
INTRODUCTION

Polytrauma is a clinical condition defined by the presence
of at least two long bone fractures, or one life-threatening
injury and at least one additional injury, or severe head
trauma and at least one additional injury (Pape et al., 2006).
Polytrauma patients usually undergo complex medical man-
agement and, in particular, treatment of these patients will
generally require resuscitation, emergency surgery, inten-

sive care and complex reconstructive surgery (Sikand et al.,
2005).

Rehabilitation of polytrauma victims requires the use of
technologies that offer tissue and organ regeneration capa-
bilities. An example of such a technology is stem cells.

In this case, bone marrow multipotent mesenchymal
stromal cells (BM MMSCs) look promising, because their
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Red beetroot (Beta vulgaris) juice (RBJ) is used as a traditional medicine for treatment of anemia.
It has been shown that beetroot juice decreases blood pressure, provides a protective effect on
blood vessels and has antioxidant and anticancerogenic properties. In the case of polytrauma it
might have beneficial effects because of its antioxidant and anti-inflammatory properties as well
as antimicrobial activity. It is also well-known that RBR juice can induce undesirable side effects,
e.g. flatulent stomach, nausea and other unpleasant reactions. Therefore, it seems prospective to
develop red beetroot juice based on its natural compound composition free of undesirable side ef-
fects, which could then be used in combination with bone marrow multipotent mesenchymal
stromal cells (BM MMSC) transplantation in the case of polytrauma. The aim of the study was to
evaluate the therapeutic effect of allogeneic BM MMSC transplantation in rats with experimental
polytrauma and to analyse red beetroot fractions separated on the basis of molecular weight in
regard to their ingestion impact on cell transplantation efficacy. Red beet juice was fractionated
by ultrafiltration (cut-off-point 20 kDa). Total phenolic compound concentration in the final product
practically did not decrease. The product was tested in vitro and in vivo. Unlike native juice, frac-
tionated RBJ in vitro suppressed BM MMSC adipogenic (60–71%, P < 0.05) and stimulated
osteogenic differentiation (124%, P < 0.05). Experimental polytrauma in rats was modelled by
causing three fractures and haemorrhagic shock. Animals were randomised in five groups: 1) nor-
mal control; 2) polytrauma; 3) polytrauma + i/v BM MMSC transplantation 36 h and 5 days after
surgery; 4) polytrauma + fractionated RBJ administration per os 1ml/d, and 5) polytrauma + BM
MMSCs + fractionated RBJ. Transplantation of allogeneic BM MMSCs in rats with experimental
polytrauma stimulated bone fracture reparation, but caused plethora in viscera and dystrophic
changes in lungs. Combination of BM MMSCs and fractionated RBJ resulted in better bone repa-
ration and significant hematopoiesis stimulation.

Key words: bone fractures, haemorrhagic shock, Beta vulgaris, fractionation by molecular mass,
multipotent mesenchymal stromal cells, acid/base balance.
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isolation is not linked to technical and ethical difficulties.
BM MMSCs can differentiate and form fat, bone and carti-
lage cells. Despite the potential of trans-differentiation, their
usage within regenerative medicine is better biologically
proven in regard to the bone tissue reparation, because they
are naturally inclined to differentiate in osteogenic lineage
(Murglia et al., 2000). MMSCs have anti-inflammatory as
well as haematopoiesis-linked effects (Williams et al.,
2011). Thus, it is reasonable to use MMSCs for treatment of
bone disorders — complicated bone fractures, bone meta-
bolic diseases, in rheumatology etc.

It has been suggested that for better clinical results BM
MMSC differentiation to desired cell type should be in-
duced in vitro (Lian et al., 2010; Jorgensen et al., 2004) due
to improved controllability compared to in vivo (Javazon et

al., 2004). For osteogenic differentiation of MMSCs differ-
ent chemical agents (Paderni et al., 2009) as well as matrix
structural organisation are used (Malginov et al., 2009).

