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The number of patients with degenerative tendon disease affects
millions of people both among athletes and the general popula-
tion, causing significant socio-economic consequences. Despite
the availability of various methods of conservative and surgical
treatment, more than a third of patients experience constant pain.
Objective. To study the indicators of the metabolism of connec-
tive tissue in animals with a model of degenerative damage to
tendons against the background of the introduction of a culture
of fibroblastic cell elements. Methods. Therefore, the development
of methods for restoring the structure of tendons using cell cul-
tures, in particular fibroblasts, will allow to optimize the course
of reparative processes, reduce the risk of complications during
surgical intervention and accelerate healing, and at the molecular
level — to improve the structure of collagen fibers. Laboratory
studies of biochemical markers of a tendon with a degenera-
tive-dystrophic lesion and against the background of the intro-
duction of cell culture can help in the differential diagnosis of its
extracellular matrix. Results. The experimental data obtained by
us indicate the presence of differences in the biochemical mark-
ers of tendons with degenerative-dystrophic lesions in rats 7, 21,
and 45 days after the introduction of culture of fibroblastic cell
elements. However, 45 days after the introduction ofthe culture
of fibroblast cell elements, the normalization of metabolic pro-
cesses in the extracellular matrix of connective tissue occurs,
namely, the activity of collagenase and the concentration of pro-
tein-bound hydroxyproline approaches normal values. This indi-
cates the predominance of the synthetic phase over the catabolic
one in collagen metabolism. Conclusions. In this context, the
introduction of culture of fibroblastic cell elements, as an alter-
native anti-inflammatory method, may provide another potential
opportunity in the treatment of chronic degenerative-dystrophic
lesions of the Achilles tendon.

Kinvkicmo X60pux i3 0eceHepamueHum ypaxceHHAM CYXOHCUIKIE
noCmitiHo 3pocmac AK ceped CHOPMCMEHI8, max i Mixc Hace-
JlenHs 83a2aii, CHPUYUHAIOUY 800HOUAC 3HAYHI COYIAIbHO-EeKO-
HOMIuHT Hacnioku. Heseaswcaiouu na nasaeHicms pisHOMAHIMHUX
Cnocobié KOHCep8amusHo20 ma XipypeiuHoz2o NiKY8aHHs, Oilb-
we mpemuHu nayicHmis 8iouysaromv nocmitHuill 6inb. Mema.
Busuumu noxasnuxu memaobonizmy cnoayyHoi mkanuHu y med-
PUH i3 MOOENNI0 0e2eHepamusHO20 YULKOOCEHHS CYXOICUIKIE
Ha mai 66e0eHHs Kyibmypu QibpoOIacmuux KiimuHHUX eje-
menmis. Memoou. Po3pobka cnocobié 6iOHOGIeHHS CMPYK-
Mypu CYXO0JICUNKIE [3 BUKOPUCAHHAM KIIMUHHUX KYIbMyp,
30Kkpema pibpobracmis, 003601umMb OnmMuMizyeamu nepebic
Dpenapamuenux npoyecis, 3HUSUMU pusuK yckaaoneHs nio vac
XIpypeiuno20 6mpy4anus ma NPUCKOPUMU 3a20€HHA, A HA MO-
JeKYNAPHOMY PIGHI — NOKpAWUMU CMPYKMYPY KONA2EHOBUX
so10koH. Jlabopamophi 0ocniodxcenua OIOXIMIYHUX MapKepis
CYX0JICUNKIB 13 OeceHepamugno-OUCMPOPIUHUM YPAICCHHAM
Ha mai 66e0eHHs KYIbMmypu KAIMuH MOACYMb 00ONOMO2MU 6 Ou-
hepenyianvuii diacHocmuyi 11020 NO3AKIITMUHHO20 MATNPUKCY.
Pesynemamu. Excnepumenmanvhi oani 8Ka3yome Ha HAAGHICIb
Y wypie 6iOMiHHOCMeEl OIOXIMIUHUX MAPKEPI8 CYXOAICUTKIS 13 Oe-
2eHepamueHO-0uCmpogiunum ypasicenusm uepes 7, 21, i 45 0io6
nicis 66e0eHHs Kyibmypu Qiopooiacmuux KiimuHHUX enemeH-
mie. [Ilpome uepes 45 0i6 nicisn 66edenHs 8i06Y8AEMbC HOPMA-
nizayisa MemaboniyHux npoyecie y nO3aAKIIMUHHOMY MAMPUKCI
CHONYYUHOI MKAHUHU, 4 CaMe aKMUBHICMb KOJIA2eHaA3U Ma KOH-
yenmpayis 6INIK0B036 A3aH020 2IOPOKCUNDPONIHY HAONUNCYEMBCA
00 nHopmanvhux eeaudun. Lle ceiouums npo nepesasicanis 6 me-
maoonizmMi KorazeHy cunmemudHoi gazu Had KamaboniuHorw.
Bucnosexu. Beedenns kynomypu @iopodracmuux KIimuHHUX efe-
MeHmie, AK albmepHamueHull NPOMU3aAnNaiIbHUuLl cnocio, mooice
Hadamu we 00HY NOMEHYIUHY MOJNCIUBICMb 015 NIKY8AHHS
XPOHIUHUX 0e2enepamusHO-0UCmpOPIuHUX Ypadicelb axiioe020
cyxoacunka. Knrouosi cnosa. Konacenasa, eiopokcunponin, 2ni-
KO3aMIHO2HIKAHU, PIOPOOIACIU, YPAINCEHHS CYXONCUTKIE.
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Introduction

