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A B S T R A C T   

Background and objective: Mesenchymal Stem Cells (MSCs) are well known for their tissue regeneration enhancing 
effect and their contribution to immune regulation. However, their contribution to the healing process of femoral 
artery anastomosis, especially to endothelialization, has not been studied sufficiently in the clinic. This study was 
carried out to evaluate the effects of MSC-lyophilisate from the human umbilical cord on anastomosis experi-
mental study in rats histopathologically. 
Method: After intraperitoneal anesthesia was applied to the rats, the femoral artery was exposed with a 2 cm 
incision in the right femoral region. After the artery was cut in the experiment and sham groups, femoral artery 
end-to-end anastomosis was performed using the primary suture technique. MSC-lyophilisate was poured in 
powder form onto the anastomosed outer surface of the vessel in the treatment group and saline solution was 
poured to the sham group. No intervention was made to the control group. The data analysis was performed with 
IBM SPSS Statistics 25. 
Results: In the experiment group, flattening of the inner elastic lamina, morphological changes and vacuolization 
in the muscle fibers, inflammation in the adventitia and significant vascular wall thickening were observed in the 
femoral arteries of the rats after the intervention. According to the histopathological scoring results, tissue 
samples belonging to sham and experimental groups showed marked pathological findings such as endothelial 
damage, flattened areas where the folded structure in the inner elastic lamina disappeared, muscle fiber 
degeneration and inflammation in the adventitia. 
Conclusion: Human umbilical cord-origin MSC-lyophilisate application holds an important place in femoral artery 
surgery. We evaluate that it will be meaningful to determine the MSC-lyophilisate dose for hemostasis without 
creating thrombus after anastomosis. MSC-lyophilisate will be used to provide hemostasis in areas with local 
bleeding in the future. In addition, it is recommended to make plans for an in-depth examination of possible 
problems and cases in future studies.   

1. Introduction 

Femoral artery anastomosis plays a key role in a free flap and 
replantation surgery [1]. The diameter mismatch between the vessels 
poses a problem in bringing them together, and the risk of thrombosis is 
high. Turbulence caused by sudden diameter changes triggers platelet 
aggregation [2]. Leakage may occur at anastomotic sites following 
femoral artery repair. To prevent this, pressure is applied to the anas-
tomosis area or stitches are applied blindly. While trying to control 
blood leakage, the vascular endothelium is damaged. As a result, tunica 
media cannot be adequately blooded and endothelial nutrition is 

impaired [3]. 
Mesenchymal stem cells (Mesenchymal Stem Cells-MSCs) has a 

strong synthesis capability. MSCs are self-renewal and can express 
CD73, CD90 and CD105 biomarkers on their surface (they cannot ex-
press biomarkers such as HLA-DR, CD45, CD14 and CD34, CD14). In 
addition, they can differentiate into bone, fat, and cartilage [4–6]. MSCs, 
which are obtained from adipose tissue, are the cells with similar 
properties and potency compared to those synthesized from bone 
marrow [7–9]. Growth factors (VEGF) required for angiogenesis and 
adipogenesis are secreted by these cells and they are extremely ideal for 
adipose tissue regeneration [10]. In this way, its role in preserving the 
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regenerated tissue volume is realized. 
Bone marrow is rich in hematopoietic stem cell content in the 

isolation of MSC. However, the difficulties in the collection procedure 
and the need for general anesthesia have restricted the use of bone 
marrow in both clinical and research studies [6]. Perinatal sources such 
as the placenta, umbilical cord and amniotic fluid also have great 
importance for MSC [11,12]. Considering that placental MSCs is an 
allogenic source, it has advantages such as being painless, easily 
lyophilized (MSC-lyophilisate), accessible and free of charge compared 
to bone marrow. 

Other factors that make MSC-lyophilisate preferable including anti- 
inflammatory factors, chemokines, cytokines, growth factors, and 
Extracellular Vesicles (EVs) [13]. MSCs, compared to MSC-lyophilisate, 
have been found to cause tumors [14,15] and accumulation of cell and 
cell-related by-products in the microvasculature [16] toxic effect). In 
addition, it has been found to have a therapeutic effect [17,18] varying 
according to the microenvironment. In this respect, MSC-lyophilisate is 
preferred because of its therapeutic effect, non-toxicity and easy pro-
duction, safer in intravenous administration. 

MSC secretomes were used in experimental studies and observed to 
have benefits. Based on the studies in which secretomes were effective, it 
was assumed that MSC-L might also be effective. Unfortunately, the 
literature about MSC-L lacks any study similar to our study. The use of 
stem cells, which have a unique effect in tissue regeneration, and the 
easy access to these cells from the placenta seem promising for arterial 
anastomosis. In this study, it was aimed to evaluate the thrombus effect 
of lyophilized mesenchymal stem cell on artery anastomosis 
histopathologically. 

