram 47].

Masson’s Trichrome Results

Specimens from the cortex in group I (control group)
exhibited typical collagen distribution (Figure 5A). While
sections of subgroup Ila (Adriamycin, 1 week) showed
more distribution of collagen within capillaries of glomeruli
and in between the kidney tubules (Figure 5B). Subgroup
IIb (Adriamycin, 7 weeks) exhibited marked deposition of
collagen fibers (Figure 5C).

Specimens of group 111 (MSCs-treated group) displayed
moderate deposition of collagen fibers (Figure SD). Also,
sections of group IV (PRP-treated group) displayed fewer
distribution of collagen within capillaries of glomeruli and
in between the kidney tubules (Figure 5E).

PAS-Stained Sections Results

Sections in group I (control group) exhibited preserved
brush border and distinct basal laminae of multiple
cortical tubules (Figure 6A). But sections of subgroup Ila
(Adriamycin, 1 week) showed partial and complete loss
of several tubules' brush borders. With interrupted basal
laminae of some tubules (Figure 6B). Sections of subgroup
IIb (Adriamycin, 7 weeks) displayed partially in addition
to total loss of brush border in a lot of cortical renal tubules
with interrupted basal laminae of some of the PCTs &
DCTs (Figure 6C).

Whereas sections of group III (MSCs-treated group)
showed intact brush borders in many tubules with
interruption of basal laminae of some PCTs & DCTs
(Figure 6D). In addition, sections of renal tubules in group
IV (PRP-treated group) showed preserved brush borders
& intact basal laminae in most of the cortical renal tubules
(Figure 6E).

Immunohistochemical Stains
Caspase-3 Stained Sections Results

Sections of group I showed minimal positive
cytoplasmic reactivity to caspase-3 within the renal
corpuscles and tubules (Figure 7A). Whilst specimens
of subgroup Ila displayed moderate cytoplasmic positive
immunoreactivity of caspase-3 within kidney corpuscle &
tubules (Figure 7B).

Sections of subgroup IIb exhibited marked cytoplasmic
positive immunoreactivity of caspase-3 within the kidney
corpuscle & tubules (Figure 7C). Sections of group III
showed mild cytoplasmic immunoreactivity of caspase-3
within kidney corpuscle & tubules (Figure 7D). Sections
from renal cortex group IV showed minimal reaction to
caspase-3 within the cytoplasm of renal corpuscle &
tubules (Figure 7E).

Desmin-Stained Sections Results

Sections in group I showed a negative reaction to
desmin within glomeruli (Figure 8A). While sections of
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subgroup Ila displayed moderate cytoplasmic positive
immunoreactivity within glomeruli (Figure 8B).

Specimens of subgroup IIb exhibited strong
cytoplasmic positive immunoreactivity within glomeruli
(Figure 8C). Specimens of group III showed mild
cytoplasmic immunoreactivity within glomeruli (Figure
8D). Specimens of group IV revealed minimal cytoplasmic
immunoreactivity within glomeruli (Figure 8E).

Morphometric Results (Table 2, Histograms 4-8)

Regarding the number of affected renal corpuscles,
the area percentage of collagen fibers, caspase-3, and
desmin positive immunoreaction, values of subgroup Ila
and subgroup IIb their values revealed a significant rise
as compared to group I. Also, subgroup IIb exhibited a
significant rise as compared to subgroup Ila. Group III

& group IV showed a significant decline in comparison
to subgroup IIb. Also, group IV displayed a significant
decrease compared to group II1.

Concerning the area % of PAS- positive reaction,
measurements in subgroups Ila & IIb displayed a significant
decline as compared to group I. Subgroup IIb displayed a
significant decline compared to subgroup Ila. Both groups
III and IV displayed a significant rise in contrast with
subgroup IIb. Group IV showed a significant increase as
compared to Group III.

Immunofluorescent Results

PKH26 labeled ADMCS displayed intense red
fluorescence by fluorescent microscope in the glomeruli &
tubules of the cortical kidney demonstrating that they had
been seeded in the renal tissue (Figure 1).

