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V. O. Radchenkao, F. S. Leontyeva, V. O. Tuliakov,
M. A. Skidanov, O. A. Nikolchenko, A. G. Skidanov

Sytenko Institute of Spine and Joint Pathology National Academy of Medical Sciences of Ukraine, Kharkiv

Low back pain is a common health problem. To deepen the under-
standing of the pathogenesis of the disease, experimental studies on
animals with modeling of the pathological process are necessary.
Objective. Based on the analysis of biochemical markers of con-
nective tissue metabolism in the blood serum of laboratory rats,
the applicability of the studied models of degenerative muscle tissue
damage to study the relationship between this condition and the de-
velopment of disorders in spinal motor segments was assessed.
Methods. Two models of reproduction of degenerative processes
in the paravertebral muscles of white rats were tested: I (n = 5) —
alimentary (diet-induced) obesity, by keeping it for 3 months on
a high-calorie diet; Il (n = 5) — ischemia, by tying the large rec-
tus muscles of the back with suture material (45 days). Control
group (n = 5) — intact animals of similar age and sex. The con-
tent of glycoproteins, total chondroitin sulfates (CS), hexosamines,
protein-bound hexoses, seroglycoides, fractional distribution and
total content of hydroxyproline and glycosaminoglycan sulfates
(GAGs) were investigated in the blood serum of rats. The results.
In the blood serum of rats of groups I and 11, a significant increase
compared to the control level of glycoproteins was determined, with
a greater effect in the ischemia model, but no significant changes
of protein-bound hexoses, hexosamines and CS were recorded.
The level of inflammatory markers (sialic acids and seroglycoides)
in the blood serum of animals of both groups did not differ signifi-
cantly from the control, and changes in the parameters of hydroxy-
proline (except for the slightly changed protein-bound fraction) and
GAGs were significant only for the ischemia model. Conclusions.
Based on the analysis of biochemical markers of connective tissue
metabolism in rats of groups I and 11, changes characteristic of de-
generative processes were determined, with a greater manifesta-
tion in the ischemia model. No significant increase in biochemical
markers of inflammation was recorded. Both models can be used to
reproduce dystrophic processes in osteochondrosis.

Kinv y nonepexy — nowupena npobaema oxoponu 300pog’s. /{ns
NnoenubIeHHA PO3YMIHHA namozene3y Xeopoou HeoOXioHi ekchne-
PUMEHMANLHI 00CHIONCeNH HA MEAPUHAX (3 MOOENI08AHHAM
namonoziunozo npoyecy. Mema. Ha niocmasi ananisy oioximiu-
HUX Mapxepie memaadonismy cnoiyyHoi mKaHuHu 8 cupo8amuyi
Kpo8i 1a60pamopHux wypie oyiHumu npuoamHicms 00CaioH#Cy-
B8aHUX MoOOeell 0eceHepAMUBHO20 YPAICEHHs M 30601 mKa-
HUHU Ol BUGHEHHS 63AEMO3BS3KY Yb020 CMAHY 3 PO3GUMKOM
nopyuienv 'y xpeOmosux pyxoeux ceemenmax. Memoou.
Anpobosano 08i modeni 8i0MEOPeHHsT de2eHepPaAmuUGHUX NPO-
yecie y napasepmedpanoHux m’szax oinux wypie: I (n = 5) —
animenmapHno2o (0icm-iHOyK08an020) ONCUPIHHA, WAAXOM
YMPUMAHHA YNPOOO08IHC 3 MiC. HA GUCOKOKANOPILIHOMY PAYIOHI,
Il (n = 5) — iwemii, wasaxom nepes’a3y8anusa eIUKUX NPAMUX
M’A31i6 chuHU wosHUM mamepianom (45 0i6). Konmpoavua epyna
(n = 5) — inmakmui MEAPUHU AHATOSIYHO20 GIKY MA CMAMI.
V cuposamyi kposi wypie 0ocniosxceno emicm enikonpomeinis,
3aeanvrux xonopoimuncynogpamie (XC), eexcozaminis, 2excos,
Nn086’s13aHuX i3 OLIKOM, cepoenikoiois, ppaxyitiHuil po3nodin i cy-
MapHuil 6Micm 2IOPOKCUNPONIHY MA 2NIKO3AMIHO2TIKAHCYIb@a-
mie (I'Alc). Pesynomamu. Y cuposamyi kpoei wypis I i Il epyn
BUBHAYEHO 3HAYYUfe NIOBUWEHHA NOPIBHAHO 3 KOHMPOLEM PIGHS.
enikonpomeinis, 3 GibuwUM eexmom y mooeui iwmemii, npome
He 3apiKco8aHO 3HAUYWUX 3MIH 2€KCO3, NOGSA3AHUX I3 OIIKOM,
eexcosaminie i 3azanvrux XC. Pigenv maprepis sananenns (cia-
JIOBUX KUCIOM | cepoenikoiois) y cuposamyi Kpogi meapun 060x
epyn 3nauyuje He 8iOpI3HABCSA 8I0 KOHMPONIO, d 3MIHU NOKA3HU-
Ki6 2IOPOKCUNPONIHY (KpiM MANO 3MIHIOBAHOI OIIKOB0-36 A3AHOT
¢paxyii) i TAl'c O6yau 3nauywumu auwe 0aa Mooei iuemii.
Bucnosxu. Ha niocmaei ananizy 6ioximiunux mapkepie memaoonis-
My cnonyunoi mxkanunu wypie I ma Il epyn eusnaueno sminu, xapax-
MEPHI 071 0eeeHePAMUBHUX NPOYECIS, 13 OLILULLM NPOSIBOM Y MOOeT
iwemii. He 3aixcosano icmomnozo niosuwenHs OloXIMIMHUX Map-
Kepie 3ananetns. ObUO8i Modei MOKHCYmMb OYmu UKOPUCIAHT 05t
8IOMBOPEHHS OUCTPOGDIUHUX NPOYeCis 3a 0cmeoxordposy. Kmouosi
cnosa. Cnonyuna mranuna, dezenepayis, OloXimis, xpebem, Mooe-
JII06AHHA HA MEAPUHAX, NAPABEPMEDPATbHI M A3U.
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Introduction

