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Human placenta mesenchymal stromal cells were injected to healthy rats either stereotaxically 
into the striatum or intra-arterially through the internal carotid artery. Some cells injected 
into the brain migrated along the corpus callosum both medially and laterally or concentrated 
around small blood vessels. A small fraction of MSC injected intra-arterially adhered to the 
endothelium and stayed inside blood vessels for up to 48 hours mostly in the basin of the 
middle cerebral artery. Neither stereotaxic, nor intra-arterial transplantation of mesenchymal 
stromal cells modulated the proliferation of neural stem cells in the subventricular zone of the 
brain, but stereotaxic transplantation suppressed activation of their proliferation in response 
to traumatization with the needle.
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Mesenchymal stromal cells (MSC) are widely used in 
the development of methods of cell therapy for CNS 
pathologies [13,17,29]. Preclinical studies of the safe-
ty, efficacy, and mechanisms of action of biomedical 
products based on MSC include testing on intact ani-
mals and animals with model pathologies that simulate 
human diseases. In particular, analysis of migration 

and homing of transplanted cells in the brain and other 
organs is important for understanding of the mecha-
nisms of their therapeutic and possible side effects. 
However, not so many studies focused on the distri-
bution and effects of cells transplanted to intact ani-
mals. Usually, the data obtained on intact animals are 
included as the control in reports on the effects of cell 
therapy in modeled pathologies. In many cases, this 
is because these data appear as being of little interest. 
In our opinion, the interaction of transplanted MSC 
with recipient’s body is of great interest not only for 
the development of biomedical products, but also for 
basic science. The basic mechanisms of body response 
to cell transplantation can be studied on intact animal.

Here we performed a comparative analysis of the 
distribution and migration of MSC isolated from the 
human placenta after stereotaxic or intra-arterial ad-
ministration to healthy rats and evaluated the effect 
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of MSC transplantation on proliferative activity of 
cells (presumably neural stem cells) in the neurogenic 
subventricular zone (SVZ) of the lateral ventricles.

MATERIALS AND METHODS
Isolation of cell culture. MSC were isolated from 
normal human placenta (38-40 weeks gestation) ac-
cording to the standard protocol [21]. Informed con-
sent for sampling and use of biological material for 
scientific purposes was signed by all women. Placental 
fragments were washed with Hanks saline (PanEco), 
pipetted, and incubated with 0.1% collagenase I (Gib-
co) for 30 min at 37°C. The resultant suspension was 
centrifuged (300g, 10 min), the supernatant was dis-
carded, and the precipitate was resuspended in growth 
medium. The cells were cultured in DMEM/F-12 me-
dium supplemented with 2 mM glutamine, 100 U/ml  
penicillin, 0.1 mg/ml streptomycin (Gibco), and 10% 
fetal calf serum (HyClone) under standard conditions 
(37°C, 5% CO2) in 75 cm2 vials for 3 days. Non-ad-
herent cells were removed during medium changing. 
After attaining 80% confluence, the cells were har-
vested with 0.25% trypsin-EDTA (Gibco) and subcul-
tured 1:4.

Cell labeling. Fluorescent labeling was performed 
using superparamagnetic iron oxi de microparticles 
(SPIO, MC03F Bangs Laboratories, mean diameter 
0.50-0.99 µ) carrying fluorescent dye Dragon Green 
(λex=480 nm, λem=520 nm) and membrane lipophil-
ic dye PKH26 (Sigma-Aldrich; λex=551 nm, λem=567 
nm). Two variants of labeled cells were used for ex-
periments: cells labeled with only Dragon Green-load-
ed iron particles and cells additionally labeled with 
PKH26.

MSC were labeled with iron oxide particles when 
the cultures attained 80-90% confluence. The cells were 
incubated with particles (5 µl particle suspension per 1 
ml growth medium) for 12 h under standard conditions, 
then washed twice with Hanks saline to remove parti-
cles that were not captured by the cells. Then, MSC 
were removed from plastic by trypsinization.

