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Abstract 

Background: Chronic kidney disease (CKD) is a worldwide health problem, and the number of af-
fected individuals is steadily increasing over time. It has been suggested that mesenchymal stem 
cells can be used as a novel treatment option for the management of CKD, based on encouraging 
data from rodent studies. Adipose-Derived (ADMSCs) are attractive sources of stem cells which 
have the capacity to differentiate into other cell types such as adipocytes, myocytes, osteoblasts, 
and neurons. Aim: The present study aimed to elucidate the potential role of adipose stem cells 
in the treatment of chronic kidney diseases. Oxidative stress was evaluated besides the histo-
pathological findings. Subjects and Methods: Three groups of rats (10 rats each) were studied for 
12 weeks after induction of CKD in 2 groups one of them treated with ADMSCs, Oxidative stress 
was measured in kidney tissue. Results: The oxidative stress capacity of the kidney was better in 
rats treated with ADMSCs than in the non-treated group. Histopathological examination revealed 
amelioration of renal tissue on treatment with adipose stem cells. Expression of mitochondrial 
DNA was also improved. Conclusion: ADMSCs can reduce the severity of the renal injury and pre-
vent the progression of renal fibrosis after injury through suppressing oxidative stress  
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Introduction  

In Egypt, there are no recent data about 
the prevalence of ESRD; however, the last 
statistics was performed in 2004, with a 
prevalence of 483 ppm (patient per mil-
lion)(1). It is defined as reduction in kidney 
function, demonstrated by decreased glo-
merular filtration rate (GFR), or evidence 
of kidney damage, such as increased excre-
tion of urinary albumin, increased serum 
creatine or urea(2). MSCs are pluripotent, 

long, shuttle-shaped, fibroblast like cells 
that are presented in almost all body tis-
sues, including the bone marrow, perios-
teum, fat tissue, pulp, synovium, umbilical 
cord, placenta, amniotic fluid and fetal tis-
sues(3) Thus, MSCs become the preferred 
seeds for tissue engineering. After sys-
temic infusion, MSCs can preferentially mi-
grate into sites of inflammation and in-
jury(4,5). ADMSCs have the advantages of 
minimal invasiveness of harvesting and 
plentiful supply from culturing. These cells 
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have no ethical problem regarding the 
source and less concern about allo- and 
xenografting. Most importantly, ADMSCs 
have more potent anti-inflammatory and 
immune-modulating functions than 
BMSCs(6). Structural characteristics in CKD, 
loss of renal energy, and uremia result in an 
imbalance between free radical produc-
tion and antioxidant defenses. Oxidative 
stress because of the increase in reactive 
oxygen species (ROS) and decrease in anti-
oxidant defenses is prevalent in many 
health problems like CKD and it still exists 
after transplantation. Oxidative com-
pounds have physiologic defense mecha-
nisms in the body, but imbalance in oxidant 
generation results in tissue damage. Oxida-
tive stress induces endothelial dysfunction 
and progression of atherosclerosis in pa-
tients with CKD(7). Combining the above 
facts together, the present study hypothe-
sized that administration of adipose de-
rived mesenchymal stem cells could poten-
tially reverse this scenario. Therefore, the 
current study evaluated the antioxidant ef-
fect of adipose derived mesenchymal stem 
cells in adriamycin induced chronic renal 
failure in rats.  

Materials and Methods 

Animals 
Thirty male white albino rats of local strain 
with an average weight of (200± 20 gm.) 
were selected and included in this study, 
they were brought from the national re-
search center, Cairo. Animals were housed 
in spacious plastic cages at controlled 
room temperature and were kept with free 
access to standard rat chow diet and tap 
water. They were left for acclimatization 
for one week before the start of the study. 
Animal's care before and during the exper-
imental procedures was done in accord-
ance with the guidelines of the Animal Eth-
ical Committee, Faculty of Medicine, Suez 
Canal University. The study was approved 

by the Animal Research Ethics Committee 
of the colleague. After acclimatization rats 
were randomly divided into 3 groups, 10 
rats per group where Group 1: (Normal 
group), the rats received 0.5mL saline as a 
single intravenous injection (in the tail 
vein). Group 2: (Adriamycin group), the rats 
received a single intravenous injection (tail 
vein) of ADR at a dose of 5 mg/kg of body 
weight(8). Group 3: (AD-MSCs group), rats 
received AD-MSCs (2×106 cells suspended 
in 1 ml saline) one week after the ADR injec-
tion(9).  

Chemicals 
1-Drugs:  
Doxorubicin hydrochloride (ADR) was purchased in 
the form of vials (50 mg /25 mL saline) from Oncol-
ogy Unit Suez Canal University Hospital, Saline.  