The development of new high-tech methods
of treating patients with degenerative tendon dam-
age is now very important, since the existing methods
cannot provide full and stable treatment of the com-
plications that accompany their lesions — the biolog-
ical and biomechanical functions of the connective
tissue are not fully restored [1, 2]. Treatment diffi-
culties are explained by the small number of cellular
elements in tendon tissues in general, and especially
in the case of degenerative changes.

New strategies for treating patients are focused on
transplantation or in situ mobilization of mesenchy-
mal precursors or stem cells, which activate repara-
tive processes [3, 4]. The development of techniques
for restoring the structure of tendons using cell cul-
tures, in particular fibroblasts, will allow to optimize
the course of reparative processes, reduce the risk
of complications in case of surgical intervention and
speed up healing, and at the molecular level — to
improve the structure of collagen fibers. From this
point of view, it is important to conduct experimental
studies, in particular biochemical ones [5-7].

In vertebrates, tendons are mostly composed
of closely spaced bundles of parallel type I collagen
fibrils linked by small proteoglycan molecules.
A specific spatial organization ensures their mechan-
ical properties [8]. Degenerated tendons have signifi-
cantly more type III collagen. In addition, collagen
disorganization occurs in them with the separation
of collagen fibers, increased cellularity, neovasculari-
zation, and focal necrosis [9].

Laboratory studies of biochemical markers of ten-
dons with degenerative-dystrophic damage and
the introduction of cell culture can help in the differ-
ential diagnosis of their extracellular matrix. Thus,
determination of collagenase activity in biological
fluids is necessary for evaluating the metabolism
of collagen in them in diseases accompanied by de-
structive processes in the connective tissue. Hydroxy-
proline is a biomarker for major tendon collagens type
[ and III. Its content in the blood reflects the balance
of the rate of collagen catabolism. The ratio of free
and protein-bound fractions of hydroxyproline, re-
spectively, indicates the predominance of collagen
synthesis or breakdown processes [10]. A character-
istic feature of degenerative-dystrophic damage to
tendons is the loss of glycosaminoglycans (GAG) in
the matrix, which leads to excess hydration and split-
ting of the matrix with subsequent dehydration and
rupture of collagen fibers [9, 10].

Purpose: to study the indicators of the metabolism
of connective tissue in animals with a model of de-
generative tendon damage secondary to administra-
tion of a culture of fibroblastic cell elements.

Material and methods

The study was performed on 47 sexually mature
male rats, weighing (300 + 12) g. All procedures on
animals were carried out in accordance with the re-
quirements of bioethics and the principles of the Eu-
ropean Convention on the Protection of Vertebrate
Animals Used for Experimental and Other Scientific
Purposes [11]. The materials of the study were consid-
ered at the meeting of the Bioethics Committee at the
Institute of Traumatology and Orthopedics of the Na-
tional Academy of Sciences of Ukraine (Protocol No.
5 dated 07.12.2023).

All the animals underwent a modeling of a de-
generative-dystrophic lesion of the Achilles tendon
according to the developed method [12]. 7 days after
receiving this injury, 0.1 ml of a culture of fibroblas-
tic cell elements taken from the autologous dermis
(concentration — 0.25 x 106 cells in 1 ml) was once
injected into the thickness of the Achilles tendon
of rats, 0.25 cm proximal to the heel hills. The indica-
tors of 10 intact animals were considered the physio-
logical norm. The control group of rats was injected
with sodium chloride.

Cell cultures of fibroblasts of autologous skin were
used, developed according to the methods of the De-
partment of Cryobiology of Reproductive Systems
of the State Establishment Institute of Problems
of Cryobiology and Cryomedicine of the National
Academy of Sciences of Ukraine (Kharkiv) [13]. Rats
were removed from the experiment by decapitation
on days 7, 21, and 45.

The following indicators were determined in
the blood serum of these animals: collagenase activ-
ity, hydroxyproline fractions, and glycosaminogly-
cans. Collagenase activity was determined accord-
ing to Lindy [14]. Fractions of hydroxyproline were
isolated according to Frey [15]. Hydroxyproline (HP)
in the fractions was determined according to Stege-
mann [16]. The total content of glycosaminoglycans
was determined according to the method of Klyatskin
and Lifshits [17].

