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Objective. To study the concentration of serum neopterin in patients before and after surgical treatment of 
pain syndrome caused by the formation of facet syndrome associated with spondyloarthrosis. 
Materials and methods. The study involved 52 patients (32 men and 20 women) hospitalized to the neu�
rosurgical department of the City Clinical Hospital No. 4. The main group consisted of 26 patients with 
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spondyloarthrosis complicated by chronic pain associated with facet syndrome. The comparison group 
(n=26) consisted of patients with pain syndrome in radiculopathy. The control group (comparable in gender 
and age) consisted of 10 people who underwent periodic examination. The concentration of neopterin in 
blood serum was determined by solid�phase enzyme immunoassay (ELISA) using the Neopterin ELISA kit (cat. 
No. 59321; lot ENO230) ("IBL", Germany). 
Results. Statistically significant differences in the level of serum neopterin concentration (p = 0.0016) were 
revealed between the studied groups. The highest concentration of neopterin was noted in the comparison 
group, where it was 10.31 ± 2.02 nmol/l, exceeding the results of the control group (p=0.02256) and the 
main group (p=0.04996). Three months after surgical treatment of patients in the main group, the median 
content of serum neopterin decreased by 1.161 times (p = 0.049029). 
Conclusion. Further studies to clarify the influence of pain on metabolic processes and neopterin in particu�
lar are required. 
Keywords. Neopterin, spondyloarthrosis, radiculopathy, pain. 
 
Цель. Изучить концентрацию неоптерина сыворотки крови у пациентов до и после хирургического 
лечения болевого синдрома обусловленного формированием фасеточного синдрома на фоне спон�
дилоартроза. 
Материалы и методы. В исследовании участвовали 52 человека (32 мужчины и 20 женщин), госпита�
лизированных в нейрохирургическое отделение ГКБ № 4. Из них 26 пациентов со спондилоартрозом, 
осложнённым хронической болью, составили основную группу. Сравнительный анализ проводили с па�
циентами с болевым синдромом при радикулопатии (n = 26). Контрольную группу, сопоставимую по 
возрастному и половому составу, составили 10 человек, проходившие периодический осмотр. Для опре�
деления концентрации неоптерина в сыворотке крови использовали метод твердофазного иммунофер�
ментного анализа (ИФА) (набор Neopterin ELISA, кат. No. 59321; лот ENO230, «IBL», Германия). 
Результаты. Между исследованными группами выявлены статистически значимые различия в уровне 
сывороточной концентрации неоптерина (р = 0,0016). Наибольшая концентрация неоптерина отме�
чена в группе сравнения, где она составила 10,31 ± 2,02 нмоль/л, превысив результаты контрольной 
группы (р = 0,02256) и основной (р = 0,04996). Через три месяца после хирургического лечения паци�
ентов основной группы медиана содержания неоптерина сыворотки крови снизилась в 1,161 раза 
(р = 0,049029). 
Выводы. Необходимы дальнейшие исследования для уточнения влияния боли на процессы обмена 
веществ и, в частности, неоптерина. 
Ключевые слова. Неоптерин, спондилоартроз, радикулопатия, боль. 

 

 

INTRODUCTION 

Spondyloarthrosis is manifested by de�

generative damage to the intervertebral 

joints involving cartilage, bones, ligaments, 

and muscles. A specific symptom of spondy�

loarthrosis is chronic pain, which intensifies 

with movement, which is accompanied by 

limited mobility and unstable morning stiff�

ness [1; 2]. In some cases, lumbar pain is 

caused by radiculopathy [3]. Pain syndrome 

associated with damage to the facet joints 

of the lumbar spine is less known. Its occur�

rence may be associated with trauma [4; 5] 

and effusion [6]. 

Spondyloarthrosis is associated with 

static–dynamic loads, age�related degenera�

tive–dystrophic processes in osteochondral 

tissue, and metabolic disorders in the hu�

man body. A study described a change in 

the pool of amino acids in the blood plasma 

during severe chronic pain syndrome [7]. 

The study of the serum concentrations of 

not only nitrogenous compounds related to 
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amino acids, but also metabolites of nucleic 

acid metabolism, particularly derivatives of 

purines and pyrimidines, is of particular in�

terest. Neopterin, a derivative of pterins, is 

one of the metabolites of purine metabo�

lism, intensively studied in recent decades, 

and synthesized by cells of the monocyte–

macrophage series under the influence of 

interferons [8; 9]. Changes in neopterin 

concentration are mainly caused by diseases 

that occur with the activation of cytotoxic 

immune response, particularly infectious 

diseases caused by viruses, autoimmune dis�

eases, and tumor processes [10–13]. 

Previously, we performed a preliminary 

assessment of the concentrations of neop�

terin in the blood serum of patients with 

pain syndrome related to spondyloarthrosis 

of the lumbar spine before and after treat�

ment [14]. However, the group of patients 

examined was quite heterogeneous and had 

various concomitant diseases. Thus, exam�

ining a more homogeneous sample with the 

inclusion of patients with pain syndrome 

that developed in patients with spondy�

loarthrosis or spinal cord root entrapment 

appears appropriate. 