For labeling with PKH26 dye, cells were removed 
from plastic, washed with serum-free growth medium, 
centrifuged (500g, 5 min), and the supernatant was 
removed. MSC were resuspended in 1 ml Diluent C 
solution, mixed with 1 ml Diluent C solution contain-
ing 4 µl PKH26, and incubated for 5 min. Reaction 
was stopped by adding an equal volume of fetal calf 
serum.

Laboratory animals. The experiment was per-
formed on male Wistar rats (n=51) weighing 230-300 g.  
All manipulations with laboratory animals were ap-
proved by the Ethical Committee of N. I. Pirogov 
Russian National Research Medical University and 

performed in compliance with the European Council 
Directive 2010/63/EEC. The animals were randomly 
divided into the following groups: group 1 rats re-
ceived stereotaxic injection of MSC (n=26; in 5 rats, 
cell proliferation in SVZ was evaluated); group 2 rats 
received intra-arterial injection of MSC (n=11; 5 an-
imals were used for evaluation of cell proliferation 
in SVZ); group 3 rats received stereotaxic injection 
of physiological saline (PS; n=5; cell proliferation in 
SVZ was assessed in all animals); group 4 rats re-
ceived intra-arterial injection of PS (n=3; cell proli-
feration in SVZ was assessed in all animals); group 5 
comprised intact rats (n=5; cell proliferation in SVZ 
was assessed in all animals). The animals were sac-
rificed by intraperitoneal injection of a lethal dose of 
chloral hydrate.

Intracerebral and intra-arterial transplanta-
tion. The surgery was performed under inhalation iso-
flurane anesthesia (1.5-2%+98% air) with intraperito-
neal premedication with atropine sulfate (0.05 mg/kg 
in 1 ml saline) and local subcutaneous anesthesia with 
0.1 ml of 0.5% bupivacaine solution. The transplan-
tation technique was described in detail earlier [21]. 
For intracerebral injection of MSC, the rats were fixed 
in a stereotaxis with the AngleTwo computer naviga-
tion system (Leica), the skin was cut, the skull was 
scalped, and a trepanation hole (diameter 1 mm) was 
drilled at the following coordinates from the bregma: 
+0.6 mm AP (anteroposterior direction), +3.5 mm ML 
(medial-lateral), and -4.5 mm VD (ventral-dorsal). The 
transplant (3×105 MSC or saline) in a volume of 15 µl 
was injected into the striatum of the right hemisphere 
at a rate of 3 µl/min with a Hamilton 500 µl syringe 
fixed in a microinjector (KD Scientific). In 5 min, 
the needle was slowly removed and the wound was 
sutured.

For intra-arterial administration. the skin of the 
neck was cut along the midline, the right common 
(CCA), external (ECA), and internal (ICA) carotid 
arteries were isolated and the pterygopalatine artery 
was ligated. A polyurethane microcatheter (Braintree 
Scientific, MTV 1, outer diameter 0.33 mm) filled with 
PS was introduced to 5-8 mm through the incision on 
the ECA into the CCA. The transplant (5×105 MSC or 
PS) in a volume of 1 ml was injected with a microin-
jector at a rate of 100 µl/min. Slow continuous infu-
sion and preserved blood flow around the catheter are 
important conditions for safe intra-arterial transplan-
tation without embolic complications [22]. After the 
end of infusion, the catheter was removed, the ligature 
around the ECA stump was tightened, and the wound 
was sutured with intermittent nodular suture. After all 
manipulations, 0.2 ml gentamicin solution was injec-
ted intramuscularly, and the animals were placed in a 
heated cage (37°C) to recover from anesthesia.
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MRI. Dynamic MR study was performed on a 7T 
ClinScan MRI scanner for small laboratory animals 
(Bruker BioSpin) using a phase array four elements rat 
brain coil. During scanning, the animals were under 
inhalation anesthesia as described above. Anatomical 
T2-weighted images based on Turbo Spin Echo pulse 
sequence with restore magnetization pulse and spec-
tral fat saturation were acquired (turbo factor=9; TR/
TE=4000/46 msec; number of averages=2; field of 
view 37×29.6 mm; slice thickness 0.5 mm; matrix size 
320×256). For visualization of MSC labeled with iron 
oxide microparticles, susceptibility weighted imaging 
(SWI) based on 3D gradient echo sequence with flow 
compensation, RF spoiling, and spectral fat saturation 
was used (TR/TE=50/19.1 msec; angle=15; number of 
averages=1; field of view 30×20.6 mm; slice thickness 
0.5 mm; matrix size 256×176). In experiments with in-
tra-arterial injections, diffusion-weighted images with 
calculation of apparent diffusion coefficient maps were 
acquired to identify possible embolic complications and 
foci of acute cytotoxic edema in the brain substance 
(based on echo-planar pulse sequence with spectral fat 
saturation, TR/TE=9000/33 msec; b-factors=0 and 1000 
sec/mm2; number of diffusion directions=6; number of 
averages=3; field of view 30×19.5 mm; slice thickness 
1.0 mm; matrix size 86×56).

