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 ABSTRACT 
           Nephrotoxic nephritis is a clinical condition with a high mortality rate. 

People with nephritis are susceptible to anemia. This may be due to the 

presence of sFas. Mesenchymal stem cells (MSCs) are multipotent stem cell 

population that mostly resides in the umbilical cord. MSCs hold therapeutic 

potential in repairing tubular injury. The aim of the present study was to 

investigate role of BM-derived MSCs cell therapy on mercuric chloride 

experimentally induced   nephrotoxicity and their effect on sFas level in an in 

vivo albino rat. 90 adult female albino rats were divided equally in to 3 

groups.  Group I -ve control group, Group II received an intramuscular 

injection of Mercuric chloride for 2 weeks (5 days/ week) (1 mg/kg 

bw).Group III received an intramuscular injection of Mercuric chloride for 2 

weeks (5 days/ week) (1 mg/kg bw). After establishment of kidney function 

tests (KFT), single dose of labeled MSCs with GFP (Green Fluorescent 

Protein) injected in the tail vein at a dose of labeled MSCs 1×
 
10

6
 cells. After 

2 weeks from 24 hours after last mercuric chloride dose, and 3 weeks from 

labeled MSCs, 15 rats from each group were suspected to blood samples 

collection from infraorbital. Rats from each group were suspected for 

biochemical estimation of kidney function tests (KFT); serum creatinine, 

Blood Urea Nitrogen (BUN) and complete blood count (CBC) then rats were 

sacrificed. Kidney were extracted and subjected to histopathologic 

examination by H&E and immunohistochemical examination by PCNA and 

sFas expression. MSCs suppressed serum urea and creatinine levels in HgCl2-

treated rats with increased tissue regeneration and inhibition of tubular cell 

apoptosis, with decreased expression of PCNA and sFas and increased of the RBCs, 

Hct and Hb levels compared to the mercuric chloride group reflecting the 

improvement of anemia, indicating a protective therapeutic action in the kidney. 
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INTRODUCTION 
he kidney is an essential organ; it 

regulates the extracellular environment, 

like detoxification, and excretion of toxic 

metabolites and drugs. Nephrotoxicity is 

which excretion does not go smoothly due to 

toxic chemicals or drugs. About 20% of 

nephrotoxicity is caused by drugs. Moreover 

the elderly medication increases the 

incidence of nephrotoxicity up to 66%. 

Drug-induced nephrotoxicity is 

accompanied with acute or chronic renal 

injury (Ferguson et al., 2008 & Rached et 

al., 2008).  
  Nephrotoxicity can be diagnosed through a 

simple blood test. It includes the 

measurements of blood urea nitrogen 

(BUN), concentration of serum creatinine. 

However, these assessments of 

nephrotoxicity are only possible when a 

T 
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majority of kidney function is damaged 

(Kirtane et al., 2005). 

  Anemia and nephrotoxicity are major 

health issues due to the associated morbidity 

and mortality. Kidney received the highest 

need of cardiac out-put among the body in 

relation to organ weight. The anemia 

directly decreases the oxygen delivery. Epo 

is produced by peritubular cells of the 

kidney which is an essential growth factor 

for erythropoiesis (Seung et al., 2015). 

 The renal hypoxia is the main stimulus for 

erythropoietin synthesis. As kidney disease 

progresses, there are fewer cells producing 

erythropoietin within the kidneys. The 

hematopoietic growth factor erythropoietin 

controls erythropoiesis in bone marrow 

(Fishbane & Barry, 2008).  
  The main cause of anemia in 

nephrotoxicity is the lack of erythropoietin 

(Maiese et al., 2008) Moreover, there are 

several uremic toxins that suppress 

erythropoiesis in the bone marrow. Several 

experimental and clinical studies have 

associated with the cytokines effect on 

decreased Epo synthesis and bone marrow 

responsiveness. These cytokines inhibit 

erythropoiesis not only in vitro but also in 

vivo, through inhibiting erythroid colony-

forming units (Bonomini & Sirolli, 2003).  

      Erythropoietin binds to its receptor 

present on the surface of erythroid 

progenitor cells. It has the greatest effect on 

colony-forming unit-erythron (CFU-E) cells. 

These cells contain the largest number of 

erythropoietin receptors (Fisher 2003). 

    Experimental evidence supports a role for 

cytokines as TNF/TNFR (TNF receptor) and 

Fas ligand (FasL)/Fas in renal injury. Fas is 

a type 1 membrane protein that belongs to 

the tumor necrosis factor, which activates 

the intracellular signaling after binding of 

Fas-ligand (FasL). Fas ligation leads to a 

series of intracellular signaling events, 

culminating in activation of the death-

inducing signaling complexes, which 

promote the activation of caspase-3-

mediated apoptosis (Paunel et al., 2011). 

   The Successful derivation of human 

pluripotent stem cells is promising not only 

for use in the treatment of patients suffering 

from cell or tissue damage but also for drug 

discovery and the exploration of human 

developmental biology (Takahashi et al 

2007). 

   The Umbilical Cord Blood is a source of 

hematopoietic stem cells (HSCs). MSCs 

play an essential role in providing the 

significant microenvironment for 

hematopoiesis. MSCs secrete many growth 

factors that enhance hematopoiesis. MSCs 

prepare a scaffold for hematopoiesis. They 

protect primitive progenitor cells. Also 

MSCs expand and maintain HSCs. 

Therefore, the UC can be considered as an 

alternative source of MSCs for clinical 

applications (Sara et al., 2017). The aim of 

the present study was to investigate role of 

BM-derived MSCs cell therapy on mercuric 

chloride experimentally induced   

nephrotoxicity and their effect on  sFas  

level in  an  in vivo  albino rat animal model. 

