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ABSTRACT
Background: The incidence of acute kidney injury (AKI), the new term for acute renal failure, has increased in recent 
years. Ischemia–reperfusion (IR) is one of the main causes of AKI. Erythropoietin (EPO) is a complex molecule, which 
regulates red blood cell production in the bone marrow. Recent studies provide evidence of potential therapeutic effect of 
EPO on AKI.
Aim of the Work: Investigate the role of EPO in mobilization of bone marrow derived stem cells and its role in repairing 
AKI.
Materials and Methods: This study included 32 adult male albino rats, divided into three groups; control, non-treated IR 
and EPO treated group. AKI was done by induction of IR via clamping both renal pedicles for 40 minutes and EPO 5000 
U|kg was injected in treated group once intraperitoneally immediately after IR. Rats were sacrificed 48 hours and 1 week 
after intervention, then renal sections were stained with hematoxylin & eosin, PAS and immunohistochemically for CD34. 
Results: Erythropoietin improved the impaired kidney manifestations occurred by IR including increasing the reduced urea 
and creatinine levels, improved histological architecture of kidney. Also, increasing CD34 immunopositive hematopoietic 
and endothelial progenitor stem cells.
Conclusion: This work concluded that administration of EPO at time of renal IR resulted in enhanced mobilization of 
stem cells resulting in structural recovery and improved functions.
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INTRODUCTION                                                                 

Acute kidney injury (AKI) is a common, dangerous 
condition with high rates of mortality and morbidity. It has 
been also accompanied with increased length of hospital 
stay and adjusted ratios of 4.1 for hospital mortality and 
2.0 for discharge[1]. Attacks of hypotension or surgical 
clamping of renal arteries are the major causes of acute 
tubular necrosis of kidney which is responsible for the 
majority of cases of AKI affecting renal functions[2].

In humans, AKI is a precursor of chronic kidney 
disease (CKD) characterized by vasculopathy, fibrosis 
and progressive loss of function leading to renal failure[3]. 
Chronic kidney disease may represent inadequate 
regeneration following renal injury. However, kidney has 
enormous capacity for renewal and there are few therapies 
that promote kidney repair[4].

Over a few decades, factors that promote reformation of 
injured kidney have been widely studied. By using animal 
models for kidney damage, the role of growth factors, 

transcription factors, hormones and extracellular matrix 
in this process has been examined. Therapeutic strategies, 
may potentially aimed to limit AKI and the development 
of CKD[5].

Stem cells recognition in renal tissues is important 
for understanding tissue homeostasis and therapeutic 
applications. Previous researches revealed that the 
enhancements of mobilization, propagation and delivery 
of bone marrow-derived cells (BMDCs) as hematopoietic 
stem cells (HSCs) and endothelial progenitor cells (EPCs) 
to the kidney hold potential as entirely new approaches for 
the treatment of AKI[5].

Erythropoietin (EPO) hormone receptor has been found 
in various non-hematopoietic tissues proposing that EPO 
might have important roles beyond erythrocyte production. 
Thus, EPO intake has been shown to ameliorate AKI and 
hastened functional recovery in response to renal insults 
as ischemia, ureteral obstruction, toxaemia and heat-
shock. Based on highly hopeful results, several trials 
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of EPO therapy in ischaemic or toxic AKI are currently 
underway[6].This study was designed to investigate role 
of EPO in mobilization of CD34 positive bone marrow 
derived stem cells and its possible role in AKI caused by 
ischemia reperfusion in adult male albino rats monitored by 
histopathological, serological and morphometrical studies.

MATERIALS AND METHODS                                      

A- Materials:

Drug: Erythropoietin (EPO): Epoetin (Sedico), 5000 
U|kg was injected once intraperitoneal (IP) immediately 
after IRI[6].

Animals: This study included 32 adult male albino 
rats, 180- 200 grams body weight. Rats were bred in 
Animal House of Kasr Al-Ainy, Cairo, Egypt, according 
to guidelines of the Animal Ethical Committee of Faculty 
of Medicine, Cairo University.  Each group was kept in 
separate wire cage at room temperature, fed ad libitum and 
allowed access for free water supply. Rats were divided 
into three groups as follows:

Group I (control group): 8 rats were subdivided 
equally into:

-Subgroup Ia (plain control): not exposed to operation 
nor EPO.

-Subgroup Ib (Sham-operated Group): subjected to 
sham operation.

Two rats from each subgroup were sacrificed for each 
experimental subgroup.

Group II (non treated group): 12 rats subjected 
to renal ischemia reperfusion injury (IRI). They were 
sacrificed as follows:

-Subgroup IIa: 6 rats were sacrificed after 48 hours of 
reperfusion.

-Subgroup IIb: 6 rats were sacrificed after one week of 
reperfusion.

Group III (Erythropoietin-treated group): 12 rats 
subjected to IRI and immediately received EPO injection. 
They were sacrificed as follows:

-Subgroup IIIa: 6 rats were sacrificed after 48 hours of 
reperfusion.

-Subgroup IIIb: 6 rats were sacrificed after one week 
of reperfusion.

