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ABSTRACT
Background: Acute kidney injury (AKI) is a major health problem associated with high morbidity and mortality rates. 
Mesenchymal stem cells (MSCs) have revealed advantages for therapeutic use in medical practice. Microvesicles (MVs) 
are membranous, cell-derived vesicles released by MSCs into their microenvironment. The conditioned medium (CM) is 
the medium surrounding MSCs. 
Aim of the Work: This study aimed to investigate the therapeutic potential of MSCs, their CM and microvesicles (MVs) 
on experimentally induced acute kidney injury in rats. 
Materials and Methods: Fifty-five rats were divided into five groups: 
Group I (control group). Group II: given glycerol intramuscularly. Group III:  given glycerol then MSCs. Group IV: given 
glycerol then CM. Group V: given glycerol then MVs. Kidney specimens were processed for H&E and Ki-67 staining 
and EM studies. 
Results: Subgroup IIA revealed vacuolation of the cytoplasm, flattening of the epithelial lining the tubules, extrusion of 
cytoplasm and nuclei into luminal spaces, deeply stained nuclei, and hyaline material in tubular lumina. EM examination of 
proximal and distal convoluted tubules showed multiple vacuoles, lysosomes, loss of continuity of apical cell membrane, 
presence of debris in the lumina and vacuolated mitochondria. Group IIB revealed poor improvement with persistence of 
most lesions. Groups III, VI and V showed amelioration of most of these lesions, and decrease in blood urea and serum 
creatinine levels.
Conclusion: Mesenchymal stem cells, CM and MVs ameliorate induced AKI and with little differences in their 
effectiveness.  CM and MVs can be used in treating diseases. 

INTRODUCTION                                                                 

Acute kidney injury (AKI) is a complex 
pathophysiological response with involvement of oxidative 
stress accumulation, inflammatory response, tubular cell 
damage and endothelial microvasculature dysfunction, all 
of which have deleterious effects on the tubular cells[1].

The most commonly used model for studying acute 
renal failure is the intramuscular injection of glycerol into 
the experimental animals, which induces rhabdomyolysis. 
Rhabdomyolysis-induced AKI develops following skeletal 
muscle trauma releasing toxic doses of myoglobin and 
other intracellular proteins into the circulation[2]. 

The mesenchymal stem cells (MSCs) are adult 
mesodermal undifferentiated stem cells having the 

capability to differentiate into cell lineages of connective 
tissue or other cells[3]. Several studies have showed that 
stem cells enhance repair of tissue by secretion of factors 
that increase proliferation and stimulate differentiation 
of endogenous stem-like progenitors present in varies 
tissues, enhance regeneration of injured cells and decrease 
inflammatory and immune reactions[4]. 

Mesenchymal stem cells have showed many advantages 
for therapeutic usage such as strong immunosuppressive 
effects, capability to migrate to the tissue injury sites, lack 
of ethical issues and better safety of allogeneic MSCs after 
infusion. However, several problems can occur such as the 
unwanted differentiation of mesenchymal lineages, high 
risk of cancer transformation of MSCs and their targeted 
differentiation may be suboptimal[5].
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The conditioned medium (CM) is prepared by culturing 
the MSCs without fetal serum followed by filtration to 
remove the cells. This medium contains soluble factors 
secreted by the MSCs. Also, it contains what is called 
exosomes- like microvesicles derived from the MSCs. The 
CM may be used instead of MSCs in treating acute kidney 
injury, thus avoiding cell transplantations[5,6]. 

Microvesicles (MVs) are nano-sized lipid membranous 
vesicles approximately 40 -1000 nm in diameter released 
by all cells both in vivo and in vitro. They are released 
physiologically under normal conditions but their rate of 
release is higher under pathological conditions such as 
degeneration and tumors. Once released they end up in the 
systemic circulation and have been found and characterized 
in all body fluids such as serum, plasma, cerebrospinal 
fluid, breast milk, ascetic fluid and urine.

MVs are composed of membrane fragments enclosing 
ribonucleic acids, bioactive lipids and cytoplasmic 
proteins. In general, the content of MVs, reflects that of the 
cells of their origin[7].

AIM OF THE WORK                                              

The present study aimed to investigate the therapeutic 
potential of bone-marrow (BM) derived MSCs, their CM 
and MSCs derived microvesicles (MVs) on experimentally 
induced acute kidney injury in rats by glycerol.

MATERIALS AND METHODS                                      

The present study was performed on 55 adult male 
albino rats, with an average weight of 180 - 200 grams. 
Strict care and cleaning measures were utilized to keep the 
animal in a normal healthy state; the animals were kept in 
animal cages under the prevailing atmospheric conditions. 
They were kept on normal balanced diet and tap water. All 
ethical protocols for animal treatment were followed. All 
animal experiments received approval from Institutional 
Animal Care Committee. Animal care was provided by 
Animal House Unit of Kasr Al-Ainy, Faculty of Medicine, 
Cairo University. 

Drugs: 

A- Glycerol was obtained from Sigma company (Cairo, 
Egypt) and given intramuscularly in a dose of 8 ml of 50% 
solution of glycerol /kg body weight diluted in normal 
saline according to Kim et al.[8].  

 B- BM-derived MSCs were prepared in the Clinical 
Pathology Department, Kasr Al-Ainy Faculty of Medicine, 
and were used at a dose of 2 million stem cells in 0.5 ml 
of phosphate buffered solution (PBS) and were injected  
intravenously (i.v.) in caudal vein of each rat in group III. 
They were prepared according to some investigators[9].

C- Conditioned medium was prepared from MSCs 
cultured for 24 hours with Dulbecco’s modified Eagle’s 
medium (DMEM) without fetal bovine serum (FBS). After 
this period, the medium was collected, centrifuged at 1000 
round per minute (rpm) for 5 minutes then at 2500 rpm for 
15 minutes and filtered through 0.45 μm filter to remove 
the cells. Each animal received 0.5 ml of CM delivered 
intravenously in caudal vein[5,6]. 

