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1. Introduction

 Implantation is important for initiation of pregnancy and takes 

place in three phases-apposition, adhesion and invasion, and in the 

secretory phase of the endometrium. A successful implantation 

is due to blastocyst quality, healthy development of embryo and 

receptive endometrium[1-4]. It is known that implantation, which 

results in uterine growth and differentiation, blastocyst adhesion, and 

Objective: To investigate the effects of bone marrow derived mesenchymal stem cell 

(BMSC) application into the rat endometrium on oxidative stress, cell proliferation and 

apoptosis. Methods: The female rats selected in estrous cycle were divided into three groups 

(saline, media and BMSC group). The intrauterine and intraperitoneal injections were 

performed using the saline (200 µL), culture media (200 µL) and 1伊106 BMSCs/200 µL 

culture media, and then they were mated with male rats. On the 7th day of the pregnancy, 

uterine samples were harvested and dyed with heamatoxylin-eosin histochemically, 

anti-endothelial nitric oxide synthase and anti-inducible nitric oxide synthase, and anti-

proliferating cell nuclear antigen immunohistochemically, with terminal deoxynucleotidyl 

transferas dUTP nick end labeling for apoptosis. The stainings were evaluated by H-score 

and the results were analyzed using one-way ANOVA test statistically. Results: It was 

found that BMSCs increased the endometrial thickness, endometrial epithelium thickness 

and number of endometrial glands compared to control and sham groups. The intrauterine 

BMSC application decreased both anti-endothelial nitric oxide synthase and anti-inducible 

nitric oxide synthase immunoreactivities and the number of apoptotic cells compared to 

the intraperitoneal applications whereas the immunoreactivity of proliferating cell nuclear 

antigen was increased. Conclusions: In current study, we define that stem cells do not 

cause any structural damages. Also they change the distribution of oxidative stress and cell 

proliferation marker. These findings support the reliability of stem cells in clinical use in the 

case of infertility.

Asian Pacific Journal of Reproduction 2018; 7(5): 229-235

Asian Pacific Journal of Reproduction

Journal homepage: www.apjr.net

This is an open access article distributed under the terms of the Creative Commons 
Attribution-Non Commercial-Share Alike 4.0 License, which allows others to remix, 
tweak and buid upon the work non-commercially, as long as the author is credited and 
the new creations are licensed under the identical terms.

For reprints contact: reprints@medknow.com

©2018 Asian Pacific Journal of Reproduction Produced by Wolters Kluwer- Medknow

How to cite this article: Aydemir I, Özkut MM, Fırat F, Gümürüdü A, Sal DH,  
Erdoğan K, et al. Effects of stem cells applications on oxidative stress and apoptosis 
during implantation. Asian Pac J Reprod 2018; 7(5): 229-235.

ş



230 Işil Aydemir et al./ Asian Pacific Journal of Reproduction (2018)229-235

blastocyst invasion and placental formation, occurs in the presence 

of many molecular and cellular mechanisms[1,5,6]. The change in the 

uterine which provides the invasion of blastocysts is called uterine 

receptivity. The main factors determining uterine receptivity are 

ovarian steroids, progesterone, estrogens, cytokines, growth factors 

and adhesion molecules. The inadequacies of these factors may 

cause the failure of implantation and increase miscarriage rates, and 

consequently infertility occurs in women[6-8]. Furthermore, it is 

stated that the oxidative stress induces DNA damage, apoptosis and 

necrosis in blastocyst[9]. 

  The degradation of the balance between free radicals and 

antioxidants in favor of free radicals is called oxidative stress. 

Reactive oxygen species are produced during metabolic and 

physiological processes and oxidative reactions may occur in the 

organism. Nitric oxide (NO), one of the reactive nitrogen species, 

is an important messenger because of its ability to carry no charge 

and unpaired electrons. NO is synthesized by the reaction catalyzed 

by the nitric oxide synthase (NOS) enzyme family in many cells: 

neuronal NOS (nNOS), inducible NOS (iNOS) and endothelial 

NOS (eNOS)[10,11]. NO can be detected by NOS activity assays, 

such as immunohistochemical and biochemical analysis. During 

implantation, NO is necessary for a healthy blood flow and feeding 

of the embryo in the endometrium. It was observed that there has 

been a relationship between oxidant/antioxidant and implantation 

success[12]. The oxidation-reduction disorders in the cells are toxic 

to all components of the cell, including protein, lipid, DNA by 

peroxidase and free radical production. However, excessive oxidative 

stress, inadequate levels of antioxidants or inhibition of antioxidant 

enzymes can lead to cell damage or cell death of germ cells in the 

reproductive system[13-15].  

