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Abstract: spinal cord injury (SCI) is a form of trauma with high prevalence, mortality, and disability. One approach
in SCI rehabilitation is to create conditions for regenerative axon growth across the lesion site using tissue scaffolds.
notably pHPMA-hydrogel (pHPMA - poly(N-[2-hydroxypropyl] methacrylamide)). Assessing the effectiveness
of such approach can only be done in laceration models of SCI with reliable reproducibility. The aim of this work
was to determine the effect of immediate implantation of pHPMA-hydrogel into the epicenter of a unilateral one-
millimeter spinal cord defect in an adult rat on the paretic limb motor function in comparison with the effectiveness
of the same intervention in young animals. The study was performed on white male outbred adult rats (3-4 months).
For comparative analysis of the obtained data, the results of young animals from another institution, previously
published in other works, were used. In both cases, a 1-mm excision of the spinal cord lateral half at the lower
thoracic/upper lumbar level was maded, with immediate filling of the defect by a fragment of pHPMA-hydrogel.
Over a period of 5 months after intervention, the motor function of the paretic limb in adult animals reached about
one-third of normal levels, both with and without pHPMA-hydrogel implantation. Spasticity of the paretic limb was
minimal in adult animals with or without hydrogel implantation. There is generally a negative correlation between
motor function and spacticity. These data suggest that pHPMA-hydrogel implantation into a one-millimeter
unilateral spinal cord defect, unlike in young animals, does not significantly affect recovery outcomes in adult
animals. Based on a comparative analysis of the results of young and adult animals we hypothesize that the recovery
of the paretic limb’s motor function after unilateral SCI may be mediated with the participation of interneurons/
propriospinal neurons in the contralateral part of the injured cord with a limited rostro-caudal axonal and dendritic
extent.
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Introduction

Spinal cord injury (SCI) is one of the most
dramatic human pathologies, characterized by low
annual incidence but relatively high prevalence [1],
a significant proportion in combat trauma [2], high
mortality [3], and, most importantly, a permanent
disability and reduced life expectancy and quality
due to various complications [4, 5]. A typical
SCI is characterized by impairments of motor
function, sensation, and autonomic innervation
below the lesion level [6, 7], as well as numerous
exhausting disorders, including lower urinary tract
dysfunction [8], spasticity [9], and chronic pain
[10]. When the lesion is located outside the motor
innervation zones of the limbs, the primary goal of
rehabilitation is to restore supraspinal innervation
of motor neurons. A promising approach is
bioengineered facilitation of axon regenerative
growth through the lesion site by implanting
artificial tissue scaffolds [11], for example,
macroporous pHPMA-hydrogel (P HPMA - poly(N-
[2-hydroxypropyl] methacrylamide)) [12-16]. The
importance of this approach is underscored by the
fact that mammals require preservation of even a
small fraction of spinal cord white-matter fibers to
maintain voluntary stepping [17, 18].

However, most SClsare, fromapathomorphological
point of view, belong to spinal cord contusion,
compression, or crushing [6, 19]. In all this types
of SCI at the trauma epicenter injured cord tissue
remains, possibly containing surviving nerve fibers
and serve as a matrix for regenerative growth of
transected axons. It is possible to determining the
results of such scenario and whether scar tissue can
be replaced by an artificial scaffold in each individual
case only retrospectively, after along term observation,
i.e., in a period that is unfavorable for regeneration.
For this reason, early replacement of injured spinal
cord tissue is feasible only if the implanted scaffold is
guaranteed to provide better functional recovery than
injured spinal cord tissue which are in a course of
glio-fibrotic scar formation. At present, no artificial
scaffolds demonstrate such guaranteed efficacy, even
with added stem cells (see [11, 20]).

Most positive experimental results of SCI
treatment in small mammals have not translated
reliably to clinical confirmation [21]. Contributing
factors include: (1) use of animals with standardized
phenotypes under uniform care conditions - unlike
real clinical situations; (2) large size differences
between small mammals and humans [22]; (3) lack
of an accurate model for common human SCI forms
[19]; and (4) imperfect tools for assessing functional
outcomes in experimental animals [23, 24].
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Aim

The purpose of this work is to determine the effect
of immediate pHPMA-hydrogel implantation into
the unilateral one-millimeter spinal cord defect in an
adult rat on the paretic limb motor function, based
on the 5-month observation and in comparison with
the effectiveness of the same intervention in young
animals.

Materials and Methods

Research was conducted in accordance with
bioethics and animal welfare rules.

White male outbred rats (250-300 g, 3-4 months
old) from the vivarium of the State Institution
“Romodanov  Neurosurgery Institute National
Academy of Medical Sciences of Ukraine’, kept
under natural light/dark cycles at room temperature
and balanced feed and water ad libitum. Juvenile
white male rats (~50 g, ~1 month old), wich results
were included for comparative analysis, kept in
the Bogomoletz Institute of Physiology vivarium
(technical conditions described in [14, 23]) and
underwent similar injury and treatment [14, 23, 25].

Adultanimals were divided into two experimental
groups: SCI - SCI modeling (n = 22, end-to-end
observation - n = 19); HG (HG - hydrogel) -
SCI modeling and immediate pHPMA-hydrogel
implantation (n = 18, end-to-end observation —
n=15). Each group included animals from
multiple litters from the same vivarium; animals
from each individual litter were not specifically
separated between the two groups. Reference
groups of juvenile animals [14, 23, 25] included:
SCJj (j - juvenile) - SCI modeling (n = 8); HGj -
SCI modeling with immediate pHPMA-hydrogel
implantation (n = 6).

The model used was a left-sided one-millimeter
excision of the lateral half of the spinal cord at the
lower thoracic-upper lumbar level, the technique of
which is described in detail in previous works [14,
23]. Briefly, the interventions was performed under
general anesthesia of the animal using intraperitoneal
injection of xylazine (15mg/kg) and ketamine
(70 mg/kg). The zone of SCI modeling was selected
by palpation of the caudal edge of the thoracic cage of
a deeply anesthetized animal at the site of its fixation
to the spine. Given the theoretically lower ossification
in young individuals and the greater mobility of
the anterior ends of the caudal pairs of ribs (costae
fluctuantes), in the absence of surgical or radiographic
visualization of the places of fixation of these ribs to
the spine, the laminectomy site can be localized at
the level of ~T1-T1, vertebrae, which, taking into
account skeletal data, corresponds to the spinal cord
segments ~Th;s-L; (SCI and HG groups), and with
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correction for the young age of the animals, - to the
segments ~T1,-T13 (SCIj and HGj groups) [14, 23].
A limited left-sided laminectomy was performed
from a linear skin incision. Without separating
the dura mater and spinal roots, along the left edge
of the posterior median vessel at two points, at a
distance of ~1 mm from each other the spinal cord
was perforated in the ventral direction with insulin
syringe needle. A longitudinal paramedian spinal
cord incision was formed between the perforations
with ophthalmic scissors, after which the tissue of the
left half of the spinal cord was cut off at the rostral
and caudal ends of the incision and removed from the
wound with microtweezers with different geometries.
The spinal cord defect formed in this way was left
empty (SCI and SCIj groups) or filled with a fragment
of pHPMA-hydrogel (HG and HGj groups). In all
cases, the bone defect was covered with a fragment of
subcutaneous fascia, the edges of the soft tissues and
skin were connected in two rows of knotted sutures
and, for prophylactic purposes, a solution of bicillin-5
(OJSC “Kyivmedpreparat”; 0.5 million U/kg) was
injected subcutaneously into the posterior cervical
region, and a solution of dexamethasone (KRKA,
Slovenia; 5 mg/kg) was injected intraperitoneally.
Until the complete restoration of motor activity, the
animals were kept at elevated air temperature, and
subsequently in standard vivarium conditions, 3-6
(SCI and HG groups) or 2-3 (HGj group) individuals
in larger cages or in individual smaller cages (SCIj
group) [14, 23].

