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SUMMARY: Spinal cord regeneration after mechanical injury is one of the most difficult biomedical problems. This article
evaluates the effect of poly(N-[2-hydroxypropyl]-methacrylamide) hydrogel (PHPMA-hydrogel) on spinal cord regeneration in young
rats after lateral spinal cord hemi-excision (laceration) at the level of segmeiits (ITrGel group). The locomotor function score (FS)
and the paretic hindlimb spasticity score (SS) were assessed according to Basso—Beattie—Bresnahan (BBB) and Ashworth scales,
respectively, and compared to a group of animals with no matrix implanted (Tr group). Regeneration of nerve fibers aff tinguigvel
was evaluated at ~5 months after spinal cord injury (SCI). One week after the SCI induction, the FS on the BBB scalebas it
in the Tr group and 3#1..2 points in the TrGel group. In the Tr group, the FS in 5 months was significantly lower than in 2 weeks after
SCI, while no significant changes in FS were detected in the TrGel group over the entire observation period. The fina8F&3vas 0
points in the Tr group and 4:5.8 points in the TrGel group. No significant changes in SS have been observed in the TrGel group
throughout the experiment, while the Tr group showed significant increases in SS at 2nd week, 6th week, 3th month andT$té month
SS in 5 months was 36.3 points on the Ashworth scale in the Tr group andQl@points in the TrGel group. Throughout the
observation period, significant differences in FS between groups were observed only in 5 weeks after SCI, whereas gfgnéficzes d
in SS were observed in 2, 3 and 6—8 weeks post-injury. Glial fibrous tissue containing newly formed nerve fibers, isalafeetiang
small clusters, that originated from the surrounding spinal cord matter have been found between the implanted hydrogellfragment
conclusion, PHPMA-hydrogel improves recovery of the hindlimb locomotor function and promotes regenerative growth of reerve fiber
Further research is needed to clarify the mechanism of this PHPMA-hydrogel effect.
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INTRODUCTION