  The apoptosis, a programmed cell death, occurs by extrinsic and 

intrinsic or mitochondrial pathways. Caspases are involved in both 

apoptotic signal pathways. The cell that receives the apoptosis 

induction breaks its connection with the neighboring cells and the 

intercellular substance by distracting from the environment and 

shrinking. In the nucleus, chromatin is condensed and apoptotic 

bodies form. The organism has some protective mechanisms to 

cope with the effects of oxidative stress such as enzymatic and 

non-enzymatic antioxidant defense systems. But in some cases, 

they are not insufficient[15]. Because of the ability of regeneration, 

differentiation, proliferation and formation of tissues and organs, 

stem cells can be used as an alternative to organ transplants or drugs 

with adverse side effects and in the treatment of many diseases. In 

previous study, female rats underwent intravenous infusion of bone 

marrow stromal stem cells at 50 000 cells/µL, and the uterine was 

removed and examined histologically in the third estrous cycle. After 

stem cell application, endometrial thickness increased and glandular 

and capillary proliferation were observed[16]. The bone marrow-

derived mesenchymal stem cells (BMSCs) application was observed 

at the end of the first month as GFP+ cells in stromal and epithelial 

sections of damaged mouse uterine. These cells have been shown to 

be effective by inhibiting inflammation and increasing vascularity. 

The stem cells have also been shown in human endometrium after 

transplantation in which they differentiate into epithelial, stromal 

and endothelial cells[17]. In our study, we aimed to compare the 

beneficial/pathological effects of BMSCs by intrauterine and 

intraperitoneal applications into the healthy rat endometrium via 

oxidative stress, cell proliferation and apoptosis.

2. Materials and methods

2.1. Animals

  For the experiment, Wistar albino rats [male and female, (200±50) g] 

were obtained from Manisa Celal Bayar University Experimental 

Animal Research and Application Center. It was noted that the 

animals supplied were not mated before and were not used in any 

experimental work. The rats were housed under 12-hours light/12-

hours dark cycle at 22 曟 for adaptation to the laboratory conditions 

and diet and water were given ad libitum. The study was approved by 

Animal Experiments Local Ethics Committee, Faculty of Medicine, 

Manisa Celal Bayar University, Turkey (protocol number: 77637435-

44, date of approval: 26/06/2013).

2.2. Mesenchymal stem cell isolation

  BMSCs were gathered from the tibias of two male rats and 

following dissociation, cells were cultured in alpha-minimum essential 

medium (F0915, Biochrom, Berlin, Germany) containing 15% fetal 

calf serum (S0113, Biochrom, Berlin, Germany), 50 µg/mL gentamycin 

(A2712, Biochrom, Berlin, Germany), 100 UI/mL penicillin and 

100 UI/mL streptomycin (A2213, Biochrom, Berlin, Germany), 

100 UI/mL amphotericin-B (A2612, Biochrom, Berlin, Germany) 

and 200 mM L-glutamine (K0282, Biochrom, Berlin, Germany) at 37 曟 

and 5% CO2. Three days later, non-adherent cells were removed 

from the culture media. The adherent cells (mesenchymal stem cells) 

were maintained. Cells were passaged to passage 3 (P3)[18,19]. Under 

the inverted microscope (桖71, Olympus, Japan) cell proliferation 

was checked. 

2.3. Characterization of mesenchymal stem cell 

  Mesenchymal stem cell characterization was performed by 

immunocytochemical staining using primary antibodies of Stro-1, 

CD105, c-kit and CD45 at P4[20,21]. For this purpose, cells were 

seeded into 8-well chamber slides, and were allowed to adherent. 

Then cells were fixed in 4% paraformaldehyde (1.04004, Merck, 

Darmstadt, Germany) and washed in  phosphate buffered saline 

(PBS). For permeabilization, cells were exposed to the 0.1% Triton- 

×伊100 (T8787, Sigma, St.Louis, USA) for 15 min and endogenous 

peroxidase activity was inhibited by 3% hydrogen peroxide 

(1.08600, Merck, Darmstadt, Germany). Following the blocking 

serum, primary antibodies anti-Stro-1 (MAB4315, Millipore), 

anti-CD105 (ab11414, Abcam), anti-c-kit (sc-168, Santa Cruz 

Biotechnology) and anti-CD45 (ab10558, Abcam) were applied to 
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the cells for 18 h. After washing with PBS, cells were stained with 

biotin-streptavidin hydrogen peroxidase secondary antibodies (85-

9043, Invitrogen®-Histostain Plus Bulk Kit, CA, USA) for 30 min. 

