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Degenerative tendon injuries frequently occur in general population 
and in athletes, in particular. Data analysis of contemporary literature 
shows that almost 67% of tendon injuries are associated with overload, 
24.5% with acute trauma and only 8.5% have other causes. Late diagnosis, 
continuing workload and inadequate methods of treatment of patients 
(especially athletes) with the syndrome of chronic tendon overload 
(tendinopathies) lead to a disorder of compensatory mechanisms. This 
leads to the development of degenerative and dystrophic tendon tissue 
damage and partial or total patients’ disability [3, 12, 17].

Today therapeutic approach in degenerative tendon injury has not 
a clear algorithm of pathogenetic treatment and is characterized by the 
lack of coordination in use of different treatment methods and their low 
efficiency. This is explained by the inability of the involved methods to 
restore a sufficient level of metabolic and reparative processes in the 
tissue of degenerative modified tendon [6, 7, 15, 23, 27]. Obstacles 
of tendonitis treatment are related to low content of cellular elements 
(fibroblasts and tendinocytes) in the tendon tissue in general and in the 
degenerative modified one in particular. To date, one of the prospective 
ways is to attract achievements of molecular and cell biology into 
medical practice, in particular the use of cryopreserved autologous 

multipotent mesenchymal stromal cells (MMSCs) of bone marrow. In 
contradiction to other methods cell therapy involves an injection of alive, 
capable to function in recipients’ body, cells that provide replacement or 
compensation of damaged and/or insufficient cell elements.

MMSCs of bone marrow are multipotent cells that are able to 
differentiate into a wide variety of cells, including fibroblasts and tenocytes 
[8, 9, 11]. Modern technologies of cultivation and cryopreservation 
allow obtaining autologous stem cells, their long-term storage at low 
temperatures without significant changes in functional state, and thawing 
them immediately prior to therapeutic use [16].

In the treatment of locomotor apparatus pathologies the in situ 
(locally) mode of administration is widely used [10, 14, 24, 25, 28, 32]. 
Existing experimental data on the intravenous administration of MMSCs 
into the intact animals indicate an immunomodulatory effect and diffuse 
distribution of donor material, especially in tissues of mesodermal origin 
[18, 21, 22]. In our prior studies we have shown that local administration 
of cultured MMSCs stop the progression of degenerative changes and 
contributes to restoration of the damaged tendon structures [2, 5]. To 
assess the impact of transplanted cells on the recovery of damaged tissues 
or organs we use histological, biochemical, biophysical, immunological 
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methods. The location of injected cells is not always studied. Thus, an 
interesting area is a comparative assessment of the ability to homing and 
stimulation of regenerative processes of cryopreserved MMSCs. These 
studies will determine the term of cells preservation in the tissue, which 
is being renewed, and the reparative potential of the cells themselves. 
Therefore an actual problem is a comparative study of therapeutic effect 
of bone marrow MMSCs in terms of local and systemic administration.

The aim of this study is to investigate the influence of cryopreserved 
autologous mesenchymal stromal bone marrow cells on regeneration 
of degenerative and dystrophic damaged tendons at systemic and local 
administration.

The study was performed on 60 male adult rats, 250 ± 30 g weight. 
Autologous MMSCs were obtained from the resectioned fragment of rat 
iliac bone. The cells were isolated by flushing out with Hanks solution 
(PAA, Austria), followed by flushing through a needle with a gradually 
decreased diameter. The next step was centrifugation at 1500 rpm (834 g) 
for 5 min. Obtained cell suspension was resuspended in culture medium 
and plated on a culture flask. Cells seeding density was 103 cells per см2 

in 25 см2 culture flask (PAA, Austria). Culture medium contained IMDM 
medium (PAA, Austria), 10% fetal bovine serum – FBS (HyClone, USA), 
gentamicin (150 mg/ml) (Farmak, Ukraine) and amphotericin B (10 mg/
ml) (PAA, Austria). Culture medium was changed every 3 days. In the 
study we used standard conditions of cultivation (temperature 37 °C and 
an atmosphere of 5% CO2) in CO2-incubator (Sanyo, Japan). Cell culture 
was passage on reaching a confluent monolayer.