Lumbar pain is a common health problem, affect-
ing more than 80 % of adults during their lifetime
and is the leading cause of disability worldwide. This
condition is often associated with lumbar disc dege-
neration, which should not be considered as an iso-
lated event, but rather a continuum of events. Patients
with significant intervertebral disc degeneration of-
ten have increased fatty infiltration in the multipartite
and extensor muscles. In women, it is more severe at
the level of L;y—Ly and Ly—S;. In men, fatty infiltra-
tion is greater in the lumbar muscle at the Ly—S; level
[1,2].

The muscles that attach to the spine play a cru-
cial role in the functioning of the spine and the entire
body. A clear association between fatty infiltration
and paravertebral muscle fibrosis and low back pain
has been demonstrated in the scientific literature.
Dysfunction/degeneration of muscles can be a factor
in initiating the progression of spine abnormalities, in
particular, disorders in the structure of the interver-
tebral disc [3]. Conversely, dysfunction of the lum-
bar paravertebral muscles due to pain, caused by
structural and functional changes in the spinal motor
segments, can trigger a violation of their structure.
Macroscopically, it is manifested by a decrease in
the cross-sectional area and an increase in fat infiltra-
tion in the paravertebral muscles at the lumbar level
[1, 4]. In addition, there are microscopic changes,
such as an impairment of the distribution of fibers [5].

Vertebral lesions are associated with fatty infiltra-
tion of the paravertebral muscles. It can be assessed
qualitatively (e.g. Gutalier's classification) and quan-
titatively using software for calculating MR1I scans or
computed tomography [6, 7].

Assessing the state of the paravertebral muscles
before surgery for degenerative spine diseases can be
useful for the surgeon in terms of predicting the func-
tional state and recovery of patients [5, §].

The purpose of the study: based on the assessment
of biochemical indicators of connective tissue meta-
bolism in the blood serum of laboratory rats, to assess
the suitability of the studied models of degenerative
muscle tissue damage for further study of the rela-
tionship between this condition and the development
of degenerative disorders in spinal motor segments.

Material and methods

Experimental studies were conducted in com-
pliance with the requirements of humane treatment
of experimental animals [9, 10] after the approval
of the plan by the Bioethics Committee at the State
Institution Professor M. 1. Sytenko Institute of Spine

and Joint Pathology of the National Academy
of Medical Sciences of Ukraine (Protocol No. 191
of 22.04.2019).

Within the framework of the study, two variants
of reproduction of degenerative processes in para-
vertebral muscles were tested using female white
laboratory rats (at the beginning of the experiment,
aged 2 months, weight 130-210 g) of the population
of the above experimental biological institution.

