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ABSTRACT

Objectives: Chemotherapy induced stomatitis is considered one of the challenging factors that 
affect chemotherapy treatment coarse. So, this study was conducted to evaluate the possible role 
of intravenous injection of mesenchymal bone marrow stem cells (MBMSCs) in preventing or 
ameliorating the side effects of chemotherapy on the rat’s tongue. 

Methods: 40 rats were divided into: (G1): normal control group, (G2): chemotherapy group; 
injected with chemotherapy, (G3): prophylactic group; injected with chemotherapy and treated with 
stem cells before chemotherapy, (G4): therapeutic group; injected with chemotherapy then treated 
with stem cells. At day 8 all animals were sacrificed, the tongue was dissected. Examination of the 
dorsal and ventral surfaces of the tongue in addition to tongue muscles was performed. 

Results: Only therapeutic gr. showed marked improvement of chemotherapy induced stomatitis 
which was manifested by increased epithelial thickness with numerous rete pigs, increased filliform 
papillae and increased mucosal proliferation rate. But chemotherapy induced muscle atrophy 
showed no improvement in both treated groups. 

Conclusion: injection of MBMSCs has a therapeutic effect on chemotherapy induced mucosal 
atrophy. Also it was approved that, within a period of 8 days, stem cells have neither prophylactic 
nor therapeutic effect on chemotherapy induced lingual muscle atrophy.  

KEY WORDS: Bone marrow mesenchymal stem cells, chemotherapy induced mucosal 
atrophy, chemotherapy induced muscle atrophy, chemotherapy induced stomatitis, oral mucositis 
and intravenous stem cells injection.
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INTRODUCTION 

The treatment of malignant tumors usually in-
volves chemotherapy, radiotherapy or surgery (ei-
ther as a single therapy or in combination)[1].

Most of chemotherapeutic drugs work by 
impairing mitosis. They prevent mitosis by 
damaging DNA or inhibiting the cellular organelles 
involved in cell division. The chemotherapeutic 
agents are classified according to their mechanism 
of action into: Alkylating agents, Anti-metabolites, 
Anti-microtubule agents, Topoisomerase inhibitors 
and finally Cytotoxic antibiotics [2-4].

5-Fluorouracil is one of Anti-metabolites 
group; Fluorouracil is a nucleobase analogue 
(to the pyrimidine uracil) that is metabolized 
in the cell to form at least two active products; 
5 fluourouridine monophosphate (FUMP) and 
5-fluoro-2’-deoxyuridine 5’-phosphate (fdUMP). 
FUMP becomes incorporated into RNA and fdUMP 
inhibits the thymidylate synthase enzyme; both of 
which lead to arresting the cells in S phase and cell 
death [4, 5].

As chemotherapy affects cell division, tumors 
with high growth rates are more sensitive to 
chemotherapy; as larger proportion of the targeted 
cells are undergoing cell divisions at any time. 
While malignancies with slower growth rate tend to 
respond to chemotherapy much more modestly [5].

Many of chemotherapy side effects are due to 
their damage to rapidly dividing normal cells as 
well as their damage to rapidly dividing tumor cells. 
These normal cells such as bone marrow, digestive 
tract  and hair follicle cells are sensitive to anti-
mitotic drugs. This results in the most common 
side-effects of chemotherapy as myelosuppression, 
mucositis [6, 7] , infertility [8], alopecia [9, 10] , peripheral 
neuropathy [11] and  cachexia [12].

Cancer cachexia is a syndrome of weight loss 
that results from depletion of skeletal muscle mass. 
The skeletal muscle atrophy in cancer cachexia is 
due to systemic inflammation arising from both 
cancer cells and cancer treatment [13].