As it is known, a large number of factors participate in the
regulation of MMSC differentiation in vivo, i.e. growth fac-
tors, chemokines, cytokines, hormones and physical factors
(Augello and de Bari, 2010). It is believed that stem cell
transplantation treatment is more effective when the fate of
cells is further affected. Substances that are used for manip-
ulation of stem cells in vitro are not always clinically appli-
cable due to the technology-related safety issues. Over the
last several years, there have been several published studies
on the use of simvastatin and lovastatin to improve the via-
bility of MMSCs after transplantation (Xu et al., 2008;
Yang et al., 2009). Based on this, the oral use of natural
substances, especially ones of plant origin that could be
used for cell transplantation in the clinic, becomes rather
appealing.

Red beetroot (Beta vulgaris) juice (RBJ) is used as a food
colorant, additive to cosmetics and as a traditional medicine
for treatment of anemia. In high doses, beetroot juice has
shown that it decreases blood pressure, provides protective
effect on blood vessels (Webb et al., 2008) and has antioxi-
dant (Georgiev et al., 2010) and anticancerogenic properties
(Kapadia et al., 2003). Due to high phenolic compound con-
centration in the case of polytrauma it could have beneficial
effects because of its antioxidant (Escribano et al., 1998)
and anti-inflammatory properties (Winkler et al., 2005) as
well as antimicrobial activity (Veliãanski et al., 2011). It is
also a well-known that RBJ can induce undesirable side ef-
fects, e.g. flatulent stomach, nausea and other unpleasant re-
actions. Regular consumption of large doses of the RBJ can
cause serious hepatological problems (Blázovics et al.,
2007). Many potential consumers refuse to drink RBJ be-
cause of its specific taste and smell. Therefore, it seems pro-
spective to develop red beetroot juice based on its natural
compound composition free of undesirable side effects,
which could then be used in combination with MMSC
transplantation in the case of polytrauma.

The aim of the study was to evaluate the therapeutic effect
of allogeneic BM MMSC transplantation in rats with exper-

imental polytrauma and to analyse the impact of ingestion
of RBJ fraction separated on the basis of molecular weight
on cell transplantation efficacy.

MATERIALS AND METHODS

Study design

- RBJ extraction and fractionation by ultrafiltration,

- native RBJ and fractionated RBJ chemical analysis,

- BM MMSCs isolation and obtained cell identification,

- RBJ impact on BM MMSC differentiation in vitro study,

- evaluation of therapeutic efficacy of allogeneic BM
MMSC transplantation in combination with fractionated
RBJ per oral ingestion in rats with experimental poly-
trauma.

Red beet juice fractionation. Fractionated juice was ob-
tained by sequential filtrations of freshly extracted RBJ
through bag filters with pore size 250, 50, 5 and 1 �m, fol-
lowed by ultrafiltration through a ceramic filter with cut-
off-point 20 KDa (patent pending). In the experiments na-
tive and fractionated RBJ prepared from the same vegetable
batch was used.

In both kinds of RBJ samples, concentrations of the follow-
ing compounds were determined: red pigment betacyanins
(calculated in terms of betanin), yellow pigment betaxan-
thins (calculated in terms of vulgaxanthin-I), betaine, total
phenolic content, iron, and sugars.

Animals. Male Wistar-Kyoto rats were maintained on a
standard rat diet and water ad libitum. The animals were
housed in rodent cages with seven rats in each cage. The
dark-light cycle was 12h/12h.

The experiment was approved by the local Animal Ethics
Committee.

Cell culture experiments. Rat BM MMSCs were harvested
from femurs and tibias of 130–150 g male Wistar-Kyoto
rats by flushing bone with complete DME medium supple-
mented with 10% FBS, 2 mM L-glutamine, 100 U/ml peni-
cillin and 100 mcg streptomycin (all from Sigma). The re-
covered cells were plated on 75 cm2 tissue culture flasks.
After 24 h the nonadherent cells were removed by replacing
the medium. When the cells reach 70% confluency, they
were harvested with 0.25% trypsin/1 mM EDTA (Sigma).

