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ABSTRACT

Aim: To investigate and compare the levels of the beta-subunit of NGF (Beta-NGF) and middle molecular mass molecules (MMM) in the blood of patients with
post-traumatic non-firearm and firearm neuropathies and plexopathies accompanied by chronic neuropathic pain.

Materials and Methods: We examined 93 men aged 21-59 years with compression-ischemic (groupl - comparison), post-traumatic non-firearm (groupll)
and firearm (grouplll) neuropathies and plexopathies with and without chronic neuropathic pain syndrome. Quantitative determination of Beta-NGF in serum
was performed by enzyme-linked immunosorbent assay. The content of MMM was determined by spectrophotometric method (fractions MMM238, MMM254,
MMM260, MMM280). The following integral indices were calculated: peptide-nucleotide ratio, distribution coefficient, aromaticity coefficient.

Results: We revealed an increased level of Beta-NGF in the blood serum of patients with post-traumatic firearm and non-firearm neuropathies and plexopathies
accompanied by chronic neuropathic pain (Mann-WhitneyU-test,p=0.0077 and Mann-WhitneyU-test,p=0.04608, respectively). The level of the CR280/254 in
patients of grouplll with post-traumatic firearm neuropathies and plexopathies at a statistically significant level depends on the presence of chronic neuropathic
pain (Mann-WhitneyU-test,p=0.0113). The accumulation of biologically active molecules involved in the activation of compensatory, protective mechanisms
in patients with post-traumatic firearm neuropathies and plexopathies accompanied by chronic neuropathic pain was established.

Conclusions: The results confirm the existing data on the pathophysiological role of Beta-NGF and MMM in the development of chronic neuropathic pain and
indicate the potential use of NGF as a therapeutic target, while the CR280/254 ratio may serve as a biomarker reflecting the accumulation of biologically active
molecules associated with chronic neuropathic pain in patients with post-traumatic neuropathies and plexopathies.
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INTRODUCTION

Nerve Growth Factor (NGF) is a regulatory protein
synthesized by neurons, as well as cells in the neuronal
environment, such as fibroblasts, smooth muscle cells,
keratinocytes, Schwann cells, mast cells, and macro-
phages.The nerve growth factor was isolated in 1956 by
Rita Levi-Montalcini and Stanley Cohen, who received
the Nobel Prize for this discovery in 1986 [1,2].

The main physiological effects of nerve growth factor
are support of nerve cell proliferation and regeneration,
stimulation of axonal growth and sprouting, and NGF is
involved in the regulation of the endocrine system and
immune processes. Nerve growth factor is synthesized
as pro-NGF, a complex of three subunits (a-, #- and
y-NGF), and undergoes post-translational transforma-
tion with the release of the active component, 3-NGF.
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Apart from neurons, nerve growth factor receptors
are widely expressed on many immunocompetent,
endocrine, and stromal cells in the human body. Two
major NGF receptors are known: tropomyosin receptor
kinase A (TrkA) and the low-affinity receptor NGFR/
p75NTR [3-5].

Nerve Growth Factor (Beta-NGF) is involved in the de-
velopment of central sensitization, the biological basis of
which is reversible changes in the neuronal membrane at
the level of synapses of the posterior horns of the spinal
cord,accompanied by a persistent decrease in pain thresh-
old, hyperalgesia and allodynia. This effect is especially
pronounced against the background of an inflammatory
reaction accompanied by activation and chemotaxis of
macrophages, mastocytes and other lymphohistiocyte
cells to the site of injury. At the same time, Beta-NGF can
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have a direct effect on nociceptors through TrkA activa-
tion of transmembrane channels, which leads to changes
in transmembrane potential and increased excitability of
nerve endings. Beta-NGF can indirectly affect nociceptors
by activating inflammatory response cells and increasing
the synthesis of many pain and inflammatory mediators,
such as prostaglandins, leukotrienes, bradykinin, histamine,
substance P [6-8].

