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The role of NO system in low back pain chronicity
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Abstract: Low back pain (LBP) is an important interdisciplinary medical problem, in the development of which various molecular genetics, pathomorphological and pathobiomechanical mechanisms play a role. Intervertebral disc degeneration (IVDD), facet joints arthrosis and myofascial syndrome are the most important pathological processes associated with chronic lower back pain in
adults. The nitric oxide (NO) system may play one of the key roles in the development of LBP and
its chronicity. (1): Background: The review of publications which are devoted to changes in the NO
system in patients with LBP. (2): Materials: We have carried out a search for Russian-language and
English-language full-text articles published in e-Library, PubMed, Oxford Press, Clinical Case,
Springer, Elsevier, Google Scholar databases. The search was carried out using keywords and their
combinations. The search depth was 10 years (2011-2021). (3): Results: Role of NO and various NOsynthase (NOS) isoforms in LBP process demonstrated primarily from animal models to humans.
The most studied are the neuronal NOS (nNOS). The role of inducible nose (iNOS) and endothelial
(eNOS) - continues to be studied. Associative genetic studies have shown that single nucleotide
variants (SNV) of genes encoding all three NOS isoforms (nNOS, NOS1 gene; iNOS, NOS2 gene;
eNOS, NOS3 gene) may be associated with chronic LBP. Prospects for the use of NOS inhibitors to
modulate the effect of drugs used to treat back pain are discussed. (4): Conclusion: Associative genetic studies of SNV NOS1, NOS2, NOS3 genes are important for understanding genetic predictors
of LBP chronicity and development of new personalized pharmacotherapy strategies.
Keywords: intervertebral disc; degeneration; facet joints arthrosis; myofascial syndrome; low back pain; nitric
oxide; nitric oxide synthase (NOS); gene; genetics; genetic predisposition.

Introduction
Low back pain (LBP) is an important interdisciplinary medical problem. Various molecular genetics, pathomorphological, and pathobiomechanical mechanisms play a role in
LBP development (Figure 1). Globally, years lived with disability caused by LBP increased
by 54% between 1990 and 2015 [1]. About 2–7% of people with acute LBP experience
chronic pain in later stages. Some studies have shown that chronic LBP (> 3 months) affects an estimated 15–45% of the population. It is also the most common cause of disability
in individuals between the ages of 45 and 65 years [2]. Annually, the prevalence of low
back pain in the general United States (US) adult population is 10-30%, and the lifetime
prevalence of US adults is as high as 65-80% [3] According to Russian authors, episodes
of back pain occur annually in 36% the adults, regress on their own or during treatment

Personalized Psychiatry and Neurology 2021, 1 (1)

www.JPPN.ru

Personalized Psychiatry and Neurology 2021, 1 (1): 37-45

2 of 9

in 54-90% of cases. However, back pain relapses are observed in 24–80% of patients within
a year. Among the causes of disability and in general for the aggregate of economic losses,
LBP over the past few years it has come out on top. The peak incidence of LBP occurs at
the mature age of 30 up to 59 years, after 65 years the incidence of back pain decreases [4].
Most new episodes of LBP are accompanied by a quick recovery. However, LBP-associated syndromes leading to temporary disability are common, and in some patients, LBP
becomes permanent, leading to high rates of disability. The socio-economic significance
of the disease is due to its prevalence among patients of able-bodied age, as a result of
which there are significant economic losses (insurance payments and decrease in labor
efficiency during the period remission) [5].
Chronic pain syndromes associated with LBP lead to significant economic losses in
the US [6]. In the US 20 million people suffer from chronic pain, the economic damage is
50 billion dollars per year, and compensation payments to patients with spinal diseases
due to temporary working capacity - 200 million dollars per year. Expenses for LBP treatment is 2-3 times higher than the cost for cancer treatment [7]. In Europe the socio-economic burden of LBP is also very high. A minority of patients visit secondary or tertiary
care because of severe and long-lasting complaints. This subgroup may account for a major part of disability and costs, yet could potentially gain most from treatment.

Figure 1. Causes of the low back pain in humans.
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Figure 2. Synthesis of nitric oxide.

Figure 3. Localization of NOS1 (a), NOS2 (b) and NOS3 (c) genes.

