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MORPHOMETRIC INDICATORS OF BONE TISSUE OF RATS
WHEN USING MESENCHYMAL STEM CELLS FROM WARTON'S
JELLY AGAINST THE BACKGROUND OF A FRACTURE

Abstract. Bone fractures are a serious challenge for the modern health care
system and its institutions. Injuries often to persons of working age with subsequent
long-term health disorders, long-term recovery, and the need for rehabilitation make
this type of injury a heavy financial burden for both patients and the state, taking
into account the long-term consequences. There is a separate problem regarding the
significantly greater severity of the course of fractures and the number of their
complications in the elderly, which is especially relevant in the conditions of the
"aging Western World". In this regard, there is a need to find new methods of
acceleration, improvement of the quality of treatment of especially complicated
fractures. Mesenchymal stem cells are the most promising means for the treatment
of various pathologies that are currently being actively researched in the world. The
aim of the study was to study the morphometric parameters of bone tissue in rats
when mesenchymal stem cells from Warton's jelly were used against the background
of a fracture. For this, a study was performed on 64 rats that underwent a tibial
fracture, 32 of which (the control group) were not subject to treatment, and the other
32 (the experimental group) were injected with mesenchymal stem cells from
Wharton's crucibles into the fracture site. Subsequently, histological material for
morphometric research was collected on the 7th, 14th, 21st and 28th days of the
study. The analysis of the obtained indicators showed that in almost all cases,
regardless of the period of study or the studied parameter, the values of the thickness
of bone trabeculae, the number of contacts of trabeculae with the cortex, the average
number of osteocytes on bone trabeculae, the number of empty osteocytic lacunae,
the number of functionally active osteoblasts were significantly higher (p<0,01-0,05) in
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the experimental group. A significantly higher (p<0.01) value of the indicator of the
number of functionally active fibroblasts was found in the control group on day 21.
In this way, the positive effect of mesenchymal stem cells on the treatment of
fractures when administered locally to the fracture zone at all investigated
observation periods was proven. For the first time, data on a reduced number of
functionally active fibroblasts were revealed when using stem therapy on the 21st
day of the experiment.

Keywords: bone trabeculae, Wharton's cells, osteocytes, morphometry, stem
cells, bone fracture, rats.
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MOP®OMETPHUYHI IOKA3ZHUKH KICTKOBOI TKAHUHHA
HIYPIB IIPU 3BACTOCYBAHHI ME3EHXIMAJIBHUX
CTOBBYPOBHUX KJIITHUH 3 BAPTOHOBHX J/IPAI'JIIB HA ®OHI
IHEPEJIOMY