According to modern research, in the acute period of
trauma, endogenous intra- and extracellular molecules
specifically formed due to tissue damage are released,
which activate immune cells and cause the development
of an inflammatory response of excessive intensity with
subsequent undesirable consequences for the injured or-
ganism. The substances responsible for the development
of endogenous intoxication include middle molecular mass
molecules - protein toxins that affect various pathophysi-
ological processes, namely, promote hypercoagulation,
microcirculatory disorders, functional and structural chang-
es in cell membranes, and hypoxia. On the other hand,
low-molecular-weight oligopeptides have a wide range of
biological effects and coordinate the performance of bio-
logical functions by various organs and tissues, can affect
the repair processes in body tissues, and the antioxidant
property of medium-molecular peptides has also been
proven [9-11].

In patients with post-traumatic neuropathies and plexop-
athies, an increase in the level of nerve growth factor cor-
relates with the presence of chronic neuropathic pain. This
increase is accompanied by an elevated CR 280/254 ratio,
indicating the accumulation of biologically active molecules
involved in the activation of compensatory and protective
mechanisms. Therefore, Beta-NGF and MMM may serve
as biomarkers for the development and maintenance of
chronic neuropathic pain and represent potential therapeu-
tic targets for its management in patients with post-trau-
matic neuropathies and plexopathies, which has not been
systematically evaluated in peripheral nerve injuries before.
By combining quantitative immunological measurements
with clinical pain assessment, the study providesa compre-
hensive approach to understanding the pathophysiology
of chronic neuropathic pain in post-traumatic peripheral
nerve injuries, contributing new knowledge that can guide
future research and therapy.

AIM

The aim of the study is to investigate and compare the
levels of the beta subunit of NGF (Beta-NGF) and mid-
dle molecular mass molecules (MMM) in the blood of
patients with post-traumatic non-firearm and firearm
neuropathies and plexopathies accompanied by chron-
ic neuropathic pain.
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RESEARCH HYPOTHESIS

We hypothesized that patients with post-traumatic
neuropathies and plexopathies accompanied by chronic
neuropathic pain would exhibit significantly elevated
serum levels of Beta nerve growth factor (3-NGF) and
middle molecular mass molecules (MMM) compared with
patients without chronic neuropathic pain, and that these
alterations would be more pronounced in firearm-related
injuries, reflecting greater tissue damage and a more in-
tense and persistent neuroinflammatory response.

MATERIALS AND METHODS

We examined 93 men aged 21 to 59 years with compression
(group |- comparison), post-traumatic non-firearm (group ll)
and firearm (group Ill) neuropathies and plexopathies with
and without chronic neuropathic pain syndrome. Group |
included 30 patients with compression neuropathies and
plexopathies. Group Il included 30 patients with post-trau-
matic non-firearm neuropathies and plexopathies due toin-
juries, limb fractures and joint dislocations. Group lllincluded
33 patients with post-traumatic firearm neuropathies and
plexopathies due to shrapneland bullet wounds of the limbs.

Theinclusion of Group | (patients with compression neurop-
athies and plexopathies without chronic neuropathic pain)
was necessary to differentiate post-traumatic mechanisms of
neurotrophic and metabolic alterations from non-traumatic
nerve damage. This group served as a reference model of
peripheral nerve pathology without pronounced neuroin-
flammatory and pain-associated neurotrophic activation,
allowing more accurate interpretation of 3-NGF and MMM
changes specifically related to post-traumatic neuropathies
accompanied by chronic neuropathic pain.

Patients with documented chronic viral or bacterial in-
fections, central nervous system disorders, autoimmune,
oncological, or hematological conditions were excluded from
the study. Patients with compression neuropathies or plex-
opathies were screened for chronic neuropathic pain using
the validated Visual Analog Scale (VAS) and questionnaires
PainDETECT, DN4, MPQ and those identified with such pain
were also excluded.

To achieve the objectives of the study, we analyzed the
following materials and data sources: patients’ medical
records, including case histories, discharge summaries, clin-
ical examination protocols, and surgical reports; laboratory
results, including general and biochemical blood tests; and
instrumental examination data, such as radiography (X-ray),
computed tomography (CT), ultrasound, and electroneuro-
myography (ENMG).