Almost half of the insurance costs could be contributed to LBP-related care. Higher
LBP-related costs (€4015 per year) were reported in patients with discogenic LBP referred
to specialized pain care [8].
Intervertebral disk degeneration (IVDD), facet joints arthrosis and myofascial syndrome are the most important pathological processes associated with chronic LBP in
adults. Standard approaches to the treatment of LBP do not solve the problem of chronic
pain syndrome. This is the reason for the search for new personalized strategies for the
prevention and therapy of LBP. The nitric oxide (NO) system can play one of the key roles
in the development of LBP and its chronicity.
NO is involved in numerous physiological processes in the peripheral and central
nervous system. It is produced intracellularly by the catabolism of Larginine to L-citrulline by NO synthase enzyme (NOS), which is present in three isoforms, the neuronal
(nNOS), endothelial (eNOS) and inducible (iNOS) isoforms (Figure 2). The role NO in pain
plays is not simple, since it may show pro- or anti-nociceptive effects depending on the
circumstances. The majority of data, in preclinical studies support a pronociceptive role
of NO at the spinal level. Yet, other studies show inconsistent results [9]. NOS1, NOS2 and
NOS3 genes (Figure 3) are implicated in the production of nNOS, iNOS and eNOS [10].
Objective
The purpose of the study is review of Russian-language and English-language publications, which are devoted to changes in the nitric oxide system in patients with LBP.

