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ABSTRACT

There is deficient data in literature about the role of bone marrow-derived mesenchymal stem cells (BMSCs) against lead induced-
nephrotoxicity. Also, the literature is deficient in correlation between the structural and functional alterations and improvements. The
present study is designed to explore the therapeutic role of bone marrow-derived mesenchymal stem cells (BMSCs) against lead
induced-nephrotoxicity as regarding the structural and functional changes. Twenty-one adult albino rats, 2-3 month old and weighing
180-200 g, were divided into 3equalgroups: control group, lead intoxicated group (30 mg/ kg b. wt/ three times a week orally for
eight weeks) and lead intoxicated followed by single injection of BMSCs group. At the end of the experiment, the kidney functions
were assessed and kidney specimens were processed for paraffin sections and stained with haematoxylin and eosin (H&E), Masson’s
trichome (MT) and periodic Acid-Schiff (PAS) stains. Other sections were processed for immunohistochemical demonstration of
CD24. Image analyzer was used to analyze the results morphometrically and statistically. BMSCs administration to lead intoxicated
animals elicited significant reduction in serum urea and creatinine levels and kidney/body weight ratio also; there was significant
increase of total antioxidant levels in comparison to lead intoxicated group. BMSCs improved shrinkage of glomeruli, widening of the
urinary spaces, degeneration of convoluted tubules and interstitial fibrosis in lead intoxicatedanimals. BMSCs attenuated effectively
some biochemical and histological changes in lead nephrotoxicity.
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medulla, the tubular changes occur earlier than glomerular and

Introduction

interstitial changes and proximal convoluted tubules (PCT) are

Exposure to lead (Pb) is one of the environmental problems all more damaged than the distal convoluted tubules (DCT) Pl

over the world that can lead to an imbalance between the
generation and the removal of reactive oxygen species (ROS)
leading to many hazardous effects and cell damages M. The
exposure to Pb in the developing countries arises from
interaction with Pb based batteries, paints, automobiles and
fertilizers I, Impaired kidney function is one of the most silent
features of lead toxicity. The cortex is more affected than the
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The affection of kidney is mostly through oxidative stress ™.
Mesenchymal stem cells (MSCs) are multi-potent adult stem
cells having immunomodulative and regenerative properties
also; they are characterized by minimal side effects and lack of
rejection. In addition, MSCs have the capability of proliferation
and give rise to generations with a variable degree of
differentiation that can substitute the injured arcas in the body
Bl There is a controversy about the role of stem cells in
protecting the renal damage. ! noticed that injection of
mesenchymal stem cells had protected mice from severe
tubular injury and renal dysfunction‘ There is deficient data in
the literature about the role of the BMSCs in protecting the
kidney against the lead induced-nephrotoxicity. The
mechanism of action the MSC remains controversial because
some authors noticed that the injected BMSCs infiltrate the
kidney and directly populate the injured renal tubule ! and
whereas others have found no evidence for direct BMSC
incorporation into tubules during the repair process 7! and they
explained such repair by the paracrine function of the stem
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cells B1.CD24 (Cluster of Differentiation) surface marker is a
glycoprotein antigen expressed by the MSCs L. It is used to
identify migration of the stem cells toward injured tissues 1",
So, the present study is designed to detect the possible effects
of the BMSCs in improving the subchronic adverse effect of
lead on kidney and the mechanism of their action. This was
done through histological, morphometric,
immunohistochemical and biochemical studies of the adult

albino rats.

Materials and Methods

Ethical approval

All the ethical protocols for animal treatment were followed
and supervised by the animal house, Faculty of Medicine, Cairo
University. We followed the guidelines of the ethical standards
of the National Institutes of Health guide for the care and use of
Laboratory Animals (NIH Publications No. 8023, revised
1978).

Materials

Lead acetate was obtained in the form of white crystalline
powder (100 gm in a glass bottle - 99.5% purity) from Sigma-
Aldrich Chemicals Company, Egypt. It was prepared for
administration by dissolving 1.2 gm lead acetate in 100 ml
distilled water to obtain concentration of 30 mg/ kg b. wt;
thus each 0.5 ml of this solution contained 6 mg lead acetate
and given orally. The calculated dose of lead acetate was based
on preliminary data 'l on its nephrotoxic effect.