Histology. The distribution and migration of 
MSC were analyzed by histological methods on days 
1, 2, 3, 7, and 15 and proliferation of endogenous 
cells in SVZ was assessed on day 15. Animals were 
euthanized with a lethal dose of chloral hydrate and 
transcardial perfusion with 4% paraformaldehyde on 
0.01 M PBS (pH 7.4) was performed. The brain was 
extracted and placed in 4% paraformaldehyde for 24 h, 
then frontal 50-µ sections of the brain were sliced 
using a vibratome (Thermo Scientific, micron HM 
650v). SPIO-labeled cells were identified by staining 
after Perls (qualitative reaction to iron). To this end, 
the preparations were incubated with 2% potassium 
ferrocyanide and 2% hydrochloric acid for 10 min, 
then washed in distilled water; the nuclei were post-
stained with neutral red. For immunohistochemical 
staining, the brain sections were incubated for 24 h 
in 0.01 M PBS (pH 7.4) with 0.3% Triton X-100 and 
5% normal goat serum (Sigma-Aldrich) and then for 
24 h in 0.01 M PBS (pH 7.4) with 0.3% Triton X-100, 
5% normal goat serum (Sigma-Aldrich), and primary 
antibodies: anti-alpha SMA antibody (1:500; Abcam), 
anti-Rat Blood-Brain Barrier Antibody (1:100; Bio-
Legend), anti-Ki67 (1:200; Abcam). The sections were 
washed in 0.01 M PBS (pH 7.4) and incubated in 0.01 
M PBS (pH 7.4) with 0.3% Triton X-100 and secon-
dary goat antibodies to rabbit immunoglobulins (1:500; 
Alexa Fluor 647 or Alexa Fluor 594; Sigma-Aldrich) 
or mouse immunoglobulins (1:500; Alexa Fluor 647; 

Sigma-Aldrich). Then washed in 0.01 M PBS (pH 
7.4), the nuclei were poststained with DAPI (2 µg/ml; 
Sigma); the sections were mounted under coverglass in 
glycerin. In sections not incubated with antibodies, the 
nuclei were also stained with DAPI (2 µg/ml; Sigma).

Microscopy and image processing. The prepara-
tions were photographed under a Keyence BZ-9000E 
digital fluorescence microscope and a Nikon A1R 
MP+ laser scanning confocal microscope. Migration 
of transplanted cells was assessed as the distance (in 
µ) between the site of transplantation and cells located 
at the maximum distance from this site. Proliferative 
activity of recipient cells in SVZ was assessed by the 
count of Ki-67+ cells in the right hemisphere. To this 
end, 4-6 sections were selected in the interval from 
+0.8 to -0.8 from bregma (from the anterior, medi-
an, and posterior of parts of SVZ, respectively); three 
regions were scanned in each section under a confo-
cal microscope. The obtained Z-stacks were analyzed 
using Fiji Cellcounter plugin. This approach allowed 
calculating the number of cells in the entire volume 
of each 50-µ section.