Fig. 1: photomicrographs of sections of group III (MSCs- treated group) display homing of the PKH 26- labeled MSCs in the glomeruli & cortical renal tubules

(white arrows) (A: x200) (B: x400).

Fig. 2: [H& E]: A: photomicrograph from a section in group I (X 200) showing the normal histological appearance of the cortex comprised of Malpighian
corpuscles composed of glomerulus (G) and capsular space (arrowheads) around. PCTs (P) with narrow lumina and DCTs (D) with wider lumina are also
evident. B: Specimens of group I (X 400) showing PCTs bordered by high cells, cuboidal in shape with rounded vesicular nuclei & deeply acidophilic cytoplasm
(arrows). While DCTs (D) have a wide lumen & are lined with cells having rounded vesicular nuclei, cubical and with lighter acidophilic cytoplasm (triangles).
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Fig. 3: [H& E]: A (x 200): a photomicrograph from a section of the renal cortex in subgroup Ila (Adriamycin, 1 week) displaying distorted renal corpuscles with
destruction of glomeruli (G) with some shrunken glomeruli (spiral arrows). B (X 400): showing widening of the capsular space of Malpighian renal corpuscle
(arrowhead). Vacuolated cytoplasm (V) & dark-stained nuclei (arrows) of the tubular epithelial lining cells. C (x 200): A photomicrograph of a section in
subgroup IIb (Adriamycin, 7 weeks) showing congested peritubular capillary (C), distorted renal corpuscle with destruction of glomeruli (G), and widening
of the capsular space (arrowhead). Most lumina have cellular debris (curved arrows). A widened tubular lumen (star) is also noted. Vacuolated cytoplasm (V)
of tubular epithelial lining cells is also evident with the shedding of tubular epithelial lining cells (spiral arrow). D (x 400): Section of subgroup IIb showing
distorted renal tubules (astrix), peritubular vascular congestion (C) with focal areas of interstitial mononuclear

Fig. 4: [H& E]: A (x 200): Photomicrograph from section of group IIT (MSCs treated group) displaying an almost preserved glomerular (G) structure with some congestion with
almost normal width of the capsular space (arrowheads). A lot of the PCTs (P) &DCTs (D) are almost apparently histologically normal. B (x 400): Section from the renal cortex
in group III showing the preserved structure of glomerulus (G) with a slight widening of capsular space capsular space (arrowhead). Many tubular cells of the PCT (P) have pale
vesicular nuclei (arrows). C (x 200): A section in the renal cortex of group IV (PRP-treated group exhibiting preserved normal structure of the glomeruli (G). With the apparently
normal structure of most of the PCTs (P) and DCTs (D). D (x 400): A section in the renal cortex showing almost restored normal glomerular structure (G) with capsular space
(arrowheads). PCTs (P) show preserved structure and nearly every tubule cell has a pale nucleus (arrows).
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Fig. 5: (Masson trichrome x200): photomicrograph from a section in the renal cortex in group I (A): displaying the normal deposition of collagen fibers
(arrows) within glomerular capillaries & among renal tubules. Subgroup Ila (B): showing more collagen distribution (arrows) in glomerular capillaries and
among tubules. Subgroup IIb (C): exhibiting marked deposition of collagen fibers (arrows). Group III (D): shows moderate deposition of collagen fibers
(arrows). Group IV (E): showing fewer distribution of collagen (arrows) within glomerular capillaries & between the tubules.
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Fig. 6: (PAS x400): A section of group I (A): showing preserved brush border (arrows) and distinct basal laminae of multiple cortical tubules (arrowheads).
Subgroup Ila (B): showing partial (spiral arrows) & complete disappearance of the brush border in many tubules (arrows). Interrupted tubular lamina (arrowhead)
is also evident. Subgroup IIb (C): exhibiting partial (spiral arrows) and total (arrows) disappearance of the brush border from most tubules with interrupted basal
lamina in some PCTs & DCTs (arrowheads). Group I1I (D): showing preserved brush border (arrows) in many tubules with interrupted laminae of some PCTs
& DCTs (arrowheads). Group IV (E): showing preserved brush borders (arrows) & basal laminae of a lot of tubules (arrowheads).
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Fig. 7: (Caspase-3 immunostaining x400): photomicrograph of sections from renal cortex of group I (A): displaying minimal positive immunoreactivity in
the cytoplasm (arrows) to caspase-3 within renal corpuscles together with renal tubular cells. Subgroup Ila (B): demonstrating moderate cytoplasmic positive
immunoreactivity (arrows) within renal corpuscle and renal tubular cells. Subgroup IIb (C): exhibiting marked cytoplasmic positive immunoreactivity (arrows)
to caspase-3 in renal corpuscles and tubular cells. Group III (D): showing mild cytoplasmic immunoreactivity (arrows) for caspase-3 within renal corpuscle and
renal tubular cells. Group IV (E): showing minimal cytoplasmic immunoreactivity (arrows) in renal corpuscle and renal tubular cells.
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Fig. 8: (Desmin immunostaining x400): photomicrograph from sections in renal cortex in group I (A): displaying negative reaction for desmin within
glomerulus. Subgroup Ila (B): demonstrating moderate cytoplasmic positive immunoreactivity (Thick arrows) within glomeruli. Subgroup IIb (C): exhibiting
strong cytoplasmic positive immunoreactivity (Thick arrows) within glomeruli. Group III (D): showing mild cytoplasmic immunoreactivity (Thick arrows)
within the glomerulus. Group IV (E): showing minimal cytoplasmic immunoreactivity (Thick arrows) within the glomerulus
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Table 1: Values of serum BUN in (mg/ dL), levels of serum creatinine (mg/ dL) & tissue MDA (nanomolar/mg protein) (+ SD) in the studied
groups.