Bone marrow-derived mesenchymal stem cells (BMSCs) were
retrieved from the Biochemistry and Molecular Biology
Department, Faculty of Medicine, Cairo University.

Preparation of BMSCs from rats:

Bone marrow was harvested by flushing the tibiae and femora
of 6 weeks-old male albino rats with Dulbecco’s modified
Eagle’s medium (DMEM, GIBCO/BRL) supplemented by
10% fetal bovine serum (GIBCO/BRL). Nucleated cells were
isolated with a density gradient and resuspended in complete
culture medium  supplemented  with 1%  penicillin-
streptomycin  (GIBCO/BRL). The culture media were
incubated at 37° C in 5% humidified CO2 for 12-14 days until
formation of large colonies (80-90% confluence). The cultures
were washed twice with phosphate buffered saline (PBS) and
cells were released with 0.25% trypsin in 1 mm EDTA
(GIBCO/BRL) for 5 minutes at 37°C. After centrifugation (at
2400 rpm for 20 minutes), the cells were resuspended with
serum- supplemented medium and incubated in 50 cm? culture
flask (Falcon). The resulting cultures were referred to as first
passage cultures 'l BMSCs in culture were identified by their
adhesiveness and fusiform shape and by detection of CD24 1",
The cells were then centrifuged, washed twice in serum-free
medium, pelleted and suspended in dye solution, then injected

into the rat tail vein at a dose of 1X10°ells per animal 1'%,

Animals

Twenty-one adult Wistar albino rats, 2-3 month old and
weighing 180-200 g and of both sexes, were obtained from the
animal house, Faculty of Medicine, Cairo University. They
were maintained under normal laboratory conditions, and were
received free access of normal laboratory chow and water ad
libitum.

Experimental protocol

Rats were randomly divided into three groups (7 rats each):
-Group I (control group): received no medications.

-Group II (lead-administrated group): received lead acetate at a
dose of 30 mg/ kg b. wt, three times a week for eight weeks,
by gastric gavage I''l. The rats were sacrificed 24 hours after the
last dose.

-Group I (lead-administrated+BMSCs-treated  group):
received lead acetate at the same dose, route and period as
group II followed 24 hours later by a single intravenous
injection of BMSCs, through the tail vein, at a dose of 1X10°
cells per animal ", The rats were left for four weeks then
sacrificed.

At the end of the allocated duration for each group, blood
samples were withdrawn from retro-orbital veins of
experimental groups, using capillary tube and the serum was
separated from each sample for assessing urea, creatinine and
total antioxidant capacity levels.

Absolute and relative kidney weight

The mean weight of the rats was recorded; then the animals
were sacrificed by decapitation. On performing a midline-
ventral abdominal incision, both kidneys of each rat were
excised, examined for any changes, washed with saline, and left
to dry on a plot paper. Following fine removal of the
suprarenal gland and perinephric fat, each kidney was weighed
using a digital balance. Absolute and relative organ weights

were determined.
Histological and
techniques

Kidney specimens were separated and immediately fixed in

immunohistochemical

10% buffered formalin and processed for preparing histological
sections 5 um thick. They were stained with haematoxylin and
cosin (H&E) and Masson’s trichrome (MT) stains and periodic
Acid-Schiff’s reaction (PAS) 1.

Other sections were immunohistochemically stained by
streptavidin-biotin peroxidase complex method for detection
of CD24 expression ['l. Briefly, sections were deparaffinized,
hydrated and thenendogenous peroxidase activity was blocked
using 3% solution of hydrogen peroxide in methanol for 30
minutes at room temperature then antigen retrieval was
performed by microwaving in 10 mM citrate buffer, pH 6.0 for
15 minutes. Non-specific antibody binding was prevented by
pre-incubation with 100 mL blocking serum for 30 min at
room temperature. Sections were incubated overnight with the
primary antibodies: TGF-B and CD24 monoclonal antibody
(Santa Cruz, US) at the optimal working dilution of 1:100, we
used substrate chromogen mixture (A biotinylated secondary
anti-immunoglobulin  (IgG) LSAB® System (k0679), a
preformed  Streptavidin biotinylated horseradish peroxidase
complex and  the chromogen used were 3-3
diaminobenzidinetetrahydro-chloride ~ (D.A.B.)  (DAKO,
Denmark)( and sections were counterstained with Mayer’s
hematoxylin before mounting. Positive control was done using
colon cancer. Negative control slides included a blank control
and omission of primary antibody. Positive and negative
controls were stained in the same settings (battery) of stain to
standardize our technique.