Harvested rat BM MMSCs at passage 4 were stained with
anti-CD45-FITC (Becton Dickinson) and anti-CD90-PE
and analyzed by flow cytometry (EpicXL, Beckman Coul-
ter).

Osteogenic and adipogenic differentiation of rat BM
MMSC was induced according to a published protocol with
some modification (Freshney et al., 2007). Osteogenic dif-
ferentiation was evaluated using Alizarine red (Sigma)
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staining and detection of alkaline phosphatase activity. Adi-
pogenesis was assayed by staining intracellular lipid drop-
lets with Oil red O (Sigma).

To assess impact on differentiation of rat BM MMSCs start-
ing from the day of induction of differentiation, native and
fractionated RBJ were added to standard cultivation or dif-
ferentiation induction medium in the following concentra-
tions: 0.1% and 0.3%.

Experimental polytrauma in rats. Polytrauma was in-
duced by causing multiple fractures and haemorrhagic
shock under general anesthesia with intraperitoneal injec-
tion of ketamine/medetomidine/atropine (75/0.5/0.5 mg/kg).
Fractures were provoked by clamping both femurs and the
right tibia. No fixation of fractures was used during recov-
ery. Haemorrhagic shock was induced by 3.5–4.0 ml with-
drawal of blood from the sublingual vein. After 60 min ani-
mals received fluid resuscitation by infusing 2 ml of saline.
Thereafter, the rats were maintained on water containing
0.15 mg/ml ibuprofen for at least two weeks.

Rats were randomly divided into five groups:

Group 1 – Control;

Group 2 – Polytrauma;

Group 3 – Polytrauma + BM MMSCs;

Group 4 – Polytrauma + fractionated RBJ;

Group 5 – Polytrauma + BM MMSCs + fractionated RBJ.

In 36 h and in 5 days after surgery 1 × 106 BM MMSCs
were i/v injected for groups 3 and 5. Starting from the sur-
gery day, animals from groups 4 and 5 received 1 ml/d of
fractionated red beetroot juice per os. Rat weight and rectal
temperature was measured every other day during the 30
days of the experiment.

Blood analysis. At the days 3 and 10 of the experiment ve-
nous blood from each rat was analyzed using a blood gas
analyser RapidLab® 1265 (Siemens, Germany).

In addition, the day before the operation, at day 3 and 10,
and at the end of the experiment, heparinised blood was
drawn for blood element analysis on Cell-Dyn® 3700 (Ab-
bott, USA).

At the end of the experiment, 2 ml of blood was collected
for biochemical analysis (blood serum creatinine, urea, al-
anine aminotransferase (ALT) and aspartate aminotransfe-
rase (AST)) performed on a ILAB 300+ (Instrumentation
Laboratory, USA).

Histological study. Thirty days after the polytrauma, ani-
mals were euthanised using cervical dislocation, and organs
including lungs and kidney as well as fractionated extremi-
ties were harvested. Lower extremity muscles together with
their tendons were weighed immediately following dissec-
tion. For histological examination, lungs, kidney and bones
after callus macroscopic examination were fixed in 4%

paraformaldehyde. The specimens were dehydrated in as-
cending grades of ethanol and embedded in paraffin. Bone
decalcification was conducted using a TBD-2 Decalcifier
(Shandon). Sections of 5 mm in thickness were prepared
and stained with hematoxilin (Bio Optica) end eosin (Dia-
Path) and then examined under light microscopy. Histologi-
cal analysis was performed by a blinded observer.

Statistical analysis was performed using Excel 2003. All
results are expressed as mean ± standard deviation of the
mean of three or more measurements. A two-sided, paired t
test was used, and differences were considered significant at
P < 0.05.

RESULTS

Native and fractionated RBJ. Fractioned RBJ retained its
natural colour, it lacked a specific taste and smell, and the
product was sweetish. In an earlier study it was found that
fractionated RBJ enhanced iron absorption in intestines,
stimulates hematopoiesis, and had pronounced vasodilatat-
ing properties (Babarikins et al., 2012). Fractionated RBJ
consists of red pigment and complexes of other juice com-
ponents with molecular weight up to 20 000 Da. During
RBJ fractionation total phenolic compound concentration in
the final product practically did not decrease (Table 1).