B- Methods:

Induction of ischemia-reperfusion AKI by renal 
pedicle ligation:

Ischemia-reperfusion AKI was induced in ketamine 
xylasine-anesthetized animals. Midabdominal laparotomy 
was performed after the disinfection of abdominal wall by 
povidone iodine (Betadine). Kidneys were exposed and 
renal pedicles were clamped for 40 minutes by smooth-
edged surgical clamp. Reflow was visually confirmed. 4ml 

warm normal saline was given IP before abdominal closure 
to avoid ileus. Topical Garamycin cream was applied after 
wound closure to reduce risk of wound infection[7].

Sham operation: 

A procedure that is performed similar to the operation 
of ischemia-reperfusion AKI induction but omits the renal 
pedicle ligation[8]. 

Laboratory investigations:

Blood samples, using capillary tubes, were drawn 
from retro-orbital veins. Serum urea and creatinine 
were measured for all rats, before and after intervention 
throughout period of experiment. Serum urea and creatinine 
were measured at Biochemistry Department, Kasr Al-Ainy 
Medical School as follows:

Day 0: before induction of IR AKI.

Day 1: 24 hours after induction of IR AKI.  

Day 2: 48 hours after induction of IR AKI.  

Day 7: 7 days after induction of IR AKI. 

Evaluation of the morphological changes of kidney 
after ischemia-reperfusion AKI and the effect of 
erythropoietin administration:

At the end of each experimental period, right kidney 
from each animal was immediately dissected, fixed in 10 
% buffered formalin solution for 48 hours, dehydrated in 
ascending grades of ethanol and embedded in paraffin. 
Serial sections of 7 µm thickness were cut, mounted on 
slides and subjected to the following:

Hematoxylin & Eosin (H&E) stain[9]. 

Periodic Acid Schiff Reaction (PAS) to demonstrate 
basal lamina and brush border as a measure of tubular 
injury[9].

-Immunohistochemichal staining using anti CD34 
antibody. It's a marker for hematopoietic stem cells (HSCs), 
endothelial progenitor cells (EPCs) & small vessels 
endothelium[5- 10].Paraffin sections were deparaffinized, 
rehydrated, incubated with hydrogen peroxide for 30 
minutes then rinsed in PBS. Sections were incubated for 
one hour with 2 drops (=100 μl) of the primary antibody 
CD34 Ab-1, Clone QBEnd/10 (Lab Vision Corporation 
Laboratories, CA 94539, USA, catalogue number MS-
363- R7). Immunostaining was completed by the use of 
Histostain SP kit detection system that includes serum 
blocking solution, a biotinylated secondary antibody, 
a horseradish peroxidase streptavidin and a substrate 
chromogen mixture to demonstrate antigen in cells and 
tissues (LAB-SA system, Zymed Laboratories Inc, San 
Francisco, CA 94080, USA, cat no 95- 9643). Mayer's 
hematoxylin purchased from Labvision Thermoscientific 
USA (cat no TA- 060- MH) was used for counter staining. 
CD34 positive cells showed brown cytoplasmic deposits. 
Tonsil sections were used as positive control specimens & 
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one of the kidney sections was used as a negative control 
by passing the step of applying the primary antibody[11].

Morphometric study to measure the following 
parameters:

Mean numbers of affected Malpighian renal corpuscles 
in H&E stained sections at a magnification of x 100.

Mean area percent of PAS positive material in PAS-
stained sections at a magnification of x 400.

Mean numbers of CD34 immunopositive cells in renal 
interstitium per high power field at a magnification of ×400.

All measurements were done Using ״ Leica Quin 500״ 
software image analyzer computer system (Leica image 
system Ltd; Cambridge, England) present in the Histology 
Department, Faculty of Medicine, Cairo University and 
was detected in 10 non-overlapping randomly chosen 
fields for each animal.

Statistical analysis: was done for serum levels of urea 
and creatinine and for the morphometric results.  Data were 
expressed as mean ±SD. Data were statistically analyzed 
using statistical package SPSS version 16 (SPSS Inc., 
Chicago, USA). Comparisons between groups were done 
using ANOVA (analysis of variance) followed by post hoc 
test for multiple comparisons between each 2 groups. The 
results were considered significant when p<0.05.

RESULTS                                                                                

No mortality occurred throughout the experimental 
period.

Laboratory results:

Serum creatinine and urea levels in all groups

Mean serum creatinine and urea showed no significant 
difference between all subgroups and corresponding 
control on day 0. On day 1 (24 hours after IRI), all 
experimental subgroups exhibited a significant increase 
when compared to corresponding control, but its level 
in subgroups IIIa & IIIb significantly decreased when 
compared with subgroups IIa & IIb respectively.                 
On day 2 (48 hours after IRI), mean Serum creatinine and 
urea for all experimental subgroups were significantly 
increased when compared to corresponding control,  
however these levels for subgroups IIIa and IIIb showed 
a significant decrease when compared to subgroups IIa 
and IIb respectively. On day 7 (1 week after IRI), both 
subgroups IIb and IIIb revealed a significant increase 
when compared to corresponding control. Subgroup IIb 
showed non significant decrease compared to subgroup 
IIa while, subgroup IIIb showed significant decrease 
compared to subgroup IIIa. Subgroup IIIb also, showed 
a significant decrease when compared to subgroup IIb 
(Table 1).

Histological and immunohistochemical results

Examination of renal sections in subgroups Ia and Ib 
revealed no histological differences. So they are discussed 
as control group (group I).