2-Reagents:  
A) Reagents for stem cell adipose separation and cul-
ture: Collagenase type I (cat. no. C-0130, Sigma-Al-
drich), Hanks Balanced Salt Solution (HBSS, without 
phenol red; cat. No. 14025-050, Gibco- BRL), Fetal 
bovine serum FBS (FBS, cat. no. F6178, sigma-Al-
drich), Phosphate buffered saline (PBS) (Lonza-bel-
gium, cat. No. BE17-516F), Dulbecco’s modified Ea-
gle’s medium (DMEM) Low Glucose, w/L-Gluta-
mine,w/Sodium Pyruvate (Biowest, cat. No. 
L0060500), Streptomycin, penicillin (p/s) (cat. No. 
P4333, Sigma-Aldrich), Trypsin (Lonza,Walkersville, 
cat. No. D2287), Feridex (ferumoxides).  
B) Reagents for lipid peroxidation malondialdyhyde 
(MDA) and total antioxidants in kidney tissues: Rat 
Malondialdehyche, MDA ELISA Kit (Cat. No. 
BYEK1371, Biopes), Total Antioxidant Capacity, TAC 
Assay Kit (Cat. No. BYEK2200, Biopes).  
C) Reagents for histopathology: Hematoxylin and 
Eosin (H&E) and Masson’s Trichrome dye used for 
histopathological evaluation of renal tissue, Prus-
sian blue stain for detection of iron labeled stem 
cells.  

Methods 
I-Induction of chronic nephropathy: 
Nephropathy was induced by a single intra-
venous (I.V) injection of ADR at a dose of 5 
mg/kg of body weight(8). ADR was pur-
chased in vials (50 mg/25-mL saline) from 
EIMC United Pharmaceuticals (EUP), Badr 
City, Cairo, Egypt.  
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II- Collection and preparation of ADSC  
Cell source: Adipose tissue was isolated 
from rat's peritoneum, (rat peritoneal adi-
pose tissue).  

1- Separation of adipose tissue stem cells 
A- Isolation of adipose tissue 
Adipose tissue was isolated from appar-
ently healthy rats after scarification. It was 
collected in a sterile bottle that contains 
equal volume of phosphate buffer saline 
(PBS) with 1-5% penicillin /streptomycin/ Am-
photericin. Supernatant is removed unntil 
became clear; then transferred to a Petri 
dish and minced using scissors and scalpel 
into small parts to ease digestion. 

B- Digestion with Collagenase 
About 2 ml Collagenase ІV prepared at 1-2 
mg / mL was added to a sterile Petri dish 
containing minced adipose tissue. The mix-
ture was left then neutralized by adding 
DMEM medium containing 10% heat inacti-
vated fetal bovine serum. The sample was 
pipetted several times to aid disintegration 
then transferred to 15 ml sterile falcon tubes 
(large pieces should be avoided). Centrifug-
ion at 2000 rpm for 5 min was done to get 
the stromal vascular fraction (containing 
adipose stem cells). The suspension was 
transferred to culture flask and incubated at 
37°C and 5% Co2 for 72 hours (10).  

2- Culture of mesenchymal stem cell(11)  
Cells were cultured at a density of (1x106) 
mononuclear cells/cm2. Cells were nur-
tured with culture medium DMEM supple-
mented with 20% fetal bovine serum, 1% an-
tibiotic/antimycotic, and 1% glutamine. Cul-
tures were incubated at 37ºC, humidified 
atmosphere containing 5% CO2. After over-
night incubation, non-adherent cells were 
removed, and fresh medium was added to 
the culture flask. Later, the culture medium 
was changed at every four days and cellu-
lar growth assessed daily under an in-
verted microscope. When the cells reached 
50-60% confluence, they were harvested 
after trypsin/ EDTA (ethylene-diamine-
tetra-acetic acid) (0.025%).  

3- Labeling of MSCs 
Before cell transplantation, the cultured 
cells were impregnated with an injectable 
solution of ferumoxides 25microgramFe/ 
ml (Feridex) (Bayer Health Care Pharmaceuti-

cals) for 24 hours with 375 nanogram/ml 
poly L lysine added 1 hour before cell incu-
bation. Feridex labeled MSCs were washed 
in PBS, trypsinized, washed and resus-
pended in 0.01 Mol/L PBS at concentration 
of 1×1,000,000 cells/ml. Labeling was histo-
logically assessed using Prussian blue(11). 