Spinal cord injury (SCI) is a critical damage of theprevalence of SCl is ~27 million cases (GBD 2016 Traumatic
nerve system that leads to considerable mortality amtain Injury and Spinal Cord Injury Collaborators, 2016).
frequent disability (DeVivo, 2012). According to 2016The specific neurological deficit after SCI is caused by
epidemiological data, the estimated global annual incidenaeuron death and rupture of nerve fibers at the injury level.
of SCI reaches ~1 million cases, and the estimated globfthe site of injury is outside the cervical and lumbosacral
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spinal cord enlargements, the main goal of restorati® the TrGel (trauma+hydrogel) group — lateral hemi-
treatment is to restore the long supraspinal projections orgrcision of the low thoracic spinal cord fragment, ~1 mm in
motor neurons located below the level of injury. The solutiolength, followed by immediate filling of the defect with a
to this problem is associated with the development éfagment of amorphous macroporous matrix (n=6).
biopolymer-based scaffolds which could be implanted in the
SCI site (Zhanget al, 2019). One of such scaffolds is PHPMA-hydrogel was synthesized by Dr Eric Pinet
macroporous poly (N-[2-hydroxypropyl]-methacrylamide)FISO Technologies Inc., Quebec, Canada) from N-[2-
hydrogel (PHPMA-hydrogel; Woerlgt al, 1996, 1998, hydroxypropyl]-methacrylamide using radical
1999, 2001a,b,c, 2004; Pertatial, 2013). Notably, there polymerization with a divinyl cross-linking, as previously
are only 2 publications evaluating locomotor function in thdescribed (Woerlgt al, 1998), and provided for this project
rat following implantation of this hydrogel into the SCI aredy Dr Yuriy Yaminski. PHPMA-hydrogel is a biocompatible
(Woerly et al,, 2001c; Perticet al). (Woerlyet al, 2001c; Perticet al) polymer material with a
complex spatial structure containing numerous amorphous
Contusion is certainly the most common type of SQhicro- (<2 nm), meso- (2 to 50 nm) and macropores (50 to
(Alizadeh et al, 2019); however, practical evaluation of300 nm) (Woerlyet al, 1999, 2001c).
scaffolds in such SCI model is only possible after the glial
fibrous scar excision (Woerlgt al, 2001c). Therefore, Injury and PHPMA-hydrogel implantation. Surgical
models of spinal cord laceration remain essential for thieterventions were performed under general anesthesia
efficacy studies of most biopolymer-based scaffold@ntraperitoneal injection of xylazine (Biowet, Poland; ~15
(Alizadehet al). Complete spinal cord transection modelsng/kg) and ketamine (Farmak JSC, Ukraine; ~70 mg/kg))
involve excessive suffering of laboratory animals with nasing mild aseptic technique. In this and previous studies
autogenous motor function recovery. Meanwhile, after partidkopachet al, 2017), the injury modeling area was selected
spinal cord transection, in particular following lateraby palpation to locate the caudal margin of the rib cage at
hemisection in rats, considerable autogenous recovery of the site of its attachment to the vertebral column. Considering
motor function has been reported (Mélsal, 2001; Alizadeh that the last pairs of ribs are floating (costae fluctuantes in
et al). A possible way out of this situation is to use a spinabdents — Oludet al, 2013), and, in theory, less ossified
cord lateral hemi-excision model which is associated withand more flexible in younger animals, and taking into account
lower degree of autogenous recovery (Peei@al; Zhang the lack of special visualization or X-ray verification of the
et al, 2016). Currently, there is only one publication thateck parts of ribs and the sites or their attachment to the
addresses the effect of PHPMA-hydrogel on the moteertebral column, the laminectomy area can only be
function recovery in the paretic limb using such a modelescribed approximately — most likely, at the level of
(Pertici et al). Considering the above and the highevertebrae J-T,,, i.e., based on the approximate skeletopy
autogenous regeneration potential of the nervous systendata (Gilerovictet al, 2008; Moonert al, 2016) adjusted
young animals (Sutherland & Geoffroy, 2020), we explorefibr animal age (Gelderd & Chopin, 1977; Curlessal,
the aspects of motor function recovery following low thoraci¢977) — at the level of spinal cord segments~T ..
spinal cord lateral hemi-excision with immediate PHPMA-
hydrogel implantation. Right-limited laminectomy was performed following
a linear skin incision at the L, vertebral level and
skeletonization of the posterior spinal surface. The dura mater
MATERIAL AND METHOD status within the bone window was not determined and the
spinal cord was not freed from adjacent nerve trunk prior to
inducing a SCI. A longitudinal paramedian incision of the
The study was carried out on non-pedigree albingpinal cord along a length of ~1 mm was made near the left
rats (inbred progeny of Wistar line) obtained from thenargin of the posterior median artery, and the left half of
vivarium of the Bogomoletz Institute of Physiology, agedhe spinal cord was cut with ophthalmic scissors at the rostral
~1 month, weighing ~50 g, kept in permanently ventilatednd caudal ends of the incision. A fragment of the spinal
cages at temperatures ~18 to°22and a standard durationcord within the created defect was removed under the
of the light day, and fed balanced feed formula ad libitummagnification of an operating microscope. Animals in the
TrGel group then had PHPMA-hydrogel implanted into the
Two study groups were formed: spinal cord defect area (Fig. 1). In both animal groups, the
access window to the spinal canal was covered with a
1) the Tr (trauma) group — lateral hemi-excision of the loiragment of subcutaneous connective tissue removed from
thoracic spinal cord fragment, ~1 mm in length (n=8);  the access area, and the soft tissues and skin were sutured
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Fig. 1. Stages of the injury and PHPMA-hydrogel implantatio model in the TrGel grou. Note: a — lateral half of the dizieghuemt
excised (*); b — PHPMA-hydrogel implanted in the lesion areq (ntra-operative microphotos.

with two rows of interrupted stitches. To prevent infectionStudy group non-inclusion criteria were as follows:
and inflammatory complications, animals were administeragsilateral hindlimb FS of >9 points on BBB scale at 1 week
Bicillin-5 (Kyivmedpreparat JSC, Ukraine) at a dose opost-injury; contralateral hindlimb FS®14 points on BBB
~0.5 million U/kg body weight subcutaneously into the bac&cale over a long-term observation period. Three animals, 2
of the neck and dexamethasone solution (KRKA, Sloveniaf which had bilateral paresis, were excluded from the Tr
at a dose of ~5 mg/kg body weight intraperitoneally. Thgroup, and 3 animals, 1 of which had bilateral paresis, were
rats were subsequently kept in cages of 3 animals eazkcluded from the TrGel group.
(TrGel) or individual cages (Tr).
If the observation period was reported in weeks, the

