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Abstract 

Background: Diabetic Nephropathy is a leading cause of end-stage renal disease and the most fre-
quent cause of mortality in patients with diabetes. Therefore, it is extremely important to identify 
novel interventions to halt the progression of diabetic nephropathy. Aim: This study investigated 
the effect of human umbilical cord blood (HUCB) derived (CD34+) stem cells therapy on renal 
morphologic and functional changes and alterations of kidney enzyme levels in streptozotocin 
(STZ)-induced diabetic nephropathy in rats. Materials and Methods: Sixty adult male albino rats 
were included in this study and were randomly and equally divided into three groups. Group 'A' 
was the control, group 'B' was treated with STZ (65 mg/kg, IP) only and group 'C' was treated 
with STZ and HUCB CD34+ stem cells (1 x 106 cells/ rat, IV). Results: Intravenous injection of CD34+ 
cells caused significant improvement in blood glucose level (438.3±67 mg/dl of group B vs. 
141.8±23.4 mg/dl of group C, p < 0.01). Serum urea and creatinine levels were significantly lower of 
group C than group B. The levels of alanine aminotransferase (ALT) and alkaline phosphatase 
(ALP) enzymes in the kidney tissues were significantly lower of group C than group B. Histo-
pathology of the kidney showed much better recovery of group C than group B. Conclusion: HUCB 
CD34+ cells transplantation in diabetic rats is able to improve blood glucose level, partially amelio-
rate the renal damage in diabetic rats and consequently improve renal function, renal histology 
and renal enzyme levels alteration. 
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Introduction 

Diabetes mellitus (DM) has reached a 
worldwide growing epidemic diffusion. DM 
is associated with a significantly-reduced 
quality of life and represents an important 
health and social problem. Most important-
ly, DM leads to severe complications in 
many organs and tissues through the in-
duction of microangiopathy and macro-
angiopathy(1). According to the World 
Health Organization, the total number of 
people with DM is predictable to rise from  

285 million in 2010 to 439 million in 2030(2). 
In humans, diabetes mellitus is one of the 
most prevalent conditions with spontane-
ous manifestations. In animals, it can be 
induced by partial pancreatectomy or by 
the administration of diabetogenic drugs 
such as alloxan, streptozotocin, ditizona 
and anti-insulin serum(3). Available treat-
ments in diabetes mellitus do not guaran-
tee a tight glycemic control, since patients 
do not often adhere well to the medical 
instructions. Thus, even under treatment, 
patients develop diabetic disease complica-
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tions including stroke, neuropathy, reti-
nopathy and nephropathy(2). Diabetic neph-
ropathy (DN) is one of the devastating 
complications in patients with diabetes. It 
has been considered that about 25%–40% of 
patients with type 1 or type 2 diabetes de-
velop nephropathy within 20–25 years of 
the onset of diabetes(4,5). Studies have 
shown an association between specific di-
abetic complications and liver enzyme al-
terations, but only limited data are availa-
ble on the possible association between 
diabetic nephropathy and kidney enzyme 
alterations(6). The current management of 
patients with DN is palliative therapeutic 
strategies includes the use of drugs to con-
trol hyperglycemia, blood pressure and 
proteinuria. In advanced stages, patients 
receive renal replacement therapy, which 
consists of hemodialysis and, if possible, 
kidney transplantation. Unfortunately, the 
latter is only useful when the kidney is co-
transplanted with pancreatic beta-islets; if 
this is not done, renal failure reappears. 
Therefore, the need for therapeutic strate-
gies to prevent, delay or revert DN is 
compelling(2). Cell therapies aim at the dif-
ferentiation of stem cells into the specific 
cell type required to repair damaged or de-
stroyed cells or tissues. Over recent years, 
cell therapy has been introduced in a varie-
ty of application areas, including cardiovas-
cular repair, diabetes, musculoskeletal dis-
orders and renal repair(7). Theoretically, 
cell-based therapies may have the ad-
vantage of acting through multiple mecha-
nisms in disorders with highly complex 
pathophysiology, such as diabetic nephro-
pathy, while pharmacological interventions 
often target only a single aspect of a 
disease(2,4). Stem cells can be obtained 
from many sources. Human umbilical cord 
blood (HUCB) has many advantages as a 
source of stem cells and it was proved that 
HUCB can be collected safely for both, 
mother and child, after delivery(8). It has 

advantages of easy procurement, low risk 
of transmitting infections, immediate avail-
ability, and immune tolerance, allowing 
successful transplantation despite HLA dis-
parity and it could be cryopreserved. 
Moreover, cord blood can be obtained non-
invasively and frequently in contrast to in-
vasive bone marrow aspiration(9). So this 
study investigated the effect of HUCB de-
rived (CD34+) stem cell therapy on renal 
morphological and functional changes and 
alterations of kidney [enzymes] levels in 
STZ-induced diabetic nephropathy in rats. 