BM MMCC isolation and identification of the obtained

cells. Cultures of rat BM MMSCs that express CD 90
(95.53 ± 0.15%) with lack of expression of CD45 (0.15 ±
0.01%) and potential to differentiate in a mesenchymal cell
lineage were isolated.

Impact of RBJ on rat BM MSCs differentiation in vitro.

Fractionated RBJ suppressed adipogenic differentiation in
both concentrations (0.1 and 0.3%) by 60–71% (P < 0.05),
while native RBJ at a lower concentration (0.1%) stimu-
lated, but at the highest (0.3%) did not suppress adipogenic
differentiation significantly (Fig. 1A).

In lower concentration both native and fractionated RBJ did
not affect osteogenic differentiation, but at 0.3% concentra-
tion fractionated RBJ in combination with osteogenic me-
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T a b l e 1

CHARACTERISTICS OF NATIVE RED BEET JUICE (RBJ) AND
FRACTIONATED RBJ

Parameter Native RBJ Fractionated
RBJ

Density, g/ml 1.07 1.04

Total sugars, g/100 ml 6.4 6.5

Reducing sugars, g/100 ml 0.34 0.37

Pigments – Betalains, mg/100 ml 103.0 92.0

Betacyanins, mg/100 ml 59.0 54.0

Betaxanthins, mg/100 ml 44.0 38.0

Total phenols (as Gallic acid equivalent),
mg GAE/ 100 ml

121.4 118.2

Iron, mkg/ml 2.0 1.8

Betaine, mg/100 ml 296 245



dium increased activity of alkaline phosphatase by 124%,
while native RBJ had no significant effect (Fig. 1B).

Experimental polytrauma in rats. Temperature rise after
surgery was observed in all experimental groups (average
+0.3 °C) and occurred approximately four days after sur-
gery (Fig. 2).

Pyrogenic reaction after BM MSC injection was docu-
mented in groups 3 and 5 with normalisation at day 10 (Fig.
2). It was supposed that the increase in body temperature in
these groups was caused specifically by injection of BM
MSCs, as leukocytosis (Fig. 3) was observed in all operated
rat groups.

Erythropoiesis (Fig. 4A) in the rat group with untreated
polytrauma was slower than in groups that received treat-
ment with BM MMSC transplantation or fractionated RBJ
(P < 0.05), which is shown also by changes of blood plate-

lets count (Fig. 4B). There were no statistical differences
between the groups 3, 4 and 5, but rats that received BM
MMSC transplantation in combination with fractionated
RBJ showed a tendency of faster recovery after blood loss
(Fig. 4A, 4B).

Polytrauma (2nd group) caused a drop of oxygen partial
pressure (pO2) in blood, which lasted till day 10 (Table 2).
Carbon dioxide partial pressure (pCO2) in blood also had
dropped because of hyperventilation. The pO2 decrease at
day 10 for group 5 was the lowest among other polytrauma
groups (P < 0.05). Acid-base-balance analysis showed that
rats with polytrauma developed compensated metabolic and
respiratory alkalosis and hyperventilation.

Glucose level in blood increased in the untreated poly-
trauma group while the lactate level was lower than in other
polytrauma groups. In the group 3 glucose level decreased
and lactate level increased (Table 2). In group 4 an increase
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Fig. 1. A, Effect of native and fractionated RBJ on rat BM MMSCs adipogenic differentiation. B, Influence of native and fractionated RBJ on alkaline
phosphatase activity in rat BM MMSCs. The error bars represent standard error of the mean (n = 7). ADM, adipogenic differentiation medium; ODM –
osteogenic differentiation medium; RBJ, red beet juice. * P < 0.05. C, BM MMSCs at day 21 after beginning of differentiation. Lipid droplet (red) accumu-
lation in cells. Stain – Oil red/Methylen blue. Magnification × 200. C1, Adipogenic differentiation medium; C2, ADM + RBJ 0.3%; C3, ADM + fractionated
RBJ 0.3%. D, BM MMSCs day 21 after beginning of differentiation. Cell aggregate mineralisation (red). Stain-Alizarin red. Magnification x100. D1,

Osteogenic differentiation medium D2, ODM + RBJ 0.3%. D3, ODM + fractionated RBJ 0.3%.