The function score (FS) of the hindlimb ipsilateral taninimal unit of time was 7 days; if the observation period
the injured areavas determined according to the scalavas reported in months, the minimal unit of time was an
proposed by D.M. Basso, M.S. Beattie and J.C. Bresnahiaterval between the identical dates of the two consecutive
(BBB scale) (Bass@t al, 1995), in an own technical months. Individual values of FS and SS at 6 weeks post-
modification. The spasticity score (SS) of the hindlimlinjury in both groups were obtained by interpolation as
ipsilateral to the injured area was assessed using the Ashwatlihmetic means of the respective values in two adjacent
scale (Dongpt al, 2005) adapted to experimental conditionspbservation time points. Asymptotic differences in the ac-
in an own technical modification, without acclimation trainingual testing times in study groups were observed at 1 week
and relaxation blinding of the animal, while holding the ani¢~29 % from the respective time on the result reporting scale)
mal horizontally at the caudal end of the body during variownd 2 weeks (~7 %); at all other time points, the differences
types of locomotor behavior. To summarize, the SS wakd not exceed 5 %.
recorded during passive movements in the talocrural joint; O
points — when there was no resistance; 1 point — slightistological examination.The animals were sacrificed by
resistance; 2 points — more marked resistance and preserggdrdosing the above anesthetic agents. The spinal cord
movements with quite little effort; 3 points — relatively fullfragment containing the lesion area was removed and
passive movements with a quite strong, but not pain-producifigated in ~4 % solution of paraformaldehyde in phosphate
effort; 4 point — limited passive movements with non-painbuffered saline (PBS), pH 7.4 (24 h). The 15 mm thick
producing effort from the investigator. The following origi-longitudinal sections of the spinal cord (subjected to
nal criteria were used to verify the state of mild spastic pare$isezing at ~18C below zero) were obtained using a
(0.5 points): limb tremor when pulled to the side by the footnicrotome-cryostat (MK-25, USSR) and stored in 1 %
more pronounced in the paretic hindlimb than in thacidic formalin solution. Silver nitrate impregnation
contralateral limb, and/or hypermetric extension of the paretiechnique was used to detect nerve fibers in the spinal cord
limb during postural resistance to sharp tail traction on a hgratter. Step 1: the sections were placed in pyridine (for
rizontal surface. FS and SS were assessed by the said) and then rinsed with tap water (3 times for 10 minutes
investigator blinded both to individual traits of all animalsach). Step 2: the sections were rinsed with distilled water
he/she operated on and to previous FS and SS values. WHarémes for 5 minutes each) and placed in 30 % silver nitrate
there was doubt about the exact integer value of FS or SS, sisdution (for 24 h). Step 3: the sections were transferred
half value was reported. first to distilled water (1 minute), and then sequentially to
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1 % acidic formalin solution (3 times forrinutes each), Bioethics.The study was carried out in accordance with EU
ammoniacal silver solution (for ~2 minutes), 1 % acidi€ouncil Directive 86/609/EEC “On the Approximation of
formalin solution until the color changed to orange-browri,aws, Regulations and Administrative Provisions of the
then to 0.5 % acidic formalin solution containing ~1-2 %/ember States Regarding the Protection of Animals Used
glucose (for 15-20 s), ammonia water (for ~30 s), anthr Experimental and Other Scientific Purposes” (1986), the
finally, to distilled water (for 10-15 minutes). The sectionguropean Convention for the Protection of Vertebrate
were mounted in Canada balsam (Merck, Germany) usiAgimals Used for Experimental and Other Scientific
99.8 % isopropanol solution. Purposes (1999), and Law of Ukraine No. 3447-1V “On the
Protection of Animals from Cruel Treatment” (2006).
Pyridine (Pyridine G.R., 20050-AT0-M1000-1, Lach-Minutes of Meeting No. 114 of the Bioethics Examination
Ner, s.r.o., Czech Republic) increases myelin shea#imd Research Ethics Committee of the Bogomolets National
permeability to silver nitrate. All silver nitrate solutionsMedical University dated October 10, 2018.
(AgNQ,, Product Sku 320904, Carlo Erba Reagents S.A.A.,
France) were prepared and filtered ex tempore. Ammoniacal
silver solution was prepared by titrating 30 % solution dRESULTS
silver nitrate with 25 % ammonia solution (Chimlaborreaktiv
LLC, Ukraine) until complete dissolution and then filtered.
Ammonia water was obtained by adding ~5 drops of The mean FS in the Tr group was£% points on
ammonia per 50 ml of distilled water. All laboratoryBBB scale in 1 week post-injury (Fig. 2), reached its peak in
glassware was made of glass; the sections were transfer2edeeks (1.20.7 points on BBB scal@>0.05 versus the first
between vessels using a glass hook. and third week values; Wilcoxon Matched Pairs Test), and
subsequently remained near 2 points on BBB scale, regressing
Microscope slides were examined under Axiophab 0.8:0.3 points on BBB scale in 4-5 months after injury
microscope (OPTON, Germany) with lens magnificationéig. 2; p=0.035 versus the value at the end of Week 2;
x2.5,%10,%20 andx40 and photographed with digital cameraNilcoxon Matched Pairs Test). Throughout the observation
Canon 600 (CANON INC., Taiwan). The images wer@eriod, no correlation was observed between the mean FS in
calibrated on a computer image analyzer CAI-01ABkhe Tr group and the length of the observation (r=0.02, p>0.05;
(SELMI, Ukraine) using Kappa opto-electronics GmbH softSpearman Rank Order Correlations).
ware (Germany) and a Carl Zeiss stage micrometer (0.01—
1.0 mm; dt 15 %). The mean FS in the TrGel group was#12 points
on BBB scale 1 in week post-injury. This value did not change
A comparative statistical analysis of the FS and SS8gnificantly over the entire observation perige-@.05,
values was carried out with STATISTICA 10.0 softwaréVilcoxon Matched Pairs Test), reached its actual peak1®6
package using the Mann-Whitney U Test, the Wilcoxopoints on BBB scale) in the period from 5th to 12th weeks,
Matched Pairs Test and the Spearman Rank Ordamd become 4#3.8 points on BBB scale at the end of the
Correlations. Results are expressed as M8BnA p-value experiment. No correlation was observed between the mean
of <0.05 was considered statistically significant. FSinthe TrGel group and the length of the observation (r=0.57,
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Fig. 2. Changes in FS and SS in the Tr and TrGel groups over the experimental period based on the standardized temmtealanesh. N
— FS line graph; b — SS line graph; w — weeks, m — monthp<®:05 (Mann-Whitney U Test)