Statistical analysis. The results were processed 
using SPSS Statistics 23.0 (IBM) and R software 
3.5.3. (R Foundation for Statistical Computing) soft-
ware. Quantitative data (distance of migration of la-
beled MSC; number of Ki-67+ cells) were presented 
as mean and standard deviation and as the median 
and the lower and upper quartiles. Null hypothesis 
was rejected at p<0.05. Migration distance in the 
groups was compared using the Mann—Whitney test. 
For evaluation of proliferation of endogenous cells 
in SVZ, two-way ANOVA with linear mixed model 
was used with adjustment for transplanted substance 
(MSC/PS) and type of transplantation (stereotaxic/
intra-material).

RESULTS
We performed a comparative analysis of the distribu-
tion and migration of MSC isolated from the human 
placenta after their stereotaxic and intra-arterial trans-
plantation into the brain of healthy rats and evaluated 
the influence of MSC transplantation on proliferation 
activity of cells (presumably neural stem cells) in SVZ 
of the lateral ventricles, which is a neurogenic zone 
[23]. It should be noted that immunosuppression was 
not performed, because MSC are characterized by 
low immunogenicity and ability to limit the immune 
response and inflammation [24], and hence can be 
used not only for allogeneic, but also for xenogeneic 
transplantation.

Distribution of MSC after intracerebral trans-
plantation. MSC labeled with magnetic iron oxide 
microparticles (SPIO) conjugated with a green fluo-
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rescent protein were introduced stereotaxically into the 
right striatum. For evaluation of cell migration, in vivo 
MRI scanning was performed in the dynamics starting 
from day 1 to day 15 after transplantation; he data 
were confirmed by histological examination (Fig. 1). 
As was previously shown [21], SPIO-labeled MSC can 
be visualized by MRI using various pulse sequences; 
the most sensitive is SWI mode, which allows visu-
alization of small groups of cells or even single cells. 
In MR images of rat brain, labeled MSC looked as 
hypointensive zones at the site of transplantation (Fig. 
1, b, e, i). It should be noted that the size of the hy-
pointensive zone in SWI images significantly exceeds 
the actual volume occupied by stereotaxically injected 
cells (15 µl), because SWI sequence is highly sensi-
tive to distortion of the local magnetic field caused 
by accumulation of labeled MSC in a small volume. 
Additionally, less sensitive T2-weighted images were 
analyzed to clarify the distribution and migration of 
cells in the studied anatomical regions (Fig. 1, c, g, k). 
MRI data were verified by histological examination. 
Confocal microscopy was used to visualize fluorescent 
label (Fig. 1, a, d, h), and bright-field microscopy to 
detect iron particles stained after Perls (Fig. 1, f, j).

At all stages, the transplant was accurately detect-
ed by MRI and histological examination; it was located 
along the needle track in the cortex, corpus callosum, 
and striatum. In the cortex and striatum, most trans-
planted cells were located compactly along the needle 
track, and only solitary cells migrated to the brain pa-
renchyma (Fig. 1). A similar location of the transplant 
was described is a previous study [6], where virtually 
no migration of transplanted MSC in the ba sal nuclei 
was observed in healthy brain. However, in our exper-
iment, distant migration was observed in the area of 
the corpus callosum both medially (i.e. towards the left 
ventricle; Fig. 1, d-g) and laterally from the injection  