The pHPMA-hydrogel was synthesized from
N-(2-hydroxypropyl) methacrylamide by radical
polymerization under heterogeneous phase-
separation conditions in a porogenic medium [14-
16]. After washing and high-temperature sterilization,
macroporous hydrogel fragments were transported in
distilled water in sealed containers [14-16].

A successfully modeled rat displayed a motor
deficit of the hind limb on the SCI side as a spastic
paresis. Motor activity (function index, FI) and
spasticity (spasticity index, SI) of the paretic limb
were evaluated using the Basso-Beattie-Bresnahan
(BBB) scale and the Ashworth scale, respectively,
in our technical modifications [23], without prior
training. The BBB scale determines the degree of rat
motor activity during free locomotion on an open
plane in the following main intervals: 1) orchestration
of movements in the three key joints of the hind
limb (0-9 points), 2) maintenance of body weight
by the hind limbs (9-11 points), 3) coordination of
movements by different limbs (12-14 points), 4) fine
mobility within the foot of the paretic hind limb
(14-20 points), 5) keeping the tail above the plane of
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movement (19-20 points) and 5) translateral stability
of the trunk (20-21 points) [23]. The Ashworth scale
in rats allows for the assessment of spasticity mainly
based on the mobility of the joints of the paretic
limb during conditionally passive flexion-extension
moovements, ranging from no resistance (0 points)
to significant resistance in contracture and in some
cases, ankylosis (4 points) [23].

The assessment of FI and SI was carried out by the
same researcher, conditionally blinded both to the
individual characteristics of all animals operated on
by him and, usually, to the previous values of FI and
SI in groups SCIj and HGj [14, 23], but not blinded
to the previous values of FI and SI in groups SCI and
HG. In case of doubt about the exact whole value of
FI or SI, the half value was recorded.

FI and SI were recorded weekly at 1 and 2 weeks,
then monthly up to 5 months for groups SCI and
HG. A similar time scheme for displaying results was
used for groups SCIj and HGj, however, actual testing
intervals for this animals differed by ~29% at 1 week
post-injury, and <7% thereafter [14, 23]. This nullifies
the results of the comparative analysis involving the
SCJj and HGj groups at the first two observation
periods, however, due to the decrease in changes in
FI and SI after the 2nd month of observation, these
deviations are not of fundamental importance for
assessing the significance of differences in FI and SI
between the groups.

Animals with FI of the paretic limb >9 BBB points
at first testing (SCIj - 1 animal, HGj - 2 animals)
or persistent deficit of the contralateral hind limb
(<14 points; SCIj - 2 animals, HGj - 1 animal) were
excluded [14, 23]. Throughout both experiments,
no signs of self-injurious behavior, regional trophic
and/or purulent-inflammatory processes that would
require immediate euthanasia of the animal were
detected. Animals with obvious signs of persistent
peripheral paresis (Ls-L¢ motor neuron damage) were
retained [23]. No cases of excessively rostral injury
causing ipsilateral abdominal muscle paresis were
noted. Cases of excessively rostral injury and obvious
ipsilateral paresis of the abdominal wall muscles
were not specifically recorded [23]; a frequent or
characteristic manifestation of such a symptom for a
particular group was not observed.

During the experiment, animal deaths were
recorded, the causes of which were not specifically
investigated: in the SCI group - 3 animals (at the 2nd
and 3rd months; 13 %), in the HG group - 3 animals
(at the 4th month; 17%). The FI and SI of these animals
was taken into account for intergroup comparisons at
the observation periods, when they were part of the
experimental groups.
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Statistical processing of numerical data was
performed using the EZR software package (R
Statistics), which is freely available (https://www.
softpedia.com/get/Science-CAD/EZR.shtml), on a
personal computer. The distribution pattern was
assessed using the Shapiro-Wilk test. Mean values of
FI and SI in the compared samples were presented as
Median (Q I; Q III), when parameters distribution
in the samples differed from normal, or as M + SD
(M - mean, SD - standard deviation) for normally
distributed data.

To identify differences in individual values of FIand
SI (performed only for animals that were observed
throughout the experiment; SCI - n = 19, HG -
n = 15; SCIj and HGj - in full) at different observation
time points within each group, repeated-measures
ANOVA (rANOVA) or the Friedman test was used;
in both cases, the Bonferroni correction was applied
for multiple comparisons. Pairwise comparisons of
related samples were performed using the Wilcoxon
signed-rank test (T-test).

The significance of differences in FI and SI between
different experimental groups at each observation
time point, under normally distributed data, was
determined using ANOVA after assessing the
homogeneity of variances with Bartlett’s test, followed
by Tukey’s post hoc test for pairwise comparisons.
In cases where the distribution of FI or SI values
differed from normal or when variances were non-
homogeneous, the significance of differences was
assessed using the Kruskal-Wallis test, followed
by the Steel-Dwass test for post hoc comparisons.
The results of the described analysis were further
supplemented by pairwise comparisons of FI or
SI values between experimental groups using the
Wilcoxon-Mann-Whitney test.

Statistical correlation between FI and SI values
was assessed for data of animals, which are observed
throughout the experiment (see above), using
Pearson’s correlation coefficient (rs; when at least one
variable was normally distributed) and Spearman’s
rank correlation test (rp; when the distributions of
both variables were non-normal).

In all cases, the results were considered statistically
significant when the probability of the opposite
assumption was less than 0.05 (p < 0.05).

Results

Dynamics of the paretic limb motor function.

At 1 week after injury, the median of FI values in
the SCI group were 1 (1; 1) BBB score, in the HG
group - 3 (1; 6), in the SCJj group - 0.5 (0; 1), in the
HG;j group - 3.5 (1.5; 5.5) BBB score (Fig. 1 A). FI
values at this time point were significantly different
for the comparison pairs SCI and HG group, as well
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as SCI and SCIj group (p<0.05; Wilcoxon-Mann-
Whitney test) (Fig. 1 A). Subsequently, a significant
increase in FI in the SCI group (n = 19) occurred
within 2 months after injury, and in the HG group
(n = 15) - within one month (p<0.05; Friedman
criterion with Bonferroni correction; Wilcoxon
T-test). At 5 months after injury, the median of FI
values in the SCI group were 7 (6; 8.5) BBB points, in
the HG group - 8 (4; 11) BBB points (Fig. 1 B).