Morphometric studies

Morphometric measurements were done using image analyzer
(Leica Qwin 500 software). The following parameters were
assessed: diameter of renal glomeruli and proximal convoluted
tubules, width of renal space, height of tubular epithelial lining,
area percentage of collagen fibers and immunohistochemical
brown coloration, and optical density of proximal tubular
membranes and brush borders. In hematoxylin and cosin-
stained sections, at a magnification of 400, ten non-overlapping
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microscopic fields were randomly chosen for measuring the
glomerular and proximal tubular diameters, width of the renal
space and proximal tubular epithelial height. In PAS-stained
sections, at a magnification of 400, optical density of
membranes and brush borders of the proximal convoluted
tubules were determined in ten non-overlapping microscopic
fields. In Masson's trichrome-stained sections, at a
magnification of 400, ten non-overlapping microscopic fields
were randomly chosen for assessment of area percentage of
collagen fibers. In immunohistochemical sections of the kidney
(x400), the area percentage of brown coloration was also
assessed in ten non-overlapping microscopic fields. The mean
values were calculated.

Statistical analysis:

Comparison between different groups was statistically done
using one-way analysis of variance (ANOVA) and then by
multiple comparison test to evaluate the main difference
between various groups. Differences were considered
statistically significant when p < 0.05.

Results

Gross inspection

Kidneys of control rats (GI) revealed their bean-like shape,
reddish brown coloration and smooth surfaces. Others of lead
intoxication groups (GII and GIII), kidneys exhibited paleness,
swelling, surface granulation and heterogeneous petechial
hemorrhages.

Effect on BW and relative KW to BW

Lead intoxicated rats (group II) had significantly lower body
weight (BW) than controls. However, lead intoxicated rats that
additionally received BMSCs (group III) were significantly
heavier than the rats receiving lead acetate alone. Moreover, a
significant increase in kidney weight (KW) was shown in lead
intoxicated group. Animals injected with BMSCs showed a
significant reduction in KW in comparison with group III.
There was a significant increase in KW to BW (KW/BW) ratio
in the lead intoxicated group (p < 0.05). BMSCs
administration in group III decreased KW/BW ratio compared

to lead intoxicated group as shown in Table 1.

Biochemical results

Table 2 illustrates effects on serum urea, creatinine and total
antioxidants in rats receiving lead acetate with or without
BMSCs. Lead intoxicated rats exhibited a considerable increase
in serum urea and creatinine levels compared with apparent
decrease of serum total antioxidant contents. However, lead
intoxicated group followed by BMSCs injection showed
marked amelioration but was still below the normal value.

Tablel. Body weight, absolute and relative kidney
weight (KW/BW) in different rat groups

Groups BW][g] KW[g] KW/BW
GI 293%3.2 1.16£0.10 0.3810.02
0.75£0.05%

GII 219.5£5.2% 1.6510.07*
0.43£0.03%*

GIII  280.715.4%* 1.22+0.09%*

Data are represented as mean T standard deviation; p < 0.05 was
considered significant

*A significant change in comparison with control (group I)

#**A significant change in comparison with lead intoxicated group (group
1T

Table 2. Renal function markers and total antioxidant
capacity in different rat groups

Creatinine Total antioxidant

Groups [mg/dL] Urea [mg/dL] capacity (TOC)
GI 0.71£0.13 32.942.2 156.8137.9
Gl 0.99%0.1° 42445 87.3%51.1*
Gl 0.85+0.1%  37.8+2.7* 151.8424.6%

Data are represented as mean T standard deviation; p < 0.05
was considered significant

