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Abstract
A chronic inflammatory process is a pathological condition characterized by an ongoing
active inflammatory response and tissue destruction. Many studies show that chronic
inflammation can play a severe role in various age-related diseases, including diabetes,
cardiovascular, and autoimmune diseases. One of the important but poorly studied factors
affecting the regulation of chronic inflammation is regulatory activity of MSCs. In this
regard, the study of mesenchymal stem cells preventing chronic inflammation in the
experiment is an important area of modern pathology.
On the one hand, increased cytokines, such as α-TNF, IL 6, and CRP, are reliable tools in
diagnosis of different inflammatory processes, especially chronic inflammation. On the other
hand,  we need a more straightforward and not so expensive criterion for this purpose, for
instance, a common total blood count and LMR. For the first time, we investigated how
trustworthy can be LMR and how possible to use it in chronic inflammation in rats to
achieve prognostic goals.
This study investigated the correlation between α-TNF, IL-6, and CRP with LMR in rats'
plasma in groups with chronic carrageenan inflammation and chronic inflammation with local
injection of MSCs into the affected area. The study involved 132 adult male rats (180–220 g),
which were divided into groups. The inflammation model was chronic aseptic myositis caused
by an intramuscular injection of 10 mg λ-carrageenan (Sigma-Aldrich GmbH). Our experimental
groups of rats were treated with MSCs (the injection into the inflamed site) in the amount of 1–
2 million cells once. Blood sampling was performed from 6 hours to 28 days. We calculated
our results using Statistica (data analysis software) version 13. For comparison, we used one-
way ANOVA, Turkey's post hoc test, where p <0.05 was considered statistically significant.
 In our experiment, the correlation between levels of α-TNF, IL-6, and CRP with lymphocyte-
monocyte ratio in rats was described for the first time, demonstrating the suppression of
chronic inflammation through MSCs.
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1. Introduction
A chronic inflammatory process is a

pathological condition characterized by an

ongoing active inflammatory response and tissue
destruction. A significant number of immune cells,
including macrophages, neutrophils, and
eosinophils, are involved directly or through the
production of inflammatory cytokines in the
pathogenesis of chronic inflammation [1].

It is well known from the literature that there
is a general concept according to which chronic
inflammation is the leading cause of cancer and
aging processes [2]. Moreover, many studies
show that chronic inflammation can play a role in
various age-related diseases, including diabetes,
cardiovascular, and autoimmune diseases [3]. One
of the important but poorly studied factors
affecting the regulation of chronic inflammation
is the regulatory activity of MSCs.
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 Human MSCs are individual progenitor cells
that can be found in most vascularized body
tissues. These cells have differentiation potential
and are characterized by immunomodulatory and
trophic activity [4].

 At first, this was met with great skepticism,
then the immunomodulatory ability of mesenchymal
stem cells was proven and well reproduced in
experiments [5, 6] and opened up the possibility
of using mesenchymal stem cells for tissue
replacement and regeneration and the treatment
of immune-mediated and inflammatory diseases
[7]. Thus, it was found that the implication of
mesenchymal stem cells in the treatment of
inflammatory diseases could give the most
significant effect [8].

 It is the fact that there are many works
covering regenerative properties of mesenchymal
stem cells [9–17], there are very few studies
dedicated to the pathogenetic effect of mesenchymal
stem cells on the processes of chronic
inflammation [18, 19].

 In recent years, there has been a tendency
towards an increase in type 2 diabetes, obesity
[20], cancer [21, 22], which are a consequence
of chronic inflammation and lead to early mortality
and disability.

 In this regard, the study of mesenchymal stem
cells preventing chronic inflammation in the
experiment is an important area of modern
pathology.

It is well known that increased cytokines,
such as α-TNF, IL 6, and CRP, are reliable tools
in diagnosis of different inflammatory processes,
especially chronic inflammation [23]. (Fig. 1) Still,
on the other hand, we need a more straightforward
and not so expensive criterion for this purpose,
for instance, a common total blood count and LMR

[24]. LMR is an important prognostic marker of
endothelial dysfunction and inflammation. Low
LMR correlates with worsening recovery and is
probably a prognostic criterion for developing
diseases associated with chronic inflammation.

In our study, we investigated how trustworthy
can be LMR, and if it is possible to use it in chronic
inflammation in rats to achieve prognostic goals.