Changes in FI values in the groups of young animals
during the experiment were mostly statistically
insignificant. However, during the 4th-5th month of
observation, a decrease in FI level to 0.5 (0; 1.3) BBB
points was recorded for the SCIj group (p<0.05 when
compared with the value at the 2nd observation period;
Wilcoxon T-test and Friedman test with Bonferroni
correction) and decrease in FI level to the 4.6+4.3
BBB points was detected for the HGj group (Fig. 1 B).

During the experiment, significant differences in FI
values for the SCI and HG groups were detected only
after 1 week (p<0.01, Wilcoxon-Mann-Whitney test),
and for the SCIj and HGj groups - after 5 months
after injury (p<0.05; Wilcoxon-Mann-Whitney test)
[14], however, in the current statistical analysis -
significant differences were not detected (p>0.05;
Wilcoxon-Mann-Whitney test). The FI values of the
SCI and SCIJj groups were significantly different at all
observation times (p<0.05, Wilcoxon-Mann-Whitney
test). No significant differences in the FI values of
the HG and HGj groups were found at any of the
observation times (p>0.05, Wilcoxon-Mann-Whitney
test). As a result, the highest FI values according to the
results of both experiments were observed in the HG
group, the lowest in the SCIj group.

Dynamics of the paretic limb spasticity.

The distribution of SI values in all experimental
groups 1 week after injury differed from normal
(p<0.01; Shapiro-Wilk test). At this observation
point, the median of SI values in the SCI group were
1 (1; 1) Ashworth score, in the HG group - 1 (0; 1), in
the SCIj group - 0.5 (0.5; 0.8) and in the HGj group -
0.5 (0.5; 0.7) Ashworth score (Fig. 1 C). The SI values
of the experimental groups at this time point did not
differ from each other (p>0.05; Wilcoxon-Mann-
Whitney test).

The SI level in the experimental groups increased
during the total observation period in an unequal and
uneven manner. Thus, 1 month after the injury, the
distribution of SI values in all experimental groups
differed from normal (p<0.05; Shapiro-Wilk test)
and the median of SI values in the SCI group were
1 (1; 1) Ashworth score, in the HG group - 0.8 (0; 1)
points, in the SCIj group - 3.5 (1.8; 4) points, and in
the HGj group - 0.8 (0.5; 1.8) points. The values of SI
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Notes for statistical
differences.

significance of

BBB-part (A, B):

* — group SCI vs group HG, at 1 week
time point, Wilcoxon-Mann-Whitney test,
p<0.01;

** — group SCI vs group SCIj, at 1 week
time point, Wilcoxon-Mann-Whitney test,
p<0.05;

1 - group SCI vs group SClj, at 5-month
time point, Wilcoxon-Mann-Whitney test,
p<0.001;

§ - within the SCI group, between the
1 week and 5-month time point, Wilcoxon
signed-rank test, p < 0.001 (performed for
animals that were observed throughout
the experiment, n = 19);

I - within the HG group, between the
1 week and 5-month time point, Wilcoxon
signed-rank test, p < 0.01 (performed for
animals that were observed throughout
the experiment, n = 15).

Ashworth-part (C, D):

** — within the HG group, between the
1 week and 5-month time point, Wilcoxon
signed-rank test, p<0.01 (performed for
animals that were observed throughout
the experiment, n = 15);

Tt - within the SCIj group, between the
1 week and 5-month time point, Wilcoxon
signed-rank test, p<0.05.

Figure 1. Median values of FI (A, B) and SI (C, D) (horizontal lines inside the boxes),
the limits of the first and third quartiles (the shaded portions of the box located below and above the median
line at each time point, respectively), mean values (x), standard deviations (the average distance between
the lower or upper edge of each box), and the range of data dispersion (outliers) beyond the upper and
lower quartiles (horizontal caps of the whiskers at each observation time point) in four experimental groups
(SCI, HG, SCIj, and HGj) at 1 week (A, C) and 5 months (B, D) after injury modeling.

in the HG and SCI groups (p<0.01, Steele-Dwass test
for posterior comparisons; p<0.01, Wilcoxon-Mann-
Whitney test — in the case of pairwise comparisons)
and in the SCI and SCJj groups (p<0.01, Wilcoxon-
Mann-Whitney test) significantly differed at this
observation point.

Two months after the injury, the distribution of
SI values in all experimental groups differed from
normal (p<0.01; Shapiro-Wilk test) and the median
of SI values in the SCI group were 1 (1; 1) Ashworth
points, in the HG group - 1 (0.6; 1) points, in the
SCJj group - 4 (2.8; 4) points, and in the HGj group -
0.8 (0.5; 2.5) points. SI values in the SCI and HG
groups, as well as SCI and SCIJj groups, differed at this
observation point in a pairwise comparison (p<0.05;
Wilcoxon-Mann-Whitney test).

Five months after injury, the distribution of SI
values was normal only in the HG group (p>0.05;
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Shapiro-Wilk test), and the median of SI values in
the SCI group were 1 (1; 1) Ashworth score, in the
HG group - 1 (0.8; 1.5) score, in the SCIj group -
4 (3.8; 4) points, and in the HGj group - 1 (0.6; 3.3)
point (Fig. 1 D). At this observation point, SI values
were significantly different only for the SCI and SCJj
groups (p<0.001, Wilcoxon-Mann-Whitney test)
(Fig. 1 D).

Overall, an increase in SI was observed in the SCI
group during the first month, in the HG group -
during the 2nd and 3rd months, in the SCIj group -
during the first 2 months, and in the HGj group -
during the 1st and 3rd months after the injury.
Statistical analysis, performed for animals that were
observed throughout the experiment, generally
confirmed these observations. Thus, in the SCI group
sample (n = 19), a significant change in SI values
was detected only during the second week of the
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experiment (p<0.001; Friedman test with Bonferroni
correction) or was not detected at all (p>0.05;
Wilcoxon T-test for all pairs of comparisons). In the
HG group sample (n = 15), a significant increase in SI
relative to values at 1 week after injury was detected
during the period from the 3rd to the 5th month
after the injury (p<0.05, Wilcoxon t-test, Friedman
test with Bonferroni correction). In the SCIj group,
a significant increase in SI was observed during the
first two months (p<0.03, Wilcoxon T-test; p<0.05,
Friedman test with Bonferroni correction), while in
the HGj group, SI values did not change significantly
throughout the experiment (p>0.05, Wilcoxon T-test;
p<0.01, Friedman test with Bonferroni correction).

Correlation of motor function and spasticity
values.