*A significant change in comparison with control (group I)
**A significant change in comparison with lead intoxicated

group (group II)

Histological and immunohistochemical

results

Group I (control group). The control kidney had normal
histological architecture, Examination of H&E stained sections
of kidneys of this group showed renal cortex with renal
corpuscle formed of a glomerulus surrounded by a parietal
layer of Bowman’s capsule with the urinary space in between.
The proximal convoluted tubules have narrow lumina and
cuboidal or low columnar lining cells that have strong
acidophilic cytoplasm and spherical basal nuclei. The distal
convoluted tubules are identified by their wider lumina, lower
cuboidal lining cells, faint acidophilic cytoplasm and rounded
central nuclei (Fig. 1a).

PAS positive materials were seen in the basement membrane of
renal tubules in addition to the brush border of the proximal
convoluted tubules. Intraglomerular PAS positive material was
also detected (Fig. 1b).

Collagen fibres were found to be of minimal amounts and were
confined to the Bowman’s capsule, around the tubules and
basal laminae of glomerular capillaries (Fig. 1c).

All structures in the renal cortex (glomeruli and tubules) had
displayed a negative reaction for CD24 monoclonal antibody
(Fig.1d).

Group II (lead intoxicated). In lead intoxicated rats, areas of
glomerular and tubular degeneration were seen among
apparently normal ones. There was progressive shrinkage of
the glomeruli, widening of the urinary spaces, massive
inflammatory cell-infiltration as well as dilated renal tubules.
The renal tubules, in this group, also revealed marked
diminution of the cellular height, widened lumina, cytoplasmic
vacuolations, pyknotic and ghost nuclei, intratubular
exfoliation, and cast formation (Figs. 2a&2b).

The parietal layers of Bowman's capsules were mostly
expanded by increase of PAS positive material. Some tubules
showed strong PAS reaction in their basal laminae while others
revealed weak PAS reaction in their brush border (Fig. 2c).
Masson trichrome stained sections revealed increased
intraglomerular and peritubular collagen fibres (Fig. 2d).
Group III (lead intoxicated + BMSCs injected). BMSCs
supplementation to lead intoxicated group, showed reduction
of the degenerative changes that were induced in group II.
Manyrenal glomeruli and tubules were restored toward the
control appearance. Some of the urinary spaces and tubular
lumina were persistently widened. A moderate inflammatory
cell- infiltration was also noticed (Fig.3a).

The parietal layers of Bowman's capsules and tubular basement
membranes showed decreased intensity of PAS reaction
together with partially regained apical brush borders of the
proximal tubules (Fig. 3b). The intertubular collagen tissue

was reduced in amount. There is also, reduced thickness of the
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parietal layer of Bowman’s capsule and the tubular basement
membranes (Fig. 3c). The lining cells of Bowman’s capsules
and renal tubules, in this group, demonstrated a diffuse positive
reaction for CD24 monoclonal antibody (Fig. 3d).

3 : : oy
Fig. (1c) Fig. (1d)
Figure 1. Photomicrographs of sections in the kidney of a

control rat (group I) showing: (a) Normal renal architecture:
glomerulus (G), proximal (P) and distal (D) convoluted tubules
haematoxylin and eosin x400; (b) Strong periodic acid-Schiff
(PAS) reaction in the glomeruli (thick arrow), brush border of
the proximal convoluted tubules (arrow heads), basal lamina
(thin arrows) of tubules PAS x400; (c) Normal distribution of
collagen fibres in the glomerulus (G), Bowman’s capsule(thick
arrow), surrounding the tubules (thin arrows) and intertubular
(arrow heads) Masson’s trichrome x400; (d) Glomerulus (G)
and tubules (arrows) negative for CD24 monoclonal antibody
Immunohistochemical expression of CD24 x 400.