Oral mucositis is an inflammatory painful con-
dition occurs in 40% of patients receiving chemo-
therapy, 60% of patients receiving radiotherapy and 
92% of patients receiving both chemotherapy and 
radiotherapy [14]. Clinically, oral mucositis is mani-
fested by mouth, throat, and abdominal pain, bloat-
ing, nausea, vomiting, and severe diarrhea. These 
manifestations lead to a prolonged hospital stay, an 
increased need for antibiotics, narcotic analgesia 
and parenteral nutrition. More importantly, muco-
sitis threatens the efficacy of cancer treatment due 
to interruption of chemotherapy cycle and dose de-
escalation, thus adversely affecting patient survival 
and quality of life  [15]. 

Histopathological evaluation of mucositis lesion 
shows mucosal thinning caused by apoptosis and 
depletion of the epithelial basal layer. It’s begin 
in the epithelium but then progress to involve the 
connective tissue [16]. The therapeutic potential 
of bone marrow mesenchymal stem cells (BM-
MSCs) has obviously been brought into spotlights 
in treatment of soft tissue injury as treatment of 
chronic wounds [17], accelerate wound healing [18], 
radiation-induced intestinal injury prevention [19], 
ulcer closure [20] in addition to skeletal muscular 
atrophy treatment [21].  So, the present work was 
designed to explore the histological effect of 
intravenous injection of BM- MSCs on the affected 
tongue of chemotherapy treated rats (when they are 
injected before and after chemotherapy). Also, this 
study investigated the effect of this therapy on the 
mucosal proliferative capacity through expression 
of anti-PCNA antibody and the degree of lingual 
muscle atrophy repair by Masson Trichrom stain   
under the same experimental conditions. 

MATERIALS AND METHODS

Samples: 40 male Wister rats weighting around 
200 grams were used in the present study. Rats were 
housed in wire mesh cages (4 rats / cage) under 
controlled temperature and good ventilation. All 
rats were fed on standardized laboratory balanced 
diet. All Institutional and National Guidelines for 
the care and use of animals were followed. 
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Stem cells: BM-MSCs used in this study were 
purchased from biochemistry department in faculty 
of medicine Cairo University. For tracking the 
stem cells,   they were prelabeled with PKH26 dye 
that is a red fluorescent linker dye binds to the cell 
membrane of stem cells. This dye is ideal for in vitro 
and in vivo cell tracking as it is stable and divides 
equally when the cells divide.

 Dose: The animals were intravenously injected 
with a single dose of 1.5 × 10(6) cells/ body at tail 
vein [22]. 

Chemotherapy:  Intraperitoneal injection of 
100mg/kg 5-Fluorouracil (5-fu) was performed at 
the 1st day of the experiment followed by injection 
of 65mg/kg at the 3rd day which is a dose sufficient 
to induce oral mucositis [23].

Grouping the animals: 10 rats were served as a 
control group (G1), the remaining 30 rats received 
intraperitoneal injection of 5-fu at the 1st and 3rd 
day of the experiment according to the mentioned 
dose. Then they were equally divided into 3 groups; 
(G2) chemotherapy gr.: injected with 5-florouracil 
only, (G3) prophylactic gr.: injected with stem cells 
just before the 1st dose of 5-fu injection and (G4) 
therapeutic gr.: injected with stem cells after the last 
dose of 5-fu (at the 4th day).

Samples collection and processing: At day 8, 
all animals were scarified by overdose of sodium 
thiopental.  The tongue was dissected, fixed in 10% 
buffered formalin. Sections of 4-6μ thickness were 
prepared; unstained sections were used for florescent 
microscope examination. The other sections were 
processed for routeine H&E stain, Masson trichrome 
stain and Immunohistochemical examination using 
Proliferating Cell Nuclear Antigen (PCNA).

Digital Image Analysis:  All slides were digitized 
using Olympus digital camera installed on Olympus 
microscope with photo adaptor. The resulted images 
were analyzed on Intel Core based computer 
using Video Test Morphology software (Russia). 
The ventral epithelial thickness of H&E stained 
specimens was measured using magnification of 

400,  the percentage of +ve PCNA reaction (brown 
colored) was performed using a magnification of 
400 with frame area 786432 and finally in Masson 
Trichrome stained slides, magnification of 100 with 
frame area 1.09e+007 were used. 