2. Material and method 

2.1. Research design and laboratory rat selection 

This study, carried out with 27 Wistar albino male rats weighing 
approximately 250 g, is an experimental design. The rats were obtained 
from Department of Experimental Animals, Adıyaman University Fac-
ulty of Medicine. 27 rats were divided into 3 groups as Control, Sham 
and Experiment Group with 9 rats in each group. Each rat was placed in 
separate cages. Light and dark cycles were applied for 12 h each. All rats 
were fed as much as desired. Histopathological evaluation was per-
formed in the laboratories of Adıyaman University Faculty of Medicine, 
Department of Histology and Embryology. 

2.2. Procedure 

In our study, intraperitoneal anesthesia was applied to all rats 
divided into 3 groups during the procedure. Accordingly, Ketamine 90 
mg/kg and Xylazine 10 mg/kg were injected. The rats were positioned in 
a supine position to operate on the right femoral region. All surgical 
procedures were performed by a single surgeon. The femoral artery was 
exposed with a 2 cm incision in the right femoral region. A skin incision 
was performed on the rats in group 1 (control group), then the skin was 
closed again by checking the robustness of the right femoral artery 
structure. In Group 2, the femoral artery was totally cut after fixation 
with clamps (using an approximator) and sutured again with prolene 9- 
0, then 1.5 cc saline solution was poured over the vessel and the skin was 
closed primary. The experiment group rats of femoral artery were cut 
after fixation with clamps and sutured again with 9-0 prolene. And then 
an average of 1.5 million MSC-lyophilisate was poured in powder form 
onto the anastomosed outer surface of the vessel (4-suture technique 
was applied with a 90-degree angle). To make histopathological and 
biochemical evaluation, blood and tissue samples were taken at the end 
of the 7th day following the procedure, and then the rats were sacrificed 
[19]. 

2.3. Cell collection and lyophilization process 

After obtaining the necessary legal permissions, MSCs were obtained 
from Tissue Typing Laboratories of Istanbul Acıbadem University 
(human umbilical cord was used as a source to obtain MSC). Stem cells 
were multiplied by incubating in 75 cm2 flasks in serum-free Dulbecco’s 
Modified Eagle’s Medium (DMEM) culture medium at 37 ◦C and 5% 
Cardiondioxide (CO2) atmosphere. When the cells reached 70–80% 
confluence on the flask surface, the number of cells was increased by 
passing the passage with the collagenase type II enzyme. 

While the cells were transferred to the vials, aseptic filling was done 
using a fully automated system with constant shaking at a constant 
speed. Immediately after the filling and before the lyophilization, 8 vials 
were randomly selected from all vials and cells were counted on the 
Thoma slide using Trypan blue. It was confirmed that each vial con-
tained 1.5 million cells. Consistency between vials after lyophilization 
was ensured by measuring the total protein amount using the Lowry 
method in the 8 randomly selected vials. Lyophilization is the process of 
freeze-drying of cells. Passaged cells were removed with trypsin in the 
final passage and centrifuged at 400 rpm for 10 min at +4 ◦C. The su-
pernatant was discarded and saline solution was added. After the Pellet 
was suspended, the supernatant was discarded and saline solution was 
added by centrifuging again at 400 RPM at 10 min +4 ◦C. The super-
natant of the cell culture harvest, which was centrifuged at 400 rpm for 
10 min at +4 ◦C for the last time, was discarded and suspended with 
saline solution. The lyophilization additive was then added. The cell 
suspension supplemented with lyophilization additive was divided into 
15X107 cells per vial. Vials were lyophilized with a half plug. A vial of 
1.5 million MSC-lyophilisate contains; the freeze-drying medium was 
composed of 30% Polyvinylpyrrolidone (Sigma Aldrich, CAS Number 
9003-39-8), 100 mmol/L trehalose (Merck, CAS Number: 6138-23-4) 
and 100 mmol/L sucrose (Sigma Aldrich, CAS Number: 57-50-1) and 
serum-free DMEM/F-12 (Gibco 11320074, Dulbecco’s Modified Eagle 
Medium/Nutrient Mixture F-12) as solvent. 

2.4. Histopathological evaluation 

Before sacrificed animals at the end of the 7th-day tissue samples 
taken from were fixed in 10% formol solution for 1 week. The 7 μm (μm) 
thick sections were obtained by using the Thermo Shandon Finesse ME 
microtome device (Thermo Fisher Scientific, Cheshire, UK) from 
paraffin blocks prepared by the routine histological follow-up (consist-
ing of alcohol, xylene and paraffin series) with the automatic tissue 
tracking device (Leica TP1020, Nussloch, Germany) were stained with 
Masson trichrome and toluidine blue staining and examined under the 
light microscope. The tissue layers were examined and scored in terms of 
endothelial cell loss, inflammation, thrombus formation, necrosis and 
fiber degeneration in the muscular layer. Carl Zeiss Axiocam ERc5 
model (Carl Zeiss Microscopy GmbH 07745 Jena, Germany) digital 
camera clip-on microscope device was used in the evaluations. 