In the first group (model of alimentary (diet-in-
duced) obesity) rats (n = 5) were kept for 3 months on
a high-calorie diet adapted to the Teklad Custom Diet
TD.10670 formulation (22.5 g or 40—45 % kcal fat),
developed by the Envigo company for laboratory rats
and mice [4, 11]. Food composition per 100 g: lard
18 g, pork liver 2 g, sunflower oil 3 g, wheat groats
45 g, cottage cheese 2 g, egg powder 10 g, milk pow-
der 6 g, sugar 5 g, beetroot 3 g, carrot 2 g, meat and
bone meal 4 g.

In the second group (ischemia model), rats (n = 5)
had the large rectus muscles of the back tied with su-
ture material through a skin incision (Fig. 1). The ani-
mals were removed from the experiment 45 days after
manipulation.

The control group (n = 5) involved intact animals
of similar age and sex, which were kept on a standard
diet [12].

Euthanasia of all rats was performed by decapi-
tation under open inhalation anesthesia with diethyl
ether due to the need to obtain blood for biochemi-
cal studies, which, after natural coagulation, was
freed from the formed elements by centrifugation
for 15 min at 3000 rpm. The supernatant liquid was
separated and the content of glycoproteins was de-
termined according to the method of Steinberg and
Dotsenko [13], total chondroitin sulfates according
to the reaction with rivanol using the Nemeth—Csoka
method as modified by L. I. Slutsky [13, 14].

Fractional analysis and research of the total content
of hydroxyproline in the blood serum of experimental

Fig. 1. Appearance of the surgical wound after ligation
of the rectus major muscles of the back in white rats
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animals with the determination of fractions of free
and protein-bound metabolites, which characterized
anabolic and catabolic processes in the collagen-hyd-
roxyproline system, was carried out with separation
into free and protein-bound fractions [15].

The content of hexosamines in the cartilage tissue
of experimental animals was determined by the method
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Fig. 2. The level of glycoproteins in blood serum of rats
of the studied groups

of N. F. Boas, the content of hexoses bound to protein
by the orcinol method [16].

The fractional composition of glycosaminoglycan
sulfates (GAGs) was determined by precipitation with
resoquin and sequential separation from the sediment
with sodium chloride solutions of increasing concent-
ration. The composition of fraction I included easily
soluble GAGs with a predominance of hyaluronates
and chondroitin-6-sulfate, fraction II comprised mo-
derately soluble GAGs with a predominance of chon-
droitin-4-sulfate, fraction III involved mainly highly
sulfated glycosaminoglycan sulfates with a predomi-
nance of keratan sulfates, as well as dermatan sul-
fate, heparan sulfate, etc. [17]. The content of sialic
acids [16], seroglycoides [18] in blood serum was also
determined.

The results of biochemical studies were statisti-
cally processed according to the non-paramet-
ric Mann—Whitney test. After that, the level of er-
ror of the first kind was determined for comparing
the indicators of the four groups among themselves
(Kruskal-Wallis criterion), r, — the level of the er-
ror of the first kind for comparing the indicators
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Fig. 3. Characteristics of the level of hydroxyproline in the blood
serum of rats of the three studied groups (significant difference
between the ischemia model and the control)
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Changes in the biochemical parameters of connective tissue metabolism in the blood serum of rats