AmnoTanis. [IeperoMu KiCTOK € cepiO3HIM BUKIHKOM TSI CYy9acHOI CHCTEMHU
OXOpPOHH 3JIOPOB’SA Ta il YCTAaHOB. YpaXK€HHS YacTO OCi0 Ipale3aTHOTO BIKY 3
MOJABIINM TPUBAIUM PO3IIaJIOM 3J0pPOB’s, TPUBAIUM XapaKTE€POM BiTHOBIICHHS,
oTpeOor0 B peaduTiTaIii poOUTH JaHWUI BHJ TpaBMH Ie i TSHKKUM (DIHAHCOBHM
HAaBAaHTAKEHHAM SIK JUUIS MAIIE€HTIB TaK 1 JUIS IepKaBH, BPaXOBYIOUH JJOBFOCTPOKOBI1
Hacaiakd. OKpeMo CTOITh MpoOieMa MO0 3HAYHO OUTBIIOI TSDKKOCTI Iepediry
IepeIOMIB Ta KUIBKOCTI iX YCKIQJHEHb y OCI0 MOXHWIIOr0 BIKY, IO OCOOJIHBO
aKTyaJIbHO B YMOBaX «cTapiHHA 3axigHoro CBITy». Y 3B 3Ky 3 ITUM ICHYE ITOTpeda
y MONIYKY HOBUX METOJIB MIPUCKOPEHHS, MMOKPAIIEHHS SKOCTI JIIKYBaHHS OCOOJIHNBO
YCKJIaJHEeHNX mepenomiB. HalOUThII MEepCeKTHBHUMH 3aco0aMH JUIS JTIKyBaHHSA
pi3HOTO pOAY IIATOJOTIH, IO Hapa3l akKTHBHO JOCIIDKYIOTECS Y CBITI €
ME3€HXIMaJbHI CTOBOYpPOBI KIITHHH. MeTO JOCIKEHHS OyJI0 BHBYHTH
MOphOMETpHYHI TOKA3HHKH KICTKOBOI TKAaHHHH IIypiB TIPH 3acTOCYBaHHI
ME3€HXIMaJIbHHX CTOBOYPOBHX KIITHH 3 BAPTOHOBHX JpPariiB Ha ()OHI IIEpeIOMY.
JList iboro OyJ10 BHKOHAHO JOCIIKEHHS Ha 64 NIypax, SIKUM BHKOHYBAIIH [IEPEIOM
BEIIMKOTOMUJIKOBOI KICTKH, 32 3 AKHUX (Tpyna KOHTPOJIIO) HE M LIATaIH JIKYBaHHIO,
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a 1HmuM 32 (eKCIepHMEHTalIbHA) BBOAIUIN B JUISHKY IEPEIOMY ME3eHXIMalIbHI
CTOBOYpOB1 KIITHHH 3 BapToHOBHX apariiB. B momampmomy TiCTOJOTIUHHIT
Matepiai Iy MOp(pOMETPUIHOTO JOCTIKEHHS Bigoupann Ha 7, 14, 21 ta 28 100y
JTOCIIKeHHS. AHali3 OTPUMAaHHX MOKAa3HHUKIB IOKa3aB, IO B MPAaKTHYHO YCIX
BHIIQJIKAX, HE3AIEXKHO BiJ] TEPMIHY JOCIKCHHS YU JTOCTIIKYBAHOTO MapaMeTpy
noctoBipHo (p<0,01-0,05) Oimpmni 3HAYCHHS TOBIIMHU KICTKOBHX TpaOeKyll,
KUTBKICTI KOHTaKTIB TpaOEKyl 3 KOPTEKCOM, CepeIHBOI KIIBKOCTI OCTEOITUTIB Ha
KICTKOBHX TpadeKylIaX, KUIBKOCTI IMOPOXKHIX OCTEOIMUTAPHHX JAKyH, KIUIBKOCTI
(GYHKIIIOHAIBHO AaKTHBHHX OCTEO0IACTIB OylIH B EKCIIEPHMEHTAIBHIH TPYIIi.
JlocToBipHo Outhmie (p<0,01) 3HAYECHHS MOKa3HHKA KIIBKOCTI (PYHKITIOHAIHLHO
aKTHBHHUX (10po0IacTiB B KOHTPOJBHII I'pymi BHABICHO Ha 21 100y. Takum dynHOM
JTIOBEJIEHO MO3UTHBHUMN BIUTHB ME3€HXIMaJIbHUX CTOBOYPOBUX KIIITHH HA JIIKYBaHHS
IepeIOMIB MPH MICIIEBOMY BBEJCHHI B 30HY IEPEIOMY Ha BCIX JOCIIDKYBaHHUX
mepiofax CIOCTEpEeXKeHHA. Brepiiie BUSBICHO JaHI IOJO 3HIDKEHOI KUTBKOCTI
(YHKITIOHAIHFHO aKTHBHUX (h10p00IaCTIB IMPH 3aCTOCYBaHHI CTOBOYpPOBOI Tepalrii Ha
21 100y eKCIIepUMEHTY.

KarudoBi ciaoBa: KICTKOBI TpaOeKyiaH, BapTOHOBI Aparili, OCTEOITHTH,
MopdomeTpisi, CTOBOYpOBI KIIITHHH, IIEPETIOM KICTOK, IIIYPH.