2.4.1. Histopathological scoring 
This study was evaluated semi-quantitatively using Abramov’s his-

tologic scoring system [20]. In the evaluation, it was graded as 0 (none), 
1 (scant), 2 (moderate) or 3 (abundant). In the study, findings such as 
endothelial cell loss, inflammation, necrosis and smooth muscle fiber 
degeneration were examined. Each parameter was independently eval-
uated by an expert histologist in the field. 

2.4.2. Histomorphometric analysis 
For histomorphometric analysis, 7 μm thick serial sections were 

taken from the tissue sample with 1/10 sampling for the layer thickness 
and lumen diameter analysis of the artery wall. The thickness and lumen 
diameter of the layers were measured in 6 serial sections taken for each 
vascular tissue. ImageJ Software program was used for analysis. 
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2.5. Biochemical analysis 

2.5.1. Malondialdehyde 
The amount of lipid peroxidation was measured according to the 

concentration of thiobarbituric acid reagent kinds [21]. One volume of 
sample (plasma) and two volumes of stock solution (0.375% thio-
barbituric acid and 15% trichloroacetic acid in 0.25 N HCl) were mixed 
in the centrifuge tube. The solution was heated in boiling water for 15 
min and then cooled. Separation was achieved by centrifuging the pre-
cipitate at 4500 rpm for 10 min. Then, test samples were read at 532 nm. 
The amount of lipid peroxidation is stated as nmol/g. Shimadzu, 
UV-1280 and UV/VIS Spectrometer devices were used in the experi-
mental study. The amount of MDA is indicated as an indicator of lipid 
peroxidation, and it increases in the presence of oxidative stress [22]. 

2.5.2. Reduced glutathione 
The amount of GSH was measured at 412 nm using Sedlak and 

Lindsay method (Sedlak 1968). 0.5 ml of sample was taken from the 
sample (plasma) and 0.4 ml TCA was added to it. It was then centrifuged 
at 1000 rpm for 5 min. Next, 2 ml of Tris-EDTA buffer (0.2 M, pH = 8.9) 
and 0.1 ml of 0.01 M 5.5′-dithiobis-2-nitrobenzoic acid were added onto 
0.5 ml of supernatant. This mixture was left at room temperature for 5 
min and its absorbance was measured at 412 nm in a spectrophotometer. 
Shimadzu, UV-1280 and UV/VIS Spectrometer devices were used in the 
experimental study. GSH-related metabolisms are an important mech-
anism to protect cells against agents that cause oxidative stress [22]. 

2.6. Ethics 

The study was approved by the Adıyaman University Animal Ex-
periments Local Ethics Committee (Protocol No: 2020/061, Decision No: 
4). MSCs lyophilization process steps were transmitted by cold chain 
method at VETAL Incorporated Company with the permission of Acı-
badem University Ethics Committee (Protocol No: 
53005807–12.11.2017). The study has been reported in line with the 
STROCSS criteria [23]. The study was registered at www.researchregistr 
y.com (researchregistry7146), https://www.researchregistry.com/re 

gister now#home/registrationdetails/613d0453a1292a001e3dea71/) 

2.7. Data analysis 

The data analysis was performed by using IBM SPSS Statistics 25. 
Results were evaluated at a 95% confidence interval, and the p-value is 
less than 0.05 significance level. The variables in the study were 
described with descriptive statistics such as frequency, percentage, 
arithmetic mean, standard deviation, confidence intervals and graphics. 
Whether the data showed normal distribution was determined by 
Kolmogorov-Smirnov and Shapiro-Wilk normality tests. The data that 
did not show normal distribution were performed with Kruskal-Wallis, a 
nonparametric test, and comparisons between groups were performed 
using Tamhane’s test. The upper limit of significance level was taken as 
p = 0.05. The data were analyzed with IBM SPSS Statistics 25. 

3. Results 

3.1. Histopathological evaluation results 

3.1.1. Control group 
In the control group, light microscopy of the femoral artery revealed 

that the vessels had a thin and smooth endothelium, a thin curved in-
ternal elastic lamina and concentrically located smooth muscle cells. 
Adventitia was made of connective tissue, and collagen fiber structures 
were apparent (Fig. 1A, B and C). No pathology was found in the intima, 
media and adventitia layers. Mast cell density was normal (Fig. 1D). 

3.1.2. Sham (physiological saline) group 
In the light microscopic examination of the femoral artery in the 

sham group, it was observed that the normal vascular wall structure was 
disrupted, unlike the control group. Also distortion of the folded struc-
ture of the inner elastic lamina in some areas, deformity of the lumen 
and marked thickening of the vessel wall thickness, deterioration in the 
endothelial integrity, fiber degeneration in the muscle layer and tissue 
loss areas were found, and these were apparent (Fig. 2A, B and C). 
Inflammation areas were detected in the adventitia layer. There was no 

Fig. 1. Histological appearances in the control 
group. A: Masson’s trichrome staining and appear-
ance at x10 objective magnification. B: Masson’s 
trichrome staining and appearance at x40 objective 
magnification. First arrow; lumen, second arrow; 
muscular layer, third arrow; adventitia layer. C: 
Masson’s trichrome staining and appearance at 
x100 objective magnification. Arrow; inner elastic 
lamina. D: Toluidine blue staining and appearance 
at x40 objective magnification. Arrow; mast cell. 
(For interpretation of the references to colour in this 
figure legend, the reader is referred to the Web 
version of this article.)   
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increase in mast cell density (Fig. 2D). 