Statistical analysis: All data were tabulated and 
statistically analyzed by SPSS (statistical package 
for social science) software using one sample T 
test to measure the means and slandered deviation 
of each group and Paired sample T test to compare 
between all groups.

RESULTS

a- Histological Results

H&E stain: 

Tongue papillae; in control gr., the filliform 
papillae were tall, numerous, with pointed tip 
and have thick epithelium and keratin layer. In 
contrast, the papillae of chemotherapy gr. were 
either few in number or have rounded tip, their 
epithelium were thinner with desquamated keratin 
layer also vaculations were observed in the basal 
and suprabasal layer. In prophylactic gr., they were 
slightly irregular in shape with varying thickness 
while in therapeutic gr. they were numerous, thick 
with pointed tip (fig. 1).  Fungiform papillae were 
obviously observed in G1 with well-formed 2ry 
papillae. They were rarely seen in G2 and if so, they 
lack their 2ry papillae. They started to be noticed 
again in G4 followed by G3 but their 2ry papillae 
were small in some cases (fig. 2).

Ventral surface of the tongue: In G1, the 
ventral surface revealed normal stratified squamous 
epithelium with an average thickness 1047.5 
±163µ While G2 showed very thin epithelium 
(227.6±41.2µ) with nearly absence of rete pigs, 
the keratin layer was very thin and desquamated. 
Also most of G3 specimens showed thin epithelium 
(338.2±91.9µ)  in contrast to G4 which revealed 
thick epithelium (947.4±66.5µ) with marked rete 
pigs and thick keratin layer in most of specimens 
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(fig. 3). The statistical analysis revealed no 

significant difference between the control group and 

the therapeutic group (P value was 0.106) but there 

was a significant difference between the control gr. 

and prophylactic gr. (P value was 0.000) (table 1).  

The lamina propria of the ventral mucosa showed 

normal blood vessels (bl. vs.) in G1. While in G2, fol-

lowed by G3, the blood vessels (bl. vs.) were severely 

dilated and congested. In G4, the bl. vs. were moder-

ately dilated but not congested (fig. 3).  

Fig. (1), Photomicrograph demonstrates shapes of filliform papillae; (A) control gr., (B) chemotherapy gr., (C) prophylactic gr. and 
(D) therapeutic gr. (H&E x200).

Fig.(3); (3A-D) Photomicrograph demonstrates mucosa of the ventral surface of the tongue; . (H&E x200).

Fig. (2), Photomicrograph demonstrates the shape of fungiform papillae in all groups; (A) well formed 2ry papillae seen in control 
gr. (B) rudimentary 2ry papillae seen in therapeutic and  prophylactic gr. and (C)  no 2ry papillae which rarely seen in 
chemotherapy gr. (H&E x200).

(A) Control gr.                 (B) Chemotherapy gr.                     (C) Prophylactic gr.                    (D) Therapeutic gr.
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The lingual Muscle: routeine examination of 
G1 revealed normal skeletal muscle fibers with 
normal size, peripherally located nucleus and mild 
macrophages infiltration (fig. 4A, 4B). All the 
specimens in G2 and most of G3 and G4 showed 

different signs of muscle atrophy and degeneration 
as fatty degeneration, moderate to severe 
macrophages infiltration and shrinkage of muscle 
fibers in addition to presence of oedema and dilated 
congested blood vessels (fig. 4C, 4D, 4E, 4F).

Fig. (3E): Diagram showing the difference between epithelium 
thicknesses of each group in microns. 