Statistical processing of the obtained results was
carried out using the Origin Pro 8.5 software pack-
age. The average values of the obtained indicators (x)
with standard deviations (SD) were studied. Student's
t-test was used to assess the significance of the dif-
ference, in the presence of a normal distribution
of the research results.
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Results and their discussion

Data obtained during the study of blood serum in
animals with a model of degenerative tendon dam-
age, which were injected with fibroblast culture, indi-
cated that the activity of the collagenase enzyme on
the 7" day of observation was (5.40 + 0.12) umol/Il'h
and exceeded the norm by more than 1.9 times,
reaching 193 %. Along with the high activity of this
enzyme, the content of the free fraction of hydroxy-
proline also increased, indicating a high catabolic
activity of the metabolism of collagen, the main pro-
tein of connective tissue. The concentration of pro-
tein-bound hydroxyproline exceeds the physiological
norm by 1.6 times and is (14.80 £ 0.50) umol/l h (nor-
mal (9.14 + 0.16) umol/l h). The GAG content fell to
normal values — 21 %.

The values on the 7" day after the administration
of the culture of fibroblasts indicate the activation
of metabolic processes in the connective tissue, which
can be explained by the initial transient inflamma-
tory reaction to the introduction of platelets. An in
vitro study by Hudgens [18] demonstrated that one
of the early reactions to the use of fibroblasts in rats is
periodic flares of inflammation. They observed acti-
vation of pro-inflammatory tumor necrosis factor-al-
pha and NFkB pathways after exposure to fibroblasts,

as well as gene expression related to cell proliferation
and tendon collagen remodeling.

The results of blood serum research on
the 21% day of observation show that the activ-
ity of collagenase decreases compared to the data
on the 7" day from 195 to 132 %, and in absolute
terms to (3.70 &+ 0.12) umol/I'h. At the same time, it
should be noted that these indicators are still higher
than the physiological norm. During these periods,
the content of the free fraction of hydroxyproline
decreases by up to 150 % compared to the markers
of the 7 day. The concentration of protein-bound
hydroxyproline increases to (16.90 + 0.40) pwmol/I¢h.
The GAG content also increases (table, Fig. 2). In
the case of chronic tendinopathies, an acute flare
of inflammation may be a key element in triggering
the subsequent regenerative response. It can also par-
tially support the positive result of the introduction
of fibroblasts in chronic tendon degeneration [9, 18].

Data obtained on the 45" day of observation in-
dicated a further decrease in collagenase activity to
normal values. The concentration of the free fraction
of hydroxyproline was lower than the physiologi-
cal norm and is 85 %, and in absolute terms it was
(7.29 + 0.35) umol/I¢h.

At the same time, the content of protein-bound
hydroxyproline approaches the norm, which in-
dicates the predominance of the synthetic phase

Table
Biochemical indicators of blood serum of rats injected with fibroblasts, (M + m)
Indicators Physiological norm Control group Day 7 Day 21 Day 45
(n=10 (n = 10) (n = 10) n=9) n=3)
Collagenase, pmol/l h 2.80+0.15 490+0.10° | 540+0.12° | 370+0.12° | 2.90+0.1T*
Free HP fraction, pmol/lsh 8.59 +0.43 1270 £0.35% | 13.70+0.17° | 12.88+0.40% | 7.29+0.35
Protein-bound fraction of HP, pmol/lsh 9.14+0.16 3.00£0.35% | 14.80+0.50° | 16.90+0.40 | 10.70 = 0.50"
GAG, g/l 0.057+0.003 | 0.087+0.01* | 0.012 +0.005%| 0.032 + 0.004* | 0.035 + 0.006"
Notes. * — P < 0.05 in relation to the norm. The norm is the indicators of intact animals.
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Fig. 1. Biochemical indicators of blood serum of animals
injected with fibroblast culture (7 days)

Fig. 2. Biochemical indicators of blood serum of animals
injected with fibroblast culture (21 days)
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Fig. 3. Biochemical indicators of blood serum of animals
injected with fibroblast culture (45 days)

over the catabolic collagen metabolism. The con-
tent of GAG reaches (0.035 + 0.006) g/l for normal
(0.057 £ 0.003) g/1 (table, Fig. 3).

Taken together, these data indicate the presence
of differences in biochemical markers of tendons
with degenerative-dystrophic lesions in rats 7, 21, and
45 days after the introduction of culture of fibrob-
lastic cell elements. However, 45 days after the in-
troduction of these cellular elements, the normal-
ization of metabolic processes in the extracellular
matrix of connective tissue occurs, namely, the ac-
tivity of collagenase and the concentration of pro-
tein-bound hydroxyproline approaches normal val-
ues. This indicates the predominance of the synthetic
phase over the catabolic one in collagen metabolism.
In this context, administration of culture of fibroblas-
tic cell elements, as an alternative anti-inflammatory
method, may provide another potential opportunity
in the treatment of chronic degenerative-dystrophic
lesions of the Achilles tendon.

Conclusions

The obtained data indicate the presence of differ-
ences in biochemical markers of tendons with degen-
erative-dystrophic lesions in rats 7, 21, and 45 days
after administration of culture of fibroblastic cell
elements.

The study showed that normalization of metabolic
processes in the extracellular matrix of the connective
tissue of the tendons occurred 45 days after the intro-
duction of the culture of fibroblast cell elements.

Determination of biochemical markers of tendons
with degenerative-dystrophic damage can help in
the differential diagnosis of its extracellular matrix.
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