III- Assessment of renal function tests 
Retro-orbital blood samples were taken 
then placed into tubes (EDTA-containing 
tubes). Blood samples were collected from 
the tail vein and kept on ice for 1 hour. Se-
rum was separated by centrifugation at 
2000 rpm for 15 min. and stored at -80°C 
until chemical analysis of serum urea, se-
rum albumin and creatinine by an auto-
matic chemistry analyzer (Hitachi, Japan). At 
the end of the study, (week 12) rats were 
sacrificed by cervical decapitation; blood 
samples were taken by heart puncture and 
placed into EDTA-containing tubes).  

IV- Urine samples 
Metabolic cages used for the collection of 
urine samples. Proteinuria was determined 
by using an automatic biochemistry ana-
lyzer (DADE Xpand, USA). Proteinuria was 
expressed as milligrams (mg) per 24 h. It 
was assessed for all groups at Day 0, day 7 
as Adriamycin start kidney injury two days 
after Adriamycin injection and kidney injury 
become prominent four days after Adri-
amycin injection, weeks 4, 8 and by the end 
of the study at week 12.  

V- Assessment of lipid MDA and total antiox-
idant capacity in kidney tissues 
The kidney was weighed and homogenized 
in 5–10 mL cold buffer (50 mmol/L potas-
sium phosphate, pH 7.5, 1 mmol/L EDTA) 
per gram of tissue, using a mortar and pes-
tle, then centrifuged at 1000 x g for 15 min 
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at 4°C. The supernatant was kept at −80°C 
for analysis of lipid peroxides (MDA) and 
TAO. TAO was measured using a colorimet-
ric assay kit (sigma, Egypt) according to the 
manufacturer's instructions. MDA was 
measured by ELISA technique.  

VI- Quantification of mitochondrial DNA 
copy number in renal tissue 
For quantification of the mtDNA copy num-
ber, total DNA was extracted and com-
pared with the relative amounts of mtDNA 
and nuclear DNA contents. Relative 
amounts of mtDNA and nuclear DNA were 
determined by qPCR (quantitative poly-
merase chain reaction) 

VII- Histopathology of renal tissue 
At the end of the study, rats were anaes-
thetized and the kidneys were removed. 
The right kidney tissue was perfused with 
Hanks' buffer to eliminate the intravascu-
lar blood content and then fixed in 10% for-
maldehyde for 24 hours, dehydrated by 
gradient ethanol, embedded in paraffin, 
and sectioned at 4 𝜇m thicknesses. Renal 
sections were stained with H&E and Mas-
son Trichrome staining. Assessment of re-
nal damage was done without prior 
knowledge of the group to be assessed 
(blind assessment). All Images were cap-
tured for histopathology using: Calibrated 
standard digital microscope camera 
(Tucsen ISH1000 digital microscope camera) 

using Olympus® CX21 microscope, with 
resolution of 10 MP (megapixels) (3656 x 
2740 pixel each image). All slides were cap-
tured with Power Field of 400 x, UIS optical 
system (Universal Infinity System, Olympus®, 
Japan).  

a) Evaluation of renal tubular damage 
Evaluation of renal tubule-interstitial 
damage was scored by a semi-quantita-
tive method; histological samples were 
scored by a blinded examiner. In brief, 
the degree of renal tubular damage was 
scored as Follows: 0, normal; 1, very mild 

focal dilatation, the area of interstitial in-
flammation and fibrosis, tubular atro-
phy and dilation involving < 25% of the 
field; 2, large number of dilated tubules 
with widening of the interstitium, scle-
rotic lesion area between 25-50% of the 
field; and 3, fairly extensive dilatation of 
tubules and widening of the interstitium 
with lesions involving > 50% of the field 
and 4, complete atrophy of the tubules. 
The individual scores were then aver-
aged for each group according to the 
previously described scoring system(12).  

b) Evaluation of the degree of fibrosis:  
Fibrosis was determined by the area-
stained blue in each field and was given 
a grade. In all tissue samples, 10 to 15 
fields were analyzed for glomerular fi-
brosis determination. Glomerular fibro-
sis was scored as follows:(12): 1= fibrosis 
<25% /100 fields; 2= fibrosis 25% - <50% 
/100 fields; 3= fibrosis 50%- <75% /100 
fields; 4= fibrosis ≥75% /100 fields  

Statistical Analysis 

Data were expressed as mean ± SD and were 
analyzed using one-way ANOVA and post-hoc 
Tukey test. Data were analyzed using statistical 
package for social sciences (SPSS) software 
version 16 (SPSS Inc., Chicago, IL, USA).  