after simulation of the degenerative process in muscle tissue

Table

Indicator Group of animals
control (n=15) obesity model (n=5) ischemia model (n=15)
, 6.63 +0.16 7.25+0.16
Free hydroxyproline, g/1 6.15+£0.15 6.63 [6.60; 6.89] 7.07 [7.02; 7.29]
H(2.15) = 11.18; p = 0.0037 6.20 [5.82; 6.38]
p« = 0.060; pi = 0.012 p«=0.012
7.05+0.15 6.91 £0.13
7.19 [6.73; 7.31] 6.93 [6.74; 7.09]
Hydroxyproline 7.25 +0.15 pe = 0.916; p; = 0.531 pe=0210
protein-bound, g/1 7.17 [7.08; 7.19]
H(2.15)=1.63: p = 0.443 17 [7.08; 7. 13.68 +0.15 14.16 £ 0.11
13.54 [13.43; 13.91] 14.22 [14.16; 14.27]
p. = 0.403; p; = 0.047 pe=0.012
Ratio of hydroxyproline 1.07 £ 0.04 0.96 £ 0.04
protein-bound to free | 121[81 i@;ﬁz 3 1.03 [1.02; 1.11] 0.96 [0.95; 1.00]
H(2.15) = 8.820; p = 0.012 R p« = 0.095; p; = 0.095 pe=0.012
0.34 +0.02 0.41 +0.01
Sum 0.29 £0.01 0.35 [0.30; 0.36] 0.42 [0.39; 0.44]
H(2.15) = 9.62; p = 0.008 0.31 [0.28; 0.31]
p« = 0.210; pi = 0.022 p«=0.012
N 0.21 +0.01 0.25 +0.01
Chondroitin-6-sulfate, g/l 0.17 £ 0.01 0.21 [0.18; 0.22] 0.26 [0.23; 0.26]
, | H(2.15)=9.95; p = 0.007 0.18 [0.17; 0.18] : -
© p« = 0.070; p; = 0.037 p«=0.012
o) N 0.11 + 0.006 0.13 +0.007
Chondr01t1n-4—sulfate, g/l 0.10 £ 0.003 0.11 [0.10; 0'12] 0.14 [0.12; 0.15]
H(2.15)=8.06; p = 0.018 0.10 [0.09; 0.10]
px = 0.210; p; = 0.095 pe=0.012
_ 0.02 + 0.002 0.028 + 0.001
Keratin sulfates, g/l 0.02 £ 0.001 0.02 [0.020; 0.024] 0.028 [0.028; 0.030]
H(2.15) = 9.14; p = 0.010 0.02[0.017; 0.021]
p« = 0.210; pi = 0.034 p«=0.012
Amount ratio of hydroxyproline 40.99 £ 2.02 3457 £1.28
to the amount of GAGs 45.81 + 1.60 39.33 [37.96; 44.77] 34.02[32.65; 36.40]
H(2.15) = 8.540; p = 0.0140 < 0.05 43.93 [43.56; 46.90] pr= 0210: pi = 0.060 = 0012
Hexoses bound to protein, g/l L.11 + 0.04 1.29 +0.06
H — 546 ¢ 1.12 £0.03 1.14 [1.04; 1.19] 1.32 [1.22; 1.37]
(2.15) = 5.46; .
\ 1.14 [1.07; 1.19]
p =0.065 p« = 0.835; p; = 0.060 pe=0.060
. 1.05 + 0.09 1.18 £ 0.07
Hexosamines, g/l 0.95+0.08 1.05 [0.87; 1.21] 1.12 [1.06; 1.32]
H(2.15) = 2,66; p = 0.265 0.95 [0.77; 1.13]
p« = 0.403; p; =0.296 p«=0.210
- 0.56 + 0.06 0.58 + 0.05
Total chondroitin sulfates, g/l 0,46 + 0,04 0.48 [0.47; 0.69] 0.51 [0.49; 0.69]
H(2.15) =2.94; p = 0.229 0.39 [0.39; 0.55] . :
p« = 0.210; p; = 0.403 pe=0.210
, 3.29 4 0.07 3.68 +0.09
Glycoproteins, mmol/l 2.87£0.06 3.35 [3.13; 3.43] 3.72 [3.51; 3.85]
H(2.15) = 12.50; p = 0.002 2.92 [2.74; 2.99] - -
p«=0.012; p; = 0.012 pe=0.012
o 4.11+0.13 4.254 +0.155
Sialic acids, mmol/l 3.97+0.14 4.18 [3.85; 4.25] 4309 [3.978; 4.533]
H(2.15) = 2.00; p = 0.368 3.99 [3.76; 4.12]
px = 0.403; p; = 0.403 pe = 0.296
, 0.58 + 0.04 0.62 + 0.04
Seroglycoides, g/l 0.54 +0.03 0.53 [0.51; 0.68] 0.57 [0.55; 0.71]
H(2.15) =3.27; p = 0.195 0.50 [0.49; 0.61]
pi = 0.246; p; = 0.208691 pe = 0.209

Note. The level of error of the first kind: r — comparison of indicators of three groups among themselves (Kruskal-Wallis
test), r, — comparison of indicators of the control group (Mann-Whitney test), r; — group with ischemia (Mann-Whitney
test).
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Fig. 4. Indicators of the GAGs system in rats of the three studied groups (significant difference between the ischemia model and the control)

Box Plot of The ratio of the amount of hydroxyproline to the amount of glycosaminoglycan sulfates
grouped by group
 ratio of hydroxyproline to the glycosaminoglycan sulfates
(KW-H(2.15) = 854, p = 0,0140

F(2,12)= 11,5428, p = 0‘0015.1

o
b

T |
oS o N

-

F O Y
[SECIS

w
=3}

T T

R

Mech. ischemia HEpes3

[}
&

The ratio of the amount of hydroxyproline
©w
S

to the amount of glycosaminoglycan sulfates

w
R

o Median
[]25%-75%

T Non-Outlier Range
o Outliers

w
o

Control Hyperlipemic diet

group + Extremes

Fig. 5. The ratio of the amount of hydroxyproline in the blood serum
to the amount of GAGs in experimental animals of three groups
(significant difference between the ischemia model and the control)

of the group with the control, r, — for comparing
the indicators of the group with mechanical ischemia
of muscles with non-resident suture material, r, —
indicators of the group with mechanical ischemia

of muscles with resident suture material (Mann—
Whitney criterion). The difference was considered
significant at p < 0.05 [19].