MATERIALS AND METHOD 

Study design:   

This study was carried out on 90 adult 

female albino rats that were purchased from 

the animal  

breeding house of Faculty of Medicine 

Zagazig university . Rats’ weighed150-200 

gm (according to IRB instructions). They 

were housed in a temperature-Controlled 

and light-controlled room (12-h light/dark 

cycle), with free access to food and water. 

Before starting the experiment, all animals 

were left for 7 days of passive preliminaries 

for house acclimatization to ascertain their 

physical wellbeing and to exclude any 

diseased animal.  Rats were divided equally 

and randomly in to 3 groups.   

Group I (-ve control group): Rats were left 

without intervention, received only  
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regular diet and tap water, to measure the 

basic parameters. 

Group II (mercuric chloride +ve control 

group): Rats were received an  

intramuscular injection of Mercuric chloride 

for 2 weeks (5 days/ week) (1 mg/kg  

body weight) (Sarkar et al., 2007). This 

dose is responsible for the induction of 

nephrotoxicity. 

Group III (MSCs treated group): Rats 

were received an intramuscular injection  

of Mercuric chloride for 2 weeks (5 days/ 

week) (1 mg/kg body weight). After  

establishment of nephrotoxicity by kidney 

function test (KFT), single dose of labeled  

MSCs with GFP (Green Fluorescent 

Protein) injected in the tail vein at a dose of  

labeled MSCs 1×
 
10

6
 cells per rat suspended 

in 0.5 ml phosphate-buffered saline  

(Mohamed et al., 2014).  

After 2 weeks from 24 hours after last 

mercuric chloride dose injection, 15 rats 

from  

each group were suspected to Blood samples 

collection from infraorbital. Rats from  

each animal group were suspected for 

biochemical estimation of kidney function 

test  

(KFT); serum creatinine, Blood Urea 

Nitrogen (BUN) and complete blood count  

(CBC) then rats were sacrificed. Kidney 

were extracted and subjected to  

histopathologic examination by H&E and 

immunohistochemical examination by  

PCNA.  Moreover sFas expression from 

kidney tissue is detected by  

immunohistochemical study. 

    After 3 weeks from labeled MSCs 

injection. The remaining rats were subjected 

to  

blood samples collection for biochemical 

estimation of serum Blood Urea Nitrogen  

(BUN), creatinine and complete blood 

picture (CBC), then rats were sacrificed,  

kidneys were extracted and subjected to 

histopathological and  

immunohistochemical examination for 

PCNA and sFas expression. Moreover,  

homing of labeled MSCs were performed by 

fluorescence microscope.  

I-Biochemical Study:  

A) Kidney function test (Blood Urea 

Nitrogen, Serum Creatinine): 

1ml of blood is collected in Eppendorf for 

kidney function test (KFT). Then centrifuge 

Eppendorf at 3000 rpm for 15 minutes for 

serum separation. Aspirate the serum in a 

clean Eppendorf. The KFT studies are done 

using creatinine & urea diamond kit (MDSS 

GmbH, Schiffgraben41, 30175 Hannover, 

Germany) in Robonik suction machine.  

B) Complete Blood Count (CBC): 

1ml of blood is collected in a tube with 

anticoagulant EDTA for CBC for detection 

of RBCs and Hb levels. The CBC pictures 

are done using hema 21machine. 

II-MSCs isolation and subculture: 

A) Isolation of MSCs: 
   Before MSCs injection they are prepared 

according to the following technique: 

Isolation of Nucleated cells from human 

bone marrow..  

  The inclusion criteria for MSC donors 

include: Age:  young age as MSC efficacy 

was negatively affected by donor age. The 

gender of the cell donor had no influence on 

cell growth and metabolism.  Informed 

consent is taken.  

 The exclusion criteria were: any risk factor 

for transmissible infectious diseases; the 

presence of age-related diseases, such as 

diabetes and heart failure, can also 

negatively affect cell functionality. 

Human bone marrow sample was obtained 

from prof. Dr. Hala Gabr, Professor of 

clinical pathoogy, Faculty of Medicine,El 

kasralainy University and vice-president of 

the ESPCR; Egyptian Society For 

Progenitor Cell Research after taken the 

consent from an individual with average age 

with all the inclusion and the exclusion 

criteria 
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Cells are suspended in Dulbecco's modified 

Eagle's medium (DMEM) supplemented 

with 10% fetal bovine serum and 1% 

penicillin–streptomycin. Cells are incubated 

at 37 °C in 5% humidified CO2 in culture 

upon formation of large colonies. 

B) MSCs Subculture: 

 When large colonies developed (80–90% 

confluence), the cells are trypsinized with 

0.25% trypsin in 1mM EDTA.  Prepare 

culture T25 flask, add 1.5 ml warm gelatin 

in T25 flask and put at 37°C incubator for 5 

minutes. Remove the gelatin from the flask 

immediately by pipet prior use. Check 

MSCs under microscope for cell confluence. 

When cell confluent is 70%-80%, remove 

MSCs media from flask by suction. 

   Put about 10 ml PBS in the flask to wash 

flask from media. Remove PBS by suction 

then add 2.5 ml trypsin 0.25% and incubate 

for 2 minutes. When cells are rounded up 

most cells are detached, add 5 ml MSCs 

media to dilute trypsin mix well then put all 

media and trypsin in 15 ml tube. Centrifuge 

cells at 1200rpm for 7 minutes, then aspirate 

the supernatant carefully.  

   Resuspend the cell in 5ml MSCs media, 

mix well and count the cell by 

hemocytometry. Take 10 ul of cell and mix 

it with 10ul of trypan blue. Calculate cell 

number as follow: total number of viable 

bright cells/ number of squares x2(diluted 

factor) x 10^4 then multiply with total 

amount of media to calculate total cell 

number. Divide the total amount of cells in 2 

or 3 flasks according to cell number. 