2. Purposes, subjects and methods:
2.1. Purpose
This study investigated the correlation between

α-TNF, IL-6, and CRP with LMR in rats' plasma
in groups with chronic carrageenan inflammation
and chronic inflammation with local injection of
MSCs into the affected area.

2.2. Subjects & Methods
The study involved 132 adult male rats (180–

220g), which were divided into groups. The
inflammation model was chronic aseptic myositis
caused by intramuscular injection of 10mg
λ-carrageenan (Sigma-Aldrich GmbH) into the
right hip [25].

The studies were carried out under the national
"General Ethical Principles for Animal Research"
(Ukraine, 2001) [26] (Strasbourg, 18.03.1986 p.),
the Declaration of Helsinki, (1964–2000), the
charter of the Ukrainian Association for Bioethics
and GLP (1992) and used the minimum acceptable
for statistical processing and obtaining reliable
results, the current number of animals (6 per
group). The animals were sacrificed with
inhalation of high concentrations of carbon dioxide
(CO2), followed by decapitation.

Isolations of MSCs
We isolated MSCs from the rat femur bone

marrow using the standard method [27–30]. The
bone marrow was withdrawn from the femur
epiphyses then washed with Hanks solution
(Biowest, France). The cells were centrifuged to
pellet (1000 rpm, 10 min). Mononuclear cells (Fig. 2)

Fig. 1. Scheme of the relationship between TNF,
monocytes, and macrophages. The positive

feedback of TNF on monocytes for their
functioning and then transforming into

macrophages, which leads to enhancing the
course of chronic inflammation

Fig. 2. MSCs of the femoral bone marrow
of male rats
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were obtained by centrifugation in a Ficoll-
Hypaque gradient (density 1.077 g / ml) (Sigma,
USA) at 400 g for 25 min and washed twice with
Hanks solution (Biowest, France). After that, the
cells were resuspended in physiological saline at
a concentration of 1.0×106 in 1 ml [31, 32]. We
measured the total number of cells with a
cytometer by staining with 0.2% trypan blue
solution (Janssen Chemica, Belgium). The
structure of MSCs was investigated using a phase-
contrast microscope; we studied cell cycles by
flow cytometry. The immunocytochemical method
studied MSCs phenotype.

Primary cultured MSCs were oval, fusiform,
or polygonal, adhered to a plastic surface within
24 hours, and reached 90% confluence within eight
days. After cleaning and breeding, they were
equally long, spindle-shaped, and transmitted every
five days. The adhesion rate was complete within
24 hours. Flow cytometry showed that 80% of
fourth-generation MSC cells were in the G0 phase.
Immunocytochemical analysis showed that MSCs
were positive for CD29, CD105, CD166, VLA-4,
and P-selectin, but negative for CD34 and CD45.

Experiment and blood collection in rats
In the experiment, sixty rats had edema of

the right thigh due to the intramuscular injection
of λ-carrageenan. The other sixty rats were
simultaneously injected not only with carrageenan
but also with a suspension of MSCs. The control
group consisted of six intact rats without
intervention and six rats that were injected with
MSCs without inflammation.

The quantity of MSCs was 2 million cells in
0.4 ml per animal. There were ten terms in the
experiment. For each assignment, we analyzed
six rats with inflammation of carrageenan and
six rats with inflammation plus MSCs. Animals
were sacrificed under anesthesia after 6 hours
on days 1, 2, 3, 5, 7, 10, 14, 21, 28. Blood samples
were obtained by cardiac puncture. The blood
smears were performed immediately (Fig. 3), and

some blood was collected to the sterile tubes
containing an anticoagulant (EDTA) for total blood
count. Empty sterile tubes were used for plasma
preparation. A blood clot appeared in 25–30 min,
then the tubes were placed in a centrifuge and
processed at 3000 rpm for 10 min. Plasma was
obtained and sent to the freezer (-20 °C).

Determination of α-TNF, IL-6, and CRP
Plasma α-TNF, IL-6, and CRP levels were

measured using an enzyme-linked immunosorbent
assay kit (Sigma-Aldrich GmbH) for quantitative
measurement of target markers in biological
fluids. We used ELISA for rat TNF-?, ELISA
for rat IL-6, ELISA for rat CRP (C-reactive
protein).

The lymphocytes monocytes ratio
LMR in rats was calculated in the same way

as in humans [33–40]. We took the absolute
number of lymphocytes and divided them by the
complete number of monocytes. As a result, we
found a positive trend of LMR increasing. On
day 21, LMR was significantly higher in the group
of animals with chronic inflammation and MSCs.