Each secondary antibodies were washed 3 times with PBS for 

5 min. To detect immunoreactivities, diaminobenzidine (DAB, 00-

2020, Zymed, CA, USA) was used. In negative controls, the assay 

was performed by placing PBS in place of the primer antibodies. 

For counterstaining, cells were stained with Mayer’s haematoxylin 

(72804E, Microm, Walldorf, Germany), mounted using aqueous 

medium (AML060, Scytek, Logan, Utah, USA) and examined under 

light microscope (BX43, Olympus, Japan)[22].

2.4. Experimental design

  In all study groups, the menstrual cycle periods of female rats were 

observed by vaginal smearing method between 15.00-16.00 p.m. 

and rats at oestrus cycle were selected[23]. The animals were divided 

into three groups: saline group (200 µL, n=10), media group (200 µL, 

n=10), and BMSCs in media (1伊106 cells/200 µL media, n=10).  

Female rats at oestrus period were treated with intrauterine and 

intraperitoneal injection of saline, media and BMSCs (P4) in media 

under general anesthesia (75 mg/kg ketamine and 10 mg/kg xylazine). 

After applications, 3 female rats and 1 male rat were taken into cages 

and allowed to mate. The next day, pregnant rats were separated by 

vaginal plaque and sperm control. Vaginal smears were obtained 

from the rats that had vaginal plaques on the next day to determine 

the pregnancy. The smear samples were fixed with methanol and 

stained with Giemsa solution, and samples with spermatozoa were 

accepted as definite pregnant[24]. 

2.5. Histochemistry

  On the 7th day of gestation, female rats were sacrificed by cervical 

dislocation under general anesthesia to evaluate the implantation 

process. Uterine specimens were taken and fixed in 10% formalin 

solution for 48 h for histochemical and immunohistochemical 

analyzes. Uterine specimens were exposed to the routin paraffin 

embedding procedure and were embedded in paraffin blocks. And 

5 µm thickness sections were cut using rotary microtom (RM 2135, 

Leica). Following the dewaxing and dehyration, sections were stained 

with haematoxylin and eosin. Sections were evaluated with light 

microscope BX43, Olympus, Japan) and were photographed (SC50, 

Olympus, Germany)[25]. The samples stained with haematoxylin and 

eosin were evaluated in terms of endometrial thickness, endometrial 

epithelium thickness and number of endometrial glands. The 

measurements were analyzed statistically[26,27].   

2.6. Immunohistochemistry

  The uterine sections were dewaxed, dehydrated, and were applied 

with 0.5% trypsin (800.729.8350, ScyTek, Utah, USA) for 15 min. 

Hydrogen peroxide (3%) was used for the inhibition of endogenous 

peroxidase activity. After washing in PBS, sections were treated 

with blocking serum (TA-125-UB, Lab Vision, Fremont, CA) for 

1 h. Sections were incubated with primary antibodies anti-eNOS 

(eNOS, sc-654, Santa Cruz Biotechnology) ve anti-iNOS (iNOS, 

GTX15322, Gene Tex) and anti-proliferating cell nuclear antigen 

(PCNA, orb11245, Biorbyt) for 18 h. Following the washing in PBS, 

sections were stained with biotin-streptavidin hydrogen peroxidase 

secondary antibody (85-9043, Invitrogen®-Histostain Plus Bulk 

Kit, CA, USA) for 30 min and were washed in PBS again. Then 

sections were dyed with diaminobenzidine (DAB, 00-2020, Zymed, 

CA, USA). For negative controls, primary antibodies were not used. 

For counterstaining, cells were stained with Mayer’s haematoxylin 

(72804E, Microm, Walldorf, Germany), mounted using medium and 

evaluated by a blinded observer under an Olympus BX40 (Tokyo, 

Japan) light microscope[25].   

2.7. Terminal transferase dUTP nick end labeling (TUNEL) 
assay

  TUNEL (TUNEL, S7101, Millipore, Billerica, MA, USA) staining 

method was used to determine apoptotic cell death. The sections 

were treated with 20 µg/mL proteinase K for 10 min at 37 曟 in a 

humidity chamber and then with an equilibration buffer. Following 

incubation with terminal deoxynucleotidyl transferase for 1 h at 

37 曟, stop wash buffer was applied to the sections for 10 min and 

the sections were washed in PBS. Diaminobenzidine (DAB, 00-

2020, Zymed, CA, USA) staining and counterstaining with Mayer’s 

haematoxylin was performed. Sections were mounted using entellan. 