D- Microvesicles were prepared from the conditioned 
medium by ultracentrifugation by thermo scientific 
ultracentrifuge in Biochemistry Department, Kasr Al-Ainy 
Faculty of Medicine. The medium was ultracentrifuged 
at 100,000 g for one hour at 4°C to pellet of MVs. The 
pellets were taken and suspended in PBS. This suspension 
was submitted to a second ultracentrifugation in the same 
conditions to pellet MVs[10]. The protein content of MVs 
was quantified by Bradford method. The MV quantification 
was analyzed by protein concentration and each animal 
received 15 μg of MVs dissolved in 0.5 ml of (PBS) 
delivered intravenously[11]. 

Animals:

Animals were divided into 5 groups as follows: 

 Group I (control group): It included 30 rats and were 
divided into four subgroups. 

Subgroup IA: Ten rats were kept without any 
intervention, 5 rats were sacrificed at the third day and the 
other 5 rats were sacrificed at the tenth day after the onset 
of the experiment. 

Subgroup IB: Ten rats were given 8 ml/kg body weight 
saline by intramuscular injection distributed equally in 
both hind limbs, five rats were sacrificed 3 days after the 
onset of the experiment and the other 5 rats were sacrificed 
10 days after the onset of the experiment. 

Subgroup IC: Five rats were given 0.5 ml of PBS by 
intravenous injection in caudal vein and were sacrificed 10 
days after the onset of the experiment.

Subgroup ID: Five rats were given 0.5 ml of DMEM 
media (I.V.) in caudal vein and were sacrificed 10 days 
after the onset of the experiment. Group II (affected group): 
It included 10 rats. Rats were given single injection of 
glycerol intramuscularly at a dose of 8 ml of 50% solution 
of glycerol /kg body weight distributed equally in both 
hind limbs. The animals were divided into 2 subgroups (5 
rats each):

Subgroup IIA: the animals were sacrificed 3 days after 
glycerol injection.

Subgroup IIB: the animals were sacrificed 10 days after 
glycerol injection.
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Group III (stem cell group):  It included 5 rats. Rats 
were given a single dose of about 2 million MSCs in 0.5 
ml PBS in caudal vein 3 days after glycerol administration. 
They were sacrificed at 10th day after glycerol injection. 

Group IV (conditioned medium group): It included 
5 rats, each rat was given a single dose of 0.5 ml of CM 
in caudal vein 3 days after glycerol injection. They were 
sacrificed 10 days after glycerol injection. 

Group V (microvesicles group): It included 5 rats, each 
rat was given MVs at a dose of 15μg dissolved in 0.5 ml of 
PBS in caudal vein 3 days after being given glycerol. They 
were sacrificed 10 days after glycerol injection.

The fasted rats were anesthetized with ether and 
sacrificed by cervical dislocation; thereafter, animals were 
dissected and specimens from the right kidneys were taken 
from the rats of all groups. 

The kidney specimens were fixed in 10% buffered 
formal saline, processed to obtain paraffin sections of 5 μm 
thickness, and mounted on glass slides for haematoxylin 
and eosin (H&E) staining and Prussian blue stain. Other 
sections were mounted on positively charged slides for 
immunohistochemical analysis for Ki-67 staining marker 
for cell proliferation and regeneration[12]. 

Electron microscopic study 

Specimens from the right kidneys were fixed in 2.5% 
glutaraldehyde and postfixed in 1% osmium tetroxide. The 
specimens were processed according Suvarna et al.[12] in 
the Histology and Cell Biology Department, Faculty of 
Medicine, Cairo University. Semi-thin sections (0.51-μm) 
were prepared and stained with toluidine blue for proper 
orientation. Ultrathin sections (50- 80 nm)  were prepared 
from selected areas of the semi-thin sections, mounted on 
copper grids, stained with uranyl acetate and lead citrate, 
and examined by using JEOL transmission electron 
microscope (JEM-100 SX; JEOL Tokyo, Japan) in the 
Electron Micro¬scope Unit, Faculty of Medicine, Tanta 
University, Tanta, Egypt. 

Immunohistochemical study 

An immunohistochemical reaction was carried out 
using the labelled streptavidin-biotin system. The anti- 
ki-67 primary antibody was a rabbit polyclonal antibody 
(Catalogue Number RB-9043-R7, Lab Vision Neomarker; 
Lab Vision, Fremont, California, USA). The universal 
kit used was biotinylated secondary antibody. The slides 
were counterstained with Mayer’s haematoxylin before 
mounting. Positive results for the Ki-67 immune reaction 
were indicated by brown staining of the nucleus. As a 
negative control, the primary antibody was replaced                    
by PBS[12]. 

Labelling of MSCs 

MSCs were marked using 50 μm iron oxide in 4 ml 
RPMI media for 30 min, followed by centrifugation at 
2000 rpm for 10 min, to separate iron labelled MSCs[13]. 

Prussian blue staining 

The Prussian blue reaction involves treatment of the 
sections with acid solutions of ferrocyanides. Any ferric 
ion (+3) present in the tissue combines with ferrocyanide 
and results in the formation of a bright blue pigment called 
ferric ferrocyanide or Prussian blue. Iron labelled MSCs 
injected were detected by Prussian blue staining in the 
kidney tissue and eosin was used as a counter stain[12]. 

Microvesicle pellets 

They were prepared for visualization by transmission 
electron microscope (TEM). MV pellet was gently placed 
on Formvar-coated copper grids, allowed to adsorb for 45- 
min, and processed for standard uranyl acetate staining. 
The grids were washed with three changes of PBS and 
allowed to semidry at room temperature before observation 
in TEM[6].

Morphometric study 

The mean area percentage of Ki-67 immunoreactivity 
was quantified in five images from five non-overlapping 
fields of each rat using Image-Pro Plus program version 
6.0 (Media Cybernetics Inc., Bethesda, Maryland, USA). 

Biochemical Investigations 

Blood samples from rats in all groups were drawn 
from retro-orbital plexus of veins by capillary tubes before 
injection of glycerol (zero day) and at the 3rd and 10th days 
after injection.  Serum urea and creatinine were measured 
for all rats throughout the period of the experiment. These 
measurements were done at Biochemistry Department, 
Kasr Al-Ainy Medical School. Serum urea and creatinine 
were measured using the conventional colorimetric 
method using Quanti Chrom TM assay kits based on the 
improved Jung and Jaffe methods, respectively (DIUR-500 
and DICT-500)[14].  