 Transfer flasks in to37°C incubator then 

examine cell every day to check cell 

viability and confluency then repeat cell 

culture for 2 passages until receive the 

desired number of MSCs for injection. 

MSCs are labeled with green fluoresce 

protein (GFP) through transfection before 

injection in animals. MSCs cell viability 

were 92% after GFP transfection. MSCs are 

counted by hemocytometer and then used 

for injection at a concentration at 1×
 
10

6
 

cells in PBS. 

C) Flowcytometry for MSCs: For 

characterization of cells, they are examined 

using flowcytometry. Cells are trypsinized 

and incubated with monoclonal antibodies 

for CD105, CD 34, CD45, CD271 and 

CD90 before injection in the MSCs treated 

animal group.  

D) Homing of MSCs: labeled MSCs with 

(GFP) are detected after scarifying animal 3 

weeks after injection, by staining MSCs 

with anti GFP then using Florescence 

microscope (Optika microscope Italy) at 10x 

and 40x.  

III- Histopathological Study: Kidney 

organs were collected from all animals’ 

groups. They kept in 10% formaldehyde. 

Paraffin blocks were sectioned at 3-4 μ thick 

and stained with hematoxylin and eosin 

(H&E) stain (Kiernan, 2001). 

IV-Immunohistochemical Study:   

Immunohistochemical reactions were carried 

out using streptavidin 

biotinimmunoperxidase staining technique 

according to Bancroft and Gamble, (2008) 

Formalin-fixed, paraffin-embedded kidney 

tissues were cut into (3- 4-μm)thick sections 

and transferred to 3-

aminopropyltriethoxysilane (APTS) coated 

glass slides. Then, sections were subjected 

to dewaxing, rehydration, blocking with 

hydrogen peroxide, and antigen retrieval that 

was performed by heating specimens at 

100°C for 20 min in citrate buffer (pH 6.0) 

with microwave. One to two drops of the 

primary ready-to-use monoclonal ant -

PCNA antibody [PC10] (ab29  ( (Mouse 

monoclonal antibody, ready to use, abcam), 

sFas anti body (abcam, ab65613) were then 

placed on the sections on separate slides. 

Slides were incubated at room temperature 

for 60 min. Incubation with secondary 

antibody and product visualization (Dako) 

was performed with DAB chromogen (3, 3-

Diaminobenzidine tetrahydrochloride). 
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Sections were counterstained with 

hematoxylin, dehydrated with ethanol and 

xylene and mounted permanently with Di-n-

butylPhthalate in Xylene (DPX). 

Image Analysis and Quantitative 

Morphometric Measurements:  

Image analysis and quantitative 

morphometric measurements were done by a 

method described by (Mustafa et al., 2015). 

Twelve non–overlapping fields for each 

specimen were selected randomly and 

analyzed. The optical density (OD) of sFas 

immunostaining was measured by using the 

NIH ImageJ (v1.50) program.  

Optical density (OD) was calculated by the 

following formula:  

Optical density (OD) = log (max 

intensity/mean intensity), where max 

intensity = 255 for 8–bit images.  

The degree of immune reaction is indicated 

by optical density value; the darker it is, the 

larger the value is (Cheng and Zhang, 

2014). 

V. Characterization of Bone Marrow-

Derived mesenchymal stem cells (BM-

MSCs):  

(1)  Microscopical appearance: 

Overtime, small round-shaped cells in 

culture change into larger spindle shaped 

cells with high proliferation and 

differentiation capacity. After three passages 

in culture, the cell population showed 

characteristic adhesiveness, and displaying 

typical fibroblast-like/ fusiform morphology 

detected by inverted microscope. 

(2)  Expression of surface markers of 

MSCs: 

Majority of isolated cells (about 76.72%) 

showed CD105 positive expression.  This 

phenotype of culture-expanded BM stem 

cells confirmed to the criteria for MSCs.  

(3) Tracing the distribution and homing 

of injected MSCs: 

 To verify the homing of BM-MSCs labeled 

with GFP into the kidney tissue after being 

injected in the tail vein of group III (MSCs 

treated group) rats, the labeled cells are 

stained with anti GFP(abcam ab6556) and 

then examined by fluorescent microscope 

(Optika microscope Italy) at 10x and 40x. 

 Renal tissue damage by mercuric chloride 

had an essential role in attracting injected 

cells to the kidney, due to the high 

expression of chemical inflammatory 

attractants. Homing was confirmed by 

visualization of labeled BM-MSCs within 

the renal tissue.  

VI-Statistical analysis: 

The statistical analysis was done by Epi–

info statistical package program version 

7.2.2.16. The collected data were expressed 

as Mean ± SD (SD). Multigroup 

comparisons of the means were carried out 

by one way analysis of variance (ANOVA) 

test. Least significant difference (LSD) test 

was used to compare the difference between 

the experimental groups and the control 

group. 

RESULTS 

Kidney Function Test (BUN, serum 

creatinine): 

The results of the present study showed 

highly significant difference (P <0.001) in 

the mean values of BUN, serum creatinine 

among control , mercuric chloride group , 

MSCS treated group after 2 weeks of 

treatment by  ANOVA  test (p < 0.001)   

By LSD test, the results of comparison 

revealed:- a highly significant increase in 

BUN, serum creatinine levels (P<0.001) in 

mercuric chloride , MSCs treated  groups 

when compared with (-ve) control group  ,   

but there was a non-significant increase in 

BUN, serum creatinine levels (P>0.05) in 

mercuric chloride treated group when 

compared with MSCs treated group  (table 

1). 
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Table (1): Statistical comparison of BUN, serum creatinine in different studied groups after 2 

weeks from induction of nephrotoxicity by (ANOVA test). 