TABLE (1) Paired Samples Test compares between the epithelium thicknesses

Sig. 
(2-tailed) 

dfT

Paired Differences

95% Confidence Interval of 
the Difference

Std. Error 
Mean

 

Std. 
Deviation

Mean

UpperLower

.000914.556947.25010692.4299056.32239178.10704819.84000
Control - 

chemotherapy
Pair 1

.000910.400863.53348554.9885268.19706215.65805709.26100
Control - 

prophylactic
Pair 2

.10691.795226.06724-26.0392455.72258176.21027100.01400
Control - 

therapeutic
Pair 3

.0169-2.975-26.50415-194.6538537.16579117.52853-110.57900
Chemotherapy 
- prophylactic

Pair 4

.0009-28.219-662.12107-777.5309325.5088080.66592-719.82600
Chemotherapy 
- therapeutic

Pair 5

.0009-17.025-528.29680-690.1972035.78451113.16057-609.24700
Prophylactic - 

therapeutic
Pair 6
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Masson trichrome stain: The muscles of 
tongue tip, tongue core and the submucosal muscle 
of the dorsal surface of the tongue were examined. 
In G1, the tip of the tongue and the tongue core 
revealed increased collagen fibers in between the 
muscle bundles more than the submucosal muscle 
of the dorsal surface of the tongue which appeared 
tightly packed together with minimal amount of 
collagen fibers in between (fig 5A, 5C and 5E). in 
all other groups treated with chemotherapy (G2, 
G3 and G4), the muscle fibers appeared smaller in 
size with increased collagen fibers in between them 
more than the control group. Also, densely packed 
irregular collagen fibers were increased obviously 

between the muscle bundles even in the submucosal 
muscle of the dorsal surface (fig 5B, 5D and 5F). The 
statistical analysis revealed that, the muscle fibers 
of the control group represented (41.9±2.5%)  of 
the specimen. While in treated groups represented; 
(25.7±3.8%) in chemotherapy gr., (25.2± 5.8%) in 
prophylactic gr.,  (28.3±7.9%) in therapeutic gr. (fig. 
5G). There was a statistical significant difference 
between the control group and chemotherapy gr.  
(P value 0.000) but there was no significant difference 
between chemotherapy gr. and prophylactic gr.  
(P value 0.828) or therapeutic gr. (P value 0.316) 
(table 2).

Fig.( 4) Photomicrograph showing the lingual muscle in all groups  (H&E x 200).
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Control group All treated groups
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(A, C and E) the control group show increased 
muscle fiber (red color) and decreased amount of 

collagen fibers (blue color)

(B, D and F) the treated groups show decreased 
amount of muscle fibers (red color) more than the 

control group in the same areas

Fig. (5); (5A-F)Photomicrograph showing the lingual muscle stained by Masson Trichrome in all groups (M.T. x 100).

Fig. (5G): Diagram showing the difference between muscle fiber 
stained by Masson Trichrom of each group.
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b- Immunohistochemical results:

Examination of PCNA immunolocalization 
sections revealed strong +ve reaction in the 
epithelium of control and therapeutic groups while 
weak reaction was observed in chemotherapy and 
prophylactic groups (fig. 6). The statistical analysis 
revealed the mean values of the expressed PCNA 
reaction were: (12.8+1.9%) in control group, 
(2.9+1.2%) in chemotherapy gr., (2.6+ 0.9%) in 

prophylactic gr. and (12.3+3.4%) in therapeutic gr. 
(fig. 6E). Also the statistical analysis revealed no 
significant difference between the control group 
and the therapeutic group (P value was 0.733) 
which indicates better cell division in therapeutic gr. 
than other experimental groups. Also there was no 
significant difference between chemotherapy gr. and 
prophylactic gr. ( P value 0.661) meaning that there 
is no improvement in cell division of prophylactic 
gr. (table 3).

TABLE (2), Paired Samples Test compares between muscle fiber from Masson Trichrom stain of all groups.