Statistical analysis

All the data collected concerning the mean area 
percentages of Ki-67 immunoreactivity and serum urea 
and creatinine were recorded and analyzed using IBM 
SPSS Statistics software for Windows, Version 20 (IBM 
Corp., Armonk, New York, USA). One-way analysis of 
variance (ANOVA) with Post Hoc Scheffe’s test were used 
to compare differences among the groups. In each test, 
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the data were expressed as the mean (M) value, standard 
deviation (SD) and differences were considered to be 
significant (sig) at p < 0.01.

RESULTS                                                                                

Bone marrow mesenchymal stem cell 
characterization and tracking

MSCs were identified in culture by inverted 
microscope as spindle-shaped cells (Fig.1-A). The MSCs 
labeled with iron-oxide injected into the caudal vein were 
observed in the kidney tissue under light microscope 
after staining with Prussian blue and counterstained by 
eosin (Fig. 1-B).

Microvesicles examination by transmission 
electron microscope

They appeared having spheroid morphology and 
their sizes ranged between 50 to 80 nm (Fig. 1-C).

H&E stain

Group I (the control group): The light microscopic 
examination of subgroups in control group showed 
nearly the same structures. The renal cortex of control 
rats showed the renal corpuscles, proximal and distal 
convoluted tubules (DCTs). The proximal convoluted 
tubules (PCTs) had narrow lumen and they were lined 
with pyramidal cells with acidophilic cytoplasm and 
rounded basally located nuclei. The DCTs were lined 
with cubical epithelium with light acidophilic cytoplasm 
and rounded apically situated nuclei. The lumen of the 
DCTs was wider than that of PCTs (Fig. 2-A).

Group II (affected group):  Subgroup IIA: The renal 
cortex of this subgroup showed vacuolation of the 
cytoplasm of convoluted tubular cells, flattening of their 
epithelium lining, dilatation of some tubules, extrusion 
of the cytoplasm and nuclei into luminal spaces, deeply 
stained nuclei. Moreover, there were acidophilic hyaline 
material in tubular lumina. Some renal corpuscles 
showed shrunken glomeruli and widening of capsular 
spaces (Fig. 2-B and 2C). Peritubular congestion was 
also seen (Fig. 2-C).

Subgroup IIB: The renal cortices of this subgroup 
revealed vacuolation and congestion of the glomeruli, 
widening of capsular space, vacuolation of the  cytoplasm 
of the tubules, flattening of  their epithelium  lining, 
dilatation of the tubules and extrusion of the cytoplasm 
and nuclei into lumina (Fig. 2-D and 3-A).  Pyknotic 
nuclei and hyaline material in the tubular lumina were                         
also seen (Fig. 3-A).

Group III (stem cell group): The renal cortex of this 
group showed improvement in the histological structure. 

The glomeruli were apparently regular and surrounded 
by capsular spaces. The renal tubules showed restoration 
of epithelial lining with increase in the height of 
epithelium and decrease in vacuolation but few flattened 
tubular cells were present (Fig. 3-B).

Group IV (conditioned medium group):  The renal 
cortex of this group revealed slight widening of capsular 
spaces. The renal tubules showed decrease in vacuolation 
and restoration of epithelial lining with increase height 
of epithelium but few tubular cells appeared flattened 
(Fig. 3-C).

Group V (microvesicle group): The renal cortex of 
this group revealed renal tubules with increased height 
of epithelium, few vacuolated, flattened cells and few 
extruded cell debris in the lumina (Fig. 3-D).

Immunohistochemical staining for Ki-67

Positive immunohistochemical staining for Ki-67 
was demonstrated as brown nuclear reaction (index for 
cell proliferation). The control group showed very weak 
Ki-67 nuclear immunoreactivity (Fig. 4-A). The affected 
subgroup IIA and subgroup IIB (3 and 10 days) showed 
moderate and weak Ki-67 nuclear immune-reactivity 
respectively (Fig. 4-B and 4-C). The groups III, IV and 
V showed intense Ki-67 nuclear immunoreactivity in 
many tubular cells (Fig. 4-D, 4-E and 4-F) respectively. 
The glomeruli in all groups showed negative immune 
reaction.

Morphometric results

The mean area % of Ki-67 expression for all groups is 
presented in table (1) and Fig. 5. There was a significant 
increase (P<0.01) in Ki-67 immunoreactivity in groups 
III, IV and V as compared to control and group II. 

EM results

Group I: The electron microscopic examination of 
subgroups in control group showed nearly the same 
structures. Electron microscopic examination of cells 
lining the proximal tubule showed numerous apical 
microvilli, multiple elongated mitochondria, and 
rounded euchromatic nuclei (Fig. 6-A). The cells lining 
the distal tubules showed apical few short microvilli, 
basal elongated mitochondria and basal nuclei                                                                                                       
(Fig. 6-B). The renal filtration barrier of kidney was 
formed of filtration slits between secondary processes 
of podocytes, glomerular basement membrane with 
regular thickness and fenestrated endothelium. Clear 
foot processes were observed on the surface of renal 
glomerular basement membrane (Fig. 6-C). 

Subgroup IIA: Electron microscopic examination 
of the cells of proximal convoluted tubules showed 
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multiple vacuoles, lysosomes, disrupted microvilli 
(MV) and extrusion of cytoplasm toward tubular 
lumen. There were also disorientation of organelles                                                                                                              
(Fig. 7-A and 7-B). Some nuclei were indented (Fig. 
7-C). Cells of distal convoluted tubules revealed 
vacuoles, disrupted apical border of cells with extrusion 
of cytoplasm forming debris in the lumina,  destructed 
and vacuolated  mitochondria with lysis of their cristae, 
multiple lysosomes and small nuclei with irregular 
chromatin distribution (Fig. 8-A). The renal filtration 
barrier revealed fusion and effacement of the foot 
processes of podocytes at some sites (Fig. 8-B).