 Group 1( -ve 

control)(X ± SD) 

Group2( Mercuric 

chloride)(X ± SD) 

Group 3 (MSCs 

treated) (X ± SD) 

P 

BUN 32.16 ± 8.08
b 

64.66 ± 6.53
a 

77.83 ± 5.15
a 

0.0001 

 creatinine 0.81± 0.10
b 

1.76 ± 1.13
a 

1.78 ± 1.13
a 

0.0001 

 X = arithmetic mean SD: standard 

deviation. (Number of rats in each group=15 

rats). p < 0.05 = Significant difference.p < 

0.001 =highly Significant difference. a ;  

Significantly different from the control 

(LSD test; p < 0.001).b;  Significantly 

different from Mercuric chloride group 

(LSD test; p < 0.001) 

The results of the present study showed 

highly significant difference in the mean 

values of BUN, serum creatinine among -ve 

control, mercuric chloride group, MSCS 

treated group after 3 weeks of treatment by 

ANOVA test (p < 0.001)   

By LSD test, the results of comparison 

revealed: - a highly significant increase in 

BUN, serum creatinine levels (P<0.001) in 

mercuric chloride treated when compared 

with (-ve) control group and MSCs treated 

group levels   but there was a non-significant 

increase in BUN, serum creatinine levels 

(P>0.05) in MSCS treated group when 

compared with -ve control group (table 2). 

These results indicate the role of MSCs 

therapy in amelioration of kidney function 

test. 

 

Table (2): Statistical comparison of BUN, serum creatinine in different studied groups after 3 

weeks from MSCs injection by (ANOVA test). 

 Group 1 -ve 

control(X ± SD) 

Group 2 Mercuric 

chloride(X ± SD) 

Group 3 MSCs 

treated(X ± SD) 

P  

BUN 29.3±5.84
b 

76.6±5.88
a 

32.6±7.42
b 

0.0001 

Serum 

creatinine 

1.13±0.08
b 

1.83±0.104
a 

0.67±0.30
b 

0.0001 

X = arithmetic mean SD: standard deviation. (Number of rats in each group=15 rats). p < 0.05 = 

Significant difference. p < 0.001 =highly Significant difference. a;  Significantly different from 

the control (LSD test; p < 0.001).b;  Significantly different from Mercuric chloride group (LSD 

test; p < 0.001). 

Complete Blood Count:  

  Complete blood count is done for all 

animal groups after 2 weeks from the 

occurrence of nephrotoxicity. The result of 

the present study demonstrates highly 

significant difference in the mean values of 

RBCs, Hb and Hct  among the  -ve control , 

mercuric chloride and the MSCs treated 

groups  (P < 0.001). 

  By LSD test, the results of comparison 

revealed a highly significant increase in 

RBCs, Hb and Hct mean values (P<0.001) 

in mercuric chloride, MSCs treated groups 

when compared with (-ve) control group 

levels, but there was a non-significant 

increase in RBCs, Hb and Hct mean values 

(P<0.001) in MSCs treated group compared 

to the mercuric chloride group (table 3).  
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Table (3): Statistical comparison of RBCs, Hb, and Hct in different studied groups after 2 weeks 

from induction of nephrotoxicity by (ANOVA test).   

CBC Group 1  

-ve control 

(X ± SD) 

Group 2 

Mercuric 

chloride 

(X ± SD) 

Group 3 

MSCs treated 

(X ± SD) 

P  

RBCs 7.9 ± 0.52
b 

6.2 ± 0.50
a 

 

6.6 ± 0.64
 a
 0.0001 

Hb 14.2 ± 1.2
 b
 11.5 ±  0.61

a
 

 

11.6 ± 0.77
 a
 

 

0.001 

Hct-Hematocrit 40.1 ± 2.6
 b
 34.3 ± 3.3

 a
 

 

35.5 ± 2.2
 a
 0.004 

X = arithmetic mean SD: standard deviation. 

(Number of rats in each group=15 rats). p < 

0.05 = Significant difference.p < 0.001 

=highly Significant difference.a ;  

Significantly different from the control 

(LSD test; p < 0.001).b;  Significantly 

different from Mercuric chloride group 

(LSD test; p < 0.001). 

Complete blood count is done for all animal 

groups after 3weeks from the MSCs therapy. 

The result of the present study demonstrates 

highly significant difference in the mean 

values of RBCs, Hb and Hct among the -ve 

control, mercuric chloride and the MSCs 

treated groups (P < 0.001). 

  By LSD test, the results of comparison 

revealed a highly significant increase in 

RBCs, Hb and Hct mean values (P<0.001) 

in mercuric chloride group, when compared 

with (-ve) control and MSCs treated groups 

levels, but there was a non-significant 

increase in RBCs, Hb and Hct mean values 

(P<0.001) in MSCs treated group compared 

to the (-ve) control group (table 4). 
 

Table (4): Statistical comparison of RBCs, Hb, and Hct in different studied groups after 3 weeks 

from MSCs injection by (ANOVA test). 