This study aimed to analyze the dynamics 

of changes in serum neopterin concentrations 

in patients before and after surgical treatment 

of chronic pain syndrome related with spon�

dyloarthrosis�associated facet syndrome. 

MATERIALS AND METHODS 

This observational, cross�sectional case�

control study was performed in compliance 

with the ethical principles of medical re�

search involving human subjects as set out 

in the Declaration of Helsinki of the World 

Health Organization. 

The study enrolled 52 patients (male,  

n = 32; female, n = 20) hospitalized in the 

neurosurgical department of City Clinical 

Hospital No. 4. The main group consisted of 

26 patients hospitalized for spondyloarthro�

sis complicated by chronic pain due to facet 

syndrome. Considering that this group of 

patients received surgical treatment, the 

serum concentration of neopterin was de�

termined twice, that is, before surgery dur�

ing hospitalization and 6 months after sur�

gical treatment. Treatment consisted of 

high�frequency denervation of the facet 

joints at the L4–S1 level on both sides. 

The inclusion criteria were as folJ
lows: (1) pain syndrome, (2) facet syn�

drome (spondyloarthrosis) confirmed by 

MRI data, (3) radiculopathy ruled out, (4) 

ruled out concomitant diseases such as 

hypertension and diabetes mellitus, in the 

stage of decompensation, and (5) normal 

results of a general blood test and a gen�

eral urinalysis, as well as biochemical 

blood tests. 

The exclusion criteria were as folJ
lows: (1) oncological diseases, (2) viral and 

infectious diseases in the acute phase or  

<4 weeks after recovery; (3) autoimmune 

diseases; (4) stage of decompensation of 

diabetes mellitus, hypertension, and liver 

and kidney diseases; (5) age <18 years; (6) 

incapacity; (7) pregnancy; and (8) patient 

refusal to participate in the study. 
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The comparison group (n = 26) con�

sisted of patients with pain syndrome caused 

by to radiculopathy. The control group con�

sisted of 10 patients who underwent peri�

odic examinations, did not present any 

complaints at the time of the examination, 

and had normal results of a general analysis 

of urine, blood, and biochemical blood pa�

rameters (glucose and total cholesterol). The 

groups were comparable in terms of sex ra�

tio and age (p > 0.05). Their comparative 

characteristics are presented in Table 1. 

Blood samples were collected by vein 

puncture into vacuum tubes with a coagula�

tion activator. After clot formation, the 

samples were centrifuged for 15 min at 

3000 rpm using an Elekon CLMN�R�10�02 

centrifuge. After performing all necessary 

tests, the remaining serum samples were 

separated and aliquoted into microtubes 

(Eppendorf – 0.7 mL) and stored at �20 °C 

until further studies. 

The concentration of neopterin was 

determined by enzyme�linked immunosor�

bent assay (ELISA) using the Neopterin 

ELISA test system (Cat. No. 59321; lot 

ENO230, IBL, Germany), with manufac�

tured�reported sensitivity of at least 

0.7 nmol/L. The optical density of the 

samples was measured on a StatFax 3200 

vertical photometer (Awareness, USA). 

Data accuracy was monitored based on 

the measurement results of two control 

samples that were part of the test systems. 

The neopterin content in control sample 

1 was 5.48 nmol/L, with an acceptable 

range of results of 3.5–8.1 nmol/l, and in 

sample 2, it was 23.34 nmol/L with an ac�

ceptable range of 13.6–28.2 nmol/L. 

For statistical processing of the study 

results, Statistica version 7 (StatSoft Inc., 

USA) was used. For the results obtained in 

each group, arithmetic mean (M) and stan�

dard deviation (SD) were calculated for a 

normal distribution of the trait and Me 

(median) and interquartile range (25–75th 

percentile) for a nonnormal distribution.  

To assess the distribution of results within 

the sample, the Shapiro–Wilk test was 

used. Therefore, for further calculations,  

T a b l e  1   

Characteristics of the study groups 

Characteristics of patients Main group Comparison group Control group 
Number of patients examined 26 26 10 
Sex ratio (men/women)  15/11 17/9 6/4 

Age of subjects, years 

39.35 ± 6.56 
38 (35; 44) 

 
27–53 

39.69 ± 10.9 
36.5 (31; 47) 

 
20–68  

35.1 ± 5.59 
35 (33; 37) 

 
25–46  

N o t e:  *― the numerator shows the mean value (M) ± standard deviation (SD), the denomina�
tor shows the median (Me) and interquartile range (25 % quartile; 75 % quartile); under the slant 
line, there are highest and lowest results. 