Statement of the problem. Among the various traumatic events that a person
encounters in the course of his routine activities, one of the most serious types of
traumatic process is a bone fracture. The number and localization of bone fractures
is specific and differs from age, gender, country, profession and other factors. In a
study of a population of 87 million people in the United States, almost 600,000 cases
of bone fractures of the upper extremity alone were found. Fractures of the distal
part of the radius and ulna were the most common, and the clavicle fractures were
the rarest. The study also found that fractures of the phalanx and carpal bone
depended on socioeconomic status (the number decreased with increasing status) [1].

In the EU, the number of osteoporosis-related fractures is estimated at
2.7 million in 2017, with the risk of increasing to 3.3 million in 2030. In turn, this
will lead to an increase in health care spending on this from 37.5 billion euros in
2017 to 27% 1n 2030. The loss of quality-adjusted life years is estimated as of 2017
at 1.0 million years [2]. The assessment of the economic effect of fractures on the
background of osteoporosis in general is actively studied by researchers in order to
forecast the burden on the economy. Thus, in China, it is estimated that the number
and cost of this kind of fractures will increase by 2 times by 2035 and thus amount
to almost 6 million fractures with a cost of more than 25 billion US dollars [3].

All this caused a rapid development of scientific directions aimed at
improving or creating new methods of treatment of fractures. One of such methods
that has already found its practical application is cell therapy using mesenchymal
stem cells. These cells are capable of self-reproduction and differentiation into
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different types of cell lines — adipocytes, chondrocytes, osteocytes, smooth muscle
cells, fibroblasts, hematopoietic cells [4]. Among the various sources of the body
that can provide them, Wharton dragles are considered the most promising at the
moment. Cells obtained from this source in the umbilical cord have such necessary
characteristics as an easy method of isolation, the absence of traumatic consequences
for the donor, and a significant differentiation potential for all cell lines [5].

Considering the ability of mesenchymal stem cells to proliferate into
osteocytes, and considering the posed problem in the treatment of fractures, there is
a need to conduct experimental and clinical studies in order to verify the
effectiveness of the use of mesenchymal stem cells, the source of which 1s Wharton
jelly for the treatment of fractures of the lower extremities.

Connection of the publication with planned scientific research works. The
article is a fragment of a research topic of the Department of Traumatology and
Orthopedics of the National Pirogov Memorial Medical University, Vinnytsya
"Improvement of methods of diagnosis, treatment and rehabilitation of patients with
injuries and diseases of the musculoskeletal system" state registration number
0123U102765.

The purpose of the article — to investigate the morphometric parameters of
bone tissue in rats when using mesenchymal stem cells from Warton's gills against
the background of a tibial fracture in rats.

Research objects and methods. To achieve the goal, we conducted a study
on 64 Wistar rats kept under standard conditions with free access to food and water
in the vivarium of the National Pirogov Memorial Medical University, Vinnytsya.
All studied rats were simulated tibial fracture by osteotomy using intramedullary
osteometallosynthesis. Rats were divided into two equal groups of 32 individuals
each. The first group consisted of rats without treatment - the control group. The
second group, experimental, in which the suspension of mesenchymal stem cells of
Wharton's umbilical cord cells was injected into the fracture area of rats using a
syringe.

Mesenchymal stem cells were obtained from Wharton cells of the umbilical
cord from healthy donors, 39-40 weeks of gestation, delivery without pathology. All
procedures took place after obtaining informed written consent, in maternity hospital
No. 5 of Kyiv. Cells were isolated by the explantation method [6]. Starting with
passage 1, mesenchymal stem cells from Wharton's agar were transplanted to the
second passage, which was subsequently used for administration to animals. A set
of surface markers was used to confirm that cells belong to mesenchymal stem cells [7].