Hematoxylin and eosin stained sections

Group I (control group):

Histological examination of renal sections from control 
rats (group I) showed normal architecture.  Sections of 
renal cortex showed Malpighian renal corpuscles (MRCs) 
formed of tuft of capillaries (glomeruli) and Bowman's 
spaces (Fig. 1A) that appeared in all sections regular 
and narrow. Proximal convoluted tubules (PCT) showed 
narrow lumen and were lined with simple high cuboidal 
cells with rounded basal nuclei and acidophilic cytoplasm. 
Distal convoluted tubules (DCT) showed wider lumen 
and were lined with simple low cubical cells with rounded 
central nuclei (Fig. 1B). Sections of renal medulla showed 
the collecting tubules with narrow lumens and normal 
arrangement pattern (Fig. 1C). They were lined with 
simple cuboidal epithelium (Fig. 1D).

Group II (non treated group)

Subgroup IIa (IRI, 48 hours):

Examination of renal sections revealed many 
histopathological changes. Renal cortex showed MRCs 
with widening of Bowman's spaces. Some glomeruli 
appeared distorted and shrunken. Exudates accumulation 
in Bowman's spaces and glomerular capillary degeneration 
were also noticed in some of them. Many tubules 
(proximal and distal) demonstrated a detachment of their 
cells from their basement membranes (Fig. 1E). Nuclei 
of some cells lining tubules appeared fragmented, others 
were pyknotic with peripheral condensed chromatin. 
Hyaline casts were seen in the lumina of some tubules 
(Fig. 1-F). Most of cortical tubules showed cytoplasmic 
vaculation. Marked inflammatory infiltration inbetween 
cortical tubules were seen (Fig. 2-A). Sections of renal 
medulla revealed many collecting tubular cells with 
widely distributed marked cytoplasmic vacuolation and 
others with deeply acidophilic cytoplasm. Nuclei of 
some lining cells appeared pyknotic while others showed 
peripheral condensed chromatin (Figs. 2-B and 2-C). 
Peritubular capillary congestion and cellular debris inside 
lumina of some tubules were also noticed (Fig. 2-C).

Subgroup IIb (IRI, 1 week)

Examination of renal sections demonstrated some 
glomeruli are shrunken with partial widening of Bowman's 
spaces. Other glomeruli showed marked distortion or 
complete loss of the glomerular tufts. Tubular epithelial 
cells appeared detached from their underlying basement 
membrane. Hyaline casts were demonstrated in lumens 
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of some tubules (Figs. 2-D and 2E). Cytoplasm of tubular 
cells appeared vacuolated and some nuclei appeared 
pyknotic (Fig. 2-F). Medullary sections examination of 
subgroup IIb revealed many areas of distorted tubules 
with cellular debris, congestion of minor blood vessels 
inbetween renal tubules with extravasation of RBCs. 
Many tubular cells showed pyknotic nuclei (Fig. 3-A).

Group III (EPO-treated group):

Subgroup IIIa (EPO, 48hours):

Examination of cortical sections detected apparently 
normal histological architecture of most of MRCs with 
formed glomerular tufts, but few showed shrunken 
glomeruli. Many proximal and distal tubules revealed 
normal histological architecture. Some tubules 
demonstrated dilatation (Figs. 3-B and 3-C). Medullary 
sections examination of subgroup IIIa showed mild 
congestion of peritubular blood capillaries. Many  cells  
in collecting tubules showed pyknotic nuclei (Fig. 3-D).

Subgroup IIIb (EPO, 1 week):

Cortical sections showed renal corpuscles with normal 
histological picture including well-formed capillary 
tufts and well organized narrow Bowman's spaces. 
Many of proximal and distal tubules exhibited normal 
histological architecture, but some tubular cells still have 
deeply acidophilic cytoplasm with pyknotic nuclei. No 
peritubular congestion was noticed (Fig. 3-E). Medullary 
sections in subgroup IIIb exhibited normal histological 
appearance of most collecting tubules. Some tubular 
cells exhibited dark acidophilic cytoplasm with pyknotic 
nuclei were also noticed (Fig. 3-F).

PAS stained sections:

Group I (control group):

Examination of renal cortical sections of control 
group revealed the cortical tubules with preserved brush 
border and continuous basal laminae. PAS highlighting 
the basement membranes of the glomerular capillary 
loops was seen along with that of the parietal epithelial 
cells of Bowman's capsules (Fig. 4-A).

Group II (non-treated group):

Subgroup IIa (IRI, 48 hours) 

Sections in renal cortex showed partial or complete 
loss of the brush borders in most of the tubules. Basal 
laminae were interrupted in some parts of renal tubules 
while preserved in other parts. Hyalinization appeared in 
the lumen of some tubules (Fig. 4B).

Subgroup IIb (IRI, 1 week) 

Sections in renal cortex revealed complete loss of 
brush borders and interrupted basal laminae in most 

of the tubules. Basal laminae of the parietal layer of 
Bowman's capsules were apparently thickened in some 
areas                   (Fig. 4C). 

Group III (EPO-treated group):

Subgroup IIIa (EPO, 48 hours)

Sections of renal cortex demonstrated partial loss 
of the brush border in some of the tubules while others 
showed interrupted basal laminae. Thickened parts of 
the basal laminae of the parietal epithelium of Bowman's 
capsules were also seen (Fig. 4D).