Results and their discussion

In both studied models of paravertebral muscle
degeneration, no significant changes were observed
in such indicators of connective tissue metabolism as
the level of protein-bound hydroxyproline, protein-
bound hexoses, hexosamines, total chondroitin sul-
fates, sialic acids, and seroglycoids (see Table).

The only indicator that showed a statistically sig-
nificant difference between the obesity model and
the control group was the serum level of glycopro-
teins. It turned out to be higher in rats kept on a hy-
perlipidemic diet, which, in our opinion, indicated
to a greater extent the elements of intoxication in
the considered conditions. The level of glycoproteins
was even higher in the blood serum of rats of the se-
cond group (ischemia model) (Table, Fig. 2). In con-
ditions of unchanged other indicators of the inflam-
matory process, it should probably be considered as
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manifestations of intoxication by products of dystro-
phy. The calculated Cohen's d standardized effect va-
lues allow us to characterize the effect of the obesity
model on glycoprotein levels as very large (d = 1.982)
and the ischemia model as great (d = 3.419).

In general, a much wider spectrum and a greater
range of changes in connective tissue metabolism in-
dicators were recorded in the blood serum of animals
of the second group (ischemia model), suggesting
a sharp disturbance of its metabolism. In particu-
lar, changes in the content of the fraction of free and
total hydroxyproline in blood serum and the ratio
of the concentration of the protein-bound fraction to
free hydroxyproline were determined (Table, Fig. 3).
This indicates the activation of catabolic processes in
the collagen-hydroxyproline system and the develop-
ment of connective tissue degeneration.

According to the ratio of the levels of protein-
bound and free hydroxyproline, the effect of the ische-
mia model compared to the control can be characteri-
zed as very large (d = 1.669), according to the level
of total and free hydroxyproline, it is great (d = 2.217
and d = 2.241, respectively).

A significant increase in the content of all studied
fractions of GAGs in blood serum was also recorded
(Table, Fig. 4). Regarding the sum of GAGs, frac-
tions of chondroitin-6-sulfate and keratan sulfates,
the largest value of the standardized effect was deter-
mined (d — 3.130; 2.662; 2.556, respectively).

The ischemia model had a rather large effect on
the chondroitin-4-sulfate fraction (d = 1.921).

A corresponding decrease in the ratio of the amount
of hydroxyproline to the amount of GAGs in the blood
serum of experimental animals was determined
(Table, Fig. 5). The value of the standardized effect
(d = 2.455) suggests a great influence of the ischemia
model on the ratio of the amount of hydroxyproline to
the amount of GAGs.

Thus, in both models of paravertebral muscle de-
generation, there was a significant increase in the le-
vel of glycoproteins in the blood serum of the ani-
mals, with the ischemia model having a greater effect
than the obesity model.

Changes in the indicators of hydroxyproline (with
the exception of protein-bound) and GAGs compared
to the control group were significant only for the ische-
mia model, and the influence of the hyperlipidemic
diet on these indicators could not be established.

Levels of inflammatory markers, sialic acids, and
seroglycoides were not significantly different from
those of the control group either in the obesity model
or in the ischemia model, indicating minimal activa-
tion of the inflammatory component.

In both models, significant changes in the blood
serum content of close metabolites of the glycosami-
noglycan system — protein-bound hexoses and hexo-
samines — were also not recorded. An increase in
the content of total chondroitin sulfates in the blood
serum of experimental animals was also not detected.

Conclusions

Based on the assessment of biochemical indica-
tors of the metabolism of connective tissue in rats with
simulated degeneration of paravertebral muscles (obe-
sity model and ischemia model), significant differences
from animals of the control group were determined,
namely: changes characteristic of the activation of de-
generative processes. On the other hand, no significant
increase in biochemical markers of inflammation was
recorded in both experimental groups.

In the case of modeling degeneration of paraver-
tebral muscles by ligation (ischemia model), more ex-
pressed changes in biochemical markers of dystrophy
were revealed compared to a group of animals kept
on a hyperlipidemic diet (obesity model).

Both models can be successfully used to repro-

duce dystrophic processes in osteochondrosis.
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