Statistics
All calculations were performed using

Statistica (data analysis software) version 13. For
comparison, we used one-way ANOVA, Turkey's
test, where p <0.05 was considered statistically
significant.

Conflict of interests
The authors of the article declare no conflict

of interest.
3. Results & Discussion
Elevated levels of proinflammatory cytokines

accompany the majority of chronic inflammatory
conditions. There are several therapeutic options
for lowering these levels. These include monoclonal
antibodies and cytokine receptor blockers,
immunosuppressants, and non-steroidal anti-
inflammatory drugs. None of these drugs are
entirely safe or effective. Consequently, there is
still a need to develop new approaches that can

Fig. 3. Peripheral blood smears of rats
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target other pathogenetic mechanisms. MSCs
may be one such approach for decreasing the
production of cytokines.

 The main objective of our study showed that
the introduction of bone marrow MSCs in the area
of chronic inflammation led to a significant
decrease in proinflammatory cytokines, such as
IL-6, TNFα, and CRP, in the plasma of animals
of the inflammatory group plus MSCs (Fig. 5–7).

This decrease was statistically significant. LMR
was significantly higher in animals with chronic
inflammation and MSCs on the 1st day, then

recovers on the 5th day. Since the 7th day, it was
always superior during the next days with a peak
on the 21st day (Fig. 4)

The immunosuppressive activity of MSCs can
explain these results. MSCs can support many
types of immune cells, including B cells, T cells,
dendritic cells (DC), natural killer cells (NK),
neutrophils, and macrophages [41]. Interaction
mechanisms are based on cell-cell contact,

working in conjunction with the secretion of
soluble immune factors to induce MSC-regulated
immunosuppression [42]. These specific modulators

Fig. 4. Lymphocyte-monocyte ratio. The red line is the level of LMR in groups with inflammation
treated with MSCs. Blue line – lymphocyte-monocyte rate in the usual course of inflammation

Fig. 5. The levels of α-TNF (natural course of inflammation and inflammation treated with MSCs)
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include immunomodulatory factors, cytokines,
growth factors, modulate inflammatory responses,
and immune balance profiles. MSCs can also
regulate the inflammatory process and repair
damaged cells and tissues by attaching to the
inflammation area [43]. The integration of MSCs
with inflammatory processes enhances and
suppress the immune response and depends on

the general state of the immune system [44].
Surprisingly, MSCs modulate immunosuppression
only when they are initially stimulated by
inflammatory cytokines such as tumor necrosis
factor (TNF) and interleukin- (IL-) 1 [45]. MSCs
respond to inflammatory cytokines and produce
immunoregulatory secretors that mediate the
process of inflammation [46, 47].

Fig. 6. The levels of IL-6 (natural course of inflammation and inflammation treated with MSCs)

Fig. 7. The levels of CRP (natural course of inflammation and inflammation treated with MSCs)
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It is crucial to admit that, even though we
used allogeneic bone marrow MSCs, there was
a significant decrease in the cytokines in the
plasma of animals in the control group plus MSCs
compared to the control group. Thus, this can be
explained by the immunomodulatory ability of
MSCs [48]. Such a significant decrease in
proinflammatory cytokines may indicate the non-
immunogenic properties of allogeneic MSCs. This
fact may be necessary in cases where it is
impossible to obtain autologous MSCs.

Even though the understanding of the
mechanisms of immunomodulation based on
MSCs remains incomplete, the growing volume
of data prompts further studies of the properties
of MSCs and their practical application. We
believe that our research could help develop
pathogenetic treatments for chronic inflammatory
and autoimmune diseases that do not have side
effects.

Conclusions
Our study shows that MSCs are able to

mitigate severity of the inflammatory response.
MSKs also showed good immunomodulatory
properties. The LMR can be reliably used as an
isolated immunological measurement in chronic
inflammation or along with IL-6, α-TNF, highly
sensitive C-reactive protein. It can be reliable to
use LMR in the course of chronic inflammation
in rats to achieve prognostic goals.

There is an excellent potential for further
research into preventing chronic inflammation
using MSCs, including clinical investigations. We
see a great potential in the future study of stem
cells as immunomodulatory and anti-inflammatory
agents for increasing the quality and longevity of
human life.
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