Quantitative determination of the beta subunit of human
nerve growth factor (B-NGF) in serum was performed by en-
zyme-linkedimmunosorbent assay using the Ray BioHuman
Beta-NGF ELISA Kit. The study was performed on a STATFAX
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3200 enzyme-linked immunosorbent assay analyzer (USA).
Non-heparinized peripheral blood (5 ml) was collected from
the antecubital vein under sterile conditions. The samples
were centrifuged at 3000 rpm at room temperature to obtain
serum, which was subsequently frozen at—20 °Cor lowerand
stored for 3 to 6 months.

The content of middle molecular mass molecules (MMM)
was determined on a Shimadzu UV-2600 spectrophotometer
(Japan) by extinction at wavelengths of 238 nm, 254 nm, 260
nm and 280 nm according to the method of Gabrielyan N.I.
The concentration of MMM was expressed in optical units
of the optical density of the centrifugate obtained after pre-
cipitation of plasma proteins with 10% trichloroacetic acid
solution. Ata wavelength of 238 nm, the fraction containing
biologically active oligopeptides was determined, ata wave-
length of 254 nm - the MMM254 fraction, which reflects the
level of intermediate products of intensive proteolysis, the
nucleotide fraction at a wavelength of 280 nm - the MMM280
fraction, which contains aromatic chromatophores. The fol-
lowing integral indices were calculated: peptide-nucleotide
ratio, distribution ratio, and aromaticity ratio.

Assessment of pain severity and characteristics was per-
formed using the Visual Analog Scale (VAS) and neuropathic
pain questionnaires, including DN4, PainDETECT, and the
McGill Pain Questionnaire (MPQ).

The data obtained were statistically processed using the
STATISTICA 6.0 program. Quantitative indicators are pre-
sented in the form Me [LQ; UQ], where Me is the median,
LQ is the lower quartile, and UQ is the upper quartile. The
statistical significance of differences was tested using the
Mann-Whitney U-test (MWU). Differences were considered
statistically significant at p<0.05.
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RESULTS
Fig. 1 shows the quantitative content of nerve growth fac-
tor (Beta-NGF) in patients of group Il with post-traumatic
non-firearm neuropathies and plexopathies with chronic
neuropathic pain and without chronic neuropathic pain.
The level of Beta-NGF in patients of group Il with
post-traumatic non-firearm neuropathies and plexopathies
was significantly associated with the presence of chronic
neuropathic pain (Mann-Whitney U-test, p=0.04608). Thus,
in patients with post-traumatic non-firearm neuropathies

and plexopathies in the presence of chronic neuropathic
pain, the level of Beta-NGF is 165.8 [69.3;510] pg/ml, which
is significantly higher than in patients with post-traumatic
non-firearm neuropathies and plexopathies without chron-
ic neuropathic pain, in whom the level of Beta-NGF is 47.9
[25,93] pg/ml.

Fig. 2 shows the quantitative content of nerve growth
factor (Beta-NGF) in patients with post-traumatic firearm
neuropathies and plexopathies with and without chronic
neuropathic pain.

The level of Beta-NGF in patients of group lll with post-trau-
matic firearm neuropathies and plexopathies at a statisti-
cally significant level depends on the presence of chronic
neuropathic pain (Mann-Whitney U-test, p=0.0077). Thus,
in patients with post-traumatic firearm neuropathy and
plexopathy in the presence of chronic neuropathic pain, the
level of Beta-NGF is 337.1 [39.2; 579.25] pg/ml, which is sig-
nificantly higher than in patients with post-traumatic firearm
neuropathy and plexopathy without chronic neuropathic
pain, in whom the level of Beta-NGF is 25.9 [25; 35.3] pg/ml.

Fig. 3 demonstrates the CR level of 280/254 in patients
with post-traumatic firearm neuropathy and plexopa-
thy with chronic neuropathic pain and in patients with
post-traumatic firearm neuropathy and plexopathy without
chronic neuropathic pain.

The level of the distribution coefficient of CR 280/254 in
patients of group Il with post-traumatic firearm neuropa-
thies and plexopathies at a statistically significant level de-
pends on the presence of chronic neuropathic pain (MWU,
p=0.0113). Thus, in patients with post-traumatic firearm
neuropathies and plexopathies accompanied by chronic
neuropathic pain, the CR 280/254 was found to be signifi-
cantly higher and equal to 1.17[1.15; 1.21] than in patients
with post-traumatic firearm neuropathies and plexopathies
without chronic neuropathic pain, the CR 280/254 was 1.13
[1.12; 1.14]. The data obtained indicate the accumulation
of biologically active substances involved in the activation
of compensatory and protective mechanisms in patients
with post-traumatic firearm neuropathy and plexopathy
accompanied by chronic neuropathic pain.