Mean serum blood urea nitrogen (mg/dl) Mean tissue MDA (nanomolar/mg

Groups Mean serum creatinine (mg/dl) + SD

+SD protein) + SD
Group I 23.95+2.1 0.26 +0.07 35.9+1.86
Subgroup Ila 63.3 £2% 1.62 +0.09* 90.01 =+ 3.54*
Subgroup IIb 85.73 £ 1.42%" 2.324£0.37* 128.65 £ 1.31*7
Group III 40.77 £ 1.79#* 0.95+0.11#* 70.39 + 7.08#*
Group IV 32.75 £ 1.38#e* 0.6 + 0.09#e* 55.66 £ 1.12#e*
* Significant rise compared to control (»p<0.05). ~ Significant rise compared to subgroup Ila (p<0.05).
# Significant decrease in relation to subgroup IIb (p<0.05). » Significant decrease compared to group III (p<0.05).

Table 2: Mean number (+ SD) in affected kidney corpuscles in low- power fields x 200, mean area % (+ SD) of collagen in low- power fields
x 200, caspase 3 using high- power fields x 400, desmin and PAS positive immunoreactivity using high- power fields x 400 inside a standard
measuring frame of area (7286.67 um?).

Mean number of ~ Mean area percentage Mean area percent of Mean area percent of Desmin Mean area percentage
Groups renal corpuscles of collagen fibers Caspase-3 positive positive immunoreactivity of PAS-positive reaction
(= SD) (£ SD) immunoreactivity (+ SD) (£ SD) (£ SD)
Group 1 6.74 £ 0.98 13.98 £2.55 3.02+1.05 0.00 23.94+1.86
Subgroup Ila 67.19 + 1.83* 55.88 £ 4.47* 3577 +£2.33* 8.3+0.5* 8+ 1.39%
Subgroup IIb 88.07 £ 1.55%» 74.54 £ 4.71*7 52.79 £ 5.41*~ 22.3+£1.1% 3.06 £ 0.47*"
Group 11T 37.79 £ 1.71#* 37.36 £ 2.56#* 23.91 + 1.63#* 3.24+0.8 #* 12.88 + 0.81#*
Group IV 19.27 & 1.33#* 24.97 £ 2.22#* 15.09 + 1.49#* 2.5+0.6#* 16.94 + 0.92#*
* Significant rise compared to control (»p<0.05). ~ Significant rise compared to subgroup Ila (p<0.05).
# Significant decrease in relation to subgroup IIb (p<0.05). » Significant decrease compared to group III (p<0.05).
Mean values of serum blood urea nitrogen level Mean values of tissue MDA level
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Histogram 1: Mean values of serum blood urea nitrogen in the studied
groups: (*) Significant increase as compared to control group, (")
Significant increase as compared to subgroup Ila, (#) Significant decrease
as compared to subgroup IIb, (¢) Significant decrease as compared to

group III (P < 0.05).

Histogram 3: Mean values of tissue MDA in the studied groups: (*)
Significant increase as compared to control group, () Significant increase
as compared to subgroup Ila, (#) Significant decrease as compared to
subgroup IIb, (*) Significant decrease as compared to group I1I (P < 0.05)
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Histogram 2: Mean values of serum creatinine levels in the studied
groups: (*) Significant increase as compared to control group, (")
Significant increase as compared to subgroup Ila, (#) Significant decrease
as compared to subgroup IIb, (¢) Significant decrease as compared to

Histogarm 4: Mean number of affected renal corpuscles in the studied
groups: (*) Significant increase as compared to control group, (")
Significant increase as compared to subgroup Ila, (#) Significant decrease
