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 Abstract 

 Background: The chemotherapeutic drug methotrexate (MTX) is administered for 

managing multiple kinds of cancer. Aim: To determine if bone marrow mesenchymal 

stem cells (BM-MSCs) might protect rats against renal damage brought on by MTX. 

Materials and Methods: Rats were divided into five groups : (i) Control group received 

2.5 ml saline. (ii) group received MTX as a single IP of 20 mg/Kg body weight. (iii)  

LEUK group: Benzene-induced leukemia group was injected intravenously every 2 days 

for 3 consecutive weeks by 0.2 ml benzene. (iv)  LEUK/MTX group was injected 

intravenously every 2 days for 3 consecutive weeks by 0.2 ml benzene and treated by 

intraperitoneal injection of 2.5 mg/kg.bw/week MTX for 4 consecutive weeks. (v) 

(LEUK/ MTX/MSCs) group was injected intravenously every 2 days for 3 consecutive 

weeks by 0.2 ml benzene and treated by intraperitoneal injection of 2.5 mg/kg.bw/week 

MTX for 4 consecutive weeks. This group was also left for 8 days for kidney injury 

induction then injected intravenously with a single dose of 3x106 MSCs. After 4 weeks 

of MSCs transplantation. Kidney histopathology, Catalase and Superoxide dismutase 

activities as well as Capase-3 expression levels were examined. Results: Methotrexate 

induced marked pathological lesion which characterized by focal necrosis, cell 

infiltration   and high immuno-expression ofTGF-β1. Besides, treatment with MSCs 

successfully improved the severe effects of MTX on the kidney and restored histological 

architecture which confirmed by oxidative enzymes and apoptosis marker 

detection.Conclusion: MSCs have the capacity to protect against kidney fibrosis and 

might be employed as adjuvant treatment. 
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1. Introduction 

A multiphase condition, acute kidney damage 

(AKI) is a cause for worry on a worldwide scale. 

The chance of developing end-stage renal disease 

(ESRD) or chronic kidney disease (CKD) rises 

when AKI first appears.  Additionally, CKD 

affects up to 16% of the world's population, and 

having CKD raises the chance of developing new 

AKI Episodes [1, 2]. 

Mesenchymal stem cells (MSCs) are 

stromal cells with multi-line age differentiation 

and the capacity to self-renew. They may be 

extracted from a number of tissues, including 

adipose tissue, bone marrow, and the umbilical 

cord. MSCs are a cutting-edge alternative for 

clinical studies due to their multipotent qualities 

[3]. Mesenchymal stem cells (BM-MSCs) are stem 

cells that live in the microenvironment of the bone 

marrow. [3]. 

Convenient collection, quick proliferation, 

growth in vitro, durable self-renewal capacity in 

vivo, and a lack of ethically dubious concerns are 

all positive characteristics of BM-MSCs [4]. As a 

viable alternative to conventional pharmaceutical 

therapy, cell-based medicines are emerging. Bone 

marrow mesenchymal stem cells (BM-MSCs) 

stand out among the options for cell therapy 

because of their multi-lineage potential, anti-

inflammatory effects, ability to avoid immune 

system detection by the host, and relative ease of 

expansion in culture. [5]. 

Mesenchymal stem cells (MSCs) are 

exceptional multipotent cells with strong 

immunomodulatory abilities [6]. For a number of 

pathologic illnesses, including graft versus host 

disease, inflammatory airway diseases, and 

inflammatory bowel diseases, MSCs are now 

being investigated in clinical studies at various 

stages. [7, 8]. 

 

Chemical structure of MTX 

An odorless yellow to orange-brown 

crystalline powder is methotrexate. It is a 

chemotherapeutic medication that prevents the 

production of DNA and RNA.  A folic acid 

antagonist known as methotrexate (MTX), which 

has the molecular formula C20H22N8O5, is 

frequently used to treat a variety of cancers, 

including acute lymphoblastic leukemia, as well as 

inflammatory diseases. It also has 

immunomodulating properties[9]. It has been 

documented that the injection of MTX can cause 

fibrosis in various organs, including the lung [10]. 

