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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=206) 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=0.049906). 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.

Ieab. W3yunTh KOHLEHTPALIUIO HEONTEPUHA CBIBOPOTKUA KPOBH Y TIALMEHTOB JIO U IOCIE XUPYPIUIECKOIO
JIe4eHus GOJIEBOTO CHHAPOMA OOYCJIOBIEHHOIO (POPMUPOBAHUEM (DACETOYHOTO CHHAPOMA Ha (POHE CIIOH-
AUI0APTPO3A.

Marepuaisl 1 METOABI. B 1COIENOBAHUN YUACTBOBAIN 52 YEN0BeKa (32 MyKYUHBL U 20 JKEHIIMH), TOCIIUTA-
TU3UPOBAHHBIX B HEHpoxupyprieckoe otencuue TKB Ne 4. U3 Hux 26 MAIMEHTOB CO CIOHAMIOAPTPO3OM,
OCJIOHEHHBIM XPOHUYECKOH OOJIBbIO, COCTABIIIA OCHOBHYIO I'yHIly. CPABHUTEIBHBI aHAIU3 IIPOBOAWIH C I1a-
IIMEHTAME C GOMEBHIM CHHPOMOM TPH PAMKYIONATUHN (7= 26). KOHTPOIBHYIO IPYIIIY, COMOCTABUMYIO 11O
BO3PACTHOMY M TIOJIOBOMY COCTABY, COCTABI/IM 10 4eOBEK, MPOXOAMBIIME IIEPUOAUMYECCKUI OCMOTP. [l onpe-
JENEHUA KOHIIEHTPALIMY HEONTEPHHA B CBIBOPOTKE KPOBU UCIIOMB30BAIN METOZ, TBEPAO(A3HOrO HMMYHODEp-
MeHTHOTO aHam3a (MPA) (mabop Neopterin ELISA, xar. No. 59321; nor ENO230, «IBL», [epmanmus).
PesynbTarsl. Mex/y UCCIEI0BAHHBIMU IPYIIIAMY BBIABICHBI CTATUCTUYECKH 3HAYMMBIC DA3/IMYKA B YDOBHE
CHIBOPOTOYHOY KOHIEHTpanuy HeontepuHa (p = 0,0016). Hanboplias KOHIEHTPAlKs HEONTEPHHA OTMe-
YeHA B IPYIIE CPABHEHUA, Iie OHA cocraBwia 10,31 & 2,02 HMOMb/J, IPEBBICUB PE3Y/IBTATH KOHTPOIBHON
rpymms (p = 0,02256) 1 0cHOBHOIT (p = 0,04996). Yepe3 Tpu MECAIA TTOC/IE XUPYPIIUECKOTO ICICHIIS TATTH-
€HTOB OCHOBHOH TIPYIIIIBI ME/MAHA COAEPKAHMS HEONTEPUHA CHIBOPOTKU KPOBM CHM3WIACH B 1,161 pasa
(p=0,049029).

Beisozbl. HeoOX0AUME! JaNbHENIINE UCCIEAOBAHMA U1 YTOYHEHUA BAMAHMA GONM HA IPOLIECCH 0OMEHA
BEICCTB U, B Y4CTHOCTH, HEOITEPHHA.

Kirogessie ¢10Ba. Heontepun, CHOHAUIOAPTPO3, PAUKYIONATHA, OOJb.

INTRODUCTION of the lumbar spine is less known. Its occur-
rence may be associated with trauma [4; 5]

Spondyloarthrosis is manifested by de-  and effusion [6].

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

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 o 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 fol-
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 fol-
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; (0)
incapacity; (7) pregnancy; and (8) patient
refusal to participate in the study.
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The comparison group (7 = 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 548 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,

Table 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 0/4

39.35 + 6.56 39.69 + 109 35.1 +£5.59
Age of subjects, years 38 (35; 44) 30.5 (31;47) 35 (335 37)

27-53 20-68 25-46

N o te: *— 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.
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Table 2
Concentration of neopetrin (nmol/L) in the study groups
Characteristics of patients Main group Comparison Control group
before surgery after surgery group
Number of patients examined, n 26 26 26 10
903 +139 793 £236 1031 +2.02 821085
Neopterin concentration, nmol/t, | 587 (F9397) | 764(647:968) | 982 (871;1187) | 821 (7.36,871)
887-13.7 3.19-1191 8.15-14.89 707-9.72
. ) 088573 096754 0.88409 094675
Shapiro-Wilk W test p=000762) | (p=056065 | (»v=000703) | (p=063022)

Kruskal-Wallis H test

Median test: (p,,) = 0.338734; (p,,) = 0.049955; (p,,) = 0.02256

H test =12.86557; p = 0.0016

Wilcoxon test

»=0049029

Note * — 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 (D).

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.

Serum neopterin concentration (nmol/L)

; i ]
i T [.
1 —
Main group Control group

Comparison group

Fig. 1. Neopterin concentration (nmol/L) in the blood
serum of the studied groups
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LT

Neopterin concentration (nmol/L)

1 2
Special group Control group

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
Utest, 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-

10

cholecystectomy syndrome' 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).

" O.V. Boyko, Yu.V. Kondrashova, AV. 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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