3.1.3. Lyophilized stem cell group 
In the experiment group, in which lyophilized stem cells were used, it 

was observed that findings similar to the sham group were dominant. 
Normal vessel wall structure was found to be impaired in this group as 
well. It was also observed that there were flattening in the inner elastic 
lamina in places, changes in the morphological structure and vacuoli-
zation of the muscle fibers in the media layer, and increased inflam-
mation in the adventitia layer compared to the other groups. In addition, 
a significant thickening was detected in the thickness of the vessel wall 

and a dense thrombus was observed (Fig. 3A, B and C). No increase in 
mast cell density was observed (Fig. 3D). 

3.1.4. Histopathologic scoring result 
In the study, no pathological finding was found because a normal 

tissue structure was dominant in the control group (0-none). Significant 
pathological findings such as endothelial damage, flattened areas where 
the folded structure in the inner elastic lamina disappeared, muscle fiber 
degeneration and inflammation in the adventitia were observed in tissue 
samples belonging to the sham and stem cell groups (2–3, moderate- 
abundant). In addition, there were thrombus formation in tissue 

Fig. 2. Histological appearances in the sham group. 
A: Masson’s trichrome staining and appearance at 
x10 objective magnification. B: Masson’s trichrome 
staining and appearance at x40 objective magnifi-
cation. First arrow; lumen, second arrow; muscular 
layer, third arrow; adventitia layer; fourth arrow; 
inner elastic lamina; fifth arrow; muscular degen-
eration. C: Masson’s trichrome staining and 
appearance at x100 objective magnification. Arrow; 
inflammation in the adventitia layer. D: Toluidine 
blue staining and appearance at x40 objective 
magnification. Arrow; mast cell. (For interpretation 
of the references to colour in this figure legend, the 
reader is referred to the Web version of this article.)   

Fig. 3. Histological appearances in the Lyophilized 
Stem Cell group. A: Masson’s trichrome staining 
and appearance at x10 objective magnification. B: 
Masson’s trichrome staining and appearance at x40 
objective magnification. First arrow; thrombus in 
the lumen, second arrow; edema in the muscular 
layer, third arrow; inflammation in the adventitia 
layer; C: Masson’s trichrome staining and appear-
ance at x100 objective magnification. Arrow; flat-
tening in the inner elastic lamina. D: Toluidine blue 
staining and appearance at x40 objective magnifi-
cation. Arrow; mast cell. (For interpretation of the 
references to colour in this figure legend, the reader 
is referred to the Web version of this article.)   
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samples belonging to the stem cell group (3 abundant). The scoring data 
obtained from the evaluation result were shown in Table 1. 

3.2. Histomorphometric analysis results 

7 μm thick serial sections were taken from the tissue sample with 1/ 
10 sampling for the layer thickness and lumen diameter analysis of the 
artery wall. The thickness and lumen diameter of the layers were 
measured in 6 serial sections taken for each vascular tissue. ImageJ 
Software program was used for the analysis, and it was presented in 
Fig. 4. 

There was a significant decrease in the thickness of the intima layer 
in the lyophilized stem cell group compared to the other groups (p <
0.05). It was found that the thickness of the media layer increased 
significantly in the lyophilized stem cell group compared to the other 
groups (p < 0.05). Likewise, an increase in the thickness of the adven-
titia layer was determined in the lyophilized stem cell group according 
to the analysis result (p < 0.05). As a result of lumen diameter mea-
surements, although a decrease was detected in the sham and lyophi-
lized stem cell group compared to the control group, this difference did 
not indicate a statistically significant result (p > 0.05). Analysis results 
were shown in Table 2. 

3.3. Biochemical analysis results 

3.3.1. Malondialdehyde 
When Malondialdehyde (MDA) levels in plasma samples were 

examined, an increase was observed in the lyophilized stem cell group 
compared to the control group (p < 0.05). There was no significant 
difference in MDA levels between sham and control groups (p > 0.05). 
The increase in MDA level in the lyophilized stem cell group supports the 
presence of oxidative stress (Table 3). 

3.3.2. Reduced glutathione 
When the reduced glutathione (GSH) levels in plasma samples were 

examined, an increase was detected in the lyophilized stem cell group, 
but it was found that these data did not create a statistically significant 
difference between the groups (p > 0.05) (Table 3). 