As already noted, in general, after 5 months from
the experiment beginning, the highest FI values were
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observed in the HG group, the lowest — in the SCIj
group, and intermediate values were observed in
the remaining two groups. On the contrary, highest
SI values were observed in the SCIj group, and
lower values were observed in the remaining three
groups. Such an inverse relationship between FI and
SI probably has a pathophysiological basis: it is well
known that the limitation of voluntary muscle control
after SCI due to the damage of supraspinal innervation
of the corresponding motor neurons (state of central
paresis, decrease in FI) is accompanied by an increase
in the involuntary activity of denervated motor
neurons, i.e., the formation of spasticity (increase
in SI). Correlation analysis of the data, obtained
from animals, which are observed throughout the
experiment (SCI group - n = 19, HG group - n = 15;
groups SCIj and HGj - in full), generally confirmed
this opinion (Fig. 2).

Figure 2. Examples of correlations between individual FI and SI values: A — a moderate negative correlation
between FI and SI values in the SCIj group recorded throughout the entire experiment (r, = —0.47, p<0.001);
B - a strong negative correlation between FI and SI values in the HGj group recorded throughout the entire
experiment (r, = —0.77, p<0.001); C - a strong negative correlation between FI and SI values in both the SCJj
and HG;j groups at 5 months after injury modeling (r; = —0.87, p < 0.001); D - a strong negative correlation
between FI and SI values in the HGj group at 5 months after injury (r = —0.84, 95% CI -0.98 ... —-0.102,
p<0.05). The ordinate axis represents SI values, and the abscissa axis represents FI values.
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For example, 1 week after injury in the SCI group
sample, a moderate negative correlation was found
for FI and SI values (rs = -0.53, p<0.05), and 1 month
after injury a strong negative correlation was found
in the HGj group (r, = -0.86, 95% CI -0.98 ... -0.14,
p<0.03). At 2 months after injury in the SCI group
sample, a moderate negative correlation was found
(rs =-0.68, p<0.01), and a strong negative correlation
was found in the SCJj and HGj groups (r, = -0.71,
p<0.05, and r, = -0.96, 95% CI -1.00 ... -0.70, p<0.002,
respectively). Similarly, 3 months after injury, in the
SCI group sample, a moderate negative correlation
was found (r, = -0.63, p<0.01), and a strong negative
correlation was found in the SCIj and HGj groups
(respectively, rs = -0.83, p<0.01, and rp = -0.98, 95%
CI-1.00 ... -0.80, p<0.001). At 4 months after injury, a
strong negative correlation was found in the SCI group
sample (r, = -0.73, 95% CI -0.89 ... -0.41, p<0.001),
and moderate negative correlation was found in the
HG group sample (r, = -0.57, 95% CI -0.84 ... -0.08,
p<0.05). At the same observation point a strong
negative correlation in the SCIj and HGj groups was
found (respectively, r, = -0.88, p<0.01, and r, = -0.88,
95% CI -0.99 ... -0.23, p<0.05). At 5 months after
injury, a moderate negative correlation was found
in the SCI group sample (r, = -0.7, 95% CI -0.87 ...
-0.35, p<0.001), and a strong negative correlation was
found in the HGj group (r, = -0.84, 95% CI -0.98 ...
-0.10, p<0.05).

Discussion

SCI is a severe pathology wich lead, among other
things, to the loss of supraspinal innervation of motor
neurons due to axonal tracts disruption. Therefore,
the main goal of SCI treatment is restoration of this
innervation, for example, by creating an artificial
environment for axon growth through the lesion
site using tissue scaffolds [11], notably pHPMA-
hydrogel [12-16]. In this context, here we obtained
two main results: 1) the same volume of SCI in adult
animals, compared to young animals, leads toa smaller
neurological deficit; 2) against the background of
significant autogenic recovery of the motor function,
the effect of pHPMA-hydrogel on the outcome of the
regeneration process is not significant. Both results
were unexpected, based on the available literature
data, and require discussion.

Regarding the first result, it is well known
that mechanisms of autogenic regeneration after
SCI include rewiring motor system networks at
supraspinal [21, 22, 26, 27] and spinal [21, 22, 26-28]
levels and involve propriospinal neurons [26, 28-30],
and injured long projection axons [22]. For example,
it was found that damaged spinal cord axons can
sprout over short distances, branch, and form new
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synapses [21], and this process, at least in rats, begins
within the first 6 hours after SCI [31]. Apparently,
thanks to such mechanisms, a significant proportion
of SCI patients exhibit spontaneous recovery of
neurological functions [32-34].

Literature data indicate significant autogenic
restoration of motor activity of the paretic limb after
lateral hemisection of the rat spinal cord. Mills et
al. (2001) [35] report that after lateral hemisection
at the lower thoracic level in male rats (100-125 g),
the function of the paretic limb is restored on the
35th day, depending on the breed of animals, to the
level of ~15-17 BBB points. At the same time, the
authors consider the motor function of the posterior
contralateral limb to the site of injury to be intact
in this observation. These results are consistent
with the data of a number of other works [36-39].
However, Arvanian et al. (2009) [37], and later Li et
al. (2017) [39], report a deficit in motor function of
the contralateral hind limb one month after lateral
hemisection of the thoracic spinal cord at the level
of ~15 BBB points, only a few points less than the
deficit in the paretic limb. Apparently, similar results
of autogenic restoration of motor function of paretic
limbs are inherent in the crossing of the dorsal half
of the spinal cord or the corticospinal, rubrospinal
or other descending supraspinal pathways in the
rat, with the exception of the reticulospinal pathway;,
which in animals of this species plays a leading role in
ensuring walking locomotion [40].

In contrast, after excision of a lateral half fragment
of the rat spinal cord substance at the mid- or
lower thoracic level, autogenic restoration of motor
function is generally less effective. For example, Jian
et al. (2015) [41] after a three-millimeter excision
in adult female rats (Sprague-Dawley) obtained a
FI value of the paretic limb at the level of ~6 BBB
points after 8 weeks. Zhang et al. (2016) [42] after a
two-millimeter excision in adult male rats (Sprague-
Dawley) as of the 70th day describe a FI of the paretic
limb at ~4.8 BBB points, demonstrating data (fig. 4
A-D) on the deficit of motor function of the hind
contralateral limb as of the 30th day. Pertici et al.
(2013) [13] in adult male rats (Sprague-Dawley) 14
weeks after a one-millimeter excision found a FI of
the paretic limb at 8-9 BBB points. In contrast, Hsieh
et al. (2010) [43] 55 days after a one-two-millimeter
excision in adult male Wistar rats recorded a FI of the
paretic limb at the level of ~11 BBB points, and of the
hind contralateral limb at the level of ~15 BBB points,
and the next day after the intervention, the function
of the hind contralateral limb was described at the
level of ~3 BBB points. Ke et al. (2022) [44] 4 weeks
after an approximately two-millimeter excision in
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six-week-old male Sprague-Dawley rats detected a FI
of the hind limbs at the level of ~15 BBB points.