CBC Group 1  

-ve control 

(X ± SD) 

Group 2 

Mercuric 

chloride 

(X ± SD) 

Group 3 

MSCs treated 

(X ± SD) 

P  

RBCs 7.92±0.16
 b
 6.50±0.38

a 
7.76±0.52

 b
 0.001 

Hb 14.25± 0.46
 b
 10.61±0.42

 a
 14.63±0.48

 b
 0.0001 

Hct-

Hematocrit 

42.6±1.64
 b
 40.53±0.82

 a
 43.8±1.34

 b
 0.0008 

X = arithmetic mean SD: standard deviation. (Number of rats in each group=15 rats). p < 0.05 = 

Significant difference .p < 0.001 =highly Significant difference. a ;  Significantly different from the 

control (LSD test; p < 0.001).b;  Significantly different from Mercuric chloride group (LSD test; p < 

0.001). 
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Histopathologic study:   

   After 2 weeks from nephrotoxicity 

induction, kidney tissues are stained with 

(H&E). Examination of kidney tissues 

among the animal groups by light 

microscope indicate the pathologic changes 

in renal tissue in both mercuric chloride +ve 

control(G2) and MSCs treated groups(G3) 

in relation to the –ve control group(G1).   

  The pathological changes are in the form of 

distorted glomeruli with narrowing of the 

Bowman's space. Also marked mononuclear 

inflammatory infiltrate was detected. 

Moreover, there is marked congestion of the 

inter-tubular blood vessels. These changes 

indicate the nephrotoxicity establishment 

(Fig.1

). 

 

After 3 weeks from the MSCs therapy, the renal tissue showed improvement in the MSCs treated 

group (G3) in the form of well-formed glomeruli with regular Bowman's space and regenerated 

tubules in relation to mercuric chloride (G2) +ve control group. 

The mercuric chloride group (G2) showing shrunken glomeruli associated with numerous 

markedly affected tubules with sloughed necrotic epithelial cells (Fig.2). 

 

   

 Fig. (1)A photomicrograph of a section in kidney of  A(-ve) control rat showing normally looking glomeruli (black 

arrows) with well. B) G2 mercuric chloride  treated rats showing distorted glomeruli with narrowing of the 

Bowman's space (black arrows), most tubular cells were swollen and degenerated with some tubules lost their 

epithelial lining (yellow arrows). Marked mononuclear inflammatory infiltrate was detected (green arrow) C)G3 

showing marked congestion of the inter-tubular blood vessels (black arrows) and dilated tubules with exfoliation of 

its epithelial lining (yellow arrows) after 2weeks of treatment (H&E x200). 

 

A B C 
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Fig. (2): showing the pathologic progress of the kidney tissue in the 3 animals groups after 3 weeks from injection of 

labeled MSCs. A) G1  (-ve )control rat showing  several normal glomeruli (black arrows)  with well-formed tubules 

having central regular lumen (red arrows) B) G2 A photomicrograph of a section in kidney of mercuric chloride  treated 

rats showing shrunken glomeruli (black arrows) associated with numerous markedly affected tubules with sloughed 

necrotic epithelial cells (green arrows) C): G3 A photomicrograph of a section in kidney of MSCs treated rats showing 

well-formed glomeruli with regular Bowman's space (black arrows) associated with regenerated tubules (green arrows). 

The red arrows demonstrate renal tubules with residual intra-luminal casts (H&E x 200). 

Immunohistochemical Study:  

1-PCNA:  
After 2 weeks of nephrotoxicity induction, 

the Immuno-histochemical examination of 

the kidney tissues of -ve control showed few 

numbers of tubular and glomerular cells 

with positive immune reaction to PCNA 

While mercuric chloride (G2) and MSCs 

treated groups (G3) showed many proximal 

and distal convoluted tubules with strong 

positive immune reaction to PCNA antibody 

in their nuclei (Fig.3). 

   
Fig. (3): showing the PCNA immunostaining of the kidney tissue in the 3 animals groups after 2 weeks 

of nephrotoxicity induction.A):G1 ): showing nuclear immunostaining of PCNA in some tubular and 

glomerular cells (green arrows) of the kidney tissue of control group B)G2: PCNA immunostaining of 

the kidney tissue in mercuric chloride group showing more labeled nuclei (yellow arrows) in proximal 

and distal convoluted tubule C) G3: showing nuclear immunostaining of PCNA in some tubular cells 

(green arrows) of the kidney tissue of MSCs group (PCNA immunostain X 400). 

A C B 

A C B 
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After 3 weeks from MSCs therapy, The 

Immuno-histochemical examination of the 

kidney tissues of -ve control showed focal 

PCNA nuclear staining (arrows) distributed 

within the glomeruli and tubules.  While 

mercuric chloride (G2) showed marked 

PCNA nuclear immunostaining mainly 

encountered within   many proximal and 

distal convoluted tubules MSCs treated 

groups (G3) showed mild PCNA nuclear 

immunostaining distributed within the renal 

glomeruli and tubules reflecting 

improvement of renal tissue pathology 

(Fig.4). 

   

Fig. (4): define the PCNA immunostaining progression of the kidney tissue in the three groups 

after 3 weeks of the injection of the labeled MSCs. A):G1  -ve control group   showing focal 

PCNA nuclear staining (arrows) distributed within the glomeruli and tubules after 3 weeks of the 

injection of the labeled MSCs B): G2 mercuric chloride group showing marked PCNA nuclear 

immunostaining mainly encountered within the affected tubules (red arrows) C) G3 PCNA 

immunostaining of the kidney tissue of rats of  MSCs treated rats showing mild PCNA nuclear 

immunostaining distributed within the renal glomeruli and tubules(red arrows)  (PCNA 

immunostaining x400). 

 

2- sFas expression :  
After 2 weeks of nephrotoxicity induction, 

the Immuno-histochemical examination of 

the kidney tissue of -ve control group (G1, 

average cell count is 667) showed weak 

immunoreactivity for sFas while, the 

Immuno-histochemical examination of the 

kidney tissue of mercuric chloride (G2, cell 

count average is 800) and MSCs treated 

groups (G3 cell count average is 592,) 

showed many glomeruli and tubules with 

strong positive immune reaction to sFas 

antibody in their cytoplasm (Fig.5). 