Table 1 presents the levels of B-NGF and the CR 280/254
ratio in patients with compression, post-traumatic non-fire-
arm and firearm neuropathies and plexopathies depending
onthe presence of chronic neuropathic pain. The inclusion
of Group | (compression neuropathies without chronic
pain) as a reference allows us to differentiate post-traumatic
neurotrophic and neuroinflammatory responses from
non-traumatic nerve alterations. In Group Il patients with
post-traumatic non-firearm neuropathies and plexopathies,
the presence of chronic neuropathic pain was associated
with a statistically significantly higher 3-NGF level compared
with patients without pain 165.8 [69.3;510] vs.47.9 [25; 93]
pg/mL, p = 0.04608. At the same time, for the CR 280/254
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ratio in this group, a borderline level of association with
chronic neuropathic pain was observed: values were higher
in patients with pain 1.213[1.141; 1.263] than in those with-
out pain 1.137 [1.0795; 1.2025], corresponding to a trend
toward differences at p = 0.1006. In Group Il patients with
post-traumatic firearm neuropathies and plexopathies,
both B-NGF levels and the CR 280/254 ratio were statistically
significantly higher in the presence of chronic neuropathic
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pain. Specifically, B-NGF concentrations were markedly
higherin patients with pain than in those without pain 337.1
[39.2;579.25] vs.25.9[25;35.3] pg/mL, p=0.0077. Similarly,
the CR 280/254 ratio was significantly elevated in patients
with chronic neuropathic pain 1.17 [1.15; 1.21] compared
with pain-free patients 1.13[1.12; 1.14], p=0.0113.
Overall, the summarized data indicate that 3-NGF and
the CR 280/254 ratio demonstrate statistically significant
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Table 1. Content of B-NGF and CR 280/254 in patients with compression, post-traumatic non-firearm and firearm neuropathies and plexopathies

depending on the presence of chronic neuropathic pain

Group Parameter  With chronic neuropathic pain Without chronic neuropathic pain p-value
Group | (compression 3-NGF, pg/mL _ 83.6[42;335.4] _
neuropathies and
plexopathies) CR 280/254 _ 1.186[1.137; 1.232] _
Group Il (post-traumatic 3-NGF, pg/mL 165.8 [69.3;510] 47.9 [25; 93] 0.04608
non-firearm neuropathies
and plexopathies) CR 280/254 1.213[1.141;1.263] 1.137[1.079; 1.202] 0.1006
Group Il (post-traumatic 3-NGF, pg/mL 337.1[39.2;579.25] 25.9[25;35.3] 0.0077
firearm neuropathies and
CR 280/254 1.17[1.15; 1.21] 1.13[1.12; 1.14] 0.0113

plexopathies)

Source: compiled by the authors of this study

associations at the p < 0.05 levelin patients with post-trau-
matic firearm neuropathies and plexopathies, whereas
for the CR 280/254 ratio in patients with post-traumatic
non-firearm neuropathies and plexopathies, borderline
significance at approximately p = 0.1 was observed, sug-
gesting less robust but potentially clinically meaningful
associations. This pattern suggests that the severity and
mechanism of nerve injury strongly influence the intensity
of neurotrophic and neuroinflammatory activation.

DISCUSSION

The results of the study on changes in the content of nerve
growth factorin patients with post-traumatic neuropathies
and plexopathies accompanied by chronic neuropathic
pain are consistent with the data of other researchers who

emphasize the role of NGF in the pathogenesis of chronic
neuropathic pain.

According to the study by Schaefer et al, NGF plays anim-
portant role in the development of chronic pain syndrome
through the activation of signaling pathways, in particular
the modulation of sodium channels in neurons, which
leads to increased excitability and sensitization to pain [12].
This confirms the correlation between Beta-NGF levels and
the presence of chronic neuropathic pain in patients with
post-traumatic firearm and non-firearm neuropathies and
plexopathies.