According to our early observations [45],
lateral spinal cord hemisection in male rats with
the procedure for verifying its completeness is
accompanied by a profound persistent deficit in
motor function of the paretic limb - in young animals
at the level of ~5 BBB points, in adults - ~3 BBB
points. In these observations, signs of damage to the
contralateral part of the spinal cord were recorded
in almost every third case, and signs of peripheral
paresis, i.e. caudalized spinal cord injury or more
caudal spread of secondary alteration, were recorded
in almost every fifth case [23], which indicates
significant injury to the areas of the spinal cord
adjacent to the hemisection zone. By the way, Zhang
et al. (2019) [46] 4 weeks after modeling a lateral
half-section of the spinal cord in adult male rats
(Sprague-Dawley line) with similar intraoperative
pathomorphological consequences (Fig. 1 c), des-
cribe a FI of the paretic limb of ~8 BBB points,
without revealing the condition of the contralateral
hind limb. More careful lateral hemisection in young
animals, without significant trauma to the butt ends
of the transected half of the spinal cord, according to
our data, is accompanied by spontaneous restoration
of motor function of the paretic limb up to ~10 BBB
points [14, 23], one-millimeter excision of the lateral
half of the spinal cord in young animals (SCIj group)
leads to a deficit of motor function of the paretic limb
at the level of ~1 BBB point, and in adult animals
(SCI group) - to a deficit at the level of ~7 BBB
points, without signs of impaired motor function of
the contralateral limb.

In our opinion, the differences between the data
of several of our experimental series [14, 23, 45],
as well as between the experimental data of other
authors, can, among other factors, be associated
with the hemisection technique, in particular, with
injury to adjacent areas of the spinal cord and
the rostrocaudal and translateral spread of post-
traumatic inflammation, which makes it difficult
to involve contralateral and bilaterally distributed
interneurons of the spinal cord in the formation of
supraspinal reinnervation pathways of the paretic
limb motoneurons “bypassing” the epicenter of the
injury. This interpretation is consistent with another
observation-a significant difference in the results of
the autogenous repair process after a careful one-
millimeter excision of the lateral half of the spinal
cord in young (SCJj group) and adult (SCI group)
animals. A possible explanation for this difference
may be the small (less than 1 mm) rostrocaudal
distribution of the axonal and dendritic apparatus of
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most of those interneurons of the contralateral part
of the spinal cord of the young rat, through which
the alternative supraspinal innervation pathway is
established. Under these conditions, implantation of
pHPMA-hydrogel (apparently, precisely as a matrix
for axon growth) has a significant positive effect on
the restoration of motor function (HGj group [14]).
Since significant postnatal neurogenesis in the
mammalian spinal cord is most likely absent, the
increase in the size of this part of the nervous system
during the animal's maturation is accompanied by an
increase in the length of the processes of neurons —
participants in the supraspinal innervation pathways
of motor neurons. Under such conditions, the zone
of a one-millimeter defect of the lateral half of the
spinal cord in adult animals, unlike young ones,
can be covered by the rostrocaudal spread of the
processes of many interneurons of the contralateral
part, with the participation of which an alternative
path of supraspinal innervation of caudal motor
neurons will be established. Within this hypothesis,
if the primary or secondary damage at the level of
spinal cord unilateral injury spreads contralaterally,
the effectiveness of such a mechanism will be
significantly reduced due to the damage to the
corresponding interneurons of the contralateral
part.

Also, from the point of view of the same hypothesis,
in the case of spinal cord lateral hemisection in young
animals (see [14]), or one-millimeter spinal cord
lateral hemi-excision in adult animals (SCI group),
the role of the pHPMA-hydrogel in restoration of
motor function is insignificant (see [14, 23], as well as
the HG group in this work), since the establishment
of an alternative pathway with the participation of
contralateral interneurons is likely faster and more
extensive than the growth of injured fibers through
the pHPMA-hydrogel. However, in the case of
a rough spinal cord lateral hemisection in adult
animals (see [45; 47, p. 136-138]), the pHPMA-
hydrogel implanted immediately after the injury may
limit secondary damage to the spinal cord substance,
increase survival of the opposite part interneurons
population and therefore increases motor function
restoration [47, p. 136-138].

In general, the participation of propriospinal
interneurons in establishing connections with motor
neurons of the paretic limb after lateral hemisection
of the spinal cord is quite well known [28-30],
however, the nature, diversity and functions of this
neuronal population, despite long-term study [49]
remain fragmentary [49, 50], not enough to confirm
or refute our interpretation of the results proposed
above. However, the literature also describes cases
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of significant recovery of the ipsilateral paretic
limb motor function after adult rat lateral spinal
cord hemisection in the lower thoracic region with
morphological signs of paramedian contrlateral
damage [36], or with signs of significant motor deficit
of the contralateral hind limb [37, 39].

Study limitations

The methodology of this study has a number
of limitations. First of all, the differences found
between the results of the recovery process in young
and adult animals may be associated with genetic
characteristics and differences in the maintenance
and nutrition of both groups of animals in two
different institutions [23]. For example, differences
of ~2 points on the BBB scale have been described
between the results of one month regeneration in
adult rats of different stocks after unilateral spinal
cord injury [35]. Second, the data obtained using the
BBB scale after unilateral spinal cord injury should
be evaluated with caution in the range of motor
function values above 8 points [23]. Also, the lack
of consensus among numerous experimental data
on the results of the recovery process after unilateral
spinal cord injury in rats [13, 14, 23, 35-46], in our
opinion, indicates the significant importance of
certain, currently unexplained surgical features
of modeling this type of injury, which could also
be reflected in the differences in the results of the
two experimental series discussed in this article.
At the same time, the lack of classical blinding and
randomization in this work, in our opinion, did not
have a significant impact on the reliability of the
data obtained, since the result of the experiment
turned out to be opposite to our research hypothesis.
Finally, our assumption regarding the role of
propriospinal neurons of the contralateral spinal
cord part, although contextual to the classical ideas
about the mechanisms of supraspinal reinnervation
of paretic limbs motor neurons after SCI [26, 28-
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30], requires complex verification involving modern
neurophysiological studies on living spinal cord
preparations, viral tracing of neuronal pathways, and
optogenetic confirmation of their participation in
the motor function. Therefore, our data, obtained in
this study, require further careful verification.

Conclusions

1. Despite the fact that in young rats, a one-
millimeter defect in the lateral half of the spinal cord
is accompanied by a profound permanent deficit
in the motor function of the paretic limb, in adult
animals, after such an injury, the motor function of
the paretic limb recovers quite quickly to ~30% of its
normal level.

2. In contrast to the significant positive effect
of pHPMA-hydrogel implantation on the motor
function restoration after a one-millimeter excision
of the spinal cord lateral half in young rats, the role
of pHPMA-hydrogel in adult animals under similar
conditions is not significant.

3. Spasticity of the paretic limb is minimal in
adult animals with or without pHPMA-hydrogel
implantation, and also minimal in young animals
with pHPMA-hydrogel implantation; only young
animals without pHPMA-hydrogel implantation
exhibit maximal spasticity.

4. There is generally a negative correlation between
motor function and spacticity after 1-mm excision of
the spinal cord lateral half.