Materials and Methods 

This study was performed at the Anatomy, 
Physiology and Gynecology & Obstetric 
Departments, Faculty of Medicine, Suez 
Canal University, Ismailia, Egypt after being 
approved by the ethical committee. HUCB 
samples were collected in Gynecology & 
Obstetric Department. Stem cell separation 
and animal housing were done in Physiolo-
gy Department. Histopathological studies 
were done in Anatomy Department. 

Animals 
Sixty adult male albino Sprague-Dawly rats 
(weight 150-200 gm) purchased from cen-
ter for experimental animals, Faculty of 
Veterinarian Medicine, Zagazig University. 
All rats were left to acclimatize for one 
week prior to the experiment. Rats were 
housed in plastic cages at controlled room 
temperature (22-24 C) with 12 hour diurnal 
(day and night change) with free access to 
standard pellet animal diet and tap water. 
The animals were equally and randomly di-
vided into three groups; A, B and C. Group 
A was the control, group B was treated 
with STZ (Sigma Chemical Co., Egypt) only, 
and group C was treated with STZ+ HUCB 
CD34+ stem cells.  

Induction of Diabetes Mellitus 
After an overnight fast, the animals of 
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groups B and C were injected with a single 
dose of STZ (65 mg/kg) intraperitoneally in 
sodium citrate buffer at pH 4.5(10). The ani-
mals were given a dextrose solution (5%) [3 
ml/rat, sic] to prevent hypoglycemia. Dia-
betes was confirmed when blood glucose 
level becomes ≥ 300 mg/dl within 72 hours 
after STZ treatment.  

Collection and isolation of HUCB CD34+ cells 
Sterile collection tubes (50 ml), containing 
5 ml citrate phosphate dextrose adenine-1 
(CPDA-1) as an anticoagulant, were used 
for collection of the human umbilical cord 
blood. Mononuclear cells were isolated by 
Ficoll-Hypaque density gradient centrifuga-
tion (Sigma Chemical Co., Egypt). Separation 
of CD34 positive progenitor cells was car-
ried out with immunomagnetic separation 
technique by Dynal CD34+ progenitor cell 
selection system(11). 

Transplantation of HUCB CD34+ cells 
0.2 ml of phosphate buffer saline solution 
was added to the CD34+ cell pellet for injec-
tion in the tail vein in a dose of 1 X 106 cells/ 
rat during the second week after diabetes 
induction(11). After diabetes induction, all 
groups were followed up with regular 
measurement of blood glucose level every 
week by glucometer (Medismart, Switzer-
land). Blood was obtained by snipping the 
rat tail under non fasting condition at 10 
a.m. On sacrifice after 4 and 6 weeks post- 
induction of diabetes, animals were anes-
thetized and blood collection was done for 
serum creatinine and urea assays then both 
kidneys were removed for histopathology 
and [renal enzymes] assay. 

Serum creatinine and urea assay 
Serum levels of creatinine and urea were 
assayed by the Kinetic Jaffe method and 
kinetic UV method respectively, using 
Roche diagnostic kits on Hitachi auto-
analyzer 912. 

Histopathology of the kidneys and enzymatic 
estimation 
The abdomen wall was opened and kidneys 
were identified and observed for any gross 
appearance and color change and tissues 
were preserved for histopathological stud-
ies and enzymatic estimation. For histo-
pathology, the right kidney tissues were 
immediately transferred to 10% formalin 
saline for paraffin embedding and staining 
with Hematoxylin & Eosin (H&E) stain. For 
enzyme estimation, the left kidney tissues 
were immediately excised, washed in ice-
cold saline, blotted on tissue paper and 
immediately transferred to phosphate 
buffer (pH 7.4) for preservation. Kidney tis-
sues were homogenized (100g L -1) in cold 
(0.14 Mol L -1) KCl using a Teflon Homoge-
nizer. Homogenates were centrifuged at 
temperature 4°C and 5000 RPM for 20 
minutes, placed in cold chambers. Superna-
tants were stored at -20°C until analysis(6). 
Aspartate aminotransferase (AST), alanine 
aminotransferase (ALT) and alkaline phos-
phatase (ALP) were estimated with stand-
ard spectrophotometer techniques(12).  