A B



of glucose level was observed while the lactate level de-
creased. In group 5 glucose level was almost the same as in
group 3, but lactate level was highest between all groups
(Table 2).

The level of creatinine was lower (0.054 ± 0.005 mmol/l) in
group 1 compared to 0.061 ± 0.006 mmol/l in group 2 (P <
0.05). There were no significant differences between groups
with polytrauma (groups 2, 3, 4 and 5)

Morphological changes in lungs and kidneys of rats with

experimental polytrauma. No changes in lungs were ob-
served for the group 1. In groups 2 and 3 venous plethora
and stasis as well as formation of thrombus were observed.
In group 3 areas with pneumonial type changes, perhaps
with BM MMSC infiltration were seen. In group 4 pulmo-
nary venous plethory was significantly lower than in group
2, formation of new thrombi was not seen. In group 5 pul-
monary distelectasis expanded in comparison, while in
group 2 pneumonitis-like changes disappeared.

Animals from the control group (1) had normal kidney
structure. In group 2 venous plethora and stasis as well as
dystrophy and necrosis of renal epithelium (sights of ne-
crotic nephropathy) was seen. In group 3 venous plethora
and formation of thrombus occurred, but dystrophic
changes were less than in group 2. In group 4 renal plethora,
stasis, and new thrombi occasionally occurred, along with
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Fig. 2. Temperature dynamics in rats with poly-
trauma. The error bars represent standard error of the
mean (n = 8). - Transplantation of BM MMSCs.

Fig. 3. White blood cell (WBC) values in rat groups
without and after experimental polytrauma. The er-
ror bars represent standard error of the mean (n = 8).

- Transplantation of BM MMSCs.

Fig. 4. A, Red blood cell (RBC) values in rat groups without and after ex-
perimental polytrauma. The error bars represent standard error of the
mean (n = 8). B, Platelets (PLT) values in rat groups without and after ex-
perimental polytrauma. The error bars represent standard error of the
mean (n = 8). - Transplantation of BM MMSCs.



signs of necrotic nephropathy. In group 5 venous plethory
decreased, became inhomogeneous, new thrombi were not
identified and distrofic changes disappeared.

Morphological changes in bones. Rats from control group
had bone tissue with normal morphologic characteristics.

In the polytrauma group without any treatment active en-
dostal osteoplasy was seen but newly formed bone trabecu-
lae were immature with non-ossificated cartilage incorpora-
tion.

In the polytrauma group that received BM MMSC trans-
plantation, consolidation in bone fracture sites was without
fibrous cartilage binding. Osteoblast activity remained, but
the maturity level of bone trabeculae was higher than in
group 2. High haematopoietic activity with blast forms and
megakaryocytes was seen as well.

In the polytrauma group that received fractionated RBJ per
os, the consolidation level and maturity of trabeculae was
the same as in group 3. There was also intensified vasculari-
sation in bone marrow above and under new formation of
bone tissue.

In the polytrauma group treated with BM MMSC transplan-
tation and fractionated RBJ, high fracture consolidation and
level of trabeculae maturity were observed with prevalence
of subperiostal bone tissue reparation. There was intensified
vascularisation in bone marrow, high hematopoietic activity
with blast forms and megakaryocytes.

DISCUSSION

Chemical analysis of native and fractionated RBJ showed
only slight differences in most of the measured parameters.
There were no significant differences in pigment (betacya-
nin and betaxanthin), total phenol and betaine concentra-
tion. This indicated that during fractionation, RBJ retained
compounds responsible for the main biological effects of

native beetroot juice. At the same time, fractionated RBJ
showed new biological properties.