The optical density (OD) of sFas 

immunoreaction in the renal tissue of 

mercuric chloride and MSCs treated groups 

showed a significant increase when 

compared to -ve control group (table 5) 

   

A 
B C 
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Fig (5): showing the immunostaining of sFas antibody in the 3 animal groups 2 weeks after 

nephrotoxicity induction. G1: control group showing negative secretion of sFas. G2: (Mercuric 

chloride +ve control group). Showing positive secretion of sFas G3: (MSCs treated group 

before therapy). Showing positive secretion of sFas. 

Table (5): Statistical comparison of the optical density (OD) of sFas in different studied groups 

after 2 weeks from nephrotoxic induction by (t- test). 

sFas 

immunostaining 

Group 1 -ve control 

(X ± SD) 

Group 2 Mercuric 

chloride(X ± SD) 

Group 3 MSCs 

treated(X ± SD) 

P  

Cell intenisty 113.88± 0.872 

 

 

253.15 ± 31.051* 

 

273.42 ± 4.383* 0.002 

*= significant different from group1. X = arithmetic mean. SD = Standard Deviation. P < 0.05 = 

Significant difference. P > 0.05 = Non-significant. P < 0.01 = Highly significant difference   

 

    

3 weeks after labeled MSCs therapy, The 

Immuno-histochemical examination of the 

kidneys of -ve control (G1, cell count 

average is 715) and MSCs treated groups 

(G3, cell count average is 799) showed focal 

sFas immunostaining distributed within the 

glomeruli and tubuleswhile mercuric 

chloride treated group (G2, average cell 

count is 616) showed strong positive 

immune reaction to sFas antibody in their 

cytoplasm (Fig.6). 

 It was noticed that optical density (OD) 

sFas immunoreaction level was significantly 

decreased in group MSCs treated group as 

compared to mercuric chloride group values 

(table 6). 

1 3 2 
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Fig (6): showing the immunostaining of sFas antibody in the 3 animal groups 3 weeks after 

MSCs therapy.G1: control group showing negative secretion of sFas G2: (Mercuric chloride 

+ve control group). Showing extremely positive secretion of sFas G3: (MSCs treated group): 

showing significant decrease of the sFas expression by immunostaining. 

 

Table (6): Statistical comparison of the optical density (OD) of sFas in different studied groups 

after 3 weeks from MSCs therapy by (t- test). 

sFas immunostaining Group 1 -ve control 

(X ± SD) 

Group 2 Mercuric 

chloride  (X ± SD) 

Group 3 MSCs 

treated (X ± 

SD) 

P  

Cell intensity 114.65± .0951 467.18 ± 83.28 

 

147.66 ± 4.211* 0.004 

*= significant different from group3. X = arithmetic mean. SD = Standard Deviation. P < 0.05 = 

Significant difference. P > 0.05 = Non-significant. P < 0.01 = Highly significant difference. 

      

DISCUSSION 

  People with nephrotoxicity are susceptible 

to anemia because kidneys play a role in 

creating healthy red blood cells. They 

produce the erythropoietin hormone (EPO) 

which stimulates the bone marrow to make 

red blood cells (Hoste and Kellum, 2006). 

The anemia which is associated with 

nephrotoxicity is due to the presence of 

sFas. Fas (CD95) is a transmembrane 

glycoprotein that belongs to the family of 

tumor necrosis factor (TNF) (Haasters et 

al., 2009).  
      Soluble Fas (sFas) is a protein derived 

from alternative splicing of CD95.  sFas is 

increased in the serum of uremic patients 

and is associated with the presence of 

anemia and resistance of recombinant 

human EPO (rHuEPO) dosage in uremic 

patients. sFas levels is associated with an 

increased need for serum erythropoietin 

levels (Epo) (Fu et al., 2006). Mesenchymal 

stem cells (MSCs) are multipotent stem cell 

population that mostly resides in the 

umbilical cord (UC) and the bone marrow 

(BM). MSCs hold therapeutic potential in 

repairing tubular injury, ameliorating renal 

function deficits, and prolonging survival in 

acute renal injury (Yener et al., 2012).  
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     The aim of the present study was to 

evaluate the effect of bone marrow 

Mesenchymal stem cells on the hemotoxic 

effect of sFas released in cases of rats with 

induced nephrotoxicity. In the present study 

Mercuric chloride caused an increase KFT 

(serum creatinine & Blood Urea Nitrogen) 

and histopathologic study changes; in the 

form of distorted glomeruli with narrowing 

of the Bowman's space. Also most tubular 

cells were swollen and degenerated with 

some tubules lost their epithelial lining. 

Marked mononuclear inflammatory infiltrate 

was detected with marked congestion of the 

inter-tubular blood vessels and dilated 

tubules with exfoliation of its epithelial 

lining. 

    These result were in line with Yadav et al 

(2012) who  reported that mice administered  

HgCl2 (7 mg/kg, bw)  presented with high 

kidney function  level  and the pathological 

changes in the kidney tissue were in the 

form of interstitial edema, tubular dilation, 

and sloughing of individual epithelial cells.. 

Also Sarwar et al (2007) reported that 

subcutaneous administration of 4 mg/kg 

body weight HgCl induced renal injury 

evident as a marked elevation in the kidney 

function and the histopathological changes 

such as necrosis, edema and congestion of 

stroma and glomeruli.  

   The extent of injury in this study was 

similar to previously reported in vivo 

patterns of HgCl2-induced nephrotoxicity, 

insofar as the onset of toxic effects was 

rapid and injury was accompanied by 

apoptosis.  (Langworthy et al 2009 & 

Wang et al 2003) 
    Functional and Morphological alterations 

in kidney of rats following mercury 

intoxication were characterized by blebbing 

of brush border and sloughing of microvilli 

with desquamation into the lumens and 

PCT’s necrosis was evident. The amount of 

free radicals produced by mercury actions 

exceeds antioxidant enzyme activities, and 

thus kidney functions are disrupted and 

tissue damage develops (Alam et al 2007). 