Cryopreservation was performed in medium IMDM (PAA, Austria) 
supplemented with 20% FBS (PAA, Austria) under the protection of 10% 
DMSO (PanEko, Russia). The resulting suspension was placed in 1 ml into 
cryovials Nunc. Cooling rate was 1 °C/min to -80 °C, followed by transfer 
into liquid nitrogen. Thawing was performed in a water bath at 40 °C up 
to the liquid phase. Removing of cryoprotectant was performed by slow 
addition of 1:9 Hanks’ solution (PAA, Austria) followed by centrifugation 
at 1500 rpm (834 g) for 5 min. Viability of MMSCs was assessed by 
exclusion of supravital trypan blue dye (Sigma-Aldrich, USA).

Modeling of degenerative and dystrophic injuries of the Achilles tendon 
was performed by injecting 0.03 ml Diprospan every 7 days for 4 weeks. 
[4] After 28 days the animals were injected with the following: control 
group (n = 20) – 0.025 ml saline; experimental group 1 (n = 15) – local 
injection of 0.25·106 MMSCs; experimental group 2 (n = 15) – systemic 
intravenous (i.v.) administration of 0.5·106 MMSCs; experimental group 3 
(n = 5) – local injection of 0.25·106 MMSCs labeled PKH-26; experimental 
group 4 (n = 5) – systemic i.v. injection of 0.5·106 bone marrow MMSCs 
labeled PKH-26. At a local administration cell suspension was injected 
into both Achilles tendons of experimental animals with tendopathy, 
departing 0.25 cm from calcaneus hillock. Systemic administration was 
performed by MMSCs injection into the tail vein of experimental animals. 
Staining of PKH-26 cells (Sigma-Aldrich, USA) was performed according 
to the instructions of the manufacturer. After the treatment, animals of 
the control and experimental groups 1 and 2 were taken in 5 out of the 
experiment at 7th, 21th and 45th days. Animals from experimental groups 3 
and 4 and the control group were taken out of the experiment at day 21 
(n = 5). For histological, immunofluorescence and biomechanical study, 
Achilles tendon was cut off with the attaching point to the calcaneus 
hillock.

For histological study these Achilles tendon samples were fixed in 
10% formalin solution, dehydrated and degreased in acetone and alcohols 
of increasing concentration, and embedded into celloidin. Histological 
sections were obtained in the sagittal plane and stained with hematoxylin 
and eosin.

Assessment of collagen type I content and detection of labeled PKH-
26 cells were performed on the Achilles tendon frozen slices (7 μm). 

Staining for collagen type I was performed using monoclonal antibodies 
to collagen type I COL-1 (1:2000, Sigma-Aldrich, USA) and CF™488A 
(Sigma-Aldrich, USA) according to the instructions of the manufacturer. 
Fluorescent microscopy of Achilles tendon samples was performed using 
a fluorescent microscope (MYKMED-2, Russia). Autofluorescence was 
blocked with 0.3 M glycine solution (PAA, Austria) for 20 minutes. For 
detection of labeled PKH-26 cells frozen slices were additionally stained 
with 1 μg/ml DAPI (Sigma-Aldrich, USA) to nuclei visualization.

Breaking tensile load – F (MPa) was determined by the formula: F = N/S, 
where N – applied load; S – sectional area of the tendon (S = π • a • b, where 
π = 3,14; and «a» – height; «b» – width) [5].

All manipulations with animals were carried out according to the 
requirements of bioethics and international principles of the European 
Convention for the protection of vertebrate animals used for experimental 
and other scientific purposes, as well as «General principles of animal 
experiments,» the approved by II National Congress of Bioethics (Kyiv, 
2004).

In statistical analysis we used a single-factor analysis of variance and 
Student’s t-test, MS Excel and Statistica 8 soft.

At the first stage of study we assessed MMSCs membrane integrity 
after cryopreservation. MMSCs vitality was 78.5 ± 6.2%, which is 1.2 
times lower (р  0.05) than in native cultures (95.2 ± 3.5%).

Analysis of histological and immunofluorescence studies of animal 
Achilles tendons in the control group showed deterioration of tinctorial 
properties of tendon tissue at 7th day of therapy. There was weaker 
staining of tendon fibers and cellular elements – tendinocytes. We noted 
disorganization, waviness and deterioration of tinctorial properties of 
tendon fibers and visualization of small zones of collagen type I (Fig. 1A, D).

At 7th day waviness and disruption in areas with degenerative and 
dystrophic process remained in all MMSCs experimental groups. At 
7th day in local therapy group we noted a significant increase in the 
number of cellular elements in the area of degenerative and dystrophic 
process and strengthening of basophilic staining on a background of the 
pathological process in the tendon. That is characteristic for the active 
cell differentiation (Fig. 1B). Tendon fibers had a large number of sites 
of intense staining to the collagen type I (Fig. 1E). In systemic MMSCs 
administration group we observed an accumulation of cellular elements in 
paratenon and partly in the area of degenerative and dystrophic process. 
Luminescence of the fibers to collagen type I was not intense and 
covered a limited area of the preparation (Fig. 1C, F). All the listed above 
changes are typical for the intensification of cell differentiation and their 
proliferative activity in the area of pathological process.