Fig. 1. Migration of MSC after intracerebral administration to 
healthy rats. Results of MRI and histological examination of 
brain sections on days 1 (a-c) and 15 (d-k) after transplanta-
tion. Epifluorescence microscopy (a), MR image in SWI mode 
(b, e, i), T2-weighted image (c, g, k), confocal microscopy (d, 
h), bright-field microscopy: Perls staining (f, j). a) Green fluo-
rescence corresponds to SPIO-labeled cells. MSC are located 
compactly in the striatum, single cells migrate from the transplant 
to the brain parenchyma. Migration through the corpus callosum 
in the medial and lateral directions. b, c) Hypointensive area 
corresponds to the MSC transplantation zone. d, e) Migra-
tion of SPIO-labeled cells along the corpus callosum towards 
the lateral ventricle. MSC are visualized in contact with SVZ.  
f) Blue color corresponds to the locations of SPIO clusters.  
g) The decrease in signal intensity in the area of the corpus 
callosum corresponds to MSC migration zone. h, i, j) Migration 
of SPIO-labeled cells along the corpus callosum laterally from 
the insertion track. k) Reduced signal intensity in the area of the 
corpus callosum corresponds to MSC migration zone laterally 
from the injection track.
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track (Fig. 1, h-k). The mean distance of maximum mi-
gration in the lateral and medial directions was 333±76 
and 376±25 µ, respectively, on day 1, 590±295 and 
586±306 µ on day 7, and 1036±421 and 1018±264 µ 
on day 15. No significant differences in the distance 
of cell migration along the corpus callosum between 
lateral and medial directions were revealed. Moreover, 
we showed that a significant portion of transplanted 
cells were visualized around cerebral vessels from 
their outer side (Fig. 2) both in the striatum and in the 
corpus callosum at all stages of the study. It is likely 
that MSC migration is guided by white matter axons 
and blood vessels [15]. A simi lar phenomenon was 
reported for other types of stem cells [19,28]. MSC 
distribution in the corpus callosum was also shown in 
animals with modeled brain injury and infarction; in 
this case, MSC migration to the lesion focus was more 
pronounced than in healthy rats [11,12].

MSC distribution after intracerebral trans-
plantation. During intra-arterial transplantation, la-
beled cells were injected into the right ICA with a 
microinjector at a rate of no more than 100 µl/min and 
with maintenance of blood flow around the catheter. 
We have previously demonstrated that these condi-
tions are safe and allow preventing embolism of small 
rain vessels [22]. Immediately after intra-arterial ad-
ministration, all rats underwent an MRI study with 
diffusion-weighted images to exclude ischemic brain 
damage caused by vascular occlusion with transplant-
ed cells. No complications caused by transplantation 
procedure were revealed. Cell distribution in the brain 
was evaluated using susceptibility-weighted images 
and verified by histological examination. Immediately 
after injection into the right ICA, the cells were dis-
tributed in the ipsilateral hemisphere: most cells were 
located in the motor and sensory cortex (Fig. 3, b, 
c), hippocampus (Fig. 3, b), and also in the striatum, 
thalamus, and hypothalamus. Solitary cells were also 
seen in the contralateral hemisphere, more often in the 
frontal cortex and rostral part of the striatum. It can 
be hypothesized that the cell distribution is largely 
determined by anatomy of cerebral vessels (blood flow 
through anastomoses and the Willis circle, diameter 
of vessels and their distance from the ICA trunk) and, 
as a consequence, intensity of perfusion in this or that 
part of the brain. The above-listed structures belong to 
the basin of the middle cerebral and common anterior 
cerebral arteries, and the hippocampus, thalamus, and 
hypothalamus are supplied simultaneously through 
the posterior cerebral, anterior choroidal, and thalamic 
arteries. According to the results of histological ex-
amination and MRI in dynamics (Fig. 3), the number 
of labeled MSC in the brain gradually decreased, and 
on day 3, no transplanted cells were detected. After 
intra-arterial administration, most MSC were located 