Results  

Thirty adult male albino rats were evalu-
ated and divided into three groups (10 rats 
each); G1: normal group, G2: chronic 
nephropathy, and G3: adipose stem cells. 
The follow-up period was 12 weeks, ended 
by scarification of all rats and the tissue 
was sent for pathologic, PCR, and oxida-
tive stress markers evaluation.  

1. Assessment of animal body weight 
ADR causes a decrease in body weight in all 
study groups when compared to normal (p 
≤0.05) in groups of chronic nephropathy & 
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ADSCs. Treatment with ADSCs caused sig- 
nificant increase in body weight when  
 

compared to chronic nephropathy group 
(p ≤0.05) (figure 1).  
 

 
 
2. Assessment of urinary protein output 
ADR causes an increase in urinary protein 
in chronic nephropathy & ADSCs groups 
compared to normal (p≤ 0.05) Treatment 
with ADSCs caused significant decrease in 
urinary protein compared to chronic 
nephropathy group (p≤ 0.05) Figure (2). 

3. Assessment of renal function 
Serum albumin: ADR caused a decrease in 
serum albumin in all study groups when 
compared to normal (p ≤0.05). Treatment 
with ADSCs caused significant increase in 
serum albumin when compared to chronic 
nephropathy group (p ≤0.05) Figure (3). 

Serum creatinine: ADR effect on serum cre-
atinine was a significant increase in second 
& third groups when compared to normal 
(p ≤0.05). Treatment with ADSCs caused 
significant decrease in serum creatinine 
when compared to chronic nephropathy 
group (p ≤0.05). (Figure 4).  

Serum urea: Serum urea levels were signifi-
cantly elevated by ADR in groups (chronic 
nephropathy, ADSCs) compared to normal 
(p ≤0.05). ADSCs treatment caused a signif-
icant decrease in serum urea when com-
pared to chronic nephropathy group (p 
≤0.05). (Figure 5) 
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4. Assessment of oxidative stress 
Total antioxidant: Figure 6 showed de-
creased TAO capacity in study groups un-
der the effect of ADR in Adipose stem cells 
and chronic nephropathy groups. Results 
were significant when compared to normal 
group (p ≤0.05). ADSCs treated groups was 
significantly higher than chronic nephropa-
thy group (p ≤0.05).  
Lipid peroxidase malondi-aldyhyde (MDA): 
Figure 7 showed increased renal MDA in 
study groups under the effect of ADR & Ad-
ipose stem cell groups. Results were signif-
icantly higher when compared to normal 
group (p ≤0.05). Treated group was signifi-
cantly lower than chronic nephropathy 
group (p ≤0.05). 

5. Mitochondrial DNA copy number 
Adipose treated and chronic nephropathy 
groups results were significantly lower 
than normal group (p ≤0.05). Treated 
group with ADSCs was significantly higher 
compared to chronic nephropathy group 
(p ≤0.05). (figure 8). 

6. Histopathological scoring 
ADR significantly increased tubular necro-
sis, inflammatory cell infiltration and inter-
stitial fibrosis and significantly decreased 
regenerating tubules in chronic nephropa-
thy & ADSCs compared to normal group (p 
≤0.05). Treated group with ADSCs had sig-
nificant decrease in these changes com-
pared to chronic nephropathy. (figure 9). 
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Hematoxylin and Eosin staining 
H&E staining of normal group sections 
showed kidney tissue formed of glomeruli 
and tubules, glomeruli showed capillary 
tuft, thin Bowman's space and mesangial 
cells, variable sized tubules lined by colum-
nar cells with eosinophilic cytoplasm and 
central vesicular nucleus & interstitium 
showed thin-walled blood vessels and 
scant stroma. No inflammation signs (Fig-
ure 10a). H&E staining of chronic nephrop-
athy group showed marked interstitial 

inflammatory infiltrate formed mainly of 
lymphocytes with markedly congested 
thick-walled vessels, tubular epithelial cells 
showed desquamation and hydropic de-
generation with tubular necrosis, with few 
regenerating tubules (Figure 10b). While 
H&E staining of adipose treated group 
showed marked improvement of changes 
presented as decreased inflammation and 
many regenerating tubules with minimal 
hydropic degeneration glomerular tuft 
(Figure 10c).  
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Masson’s trichrome staining 
Masson’s trichrome staining of renal tissue 
is shown in figure 11. Image analysis of Mas-
son trichome staining included Evaluation 
of the degree of fibrosis: Fibrosis was de-
termined by the area-stained blue in a 
given field, in chronic nephropathy group 
ADR effect on renal structure is shown in 
(figure 12) as significantly the highest area 
stained when compared to normal & ADSC 
groups (p ≤0.05) in the mentioned groups. 