Fig.(2c) Fig. (2d)
Figure 2. Photomicrographs of sections in the kidney of lead
intoxicated rat (groupll) showing: (a) Markedly shrunken
glomerulus (G), massive interstitial cell-infiltration (thick

arrows) and dilated renal tubules (thin arrows) haematoxylin
and cosin x200; (b)Shrunken glomerulus (G) with a widened
urinary space (S), diminished cellular height and widened
lumina of the renal tubules (T), tubular cytoplasmic

vacuolations (V), pyknotic (straight arrows) and ghost nuclei
(curved arrows), intratubular exfoliation and cast formation
(C) H & E x 400; (c)Increased glomerular periodic acid-Schiff
(PAS) positive material (thick arrows). Most of proximal
convoluted tubules shows weak reaction in their brush border
(arrow heads) with focal interstitial strong reaction (thin
arrows) PAS x 400;(d) Distorted renal glomeruli (G),
disrupted renal tubules (T), congested blood vessels (BV) and
augmented amount of intertubular collagen fibers (arrow
heads) Masson’s trichrome x400.
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Figure 3. Photomicrographs of sections in the kidney of lead
intoxicated rat followed by a single injection of BMSCs (group
1II) showing: (a) Persistent widening of the urinary space (S)
surrounding the glomerulus (G). The renal tubules (P&D) are
mostly of a control appearance. A moderate cell-infiltration
(arrows) haematoxylin and eosin x400; (b)Decreased periodic
acid-Schiff (PAS) reaction in the glomeruli (G) and Bowman's
capsule (thick arrow) and tubular basement membranes (thin
arrows), apical brush borders (arrow heads) of the proximal
convoluted tubules are partially regained PAS x400;
(c)Reduced thickness of Bowman’s capsule (thick arrow),
tubular basement membranes (thin arrows) with diminished
amount of intertubular collagen fibers (arrow heads) Masson’s
trichrome x400; (d) Diffuse positive reaction for CD24
monoclonal antibody in lining cells of Bowman’s capsule (black
arrows) and in tubular cells (red arrows) Immunohistochemical
expression of CD24 x 400.

Quantitative morphometric results

The quantitative morphometric histological results are
summarized in Table 3. The mean values of the glomerular
diameter of GII (lead intoxicated group) and GIII (BMSCs
treated group) were significantly decreased when compared to
GI (control group). BMSCs treatment (group IIl) increased
significantly the glomerular diameter to 122.4%5.42 compared
to group II (87.16£13.77). The mean values of the width of
the urinary spaces in GII and GIII were significantly increased
to 58.1110.79 and 54.35£13.93, respectively when compared
to the control group (36.33%3.03). However, non-significant
difference was found between groups I and III.

The mean values of the tubular diameter were significantly
decreased to 219.8%11.49 in group Il when compared to
group II (311.3+16.45). Morcover, the height of the lining
epithelium of the proximal convoluted tubules showed
significant decrease to 6.8811.03 and 8.9511.45, respectively
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in (GII and GIII) in comparison to the control group
(10.79%2.04). Mecanwhile, there was a significant increase in
group Il in comparison with group IL.

Intensity of PAS-reaction in GII and GIII indicated significant
increase to 66.6711.79 and 60.9913.08, respectively in
comparison to GI (48.52%4.46). In BMSCs treated group,
mean values of the intensity of PAS-reaction were significantly
decreased than lead intoxicated group. The mean area
percentage of the collagen fibers showed highly significant
increase in lead intoxicated and BMSCs treated groups in
comparison to the control group. But, BMSCs treatment
decreased significantly percentage of fibrosis to 26.198+4.666
than lead intoxication (37.0114.166).

Table 3. Morphometric histological results in different rat

groups
} Glomerular ~ Urinary ~ Tubular Epithelial OPFICM Percentage
Groups . K R i density of ! S
diameter  space width diameter height .~ of fibrosis
PAS-reaction
al 132.70 36.33 224.3  10.79 48.52 3.035
+10.06 +3.03 18.83 1+2.04 t4 .46 +1.025
87.16 58.1 311.3 6.88 66.67 37.01
GII

+13.77  +10.79°  *16.48 *1.03F  *1.79 4166

122.4 54.35 219.8 8.95 60.99 26.198

GIII
+5.47%  +13.93 1149 £1.45% 308 +4.668F

Data are represented as mean T standard deviation; p < 0.05 was
considered significant

*A significant change in comparison with control (group I)

**A significant change in comparison with lead intoxicated group

(group II)

Table 4 demonstrated the mean percentage of epithelial cells revealing
positive reaction to CD24 monoclonal antibody, in rats injected with
BMSCs, was significantly higher in glomerular mesangium and
proximal tubules of GIII than the control rats (GI) that lacked cells
with positive reaction to CD24 monoclonal antibody.