Sig. 
(2-tailed)

df
 
 

T
 
 

Paired Differences

95% Confidence Interval of 
the Difference

Std. Error 
Mean

 

Std. 
Deviation

 

Mean
 

UpperLower

.00098.71820.3796111.982391.856026.158025.86926
control - 

chemotherapy
Pair 1

.00098.00021.3851811.956822.083936.315486.58997
control - 

prophylactic
Pair 2

.00194.66420.115836.976172.904239.207549.18399
control - 

therapeutic
Pair 3

.8289.2245.44460-4.464602.190217.406196.92606
chemotherapy 
- prophylactic

Pair 4

.3169-1.0632.97483-8.244832.479869.225867.84200
chemotherapy 
- therapeutic

Pair 5

.3969-.8924.80193-11.051933.5041510.8385411.08108
prophylactic - 

therapeutic
Pair 6

 Fig.(6); (6A- D) Photomicrograph demonstrates the intensity of PCNA expression in each group;(PCNA x 400). 
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c- Florescent microscope results:

Examination of therapeutic group showed in-
creased number of stem cells aggregates labeled 
with PKH 26 in the tongue indicating successful 
homing of stem cells to the affected area. Stem cells 
also were observed in the prophylactic group also 
but with lesser degree. 

d- Statistical result:

The statistical analysis are summarized in tables 
1: 3.

DISCUSSION

A previous studies was performed using a model 
of chemotherapy-induced stomatitis described by 
Sonis et al, (1990) which depends on chemotherapy 
administration and mechanical irritation of buccal 
mucosa to produce clear clinical ulcers and 
inflammatory condition [24].

 In the current work, we performed another 
model of mucositis by injection of 5-FU only to 

focus on its cytotoxic effect on the rats tongue 
without additional mechanical irritation. This model 
was performed by several authors [22, 25]. The animals 
in the present study were scarified at day 8 (which 
is the 5th day after the 2nd dose of chemotherapy) 
as it is known that typical signs of chemotherapy 
induced mucositis start from the 2nd day of injection 
and reach to the maximum at the 5th day then start to 
recover [26].

Fig. (6E): Diagram showing the differences between PCNA 
immunoexpression in each group.

TABLE (3) Paired Samples Test compares between PCNA immunoexpression of all groups.

Sig. 
(2-tailed)

 
 

df
 
 

T
 
 

Paired Differences

95% Confidence Interval of 
the Difference

Std. Error 
Mean

Std. 
Deviation

 

Mean
 

UpperLower 

.000912.16711.792858.09515.817302.584519.94400
control - 
chemotherapy

Pair 1

.000918.86011.423458.97655.540831.7102710.20000
control - 
prophylactic

Pair 2

.7339.3523.95115-2.887151.511464.77964.53200
control - 
therapeutic

Pair 3

.6619.4531.53530-1.02330.565521.78834.25600
chemotherapy 
- prophylactic

Pair 4

.0009-11.464-7.55471-11.26929.821032.59632-9.41200
chemotherapy 
- therapeutic

Pair 5

.0059-5.638-4.90735-14.428651.714663.83409-9.66800
prophylactic - 
therapeutic

Pair 6



(1086) Asmaa S. ElgamalE.D.J. Vol. 66, No. 2

The tongue was the tissue of choice for the 
current study as it has different points of interest 
concerning chemotherapy cytotoxicity; the lingual 
muscle which is definitely affected by chemotherapy 
as any skeletal muscle [13], the mucosa of the ventral 
surface which is very sensitive to chemotherapy [1] 

and finally the papillae on the dorsal surface which 
is more resistant to chemotherapy in low doses [27].