Subgroup IIIb (EPO, 1 week)

Examination of renal sections detected most of 
cortical tubules with preserved brush border. PAS stained 
basal laminae appeared continuous in most of the renal 
tubules. Also, PAS highlighting the basement membranes 
of glomerular capillary loops was seen along with the 
parietal epithelial cells of Bowman's capsules (Fig. 4E).

Immunohistochemical results

Group I (control group):

Renal sections of control group stained with anti-CD34 
antibody revealed positive cytoplasmic immunoreactivity 
in the endothelial cells lining glomerular blood capillaries 
and in those lining the peritubular capillaries (Fig. 5A).

Group П (non-treated group):

Renal sections of subgroup Пa (IRI, 48hours) 
immunostained with antiCD34 antibody revealed 
decreased immunoreactivity in cells lining glomerular& 
peritubular blood capillaries (Fig. 5B).Renal sections of 
subgroup Пb (IRI, 1 week) showed few CD34 positive 
cells with brown cytoplasmic deposits in-between renal 
tubules. Mild positive immunoreactivity was observed in 
glomerular and peritubular capillaries (Fig. 5C).

Group III (EPO-treated group):

Renal sections of subgroup ПIa (EPO, 48hours) 
detected numerous CD34 positive immunoreactive cells 
accumulated in renal interstitium mainly in areas near 
glomerular and peritubular capillaries. They appeared 
branched with brown cytoplasmic immunoreaction 
and rounded nuclei (Figs. 5D and 5E). Renal sections 
of subgroup ПIb (EPO, 1 week) demonstrated the 
presence of few CD34 positive immunoreactive cells in 
interstitium. Also, positive immunoreaction was detected 
in endothelial lining of renal glomerular capillaries and 
peritubular capillaries (Fig. 5F).
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Morphometric results

Mean numbers of affected glomeruli (±SD) in all 
groups: ( Table 2)

 The mean numbers of affected glomeruli in subgroups 
IIa, IIb, IIIa and IIIb were significantly increased when 
compared to control. These mean numbers represented, in 
subgroups IIIa and IIIb, a significant decrease as compared 
to subgroups IIa and IIb respectively. Meanwhile non 
significant decrease was detected between subgroup IIb 
compared to subgroup IIa.

Mean area percent of PAS positive material (± SD 
in all groups): (Table 2)

The mean area percent of PAS positive material in 
subgroups IIa, IIb, IIIa and IIIb showed a significant 
decrease when compared to control. It revealed a 

significant increase in subgroups IIIa when compared to 
subgroup IIa. It also, showed in subgroup IIIb a significant 
increase when compared to subgroups IIa, IIb and IIIa. 
Meanwhile non significant increase was detected between 
subgroup IIb compared to subgroup IIa.

Mean numbers of CD34 immunopositive cells 
(±SD) in renal interstitium in all groups: (Table 2)

Compared to control group, mean number of CD34 
immunopositive cells detected in renal interstitium 
increased in all experimental subgroups but was only 
significant in subgroup IIIa and subgroup IIIb. Also, mean 
numbers of CD34 immunopositive cells in subgroup 
IIIa showed significant increase versus subgroup IIa, 
subgroup IIb &subgroup IIIb. The mean numbers of 
CD34 immunopositive cells in subgroup IIb showed 
non significant increase compared to subgroup IIa& non 
significant decrease compared to subgroup IIIb.

Table 1: Comparison between the values of mean serum creatinine and mean serum urea (±SD) in the studied groups

Subgroup IIIbSubgroup IIIaSubgroup IIbSubgroup IIaGroup IDay

0.50±0.010.50± 0.050.50±0.030.49± 0.030.49±0.05CreatinineDay 0

35.04±5.1535.32±4.1635.59±4.8935.79±4.7135.85±4.35Urea

0.92±0.02*#0.92±0.02*#1.87±0.15*1.90±0.59*0.50±0.26CreatinineDay 1

58.1±1.43*#58.24±1.79*#73.28±3.37*73.08±3.74*36.08±3.98Urea

0.66±0.01*#0.65±0.01*#2.26±0.20*2.14±0.11*0.50±0.02CreatinineDay 2

52.55±0.58*#52.58±0.60*#96.01±0.66*96.04±0.68*36.12±3.56Urea

0.60±0.01*# ♦1.90±0.08*@0.51±0.02CreatinineDay 7

50.17±0.59*#♦94.02±1.08*@36.04±3.71Urea

* Significantly different from the corresponding value of the control group at P < 0.05.
#  Significantly different from corresponding value of subgroup II at P < 0.05 on the same day.
@ Non significantly different from the corresponding value of subgroup IIa (day 2) at P > 0.05.
♦Significantly different from the corresponding value of subgroup IIIa (day 2) at P < 0.05.
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* Significantly different from the corresponding value of control group at P < 0.05.
# Significantly different from the corresponding values of subgroups IIa & IIb at P < 0.05 on the same day.
@ Significantly different from the corresponding value of subgroup IIa at P < 0.05.
& Non Significantly different from the corresponding value of subgroup IIa at P > 0.05.
∆ Non significantly different from the corresponding value of subgroup IIIb at P > 0.05.
♦ Significantly different from the corresponding values of subgroups IIa, IIb & IIIa at P < 0.05.
□ Significantly different from the corresponding values of subgroups IIa, IIb& IIIb at P < 0.05. 