Tissue samples from the fracture site were taken for histological examination
on the 7th, 14th, 21st and 28th days of the experiment. Material for histological
examination, namely bone fragments of tibiae, was fixed with 10% neutral formalin,
after which decalcification of bone tissue was carried out using TRILON B,
dehydrated in concentrated alcohols and immersed in paraffin. Sections obtained on
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a sled microtome were stained with hematoxylin and eosin, placed on glass slides.
Microscopy of histological preparations was carried out with the help of a light
microscope OLIMPUS BX 41 (MoH of Ukraine State Registration Certificate
No. 8120/2008, code 9011800000) using magnifications of 40, 100, 200, and 400 times.
Image visualization and morphometry were performed using the morphometric
program Quickphoto micro 2.3 (license agreement No. 925113924), which allows
for 2737 pixels. When conducting a morphometric study, we took into account such
indicators as: thickness of bone trabeculae, the number of contacts of trabeculae with
the cortex, average number of osteocytes on bone trabeculae, number of empty
osteocytic lacunae, number of functionally active osteoblasts

Statistical processing of the obtained data was carried out in the license
package "Statistica 6.0".

All experiments on animals were carried out in compliance with the ethical
principles of the European Convention for the Protection of Vertebrate Animals.

Presentation of the main material.

Research results and their discussion. The data presented in Table 1 indicate
that, compared to the control group, there was a slight increase in the thickness of
bone trabeculae (by 13.2%), an increase in the number of osteocytes on their surface
(by 19.8%) and contacts of bone trabeculae with the cortex (by 47.9 %) relative to
the femur fracture site of intact animals. In the comparison of indicators of
cancellous bone tissue in the tibia, where the fracture was simulated, the increase in
indicators was 17.9%, respectively.

The average number of osteocytes on bone trabeculae in the experimental
group was 21.9% higher. The number of empty osteocytic lacunae is 25.7% higher.
The number of functionally active osteoblasts was 25.3% higher in the experimental
group, which is evidence of more active fracture healing and osteogenesis in the
experimental group on the 7th day compared to the control group.

Table 1.
Indicators of the experimental and control groups on the 7 day (M=o).

Indicator Control Experiment p
;l;lllllu;)kness of bone trabeculae 48.36+1.90 55.7242.62 <0,01

The number of contacts of

trabeculae with the cortex (un.) 2,092+0,108 4,020+0,351 <0,01
Average number of osteocytes

on bone trabeculae (un.) 23,49+2,47 30,10+1,92 <0,01
Number of empty osteocytic

lacunae (un.) 2,646+0,134 3,562+0,492 <0,01
Number of functionally active

osteoblasts (un.) 12,29+2,36 16,46+1,28 <0,01

The data shown in Table 2 indicate that there is a significant increase in the
thickness of bone trabeculae (by 15.6%), an increase in the number of osteocytes on
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their surface (16.5%) and contacts of bone trabeculae with the cortex (by 16.6%)
compared to the tibial bones of intact animals.

The average number of osteocytes on bone trabeculae in the experimental
group was 16.5% higher. The number of empty osteocytic lacunae is 28.7% higher.
The number of functionally active osteoblasts was 31.5% higher in the experimental
group. All these indicators are evidence of even more active fracture healing and
osteogenesis in the experimental group on the 14th day compared to the control

group.

Table 2.

Indicators of the experimental and control groups on the 14 day (M=*o).
Indicator Control Experiment p
(ll“]lrl;skness of bone trabeculae 76.36+4.08 90.486.55 <0,01
The number of contacts of
trabeculae with the cortex (un.) 5,908+1,252 7,084+0,769 <0,12
Average number of osteocytes
on bone trabeculae (un.) 38,48+2,75 46,13+3,97 <0,02
Number of empty osteocytic
lacunae (un.) 4,616+1,227 6,480+0,795 <0,03
Number of functionally active
osteoblasts (un.) 16,58+2,61 24,22+1,73 <0,01

The data in Table 3 indicate that on the 21st day of the experiment there was
a significant increase in the thickness of bone trabeculae (by 15.5%), an increase in
the number of osteocytes on their surface (by 33.9%) and contacts between bone
trabeculae and the cortex (by 17.5%) relative to the femur of intact animals.

The average number of osteocytes on bone trabeculae in the experimental
group was 33.9% higher. The number of empty osteocytic lacunae is 29.7% higher.
The number of functionally active osteoblasts was 33.6% higher in the experimental
group. All these indicators are evidence of even more active fracture healing and
osteogenesis in the experimental group on the 21st day compared to the control
group.

Table 3.
Indicators of the experimental and control groups on the 21 day (M=*oc).