One of the folic acid antagonists that is frequently 

utilized in the treatment of several disorders is 

methotrexate (MTX). The following conditions are 

treated with it: psoriasis [11], psoriatic arthritis 

[12], rheumatoid arthritis in elderly and younger 

patients [13], acute lymphoblastic leukemia [14], 

ectopic pregnancy [15], inflammatory bowel 

diseases like Crohn's disease and ulcerative colitis 

[16], chronic inflammatory demyelinating 

polyradiculoneutopathy[17],and acute 

lymphoblastic leukemia. The purpose of the 
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current study was to determine if BM-MSCs could 

treat rats with renal damage brought on by MTX.  

MATERIALS AND METHODS 

Methotrexate (MTX) 

MTX was bought from the Australian subsidiary 

of Pfizer Pharmaceuticals Ltd. For the purpose of 

inducing kidney damage in rats, a single 

intraperitoneal injection of 20 mg/kg body weight 

was administered [18]. 

Leukemia induction 

Leukemia was induced in rats by intravenous 

injection of 0.2 ml of1:10 diluted benzene solution 

(Chromasolv, in water/2-propanol [50/50] v/v). 

Benzene was given every 2 days for 3 consecutive 

weeks accordingto [19]. 

Preparation of MSCs 

In order to prepare stem cells, 6-week-old male 

albino rats were employed. Bone marrow was 

obtained by flushing the tibiae and femurs with 

DMEM, which was then augmented with 10% 

fetal bovine serum (GIBCO/BRL). The isolated 

nucleated cells were suspended in a full culture 

medium containing 1% penicillin-streptomycin 

(GIBCO/BRL) after being separated by a density 

gradient using Ficoll/Paque (Pharmacia). The cells 

were incubated at 37°C in 5% humidified CO2. 

Cultures were trypsinized using 0.25% trypsin 1 

mM EDTA (GIBCO/BRL) for 5 min at 37°C after 

cells reached 80–90% confluence. Phosphate 

buffer saline (PBS; Lonza Company, Swiss) was 

used to wash cultures after trypsinization. Cells 

were centrifuged, suspended in media with added 

serum, and cultured in flasks measuring 50 cm2 

(Falcon)[2].  

Labeling of MSCs 

PKH26 fluorescent dye was used to mark MSCs in 

accordance with the Sigma procedure (Saint Louis, 

Missouri, USA). In a nutshell, cells were 

centrifuged and twice-washed in media devoid of 

serum. Intravenously, cells were injected into a rat 

tail vein after being pelleted and suspended in a 

dye solution. [20].  

Experimental Animals 

Before the trial began, male albino rats (weighing 

between 100 and 120 g) were acclimated to the 

laboratory environment for one week. The 

temperature was regulated between 23 and 25 

degrees Celsius, and the animals had unfettered 

access to food and water.The investigations were 

authorized by the Regional Centre for Mycology 

and Biotechnology's ethics committee (RCMB 

1500102023). 

Experimental Design 

Fifty male albino rats were equally divided into 

five groups (10 ratseach) according to the 

following protocol: (group 1) C: Control group 

receivedan intraperitoneal injection of 2.5 ml 

saline. (group 2) (MTX) group received MTX as a 

single intraperitonealinjection of 20 mg/Kg body 

weight. (group 3) LEUKgroup: Benzene-

inducedleukemia group was injected intravenously 

every 2 days for 3 consecutiveweeks by 0.2 ml 

benzene. (group 4) LEUK/MTX group was 

injected intravenously every 2 days for 3 

consecutiveweeks by 0.2 ml benzeneand treated 

byintraperitoneal injection of 2.5 mg/kg.bw/week 

MTX for 4 consecutiveweeks. (group 5) (LEUK/ 

MTX/MSCs) group was injected intravenously 

every 2 days for 3 consecutiveweeks by 0.2 ml 

benzeneand treated byintraperitoneal injection of 

2.5 mg/kg.bw/week MTX for 4 consecutiveweeks. 

This group was also left for 8 days for kidney 

injury induction then injected intravenously with a 

single dose of 3x106 MSCs. After 4 weeksof 

MSCs transplantation, all rats in all experimental 

groups were sacrificed under ether anesthesia. 
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Kidney histopathology were examined and 

homogenates were kept for further experiments. 

Histological studies 

Kidney slices from all groups were fixed in 

formalin and embedded in paraffin before 

experimental estimates from each group were 

made for histological examinations utilizing 

hematoxylin and eosin (H&E) staining. 

