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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; II (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 II, 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 II, 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. 

Біль у попереку — поширена проблема охорони здоров’я. Для 
поглиблення розуміння патогенезу хвороби необхідні експе-
риментальні дослідження на тваринах із моделюванням 
патологічного процесу. Мета. На підставі аналізу біохіміч-
них маркерів метааболізму сполучної тканини в сироватці 
крові лабораторних щурів оцінити придатність досліджу-
ваних моделей дегенеративного ураження м’язової тка-
нини для вивчення взаємозв’язку цього стану з розвитком 
порушень у хребтових рухових сегментах. Методи. 
Апробовано дві моделі відтворення дегенеративних про-
цесів у паравертебральних м’язах білих щурів: І (n = 5) — 
аліментарного (дієт-індукованого) ожиріння, шляхом 
утримання упродовж 3 міс. на висококалорійному раціоні; 
ІІ (n = 5) — ішемії, шляхом перев’язування великих прямих 
м’язів спини шовним матеріалом (45 діб). Контрольна група 
(n = 5) — інтактні тварини аналогічного віку та статі. 
У сироватці крові щурів досліджено вміст глікопротеїнів, 
загальних хондроїтинсульфатів (ХС), гексозамінів, гексоз, 
пов’язаних із білком, сероглікоїдів, фракційний розподіл і су-
марний вміст гідроксипроліну та глікозаміноглікансульфа-
тів (ГАГс). Результати. У сироватці крові щурів І і ІІ груп 
визначено значуще підвищення порівняно з контролем рівня 
глікопротеїнів, з більшим ефектом у моделі ішемії, проте 
не зафіксовано значущих змін гексоз, пов’язаних із білком, 
гексозамінів і загальних ХС. Рівень маркерів запалення (сіа-
лових кислот і сероглікоїдів) у сироватці крові тварин обох 
груп значуще не відрізнявся від контролю, а зміни показни-
ків гідроксипроліну (крім мало змінюваної білково-зв’язаної 
фракції) і ГАГс були значущими лише для моделі ішемії. 
Висновки. На підставі аналізу біохімічних маркерів метаболіз-
му сполучної тканини щурів І та ІІ груп визначено зміни, харак-
терні для дегенеративних процесів, із більшим проявом у моделі 
ішемії. Не зафіксовано істотного підвищення біохімічних мар-
керів запалення. Обидві моделі можуть бути використані для 
відтворення дистрофічних процесів за остеохондрозу. Ключові 
слова. Сполучна тканина, дегенерація, біохімія, хребет, моде-
лювання на тваринах, паравертебральні м’язи.
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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 LIV‒LV and LV‒SI. In men, fatty infiltra-
tion is greater in the lumbar muscle at the LV‒SI 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 MRI 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, 8].

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. I. 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  

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), rc — the level of the er-
ror of the first kind for comparing the indicators 

Fig. 2. The level of glycoproteins in blood serum of rats 
of the studied groups

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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Table
Changes in the biochemical parameters of connective tissue metabolism in the blood serum of rats  

after simulation of the degenerative process in muscle tissue

Indicator Group of animals

control  (n = 5) obesity model  (n = 5) ischemia model  (n = 5)

Free hydroxyproline, g/l
Н(2.15) = 11.18; p = 0.0037

6.15 ± 0.15
6.20 [5.82; 6.38]

6.63 ± 0.16
6.63 [6.60; 6.89]

7.25 ± 0.16
7.07 [7.02; 7.29]

pк = 0.060; pi = 0.012 pк = 0.012

Hydroxyproline
protein-bound, g/l
Н(2.15)=1.63; p = 0.443

7.25 ± 0.15
7.17 [7.08; 7.19]

7.05 ± 0.15
7.19  [6.73; 7.31]

6.91 ± 0.13
6.93 [6.74; 7.09]

pк = 0.916; pі = 0.531 pк = 0.210
13.68 ± 0.15

13.54 [13.43; 13.91]
14.16 ± 0.11

14.22 [14.16; 14.27]
pк = 0.403; pі = 0.047 pк = 0.012

Ratio of hydroxyproline
protein-bound to free
Н(2.15) = 8.820; p = 0.012

1.18 ± 0.05
1.16 [1.11; 1.23]

1.07 ± 0.04
1.03 [1.02; 1.11]