Materials and Methods

Personalized Psychiatry and Neurology 2021, 1 (1): 37-45

4 of 9

We have carried out a search for Russian-language and English-language full-text
articles published in e-Library, PubMed, Oxford Press, Clinical Case, Springer, Elsevier,
Google Scholar databases. The search was carried out using keywords and their combinations, including: intervertebral disc, degeneration, facet joints arthrosis, myofascial syndrome, low back pain, nitric oxide, nitric oxide synthase (NOS), gene, genetics, genetic
predisposition. The search depth was 10 years (2011-2021). In addition, this review includes articles of historical interest. Despite an extensive search, it is possible that we
might have missed some studies published in recent years.
Results
The NO system and low back pain
LBP is a progressive and debilitating disease with multifactorial causes (IVDD, arthrosis of the facet joints, muscular tonic syndrome, etc.).
However, the mechanisms of chronic LBP are poorly understood. At the same time,
IVDD and arthrosis of the facet joints are considered as the two leading causes of this
disorder [11].
NO is an oxygen free radical which is involved in variety physiological and pathological events. NO concentration may increase in the perifacetal region, and perifacetal
NO levels in patients with LBP of higher compared with healthy people.
Brisby H. et al. (2007) showed, that patients with chronic LBP have 3-fold higher level
of NO in the perifacetal region compared to the healthy controls (1.66 ± 1.39 vs 0.46 ± 0.37
nM, p = 0.007). However, the authors did not find an association between NO level and
pain duration or pain level, which was rated on the visual analogue scale (VAS). Research
has shown that higher NO level in the perifacetal region may be the biomarker of chronic
LBP in patients with facet joint arthrosis. The findings of higher NO level in the perifacetal
region in chronic LBP patients compared to healthy controls indicate that the degenerative
process of the joints may cause increased NO production. Patients that responded to corticosteroid/local anaesthetic infiltration had higher NO level in the perifacetal region compared to patients without response [12].
The role of different NOS isoforms in LBP process is derived primarily from animal
models [13]. While nNOS is mainly observed at the spinal level or in neuropathic pain
models, iNOS is up-regulated in inflamed tissues [14] and is involved in the development
of hyperalgesia in inflammatory and neuropathic pain models [15]. Jensen L et al. (2015)
investigated the role of nNOS in the mechanism of chronic muscle pain development on
the example of trapezius myalgia in 42 women with clinically diagnosed neck pain. The
authors showed that sarcolemmal nNOS expression is irregular and absent from selected
fibers in the trapezius muscle. Moreover, they found an increase in sarcoplasm-localized
nNOS in women with trapezius myalgia, which was essentially normalized by 10 weeks
of specific strength training. Abnormalities in nNOS expression show a potential of predicting the progression of muscle damage and pain, and correcting the dislocation of
nNOS may prove essential in treatment of work-related muscle pain [16]. Kohyama K et
al. (2000) showed that changes in the level of NO can be associated with intervertebral
disk due to the induction of apoptosis of intervertebral disk cells [17].
Oxidative stress is a cellular state with an increased level of reactive oxygen species
(ROS) that is caused by an imbalance of generation and removal of these species. Singlet
oxygen, superoxide anions, hydroxyl radicals, and NO are examples of ROS synthesized
in intervertebral disk cells [18]. In intervertebral disk tissues, oxidative stress may initiate
or participate in matrix destruction and cell apoptosis, which ultimately result in IVDD
[19]. It has been shown that the increase of exogenous NO may promote cell apoptosis
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and suppress proteoglycan synthesis in cultured disk cells. NO has been demonstrated to
participate in the IVDD induced by mechanical stress or interleukin 1 (IL1) [17,20-23].
Liu G.Z. et al. (2001) and Rannou F. et al. (2003) demonstrated that NO mediates the
change of proteoglycan synthesis in the annulus fibrosus cells of the human intervertebral
disc [21-22].
Association of SNV of NOS genes with low back pain development
In order to determine the role of SNV of genes NOSs in herniation of the lumbar
intervertebral disk in humans, a case-control study was carried out with the participation
of 179 adult individuals, according to the results of which SNV NOS3 rs2070744 (-786 T/C)
and NOS2 rs1060826 (22 G/A) were more common among the control group than in patients with symptoms of hernia of the lumbar intervertebral disk , including those with
pain syndrome, which indicates their possible protective role against hernia of the lumbar
intervertebral disk. Genotyping of these SNV can be useful in identifying individuals with
an increased lifetime risk of disc herniation, in whom measures to prevent disc herniation
in the lumbar spine can be applied. This study also examined polymorphism NOS3 4a4b
(27-bp variable number of tandem repeat (VNTR) polymorphism in intron 4), however,
when comparing the genotypic and allelic frequencies of this SNV genotyped in patients
with hernia of the lumbar intervertebral disk and in the control group, no significant differences were observed [24]. In a later study among the patients with the IVDD in a young
Korean population, the disc degeneration severity score was analyzed according to the
genotypes of VEGF and eNOS. The results showed that the frequencies of NOS3
786TC+CC (21.6%), and 894GT+TT (27.5%) were higher in the patients compared with
controls. However, no statistically significant differences between patients and controls
were found [25].
Despite the fact, the expression of nNOS, which is encoded by the NOS1 gene is
shown in the intervertebral discs structures [11] and in skeletal muscles [26]. The prognostic role of the NOS1 gene of SNV in the development of back pain in patients with
IVDD, facet joints arthrosis, and muscle-tonic syndromes has not yet been studied.
The role of NOS modulators in the treatment of low back pain
Non-steroid anti-inflammatory drugs (NSAIDs) are among the most prescribed medications for the patients with LBP, yet their efficacy is com-promised by a ceiling analgesic
effect. The inhibitory effect of NSAIDs on NO production has been reported in many studies both clinically [27] and experimentally [28-29]. The involvement of the NO-cGMP pathway in the antinociceptive effects of NSAIDs has been suggested in several experimental
studies [30-31].
Hamza M. et al. (2010) studied the effect of ketorolac on NO production and NOSs
gene expression. The authors showed significantly higher levels of NO at the first 100 min
compared to the last 80 minutes in the placebo treated group. In the patients which treated
ketorolac NO level gradually decreased over the first 60 min but was similar to placebo
over the later 100 -180 min, with no significant change in NO level over time. The levels
of NO were negatively correlated to pain intensity scores. While the gene expression of
iNOS and eNOS were not up-regulated, 3 hours after surgery, nNOS was downregulated
in both treatment groups and NOS3 gene expression was significantly lower in the ketorolac group compared to the placebo group [32].
Intradermal administration of the NOS substrate L-Arg or the NO donor SIN-1, both
of which elevate NO levels, cause a dose-dependent mechanical hyperalgesia [33]. However, as intracutaneous injection of NO in healthy volunteers evokes pain in a dose dependent manner [34], while transdermal application of the NO donor glyceryl trinitrate
improved pain in patients with shoulder pain syndrome [35].
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The research by Fujioka Y et al. (2016) showed that gene NOS1 expression associated
with inflammatory and neuropathic pain was upregulated at days 1 and 3 in the dorsal
root ganglion following disc puncture; it might serve as a therapeutic target for lumbar
disc herniation. It is not known whether inhibitors of NOS1, such as L-NG-Nitroarginine
methyl ester (L-NAME), are useful for low back pain and sciatica [36].
Kohyama K et al. (2000) studied biological understanding of IVDD. The authors
showed a change in NOS2 expression in intervertebral disk cell culture obtained from the
surgical specimen of the patients with lumbar IVDD with herniation. Suppression of 3HThymidine incorporation and DNA fragmentation in the disc cells were promoted by
treatment of 100 microM NOC-18. These results suggest that the use of modulators of NO
level and iNOS activity is important for slowing down the rate of IVDD development [17].
Yang X. et al. (2014) showed that the use of an antioxidant nanofullerol prevents
IVDD. The authors hypothesize that antioxidants are potentially good therapeutic candidates to treat of IVDD, because of their ability to scavenge ROS that lead to the injury of
cellular functions in intervertebral disk tissues. Fullerenes are extremely powerful antioxidants with unique nanostructures, and superior to conventional antioxidants due to their
long-lasting activity and excellent cell membrane-penetrating ability. In this study, Yang
X. et al. (2014) found that fullerol (a polyhydroxylated derivative of fullerene) had a preventive effect on IVDD, highlighting its potential use as a therapeutic agent for the treatment of LBP. Nanofullerol reduced the cytotoxicity and ROS of hydrogen peroxidetreated human nucleus pulposis cells and counteracted in vivo IVDD in a rabbit annuluspuncture model [18].
Nerlich A.G et al. (1997) reported that carboxymethyllysine (CML) is associated with
ROS accumulation in the nucleus pulposus tissue, and that CML was closely related to
IVDD [37]. The authors indicated that CML activated a receptor of advanced glycation
end products (RAGE)-nuclear factor (NF)-κB system in aging and IVDD. The activation
of RAGE-NFκB promoted the gene expression of NOSs and MMPs [19]. It is not clear
whether nanofullerol defends IVDD by modifying CML and its signaling pathway, and
this is currently under investigation [18].
Castania V. et al. (2017) analyzed the potential role of nNOS modulation in the tail
needle puncture model of IVDD. Male Wistar rats were submitted to percutaneous disk
puncture with a 21-gauge needle of coccygeal vertebras. The selective nNOS pharmacological inhibitor N (ω)-propyl-L-arginine (NPLA) or a nNOS-target siRNA (siRNAnNOShum_4400) was injected immediately after the intervertebral disk puncture with a 30gauge needle. Signs of IVDD were analyzed by in vivo MRI and histological score. The
authors found that intact intervertebral disks express low levels of nNOS mRNA. Disk
injury caused a 4-fold increase in nNOS mRNA content at 5h post disk lesion. However,
NPLA or nNOS-target siRNA slight mitigate IVDD progress. Further studies would disclose the nNOS role and its potential therapeutical value in IVDD [11].