Hematoxylin and eosin was used to stain sections 

of 5 µm thick using the prescribed method[21]. 

Immunohistochemical studies 

The techniques of immunochemistry tints are 

applied to demonstrate the localizing processof 

proteins in tissues by exploiting antibodies 

associated with antigens.by applying the 

transforming growth factor -β (TGF-β) technique, 

in the process of localizing proteins in tissues by 

exploiting the principle of antibodies binding 

specifically to antigens. The visualization of the 

antibody is commonly accomplished by 

conjugating an enzyme to the antibody. This can 

produce a color changing reaction. The advantage 

of this method is the ability to show exactly where 

a given protein is located. The expression of TGF-

β (bs1957R) from Biocompare Company, South 

San Francisco, USA) in kidney sections was 

incubated at 4°C overnight. Endogenous 

peroxidase activity was blocked with 1% hydrogen 

peroxide for 20 min. To improve the quality of 

staining, microwave oven based antigen retrieval 

was performed. Slides probed with anti-TGF-β 

(1:200). Sections were washed 3 times with PBS 

and incubated with biotin-labeled anti-mouse IgG 

then stained with a 4- chloro-1-naphthol, which 

gives a blue-grey color according to the 

manufactured instructions. Control slides showed 

no staining when the primary antibody was 

omitted.Five different fields were examined and 

color the difference in color intensityfor the 

expression area % of TGF-β1 was analyzed using 

ImageJ software[22].  

Oxidative markers detection 

The activity of the enzymes: catalase (CAT) and 

superoxide dismutase (SOD) in the homogenates 

of the renal tissue in accordance to manufacturer's 

procedure for the kits (Thermo Fisher Scientific, 

USA[23]. 

Gene expression assay  

RNA was extracted from kidneyspecimenby the 

QIAamp RNeasy Mini kit (Qiagen, Germany, 

GmbH) though mixing 200 µl of the specimen 

with 600 µl of RLT buffer, which included 10 ml 

of mercaptoethanol per 1 ml, and allowing the 

mixture to sit at room temperature for 10 min. The 

cleaned lysate was mixed with one litre of 70% 

ethanol.  The primers used for the experiment are 

listed in Table 1 and were provided by (Metabion 

Germany). A 20 µl experiment contained 10 µl of 

the 2x HERA SYBR® Green RT-qPCR Master 

Mix (Willowfort, UK), 1 µl of RT Enzyme Mix 

(20X), and 1 µl of water was added.The reaction 

was run using a one-step real-time PCR apparatus. 

Amplification curves and ct values were 

determined by the used program[23]. 

Table (1) The used primers:  
Gene name Sequence of the used primer 

β-actin( Housekeeping gene ) and 3′-AAGATCCTGACCGAGCGTGG-F: 5′ 

R: 5′-CAGCACTGTGTTGGCATAGAGG-3′ 

Caspase-3( Apoptotic marker) F: 5′-GTGGAACTGACGATGATATGGC-3′and R: 5′-

CGCAAAGTGACTGGATGAACC-3′ 
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Statistical analysis 

Data are represented as means ± SD where *** 

P≤0.001 using GraphPad Prism V.5 SAN DIEGO, 

CA, USA where student t-test where applied to 

compare the different groups 

RESULTS 

Histological examination of the kidney sections of 

control rats showed that each kidney consists of an 

outer granular appearing cortex and an inner 

striated appearing medulla and composed of huge 

number of nephron. Each nephron consists of 

Malpighian corpuscle and three segments; a 

proximal convoluted tubule,loop of Henle and a 

distal convoluted tubule. The Malpighian 

corpuscles are spherical in shape and each consists 

of a glomerular tuft of capillaries and a double-

walled epithelial capsule known as Bowman’s 

capsule.The outer layer of the Malpighian 

corpuscles is the parietal layer and the inner layer 

envelops the glomerular corpuscle and is known as 

the visceral layer ,both layer are separated by a 

distinct space known as the urinary space .The 

parietal layer is continuous with the beginning of 

the proximal convoluted tubules. The proximal 

convoluted tubules are lined with cuboidal or low 

columnar epithelial cells and exhibit brush borders 

at their apices and so the lumina appear narrow. 