Electron microscopic examination of subgroup IIB 
revealed poor improvement with persistence of most 
lesions. The cells of proximal convoluted tubules showed 
small nuclei with indentation. Some cells showed 
rarefaction in some parts of the cytoplasm (Fig. 9-A). 
Microvilli were destructed at some sites with extrusion 
of the cytoplasm into the tubular lumen (Fig. 9-B). The 
cells of distal convoluted tubules showed vacuoles and 
microvilli which were destructed at some sites. Some of 
the mitochondria were destructed and vacuolated with 
loss of cristae (Fig. 9-C). The renal filtration barrier 
of kidney revealed focal thickening in glomerular 
basement membrane and fusion of some podocytic                     
processes (Fig. 9-D). 

Group III: Cells of proximal convoluted tubules 
showed microvilli at the apical border, nearly normal 
mitochondria and rounded nuclei (Fig. 10-A). Cells of 
distal convoluted tubules showed microvilli at the apical 
border, mitochondria and apparently normal nuclei 
(Fig. 10-B). The renal filtration barrier showed nearly 
regular secondary processes of podocytes with filtration 
slits in between, glomerular basement membrane with 

apparently regular thickness (Fig. 10-C). Group IV: 
The cells of proximal convoluted tubules showed 
microvilli at the apical border, vacuolations, lysosomes, 
mitochondria and rounded nuclei (Fig. 11-A). Cells 
of distal convoluted tubules revealed microvilli at the 
apical border of some cells, other cells had not. There 
were apparently regular mitochondria (Fig. 11-B). The 
renal filtration barrier showed secondary processes of 
podocytes with filtration slits in between, some processes 
were fused and glomerular basement membrane with 
apparently regular thickness (Fig.11-C).  

Group V: The cells of proximal convoluted tubules 
showed microvilli at the apical border, some disoriented 
mitochondria and rounded nuclei (Fig. 12-A). Cells of 
distal convoluted tubules revealed absence of microvilli 
at some sites of the apical border and presence at other 
ones, mitochondria and rounded nuclei (Fig. 12-B).

The renal filtration barrier showed secondary 
processes of podocytes with filtration slits in between, 
few processes were fused in some sites glomerular 
basement membrane with focal thickening (Fig. 12-C). 

Biochemical Results:                                                                                               

 The mean serum urea and creatinine levels for all 
groups were represented in tables (2) and (3) and in line 
charts (Fig. 13-A and 13-B). There was a significant 
increase in levels in groups II, III, IV and V in day 3 in 
comparison to control groups and the levels at the onset 
of the experiment. The levels remained elevated in group 
IIB. There was a significant decrease in groups III, IV 
and V compared with group II in the 10th day.

Table 1: Showing the mean area % and SD of Ki-67 immunoreactivity for all groups with comparison between all groups by Post Hoc 
Scheffe’s test.

wGroup IVGroup IIIGroup IIBGroup IIAGroup I

3.28%2.87%3.78%1.05%1.25%0.06%% Mean area

0.34910.30030.41980.20080.39100.0321SD

1,2,31,2,3,41,2,3,51,4,5,61,4,5,62,3,4,5,6 Significance
(sig) at P < 0.01

1=sig & group I
2=sig & group IIA
3=sig & group IIB            
4=sig & group III
5= sig & group IV
6= sig & group V
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Table 2: Showing the mean (M) and standard deviation (SD) of serum urea (mg/dl) in all groups with comparison between groups by Post 
Hoc Scheffe’s test (significance at P < 0.01).

1=sig & group I
2=sig & group IIB
3=sig & group III
4=sig & group IV
5=sig & group V

Table 3: Showing the mean (M) and standard deviation (SD) of serum creatinine (mg/dl) in all groups with comparison between groups by 
Post Hoc Scheffe’s test (significance at P < 0.01).

1=sig & group I
2=sig & group IIB
3=sig & group III
4=sig & group IV
5=sig & group V

Group VGroup IVGroup IIIGroup IIBGroup I

SDMSDMSDMSDMSDM

3.199028.33.205928.53.0912282.846029.12.403727Day 0

-----Significance

8.0312100.58.8248100.18.2091102.5102.13.169327.4Day 3

11112,3,4,5Significance

9.077455.88.236158.58.047848.95.7155933.056927.7Day 10

1,21,21,21,3,4,52,3,4,5Significance

Group VGroup IVGroup IIIGroup IIBGroup I

SDMSDMSDMSDMSDM

0.05970.490.06500.480.04330.460.04140.480.04790.47Day 0

-----Significance

0.07450.990.11921.00.06500.960.07481.010.05790.49Day 3

11112,3,4,5Significance

0.07030.600.04200.660.05330.580.09880.890.05310.46Day 10

1,21,21,21,3,4,52,3,4,5Significance
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Fig. 1: Photomicrographs showing: A: A primary culture of 
MSCs on day seven with spindle shape cells (arrows).    (Inverted 
microscope  X 400). B: Asection in kidney of a rat from group 
III (one week after injection of labelled MSCs) with iron labelled 
MSCs which are present in the glomeruli (black ↑), in the 
interstitial tissue (white ↑) and in the wall of the tubules (hollow 
arrows). (Prussian blue and eosin counter stain X 400). C: Purified 
microvesicles showing the microvesicles (arrows) with spheroid 
appearance. Their sizes measured between 50nm and 80nm. 
                  (EM  X 146000)

Fig. 2: Photomicrographs of sections of kidneys of rats stained by 
(H&E X 400) showing: A: A section from control rat illustrating 
renal corpuscle formed of glomerulus (G) and Bowman's capsule 
with capsular space (↑), proximal convoluted tubules (P) and 
distal convoluted tubules (D). B: A section of a rat from group IIA 
illustrating shrinkage of the glomeruli (G) with widening of the 
capsular space (black triangle), vacuolation of the cytoplasm of 
the tubular cells (black arrow heads), flattening of the epithelium 
lining the tubules (white arrow head), extrusion of the cytoplasm 
and nuclei into the lumen (black ↑) and pyknotic nucleus (white 
↑). Notice the presence of hyaline material in the lumen (stars).           
C: A section of a rat from subgroup IIA revealing shrinkage of 
the glomerulus (G) with widening of the capsular space (black 
triangle), vacuolation of the cytoplasm of the tubular cells (white 
arrow heads), flattening of the epithelium lining the tubules (black 
arrow heads), dilatation of the tubules (white ↑), pyknotic nucleus 
(black ↑) and peritubular congestion (bent arrow). D: A section 
of a rat from group IIB revealing vacuolation and congestion of 
the glomeruli (black ↑), widening of capsular space (white bent 
arrow) vacuolation of   the cytoplasm of the tubules (white arrow 
heads), flattening of the epithelium lining the tubules (black arrow 
head), dilatation of the tubules (black bent arrow) and extrusion 
of the cytoplasm and nuclei into the lumen (white ↑).        