Figure 4. The role of SNV of NOSs genes in low back pain development.
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Current therapies for IVDD and facetal joints arthrosis with acute or chronical LBP
may include nonsurgical treatment with NO modalities [20,38] in presurgical and postsurgical periods in the patients with intervertebral disk herniation [39-40]. However, neither
nonsurgical nor surgical therapy restore functional native intervertebral disk tissue, or
regenerate the degenerated intervertebral disk tissue, resulting in chronic inflammatory
back pain. In recent years, numerous studies have demonstrated that oxidative stress and
local NO levels play an important role in the IVDD progression initiation [19,23,41-42]
and back pain [12,15].

Discussion
Thus, the three leading pathomorphological processes that cause chronicity of LBP
are associated with changes in the NO system (Figure 4). The review demonstrated that
changes in the NO system play an important role in LBP development and chronicity in
humans. Local NO and NOS levels increase in patients with facet joints arthrosis, skeletal
muscle tension and inflammation, IVDD also [12,16-17]. These mechanisms are important
for our understanding of the pathogenesis of LBP as one of the most common chronic
neurological diseases in adult patients [2]. This may form the basis for a personalized approach to multimodal therapy for chronic pain syndrome using NOS modulators, which
have been previously studied in animal models and humans [11,17-19,36]. In addition, the
effect of currently widely used drugs for LBP (NSAIDs, non-opioid and opioid analgesics,
antidepressants, anticonvulsants-gabapentinoids, etc.) on the NO system is important to
consider in the pathological processes under consideration. A promising new therapeutic
strategy is the modulation of NOS activity through the use of L-NAME [36], NOC-18 [17],
nanofullerol [18], NPLA and siRNAn-NOShum_4400 [11].
Conclusions
Associative genetic research of SNV NOS1, NOS2, NOS3 genes is important for understanding the genetic predictors of LBP chronicity and developing new personalized
pharmacotherapy strategies. However, a large multicentral randomized genetic and clinical studies are necessary for translation the results in real clinical practice.
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