TUNEL positive cells were evaluated by a blinded observer under 

light microscope (Olympus BX43 Tokyo, Japan) and apoptotic index 

was calculated[28].  

2.8. Statistical analysis

  Immunohistochemical stainings were evaluated by H-score. The 

intensity of staining was determined as follows: 0 = no staining; 

1 = weak staining; 2 = moderate staining; 3 = strong staining. In the 

chosen fields, the ratio of immunopositive cells were searched and 

the respective score was calculated using H-score formula: H-score 

= (% stained cells at 0) 伊×0 + (% stained cells at 1+) 伊1 + (% stained 

cells at 2+) 伊2 + (% stained cells at 3+) 伊3. The H-score value 

changed in range of 0 and 300. The H-score results were analyzed 

using one-way ANOVA by Tukey-Kramer multiple comparisons test. 

For this purpose, GraphPad Software (San Diego, CA, USA) was 

used and P value <0.05 was considered statistically significant[25,29].   

3.  Results

3.1. Mesenchymal stem cell characterization

  BMSCs from rat tibia and femur were maintained until confluency 

of 70%-80%. Cells became optimal for application after passaging 



232 Işil Aydemir et al./ Asian Pacific Journal of Reproduction (2018)229-235

until P3. Immunocytochemical method was performed using Stro-1, 

CD105, CD45 and c-kit. It was observed the positivities of Stro-1, 

CD105 and c-kit whereas there was negativity of CD45 in BMSCs 

(P<0.001) (Figure 1).
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Figure 1. Characterization of BMSCs by immunocytochemistry via positivity 

of Stro-1, CD105, c-kit and negativity of CD45.

BMSCs: bone marrow-derived mesenchymal stem cells. 

3.2. Histological investigation

  After morphometric examination, it was detected that intrauterine 

and intraperitoneal applications of BMSCs enhanced the cellular 

environment in the endometrium. The criteria of endometrial 

thickness, endometrial epithelium thickness and number of 

endometrial glands were significantly increased (P<0.001) after 

intrauterine application of BMSCs compared to  intraperitoneal 

application of BMSCs. Also, it was more obvious after the both 

intrauterine and intraperitoneal applications of BMSCs compared to 

the saline and media applications (Figure 2).

             Saline                           Media                       Media+BMSC

In
tr

ap
er

ito
ne

al
   

   
   

 I
nt

ra
ut

er
in

e 
%

 M
ea

n依
SD

100

75

50

25

0

IU/MIU/S IU/M+BMSC  IP/S IP/M IP/M+BMSC
Endometrial 
epithelium

Endometrium 

Endometrial 
glands

Endometrial 
stroma Perimetrium

Myometrium

 200 µm

 200 µm

 200 µm
 200 µm

 200 µm
 200 µm

 200 µm

         E                  EE               EG

Figure 2. Effects of BMSCs applications on histological structure of 
endometrium via parameters of endometrial thickness (E), endometrial 
epithelium thickness (EE) and number of endometrial glands (EG). 
Scale bars: 200 µm; BMSCs: bone marrow-derived mesenchymal stem cells; 
IU: intrauterine; IP: intraperitoneal.

3.3. Immunohistochemical results

  To detect cell proliferation, uterine samples were stained with 

PCNA. After intrauterine application of BMSCs, PCNA positive cells 

were increased in the decidua, endometrial epithelium, glands and 

veins of the uterine compared to the media group (P<0.05) (Figure 

3&4). PCNA immunoreactivity was significantly increased by 

intraperitoneal application of BMSCs in the primary and secondary 

decidual areas. The increase of PCNA was more prominent in the 

groups of intrauterine and intraperitoneal applications of BMSCs 

than groups of media (P<0.001) (Figure 3). 
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Figure 3. H-score evaluation of immunoreactivities of PCNA, eNOS and 

iNOS in endometrium after  IU and IP applications of BMSCs and M.

PCNA: proliferating cell nuclear antigen; eNOS: endothelial nitric oxide 

synthase; iNOS: inducible nitric oxide synthase; IU: intrauterine; IP: 

intraperitoneal; BMSCs: bone marrow-derived mesenchymal stem cells; M: 

media. 