Fig. 3: Photomicrographs of sections of kidneys of rats (H&E X 
400) showing: A: A section of a rat from group IIB illustrating 
the glomeruli (G), vacoulation of the cytoplasm of the tubules 
(black arrow heads), flattening of  the epithelium lining the 
tubules (black ↑), dilatation of the tubules (bent arrow), pyknotic 
nucleus (white ↑) and presence of hyaline material in the lumen 
(stars). B: A section of a rat from group III (stem cell group) 
having renal corpuscle formed of glomerulus (G) surrounded by 
capsular space. The renal tubules show restoration of epithelial 
lining with increase in the height of epithelium (white↑) but 
few tubular cells appear flattened (black ↑). C: A section of a 
rat from group IV (conditioned medium group) illustrating renal 
corpuscles with glomeruli (G) surrounded by slight widening of 
capsular spaces (arrow head). The renal tubules show restoration 
of epithelial lining with increase in the height of epithelium 
(white ↑) but few tubular cells appear flattened (black ↑). There 
are few tubular dilatations (bent arrow). D: A section of a rat 
from group V (microvesicle group) showing renal corpuscle 
with glomerulus (G) surrounded by capsular space. The renal 
tubules show restoration of the height of epithelium (white↑), 
few vacuolated (black ↑) and flattened (arrow head) tubular cells. 
Extruded cell debris (bent arrow) can be seen. 

Fig. 4: Photomicrographs of sections of kidneys of rats 
(Immunohistochemistry stain for Ki-67 X 400) showing 
immunopositive nuclei in the renal tubular cells (↑) and negative 
immunoreactivity in the glomeruli (G): A: A section of a rat from 
control group with very few number of immunopositive nuclei.  
B: A section of a rat from group IIA (affected group) showing an 
apparent increase in immunopositive nuclei. C: A section of a rat 
from group IIB showing some immunopositive nuclei. D, E and 
F:  revealed large number of immunopositive nuclei in groups III, 
IV and V. 
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Fig. 5:  Showing a histogram of the mean area % of Ki-67 
immunoreactivity in groups I, IIA, IIB, III, IV and V.

Fig. 6: EM micrographs of a kidney of control rat showing:
A: A proximal convoluted tubule with microvilli at the apical 
border (MV), numerous elongated mitochondria (bent arrow), 
rounded nucleus (N) with prominent nucleolus (↑) and regular 
nuclear envelope (arrow head). X 8780. B: A distal convoluted 
tubule with few short microvilli at the apical border (arrow 
head), numerous elongated mitochondria (curved arrow) and 
nucleus (N) with normal distribution of chromatin, prominent 
nucleolus (white ↑) and regular nuclear envelope (arrow head). 
There is an interstitial fibroblast (F). The black arrow points 
to the basement membrane of the tubular cells.  X 8780. C: 
Filtration barrier revealing podocyte (P) with regular secondary 
processes (curved arrow) and filtration slits in between (white ↑), 
glomerular basement membrane with regular thickness (black ↑) 
and fenestrated endothelium (arrow head). X 46500

Fig. 7: EM micrographs of a proximal convoluted tubule of kidney 
of a rat from group IIA (X 8780) showing: A: A disorientation of 
organelles, multiple vacuoles (arrow heads), small mitochondria 
(curved arrow) and two small shrunken nuclei (N). The white 
arrow points to the basement membrane. B: A lysosome (↑), 
vacuoles (black arrow heads), destructed microvilli (MV) at 
some sites with extrusion of cytoplasm to the lumen (white arrow 
head), mitochondria (bent arrow) and nuclei (N). C: Disturbed 
microvilli (MV), mitochondria (M) and indented nucleus (↑).        

Fig. 8: EM micrographs of a kidney of a rat from group IIA 
showing: A: A distal convoluted tubule with vacuoles (arrow 
head), disrupted apical border with extrusion of cytoplasm 
forming debris in the lumen (white star), rounded, destructed and 
vacuolated mitochondria with lyses of their cristae (↑), multiple 
lysosomes (bent arrows) and small nucleus with irregular 
chromatin distribution (N). X 8780. B: A renal filtration barrier 
consisting of secondary processes of podocytes (P) which are 
effaced at some sites (white ↑) and fused in other site (arrow 
head), glomerular basement membrane (stars) and endothelium 
(black ↑). X 46500                                                                               
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Fig. 9: EM micrographs of a kidney of a rat from group IIB 
showing: A: A proximal convoluted tubule with microvilli 
(MV), mitochondria (bent arrow) and a nucleus (N) with 
some indentation (↑). There is rarefaction of some parts of the 
cytoplasm (R) X 8780. B: A proximal convoluted tubule with 
lysosomes (↑), microvilli (MV) which are destructed at some 
sites with extrusion of the cytoplasm forming debris in the lumen 
of the tubule (star), mitochondria (bent arrow) and nucleus (N) X 
8780. C: A distal convoluted tubule illustrating vacuoles (arrow 
head), microvilli (MV) which are destructed at some sites (black 
↑), mitochondria (bent arrow), and a part of nucleus (N). Some 
of the mitochondria are destructed and vacuolated with loss of 
cristae (white ↑). X 17500. D: Renal filtration barrier consisting 
of secondary processes of podocytes (P) which appear fused 
at some parts (↑), focal thickening of glomerular basement 
membrane (stars) and capillary lumen (C). X 46500