The differences between native and fractionated RBJ effects
may be explained by two mechanisms. During the RBJ frac-
tionation some unidentified active compounds were concen-
trated in the filtrate or during the RBJ fractionation some
molecules (with mass more than 20 KDa) with inhibiting
impact on the studied processes had been removed from the
RBJ. Both hypotheses are supported by experiments on the
antimicrobial activity of fractionated on the basis of molec-
ular mass plant extracts and juices — red chicory, mush-
room, raspberry, green and black tea, and cranberry juice, in
which low molecular mass fractions were found to be sig-
nificantly more active than those of high mass (Daglia et

al., 2011).

The low molecule fraction of RBJ not only stimulated BM
MMSC osteogenic differentiation, but also suppressed adi-
pogenic differentiation in vitro (Fig.1A). These results sup-
port those of our study of fractionated RBJ efficacy in obese
rats, in which it was observed that it reduced visceral fat
mass and improved blood lipid spectra (Babarykin et al.,
2011).

In our in vitro studies on BM MMSCs, native and fraction-
ated RBJ did not induce osteogenic differentiation when
added to standard cell cultivation medium. In comparison, a
phenolic compound called resveratrol isolated from grapes
did not affect the first link in beta-catehine dependent Wnt
signaling cascade (Zhou et al., 2009). Likewise fractionated
RBJ promoted osteogenic differentiation only in combina-
tion with the osteogenesis inducing medium that ensured
initiation of the process.

Polytrauma is characterised by multiple traumatic injuries
and systemic impact: haemorrhagic shock, sepsis, inflam-
mation, and changes in homeostasis. Organism response on
polytrauma varies. In our study the main changes influenced
by the polytrauma were temperature, blood cell count and
creatinine level.

T a b l e 2

ACID/BASE BALANCE AND GAS PARAMETER DYNAMICS (DAYS 3 AND 10 AFTER SURGERY) IN RATS WITH POLYTRAUMA (mean ± SD)

Group Day Parameters

pH pCO2, mmHg pO2, mmHg Glucose, mmol/l Lactate, mmol/l

1. 3 7.30 ± 0.05 55.87 ± 10.19 60.86 ± 10.03 4.40 ±0.85 6.25 ± 0.64

10 7.40 ± 0.07 56.34 ± 3.19 59.54 ± 9.38 3.70 ± 1.63 3.69 ± 0.57

2. 3 7.28 ± 0.03 58.63 ± 8.34 38.40 + 4.92 4.78 + 0.63 6.78 ± 0.63

10 7.35 ± 0.01 47.70 ± 3.56 39.45 ± 2.62 5.6 ± 0.11 3.83 ± 0.59

3. 3 7.31 ± 0.02 59.98 ± 7.45 41.33 ± 3.92 4.20 ± 0.72 6.88 ± 0.63

10 7.32 ± 0.05 49.40 ± 7.68 38.27 ± 6.96 3.70 ± 0.83 4.95 ± 0.86

4. 3 7.30 ± 0.04 57.91 ± 6.12 40.22 ± 3.18 4.62 ± 0.50 6.77 ± 0.52

10 7.33 ± 0.03 46.98 ± 4.00 37.60 ± 2.40 5.22 ± 0.61 3.98 ± 0.44

5. 3 7.31 ± 0.06 58.30 ± 6.41 42.11 ± 3.20 4.43 ± 0.76 6.80 ± 0.33

10 7.40 ± 0.06 52.40 ± 3.20 50.07 ± 4.12 3.85 ± 0.84 5.88 ± 0.57*

* P < 0.05 vs groups 4 and 2.
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Pyrogenic reaction after BM MMSCs injection was docu-
mented in groups 3 and 5 with normalisation at day 10 (Fig.
2). As leukocytosis (Fig. 3) was observed in all operated rat
groups, we consider that this reaction was caused by injec-
tion of BM MMSCs. Thermal shock stimulates osteogenesis
of BM MMSCs (N¸rgaard et al., 2006), and thus arise of
temperature could be one of the factors that stimulated bone
reparation in these groups.