The distal convoluted tubules are lined with simple 

cuboidal epithelial cells with no brush borders and 

acquiring wider lumina(group1)(Fig.1). 

On the other hand, the MTX group (group2), 

showing epithelial desquamation into the lumen of 

the tubules, vacuolization in tubular cells, focal 

necrosis and cell infiltration (Fig.2). Besides. (Fig. 

3) illustratedkidney section from the same group 

showing glomerular damage and vacuolization in 

tubular cells.Whereas kidney sectionfrom group 

3,(LEUKgroup) showing glomerular damage and 

renal corpuscles with obscure Bowmans space 

(Fig.4).  

Microscopic examination of kidney sectionsfrom 

group 4 (LEUK/MTX group), showing, renal 

tubular damage and, proteineous material in the 

renal tubules, glomerular damage and renal 

corpuscles with obscure Bowmans space, 

dilatation, and congestion of theperitubular vessels 

(Figs.5, 6, 7).  Figure 8 section from group 4 also, 

showing severe loss of kidney architecture, marked 

disturbance in glomeruli with strong inflammatory 

infiltration Glomerlosclerosis. 

Examination of kidney sections from group 5 

(LEUK/ MTX/MSCs group)showed most of the 

previous mentioned alterations in the renal tissue 

were almost disappeared (Figs.9,10,11). In this 

condition, the renal tissue comprising Malpighian 

corpuscles and renal tubule cells (group 5) appears 

more or less similar to that described in the control 

untreated rats. 

The Immunohistochemicalinvestigation explained 

that the transforming growth factor –β1 (TGF-β1) 

expression showed normally distribution in 

kidneytissue (Fig.12) as control rats. But an 

intense reaction for TGF-β1 was observed in 

Figure 13 in kidney tissue as a result of MTX 

administration. While the kidney tissue of rats 

treated with Benzene-inducedleukemia 

group3illustratethe TGF-β1 reaction sites 

relatively intense(Fig.14). While the tissue from 

rat kidney treated with benzene and MTX(group4) 

showing very intense reaction for TGF-β1(Figs 15, 

16). Finally,the investigated of TGF-β1 

expression, showing the relatively tonormal 

reaction sites distribution in kidney in group five 

(Fig. 17). There is a dramatic elevation in TGF- β1 
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in methotrexate group relative to control 

(P≤0.001). Besides, a decrease in expression could 

be seen in other groups, where the maximal 

decreases could be seen in the last group to be in 

the same level relative to control (Fig. 18). There 

is a significant difference (P≤0.001) between 

group 3 and group 5 as well as a notable 

difference(P≤0.001) between group 4 and group 5. 

SOD and CAT levels were assessed in order to 

determine how MSC may influence and mitigate 

the damage caused by oxidative stress in renal 

tissue in leukemia rats. In comparison to the 

control group, the SOD and CAT activities 

significantly decreased in the MTX, LEUK, and 

LEUK/MTX group of rats (P< 0.05). MSC 

treatment increased antioxidant enzyme activity, 

demonstrating that MSC restored antioxidant 

capability in rat renal tissue(Fig. 19). 

Capase-3 apoptotic marker were assessed in order 

to determine how MSC impact renal tissue in 

leukemia rats.MSC treatment significantly 

decreased the gene expression level (P< 0.05) in 

LEUK/MTX group of rats(Fig. 20S). 

 

 

Figure (1) : Photomicrograph of normal kidney section from group 1(control group), showing normalrenal architecture . 

Glomeruli(arrow) and renal tubules ( double arrows)  was observed; Figure (2) : Photomicrograph ofkidney section from 

group 2 (MTXgroup), showing epithelial desquamation into the lumen of the tubules (arrow) vacuolization in tubular 

cells, focal necrosis and cell infiltration(double arrows); Figure (3) : Photomicrograph ofkidney section from group 

2(MTXgroup), showing  glomerular damage (arrow), and vacuolization in tubular cells(double arrows); Figure (4) : 

Photomicrograph ofkidney section from group 3,( LEUKgroup), showing  glomerular damage (arrow), and showing 

epithelial desquamation into the lumen of the tubules .(double arrows); Figure (5)  : Photomicrograph of kidney section 

from group 4( LEUK/MTX group), showing, renal tubular damage and , proteineous material in the renal tubules 