Fig. 10: EM micrographs of a kidney of a rat from stem cell group 
showing: A: A proximal convoluted tubule with microvilli at the 
apical border (MV), mitochondria (bent arrow), rounded nuclei 
(N) and the tubular basement membrane (arrow head). X 8780
B: A distal convoluted tubule revealing short microvilli at the 
apical border (arrow head), mitochondria (bent arrow), nucleus 
(N) and basement membrane of cells (↑). X 8780. C: A renal 
filtration barrier consisting of secondary processes of podocyte 
(P) with filtration slits in between (white ↑), glomerular basement 
membrane with apparently regular thickness (stars) and 
fenestrated endothelium (black ↑). X 46500

Fig. 11: EM micrographs of a kidney of a rat from conditioned 
medium group showing: A: A cell of proximal convoluted tubule 
illustrating microvilli at the apical border (MV), vacuolations 
(black ↑), lysosomes (arrow heads), mitochondria (bent arrow), 
rounded nucleus (N) and basement membrane (white ↑). X 8780
B: A distal convoluted tubule with some cells having microvilli 
at the apical border (MV), other cells have not (black ↑), 
mitochondria (white ↑) and nuclei (N). Note the binucleated cell 
(arrow head). X 8780. C: Renal filtration barrier consisting of 
secondary processes of podocytes with filtration slits in between 
(white ↑), some processes are fused (black ↑), glomerular 
basement membrane with apparently regular thickness (stars) and 
fenestrated endothelium (arrow heads). X 46500

Fig. 12: EM micrographs of a kidney of a rat from microvesicle 
group showing: A: A proximal convoluted tubule with microvilli 
at the apical border (MV), disoriented mitochondria (bent arrow) 
and rounded nucleus (N).                 X 8780
B: A distal convoluted tubule illustrating few microvilli at the 
apical border (arrow heads), mitochondria (bent arrows) rounded 
nuclei (N) and interstitial fibroblast (↑).               X 8780 
C: Renal filtration barrier consisting of secondary processes of 
podocytes (P) with filtration slits in between (white ↑), some 
processes are fused in some sites (arrow heads), glomerular 
basement membrane (stars) with an area with focal thickening 
(bent arrow) and fenestrated endothelium (black ↑).        X 46500
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Fig. 13: Line charts showing the mean serum levels of urea (A) and creatinine (B) (mg/dl) at days 0, 3 and 10 for all groups.

DISCUSSION                                                                  

Acute kidney injury has recently been recognized as a 
major health problem. Hospital mortality rates in intensive 
care unit patients with AKI could reach 50% -70%. 
AKI is associated with high cost of medical care due to 
lack of effective therapeutic strategies and no effective 
pharmacologic intervention[15]. 

The current study was designed to evaluate 
the ameliorative effect of MSCs, CM and MVs on 
experimentally induced acute renal injury. Hypertonic 
glycerol injection into rats is one of the most widely used 
models of experimental AKI. It is well known as animal 
model of rhabdomyolysis[2].

In this study, rats in group I showed normal histological 
architecture in the sections examined by LM and                          
EM. Ki-67 immmunostained sections revealed very few 
number of immunopositive nuclei in the renal tissue. The 
kidney functions tested by serum urea and creatinine levels 
were normal.

 Rats in group II that were injected by glycerol revealed 
tubular damage mainly affecting proximal and distal 
convoluted tubules. Similar findings have been reported 
by other investigators[16,17] who found that glycerol induced 
tubular dilatation, vacuolation, tubular necrotic lysis 
and cellular micro-debris into the tubular lumina of the 
proximal and distal convoluted tubules. 

Some of the glomeruli in group II showed shrinkage 
with widening of the capsular space and some of them 
were congested with blood. These findings were consistent 
with other studies[18]. 

On the other hand, some investigators[17] reported that 
there were mainly tubular damage and no glomerular 
affection in glycerol induced AKI.  

The EM examination of renal tubules from group II 
showed damage of proximal and distal convoluted tubules 
in the form of disoriented or disorganized mitochondria 
with disrupted cristae, vacuolization of the renal tubules 
and loss of microvilli. These findings are consistent with 
the studies of other researchers[11] who reported tubular 
damage, disorganized mitochondria, vacuolization of the 
renal tubules and loss of microvilli in glycerol induced 
AKI. Moreover, another study[19] showed swollen partially 
destructed mitochondria in such conditions.

Some of the glomeruli showed irregular thickening 
of the glomerular basement membrane and fusion of 
secondary processes of podocytes. This was consistent 
with the study of Shalaan and Khalil[20] who stated that 
secondary processes of podocytes showed some thickening 
and fusion and the glomerular basement membrane was 
moderately thickened and disrupted in glycerol induced 
AKI.

It was seen that the observed lesions in the blood renal 
barrier and loss of microvilli of proximal convoluted 
tubules might affect the protein reabsorption from the 
urinary filtrates. So the protein might pass to the renal 
tubules, which were detected as hyaline casts in the lumen 
of the renal tubules by LM. 

These light and electron microscopic findings were 
present in subgroup IIA in which the animals were 
sacrificed three days after glycerol injection and persisted 
in subgroup IIB in which the animals were sacrificed ten 
days after glycerol injection indicating poor improvement. 
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This was consistent with the other studies[21] which 
showed persistence of pathological findings after glycerol 
administration without treatment and apparent spontaneous 
healing occurred after three weeks.

The pathogenesis of glycerol-induced AKI is a complex 
process. Oxidative stress, apoptosis and inflammation are 
implicated[16-22]. Myoglobin, an iron-containing muscle cell 
protein, plays an important role in rhabdomyolysis-induced 
AKI. The mechanism involves three different pathways: 
tubular obstruction, tubular damage caused by oxidant 
injury and renal vasoconstriction. Inflammation is known 
as a cause of rhabdomyolysis-induced AKI. Muscle fibers 
damaged during the process of rhabdomyolysis release 
immunostimulatory molecules that activate the production 
of pro-inflammatory cytokines such as interleukin-6 and 
tumor necrosis factor-α, thus leading to kidney injury[16]. 