Blood withdrawal during operation caused anemia (Fig. 4).
Treatment with either transplantation of BM MMSC or
fractionated RBJ administration per os led to better animal
recovery than without treatment, but transplantation of cells
together with fractionated RBJ induced the most rapid adap-
tion after haemorrhagic shock.

Polytrauma caused hyperglycemia (group 2, Table 1) and
low level of lactate in the blood. The reason for a low lac-
tate may be physical inactivity of the rats. In group 3 with
BM MMSCs administration blood glucose concentrations
slightly decreased and lactate levels increased, suggesting
that the cell injection led to animal physical activity (Table
1). In group 4, there was a rise in blood glucose levels,
which could be due to high sugar content of RBJ and also
fractionated RBJ as well. Lactate levels, similar to group 2,
were low in group 4. In group 5, blood glucose level was
similar to group 3, however, the lactate levels increased
more than in any other group (Table 1).

Polytrauma in combination with haemorrhagic shock causes
apoptosis in liver, lungs and intestine in early stages (Guan
et al., 2002). In our study polytrauma induced pulmonary
and renal plethory with stasis, and dystrophic changes in the
renal epithelium. Morphological changes in kidney corre-
sponded with changes of the creatinine level in blood. Renal
insufficiency emerges from polytrauma, and concentration
of creatinine was higher (0.061 ± 0.006 mmol/l) in group 2
compared to 0.054 ± 0.005 mmol/l in group 1 to (P < 0.05).
There were no significant differences between groups with
polytrauma (groups 2, 3, 4 and 5).

BM MMSC injection weakened dystrophic changes in kid-
neys, but pneumonitis signs in lungs appeared. After frac-

tionated RBJ intake thrombi disappeared, except in kidneys.
In group 5 animals that received BM MMSCs transplanta-
tion and fractionated RBJ, the morphological scene im-
proved in all organs. Lungs are first filter of systemically in-
fused MMSCs. Experiments with mice have shown that
injection of allogeneic BM MMSCs causes lung dysfunc-
tion and disturbance in blood circulation. Size of MMSCs is
bigger than the diameter of lung capillaries. Injection of
vasodilatating agent sodium nitroprusside in mice before
cell infusion promotes ability of cells to leave lung tissue
and decrease symptoms of lung embolism (Schrepfer et al.,
2007). Combination of BM MMSCs and fractionated RBJ
induces better therapeutic effect on polytrauma healing and
reduces side effects of BM MMSCs. It is supposed that
fractionated RBJ-induced vasodilatation might enhance the
homing effect of BM MMSCs (Gao et al., 2001). The two
main compounds of RBJ (phenolic compounds and nitrates)
are responsible for vasodilatation.

In bone marrow of rats from groups 3 and 5 high hemato-
poietic activity was found. This might be explained by
transplantation of BM MMSCs: one of their functions in

vivo is to support hematopoiesis. Maturity of bone trabecu-
lae in groups 3 and 4 was similar. The conducted in vitro

studies indicated that fractionated RBJ has direct impact on
BM MMSC activity in animal bone marrow. In group 5,
high trabeculae maturity and bone consolidation level as
well as elevated hematopoietic activity were observed,
showing that fractionated RBJ administration can be used in
combination with BM MMSC transplantation in order to
improve cell therapy efficacy.