Indicator Control Experiment p

g“nl;c)kness of bone trabeculae 83.5144.03 08.8943.92 <0,01

The number of contacts of

trabeculae with the cortex (un.) 7,732+0,553 9,378+1,470 <0,03
Average number of osteocytes

on bone trabeculae (un.) 45,26+2,99 68,50+3,23 <0,01
Number of empty osteocytic

lacunae (un) 6,536+0,582 9,3001,522 <0,02
Number of functionally active

osteoblasts (un.) 61,60+2,99 46,08+3,85 <0,01
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A significant increase in the thickness of bone trabeculae (by 13.8%), an
increase in the number of osteocytes on their surface (29.1%) and contacts of bone
trabeculae with the cortex (by 24.1%) compared to the femur of intact animals was
found on the 28th day of the study (table 4).

The average number of osteocytes on bone trabeculae in the experimental
group was 29.1% higher. The number of empty osteocytic lacunae is 34.7% higher.
The number of functionally active osteoblasts was 30.1% higher in the experimental
group. All these indicators are evidence of even more active fracture healing and
osteogenesis in the experimental group on the 28th day compared to the control

group.

Table 4.

Indicators of the experimental and control groups on the 28 day (M=oc).
Indicator Control Experiment p
(ll“llglllg):kness of bone trabeculae 06364347 111,946.0 <0,01
The number of contacts of
trabeculae with the cortex (un.) 10,111,46 13,3242,69 <0,05
Average number of osteocytes 55.10+4,09 77.7943.17 <0,01
on bone trabeculae (un.)
Number of ‘empty osteocytic | ¢ 430, 9oy 14,46+1,69 <0,01
lacunae (un.)
Number of functionally active 54744417 78334308 <0,01
osteoblasts (un.)

The use of mesenchymal stem cells, the source of which is the skin and bone
marrow, causes the formation of a larger callus, improves the mechanical properties
of the bone in the fracture area and shows a better radiological picture (narrowing of
the fracture gap) compared to groups of experimental animals that did not undergo
cell therapy [8].

Mesenchymal stem cells have been found to share common signaling
pathways with immune cells that regulate cell migration. Such adhesion molecules
are MCP-1 protein and CD44. The latter is crucial for the activated extravasation of
T cells at sites of inflammation [9]. It is the interaction of inflammatory cells and
mesenchymal stem cells that is key to successful fracture healing. The final
mechanisms of the participation of macrophages in the healing process are still not
known, although it is known for certain that regeneration processes in the bone can
occur without their participation [10].

Another mechanism by which mesenchymal stem cells contribute to active
fracture healing is overexpression of the basic growth factor of fibroblasts.
Experimental studies have shown that in the studied groups of animals with
excessive expression of this factor, collagen is remodeled into a mineralized callus
and thus bone strength increases [11].
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A review of 82 literature sources on the possibilities of using mesenchymal
stem cells for the treatment of non-union fractures showed that a successful
treatment result in these cases can be achieved by introducing not only mesenchymal
stem cells but also bone morphogenetic proteins, VEGF, IGF and TGF-p [12].

An important factor for the successful use of stem cells in the treatment of
fractures 1s the provision of adequate characteristics of biomaterials, such as
topological structure, surface properties, and chemical composition, which ideally
allow bone ingrowth and vascularization due to their osteoconductive properties [13].

Also, an important factor is the presence of concomitant diseases in the body
for which cell therapy is used. Thus, it is a proven fact that the quality and quantity
of the results of the treatment of fractures with stem cells on the background of
diabetes decrease [14].

Conclusions. In the process of analyzing the morphometric parameters of the
bone in the affected area, we found sure signs that the use of injection of
mesenchymal stem cells from Wharton's gills allows to significantly activate the
processes of reparative osteogenesis at all its stages. Of all the studied indicators,
only the value of the number of functionally active osteoblasts was greater on day
21 in the control group compared to the experimental group, which may probably be
a consequence of the exhaustion of osteoblasts in this period of osteogenesis or a
consequence of the release of factors affecting their activation by mesenchymal stem
cells.
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