as compared to subgroup IIb, (¢) Significant decrease as compared to
group I (P < 0.05). group 11 (P < 0.05).
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Mean area percent of collagen fibers
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Histogarm 5: Mean area percent of collagen fibers in the studied groups:
(*) Significant increase as compared to control group, (*) Significant
increase as compared to subgroup Ila, (#) Significant decrease as compared

to subgroup IIb, (¢) Significant decrease as compared to group III (P < 0.05).
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Histogarm 6: Mean area percent of Caspase-3 positive immunoreactivity
in the studied groups: (*) Significant increase as compared to control
group, (*) Significant increase as compared to subgroup Ila, (#)
Significant decrease as compared to subgroup IIb, (¢) Significant decrease

as compared to group III (P < 0.05).
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Histogarm 7: Mean area percent of Desmin positive immunoreactivity in
the studied groups: (*) Significant increase as compared to control group,
(") Significant increase as compared to subgroup Ila, (#) Significant
decrease as compared to subgroup IIb, (¢) Significant decrease as

compared to group IIT (P < 0.05).
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Histogarm 8: Mean area percent of PAS positive reaction in the studied
groups: (*) Significant decrease as compared to control group, (%)
Significant decrease as compared to subgroup Ila, (#) Significant increase
as compared to subgroups IIb, (¢) Significant increase as compared to

group IIT (P < 0.05).

DISCUSSION

Chronickidney disease (CKD) is known as a progressive
disease which diminishes kidney function and causes
kidney damage®®. This study aimed at comparing the
possible impact of adipose tissue stem cells versus platelet-
rich plasma in CKD caused by Adriamycin in adult albino
rats. Adriamycin (ADR) is preferred to induce chronic
kidney disease as it can provide a model with histological
changes like those found in human focal segmental
glomerulosclerosis (FSGS)™?’). This disease can progress to
glomerular sclerosis and fibrosis. These changes can appear
as soon as 1-2 weeks after Adriamycin administration. The
damage progressively increases and lasts more than six
weeks after a single dose of Adriamycin#°!.

In the present work, subgroup Ila displayed a significant
rise in BUN in addition to serum levels of creatinine that
were progressively elevated in subgroup IIb, suggesting
deterioration of renal function. Similar results were
previously reported by Lee and Harris, 2011 and Ding
et al., 20132351 In addition, it was also documented that
progressive elevation in renal function tests occurs after
one week and up to sixty days after a single injection of
ADRUI, That can be due to the direct harmful impact of
Adriamycin and tubular cell release of chemokines with
subsequent oxidant damage®®!.