inside the cerebral vessels, which was confirmed by 
immunohistochemical analysis (Fig. 4). As transplant-
ed MSC closely contacted with the vascular walls, we 
cannot exclude that single cells can cross the blood—
brain barrier (BBB) and migrate into the brain paren-
chyma. Migration of MSC through BBB was shown 
in studies performed on monolayer cultures of cerebral 
vascular endothelium [18,27]. Two potential mecha-
nisms of MSC penetration through BBB are described: 
paracellular migration involving disruption of tight 
junctions and transcellular migration through pores 
formed directly in endotheliocytes, without affecting 
cell—cell contacts (this mechanism is described in 
more detail in review [10] and in relation to white 
blood cells [4]). It should be taken into account that 
BBB is a complex structure formed by the not only 
endotheliocytes, but also astrocytes, pericytes, and 
neurons [1]. In light of this, in vitro models cannot 
fully reproduce BBB cytoarchitectonics and function-
ing. Homing of MSC in the lesion focus after systemic 
administration was demonstrated [7]; however, pas-
sive cell penetration through BBB in sites where its 
structure is violated cannot be excluded. Thus, MSC 
capacity to pass through the BBB in vivo requires fur-
ther study. The regularities and mechanisms of cell 
distribution in the brain after systemic administration 
are not completely understood. It remains unclear 
whether MSC possess mechanisms underlying their 
active homing in the lesion focus and/or certain brain 
structures, or they are “trapped” in capillaries along 
the blood flow [16]. Interestingly, some studies [9,20] 
demonstrated similar distribution of MSC after in-
tra-arterial administration in both healthy animals and 
animals with modeled brain infarction. Immediately 
after transplantation, the cells were visualized in the 
ipsilateral hemisphere inside the vessels, where they 
remained for a short time, while in 24 h, most cells 
disappeared from the cerebral vessels and were found 
in the lungs and other parenchymal organs. This disap-
pearance of MSC from brain structures occurred some-
what faster after xenogeneic transplantation (injection 
of human MSC to rats) than in allogeneic transplan-
tation [9]. However, in this study, human MSC were 
present inside rat cerebral vessels up to 2 days.

Proliferation of endogenous cells in SVZ. 
Proliferative response of endogenous cells in SVZ 
was evaluated in 15 days after MSC transplantation 
(Fig. 5). Experimental data were evaluated using 
two-was ANOVA. Laboratory animals received in-
jection of MSC or PS (factor: type of administered 
substance) via two routes: intra-arterially or stereo-
taxically (factor: administration route). At the end of 
the experiment, proliferating cells were detected by 
immunohistochemical staining with antibodies to Ki-
67; this antigen is present in cell nucleus in all phases 
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Fig. 2. Migration of MSC 
along blood vessels after 
intracerebral administra-
tion to healthy rats. On 
day 7 after transplantation, 
MSC labeled with SPIO 
and lipophilic membrane 
dye PKH26 are visualized 
around cerebral vessels 
in contact with their outer 
walls. a) Combination of 
images b-d: DAPI+SPIO+ 
PKH26+αSMA; b) DAPI; c) 
SPIO; d) PKH26; e) αSMA. 
f) 3D visualization of cells 
around blood vessel (image 
parameters: width 110.4 µ, 
height 83.47 µ, thickness 
12 µ). g) Perls staining. 
Arrows show transplanted 
cells, asterisks show vas-
cular lumen.
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Fig. 3. MSC distribution in the brain of healthy rats after intra-arterial transplantation. Results of histological examination and MRI 
of the brain in dynamics from 1 to 72 h after transplantation. a) T2-weighted image in the sagittal projection, yellow lines show the 
position of axial MR images in SWI mode, shown on fragments b, d, f and c, e, g. b-c) Day 1 after MSC injection: Inset in frag-
ment b: confocal microscopy; green fluorescence corresponds to SPIO-labeled cells. d-e) 48 h after MSC injection: f-g) 72 h after 
MSC injection: red arrows indicate hypointensive areas corresponding to labeled cells. The number of SPIO-labeled cells gradually 
decreases, and by 72 h, the cells were not detected.
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Fig. 4. Distribution and migration of MSC along blood vessels after intra-arterial injection to healthy rats. In 24 h after transplanta-
tion, MSC labeled with SPIO and lipophilic membrane dye PKH26 are visualized around cerebral vessels in contact with outer 
vascular walls. a) Combination of images b-e: DAPI+SPIO+PKH26+EBA (anti-Rat Blood-Brain Barrier Antibody); b) DAPI; c) SPIO; 
d) PKH26; e) EBA. f) Perls staining: arrows show transplanted cells in vessels.