(arrow), glomerular damage  with obscure Bowmans space(double arrows); Figure (6) : Photomicrograph of kidney 

section from group 4( LEUK/MTX group), showing, renal tubular damage and vacuolization in tubular cells (arrow), 

focal necrosis and cell infiltration(double arrows);  
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Figure (7) : Photomicrograph of kidney section from group 4, showing, renal tubular damage and , proteineous material in the renal tubules  ( thick 

arrow), vacuolization in tubular cells(arrow); Figure (8) : Photomicrograph ofkidney section from group 4( LEUK/MTX group), showingsevere lose of 

kidney architecture, marked disturbance in glomeruli with strong inflammatory infiltration  Glomerlosclerosis(arrow) , renal tubular (double arrows); 
Figure (9) : Photomicrograph of kidney section from group 5(LEUK/ MTX/MSCs group), showing   a moderate  degree of improvement glomerular 

damage with minimal vacuolization(arrow) ) in tubular cells and mild inflammatory infiltration ( double  arrows); Figure (10) : Photomicrograph of 

kidney section from group 5(LEUK/ MTX/MSCs group), showing moderate organized tubular and glomerular ( arrow); Figure (11) : Photomicrograph 
of kidney section from group 5(LEUK/ MTX/MSCs group), showing a good degree of improvement glomerular damage(arrow) .Nearly to normal 

kidneyarchitecture was observed (H&E X 400).                                                              

 

Figure (12) : Photomicrograph of normal kidney section from group 1(control group), showing the normal  distribution of transforming growth factor –β1 (TGF-β1) 

expression in kidney tissue;  Figure (13) :Photomicrograph of kidney section from group 2(MTXgroup), showing intense reaction distribution of transforming growth 
factor –β1 (TGF-β1) expression in kidney tissue ; Figure (14) : Photomicrograph of kidney section from group 3,( LEUKgroup), showing intense reaction distribution 

of transforming growth factor –β1 (TGF-β1) expression in kidney tissue;  Figure (15) : Photomicrograph of kidney section from group 4 (LEUK/MTX group), 

showingvery intense reaction distribution of transforming growth factor –β1 (TGF-β1) expression in kidney tissue ; Figure (16) : Photomicrograph of kidney section 
from group 4(LEUK/MTX group), showingvery intense reaction distribution of transforming growth factor –β1 (TGF-β1) expression in kidney tissue  (Figure (17) : 

Photomicrograph of kidney section from group 5(LEUK/ MTX/MSCs group), showingnear normal  distribution of transforming growth factor –β1 (TGF-β1) 

expression in kidney tissue  (TGF-β1- immunostaining,x400). 

7 



 Bone Marrow Mesenchymal Stem Cells Alleviate Methotrexate-Induced Renal Toxicityin leukemia Rats          

TGF- beta

C
on

tr
ol

 M
T
X

L
E
U

K

L
E
U

K
/M

T
X

L
E
U

K
/M

T
X

/M
SC

s

0

20

40

60

80

100 *** ***

***

***

Different Treatments

M
e

a
n

 e
x

p
r
e

s
s
io

n
 a

r
e

a
 %

 o
f

im
m

u
n

r
e

a
c
ti

o
n

 e
x

p
r
e

s
s
io

n

 
Figure(18): Data are represented as means ± SD where *** P≤0.001 using GraphPad Prism V.5 SAN DIEGO, CA, USA 

where student t-test where applied to compare the different groups  
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Figure (19): Impact of MSCs on the levels of oxidative enzymes markers in the renal tissues of experimental leukemia 

rats. n = 3 rats/group. Data are represented as mean ± SD.(*) considered as significant at p < 0.05 (A) Catalase; (B) SOD.  
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Figure (20): Impact of MSCs on the apoptotic gene markers (caspase-3-) in the renal tissues of experimental leukemia 

rats. n = 3 rats/group. Data are represented as mean ± SD. (*) considered as significant at p < 0.05. 
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DISCUSSION 

An odorless yellow to orange-brown crystalline 

powder is methotrexate. It is a chemotherapeutic 

medication that prevents the production of DNA 

and RNA. A folate derivative called MTX blocks 

numerous nucleotide synthesis-related enzymes. 

Both cell division and inflammation are 

suppressed as a result of this inhibition. 