The immunopositive nuclei for Ki-67 in group I were 
very few, while subgroup IIA revealed some increase in 
number of nuclei in the renal tubules.  Morphometrical 
and statistical studies detected increase in mean area 
percentage of Ki-67 immunoreactivity in subgroup IIA 
in comparison to control group. This might be explained 
by the fact that under normal circumstances the tubular 
epithelial cells have a slow rate of proliferation, this 
slow rate changes after an injury to be a high rate of cell 
division and this is in accordance with Humphreys and                                                 
Bonventre[23] who reported that organs, such as kidney 
and lung, have a very low rate of cellular turnover but are 
capable of proliferating and repairing after an injury. 

Additionally, Bonventre and Yang[24] stated that this 
low rate of turnover changes dramatically after an ischemic 
or toxic insult, when there is a marked increase in cell 
death by necrosis and apoptosis. The living cells undergo 
a high rate of mitosis to replace these cells. The number of 
immunopositive nuclei in subgroup IIB slightly decreased 
than subgroup IIA. The mean area percentage of Ki-67 
immunoreactivity in subgroup IIB was less than subgroup 
IIA but still more than the control. This is consistent with 
the findings in the studies of some investigators[22, 25] 
which showed increase in number of proliferating nuclei 
immediately after glycerol induced AKI in comparison to 
control group then decreased after few days. 

The levels of serum urea and creatinine were elevated 
in group II and persisted elevated indicating affection of 
kidney function. The kidney dysfunction was reported also 
in other studies after glycerol injection[17,19, 26]. 

After AKI, renal tubule cells show a tendency to 
spontaneous regeneration, but in severe cases complete 
repair is not achieved. It remains controversial whether 
stem cells populations existing within the adult kidney 
contribute to the regeneration of renal tubule cells after 
injury or not. Advanced reports stated that dedifferentiated 
cells from renal tubule are responsible for the repair of 
the degenerated tubules. Transplanted stem cells could 

secrete paracrine factors and supply cell materials that help 
the renal tubules regeneration. For example, transplanted 
stem cells could secrete paracrine factors that help the 
regeneration of renal tubules and provide additional cell 
materials for the kidney regeneration. A paracrine effect 
is more likely if the epithelial dedifferentiation of renal 
tubular cells is the main mechanism for recovery from 
AKI. However, the replacement of injured renal tubular 
cells is can also occur[27]. Currently, MSCs have been 
known as favorable tool for therapy in clinic, due to their 
several advantages such as extensive in vitro expansion, 
self renewal, engraftment capacity, immunomodulation 
characters, multi-lineages differentiation potential and few 
ethical concerns are needed for their use[28].

The present study revealed that the animals injected 
with MSCs showed amelioration of the histological 
changes that occurred in the kidney. There were decrease 
in vacuolation and increase in the height of epithelium 
and there were no casts as detected by examination of 
H&E stained sections. EM examination also showed 
amelioration of structure of proximal and distal convoluted 
tubules and renal filtration barrier. Also Ki-67 stained 
sections showed intense immune reaction in group III 
in comparison to control group and group II indicating 
increased proliferation of cells. Moreover, kidney function 
tests improved. The levels of urea and creatinine decreased 
in comparison to group II. 

The previous findings were consistent with other         
studies[25,29] which revealed that MSCs ameliorated renal 
injury as tubular necrosis and luminal casts in glycerol 
induced AKI. Also they promoted proliferation as detected 
by PCNA immunostaining and ameliorated kidney 
functions.  Moreover, other studies[5,6,30] showed that MSCs 
ameliorated kidney injuries, promoted renal proliferation 
and improved kidney functions in other forms of AKI like 
gentamicin, cisplatin and ischemia reperfusion induced 
kidney injuries.  

Therefore, exogenous MSCs have been considered 
as one of the new effective strategies for AKI. Although 
the mechanisms responsible for their protective and 
regenerative effects are incompletely understood, anti-
inflammatory/ immunoregulatory properties of MSCs and 
decreased mitochondrial apoptosis pathway are recognized 
as important mechanisms[29,31].

The rats treated by CM showed improvement in the 
morphology of kidney as detected by H&E stained sections 
which showed decrease in vacuolation of the cells. Also 
electron microscopic examination showed improvement in 
the structure of tubules and renal filtration barrier with few 
residual lesions. Also Ki-67 stained sections showed intense 
immune reaction in group IV in comparison to control 
group and group II indicating increased proliferation of 
cells. Kidney functions in group IV were also ameliorated 
as the levels of urea and creatinine decreased in comparison 
to group II but were still high as compared to control group. 



80

Journal of Medical Histology

This is consistent with other studies that detected the 
effectiveness of CM and MSCs soluble factors in treating 
some different models of AKI. Other investigators[6,32] 
found that the conditioned medium was able to 
minimize the deleterious effects caused by gentamicin 
and enhanced renal proliferation. Also the study of                                              
Abouelkheir et al.[5] indicated that MSCs and their 
conditioned medium ameliorated the pathological changes, 
enhanced kidney functions, decreased apoptosis and 
promoted proliferation detected by Ki-67 immunostaining 
in acute kidney injury induced by cisplatin. They found 
that MSCs therapy was associated with the appearance of 
adipocytes and osteoblast-like cells. These maldifferntiated 
cells were absent in CM group indicating that the medium 
may be more safe than the MSCs and may replace them 
in treating injuries. Moreover, it was reported[33] that 
induced pluripotent stem cell-derived conditioned medium 
attenuated AKI by down-regulating the oxidative stress-
related pathway in ischemia–reperfusion induced AKI in 
rats.

In the contrary, other researchers[34] found that the 
conditioned medium of MSCs could not protect against 
kidney failure in terms of serum urea and creatinine and 
histopathologic examinations in cisplatin induced acute 
kidney injury in rats. Also it was found[35] that MSCs, not 
CM, contribute to kidney repair after ischemia-reperfusion 
injury.

The animals injected by MVs showed amelioration in 
the morphology of renal tissue in the form of a decrease 
in vacuolation as detected by H&E stained sections. Also 
electron microscopic examination showed improvement 
in the structure of tubules and renal barrier with few 
residual lesions. Ki-67 stained sections showed intense 
immune reaction in group V in comparison to groups I and 
II indicating increased proliferation of cells. The kidney 
functions also improved in comparison to group II but 
were still high as compared to control group.