Fig. 5. Proliferative activity of endogenous cells in SVZ in healthy rats, depending on the administration route and substance ad-
ministered. a) Brain section containing K-67+cells: red frames: fields of cell counting. b) Dependence of Ki-67+ cells number on the 
administration route and substance administered. Circles show outliers, i.e. values differing from the upper and lower quartiles by 
more than 1.5 interquartile intervals; asterisks show outliers differing by more than 2 interquartile intervals. Proliferation intensity 
after stereotaxic administration of PS was higher than in other groups.

K. K. Sukhinich, D. D. Namestnikova, et al.
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of the cell cycle, except G0, and is used as the marker 
of proliferation [26]. According to our findings, only 
stereotaxic injection of PS increased cell proliferation 
in SVZ (the interaction of both factors is significant). 
After intra-arterial injection, neither PS, nor MSC 
significantly increased cell proliferation in SVZ. In-
terestingly, a tendency to a decrease in the number of 
proliferating cells relative to intact control was noted 
after intracerebral injection of MSC, but the differen-
ces were insignificant.

In our study, activation of cell proliferation on 
day 15 was revealed only after stereotaxic injection 
of PS, which can be regarded as a response to trauma 
caused by introduction of the needle and compres-
sion with additional volume. Activation of cell pro-
liferation after neurotrauma was reported earlier [5]. 
However, our results did not confirm previous data 
[2,8] that MSC transplantation to laboratory animals 
stimulated cell proliferation in SVZ of the recipi-
ent brain, which is known to be a neurogenic zone 
[23]. This partial discrepancy between the results 
our findings and published data can be due to the 
fact that proliferation of endogenous cells in SVZ 
largely depends on the time and severity of brain 
injury. There is evidence that the intensity of neu-
rogenesis greatly fluctuates during 2 months after 
injury and can sharply increase or decrease relative 
to the initial level [25]. To clarify this issue, studies 
of neurogenesis in dynamics, at different times after 
transplantation are requires. It can be assumed that 
the absence of differences and even a tendency to a 
decrease in proliferation intensity in intact animals 
and after stereotaxic administration of MSC can be 
associated with the therapeutic effect of MSC and the 
leveling of the effects of neurotrauma.

Thus, MSC from human placenta after stereotaxic 
administration to the brain of healthy rats can migrate 
long distance from the site of injection. Migration ca-
pacity of MSC and its rate depend on the tissue: in the 
corpus callosum, the cells pass considerable distances, 
whereas in the striatum and cortex, they practically re-
main at the injection site, although move and concen-
trate along the blood vessels. In case of intra-arterial 
transplantation into the internal carotid artery under 
conditions excluding capillary embolism, a small por-
tion of transplanted MSC retained in the lumen of 
small arteries and capillaries of the brain (from few 
minutes to 2 days) and was also visualized in contact 
with the cerebral vessels, but from their inner side. 
The tropism of MSC to vessels can be explained by 
their similarity with pericytes [3]. The observed pic-
ture can reflect homing of MSC are homed into their 
own easily recognized niche [14].

The study was supported by the Russian Founda-
tion for Basic Research (grant ofi_m 17-29-07045) and 

was performed on the equipment of Medical Nanobio-
technologies Common Use Center of the N. I. Pirogov 
Russian National Research Medical University, Com-
mon Use Centers of N. K. Koltsov Institute of De-
velopmental Biology and V. N. Orekhovich Research 
Institute of Biomedical Chemistry.
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