Methotrexate is frequently used to treat arthritic 

inflammation and to limit cell development in 

neoplastic disorders such breast cancer and non-

Hodgkin's lymphoma because of these properties. 

MTX is a widely used medication that is utilized to 

treat a variety of autoimmune disorders at 

moderate dosages as well as malignancies at high 

doses, mostly due to its effects on inflammation 

and proliferation [23, 24]. By inhibiting the 

tetrafolate enzyme, the anti-metabolite 

pharmacological property of MTX is able to 

impede cell metabolism, stopping the creation of 

protein, DNA, RNA, and adenosine triphosphate. 

Cell death arises from this, and cell regeneration is 

difficult [25]. Its medicinal and harmful effects are 

both caused by this mechanism. The amount and 

frequency of delivery affect how hazardous MTX 

is in humans. Damage to the kidneys, liver, and 

gastrointestinal system are frequent side effects. 

One frequent factor that limits the therapeutic 

usage of MTX has been identified as renal 

impairment caused by the drug [26].  

There are two pathways that contribute to the renal 

damage caused by MTX. The first mechanism 

involves the direct precipitation of MTX and its 

metabolite in the renal tubule lumen, which causes 

necrosis. Oxidative damage is a different 

mechanism that has been examined in a number of 

research [27, 28]. Increased reactive oxygen 

species (ROS) as a result of MTX causes tissue 

damage[29].  

It is widely recognised that ROS play significant 

regulatory roles in the organism under normal 

physiological settings [30–32]. However, when 

ROS production is unchecked, they interact with 

biomolecules and cause oxidative changes. The 

present study clarified the therapeutic function of 

(BM-MSCs) MCs in protecting against renal 

damage brought on by MTX in rats. In the current 

study, MTX treatment resulted in several 

histopathological changes in the kidney of albino 

rats, including renal tubular damage, protein-

containing material in the renal tubules, glomerular 

damage, renal corpuscles with obfuscated 

Bowman's space, dilatation and congestion of the 

peritubular vessels, severe loss of kidney 

architecture, and marked disturbance in glomeruli 

with strong inflammatory infiltration and 

Glomerlosclerosis. Numerous theories on the 

processes behind the toxicity of MTX have been 

put forth, including the participation of oxidative 

stress, inflammation, and apoptosis [33]. Because 

MTX toxicity causes an increase in NOx in the 

tissues, peroxynitrite radicals are produced, which 

harm cells [34]. The oxidative stress brought on by 

the MTX treatment is consistent with earlier 

research [35]. 

The current study supports Vardi et al.'s [36] 

findings that oxygen radicals and hydrogen 

peroxides have been linked to the myriad of MTX 

side effects. These free radicals cause cell damage 

by attaching to cellular macromolecules, 

particularly membrane lipids, which releases ALT 

and AST from the cells into the serum. By 

inducing DNA fragmentation and denaturation, 

which are crucial for the start of apoptosis, the 
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increased oxidative stress may alter the shape and 

structure of the nucleus [37]. Oxidative stress 

serves as a marker for the harm caused when the 

ratio of oxidants to antioxidants shifts in favor of 

oxidants. Many pathological alterations leading to 

cellular damage occur if the delicate balance 

between oxidants and anti-oxidants in tissues 

cannot be maintained. The hallmarks of MTX 

toxicity are oxidative stress or oxidative cellular 

damage with its combination of free radical 

production and severe lipid peroxidation [38]. 

According to the findings of the current study, 

mice treated with MTX for leukaemia showed a 

considerable rise in TGFβ-1 in the BIL/MTX 

group compared to the control group. The 

stimulation of TGFβ-1, the most potent profibrotic 

cytokine, may be one of the probable pathways 

behind methotrexate-induced kidney fibrosis [39]. 

As a result, increasing vascular inflammation and 

fibrosis have been linked to inflammatory cells, 

pro-inflammatory cytokines, and profibrotic 

growth factors in the etiology of progressive renal 

disease [40]. 

TGF- β, which has three isoforms (TGF β -1, TGF 

β -2, and TGF β -3) and primarily affects 

fibroblasts, mesangial cells, and tubular cells, is 

often recognized for its function in fibrosis [41]. 