4. Discussion 

It has been stated that MSCs have the potential to transform into 
endothelial-like cells in both in vivo and in vitro conditions and have 
immunoregulatory properties [17,24–29]. In the light microscopy 

examination of the femoral artery of 9 rats in each group, the vascular 
endothelium, its location and smooth muscle cells were observed. No 
pathology was found in the control group. However, in the sham group, 
deterioration of the inner elastic lamina, deformity of the lumen and 
marked thickening of the vascular wall thickness, deterioration in 
endothelial integrity, fiber degeneration in the muscle layer and tissue 
loss were detected. Similar results were found in the experimental group 
as in the sham group. 

From a pathophysiological point of view, sources of information are 
inadequate due to the lack of evidence on signaling molecules, re-
ceptors, stimulants, inhibitors, or endothelial differentiation. MSCs 
endothelial differentiation feature is also related to the nanomechanical 
aspect [30,31]. Although the vital importance of neoangiogenesis and 
the therapeutic MSCs’ restoration of aged, worn or damaged tissues 
seems promising for Endothelial Cell (EC) production [24,32], it has 
been reported that the culture conditions related to the differentiation of 

Table 1 
Results of histopathological scoring performed on tissue samples of the groups.  

Groups Control Sham MSC- 
lyophilisate 

Endothelial dysfunction 0.33 ±
0.516 

1.5 ± 0.548b 2.17 ± 0.753a 

Smooth muscle fiber 
degeneration 

0.5 ± 0.548 2.17 ±
0.408c 

2.33 ± 0.816a 

Necrosis 0.17 ±
0.408 

2.00 ±
0.632c 

2.17 ± 0.753a 

Adventitial inflammation 0.17 ±
0.408 

2.00 ±
0.632c 

2.33 ± 0.816a 

Thrombus formation 0.50 ±
0.837 

0.67 ± 0.816 2.55 ± 0.548a,d  

a It expresses the highly significant difference between the lyophilized stem 
cell group and the control group. (p < 0.05). 

b It expresses the significant difference between the sham group and the 
control group. (p < 0.05). 

c It expresses the highly significant difference between the sham group and the 
control group. (p < 0.05). 

d It expresses the highly significant difference between the sham group and 
the lyophilized stem cell group. (p < 0.05). 

Fig. 4. Image j program.  

Table 2 
Histomorphometric evaluation results of vascular wall structures in tissue 
samples of the groups.  

Groups Control Sham MSC- 
lyophilisate 

Tunika intima thickness 
(micrometers) 

4.17 ±
0.703 

3.47 ±
0.987 

1.50 ± 0.240a,b 

Tunika media thickness 
(micrometers) 

27.91 ±
7.42 

25.07 ±
4.68 

39.36 ± 8.69a,b 

Tunica adventitia thickness 
(micrometers) 

28.56 ±
3.23 

25.98 ±
6.91 

53.54 ± 6.75b,c 

Lumen diameter (micrometer) 93.23 ±
12.02 

68.25 ±
8.16 

74.80 ± 29.23  

a It expresses the highly significant difference between the lyophilized stem 
cell group and the control group (p < 0.05). 

b It expresses the highly significant difference between the lyophilized stem 
cell group and the sham group (p < 0.05). 

c It expresses the highly significant difference between the lyophilized stem 
cell group and the control group (p < 0.01). 

Table 3 
Biochemical parameter results of tissues belonging to the groups.  

Groups Control Sham MSC-lyophilisate 

MDA (nmol/ml) 5.15 ± 1.63 6.74 ± 0.93 7.20 ± 1.12a 

GSH (μmol/ml) 128.51 ± 4.31 125.41 ± 10.85 124.88 ± 6.72  

a It expresses the significant difference between the lyophilized stem cell 
group and the control group (p < 0.05). 
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MSCs to ECs and the properties of the target tissue have effects on po-
tential effectors determining the survival time of MSCs [30]. 

In the experiment, it was found that the femoral artery wall structure 
was disrupted after the administration of MSC-lyophilisate. Flattening of 
the inner elastic lamina, morphological changes and vacuolization in 
muscle fibers, inflammation and significant vascular wall thickening in 
the adventitia were observed. In addition, according to the histopatho-
logical scoring results obtained in our study, it was found that there was 
a normal tissue structure and no pathological finding (0-none). Signifi-
cant pathological findings such as endothelial damage, flattened areas 
where the folded structure in the inner elastic lamina disappeared, 
muscle fiber degeneration and inflammation in the adventitia were 
observed in tissue samples belonging to the sham and stem cell groups 
(2–3, moderate-abundant). 

In studies on the differentiation of MSCs into endothelial-like cells, it 
has been determined that the EC-specific marker panel (Kinase Insert 
Domain Receptor-KDR, Fms-related Tyrosine Kinase-FLT-1 and vWF) 
has expression and integrin modulation at both gene and protein levels 
[32,33]. On the other hand, in the endothelial differentiation of MSCs 
obtained from human amnion, although cells with some angiogenic 
features were observed, it was determined that the for-
mation/differentiation of mature and healthy EC could not be achieved. 
The down-regulation of pro-angiogenic factors (tenascin C, Tie-2, VEGF, 
and FGF2 and up-regulation of anti-angiogenic factors, sprinkle F1, 
sprouty1, angioarrestin, and endostatin) might be the reason for this 
[32]. In our study, it was determined that MSC-lyophilisate applied 
layers of the experimental group could not preserve tissue integrity and 
thrombus developed in tissue-specific differentiation (histopathological 
scoring result: 3-abundant). It has been found that trophoblast debris 
(residue) is transported from the placenta to the target organ in vivo and 
causes problems such as microembolism or hypertension while trig-
gering endothelial cell activation in the transported organ [34]. Ulti-
mately, placental stromal cells significantly increase the coagulation 
cascade [35]. In our study, thrombus formation may have been caused 
by the physiology of placental stromal cells. 