Statistical analysis 
Data are shown as means±SEM. The statis-
tical significance of the changes in blood 
glucose, urea and creatinine levels and kid-
ney enzyme levels of the study groups 
were evaluated by using the ONE-WAY 
ANOVA test of variance, Tukey's HSD post 
hoc test and T test. The difference was re-
garded as statistically significant at a P val-
ue <0.05. Statistical analysis was done with 
the statistical package of social science 
(SPSS) computer software and data were 
presented in the form of tables and figures. 

Results 

HUCB CD34+ injection into streptozotocin 
induced diabetic nephropathy improved 
blood glucose levels in rats 
Approximately 1×106 HUCB CD34+ cells 
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were injected intravenously into the diabet-
ic rats of group C during the second week 
after diabetes induction. The blood glucose 
levels of group C (Figure 1) were significant-
ly lower than group B by the end of the 

third week after diabetes induction and 
this improvement became highly significant 
by the end of fifth week after diabetes in-
duction and remained till the end of the 
study. 

 

 

Figure 1: Comparison of blood glucose levels among  the studied groups 
A: Group A, normal control group; B: Group B, STZ only treated group; C: Group C, STZ + HUCB CD34+ stem cells 
treated group; a: significant difference between group A and other study groups B and C; b: significant differ-
ence between group B and group C; c: significant difference between group A and groups B 

 

HUCB CD34+ injection into rats with 
streptozotocin-induced diabetic nephropa-
thy improved blood urea, creatinine, renal 
ALT and ALP enzyme levels 
Diabetic rats of group B which did not re-
ceive stem cells showed a highly significant 
increase in serum urea levels (p=0.005) and 
a significant increase in serum creatinine 
levels (p=0.035). Rats of group C had nor-
mal serum urea and creatinine levels. The 
levels of ALT enzyme in renal tissues were 
significantly higher in diabetic rats of group 
B than rats of group C that received stem 
cells (246.8± 52.7 vs. 96.3±9.7 respectively, 
p= 0.04). The levels of AST enzyme in renal 
tissues showed no significant difference 
between group B and group C and were 
higher in diabetic rats of group B and rats 
of group C than normal control rats of 
group A (409±32.9 and 332.3±35.7 vs. 
108.5±7.5 respectively p=0.003). The levels 
of ALP enzyme in renal tissues were signifi-

cantly higher in diabetic rats of group B 
than rats of group C that received stem 
cells (p=0.003). These results were ob-
tained four weeks after diabetes induction 
(Table 1), and six weeks after diabetes in-
duction (Table 2).  

Histopathological Results 
Sections of the kidney stained by H&E of 
group A showed the normal malpighian re-
nal corpuscles surrounded by proximal and 
distal convoluted tubules (Figure 2). The 
gross examination of the kidneys of group 
B showed enlarged and edematous kidneys 
and darkness on the external surface. H & E 
stained sections, showed mild sub-capsular 
edema, vacuolar degeneration and cloudy 
swelling of some renal tubules and collect-
ing ducts. Proliferation of the renal glo-
merular capillaries was seen. Some of the 
renal tubules exhibited eosinophilic mate-
rial in their lumens; large number of mac 
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rophages and lymphocyte infiltration were 
noticed within the renal tissue. Moreover, 

focal hemorrhages were noticed in the 
medullary area of the kidney (Figures 3&4).  

 
 
Table 1: Comparison of blood urea, creatinine levels, and kidney enzymes among the studied 
groups (4 weeks after induction of diabetes)  
Variables Group A Group B Group C P-value 

Mean SEM Mean SEM Mean SEM 
Serum urea (mg/dl) 32.5 2.5 136.6a 15 39. 5 19.4 0.005 
Serum creatinine (mg/dl) 0.47 0.11 0.91b 0.04 0.46 0.14 0.035 
Kidney ALT (U/L) 140.5 83.5 246.8b 52.7 96.33 9.7 0.044 
Kidney AST (U/L) 108.5c 7.5 409 32.95 332.33 35.7 0.003 
Kidney ALP (IU/L) 814.5 372.5 2650.8a 282.1 1578.7 155.7 0.003 
Group A: normal control group; Group B: STZ only treated group, Group C: STZ + HUCB CD34+ stem cells treated group 

a=significant difference between group B and other study groups A and C 
b=significant difference between group B and group C  
c=significant difference between group A and other study groups B and C 
 
 
Table 2: Comparison of blood urea and creatinine levels and kidney enzymes between groups B and 
C (6 weeks after induction of diabetes) 