Table 4. Morphometric immunohistochemical results
in different rat groups

Glomerular expression of ~ Tubular expression of
Groups

CD24 CD24
Gl 0.010.0 0.00.0
GIII 78.40%3.78° 95.00+5.6"

Data are represented as mean T standard deviation; p < 0.05 was
considered significant
*A significant change in comparison with control (group I)

Discussion

Chronic nephropathy is a slowly progressive disease of both
glomerulo-tubular and interstitial regions that are caused by a
number of toxins and drugs. Chronic lead exposure and
intoxication is thought to be a common ailment that
particularly affects the kidneys which form the major route of
excretion of this metal. The hazardous effects of lead on the
renal tissue are mediated through the generation of reactive
oxygen radicals ', Yuan et al. "* mentioned that most of the
acute and chronic deleterious effects of lead occurred primarily
in the renal proximal convoluted tubules. Therefore, the
current work studied the possible protective effect of BMSCs
treatment against lead acetate induced nephrotoxicity.

In this study, the kidneys extracted from lead intoxicated rats
whether followed or not by BMSCs, have revealed pale,
granular and hemorrhagic surfaces. The kidneys were also

swollen. Suradkar et al. [ mentioned that rat kidneys were
grossly congested and enlarged on exposure to lead. In the
present work, the rat kidney weight / body weight ratio in lead
intoxication groups has revealed significant increase when
compared to control group. These increased values could be
attributed to the swelling and congestion of the kidneys,
reduction of rat body weight or both of them. Amjad et al. 1!
related the increase in relative kidney weight to both
accumulation of lipids in the kidneys and nutritional
disturbances induced by lead acetate intoxication. A significant
reduction in rat body weight has been claimed to be due to
anorexia and decreased muscle mass caused by leadintoxication
1. However, Yuan et al. P?I noticed non-significant changes in
rat body weight following lead and cadmium intoxication for
90 days.

The biochemical findings in this work were in agreement with
those obtained by Alya et al. "l and Sujatha et al. "'} who
reported that lead administration led to impairment in kidney
function as shown by increase in creatinine and urea.
Moreover, there was a significant reduction in total antioxidant
capacity which was also observed by Abdel-Moniem et al. 1?°!
who recorded impaired antioxidant status in lead intoxicated
rats. Nephrotoxicity induced by lead was confirmed by
histological changes including progressive shrinkage of renal
glomeruli, widening of urinary spaces and dilatation of renal
tubules. In addition, massive inflammatory cell-infiltration and
focal loss of cortical architecture have been also detected.
These results coincide with the observations of glomerular
collapse and sclerosis mentioned by Sabolic . The injurious
effects of lead intoxication on the renal tubules, observed
herein, have included marked diminution of the cellular height
of the tubular epithelium, widening of the tubular lumina, and
intratubular exfoliations, and cast formation. Such findings run
in accordance with similar observations mentioned by Begum

et al. 1,

The derangement effect of lead intoxication on the
proximal convoluted tubules has been statistically confirmed in
this study. There were significant increases in the diameter of
the proximal renal tubules and significant decrease in their
cellular height.

The current observation of cytoplasmic vacuolations of most of
the proximal tubular lining cells in kidneys of lead intoxicated
group supported by Alwin and Arthur % who reported that an
increased osmotic gradient across the cellular plasma
membranes had led to water withdrawal, swelling and
vacuolation of the tubular cells. Mohamed and Saleh 7
postulated that vacuolations of the proximal and distal tubular
cells were most probably a cellular defensive mechanism
against the injurious effect of lead. The nuclear changes
observed in the tubular cells of lead intoxication rat group
included pyknotic and ghost nuclei also reported by Navarro-
Moreno et al. ) who explained these nuclear changes to be
due to the ability of lead to inhibit protein synthesis and to
interfere with nucleic acid formation.