In the literature, there are details that when certain conditions 
(hypoxic or osteogenesis-inducing conditions) occur, MSCs secrete the 
pro-angiogenic factor VEGF and the endothelial marker VEGFR1 (FLT-1) 
is expressed [36]. In addition, current studies indicate that EC-related 
markers are expressed after the injection of MSCs into damaged tis-
sues [37,38]. In a study, the effect of MSC-lyophilisates experimental 
mechanisms on Premature Ovarian Insufficiency was examined. In the 
same study, an in vitro study was conducted using Human Ovarian 
Microvascular Endothelial Cells (HOVECs) to take advantage of the 
angiogenic properties and regenerative effects of MSC-lyophilisates. As a 
result of the aforementioned study, MSC-lyophilisates were found 
effective in the treatment of human primary HOVECs, and the expres-
sion of angiogenesis markers was monitored (Endoglin, Tie-2, and 
VEGF) [39]. 

Although it has been emphasized that VEGF stimulates the differ-
entiation of human and rat MSCs into endothelial-like cells via the Rho/ 
myocardin-related transcription factor-A (MRTF-A) family, it has been 
stated that MRTF-A selectively ablates the differentiation of MSCs to EC 
[39]. In other studies, it was emphasized that the up-regulation of the 
myocardin transcription factor failed to differentiate human-derived 
MSCs in smooth muscle cells into ECs only in non-human species [41, 
42]. 

In our study, no increase in mast cell density was observed in all 
three groups. Therefore, it is possible to say that the intervention applied 
in the experimental group did not affect the immune regulation prop-
erties. In a similar study, human-sourced MSCs and ECs were cultured 
together, then it was determined that the femoral artery network was 
successfully formed and MSCs preserved the differentiation ability. 
However, in the same study, it was determined that osteogenic and 
adipogenic induction damaged previously formed microvascular struc-
tures and jeopardized the ability of MSCs to secrete angiogenic factors 

[43]. In the literature, it has been stated that maternally derived 
MSC-lyophilisate is beneficial in improving kidney damage [44,45] and 
regeneration of atrophied muscles [46]. In this regard, it has been 
determined that exosomes produced from the human umbilical cord 
improve oxidative stress and cell apoptosis and increase cell prolifera-
tion in rats with Acute Kidney Injury [45]. 

To the best of our knowledge this is the first study that have exam-
ined the effects of MSC-lyophilisates obtained from maternal sources on 
femoral artery anastomosis. In this study, where we examined its 
effectiveness in rats, while MSC-lyophilisates were expected to increase 
vascular regeneration, they resulted in thrombus formation, morpho-
logical changes and inflammation. It is clear that the results obtained 
from this research will guide future studies and will be an important 
source of information to conduct new research designs. The limitations 
of the study can be listed as being tested in rats, the lack of an optimal 
number of similar studies, and the number of small samples. 

5. Conclusion 

This experimental study, conducted to determine the efficacy of the 
use of maternal origin MSC-lyophilisate in the femoral artery anasto-
mosis, which is preferred because it is an easily accessible, storable and 
inexpensive method in addition to its strong effects on tissue regenera-
tion, has the feature of being an important source of information. Since 
the number of experimental studies on the use of MSC-lyophilisate is 
insufficient in terms of quality and number, rats are generally preferred 
as the sample group. One of the most important results we obtained in 
our study is that thrombus developed in the femoral arteries of the rats in 
the experiment group after MSC-lyophilisate application. Therefore, 
intravenous heparin may be recommended in addition to the adminis-
tration of MSCs for future studies. In this way, it will be possible to 
control the tendency of placental stromal cells to coagulation without 
ignoring the endothelial cell activation feature. 

It can be concluded that the deterioration of the femoral artery wall 
structure, morphological changes in muscle fibers, and significant 
vascular wall thickening caused thrombus formation, and this was due 
to possible partial obstruction and circulatory failure in the experiment 
group. Apart from the current estimates, it would be useful to investigate 
the causes of vacuolization, inflammation in the adventitia and signifi-
cant vessel wall thickening in more detail. In this regard, the suitability 
of the application method of MSC-lyophilisate to physiology remains 
unclear. Awareness of the benefits of MSC-lyophilisate is high. However, 
it is important to examine the method of administration, confounding 
variables, possible complications and adverse events in depth. We 
evaluate that it will be meaningful to determine the dose amounts of 
MSC-lyophilisates for hemostasis without creating thrombus after 
anastomosis in future studies. The findings of our study; emphasize that 
we have found a safe way to achieve hemostasis. However, when the 
appropriate dose study of MSC-lyophilisate is done, it can be a hemo-
static product that can be used safely in the future without the need for 
additional suturing to the vessel in femoral artery anastomosis. 