Table (2): The mean numbers of affected glomeruli, the area percent of PAS positive material and mean numbers of CD34 positive stem 
cells (±SD)

mean numbers of CD34 
positive cells ±SD

mean area percent of PAS 
positive material ±SD

mean numbers of affected 
glomeruli ±SD

Groups

1.10±0.8429.40±3.881±0.3Group I

1.7±0.949.86±1.72*3.4 ± 0.54*Subgroup IIa

2.92 ±0.82&∆11.50±2.33*&3±0.7*&Subgroup IIb

7.55 ±1.26*□15.62±3.16*@2±0.7*#Subgroup IIIa

4.22±0.99*26.47±3.52*♦1.6±0.12*#Subgroup IIIb

Fig. 1: Renal cortical section in control group (H&E) showing (A): Malpighian renal corpuscles formed of glomeruli (G) and Bowman's 
spaces (arrow heads). PCT (P) & DCT (D) (x200). (B): glomeruli (G) , Bowman's spaces (arrow heads), PCT (P) appeared narrow, lined with 
high cuboidal cells with homogenous acidophilic cytoplasm & DCT (D) are wide and lined with low cubical cells (x400). (C): collecting 
tubules of renal medulla with narrow lumina and normal arrangement pattern (x200). (D): higher magnification of the previous figure (x400). 
Renal cortical section in subgroup IIa showing (E): Malpighian renal corpuscle with accumulated exudate (E) and complete degeneration 
of glomerular capillary tuft (G) & detached tubular cells from their basement membrane (wavy arrows) (x200). (F): dense hyaline casts in 
lumina of some tubules (green astrix), distorted Bowman's space (arrow head) and tubular lumen (green arrow). Some tubular cell nuclei are 
fragmented (yellow arrow), pyknotic (black arrow) or with peripheral chromatin condensation (curved arrow)                                      (x400)
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Fig. 2: Renal cortical section in subgroup IIa showing (A): widened Bowman's space (arrow head), marked inflammatory infiltrate (blue 
arrow) and cytoplasmic vaculation in some tubular cells (V) (x400). (B): many tubular cells with marked cytoplasmic vaculation (V) & others 
with deeply acidophilic cytoplasm (white arrows) (x200). (C): peritubular capillary congestion (C) and cellular debris (yellow astrixes) in 
lumina of some tubules. Many tubular cells appeared with marked cytoplasmic vaculation (V), pyknotic nuclei (black arrow)  and others with 
peripheral condensation of nuclear chromatin (curved arrows) (x400). Renal cortical section in subgroup IIb (H&E) showing (D):  Malpighian 
renal corpuscle with complete loss of glomerular tuft (G1), preserved glomerulus (G2) and distorted Bowman's space (arrow head). Detached  
tubular epithelial cells from their underlying basement membrane (wavy arrows) & pyknotic nuclei (black arrows) are also seen (x200). (E): 
shrunken renal glomerulus (G), wide Bowman's spaces (arrow heads) & hyaline casts (green astrixes) in tubular lumen (x400). (F): Malpighian 
renal corpuscles with shrunken glomeruli (G) and widened Bowman's spaces (arrow heads). Cytoplasmic vacuolation (V) in lining tubular 
cells & some pyknotic nuclei (black arrow) are also, seen                                                                                                                              (x400)

Fig. 3: (A): Renal medulla of subgroup IIb showing distorted tubules with cellular debris (yellow astrix), peritubular blood capillary congestion 
(C) with extravasated RBCs and pyknotic nuclei (black arrows) in tubular cells (x400).  Renal cortical section in subgroup IIIa showing (B): 
Most Malpighian renal corpuscles with formed glomerular tufts (G) and narrow Bowman's spaces (arrow heads). Few shrunken glomeruli 
(green triangle) & some dilated tubules (black astrixes) are also, seen (x200). (C): Malpighian renal corpuscles with formed glomerular tufts 
(G) and Bowman's spaces (arrow heads).   Many PCT (P) & DCT (D) appeared normal (x400). (D): mild peritubular congestion (C)&  Many  
tubular cells with pyknotic nuclei (black arrows). (x200). Renal cortical section in subgroup IIIb showing (E): Malpighian renal corpuscles 
with well organized glomerular tufts (G) and narrow Bowman's spaces (arrow heads). some tubular cells have deeply acidophilic cytoplasm 
with pyknotic nuclei (black arrows) (x400). (F): most collecting tubules are well organized, some tubular cells with dark acidophilic cytoplasm 
and pyknotic nuclei are noticed (black arrows)                                                                                                                                                    (x400)
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Fig. 4: Renal cortical section (PAS x400) in (A):  control group showing multiple tubules with preserved brush border (green arrow) and 
continuous basal lamina (arrow head). PAS stained basement membranes of glomerular capillary loops (wavy arrow) are seen along with 
parietal layers of Bowman's capsule (curved arrow). (B):  subgroup IIa showing absent brush border (black arrow) in most of cortical tubules 
and partial loss (yellow arrow) in others, interrupted basal laminae are seen in some tubules (arrow heads) & hyalinization appears in lumina 
of some tubules (blue arrow). (C):  subgroup IIb showing most of tubules with absent brush border (black arrow) & interrupted basal laminae 
(arrow heads).  Apparent thickened basal laminae of parietal epithelium of Bowman's capsules is seen in some areas (curved arrows). (D):  
subgroup IIIa showing some tubules with partial loss of brush border (yellow arrows) and others with interrupted basal laminae (arrow head). 
Thickened parts of basal laminae of parietal epithelium of Bowman's capsules are seen (curved arrow). (E):  subgroup IIIb showing preserved 
brush borders (green arrows) of most tubules with continuous basal laminae of tubules (arrow head), glomerular capillary loops (wavy arrow) 
and parietal epithelial cells of Bowman's capsules (curved arrow)