Malondialdehyde (MDA) is recognized as a reliable
marker to oxidative stress which is involved in tissue
damage through DNA damage and lipid peroxidation
together with modification of proteins. In this work, tissue
MDA level was significantly elevated in subgroup Ila and
more elevated in subgroup IIb. This was supported by a
previous study that showed that Adriamycin-induced
oxidative stress led to mitochondrial dysfunction, and
damage of cellular components and membrane lipids. This
causes lipid peroxidation and release of reactive aldehydes
such as MDABY,

In our study, sections stained with H&E of subgroup Ila
revealed degenerative changes in the kidney architecture.
These changes became aggravated in subgroup IIb which
might indicate the progressive worsening of the condition.
These changes appeared as the destruction of glomeruli
with the widening of capsular space. Dilatation of renal
tubules and the presence of debris inside their lumina
were detected. Vacuolated cytoplasm, and dark pyknotic
nuclei, in addition to the shedding of some cortical tubular
epithelial cells were also evident. In addition, interstitial
mononuclear cell infiltration together with congestion of
peritubular capillaries was noticed. Damage was confirmed
by morphometric measurements and analysis that revealed
a significant progressive rise in the number of the affected
glomeruli in both subgroups.

The current findings are similar to a previous study
that reported distortion of glomeruli with dilated capsular
spacels. Also, marked renal tubular degeneration with
exfoliation of their cells in addition to inflammatory
cell infiltration and congestion were detected. Besides,
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marked desquamation was noticed in the epithelial cells
belonging to renal tubules®. Furthermore, condensation
of chromatin of renal tubular cells may be considered as
a sign of apoptosis induced after Adriamycin injection®*.
Previously mentioned findings clarified that Adriamycin-
induced nephropathy is an ideal model of FSGS that results
in renal impairment®*,

It was reported that a shrunken glomerular capillary tuft
might explain the presence of widened capsular space*®l.
The desquamation of epithelial cells lining the renal
tubules could be attributed to severe oxidative stress of
renal tubular cellsP”. In addition, the vacuolated cytoplasm
of renal tubular cells is one of the important sequelae to
cell damage, possibly due to increased cell membrane
permeability®®®l. Consequently, the cell accumulates water
forming cytoplasmic vacuolation. FSGS can lead to
progressive proteinuria which leads to tubulointerstitial
injury that is manifested by severe inflammatory cell
infiltration". The presence of mononuclear cell infiltration
was explained by the release of chemokines and cytokines
as a result of the inflammatory response caused by injured
renal epithelial®,

The brush border and basal laminae of the renal
convoluted tubules were evaluated by using a PAS
stain™, In the current study, examination of PAS-stained
specimens exhibited both partial & total disappearance
of the brush border of the tubules with interrupted basal
lamina in tubules of subgroup Ila and was exaggerated in
subgroup IIb. It was previously reported that loss of tubular
brush border occurs in adriamycin-treated animals!*!l. The
loss of tubular brush border was explained by Adriamycin-
induced oxidative stress with subsequent formation of
free radicals in the renal tissue*?. The shedding of renal
tubular cells by necrosis or apoptosis leads to tubular
cells' detachment from the basement membrane leaving
behind regions of the affected basement membranet*®.
The impaired integrity of basement membrane in chronic
kidney disease results in proteinuria with injured tubules
leading to interstitial inflammation and fibrosis together
with collagen deposition!'].