Acknowledgment:

We are grateful to Ziya Melikov for his work on
the statistical processing of the digital data presented
in this article and the preparation of illustrations. We
also thank the management of the State Institution
“Romodanov  Neurosurgery Institute National
Academy of Medical Sciences of Ukraine”, as well as
the head of the experimental animal clinic, Volodymyr
R. Vorobyov, for the opportunity to perform part of
the experimental studies covered in this work.

Funding. This research received no external funding.

e 58

Conflict of Interest. The authors declare that they have no financial, academic, or personal conflicts of interest
related to the publication of this article.

Consent to publication. All authors consented to the publication of this manuscript. All authors have read and agreed
to the published version of the manuscript.

Ethical Approval Statement. Approved by the Commission on Bioethical Expertise and Ethics of Scientific Research
of the Bogomolets National Medical University (Protocol No. 114, dated 10.10.2018, and No. 172, dated 22.06.2023].

Al Statement. No Al tools were used in the preparation of this manuscript.

Author Contributions (CRediT). Conceptualization - Volodymyr Medvediev; Victor Sahaidak. Methodology -
Volodymyr Medvediev; Victor Sahaidak. Software - not applicable. Validation - Volodymyr Medvediev. Formal
Analysis - Volodymyr Medvediev; Victor Sahaidak. Investigation - Victor Sahaidak. Resources - not applicable. Data
Curation - Volodymyr Medvediev; Victor Sahaidak. Writing - Original Draft - Volodymyr Medvediev. Writing - Review
& Editing - Volodymyr Medvediev. Visualization — Volodymyr Medvediev. Supervision — Volodymyr Medvediev. Project
Administration - Volodymyr Medvediev. Funding Acquisition - not applicable

UKRAINIAN SCIENTIFIC MEDICAL YOUTH JOURNAL @ 1 (160)/2026 Creative Commons «Attribution» 4.0


https://creativecommons.org/licenses/by/4.0/

elSSN 2786-667X MEAVMUMHA I

OpwriHanbHi fLocnigXeHHs

N References

1. GBD 2016 Traumatic Brain Injury and Spinal Cord Injury Collaborators (2019). Global, regional, and national burden of
traumatic brain injury and spinal cord injury, 1990-2016: A systematic analysis for the Global Burden of Disease Study.
Lancet Neurol. 18(1):56-87. d0i:10.1016/S1474-4422(18)30415-0.

2. Furlan JC, Gulasingam S, Craven BC. Epidemiology of war-related spinal cord injury among combatants: a systematic
review. Global Spine J. 2019;9(5):545-58. d0i:10.1177/2192568218776914.

3. Kumar R, Lim J, Mekary RA, Rattani A, Dewan MC, Sharif SY, et al. Traumatic spinal injury: global epidemiology and
worldwide volume. World Neurosurg. 2018;113:¢345-e363. doi: 10.1016/j.wneu.2018.02.033.

4. Cardile D, Calderone A, De Luca R, Corallo E Quartarone A, Calabro RS. The quality of life in patients with spinal cord
injury: assessment and rehabilitation. ] Clin Med. 2024;13(6):1820. doi: 10.3390/jcm13061820.

5. Johansson E, Koskinen E, Helminen M, Vainionpia A, Luoto TM. Mortality and causes of death of traumatic spinal cord
injury in Finland. Spinal Cord. 2025;63(1):24-30. doi: 10.1038/s41393-024-01047-9.

6. Eli I, Lerner DP, Ghogawala Z. Acute traumatic spinal cord injury. Neurol Clin. 2021;39(2):471-88. doi:10.1016/].
ncl.2021.02.004.

IzzyS. Traumatic spinal cord injury. Continuum (Minneap Minn). 2024;30(1):53-72. d0i:10.1212/CON.0000000000001392.

8. Dodd W, Motwani K, Small C, Pierre K, Patel D, Malnik S, et al. Spinal cord injury and neurogenic lower urinary tract
dysfunction: what do we know and where are we going? ] Mens Health. 2022;18(1):24. doi: 10.31083/j.jomh1801024.

9. Levasseur A, Mac-Thiong JM, Richard-Denis A. Are early clinical manifestations of spasticity associated with long-term
functional outcome following spinal cord injury? A retrospective study. Spinal Cord. 2021;59(8):910-916. doi: 10.1038/
s41393-021-00661-1.

10. Felix ER, Cardenas DD, Bryce TN, Charlifue S, Lee TK, Maclntyre B, et al. Prevalence and impact of neuropathic and
nonneuropathic pain in chronic spinal cord injury. Arch Phys Med Rehabil. 2022;103(4):729-37.

11. HuX, Xu W, Ren Y, Wang Z, He X, Huang R, et al. Spinal cord injury: molecular mechanisms and therapeutic interventions.
Signal Transduct Target Ther. 2023;8(1):245. doi: 10.1038/s41392-023-01477-6.

12. Woerly S, Doan VD, Sosa N, de Vellis J, Espinosa A. Reconstruction of the transected cat spinal cord following NeuroGel
implantation: axonal tracing, immunohistochemical and ultrastructural studies. Int ] Dev Neurosci. 2001;19(1):63-83. doi:
10.1016/50736-5748(00)00064-2.

13. PerticiV,Amendola],Laurin], Gigmes D, MadaschiL, CarelliS, etal. The use of poly(N-[2-hydroxypropyl]-methacrylamide)
hydrogel to repair a T10 spinal cord hemisection in rat: a behavioural, electrophysiological and anatomical examination.
ASN Neuro. 2013;5(2):149-66. doi: 10.1042/AN20120082.

14. Abdallah I, Medvediev V, Draguntsova N, Voitenko N, Tsymbaliuk V. Dependence of the restorative effect of Macroporous
poly(N-[2-Hydroxypropyl]-methacrylamide hydrogel on the severity of experimental lacerative spinal cord injury.
USMY]J. 2021;127(4):8-21. doi: 10.32345/USMY].127(4).2021.8-21.

15. Rybachuk O, Savytska N, Pinet E, Yaminsky Y, Medvediev V. Heterogeneous pHPMA hydrogel promotes neuronal
differentiation of bone marrow derived stromal cells in vitro and in vivo. Biomed Mater. 2023;18(1). doi: 10.1088/1748-
605X/acadc3.

16. Rybachuk O, Nesterenko Y, Pinet E, Medvediev V, Yaminsky Y, Tsymbaliuk V. Neuronal differentiation and inhibition of
glial differentiation of murine neural stem cells by pHPMA hydrogel for the repair of injured spinal cord. Exp Neurol.
2023;368:114497. doi: 10.1016/j.expneurol.2023.114497.

17. Blight AR. Cellular morphology of chronic spinal cord injury in the cat: analysis of myelinated axons by line-sampling.
Neuroscience. 1983;10(2):521-43. doi: 10.1016/0306-4522(83)90150-1.

18. Raineteau O, Schwab ME. Plasticity of motor systems after incomplete spinal cord injury. Nat Rev Neurosci. 2001;2(4):263-
73. doi: 10.1038/35067570.