Numerous cell types express and release TGF β - 

after damage [42]. TGF β - also has significant 

effects on immune cell signaling, tissue healing, 

stem cell differentiation, and embryonic 

development [43]. Renal tissue, monocyte and 

macrophage populations, lymphocytes, and 

platelets all exhibit high levels of TGF β - 

expression [44]. TGF- β expression in renal 

pathology promotes remodeling of the 

extracellular matrix (ECM) and growth of pro-

fibrotic cell types such fibroblasts and 

myofibroblasts [45, 46].In actuality, renal tubular 

cell autophagy and consequent fibrosis are brought 

on by TGF- β overexpression under dormant 

circumstances [47]. TGFβ-RII is specifically 

deleted in PT cells to lessen damage and apoptosis, 

while AKI increases TGF- β signaling in mice 

[48]. TGF- β activity is extremely complicated in 

nature and, depending on the illness state, can 

either be advantageous or harmful. Therefore, it is 

yet unclear if therapeutic intervention with TGF- 

will be effective in reducing inflammation and 

fibrosis [49]. 

The majority of the previously mentioned 

alterations in the renal tissue were almost 

completely absent when kidney sections from 

group 5 (the LEUK/MTX/MSCs group) were 

examined in the current study. The renal tissue, 

which contains Malpighian corpuscles and renal 

tubule cells, appears to be more or less similar to 

that described in the control rats. MSCs can locate 

injured renal tissue locations and settle there. The 

process by which MSCs are transferred to 

wounded tissues is known as homing. According 

to Lin et al.'s research [50], administering MSCs to 

the ischemic kidney improved renal function, 

accelerated the mitogenic response, and decreased 

cell death. Additionally, MSCs are therapeutic 

against renal tissue damage and an increase in 

iNOS expression brought on by hypoxia, 

according to Ibrahim and AbdEl-Latief [51]. 

MSCs may be effective in the therapy of idiopathic 

pulmonary fibrosis (IPF) because they exhibit 

immunomodulatory, anti-inflammatory, and 

maybe antifibrotic capabilities, according to 

preclinical research[52].  
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There are Different models of MSCs treatment 

[53, 54]. MSCs exhibited the capacity to go to 

wounded areas and release a variety of paracrine 

factors, which in turn controlled endothelial and 

epithelial permeability and reduced lung 

inflammation [55]. Additionally, according to 

Zakaria et al. [56], MSCs were found in lung 

tissues and caused downregulation in 

inflammatory and coagulation markers in MTX-

induced lung injury rats. 

Examining kidney sections from group 5 (the 

LEUK/MTX/MSCs group) in the current 

investigation revealed that the distribution of TGF- 

β 1 expression in the kidney was comparable near 

normal. Additionally, Park et al., [57] Even though 

it has previously been noted that MSCs lower 

inflammatory mediator levels like IL-4 and TGF- 

β 1. We contend that stem cells' antiapoptotic 

benefits are mostly due to their antioxidant 

capacity rather than their anti-inflammatory 

properties. In fact, it is widely believed that MSCs 

exercise their immunomodulatory effects through 

promoting the release of cytokines like TGF- β 1 

[58, 59]. 

According to Qiming et al. [60], 20% to 30% of 

patients do not react to MTX, and it causes a 

number of side effects. Therefore, it is critical to 

improve the therapeutic efficacy of MTX while 

lowering its negative effects. Mesenchymal stem 

cells (MSCs) were found to be involved in tissue 

regeneration, immunoregulation, and anti-

inflammation in recent investigations. In present 

work the renal tissue of the MTX, LEUK, and 

LEUK/MTX rats, the levels of antioxidants like 

SOD and CAT were considerably reduced, but the 

injection of MSCs boosted these antioxidant 

enzymes in accordance with Gad et al.'s work [61] 

revealed similar alterations in the oxidant and 

antioxidant profiles.The focus of the current 

investigation was on Caspase-3's crucial function 

in apoptosis. Besides, as a promoter and end 

effector in the apoptotic cascade, caspase-3 which 

has been regulated by MScs in the present study 

and plays a significant part. Bax and caspase-3, 

which are pro-apoptotic proteins, may be 

upregulated by ROS to start cell death [62]. 

 

CONCLUSIONS 

The findings reported in the present context 

indicate that BM-MSCsact as antioxidant, 

antiapoptotic, and antifibrotic agents in MTX-

induced rat renal fibrosis. 
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