The intravenous routee of stem cells injection 
of was chosen in the current work to evaluate their 
migration ability to injured sites after transplantation. 
Also, it is considered the least invasive technique 
and has multiple systemic effects that lead to 
treatment of several diseases, in different organs, 
induced by chemotherapeutic drug. There are many 
scientists also used intravenous injection of stem 
cells in treatment of different diseases as Zhange 
et al. (2012) [22]. For their tracking, stem cells were 
prelabeled with PKH26 fluorescent linker dye 
which was successful and aggregates of florescent 
stem cells appeared in all specimens of G3 and G4 
which indicates the ability of stem cells to migrate 
and home in the injured tissue after chemotherapy 
injection. Succeful migration of stem cells after 
intravenous injection was observed in several 
studies [22, 24]. Some authors tracked stem cells after 
systemic injection and found marked decrease in 
stem cells concentration in the affected tissue by 
time as González et al.( 2009) who observed that the 
rapid migration of stem cells to the inflamed colon 
in rats was followed by gradual decrease by time 
which reached to minimum at day 8  [28]. Also Toma 
et al. (2009) found that after 3 days from intraarterial 
infusion of MSCs, the number of MSCs decreased 
to 14% of the initial number because of cell death in 
situ [29]. This decrease in number exactly happened 
in our experiment, the early injected stem cells (in 
prophylactic gr.) were observed to be less in number 
than the latterly injected cells (therapeutic gr.) at 
the time of scarification. This may explain why the 
stem cells didn’t give a satisfactory improvement as 
a prophylactic treatment for stomatitis in the present 
study.  

It is well known that the ventral surface of the 
tongue is more sensitive to the 5-FU  than the dorsal 
surface with no apparent ulceration on both surfaces 
[30]. This exactly found in G2 in our study as the 
decreased epithelial thickness and congested blood 
vessels were markedly observed in the ventral 
surface than the dorsal surface and no ulceration 
was observed in both surfaces.

The marked epithelial atrophy in G2 coincides 
with other studies that investigated the effect of 5-fu 
on different mucosal type as Von Bültzingslöwen 
et al. (2001) who investigated its effect on the oral 
epithelium of rats [31] and  Gawish et al. (2013) who 
investigated its effect on the rats small intestine [32]. 
All of them found marked decrease in epithelial 
thickness after injection. In addition, Vanhoecke 
et al. (2015) stated that a single dose of 150mg 
5FU/kg showed decreased oral epithelial thickness 
between 2 and 12 hr post-5FU treatment, Clear 
signs of apoptosis were observed at 12 hr and no 
sign of ulcerations were observed at the level of the 
tongue[30].

In the present study, the dorsal surface of the 
tongue also was affected by 5-fu which is manifested 
by atrophy of filliform and fungiform papillae. This 
is confirmed by Bertolini et al. (2017) study as they 
mentioned that both route of administration of 5-FU 
(intravenous and intraperitoneal) led to epithelial 
atrophy and filliform papillae affection especially 
with I.V. routee [27]. It was noticed that fungiform 
papillae (which contain taste buds and their 
receptors) were nearly absent in G2 and this was 
explained by Comeau, et al. (2001) who reported 
that 5-fluorouracil is one of antineoplastic drugs 
that have been associated with taste dysfunction. As 
these drugs are designed to target rapidly dividing 
cancer cells and, unfortunately, rapidly dividing 
cells in the body including taste receptors which 
proliferate every 10 days [33]. 

Concerning oral stomatitis in the present study, 
both ventral and dorsal surface of the tongue showed 
better improvement in G4 than other treated groups 
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(G2 and G3). This improvement is represented by 
significant increase in epithelial thickness than G2 
and G3, significant increase in the proliferation rate 
than G2 and G3, decreased congested blood vessels, 
increased number and sharpness of filliform papillae 
and finally reappearance of fungiform papillae. 
This result coincide with Zhange et al. (2012) 
who evaluated the effect gingival mesenchymal 
stem cells (GMSCs) and found a significant 
reduction of mucositis on the  dorsal surface of 
the tongue at day 9 [22]. Many authors regarded the 
therapeutic effect of stem cells to their secretion of 
cytokines, chemokines and growth factors which 
lead to stimulation of angiogenesis, suppression 
of inflammation, inhibition of apoptosis and 
enhancement of endogenous repair by stimulating 
intrinsic stem and progenitor cell proliferation [34,35]. 