Perm Medical Journal 2024 volume XLI no. 1 
 

9 

T a b l e  2   

Concentration of neopetrin (nmol/L) in the study groups 

Main group 
Characteristics of patients 

before surgery after surgery 
Comparison 

group 
Control group 

Number of patients examined, n 26 26 26 10 

Neopterin concentration, nmol/L 

9.03 ± 1.39 
8.87 (7.93; 9.7) 

 
8.87–13.7 

7.93 ± 2.36 
7.64 (6.47; 9.68) 

 
3.19–11.91 

10.31 ± 2.02 
9.82 (8.71; 11.87) 

 
8.15–14.89  

8.21 ± 0.85 
8.21 (7.36; 8.71) 

 
7.07–9.72 

Shapiro–Wilk W test 
0.88573 

(р = 0.00762)  
0.96754 

(р = 0.56065)  
0.88409 

(р = 0.00703)  
0.94675 

(р = 0.63022)  

Kruskal–Wallis H test 
H test = 12.86557; р = 0.0016 

Median test: (р
1,3

) = 0.338734; (р
1,2

) = 0.049955; (р
2,3

) = 0.02256 

Wilcoxon test р = 0.049029 � � 

N o t e: * ― the numerator shows the mean value (M) ± standard deviation (SD), and the de�
nominator shows the median (Me) and interquartile range (25 % quartile; 75 % quartile); under the 
slant line, there are highest and lowest results. 

 

nonparametric statistics methods were used 

(Table 2). To compare neopterin content, 

the Wilcoxon and Kruskal–Wallis tests were 

used in related and unrelated groups, respec�

tively (n > 3). The median test was used to 

compare further results between individual 

unrelated groups. A statistical significance 

level value ≤0.05 was taken as the maximum 

permissible probability of a type 1 error (p). 

RESULTS AND DISCUSSION 

Descriptive statistics characterizing the 

concentrations of neopterin in the studied 

groups are presented in Table 2. Statistically 

significant differences in the serum levels of 

neopterin were revealed between the stud�

ied groups (Fig. 1). 

Before treatment, when comparing 

neopterin levels between patients, a statisti�

cally significant increase (p < 0.05) was re�

vealed in the comparison group in patients 

with radicular pain syndrome. The median 

serum level of neopterin in the comparison 

group was 1.088 times higher than that in 

the main group (p = 0.049955) and 1.197 

times higher than the data in the control 

group (p = 0.02256) (Table 2). Thus, statis�

tically significant between�group differ�

ences were detected. 

 

 

Fig. 1. Neopterin concentration (nmol/L) in the blood 
serum of the studied groups 
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Fig. 2. Neopterin concentration (nmol/L) in the blood 
serum of patients of the main group after surgical 

treatment and control group 

After surgical treatment, the serum 

concentration of neopterin in the main 

group with facet syndrome decreased sta�

tistically significantly (Wilcoxon test,  

p = 0.049029) and approached the indica�

tors of the control group (Mann – Whitney 

U test, 114.5; p = 0. 589812) (Fig. 2). 

The higher concentration of neop�

terin in the blood serum of patients with 

pain syndrome caused by radiculopathy 

can be explained by the presence of neu�

rogenic inflammation, which is accompa�

nied by a greater release of proinflamma�

tory factors that activate the antinocicep�

tive purinergic system, in comparison 

with pain syndrome that develops in pa�

tients with spondyloarthrosis of the lum�

bar spine with facet syndrome develop�

ment [15; 16]. In our opinion, this mecha�

nism can lead to an increase in the serum 

concentration of neopterin [17; 18]. The 

prognostic value of studying the postop�

erative neopterin was identified in the 

authors’ works when predicting post�

cholecystectomy syndrome
1
 and other 

diseases [19]. 

Data are in poor correspondence 

with the preliminary results of the exami�

nation of patients who received high�

frequency denervation of the facet joints 

[14]. However, with a more stringent se�

lection of groups and an increase in the 

follow�up period to 3 months, this study 

revealed a statistically significant decrease 

in the concentration of neopterin in the 

blood serum. 

An increase in the serum concentration 

of neopterin in the presence of diseases 

may be significant in the somatization of 

symptoms of diseases of internal organs 

[20]. In general, more studies are needed to 

clarify the role and pathogenesis of the ef�

fects of pain on the metabolism of tissues 

and organs. 

CONCLUSIONS 

1. The initial concentration of neop�

terin in spondyloarthrosis with the emer�

gence of acute pain syndrome (facet syn�

drome) is not statistically significantly dif�

ferent from the examination results of the 

control group (p = 0.338734). 

2. An effective treatment of pain syn�

drome caused by the compression of nerves 

in the area of the facet joints in spondy�

loarthrosis is accompanied by a statistically 

significant decrease not only in pain but 

also in the serum concentration of neop�

terin (p = 0.049029). 

                                                      
1
 O.V. Boyko, Yu.V. Kondrashova, A.V. Zhurikhin, and 

V.I. Boyko, RU patent No. 2498303. 
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3. Further research is necessary to 

clarify the effect of pain on metabolic 

processes. 
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