Fig. 5: CD34 immunostained renal cortical section in (A): control group showing positive immunoreactivity in the form of brown cytoplasmic 
deposits in endothelial cells lining glomerular (green arrow) and peritubular capillaries (red arrow) (x200). (B): subgroup Пa showing 
positive cytoplasmic immunoreactivity in endothelial cells lining some peritubular blood vessels (red arrows) & decreased reactivity in 
those lining glomerular capillaries (green arrow)  (x200). (C): subgroup Пb showing few CD34 positive cells between renal tubules (curved 
arrow). Positive cytoplasmic immunoreaction in peritubular capillaries (red arrows). Negative CD34 immunoreaction in remaining parts 
of destroyed glomerulus (x200). (D): subgroup ПIa showing numerous CD34 positive immunoreactive cells in renal interstitium (curved 
arrows) mainly near glomeruli (x200). (E): higher magnification of the previous figure showing many CD34 positive immunoreactive cells. 
They appear branched with brown cytoplasmic immunoreaction &rounded nuclei (curved arrows) (x1000). (F): subgroup ПIb showing few 
CD34 positive immunoreactive cells in renal interstitium (curved arrow). Positive cytoplasmic immunoreactivity is seen in endothelial cells 
lining glomerular (green arrow) and peritubular capillaries (red arrow)                                                                                                               (x200)



105

EPO Mobilization of Stem Cells in Acute Kidney Injury Samir et al.

DISCUSION                                                           

In this study, normal urea and creatinine levels went 
parallel with normal histological picture and morphometric 
results to reveal normal kidney function in control rats. As 
the laboratory precedes pathological findings, they were 
measured on 0, 1, 2 & 7 days[12]. Measurement of serum 
urea and creatinine is used as a reliable indicator for renal 
functions assessment, significant elevation of serum urea 
and creatinine levels in group II confirmed the occurrence 
of renal dysfunction and was similarly reported by an 
earlier work[13].

In the present study, renal sections with H&E staining 
of IRI group revealed various degrees of degenerative 
changes in MRCs as asymmetrical shapes and sizes. Other 
glomeruli showed low cellularity, partial or complete loss 
of capillary tuft and wide distorted Bowman’s spaces. 
These results were furtherly supported by morphometric 
and statistical analysis which proved a significant increase 
in the mean numbers of the affected glomeruli. These 
findings were in accordance with earlier studies[6, 14].

In subgroup IIa, H&E stained cortical and medullary 
tubular epithelial cells exhibited vacuolated cytoplasm, 
which could be considered as a sign of necrosis. Nuclei 
of many tubular cell appeared dark (pyknosis), fragmented 
(karyorrhexis) or with peripheral chromatin condensation 
which could be considered as histological features 
indicative of apoptosis[15]. IRI has been documented to cause 
mitochondrial swelling and loss of membrane potential, 
which contributes to both necrotic and apoptotic forms of 
cell death[16]. Accumulated cellular debris and hyaline casts 
were also detected in tubular lumina. These findings were 
in agreement with an earlier study[6]. These findings were  
further explained by  other investigators who mentioned 
that ischemia results in rapid loss of cytoskeletal integrity 
which leads to loss of cell junctions and loss of polarity 
with mislocalization of adhesion molecules and other 
membrane proteins such as β-integrins and Na+K+ ATPase 
leading to epithelial tubular cell death and desquamation[17].
Hyaline casts seen in tubular lumina of this group could 
be clarified by the assumption of other researchers who 
postulated that, desquamated cells and their debris that 
detach from basement membrane combine with proteins 
present in tubular lumen such as Tamm–Horsfall protein 
(renal epithelial glycoprotein) and fibronectin to form casts 
that can obstruct the tubule[18].

In this study, the peritubular capillary congestion and 
inflammatory cellular infiltration seen in the interstitium 
between the tubules of IRI group were in agreement 
with an earlier study which confirmed the occurrence of 
inflammatory response as a squeal of ischemia[19]. Some 
authors mentioned that inflammatory infiltrate is an 
important contributor to kidney injury as neutrophils attach 
to activated endothelium and accumulate particularly in 
peritubular capillary network of outer medulla, as early 

as 30 minutes after reperfusion. They produce proteases, 
myeloperoxidase, reactive oxygen species (ROS) and 
cytokines, which leads to increased vascular permeability 
and reduced tubular epithelial and endothelial cell integrity 
aggravating kidney injury[20]. All of these factors contribute 
to vascular congestion and interstitial edema.