Massons' trichrome stain is used for the detection of
collagen deposition in renal tissue. This is considered
an indicator of renal fibrosis in CKDM4. In this work,
renal sections revealed increased distribution of collagen
between glomerular capillaries, and also between kidney
tubules in subgroup Ila that became more severe in
subgroup IIb. These results were further confirmed by
morphometric & statistical analysis. Renal fibrosis was
attributed to Adriamycin-induced inflammation and
the elevated levels of transforming growth factor -1
(TGF-B1) which is thought to be a crucial mediating factor
in fibrosis development. It leads to increased secretion of
extracellular matrix (ECM)*. Additionally, the process
of renal fibrosis through the infiltration of inflammatory
cells could be explained by proliferation and activation of
fibroblasts, and tubular and microvascular degeneration.
Chen et al., 2022 reported that the release of TGF-B1 is
essential for triggering fibrosis and promoting its spread™ !,

Caspase-3 is one of the Bcl-2 family which has a
great role in the regulation of apoptosis and is used
to detect apoptosis*’l. Increased positive cytoplasmic
immunoreactivity for caspase-3 within the renal corpuscles
and tubules was observed in subgroup Ila with a marked
rise in subgroup IIb. Results were further established by
morphometric and statistical studies. Increased expression
of caspase-3 within renal corpuscles after one week of
adriamycin administration was previously reported™®!.
These findings were attributed to the action of Adriamycin
which can induce apoptosis by increasing the apoptotic
BAX gene's expression and inhibiting the expression of
antiapoptotic Bel-2 in an FSGS model™.

In many chronic kidney disorders, the primary source of
proteinuria and glomerular injury is podocyte destruction.
In addition to serving as the mechanical and charge
barriers, podocytes also control hydrostatic pressure and
preserve the regular opening of glomerular capillary loops.

Podocyte damage and dysfunction result in proteinuria
and glomerulosclerosis®®. Desmin is an intermediate
filament protein known to be an indicator of podocyte
injury. In different glomerular diseases, expression was
upregulated where podocytic injuries were found. The
epithelial dedifferentiation of podocyte was accompanied
by induction of markers like desmin. Elevation of
transforming growth factor-B1 in the destroyed sections
may lead to podocyte epithelial dedifferentiation and
mesenchymal transition. However, desmin production
in podocytes is thought to be a crucial indicator of
the podocyte epithelial-to-mesenchymal transition as
explained by Salem et al., 201754,

In this study, the treated group (group III) showed
improvement regarding kidney functions as detected by
significantly decreased levels of BUN, serum creatinine,
and tissue MDA levels as compared to subgroup IIb. It
was previously reported that MSCs could enhance renal
function and lower levels of BUN & serum creatinine in
a FSGS model®?. Also, a significant reduction of MDA
levels was reported after treatment of liver fibrosis with
MSCsB3l,

Regarding morphological alterations, H&E-stained
sections of group III exhibited improvement in renal
architecture. Most of the glomeruli appeared with
preserved structure and normal capsular space. Also, most
of the cortical kidney tubules showed apparently normal
architecture. The morphometric analysis confirmed
the findings observed in the glomeruli and revealed a
statistically significant decline in the number of damaged
glomeruli after MSC therapy. It was previously declared
that MSCs can enhance renal tubular regeneration and
restore renal function®*3],

As regards PAS-stained sections, Group III showed
preserved brush border in many tubules. This observation
was previously reported by the restoration of renal tubular
brush border after administration of MSCsP’l. Regarding
Masson’s trichrome stain, results revealed an apparent
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decrease in the collagen fibers within glomerular capillaries
and between the kidney tubules, this was previously
consistent with Almeida er al., 2022P%. Concerning
caspase-3 immunohistochemically stained sections of
group I1I mild cytoplasmic immunoreactivity to caspase-3
within the corpuscles and tubules were observed. These
results were previously documented Sarhan et al., 201457,

In the current study, MSCs migrated to the glomeruli
and cortical renal tubules. That was confirmed by the
homing of PKH26- labeled MSCs which showed red
fluorescence colour when examined by fluorescent
microscope. Chemokines are released in response to tissue
injury. MSCs express receptors for various chemokines.
Elevated levels of chemokines in the inflammatory sites
direct MSCs to migrate to affected sites®®.