19. Mattucci S, Speidel J, Liu J, Kwon BK, Tetzlaff W, Oxland TR. Basic biomechanics of spinal cord injury - how injuries
happen in people and how animal models have informed our understanding. Clin Biomech (Bristol). 2019;64:58-68. doi:
10.1016/j.clinbiomech.2018.03.020.

20. Guijarro-Belmar A, Varone A, Baltzer MR, Kataria S, Tanriver-Ayder E, Watzlawick R, et al. Effectiveness of biomaterial-
based combination strategies for spinal cord repair - a systematic review and meta-analysis of preclinical literature. Spinal
Cord. 2022;60(12):1041-9. doi: 10.1038/s41393-022-00811-z.

21. Fouad K, Popovich PG, Kopp MA, Schwab JM. The neuroanatomical-functional paradox in spinal cord injury. Nat Rev
Neurol. 2021;17(1):53-62. doi: 10.1038/s41582-020-00436-x.

22. Blesch A, Tuszynski MH. Spinal cord injury: plasticity, regeneration and the challenge of translational drug development.
Trends Neurosci. 2009;32(1):41-7. doi: 10.1016/j.tins.2008.09.008.

23. Medvediev VV, Abdallah IM, Draguntsova NG, Savosko SI, Vaslovych VV, Tsymbaliuk VI, et al. Model of spinal cord
lateral hemi-excision at the lower thoracic level for the tasks of reconstructive and experimental neurosurgery. Ukr
Neurosurg J. 2021;27(3):33-5. doi: 10.25305/unj.234154.

24. Wieters F, Weiss Lucas C, Gruhn M, Biischges A, Fink GR, Aswendt M. Introduction to spasticity and related mouse
models. Exp Neurol. 2021;335:113491. doi: 10.1016/j.expneurol.2020.113491.

Creative Commons «Attribution» 4.0~ YKPAIHCbKUIA HAYKOBO-MELUYHUIA MONOAIKHWUM XXYPHAT @ 1 (160)/2026 59 e—


https://portal.issn.org/resource/ISSN/2786-667X#
https://creativecommons.org/licenses/by/4.0/

I MEDICINE ISSN 2786-6661
Original Articles

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

s 60

Krotov V, Medvediev V, Abdallah I, Bozhenko A, Tatarchuk M, Ishchenko Y, et al. Phenotypes of motor deficit and pain
after experimental spinal cord injury. Bioengineering. 2022; 9(6):262. doi: 10.3390/bioengineering9060262.

Brown AR, Martinez M. From cortex to cord: motor circuit plasticity after spinal cord injury. Neural Regen Res.
2019;14(12):2054-62. doi: 10.4103/1673-5374.262572.

Calderone A, Cardile D, De Luca R, Quartarone A, Corallo F, Calabro RS. Brain plasticity in patients with spinal cord
injuries: a systematic review. Int ] Mol Sci. 2024;25(4):2224. doi: 10.3390/ijms25042224.

Filli L, Schwab ME. Structural and functional reorganization of propriospinal connections promotes functional recovery
after spinal cord injury. Neural Regen Res. 2015;10(4):509-13. doi: 10.4103/1673-5374.155425.

Laliberte AM, Goltash S, Lalonde NR, Bui TV. Propriospinal neurons: essential elements of locomotor control in the intact
and possibly the injured spinal cord. Front Cell Neurosci. 2019;13:512. doi: 10.3389/fncel.2019.00512.

Cheng ], Guan NN. A fresh look at propriospinal interneurons plasticity and intraspinal circuits remodeling after spinal
cord injury. IBRO Neurosci Rep. 2023;14:441-6. doi: 10.1016/j.ibneur.2023.04.001.

Nishio T, Fujiwara H, Kanno I. Immediate elimination of injured white matter tissue achieves a rapid axonal growth across
the severed spinal cord in adult rats. Neurosci Res. 2018;131:19-29. doi: 10.1016/j.neures.2017.10.011.

Belegu V, Oudega M, Gary DS, McDonald JW. Restoring function after spinal cord injury: promoting spontaneous
regeneration with stem cells and activity-based therapies. Neurosurg Clin N Am. 2007;18(1):143-68, xi. doi: 10.1016/j.
nec.2006.10.012.

Steeves JD. Bench to bedside: challenges of clinical translation. Prog Brain Res. 2015;218:227-39. doi: 10.1016/
bs.pbr.2014.12.008.

Khorasanizadeh M, Yousefifard M, Eskian M, Lu Y, Chalangari M, Harrop JS, et al. Neurological recovery following
traumatic spinal cord injury: a systematic review and meta-analysis. ] Neurosurg Spine. 2019;30(5):683-99. doi:
10.3171/2018.10.SPINE18802.

Mills CD, Hains BC, Johnson KM, Hulsebosch CE. Strain and model differences in behavioral outcomes after spinal cord
injury in rat. ] Neurotrauma. 2001;18(8):743-56. doi: 10.1089/089771501316919111.

Webb AA, Muir GD. Compensatory locomotor adjustments of rats with cervical or thoracic spinal cord hemisections. J
Neurotrauma. 2002;19(2):239-56. doi: 10.1089/08977150252806983.

Arvanian VL, Schnell L, Lou L, Golshani R, Hunanyan A, Ghosh A, et al. Chronic spinal hemisection in rats induces a
progressive decline in transmission in uninjured fibers to motoneurons. Exp Neurol. 2009;216(2):471-80. doi: 10.1016/j.
expneurol.2009.01.004.

Zhao YY, Yuan Y, Chen Y, Jiang L, Liao R], Wang L, et al. Histamine promotes locomotion recovery after spinal cord
hemisection via inhibiting astrocytic scar formation. CNS Neurosci Ther. 2015;21(5):454-62. doi: 10.1111/cns.12379.

Li LS, Yu H, Raynald R, Wang XD, Dai GH, Cheng HB, et al. Anatomical mechanism of spontaneous recovery in regions
caudal to thoracic spinal cord injury lesions in rats. Peer]. 2017;5:¢2865. doi: 10.7717/peerj.2865.

Majczynski H, Stawiriska U. Locomotor recovery after thoracic spinal cord lesions in cats, rats and humans. Acta Neurobiol
Exp (Wars). 2007;67(3):235-57. doi: 10.55782/ane-2007-1651.

Jian R, Yixu Y, Sheyu L, Jianhong S, Yaohua Y, Xing S, et al. Repair of spinal cord injury by chitosan scaffold with glioma
ECM and SB216763 implantation in adult rats. ] Biomed Mater Res A. 2015;103(10):3259-72. doi: 10.1002/jbm.a.35466.
Zhang Q, Yan S, You R, Kaplan DL, Liu Y, Qu J, et al. Multichannel silk protein/laminin grafts for spinal cord injury repair.
] Biomed Mater Res A. 2016;104(12):3045-57. doi: 10.1002/jbm.a.35851.

Hsieh TH, Tsai JY, Wu YN, Hwang IS, Chen TI, Chen JJ. Time course quantification of spastic hypertonia following spinal
hemisection in rats. Neuroscience. 2010;167(1):185-98. doi: 10.1016/j.neuroscience.2010.01.064.