  It was defined that eNOS immunoreactivity was significantly 

reduced (P<0.001) by the intrauterine application of BMSCs in the 

uterine samples. eNOS was higher in the group of intraperitoneal 

application of media than the group of BMSCs (Figure 3). It was 

seen that intrauterine application of BMSCs caused significantly 

the decrease of eNOS in the decidual areas (P<0.001) (Figure 4). 

There was no difference between the intrauterine and intraperitoneal 

administration of the media (P>0.05), but the application of BMSCs 

resulted in a significant decrease in eNOS immunoreactivity 

(P<0.01). The iNOS immunoreactivity was markedly reduced 

(P<0.001) by BMSCs in comparison with intrauterine media group 

(Figure 3). It was observed that especially in the decidual areas, 

iNOS was significantly higher in intrauterine media group than the 

BMSCs group (P<0.01) (Figure 4). While no difference was found 

between the intrauterine and intraperitoneal administration of media, 

administration of the BMSCs into the uterine was found to cause a 

significant decrease in eNOS immunoreactivity (P<0.01).
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Figure 4. Immunohistochemical stainings of PCNA, eNOS and iNOS in 

samples of endometrium after IU and IP applications of media and BMSCs. 

PCNA: proliferating cell nuclear antigen; eNOS: endothelial nitric oxide 

synthase; iNOS: inducible nitric oxide synthase; IU: intrauterine; IP: 

intraperitoneal; BMSCs: bone marrow-derived mesenchymal stem cells; 

Arrows: immunpositive cells; Scale bars: 50 µm.

3.4. Apoptosis

  After intrauterine application of BMSCs, the number of apoptotic 

cells was reduced significantly (P<0.01) in comparison with the 

intrauterine application of media. Also there was a decrease in the 

group of intraperitoneal application of BMSCs (Figure 5). The 

most significant decreaese was seen in the group of intraperitoneal 

administration of BMSCs (P<0.05).
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Figure 5. Distribution of apoptotic cells in endometrium samples and 

apoptotic index after IU and IP applications of media and BMSCs. 

IU: intrauterine; IP: intraperitoneal; BMSCs: bone marrow-derived 

mesenchymal stem cells; Arrows: apoptotic cells; Scale bars: 50 µm.

4. Discussion

  The intrauterine treatment of BMSCs is thought to be useful 

in uterine-related diseases. In such a cellular therapy, firstly, the 

implantation success will be increased and the important problem 

is to be resolved after the development will be recovered[30-32]. 

In this study, differences between intrauterine and intraperitoneal 

administration of BMSCs in implantation period of rat uterine were 

examined by histology, morphometry and immunohistochemistry. 

Endometrial changes were determined in the day 7 post-administration 

samples to assess the effect of BMSCs, because implantation 

occurred on gestastional day 4 and 5 in rats. On day 7 and 12, 

invasion of embryo into the endometrium is completed and the 

chorio-vitelline placenta begins to form[33,34]. After histological 

and morphometric examination, there was a prominent increase in 

endometrial thickness, endometrial epithelium thickness and number 

of endometrial glands. However, no negative pathological findings 

were found. 

  The studies about the effect of BMSCs on uterine tissue have 

shown that the mesenchymal stem cells have a initiator effect on 

regeneration of endometrium. In a previous study, after endometrial 

cell injury procedure, BMSCs application was performed into the 

uterine, and it was found an increase in the number of endometrial 

glands and endometrial thickness of rat uterine. In the group of 

endometrial cell injury and BMSCs, the healing effect of BMSCs 

was detected, and the proliferation marker and bromodeoxyuridine 

positive cells have seen rised[26]. The intravenous injection of 

BMSCs resulted in increase of epithelial thickness, the number 

of endometrial glands and capillaries in case of endometrial cell 

injury[16]. Besides, stem cells freshly isolated have been found 

to be more effective in the regeneration of damaged uterine. The 

different types of bone marrow stem cells such as unfractionated 

bone marrow cells, hematopoietic progenitor cells, endothelial 

progenitor cells, Oct4+ and Oct- multipotent adult progenitor cells 

have been used in the total body irradition animal model. After 12 

weeks, the more regeneration was observed in the groups of bone 

marrow-derived hypoblast-like stem cells (Oct4+). Freshly isolated 

MSCs, and 5% of these cells located in the stroma and endometrial 

epithelia of endometrium[17]. Zhang et al observed that the umbilical 

cord-derived stem cells significantly increased the endometrial 

thickness and the number of endometrial glands in the injured rat 

endometrium. Our experimental results showed that intrauterine and 

intraperitoneal applications of BMSCs caused an increase in the 

endometrial thickness, endometrial epithelium thickness and also 

number of endometrial glands[35]. The increase in these parameters 

was prominent in the group of  intrauterine application of BMSCs.