The toxic effects of mercuric chloride may 

be due to the production of oxidative stress 

on kidneys as well as generation of reactive 

oxygen species producing a number of toxic 

reactions (Prabhu et al., 2017). 

   The current study demonstrated that 

transplanted stem cells suppressed serum 

urea and creatinine levels in HgCl2-treated 

rats indicating a protective therapeutic action 

in the kidney function.  Similar results were 

found by Marques et al., (2013) who 

demonstrated a Reno protective effect 

induced by stem cells through increased 

tissue regeneration and inhibition of tubular 

cell apoptosis, improved renal function. 

   Furthermore Li et al (2010)  studied 

reported that the improvement of kidney 

function may be related to the prevention of 

the initial fall in GFR
 
 possibly through 

paracrine actions that contributes to 

proliferation of endogenous survivor cells or 

stimulates the proliferation and 

differentiation of kidney resident stem 

cells(Fang et, al 2005). 

 Moreover, the CBC   results   showed that, 

the mercuric chloride treated group had low 

level of Hb, Hct and RBCs. This indicates 

the presence of anemia in case of 

nephrotoxicity. In this study, there is an 

association between nephrotoxicity and 

anemia in the nephrotoxic animal models. 

As a result of renal injury, there is decrease 

in RBCs, Hb and Hct values correlated with 

the increase of BUN and serum creatinine. 

    These result coincided with Akbar et al., 

2013 who showed that RBC count, 

hemoglobin amount and hematocrit level 

were significantly lower in the nephrotoxic 

patient compared to the healthy one. Other 

study showed that, anemia is related to 

kidney injury because of low renal oxygen 

delivery. This leads to worsening oxidative 

stress, and impairing hemostasis (Sickeler et 

al., 2014).  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Sarwar%20Alam%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17207565
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  In the current study MSCs treated group 

showed significant increase of the RBCs, 

Hct and Hb levels compared to the mercuric 

chloride group reflecting the improvement 

of anemia. This could be attributed to MSCs 

essential role in providing the significant 

microenvironment for hematopoiesis and 

their ability to secrete many growth factors 

that enhance hematopoiesis (Sara et al., 

2017).  

    Chao et al., 2010 demonstrated that, 

MSC originally present in the BM. MSCs 

have been known as an essential component 

of the hematopoietic stem cell niche. They 

control the self-renewal, maturation, and 

recruitment of hematopoietic stem cells to 

the vascular compartment by releasing of 

growth factors and cytokines. Also MSCs 

help regeneration of damaged organs with 

cell-cell contact, soluble factors, and 

paracrine (Han et al., 2007).    

  PCNA is a marker of cell division and 

proliferation. PCNA found in cell nucleus 

and was directly involved in DNA synthesis 

(Hall, et al 1990). In this study, there was a 

significant increase in the number of PCNA 

positive nuclei in renal tubular cells of rats 

receiving mercuric chloride. The 

administration of MSCs significantly 

decreased the number of PCNA-positive 

cells, suggesting that MSCs strongly 

promoted tubular cell proliferation while 

inhibiting cell apoptosis (Shaohua and 

Dongcheng 2013). 
  The results of sFas immunohistochemical 

staining in this study showed high levels of 

sFas in mercuric chloride treated group. On 

the other hand after MSCs therapy there is 

obvious decrease in the sFas level in the 

MSCs treated group compared to the 

mercuric chloride treated rats. These result 

were in consistent with some authors reports 

that showed that sFas accumulates in the 

serum as kidney failure progresses and sFas 

levels correlated positively with serum 

creatinine (Corina et al., 2000). In the 

kidneys, the FasL/Fas system has been 

detected in glomerular mesangial cells, 

fibroblasts, and tubular epithelial cells. 

Renal FasL is increased in rats and mice 

with proliferative glomerulonephritis. sFasL 

acted similarly to sFas (Hitesh & 

Adebowale 2017). Additionally Hayden et 

al., (2012) reported that sFas is elevated in 

AKD, CKD and also in dialysis patients. It 

is noticed that sFas levels were accompanied 

with markers of anemia. So sFas and 

inflammatory cytokines might play a role in 

anemia of critically ill patients.  

CONCLUSION 

    MSCs therapy improved the hemotoxic 

effect of sFas indirectly by improving the 

kidney damage, as MSCs therapy in 

nephrotoxicity was associated with decrease 

sFas level in the MSCs treated animal group 

compared with the mercuric chloride group. 

This down regulation of sFas is responsible 

for the improvement of the CBC picture and 

improved the RBCs and Hb levels. 

RECOMMENDATION 

On light of the results of the present study, 

the following guidelines are recommended: 

 Further studies are needed for 

-Investigation of the possible mechanisms of 

anemia associated with nephrotoxicity. 

-Evaluation of the role of sFas in 

pathogenesis of anemia and nephrotoxicity   

   - Explanation of the underlying therapeutic 

mechanisms of MSCs and translate those 

into clinical practice. 