In conclusion, fractionated RBJ in combination with osteo-
genic medium enhances osteogenesis and when added to
adipogenic medium suppresses adipogenic differentiation of
rat BM MMSCs in vitro. BM MMSCs and fractionated RBJ
show approximately equal efficacy for bone reparation and
bone trabeculae maturity level. Transplantation of alloge-
neic BM MMSCs in rats with experimental polytrauma
stimulates bone fracture reparation, but causes plethora in
viscera and dystrophic changes in lungs. Combination of
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Fig. 5. Morphological changes of bone in rats with polytrauma. Stain – hemotoxylin/eosin. A, Control (1st group). Magnification × 100. Bone tissue with
normal morphologic characteristics. B, Polytrauma (2nd group). Magnification × 400. Active endostal osteoplasy. Immature bone trabeculae with
non-ossificated cartilage incorporations. C, Polytrauma + BM MMSCs (3rd group) Magnification ×100. Consolidation in bone fracture sites without fibrous
cartilage binding. Osteoblast activity remains, but maturity level of bone trabeculae higher than in group 2. High hematopoietic activity with blast forms and
megakaryocytes. D, Polytrauma + fractionated RBJ (4th group). Magnification × 400. Consolidation level and maturity of trabeculae same as in group 3. In-
tensified vascularisation in bone marrow above and under new formation of bone tissue. E, Polytrauma + BM MMSC + fractionated RBJ (5th group). Mag-
nification × 200. High fracture consolidation and trabeculae maturity level. Prevalence of subperiostal bone tissue reparation. Intensified vascularisation in
bone marrow, high hematopoietic activity with blast forms and megakaryocytes.



BM MMSCs and fractionated RBJ resulted in better bone
reparation and significant hematopoiesis stimulation.
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ALOGÇNO KAULU SMADZEÒU MULTIPOTENTO MEZENHIMÂLO STROMÂLO ÐÛNU IZMANTOÐANA POLITRAUMAS
TERAPIJÂ: PÇC MOLEKULMASAS FRAKCIONÇTA SARKANO BIEÐU SULA MAZINA TRANSPLANTÇTO ÐÛNU IZRAISÎTÂS
BLAKUSPARÂDÎBAS

Diagnoze politrauma ietver ne tikai mehâniskas iedarbîbas uz íermeòa daïâm, bet arî ar nopietnas sistçmiskas izmaiòas, ieskaitot iðçmiju,
hipoksiju, infekciju. Tâdçï ârstçðanai jâbût kompleksai. Ðûnu terapija spçtu ne tikai veicinât bojâto audu reìenerâciju, bet arî modulçt
sistçmiskâs izmaiòas organismâ. Pieredze râda, ka ðûnu tehnoloìiju efektivitâte pieaug, ja tiek izmantoti farmakoloìiski lîdzekïi
transplantçto ðûnu funkciju regulâcijai in vivo. Tie ne tikai palîdz novçrst transplantçto ðûnu izraisîtâs blaknes, bet arî uzlabo terapijas
efektivitâti. Pçtîjuma mçríis bija novçrtçt kaulu smadzeòu multipotento mezenhimâlo stromâlo ðûnu (KS MMSÐ) i/v transplantâcijas un ar
ultrafiltrâciju no sarkano bieðu (Beta vulgaris) sulas (SBS) izdalîta produkta perorâlas ievadîðanas vai abu kombinçtas terapijas efektivitâti
politraumas ârstçðanâ. Wistar-Kyoto lînijas þurku tçviòi (n = 35) tika randomizçti sadalîti piecâs grupâs: 1) kontrole (veseli); 2) politrauma;
3) politrauma + KS MMSÐ transplantâcija; 4) politrauma + frakcionçta sarkano bieðu sula; 5. politrauma + KS MMSÐ + frakcionçta SBS.
Tika izmantots eksperimentâls politraumas modelis ar trîs kaulu lûzumiem kombinâcijâ ar hemorâìisko ðoku. Trîsdesmit dienu laikâ
alogçno KS MMSÐ transplantâcija þurkâm ar eksperimentâlo politraumu veicinâja âtrâku fiziskâs aktivitâtes atgûðanu, kâ arî kaulu lûzumu
reparâciju. Tajâ paðâ laikâ ðûnu pârstâdîðana izraisîja iekðçjo orgânu pilnasinîbu un veicinâja distrofiskas izmaiòas plauðâs. Kombinçjot
ðûnu i/v infûziju ar frakcionçtas SBS perorâlu ievadîðanu (1 ml/dienâ), tika nodroðinâts labâkais dzîvnieku rehabilitâcijas efekts ar
minimâlâm blaknçm.
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