On 21st day in control group we noted the amplification of pathological 
changes in the tendons (disruption of tendon fibers and uneven staining) 
(Fig. 2A). Areas of collagen-positive luminescence were not intense and 
had a disorganized location (Fig. 2D). These data testify to the progress 
of degenerative and dystrophic changes in tendon on the 21st day of 
treatment comparing to the previous observation term.

Another histological picture was observed in animals with the local 
administration of MMSCs. On the 21st day we revealed a progressive 
increase in the number and intensity of cellular elements staining in the area 
of the pathological process. In the arrangement of tendon fibers we observed 
an improvement of contours’ sharpness, reducing of waviness, even location 
of collagen with an intense luminescence (Fig. 2B, E). In systemic MMSC 
introduction group at the same period we have noted the accumulation 
of cellular elements in some parts of the damaged zone and reducing 
of waviness and disruption of tendon fibers with uneven and unclear staining 
to collagen type I in the middle of the Achilles tendon slices (Fig. 2C, F).

After 45 days in the control group we observed marked disturbances 
of tinctorial qualities and disruption of tendon fibers. The number of fibers 
with collagen type I areas was reduced (Fig. 3A, D). 
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In the local MMSCs administration group, there was a normalization 
of proliferation and intensity of cellular element and tendon fiber staining, 
indicating a marked regeneration of damaged zone (Fig. 3B). The tendon 
fibers in the damaged place had ordered location with even and clear 
collagen type I luminescence (Fig. 3E).

In systemic MMSCs administration group regeneration processes 
were less intensive: improving of the tendon fibers contours clarity, 
reducing of the waviness, the presence of cellular elements in some 
recovering areas of the Achilles tendon, increasing of number of collagen 
areas and their luminescence intensity (Fig. 3C, F). All the above changes 
testify to slower recovery processes in the damaged zone of Achilles 
tendon comparing to the local administration group.

To objectify revealed qualitative changes additionally we held a 
tendon strength study under MMSCs injection. It was carried out with 
determining of breaking load in dynamic tension. Generally, the data 
(Fig. 4) met the above results that were obtained using histological and 
immunofluorescence methods. 

In the control group tendon strength decreased and was significantly 
lower (p  0.05) than in intact animals at all periods of observation. At 
all study terms the tendon strength in MMSC treatment was significantly 
(p  0.05) higher than the corresponding figures in the control group. In 
local MMSCs administration group strength index increase in 1.5 times 
on the 7th day, 2.3 times – on 21st, 2.7 times – on 45th compared with 
the control group. Application of MMSCs by systemic administration led 
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Fig. 1. Histology sections of rat 
tendons of control (A, D) 
and experimental groups: 
local (B, E) and systemic (C, F) 
MMSCs administration, 
7th day of observation. A-C – light 
microscopy, hematoxylin and eosin 
staining, 200x; D-F – fluorescent 
microscopy, immunohistochemical 
staining on collagen type I, 150x.

Fig. 2. Histology sections of rat 
tendons of control (A, D) 
and experimental groups: 
local (B, E) and systemic (C, F) 
MMSCs administration, 
21st day of observation. 
A-C – light microscopy, 
hematoxylin and eosin 
staining, 200x; D-F – fluorescent 
microscopy, immunohistochemical 
staining on collagen type I, 150x.



65 

www.transplantology.org 

Клітинна та органна трансплантологія    Том 2, № 1, травень 2014

to an increase of strength on 7th days in 1.3 times, on 21st – 1.7 times, on 
45th – 1.9 times compared with corresponding data of the control group.

In order to determine the distribution of cells in the recipient’s body, 
there are injected in cells nanoparticles, fluorescent dyes, genetically 
embedded fluorescent probes and other agents. They promote 
determining the introduced cells location. For this investigation we chose 
PKH-26 that gets involved into cell membrane. Fluorescence of this dye 
is not transferred from cell to cell, but has the ability to transition into 
daughter cells during mitosis. In Fig. 5A there are microphotographs with 
culture of bone marrow MMSCs labeled with dye PKH-26.