These results were in accordance with several studies. 
Some investigators[36] stated that MVs improved renal 
function and reduced the extent of kidney injury. A single 
administration of MVs immediately following ischemia-
reperfusion-injury-induced AKI[37] or cisplatin  alleviated 
inflammation,  decreased renal cell apoptosis, and increased  
proliferation of the renal epithelial cells. In addition, 
multiple injections of MVs led to further improved renal 
function and morphology, abrogated renal fibrosis, and 
decreased mortality[38].

Different pathways demonstrate the ability of MVs to 
modulate simultaneously several genes to stimulate renal 
repair and/or regeneration. MVs stimulated renal repair 
through inducing the expression of the antiapoptotic genes 
BCL-2, BCL-XL and BIRC-8 in renal tubular epithelial 
cells while simultaneously downregulating the pro-
apoptotic genes LTA, CASP-1 and CASP-8. Also, MVs 
shuttled RNA associated with control of transcription, 
proliferation, and immune regulation to the damaged 

epithelium. Furthermore, MVs stimulated renal cell 
proliferation by inducing the phosphorylation followed by 
activation of extracellular regulated kinase[39]. 

Moreover, it was stated[40] that MVs modulated 
microRNAs in renal tubular cells and inhibited ATP 
depletion injury. They alleviated renal ischemic 
reperfusion injury and enhanced angiogenesis in                                                 
rats. Another study[41] showed that MVs are enriched in 
certain molecules, including heatshock proteins, signal 
transduction proteins, adhesion molecules, membrane 
trafficking molecules, cytoskeleton molecules, cytoplasmic 
enzymes, and importantly, functional mRNAs and 
microRNAs. Their role in vivo may be related to cell to 
cell communication and to proteins and RNAs exchange 
among cells both locally and at distance.

CONCLUSION                                                                  

Mesenchymal stem cells, their CM and MVs enhanced 
healing of experimentally induced AKI with little 
differences in their effectiveness. However, stem cell group 
revealed mild increase in renal tubular cell proliferation 
than MVs and conditioned medium. The CM and MVs 
can be used instead of stem cells in treating tissue injuries 
and further studies for prolonged periods should be done to 
show their effectiveness on the long run. 
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الملخص العربى

دراسة نسيجية ونسيجو كيميائية مناعية لدور الخلايا الجذعية والوسط المحيط والحويصلات الدقيقة 
فى علاج إصابة الكلوة الحاد المستحدث تجريبيا فى الجرذان  

ميسرة محمود سالم1، أميمة كامل هلال1، هالة جبر متولى2،  أسماء محمد الهادى1،              
شيماء عطية أحمد1

 1قسم الأنسجة وبيولوجيا الخلية - كلية الطب جامعة بنها - بنها - مصر  
2قسم الباثولوجيا الإكلينيكية - كلية الطب - جامعة القاهرة - القاهرة - مصر

االمقدمة: إن الإصابة الحادة للكلوة هى مشكلة صحية كبيرة مرتبطة بمعدلات عالية من التدهور والوفاة. والخلايا الميزانشمية 
الجذعية أظهرت مزايا فى استخدامها فى الحقل الطبى، والحويصلات الدقيقة محاطة بجدار خلوى ومنبثقة من الخلايا إلى الوسط 

الدقيق المحيط بها. والوسط المحيط هو الوسط الخارجى حول الخلايا الجذعية. 
على  الدقيقة،  والحويصلات  المحيط،  والوسط  الجذعية،  للخلايا  الأثرالعلاجى  على  التعرف  إلى  الدراسة  هذه  هدفت  الهدف: 

الإصابة الحادة للكلوة المستحدثة فى الجرذان. 
المواد والطرق: أستخدمت فى هذه الدراسة خمسة وخمسون جرذا قسمت إلى خمس مجموعات، المجموعة الأولى (مجموعة 
ضابطة). والمجموعة الثانية حقنت الجرذان فى العضل بالجلسرين. وأما المجموعة الثالثة حقنت بالجلسرين وبعد ذلك بالخلايا 
الجذعية، والمجموعة الرابعة حقنت بالجلسرين وبعد ذلك حقنت بالوسط المحيط بالخلايا الجذعية، والمجموعة الخامسة حقنت 
بالجلسرين وبعد ذلك حقنت بالحويصلات الدقيقة. وجهزت عينات من الكلى لصبغها الهيماتوكسلين والإيوسين، وكى أى-67، 

وللفحص بالمجهر الإلكترونى. 
النتائج: المجموعة الثانية الفرعية (أ) أظهرت تجويفات فى سيتوبلازم خلايا الأنيبيبات ، وتفلطحا فى الخلايا المبطنة للأنيبيبات 
(قوالب زجاجية) فى  داكنة، ومواد هيلينية  للأنيبيبات، وأنوية  الداخلى  التجويف  إلى  السيتوبلازم والأنوية  الكلوية ، وخروجا 
تجويف الأنيبيبات. وأما الفحص بالمجهر الإلكترونى للأنيبيبات الملتوية القريبة والبعيدة فقد أظهر تجويفات متعددة، وأجساما 
ذات  وميتوكوندريا  الأنيبيبات،  تجويف  فى  خلوية  بقايا  ووجود  الخلوى،  للجدار  العلوى  الجزء  أجزاء  لبعض  وفقدا  هاضمة، 
الثالثة  المجموعات  أظهرت  الآخر  الجانب  وعلى  التغيرات.  لهذه  تحسنا ضئيلا  (ب)  الفرعية  المجموعة  وأظهرت  تجاويف، 

والرابعة والخامسة تحسنا فى معظم هذه التغيرات وتحسن نسبه البولينا بالدم والكرياتنين المصلى.
الاستنتاج: لقد أدت الخلايا الجذعية، ووسطها المحيط، والحويصلات الدقيقة إلى تحسن من الإصابة الحادة المستحدثة للكلوة، 

مع تغيرات طفيفة فيما بينها فى نسبة تأثيرها. ولذلك يمكن استخدام الوسط المحيط والحويصلات الدقيقة فى علاج الأمراض.