Group A: normal control group; Group B: STZ only treated group, Group C: STZ + HUCB CD34+ stem cells treated group 

a= significant difference between group B and other study groups A and C 
b=significant difference between group B and group C  
c=significant difference between group A and other study groups B and C 
 

Investigated kidney sections of diabetic 
rats of group B (six weeks post-induction) 
revealed severe histopathological altera-
tions. Dilated glomeruli, an increase of hy-
pertrophied mesangial cells within the 
glomerular tuft, expanded glomerular 
space, necrobiotic changes in the renal tu-
bules and congested blood vessels were 
the most prominent features of the kidney 
(Figure 5). Some sections showed extended 
pyelonephritis and infiltration with macro-
phages (Figure 6). In the histological archi-
tecture of the kidney of group C in compar-
ison with those of diabetic animals of group 
B, normal glomeruli, and normal renal tu-
bules were encountered. In addition, the 

disappearance of the macrophages was no-
ticed, but some of elliptical glomeruli with 
thickened capsule, invasion of endothelial 
cells and lymphocytic infiltration were no-
ticed. Some kidney sections from animals 
in-group C showed sub-bowman’s edema in 
few glomeruli and the others appeared 
normal. Some renal tubules showed mild 
vacuolar degeneration while the hemor-
rhages and the lymphocytic infiltrations 
were minimal. On the other hand, some of 
the renal tubules were suffered from 
cloudy swelling (Figure 7). After 6 weeks 
post induction, few sections of kidneys of 
group C were nearly normal but showing 
chronic interstitial nephritis (Figure 8). 

 

Variables Group B Group C P-value 
Mean SEM Mean SEM 

Serum urea (mg/dl ) 118 22.5 35 8.2 0.008 
Serum creatinine (mg/dl) 1.51 0.4 0.43 0.02 0.031 
Kidney ALT (U/L) 330.86 33.8 118.5 20.8 <0.001 
Kidney AST (U/L) 348 39 380.5 35 0.56 
Kidney ALP (IU/L) 2253.3 234.1 1063.5 141.3 0.002 
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Figure 2: A photomicrograph of a section of 
the kidney of group A showing glomeruli (G), 
Proximal convoluted tubules (P) and Distal 
convoluted tubules (D). H&E x 400 

 

 

 

Figure 3: Photomicrograph of the section in 
the kidney of group B after 4 weeks showing 
hemorrhage (H), cloudy swelling in the proxi-
mal tubule (P), and proliferation of glomerular 
tuft (G). H&E X 400 

 

 
 

Figure 4: A Photomicrograph of a the section 
in the kidney of group B after 4 weeks show-
ing congestion and proliferation of glomeru-
lar tuft (G), lymphocyte infiltration (arrow) 
and cloudy swelling of proximal tubules (P). 
H&E x400 

 

 

Figure 5: Photomicrograph of a section in the 
kidney of group B after 6 weeks showing 
congestion of glomerular tuft (G) massive 
cystic lumen (C) and inter tubular capillary 
congestion (I). H&E x 400 

 

 
 

Figure 6: Photomicrograph of the section in 
the kidney of group B after 6 weeks show-
ing inflammatory cells including pus cells (I), 
macrophages and necrotic renal tissue (N). 
H&E x400 

 

 

Figure 7: Photomicrograph of the section in 
the kidney of group C after 4 weeks showing 
periglomerular and renal tubules suffering 
from cloudy edema arrows. H&E X 400 
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Figure 8: Photomicrograph of the section in 
the kidney of group C after 6 weeks, nearly 
normal, but showing chronic interstitial ne-
phritis (contracted kidney). H&E X 200 

 

Discussion 

The main observation made here is that 
transplantation of HUCB CD34+ stem cells 
partially ameliorates streptozotocin in-
duced diabetic nephropathy in rats. The 
results of this study included partial im-
provement in structural changes in kidney 
of diabetic animals, normalization of both 
serum urea and creatinine levels and de-
creasing the alteration in ALT and ALP en-
zyme levels in kidney of diabetic animals 
that were transplanted by HUCB CD34+. 
This observation is consistent with other 
studies, in which one of them, Lee et al(13) 
reported that, transplantation of the 
multipotent stromal cells from human mar-
row improved glomerular morphology, de-
creased mesangial thickening, and de-
creased macrophage infiltration in kidney 
of diabetic animals(13). In another study, 
HUCB mononuclear cells offered more cor-
rective results in streptozotocin induced 
diabetic nephropathy than pioglitazone(9). 
In the present study, normalization of 
blood glucose levels of group C raises the 
possibility that improvement of renal struc-
ture and function in this group was sec-
ondary to the decrease in blood glucose 
level. This finding could be explained by the 
competence of CD34+ stem cells to differ-