0.96 ± 0.04
0.96 [0.95; 1.00]

pк = 0.095; pі = 0.095 pк = 0.012

G
A

G
s

Sum
Н(2.15) = 9.62; p = 0.008

0.29 ± 0.01
0.31 [0.28; 0.31]

0.34 ± 0.02
0.35 [0.30; 0.36]

0.41 ± 0.01
0.42 [0.39; 0.44]

pк = 0.210; pі = 0.022 pк = 0.012

Chondroitin-6-sulfate, g/l
Н(2.15) = 9.95; p = 0.007

0.17 ± 0.01
0.18 [0.17; 0.18]

0.21 ± 0.01
0.21 [0.18; 0.22]

0.25 ± 0.01
0.26 [0.23; 0.26]

pк = 0.070; pі = 0.037 pк = 0.012

Chondroitin-4-sulfate, g/l
Н(2.15)=8.06; p = 0.018

0.10 ± 0.003
0.10 [0.09; 0.10]

0.11 ± 0.006
0.11 [0.10; 0.12]

0.13 ± 0.007
0.14 [0.12; 0.15]

pк = 0.210; pі = 0.095 pк = 0.012

Keratin sulfates, g/l
Н(2.15) = 9.14; p = 0.010

0.02 ± 0.001
0.02[0.017; 0.021]

0.02 ± 0.002
0.02 [0.020; 0.024]

0.028 ± 0.001
0.028 [0.028; 0.030]

pк = 0.210; pі = 0.034 pк = 0.012
Amount ratio of hydroxyproline 
to the amount of GAGs
Н(2.15) = 8.540; p = 0.0140 < 0.05

45.81 ± 1.60
43.93 [43.56; 46.90]

40.99 ± 2.02
39.33 [37.96; 44.77]

34.57 ± 1.28
34.02[32.65; 36.40]

pк = 0.210; pі = 0.060 pк = 0.012

Hexoses bound to protein, g/l
Н(2.15) = 5.46; 
p = 0.065

1.12 ± 0.03
1.14 [1.07; 1.19]

1.11 ± 0.04
1.14 [1.04; 1.19]

1.29 ± 0.06
1.32 [1.22; 1.37]

pк = 0.835; pі = 0.060 pк = 0.060

Hexosamines, g/l
Н(2.15) = 2,66; p = 0.265

0.95 ± 0.08
0.95 [0.77; 1.13]

1.05 ± 0.09
1.05 [0.87; 1.21]

1.18 ± 0.07
1.12 [1.06; 1.32]

pк = 0.403; pі = 0.296 pк = 0.210

Total chondroitin sulfates, g/l
Н(2.15) = 2.94; p = 0.229

0,46 ± 0,04
0.39 [0.39; 0.55]

0.56 ± 0.06
0.48 [0.47; 0.69]

0.58 ± 0.05
0.51 [0.49; 0.69]

pк = 0.210; pі = 0.403 pк = 0.210

Glycoproteins, mmol/l
Н(2.15) = 12.50; p = 0.002

2.87 ± 0.06
2.92 [2.74; 2.99]

3.29 ± 0.07
3.35 [3.13; 3.43]

3.68 ± 0.09
3.72 [3.51; 3.85]

pк = 0.012; pі = 0.012 pк = 0.012

Sialic acids, mmol/l
Н(2.15) = 2.00; p = 0.368

3.97 ± 0.14
3.99 [3.76; 4.12]

4.11 ± 0.13
4.18 [3.85; 4.25]

4.254 ± 0.155
4.309 [3.978; 4.533]

pк = 0.403; pі = 0.403 pк = 0.296

Seroglycoides, g/l
Н(2.15) = 3.27; p = 0.195

0.54 ± 0.03
0.50 [0.49; 0.61]

0.58 ± 0.04
0.53 [0.51; 0.68]

0.62 ± 0.04
0.57 [0.55; 0.71]

pк = 0.246; pі = 0.208691 pк = 0.209

Note. The level of error of the first kind: r — comparison of indicators of three groups among themselves (Kruskal-Wallis 
test), rc — comparison of indicators of the control group (Mann-Whitney test), ri — 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)

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, r1 — for comparing 
the indicators of the group with mechanical ischemia 
of muscles with non-resident suture material, r2 — 
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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