Fluorescent microscopy of animal Achilles tendon cryosections 
with the local administration of labeled MMSCs on 21st day showed the 
presence of red luminescence (Fig. 5B). The fluorescence was bright, 
clear and localized in the middle and at the edges of slices. The labeled 
cells were located in dense conglomerates between the tendon fibers. 
Microscopic examination of Achilles tendon cryosections with systemic 
injection of labeled MMSCs on 21st day showed the red fluorescence (Fig. 
5C). The fluorescence was in small-sized conglomerates, which were 
located in the center of the investigated slices. The number of objects that 
have luminescence in the red region of the spectrum was higher at local 
administration than at systemic one.

Thus, our histological, immunofluorescence and biomechanical 
studies showed that the control group had a development of the 
degenerative and dystrophic process. This process was manifested in the 
increase of waviness and disruption of tendon fibers, distributing of cell-
free zones, weakening of the tendon fibers and tendocytes dyeing, loss of 
contours sharpness in tendon fibers, reducing of collagen type I content 
and strength characteristic. Administration of MMSCs in the damaged 
Achilles tendon promoted the normalization of structural and functional 
organization and content of collagen type I. It also has a tendency to 
complete strength recovery. In systemic MMSCs administration group 
regeneration processes were less expressed comparing to the local 
injection. The difference between the control and research groups testifies 
to the ability of MMSCs to influence on the intensity of regenerative 
processes in damaged tendons. It is confirmed by experiments on 
detection of labeled cells.

Therefore our study shows that local MMSCs administration has 
an effect on the intensity of cell elements differentiation in the zone of 

degenerative and dystrophic process. The changes in Achilles tendon at 
systemic MMSCs administration covered limited areas of degenerative 
and dystrophic process and had a less pronounced regenerative effect. 
The results are probably related both, to the relatively poor blood supply 
in tendons and eventually necessary for cell migration into a damaged 
zone [18]. The difference between the control and experimental groups 
demonstrates the effectiveness of MMSCs, manifested in the restoration 
of damaged tissue histological structure and the tendency to normalization 
of collagen and strength. Thus, our study shows the fundamental 
possibility of using MMSC for restoration of degenerative and dystrophic 
changed tendon in experimental animals.

Today we know that MMSCs, like cells with high expression of SHSR4, 
a receptor to SDF-1 (stromal cell derived factor), are characterized by 
tropism for areas of tissue damage, where the content of SDF-1 increases 
[13]. Results of our study testify that MMSCs administered into tail vein 
are observed in Achilles tendons on the 21st day of treatment. These data 
support the hypothesis that MMSCs are not only carried in the body by the 
bloodstream, but migrate directly to the damaged area. Correction effect 
of systemic bone marrow MMSCs administration on the degenerative 
and dystrophic process in the Achilles tendon may be associated with 
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Fig. 3. Histology sections of rat 
tendons of control (A, D) 
and experimental groups: 
local (B, E) and systemic (C, F) 
MMSCs administration, 
45th day  of observation. 
A-C – light microscopy, 
hematoxylin and eosin 
staining, 200x; D-F – fluorescent 
microscopy, immunohistochemical 
staining on collagen type I, 150x.

Fig. 4. The tensile strength 
of degenerative and dystrophic 
changed tendon in animals with 
MMSCs therapy, MPa (M ± m)
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CONCLUSIONS

1. LOCAL AND SYSTEMIC ADMINISTRATION OF BONE MARROW MMSCs INTO THE ANIMALS WITH TENDOPATHY LEADS TO AN ACTIVATION OF 
REPARATIVE AND REGENERATIVE PROCESSES IN DAMAGED TENDONS.

2. STRENGTH OF DAMAGED TENDONS IN ANIMALS AFTER MMSCs THERAPY HAS A POSITIVE RESTORATIVE DYNAMICS.

3. IMMUNOFLUORESCENCE ANALYSIS SHOWS THAT MMSCs ACCELERATE THE SYNTHETIC PROCESSES IN TENDON TISSUE AND ON 45TH DAY 
AFTER THEIR APPLICATION LEAD TO THE RESTORATION OF COLLAGEN TYPE I CONTENT.

4. DUE TO THE LUMINESCENT LABEL THERE IS CONFIRMED THE PRESENCE OF INJECTED MMSCs IN THE DAMAGED ZONE ON THE 21ST DAY.

5. THE RESULTS OF THE STUDY CAN BE USED FOR ARGUMENTATION AND DEVELOPMENT OF METHODS FOR THE TREATMENT OF DEGENERATIVE 
AND DYSTROPHIC TENDON DAMAGES IN CLINICAL PRACTICE.
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