Examination of PAS-stained sections of non-treated 
IRI group (group II) in this work demonstrated partial or 
complete loss of brush border in most of tubular cells that 
was confirmed statistically. These findings were in line 
with an earlier study[21]. PAS stain was done to assess brush 
border preservation which is a highly sensitive marker for 
monitoring survival of proximal tubular cells, site where 
IR induced injury is most intense[7], affecting sodium and 
glucose reabsorption in these tubules[22].

In this study, extent of renal injury in non treated IRI 
group (group II) peaked after 48 hours in subgroup IIa 
then showed limited reduction after 1 week (subgroup IIb) 
with longer periods of reperfusion. Minimal improvement 
in kidney functions was evidenced by the non significant 
decrease in serum urea and creatinine levels in subgroup 
IIb compared to subgroup IIa. Also, limited restoration of 
renal structure in subgroup IIb was established by H&E 
stain& proved by non significant decrease in mean number 
of affected MRCs and non significant increase in mean area 
percent of PAS positive material compared to subgroup 
IIa. This might be attributed to the process of spontaneous 
repair in response to tubular injury. However, in severe 
ARF as in IRI, kidney’s autoregenerative process may be 
inadequate for restoration of functional tissue resulting in 
permanent loss of renal function[23].

On the other hand, rat received EPO in this study 
reported an improved kidney functions assessed by a 
significant decrease in serum urea and creatinine levels 
either on 2nd day (subgroup IIIa) or 7th day (subgroup 
IIIb). These results were consistent with an earlier work 
that declared that EPO injection ameliorate AKI and hasten 
functional recovery[2]. Also, histological architecture of 
MRCs, cortical and medullary tubules showed progressive 
improvement in subgroups IIIa & IIIb. This was confirmed 
statistically by a significant decrease in the mean numbers of 
affected glomeruli. These results were further supported by 
PAS-stained sections 7 days after EPO therapy (subgroup 
IIIb) that exhibited preserved PAS positive brush border in 
most of cortical tubules and continuous basal laminae in 
nearly all tubules. Another prove came from Morphometric 
analysis that recorded a statistically significant increase 
in the mean area percent of PAS in subgroup IIIb when 
compared to other experimental subgroups. These results 
might suggest that administration of EPO immediately 
after bilateral IRI augmented functional and histological 
recovery[21] & consistent with an earlier work that declared 
that EPO injection ameliorate AKI[6]. 
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Some workers recorded that bone marrow-derived 
stem cells(BMDCs) can contribute in regeneration of the 
renal tubular epithelium, differentiate into renal tubules, 
or promote proliferation of both epithelial and endothelial 
cells after acute injury[5]. The two subsets of BMDCs 
expressing CD34 are hematopoietic stem cells (HSCs) & 
endothelial progenitor cells (EPCs) and are hypothesized 
to have a common precursor cell, hemangioblast[10]. Thus 
in this study,CD34 antibody was used as marker for the 
detection of both hematopoietic stem cells (HSCs) and 
endothelial progenitor cells (EPCs). 

In this work, mean number of CD34 positive stem 
cells was only counted in renal interstitium. CD34 positive 
stem cells that appeared branched with brown cytoplasmic 
reaction and rounded nuclei increased in renal interstitium 
of all subgroups after IRI compared to control indicating 
that bone marrow derived CD34 positive stem cells are 
mobilized and recruited to the injured kidney. These results 
were in accordance with Huls et al.[24] who emphasized that 
mechanical stresses such as ischaemia and injury, are able 
to mobilize BMDCs. 

 As this study exhibited a significant increase in mean 
number of CD34 positive stem cells in EPO treated 
subgroup IIIa compared to group II and control. This 
indicates that EPO could efficiently mobilize stem cells 
from bone marrow and increase their homing to the injured 
renal tissue. The highest value for mean number of CD34 
positive stem cells was detected in subgroup IIIa (EPO, 
48 hours) then this value was gradually decreased through 
the 7 days in subgroup IIIb (EPO, 1 week) which could 
be explained by differentiation of CD34 positive cells and 
loss of their marker. This coincided with the explanation 
of other workers who stated that during the differentiation 
of HSCs, they lose CD34 marker and acquire other 
biochemical markers specific to a lineage[25].  This could 
provide an explanation for augmented functional and 
histological renal recovery after IRI in EPO treated group 
in this work.

Kidney peritubular microvasculature has received 
increasing attention recently, since this fragile vasculature 
may not regenerate normally following injury. This may 
predispose to chronic ischemia of kidney.  It has been 
proposed that successful regeneration of peritubular 
capillaries following injury is the key in preventing CKD[22]. 
Therefore, mobilization of Endothelial Progenitor Cells 
(EPCs) may be a promising new treatment approach that 
could enhance the repair of damaged vessel segments[26]. 
Some workers recorded that administration of EPO 
was able to increase the number of CD34 positive stem 
cells in peripheral blood and increase their subsequent 
differentiation into cell phenotype with endothelial 
characteristics and thus contribute to preservation of renal 
microcirculation[27]. 

Erythropoietin profoundly increases the number of 
circulating EPCs by mobilizing bone marrow derived 
hematopoietic stem cells[28]. Another study demonstrated 
that, treatment with EPO exert tissue-protective effects 
against IRI. They attributed these effects to mobilization of 
bone marrow endothelial progenitor cells (EPCs)[29].