Funding 

No funding was received for this research. 

Ethical approval 

Since the study did not include human subject ethical approval was 
not taken. 

Sources of funding 

The authors received no financial support for the research, author-
ship, and/or publication of this article. 

F. Nilay Tutak and E. Annaç                                                                                                                                                                                                                 



Annals of Medicine and Surgery 70 (2021) 102861

7

Author contribution 

FNK: Designing the study, analysis and interpretation of data, col-
lecting data and final approval of the version. 

EA: Review the written material and edited. Revising critically. 
Both of the authors have read and approved the final manuscript. 

Consent 

None. 

Registration of research studies  

1. Name of the registry:  
2. Unique Identifying number or registration ID:  
3. Hyperlink to your specific registration (must be publicly accessible 

and will be checked): 

Guarantor 

MD. Fatma Nilay TUTAK. 

Declaration of competing interest 

The authors certify that he has affiliations with or involvement in any 
organization or entity with any financial interest. 

Provenance and peer review: externally peer-reviewed. 

References 

[1] H. Wieker, M.C.F. Schomaker, C. Flörke, F. Karayürek, H. Naujokat, Y. Acil, et al., 
A retrospective analysis of the surgical outcomes of different free vascularized flaps 
used for the reconstruction of the maxillofacial region: hand-sewn microvascular 
anastomosis vs anastomotic coupler device, J. Cranio-Maxillofacial Surg. 49 (3) 
(2021) 191–195. 

[2] A.H. Nassar, A.M. Maselli, A.S. Dowlatshahi, Microvascular free tissue transfer in 
the setting of COVID-19 associated coagulopathy: a case report, Orthop. Surg. 
(2021). 

[3] B. Saçak, Z.D. Akdeniz, H. Sirinoglu, Ö.T. Çilingir, Ö.B. Çelebiler, F. Ercan, 
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[6] Z.B. Gönen, N.S. Şahin, Mesenchymal stem cell production for clinical usage, Akd 
Med J 5 (2) (2019) 169–175. 

[7] J. Fan, C.S. Lee, S. Kim, X. Zhang, J. Pi-Anfruns, M. Guo, et al., Trb3 controls 
mesenchymal stem cell lineage fate and enhances bone regeneration by scaffold- 
mediated local gene delivery, Biomaterials 264 (2021) 120445. 

[8] F. Shang, Y. Yu, S. Liu, L. Ming, Y. Zhang, Z. Zhou, et al., Advancing application of 
mesenchymal stem cell-based bone tissue regeneration, Bioactive Mater. 6 (3) 
(2021) 666–683. 

[9] R. Jeske, X. Yuan, Q. Fu, B.A. Bunnell, T.M. Logan, Y. Li, Vitro culture expansion 
shifts the immune phenotype of human adipose-derived mesenchymal stem cells, 
Front. Immunol. 12 (2021) 46. 

[10] A. Schmitt, M. van Griensven, A.B. Imhoff, S. Buchmann, Application of stem cells 
in orthopedics, Stem Cell. Int. (2012) 1–12. 

[11] M. Mebarki, C. Abadie, J. Larghero, A. Cras, Human umbilical cord-derived 
mesenchymal stem/stromal cells: a promising candidate for the development of 
advanced therapy medicinal products, Stem Cell Res. Ther. 12 (1) (2021) 1–10. 

[12] Y. Atlas, C. Gorin, A. Novais, M.F. Marchand, E. Chatzopoulou, J. Lesieur, 
L. Muller, Microvascular maturation by mesenchymal stem cells in vitro improves 
blood perfusion in implanted tissue constructs, Biomaterials 268 (2021) 120594. 

[13] A. Fierabracci, A. Del Fattore, M. Muraca, The immunoregulatory activity of 
mesenchymal stem cells: “state of art” and “future avenues”, Curr. Med. Chem. 23 
(2016) 3014–3024. 

[14] F.T. Merkle, S. Ghosh, N. Kamitaki, J. Mitchell, Y. Avior, C. Mello, S. Kashin, 
S. Mekhoubad, D. Ilic, M. Charlton, et al., Human pluripotent stem cells recurrently 
acquire and expand dominant negative P53 mutations, Nature 545 (2017) 
229–233. 

[15] D. Thirabanjasak, K. Tantiwongse, P.S. Thorner, Angiomyeloproliferative lesions 
following autologous stem cell therapy, J. Am. Soc. Nephrol. 21 (2010) 
1218–1222. 

