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Abstract It has been shown that after 5 h of spinal cord
injury, there is a decrease of nitric oxide (NO) production in
the spinal cord. Seventy-two hours after the spinal cord injury,
the level of NO production in the spinal cord and the heart
increases by 2.5 times, and in the liver, it increases threefold.
In the chronic period of a traumatic spinal cord disease in the
spinal cord tissue, the level of NO productionwas significantly
higher than at the control level.
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1 Introduction

Nitric oxide (NO) is known as one of the most important
signaling molecules regulating physiological functions of the
body and cell metabolism [1–4]. NO acts as a neuromodulator
in the central nervous system (CNS) and in the neuromuscular
synapses, and at first, it was isolated from the vascular endo-
thelium as a vasodilation factor. In addition to the vasodila-
tion, NO participates in reactions of an oxidative stress, a

glutamate-calcium cascade, and an inflammation [5–7].
There is a debate about the role of NO in the development
of spinal cord injury (SCI); however, research on the dynam-
ics of NO production at different stages of a traumatic disease
of the spinal cord (SC) is limited [8–11]. Presumably, the role
of NO depends on the concentration range, the cell type
source, and the environment in which NO was received.

2 Methods

We used a model of SCI at the level of the first lumbar vertebra
(L1) according to the modified method of A. Allen [12]. We
studied the tissue samples of the SC, the liver, and the heart in
intact animals and at different periods of the SC traumatic
disease by means of the electron paramagnetic resonance
(EPR) spectroscopy using the method of spin traps [13–15].
As spin traps, the complex of Fe2+ with diethyldithiocarbamate
(DETC)was applied, leading to the formation of a stable radical
(DETC)2-Fe

2+-NO, which is characterized by the easily recog-
nizable EPR spectrum with g-factor, g = 2.038, and the triplet
hyperfine structure. The records of the prepared samples were
carried out on the ER 200E SRC EPR spectrometer and Bruker
EMX-plus X-band EPR spectrometer. The number of the
paramagnetic particles in the sample was determined by
comparison with a measurement standard of the known con-
centration. The statistical data processing was performed using
the nonparametric Mann-Whitney U test and Student’s t test.

3 Results and Discussion

In the intact rats, the production of NO in the SC tissues was on
the average 1.3 nm/g × h, 5.2 nm/g × h in the heart, and 9.1 nm/
g × h in the liver. Five hours after the injury, there is a decrease
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of the NO production in the tested tissues, and it remains low up
to 1 day (Fig. 1). Seventy-two hours after the injury, the level of
NO production in the SC increases up to a level of 3.1 nm/g × h,
and there is a significant increase in the level of NO production
in the heart (up to 13 nm/g × h), and in the liver (32.5 nm/g × h).
In the chronic period of the SC traumatic disease, a decrease in
the level of NO production was observed in the tissues of the
heart and liver, while in the heart, the level of NO production
was 2.5 times less than normal, and in the liver, it made up 66%
of the control level (Fig. 1). However, in the SC tissue, the level
of NO production in the chronic period of the traumatic disease
was significantly higher than at the control level. There is a
debate about the role of NO in the development of SCI; how-
ever, research on the dynamics of NO production at different
stages of a traumatic disease of the SC is limited [8–11]. It has
been demonstrated that it can exert both protective and detri-
mental effects in several disease states of the central nervous
system, including spinal cord injury [10]. So, it is shown that
inhibition of the neuronal NOS is important for neuroprotec-
tion, and the disturbances in the motor function following the
SCI are associated with the SC pathology state [8]. Early NO
was measured directly after the SCI in rats by the ESR spin-
trapping technique using Fe2+ and DETC, and it demonstrated
that NO formation by the constitutive NO synthase has a pro-
tective effect against cellular damage resulting from ischemia-
reperfusion after the SCI, and that NO induced by the inducible
NO synthase (iNOS) may be neurotoxic in the subacute phase
after SCI [16]. The findings of other researchers suggest that
NO generated by the iNOS of macrophages, neurons,
oligodentrocytes, and astrocytes plays an important role for
the acute secondary SCI that results from the apoptotic cell
death [9]. It is concluded that a greater understanding of NO
changes after a SC trauma, that is essential for the possibility of
targeting this pathway therapeutically [11]. Thus, the dynamics
of the intensity of NO formation after the SCI indicates its
possible role as an inducer of apoptosis in the tissue of the

damaged SC and generalized activation of NO-ergic stress-lim-
iting system in the early stages of a SC traumatic disease.
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Fig. 1 The intensity of EPR signal of the complex of spin trap with NO
(DETC)2-Fe

2+-NO (in relative units) from the spinal cord, heart, and liver
of rats after the spinal cord injury in different times after the injury (5 h
and 72 h) and in the chronic period (more than 3 months). *The reliable
difference (p < 0.05) versus the control group
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