Another study conducted by Binshtok et al. showed
that NGF activates macrophages and other inflammatory
response cells that release biologically active molecules
that contribute to nociceptor sensitization [13]. This ex-
plains the increase in the levels of middle molecular mass
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molecules observed in our study in patients with chronic
neuropathic pain, since their accumulation is a marker of
theinflammatory response, contributes tohomeostasisand
the development of endogenous intoxication.

Theresults are also consistent with the findings of Barker
etal.and McMahon et al. who indicate that NGF is a critical
regulator of glial cell proliferation and activation that main-
tains chronic pain by increasing sensitivity to pain stimuli.
Studies in animal models have shown that blocking NGF
activity leads to a decrease in hyperalgesia and allodynia,
which confirms the importance of this factorin maintaining
chronic pain in patients [14, 15].

In addition, modern clinical trials confirm the effective-
ness of therapy aimed at blocking NGF to reduce chronic
painin patients with nervous system diseases. Thus, a study
conducted by Kreiner et al. demonstrated that the use of
NGF inhibitors helps to reduce pain scores and improve the
functional status of patients with chronic pain [16].

Importantly, most previously published studies have
focused on the role of NGF in chronic pain syndromes of
inflammatory or degenerative origin, while data regard-
ing its involvement in post-traumatic peripheral nerve
injuries, especially in firearm trauma, remain limited. Our
study expands existing knowledge by demonstrating that
B-NGF elevation is not only associated with the presence
of chronic neuropathic pain but also varies depending
on the mechanism and severity of nerve injury. The
significantly higher B-NGF levels observed in patients
with firearm neuropathies and plexopathies compared
with non-firearm injuries suggest a more pronounced
neurotrophic and neuroinflammatory response, likely
reflecting extensive tissue damage, persistent immune
activation, and long-term sensitization of nociceptive
pathways. Unlike previous studies that evaluated NGF in
isolation, our work also assessed middle molecular mass
molecules (MMM) and their integral ratios, allowing amore
comprehensive characterization of endogenous intoxica-
tion and compensatory metabolic processes associated
with chronic neuropathic pain. The identified increase in
the CR 280/254 ratio in patients with firearm injuries and
chronic pain represents a novel finding, indicating the
accumulation of biologically active aromatic compounds

and peptides that may contribute to sustained neuroin-
flammation and pain chronification. Thus, the combined
assessment of B-NGF and MMM parameters provides new
insight into the biochemical and immune mechanisms
underlying chronic neuropathic pain following severe
peripheral nerve trauma and may serve as a basis for
developing targeted neurotrophic or anti-inflammatory
therapies. These findings highlight the clinical relevance
of 3-NGF and CR 280/254 as potential biomarkers for pain
severity and for monitoring therapeutic interventions in
post-traumatic neuropathies and plexopathies.

CONCLUSIONS

The study revealed elevated levels of Beta-NGF in the serum
of patients with post-traumatic firearm and non-firearm
neuropathies and plexopathies accompanied by chronic
neuropathic pain. Studies of the role of NGF in nerve and
plexus injuries indicate the importance of this factor not
only in the regulation of neurotrophic activity, but also in
the modulation of pain that accompanies most injuries and
diseases of the nervous system.

As a result of the study, we found the accumulation of
biologically active molecules involved in the activation
of compensatory and protective mechanisms in patients
with post-traumatic firearm neuropathies and plexopathies
accompanied by chronic neuropathic pain.

Further study of the peculiarities of neurotrophic control
and changesin the content of biologically active molecules
ininjuries and diseases of the nervous system accompanied
by chronic pain is an urgent and important task of modern
medicine. This opens up prospects for the development of
new therapies aimed at modulating neurotrophic regula-
tion and correcting pathogenetic mechanisms in patients
with chronic neuropathic pain.Thus, the results of our study
confirm existing data on the pathophysiological role of
NGF and MMM in the development of chronic neuropathic
pain and indicate the potential use of NGF as a therapeutic
target, while the CR 280/254 ratio may serve as a biomarker
reflecting the accumulation of biologically active molecules
associated with chronic neuropathic pain in patients with
post-traumatic neuropathies and plexopathies.
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