[16] J.W. Hong, J.H. Lim, C.J. Chung, T.J. Kang, T.Y. Kim, Y.S. Kim, T.S. Roh, D.H. Lew, 
Immune tolerance of human dental pulp-derived mesenchymal stem cells mediated 
by CD4+CD25+FoxP3+ regulatory T-cells and induced by TGF-B1 and IL-10, 
Yonsei Med. J. 58 (2017) 1031–1039. 

[17] Y. Shi, Y. Wang, Q. Li, K. Liu, J. Hou, C. Shao, Y. Wang, Immunoregulatory 
mechanisms of mesenchymal stem and stromal cells in inflammatory diseases, Nat. 
Rev. Nephrol. 14 (2018) 493–507. 

[18] M. Madrigal, K.S. Rao, N.H.A. Riordan, Review of therapeutic effects of 
mesenchymal stem cell secretions and induction of secretory modification by 
different culture methods, J. Transl. Med. 12 (2014) 260. 

[19] T. Okada, T. Harada, D.H. Bark, M.R. Mayberg, A rat femoral artery model for 
vasospasm, Neurosurgery 27 (3) (1990) 349–356. 

[20] Y. Abramov, B. Golden, M. Sullıvan, Histologic characterization of vaginal vs. 
abdominal surgical wound healing in a rabbit model, Wound Repair Regen. 15 (1) 
(2007) 80–86. 

[21] Z.A. Placer, L.L. Cusman, B.C. Johnson, Estimation of product of lipid peroxidation 
(malondialdehyde) in biochemical systems, Anal. Biochem. 16 (1966) 359–364. 

[22] M.A. Moutaerya, H.A. Rayesb, RAl Swailamb, I. Elfaki, H.A. Khand, 
M. Arshaduddinc, M. Tariqc, Protective effect of a cysteine prodrug and 
antioxidant, L-2-oxothiazolidine-4-carboxylate, against ethanol-induced gastric 
lesions in rats, Exp. Toxicol. Pathol. 64 (2012) 233–237. 

[23] R. Agha, A. Abdall-Razak, E. Crossley, N. Dowlut, C. Iosifidis, G. Mathew, for the 
STROCSS Group, The STROCSS 2019 guideline: strengthening the reporting of 
cohort studies in surgery, Int. J. Surg. 72 (2019) 156–165. 

[24] K.J. Portalska, A. Leferink, N. Groen, H. Fernandes, L. Moroni, C. van Blitterswijk, 
J. de Boer, Endothelial differentiation of mesenchymal stromal cells, PloS One 7 
(2012), e46842. 

[25] A. Saad, A.B. Dietz, S.M.S. Herrmann, L.J. Hickson, J.F. Glockner, M.A. McKusick, 
S. Misra, H. Bjarnason, A.S. Armstrong, D.A. Gastineau, et al., Autologous 
mesenchymal stem cells increase cortical perfusion in renovascular disease, J. Am. 
Soc. Nephrol. 28 (2017) 2777–2785. 

[26] B.L. Lin, J.F. Chen, W.H. Qiu, K.W. Wang, D.Y. Xie, X.Y. Chen, Q.L. Liu, L. Peng, J. 
G. Li, Y.Y. Mei, et al., Allogeneic bone marrow-derived mesenchymal stromal cells 
for hepatitis B virus-related acute-on-chronic liver failure: a randomized controlled 
trial, Hepatology 66 (2017) 209–219. 

[27] G.M. Dotoli, G.C. De Santis, M.D. Orellana, K. de Lima Prata, S.R. Caruso, T. 
R. Fernandes, V.A. RensiColturato, A.T. Kondo, N. Hamerschlak, B.P. Simões, et al., 
Mesenchymal stromal cell infusion to treat steroid-refractory Acute GvHD III/IV 
after hematopoietic stem cell transplantation, Bone Marrow Transplant. 52 (2017) 
859–862. 

[28] J. Zhang, S. Lv, X. Liu, B. Song, L. Shi, Umbilical cord mesenchymal stem cell 
treatment for crohn’s disease: a randomized controlled clinical trial, Gut Liver 12 
(2018) 73–78. 

[29] M. Ghoryani, Z. Shariati-Sarabi, J. Tavakkol-Afshari, A. Ghasemi, J. Poursamimi, 
M. Mohammadi, Amelioration of clinical symptoms of patients with refractory 
rheumatoid arthritis following treatment with autologous bone marrow-derived 
mesenchymal stem cells: a successful clinical trial in Iran, Biomed. Pharmacother. 
109 (2019) 1834–1840. 

[30] V. Lionetti, M. Cecchini, C. Ventura, Nanomechanics to drive stem cells in injured 
tissues: insights from current research and future perspectives, Stem Cell. Dev. 20 
(2010) 561–568. 

[31] O. Vittorio, E. Jacchetti, S. Pacini, M. Cecchini, Endothelial differentiation of 
mesenchymal stromal cells: when traditional biology meets mechanotransduction, 
Integr. Biol. 5 (2013) 291–299. 

[32] J. König, B. Huppertz, G. Desoye, O. Parolini, J.D. Fröhlich, G. Weiss, G. Dohr, 
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