entiate into insulin-producing beta cells(14). 
Another explanation is that CD34+ stem 
cells stimulated recovery and endogenous 
regeneration of pancreatic islets(11,13), fol-
lowed by decrease of glycemia and glyco-
suria, factors important for damaging renal 
cells(14). However, Wang et al., 2013 provid-
ed clear evidence that the injected 
mesenchymal stem cells 30 days after in-
duction of diabetes in rats by strepto-
zotocin did prevent the development of 
diabetic nephropathy with no improve-
ment in blood glucose levels(15). So, another 
mechanism(s) may be involved in diabetic 
nephropathy improvement after stem cell 
transplantation. “Development and pro-
gression of diabetic nephropathy are char-
acterized by inflammatory infiltrates. The 
macrophage is a central mediator of renal 
vascular inflammation, and its accumula-
tion is a feature of diabetic nephropathy. 
Macrophages mediate diabetic injury 
through a variety of mechanisms, including 
production of reactive oxygen species, cy-
tokines, and proteases, which result in tis-
sue damage. Components of the diabetic 
milieu, including high glucose, AGEs, and 
oxidized LDL, promote macrophage accu-
mulation via induction of chemokines and 
adhesion molecules, and macrophage acti-
vation within diabetic kidneys”(16). This 
study shows that HUCB CD34+ transplanta-
tion decreased macrophage infiltration in 
the kidneys of diabetic animal of group C 
leading to the improvement of the diabetic 
nephropathy. The interpretation of this da-
ta may be that the injected HUCB CD34+ 
engrafted the diabetic kidneys, regulated 
the immune response(14), and decreased 
macrophage infiltration resulting in the im-
provement of the diabetic nephropathy. 
Hasein et al(11) in a study of the effect of 
HUCB CD34+ transplantation in diabetic 
mice reported that human insulin was de-
tected in the pancreatic islets in 33% of 
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treated mice, indicating that human umbili-
cal cord blood CD34+ cells might change 
into insulin secreting cells in vivo and con-
tribute to the improvement of hypergly-
cemia in diabetic mice (11). Additionally, [Lee 
et al.(13) in their previously mentioned study 
reported that, a small percentage of trans-
planted stem cell engrafted the diabetic 
kidney glomeruli and differentiated into 
endothelial cells(13). Taken together, these 
data raise the possibility that transplanted 
stem cells engrafted the injured tissues and 
were able to differentiate into the cell type 
of the injured tissues. Stem cell transplan-
tation may treat both the hyperglycemia 
and renal damage seen in diabetes and 
with systemic administration of stem cells 
in diabetes, many damaged tissues will be 
improved(13).  

Another observation made here is that, 
transaminases (ALT and AST) and ALP en-
zyme levels significantly increased in the 
renal tissues of group B, this finding was 
also reported by Zafar et al., 2009 and they 
explained this finding by cellular damage in 
the kidney caused by STZ-induced 
diabetes(6). This explanation may be sup-
ported in this study by the significant de-
crease in ALT and ALP of group C with 
marked improvement in renal pathology 
and a lesser degree of tissue damage in this 
group. At the same time AST level in kidney 
of animals of group C was not decreased, 
so cell damage is not the only explanation 
of increased enzymes in kidney of diabetic 
animals and other mechanisms may be 
shared in this finding. Ramesh and  
Pugalendi 2006 attributed the increased 
ALT level in diabetes to insulin deficiency as 
Insulin suppresses the genes encoding 
gluconeogenic enzymes and ALT is one of 
them(17). ALP is present in all tissues of the 
body, especially in the cell membrane and 
the levels are high in the liver, kidney, bone 
and placenta(17). Diabetes and hyper-

lipidemia also cause cell damage by altering 
the cell membrane architecture, which re-
sults in enhanced activities of ALP in dia-
betic rats (18).In other studies the activities 
of ALP were increased, while the activities 
of AST and ALT were not altered in the kid-
neys of diabetic animals in which diabetes 
was induced by STZ(19-21). This conflicting 
observation and limitation of available data 
require further research to precisely ad-
dress the enzymatic changes in kidney of 
diabetic animals.  

Conclusion  

Human umbilical cord blood CD34+ cell 
transplantation in diabetic rats had been 
able to improve blood glucose level, par-
tially ameliorate the renal damage in dia-
betic rats, and consequently improve renal 
functions, renal histology and renal enzyme 
levels alteration in the kidneys of diabetic 
animals. 
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