Ke H, Yang H, Zhao Y, Li T, Xin D, Gai C, et al. 3D gelatin microsphere scaffolds promote functional recovery after spinal
cord hemisection in rats. Adv Sci (Weinh). 2023;10(3):e2204528. doi: 10.1002/advs.202204528.

Tsymbaliuk V, Medvediev V, Semenova V, Grydina N, Senchyk Y, Velychko O, et al. The model of lateral spinal cord
hemisection. Part I. The technical, pathomorphological, clinical and experimental peculiarities. Ukr Neurosurg J.
20165(2):18-27. doi: 10.25305/un;j.72605.

Zhang L, Zhuang X, Chen Y, Xia H. Intravenous transplantation of olfactory bulb ensheathing cells for a spinal cord
hemisection injury rat model. Cell Transplant. 2019;28(12):1585-602. doi: 10.1177/0963689719883842.

Tsymbalyuk V, Medvediev V. Lyudyna i yiyi mozok [Man and his Brain] (in 3 vols.). 2nd ed. Vinnytsia: Nova Knyga; 2023.
Vol. 1, 432 p. [In Ukrainian].

Kostyuk PG, Vasilenko DA. Spinal interneurons. Annu Rev Physiol. 1979;41:115-26. doi: 10.1146/annurev.
ph.41.030179.000555.

Zholudeva LV, Abraira VE, Satkunendrarajah K, McDevitt TC, Goulding MD, Magnuson DSK, et al. Spinal
Interneurons as Gatekeepers to Neuroplasticity after Injury or Disease. ] Neurosci. 2021;41(5):845-54. doi: 10.1523/
JNEUROSCI.1654-20.2020.

Sengupta M, Bagnall MW. Spinal interneurons: diversity and connectivity in motor control. Annu Rev Neurosci.
2023;46:79-99. doi: 10.1146/annurev-neuro-083122-025325.

UKRAINIAN SCIENTIFIC MEDICAL YOUTH JOURNAL @ 1 (160)/2026 Creative Commons «Attribution» 4.0


https://creativecommons.org/licenses/by/4.0/

elSSN 2786-667X MEAVMUMHA I

OpwriHanbHi fLocnigXeHHs

BiAHOBJIEHHS PYX0BOI PYHKLUII nicns BUCIYEeHHS bi4HOro pparMeHTy
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AHnoTauia: TpaBMa crimaHOro Mo3ky (TCM) € BUIOM YIIKOI>KEHHA 3 BUCOKOIO MOIMIMPEHICTIO, CMePTHICTIO Ta piB-
HeM iHBanmigusanil. Oguum i3 migxonis y peabimitanii mpu TCM € cTBOpeHHS YMOB I pereHepaTMBHOIO POCTY
aKCOHIB Yepe3 30HY YUIKO/PKEHHA 3a JIOIIOMOrOl0 TKaHMHHUX KapKaciB, 3okpema pHPMA-rigporento (pHPMA -
nomi(N-[2-rigpokcunpomnin] Metakpunamin)). Oninka eeKTMBHOCTI TaKOroO MiIXOy MOX/IMBA JIMIIE B MOAEIAX
nepepidy CIMHHOTO MO3KY 3 BUCOKOIO BifTBOpIOBaHicTI0. MeTo0 i€l po60oTy 6y/10 BU3HAYMTH BIUIMB HeraifHOl
iMmmranranii pHPMA-rifporeinio B emileHTp ofHOOIYHOrO JedeKTy CIMHHOTO MO3KY HOBXIHOIO 1 MM y mopoc-
JIOTO Ifypa Ha pyXoBY QYHKILIIO MapeTHYHOI KiHI[iBKY V¥ NOPiBHSIHHI 3 eeKTUBHICTIO aHA/IOTIYHOTO BTPyYaHHs
y Moopux TBapyH. JOCTif)KeHHs IpOBeieHO Ha Oi1nx 6e3NopOofHIX SOPOCINX caMisax 1ypis (3—4 micsuni). s
MIOPiBHANBHOIO aHa/li3y BUKOPUCTAHO PE3YNbTaTy, OTPMMaHi Ha MOJIOAUX TBapyHAaX B iHIIiM yCTaHOBI Ta paHille
omry6ikoBaHi B iHIINX po6oTax. B 060X BuIIajkax BUKOHYBa/IM BUCIiUeHH JIaTepajIbHOI IOJIOBMHM CIIMHHOTO MO3-
Ky Ha piBHi HIDKHBOTO IPY/JHOIO/BEpXHbOTO NOIEPEKOBOTO Biffliny MOBXMHOI 1 MM 3 HeraliHMM 3allOBHEHHAM
medekry ¢pparmenToM pHPMA-rifporeto. IIporsarom 5 MicsAniB micas BTpy4aHHA pyXoBa (QYHKIiA IapeTUIHOI
KIHIIIBKM Y ROPOCIMX TBApUH JOCATaa NPUONU3HO TPETHMHM Bif HOpMY sIK nipy iMivtanTtanii pHPMA-rifporertio,
Tak i 6e3 Hei. CrlacTMYHICTb MapeTUYHOI KiHIIIBKM y ZOPOC/INX TBapuH Oy/a MiHiMa/IbHOI He3a/IeXKHO Bifl iMITTaH-
Tawil rigporeio. 3arazoM CIocTepiraaacs HeraTMBHA KOPeJAList MK piBHeM pyxoBoi QYHKIHI Ta CIACTUYHICTIO.
OtpumaHi fani cBig4aTs, o iMmmnanTanis pHPMA-rigporenio B ofHo6i4HMIT fedeKT CIMHHOTO MO3KY JOBXIHO0
1 MM, Ha BiIMiHY BiJj MOJIOJMX TBapyH, He MAa€ CYTTEBOTO BIUIVMBY Ha Bi[[HOBJIEHHA Y JOpocnux TBapuH. Ha ocHoBi
MIOPIBHANBHOIO AHA/Ii3y PE3YIbTATIB Yy MOIOAYX i JOPOCIMX TBAPUH BUCYHYTO TilIOTE3Y, WO BiTHOBJIEHHA PyXOBOI
¢dyHKLii mapeTNYHOI KiHIIBKK Tic/s ogHo6ivHOI TCM Moxe BinbyBaTHCs 3a y4acTIO iHTepHepoHiB/Ipomnpiocii-
HaJIbHUX HEJIPOHIB KOHTpa/aTepaabHOI YaCTVHY YIIKOJPKEHOIO CIMHHOIO MO3KY 3 0OMEXEHOI0 POCTPOKay/ialb-
HOIO IPOTSDKHICTIO aKCOHIB i J€HIPUTIB.

KnioyoBi cnosa: TpaBMa CIIMHHOTO MO3KY, 3aJjHA KiHI[iBKa, IIapes, M A30Ba CIIACTUYHICTb, pereHepalisl CIMHHOTO
MO3KY, FifporerIi.
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