Prussian blue stain for stem cell homing  
Using Prussian blue stain for stem cell hom-
ing, chronic nephropathy group showed 
negative staining (Figure 13). While, ADSC 
group showed positive staining. 

Image analysis 
ADSCs homing was higher in renal tissue of 
adipose stem cell group compared to nor-
mal & chronic nephropathy groups (p 
≤0.05) (figure 14). 

 

 
 

Discussion  

The current study addressed the possible 
therapeutic effect of ADSC therapy on 

oxidative stress. ADR induced glomerular 
damage. ADR is a commonly used chemo-
therapeutic drug that was used to induce a 
model of nephropathy in albino rat. This 
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model was evidenced by histological, his-
tochemical, immunohistochemical, morph-
ometric and serological studies(13). In this 
study we tested the effect of injected adi-
pose on renal structure and function in 
ADR nephropathy in rats. Concerning the 
functional status of kidneys in our study 
heavy proteinuria and low serum albumin 
was observed in non- treated group. This 
agreed with other studies that evidenced 
heavy proteinuria after short term obser-
vations in ADR induced nephropathy in 
rats. (14) Also, other study established the 
improvements in proteinuria in CKD rats in-
jected with stem cells(4). Serum urea and 
creatinine were increased significantly in 
ADR CKD group than stem cell treated 
groups. This was in agreement with a study 
that reported MSCs induced functional im-
provement proved by reduction in plasma 
creatinine level(15). The functional improve-
ment we proved was opposed by a study 
which found that in all cases there was no 
effect of MSCs on any of the clinical param-
eters that are classically utilized to monitor 
ADR-induced nephrosis, including 24-h pro-
teinuria, renal function(16). Also, it was 
posted that MSC administration failed to 
cause significant improvements in animal 
survival rate, body mass, serum creatinine, 
serum albumin, urinary protein excre-
tion(12). In that study CKD was induced by 2 
i.v. injections of ADR (4 mg ADR/kg body 
mass) into the penile vein at 14-day inter-
vals and in MSC treated group; rats re-
ceived 2 i.v. injections of MSCs (2 × 106 
cells) at 14-day intervals (5 days after each 
ADR injection). Concerning renal oxidative 
capacity (renal total antioxidant capacity 
and MDA) results in our study adriamycin 
CKD non treated group had elevated renal 
oxidative stress that is supported by stud-
ies (14) in which Adriamycin was found to re-
duce glomerular ATPase activity, depleted 
levels of glutathione (antioxidant) and ele-
vate levels of lipid peroxide in kidney. And, 
another study clarified that the major 

cause of the doxorubicin CKD model has 
been attributed to the oxidative injury 
evoked by a formation of doxorubicin-iron 
complexes(15). Moreover, the treated 
groups had better improvement than un-
treated which is similar to results in other 
study (12) that MSC caused significant im-
provement in renal oxidative stress mark-
ers which was demonstrated by significant 
reductions in oxidative stress in kidney tis-
sues (as evidenced by reduction in MDA 
and elevation of GSH in MSCs groups) and 
also in agree with other studies that 
posted that MSCs are protective against 
cell damage by free radicals, provided that 
a sufficient number come in contact with 
the source of radicals and/or the damaged 
tissue(17). Other studies opposed our find-
ings(6,18) postulated that the uremic toxins 
produced in patients with nephropathy, 
may inhibit differentiation and function of 
BM-MSCs. Also another study stated that 
complications of CKD, such as secondary 
hyperparathyroidism or lack of erythropoi-
etin, may also contribute to dysfunction of 
BM-MSCs(18). Here nephropathy done by 
NPX (5/6 nephrectomy), SCs derived from 
adult human adipose tissue before stem 
cell injection adipogenic differentiation 
was done to isolated cells by supplement-
ing the medium with 1×10−6 dexame-
thasone, 0.02 mg/ml indomethacin and 10 
μg/ml insulin, rats injected in the tail vein 
with (0.5×106 cells) of AD-MSCs, Rats were 
killed after 35 days.  

Conclusion  

ADSCs-treated group showed improved re-
nal structure and function evidenced by 
better histopathology and oxidative capac-
ity. MSC therapy for kidney injury is very 
promising with good safety profiles. MSC 
has the advantage of relatively easy isola-
tion and culture conditions, making them a 
potentially low-cost and personalized ther-
apy option for patients with kidney injury.  
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Figure 10: Hematoxylin and Eosin staining of renal tissue (x400) in the 3 groups 

a: normal, b: chronic nephropathy, c: ADSC group 
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