  A proliferative marker Ki67 was observed to be diminished in all 

uterine samples treated with stem cells while the number of TUNEL+ 

cells was increased[17]. PCNA, a proliferative marker, is located  

at the place where intracellular stromal cells are transformed into 

decidual cells forming mesometrial and antimesometrial decidua by 

proliferation, and where they also regress by apoptosis. Concurrently, 

endometrial glands develop into the mesometrial area. Until the 12th 

day of gestation, an intense PCNA immunoreactivity was observed 

in the rat uterine, and then an increasing apoptosis and necrosis were 

stated[36]. It is thought that the differentiation ability of the stem cells 

may play a role in the epithelial regeneration and it has been shown 

that stem cells, which are quite similar to each other, have different 

effects within the uterine. It can be said that the functions of the stem 
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cells vary due to the differences in cell surface receptors[17,37]. In our 

study, we investigated beneficial or pathological effects of MSCs into 

non-damaged uterine, and it was found that BMSCs administration 

caused cell proliferation and increased the histological parameters 

of endometrium via histochemistry and PCNA staining. Moreover, 

there was no any pathological damages in the uterine samples. 

Furthermore, we ascertained the distribution of PCNA in all groups. 

After intraperitoneal application of BMSCs, PCNA immunoreactiviy 

was increased markedly. These results suggest that BMSCs have a 

triggering effect for cell proliferation in vivo condition.

  NO is an important mediator for multiple cell function and has 

been shown to be associated with plasma and urine levels during 

pregnancy in humans and rats. Increased nitrate levels in the 

circulatory system are thought to be associated with increased NO 

production in the maternal placenta or other tissues. The increased 

NO production via iNOS was shown during pregnancy in the rat 

uterine, and was associated with decidua and myometrium. The 

uterine NO level reaches maximum level on day 17 when it is low on 

the 13th day and then gradually decreases. The amount of NO, which 

is the same in decidua and myometrium in the day 13, increases 

to be three times the number of myometrium on the day 15 in the 

decidua. About the association between NOS levels and mRNA, 

iNOS was highly correlated and eNOS was found to be constant. The 

increase in NO level was found to be produced by decidua, which is 

thought to increase in order to prevent the contraction of the uterine 

muscle layer. In homozygous mice in which iNOS was knocked 

out, it was found the reduction of cellular density and abnormal 

thickening of arteries in the decidua. Thus, it was concluded that the 

presence of iNOS in the decidua was important for both the embryo 

and pregnancy process[38]. In another study, it was determined that 

the expression of eNOS and iNOS was seen in the gland epithelium, 

stroma and myometrium and they were increased in the implantation 

area of the mouse uterine. In particular, eNOS is more common in 

the endometrial vascular endothelium. One of the reasons is that 

increased oxidative stress enhances uterine blood flow and nutrition 

at the implantation window. It should be known that NO must be 

at optimal level in the success of implantation, and implantation 

failure occurs in case of increase of NO. It suggests that inhibition 

of oxidative stress by stem cell applications leads to optimal NO 

level[39]. Our study showed that the immunoreactivities of eNOS 

and iNOS were decreased in the group of intrauterine application of 

BMSCs.  

  In the animal experiments, the MSCs were used by intrauterine 

application as well as intravenously to investigate their effects in 
vivo condition. The advantageous effects of  MSCs have revealed 

molecular pathways, such as growth factors, adhesion molecules. 

It has been shown that each application method of MSCs has been 

effective in endometrium damages[16,26,35,40,41]. However, there is no 

evidence comparing the application methods of MSCs. In the current 

study, the application methods, intrauterine and intraperitoneal 

application, were compared and the data have shown that intrauterine 

application of BMSCs was effective on the histological parameters 

of endometria.

  The findings of our study considers that the distribution of 

molecules playing an important role during implantation is critical 

for the success of maternal-fetal interaction. The usage of BMSCs 

or other type of mesenchymal stem cells may provide the treatment 

of infertility, but further studies are needed to show beneficial effect 

of stem cells in vivo animal or human experiments via advanced 

molecular techniques.
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