The current work revealed dilatation and congestion of the
renal blood vessels together with intertubular hemorrhages as a
result of lead intoxication. Prozialeck et al. 1>l assumed that
these vascular phenomena might be due to direct or indirect
vasoactive effect of lead on the vascular endothelium via
increased production of reactive oxygen radicals. Histological
sections from lead intoxicated rats in this study showed
intensive PAS reaction of the parietal layers of Bowman's
capsules and tubular basement membranes with a progressive
loss of the apical brush border of their epithelial lining, these
[25]

observations were supported by Begum et al. who
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attributed these findings to accumulation of glycoproteins in
the glomerulo-tubular basement membranes that drastically
influenced the renal functions. Furthermore, Mohamed and
Saleh 71 concluded that heavy metals intoxication led to
shortening and loss of the microvilli of the proximal convoluted
tubules.

This study demonstrated statistically significant increase in
the area percentage of fibrosis in lead intoxicated group.
Macrophages are mentioned to play an important role in
interstitial renal fibrosis through the production of a fibrogenic
growth factor that induces my fibroblastic cells to produce
extracellular matrix B3,

Bone marrow—derived stem cells (BMSCs) are promising
therapy for the repair of various tissues including the kidneys.
Presently, injection of BMSCs after eight weeks of lead acetate
intoxication apparently reduced its deleterious effects and
attenuated the renal damage. This improvement was clearly
reflected by a significant decrease in KW relative to BW and
serum creatinine. Also, serum urea and total antioxidant
capacity returned nearly to its normal levels. These findings
were also reported by Chen et al. Pl. The authors proposed
that mesenchymal stem cells had inhibited inflammatory
reactions and suppressed oxidative stress through increasing the
level of antioxidant enzymes. Yadav et al. P detected
improvement of kidney weight in BMSCs-treated mice
following mercuric chloride-induced nephrotoxicity.

In the current study, histological and immunohistochemical
recovery findings in the form of glomerular and tubular
regeneration together with restoration of the brush borders and
positive expression of CD24 monoclonal antibody in glomeruli
and tubular basement membranes were observed in BMSCs
injected animals. Sadek et al. ¥ supported the previous
findings. The mechanism of action of mesenchymal stem cells
(MSCs) in the process of regeneration has been explained by
several investigators. MSCs have paracrine activity that leads to
secretion of a number of growth factors and cytokines which
are essential for angiogenesis and cytoprotection, including
vascular endothelial growth factor (VEGF), transforming
growth factor-B1 (TGF-B1), and hepatocyte growth factor
(HGF). Fox et al. P found that mesenchymal cells could
migrate to glomeruli, tubules, peritubular capillaries, and
interstitium in both acute and chronic kidney injury models.
Brockema et al. Pl stated that the regenerative capacity of
BMSCs was dependent on the extent and severity of renal
damage as well as the length of duration of renal ischemia.
Milwid et al. B¢ concluded that BMSCs had prevented tubular
apoptosis and necrosis in injured kidneys through maintenance
of the glomerular filtration rate and preservation of renal
architecture; thus improving renal functions. On the contrary,
Moghadasali et al. B” found non-significant changes in the renal
functions on intravenous injection of stem cells in animal
models with chronic kidney disease.

Our morphometric results supported the role of BMSCs
injection on attenuating lead induced nephrotoxicity, in the
form of, significant increase in the mean values of glomerular
diameter with decrease in width of urinary space when
compared to lead intoxicated group. Also, there was a marked
improvement in the mean values of proximal tubular diameter
and the height of epithelial lining. Moreover, there is a
significant regression of the interstitial fibrous tissue formation
and collagen deposition in the kidneys of BMSCs treated group.
Semedo et al. ¥ observed similar reduction of fibrosis in rats
treated with BMSCs in case of chronic renal failure.

Conclusion

In conclusion, administration BMSCs was found to attenuate
the renal damage seen in lead acetate intoxicated rats. BMSCs
have a tendency to preserve most of histological,
immunohistochemical and biochemical parameters towards
normal values. Human trials are essential for limitation of
environmental lead pollution. Further studies are required to
prove the therapeutic role of BMSCs.
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