The previously mentioned findings elucidated the
protective effects of MSC administration. These results
were attributed to the release of different growth factors
& cytokines that have anti-inflammatory in addition to
anti-apoptotic, and regenerative functions?®”). Additionally,
the MSCs' precise mechanisms for healing the damaged
kidney may involve either trans-differentiation into tubular
cells or paracrine mechanisms™*). MSCs can differentiate
into tubular epithelial cells and expand the proliferation
of tubular cells. Furthermore, MSCs can produce
enzymes that can detoxify ROS and manage oxidative
damagel'®. Moreover, MSCs have an anti-fibrotic effect,
that is achieved by increasing the expression of matrix
metalloproteinase (MMP) and inhibiting TGF-B1 and
macrophage infiltration®!. Furthermore, the anti-apoptotic
effect of MSCs was linked to their ability to inhibit the
intrinsic apoptotic signaling pathway. MSCs reduce the
expression of BAX and enhance the expression of Bcl-2.
Thus, reducing the BAX/Bcl-2 ratio®!,

In our work, PRP- treated group (Group IV) showed
obvious preservation of both the function and structure of
renal tissues. As regards BUN, serum creatinine levels,
and MDA levels, a significant reduction was detected in
group IV as compared to subgroup IIb & group III. This
suggests that PRP could protect against ROS and restore
renal functions. Similar results were confirmed by Keshk
and Zahran, 2019 & Hegab et al., 20190739, In this study,
sections stained by H&E of group IV revealed almost
restored normal glomerular and tubular structures. It was
reported that apparent improvement in renal architecture
occurs after treatment with PRP in a rat model of CKDI!'7.,

PAS-stained specimens of group I'V showed preserved
brush border in lots of the tubules in addition to complete
restoration of the tubular basal lamina. It was previously
noticed that a strong positive PAS reaction in liver sections
after treatment of hepatotoxicity with PRP®!l.

Concerning Masson’s trichrome stain, an almost normal
deposition of collagen fibers among glomerular capillaries
was restored consistent with a previous study that observed
a significant reduction in the distribution of the collagen
after administration of PRP in a rat model of fibrosis

in the liver®. Similarly, it was reported that PRP can
reduce fibrosis in gentamicin-treated ratsi®’l. Additionally,
immunohistochemical stained renal sections of group
IV revealed minimal cytoplasmic immunoreactivity for
caspase-3 within renal corpuscle and tubules. This is
consistent with a previous study that observed minimal
caspase-3 immunoreactivity after treatment with PRP in a
model of diabetic neuropathy in ratsf,

The results of the present work elucidated the
nephroprotective effects of PRP. They increase the
production of antioxidant enzymes to repair damage due
to lipid peroxidation processes. It was also mentioned that
PRP has antioxidant effects viareducing ROS generation!®*.
The PRP releases a significant amount of growth factors
including adenosine diphosphate (ADP), hepatocyte
growth factor (HGF), and epidermal growth factor (EGF).
It also produces insulin-like growth factor 1 (IGF-1) &
adenosine triphosphate (ATP). Such growth factors help
to regenerate renal tubular cells and restore renal function
and kidney structure after injury®®. Similarly, PRP houses
various amounts of growth factors and cytokines, which can
play an important role in the proliferation, vascularization,
differentiation, and regeneration of cells together with their
anti-fibrotic and anti-inflammatory characteristicst®’.

Moreover, the anti-fibrotic role of PRP is attributed to
its content of hepatocyte growth factor (HGF) that has anti-
fibrotic activity in the kidney®*. This function is achieved
by opposing the action of TGF-f1 with subsequent
inhibition of interstitial fibroblasts’ activity. Additionally,
PRP is postulated to have anti-apoptotic activity by
reducing the expression of apoptotic genes®®!,

CONCLUSION

Administration of MSCs and PRP enhanced the
recovery of Adriamycin-induced kidney damage both
structurally and functionally. However, the therapeutic
effect of PRP in the treatment of Adriamycin-induced CKD
was better than that of ADMSCs.
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