Guo et al. (2013) regarded the anti-inflammatory 
role of MSCs transplantation to reduction of gene 
expression of the inflammatory cytokines TNFα, 
IL-1β & IL-6 [36]. Hendijani (2015) reported that, 
MSCs mitigate oral and GIT mucositis by enhanc-
ing angiogenesis and improving resistance to oxi-
dative stress induced apoptosis. In addition, MSC 
administration led to faster recovery from myelo-
suppression by providing an excellent supportive 
environment for hematopoiesis [37].

The H&E lingual muscle examination of G1 re-
vealed presence of mild macrophages infiltration 
which is considered a consistent feature of skeletal 
muscle and these cells may increase dramatically 
after injury especially  at day 3 and started to de-
crease by day 6 [38].

It is well known that chemotherapy administra-
tion leads to cachexia which is manifested by in-
creased muscle macrophages, signs of degeneration 
and atrophy and these singes were exactly observed 
in G2. Braun et al. (2014) found in his study that 
chemotherapy administration resulted in a signifi-
cant loss of skeletal muscle mass 18 hours after 
administration. He regarded this muscle atrophy 
to rapid inflammatory response after administra-

tion of chemotherapy which drives activation of 
the hypothalamic-pituitary-adrenal axis that in-
creases the circulating level of corticosterone, 
the predominant endogenous glucocorticoid in  
rodents [13]. 

In the current work, the improvement of skeletal 
muscle atrophy in G3 and G4 wasn’t satisfactory. 
As all signs of degeneration in G2 also observed 
in the treated groups and the muscle loss was 
significantly different between the control group 
and all other treated group. This coincide with some 
authors tried to transplant satellite cells by injection 
into the affected muscle but it was with no clinical 
benefits and  they reported that the problem appears 
to be in the need for massive numbers of injections 
due to rapid loss of satellite cells distributed at local 
injection sites[39]. This finding also was explained 
by Coletti (2018) who reported that chemotherapy 
induces Nf-KB expression which is sufficient 
to trigger muscle wasting. Taken together these 
findings in addition, the fact that NF-kB targets 
not only muscle fibers but also muscle stem cells 
suggests that chemotherapy may damage multiple 
targets [40].

 The time and route of stem cells administration 
also may have a significant role in success of 
muscle regeneration; the time needed for muscle 
regeneration is more than the time needed for 
epithelial regeneration because of the high turnover 
of epithelial cells. Koponen et al. (2007) found 
that umbilical cord stem cells transplantation leads 
to muscle regeneration after 3 weeks in Ischemic 
muscles in rats [41]. Also Aboushady et., al, (2012) 
found that subcautenouslly injected MSCs leads 
to lingual  muscle regeneration after 2 weeks from 
radiotherapy induced stomatitis in rats [42]. For all 
these reasons, MSCs injection approved to have 
no preventive effect on the skeletal muscle atrophy 
induced by chemotherapy in our study. But more 
experiments are needed with more extended time 
and dose adjustment to investigate whether they 
have a therapeutic effect on muscle atrophy or not.
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Finally, in the current work, it was observed 
that stem cells have no prophylactic effect either 
on chemotherapy induced stomatitis or muscle 
atrophy. This may be due to their direct exposure 
to cytotoxic effect of chemotherapy unlike the stem 
cells of therapeutic group which are injected after 
several days of chemotherapy injection. This result 
is confirmed by  Somaiah et al. (2018) who found 
that treatment with chemotherapeutic drugs resulted 
in functional defects in MSC which is manifested by  
reduced proliferation, osteogenic and adipogenic 
differentiation.  He found also, the drug treated 
MSC also showed decreased expression of cell 
surface receptors, and the changes in proliferation, 
phenotype and differentiation were partially 
reversible after withdrawing the drugs from the 
cells [43].

CONCLUSION

From the present study it was found that 
treatment with intravenous injection of MBMSCs 
after chemotherapy administration reduces the 
severity of mucositis of rats tongue, but stem cells 
have no prophylactic role when they are injected 
before chemotherapy administration. Also it was 
approved that, within a period of 8 days, stem cells 
have neither prophylactic nor therapeutic effect on 
chemotherapy induced lingual muscle atrophy.
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