Recruitment of progenitor cells from the bone marrow 
is dependent on the secretion of matrix metalloproteinase-9 
by stromal cells in the bone marrow. Interestingly, 
mice lacking endothelial nitric oxide synthase failed to 
upregulate matrix metalloproteinase-9 and are incapable 
of EPCs mobilization[30]. Therefore, one mechanism by 
which EPO can mobilize EPCs is through the release of 
nitric oxide[31].

Alternatively, EPO may directly drive the 
differentiation of progenitor cell populations toward an 
endothelial cell phenotype. Researchers demonstrated 
that, recruitment and engraftment of vascular progenitor 
cells to injured or ischaemic tissue is a multi-step process 
that includes adhesion of the bone marrow-derived 
cells to the endothelium, transendothelial migration, 
chemotaxis, matrix degradation and invasion and in situ          
differentiation [32].

Another study demonstrated that EPCs home into 
the post-ischemic tissue where they release different 
proangiogenic mediators such as vascular endothelial 
growth factor, hepatocyte growth factor, and insulin-like 
growth factor. These substances promote a faster recovery 
of damaged endothelial cells[33]. 

The importance of the renal microvasculature as a 
defense mechanism against progressive renal damage 
and the recent observations that EPCs may function as 
endogenous regenerating system of the microvasculature 
suggest that EPC-based therapy represents a potential 
therapeutic option in renal disease[34]. Such therapeutic 
strategies aim at enhancement of EPC mobilization, 
recruitment and homing[35]. Endothelial progenitor cells 
stimulation by administration of EPO or analogues could 
be a new promising therapeutic strategy in regenerative 
cardiovascular medicine[36].

The present study showed that CD34 positive stem 
cells were capable of mobilization & homing into the IRI 
site in the presence of exogenously applied EPO making 
HSPCs & EPCs readily available, and strengthening the 
rationale of clinical cellular therapy.
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الملخص العربي

دور تحريك الخاليا الجذعية المستحث باإلريثروبويتين في اصالح تلف الكلى الحاد 
التالي الحتباس الدم وإعادة اإلرتواء فى الجرذان البيضاء : دراسة هستولوجية

سمير محمود ندا ، نجوى عبد الوهاب أحمد ، إيمان عباس فرج ، رقية محمد حسن

قسم الهستولوجيا - كلية الطب - جامعة القاهرة

يعد  األخيرة  السنوات  في  الحاد  الكلوي  للفشل  الجديد  المصطلح  وهو  الحاد  الكلى  بتلف  االصابة  حاالت  زادت  الخلفية: 

الدم  خاليا  إنتاج  ينظم  معقد،  جزئ  هو  اإلريثروبويتين  الرئيسية  الحاد  الكلى  تلف  أسباب  أحد  اإلرتواء  وإعادة  الدم  إحتباس 

الحاد. الكلى  تلف  في  العالجي  تأثيرإريثروبويتين  إمكانية  علي  الدليل  الحديثة  الدراسات  توفر  العظام.  نخاع  في  الحمراء 

الهدف من العمل: بحث دور اإلريثروبويتين فى تحريك الخاليا الجذعية المشتقه من نخاع العظام ودوره في إصالح تلف الكلى الحاد.

المواد وطرق البحث: تضمنت هذه الدراسة ٣٢ ذكر بالغ من الجرذان البيضاء ، مقسمة إلى ثالث مجموعات، الضابطة ، إحتباس الدم 

وإعادة اإلرتواء  غير المعالجة ، والمجموعة المعالجه باإلريثروبويتين. تم إحداث تلف الكلى الحاد عن طريق إحتباس الدم وإعادة 

اإلرتواء عن طريق وضع كالب علي العنيقان الكلويان لمدة ٤۰ دقيقة، وحقنت المجموعة المعالجة مرة واحدة بإريثروبويتين ٥۰۰۰ 

وحدة لكل كجم داخل الغشاء البريتونى مباشرة بعد إحتباس الدم وإعادة اإلرتواء . تم التضحيه بالجرذان بعد ٤٨ ساعه وبعد أسبوع  من 

التدخل . ثم صبغت مقاطع الكلى بالهيماتوكسيلين واإليوسين، بيرايوديك شيف الحامضى والصبغة الهستوكيميائية المناعية ضد س د٣٤.

اإلرتواء  وإعادة  الدم  إحتباس  قبل  من  وقعت  التي  الكلى  مظاهر  ضعف  إريثروبويتين  حسن  النتائج: 

أيضا  وزاد  النسيجي  الكلى  تركيب  وتحسين  الكرياتينين،  ومستويات  اليوريا  انخفاض  زيادة  ذلك  في  بما 

الدموية. لألوعية  المبطنة  السلفية  الخاليا  و  للدم  المكونة  د٣٤  س  ل  مناعيا  الموجبة  الجذعية  الخاليا 

اإلرتواء  وإعادة  الدم  إحتباس  وقت  في  إريثروبويتين  إعطاء  أن  العمل  هذا  استنتج  الخالصة: 

الوظائف. وتحسن  sالتركيبي  الشفاء  إلى  أدى  مما  الجذعية  الخاليا  تحريك  قدعزز  الكلوي 