 Consider experimental MSCs 

therapy in treatment of Anemia associated 

with nephrotoxicity especially in cases 

resistant to EPO therapy. 
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 دور الخلايا الجذعية الميزنشيمية في  تحذيذ التسمم الذموى لماده الفاس في حالات التسمم الكلوى
 أ.د/ أَطَٕٗ عطالله*ٔأ.د/ ْذٖ سظة انسٛذ ٔعثذ انغُٗ ًَٛشانشًٛاء يحًٕد سايٗ عهٗ ٔ أ.د/ يحًٕد د/

ظايعّ انضقاصٚق ٔ يشكض انخلاٚا انعزعٛح تعايعح ٔٚك فٕسسد_انٕلاٚاخ انًرحذج -قسى انطة انششعٗ ٔانسًٕو  الإكهُٛٛكٛح كهّٛ انطة 

 *الأيشٚكٛح

 الملخص العربى

سذاا  َسثّ انٕفٛاخ فٙ يشىٗ انرسًى انكهٕٖ. ٔ ٚعذ فرش انذو ٚعذ انرسًى انكهٕٖ يٍ أكصش الأيشاع إَرشاسا ٔأخطشْى َظشا لإ

أ الاًَٛٛا يشكهح شائعح فٙ الأشخاص انزٍٚ ٚعإٌَ يٍ أيشاع انكهٗ ٔرنك لاٌ انكهٗ ذُرط ْشيٌٕ الإٚشششٔتٕٛذٍٛ . ْٕٔ 

لإًَٛٛا انًظاحثّ نهرسًى لإَراض انًضٚذ يٍ خلاٚا انذو انحًشاء. ٔيٍ أسثاب ا  انعظًٙ  انٓشيٌٕ انًسؤل عٍ ذُشٛط انُخا 

ٔظٕد تشٔذٍٛ انااط ْٕٔ احذ انثشٔذُٛاخ انًسؤنّ عٍ يٕخ انخلاٚا انًثشيط. ذعذ انخلاٚا انعضعٛح انًٛضَشًٛٛح   انكهٕٖ اٚضا

نهعلاض اناعال لأيشاع انرسًى انكهٕٖ. ٔقذ ٚسٓى فٗ إعطاء فشطح ظذٚذج نحٛاج آيُح. ٚٓذف انثحس انٙ ذرٛٛى   تاتا ظذٚذا ٔاعذا

( 09ذسعٍٛ )  كعلاض نهرسًى انكهٕٖ ٔالاًَٛٛا انًظاحثّ نّ فٗ انعشراٌ انثٛضاء أظشٚد ْزِ انذساسح عهٗ  سانخلاٚا انعزعٛحدٔ

ذى يراتعح ْزِ  ٔ قذ يٍ إَاز انعشراٌ انثٛضاء ٔذى ذرسٛى انعشراٌ عشٕائٛا انٗ شلاز يعًٕعاخ يرسأٚح.انًعًٕعح انضاتطح

يعى 1تًادِ كهٕسٚذ انضئثق  ٓاذى حرُ :)يعًٕعّ كهٕسٚذ انضئثق( انًعًٕعّ انصاَٛح ,انعشراٌ ٔرنك نًراسَرٓا تثاقٗ انًعًٕعاخ

 ٓا)يعًٕعح انعلاض تانخلاٚا انعزعٛح انًٛضَشًّٛٛ(ذى حرُ انًعًٕعح انصانصح /كعى نًذج اسثٕعٍٛ ٔرنك لاحذاز انرسًى انكهٕٖ

يعى /كعى نًذج اسثٕعٍٛ شى ذى حرُٓا تانخلاٚا انعزعٛح انساتق ذعهًٛٓا تانثشٔذٍٛ. ٔذى يراتعح انعشراٌ نًذِ 1انضئثق  تًادِ كهٕسٚذ

اخز عُٛاخ انذو نرٛاط ٔظائف انكهٗ ٔطٕسِ انذو شى ذى رتح انعشراٌ   اساتٛع تعذ انحرٍ.تعذ اسثٕعٍٛ يٍ انذساسّ ذى 3

ش انضٕئٗ ٔتأسرخذاو انذلائم انٓسرٕكًٛٛائّٛ انًُاعّٛ نررذٚش عايمٔاسرخشاض انكهٗ ناحظٓا ْسرٕنٕظٛا تانًعٓ  (PCNA) 

ذى  ٔ أساتٛع يٍ انعلاض تانخلاٚا انعزعٛح 3نرحذٚذ َسثّ ذذيٛش انخلاٚا ٔاٚضا َسثّ انااط تانخلاٚا ٔذًد أعادِ ْزِ انررًٛٛاخ تعذ 

ٔكهًا صادخ َسثّ ذذيٛش   فٗ انخلاٚا انكهّٕٚ انًذيشِيلاحظّ ذذْٕس ٔظائف انكهٗ يظاحة نٕظٕد الاًَٛٛا ٔصٚادِ َسثّ انااط 

ٔنٕحع ذحسٍ ٔاىح فٗ ٔظائف انكهٗ ٔالأًَٛٛا َٔرض فٗ َسثّ انااط  انخلاٚا انكهّٕٚ كهًا إسذاعد َسثّ انااط َٔسثّ الأًَٛٛا

ٍ انعشراٌ انثٛضاء تعذ انعلاض تانخلاٚا انعزعٛح انًٛضَشًّٛٛ تانًراسَّ تانًعًٕعّ انضاتطّ ٔانًعًٕعّ انًشٚضح أد٘ حر

يًا اد٘ انٙ ذحسٍ حانّ الأًَٛٛا انًظاحثح نهرسًى انكهٕ٘ .   تانخلاٚا انعزعٛح انٙ ذحسٍ يهحٕظ فٙ انكهٗ ٔظٛاٛا ْٔسرٕنٕظٛا

 .ْزا ٔقذ ساْى ذحسٍ انكٙ فٗ ذرهٛم َسثح انااط ٔتانرانٗ ٚعرثش ذأشٛش انخلاٚا انعزعٛح انًٛضَشًٛح عهٗ انااط ذأشٛش غٛش يثاشش.