1752



MEDVEDIEV, V. V. ; SAVOSKO, S. I. ; ABDALLAH, I. M. ; DRAGUNTSOVA, N. G. ; VASLOVYCH, V. V. ; TSYMBALIUK, V. I. & VOITENKO, N. V. The efficacy of immediate
implantation of macroporous poly(N-[2-hydroxypropyl]-methacrylamide) hydrogel after laceration spinal cord injury in yaung datslorphol., 39(6)L.749-1757, 2021.

p>0.05; Spearman Rank Order Correlations). SignificaiBubsequently, a steady increase in the SS was observed, which

difference in FS values between the two groups was seen owlgs significant §<0.05; Wilcoxon Matched Pairs Test) at 7

in 5 weeks after the injuryp£0.038, Mann-Whitney U-Test, weeks (compared to the value at 2nd week), at 3 months

Fig. 2a). (compared to the value at 3d week), at 4 months (compared to

the value at 5th week), and at 5 months (compared to the values

The SSinthe Tr group was 8.1 points on Ashworth at 5th and 6th weeks). In other terms differences were not

scale in 1 week post-injury (Fig. 2b) and significantly increasesignificant. The final SS in the Tr group was£)8 points

to 2.3t0.3 points over the subsequent wepk((01 versus on Ashworth scale: 6 out of 8 animals demonstrated maximum

the first week value; Wilcoxon Matched Pairs Test)SS (4 points on Ashworth scaléhere was significant
-~ e -
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Fig. 3. Regeneration of nerve fibers in the spinal cord laceration area. The nerve fiber is marked with an arrow. Natef &€lare
fibrous tissue in site of hemi-excision (*), figure reconstruction from 4 images obtained at magnif&&jdn— area of SCI with
PHPMA-hydrogel (h), a mass of gel in excised site of spinal e@@){ c — newly formed glial fibrous scar around the PHPMA-hydrogel

(¥200); d, e, f — the same site, nerve fibesg between PHPMA-hydrogel fragment800). Silver nitrate impregnation.
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correlation between the mean SS and the length of observatsuibstantial worsening in the quality of life of affected patients
in this group (r=0.99p<0.05, Spearman Rank Order(DeVivo; GBD 2016 Traumatic Brain Injury and Spinal Cord
Correlations). Injury Collaborators). The main cause of the distinctive
neurological deficit after SCI is the damage of the descending
The mean SS in the TrGel group wast0.8 points nerve fibers in the lesion area which innervate the efferent
on Ashworth scale in 1 week post-injury and changed noneurons of the ventral and lateral horns of the spinal cord
significantly over the entire observation periqeb@.05, located below the injury level and the caudal autonomic
Wilcoxon Matched Pairs Test). The final SS in this group wagsarasympathetic centers. Tissue processes at the early stage
1.8+0.7 points on Ashworth scale. There was significardaf SCI, which mainly contribute to the low rate of autogenous
correlation between the mean SS and the length of observatiestoration of the spinal cord function, include primary
in this group (r=0.94p<0.05, Spearman Rank Orderrupture of nerve fibers, cells and vessels at the lesion
Correlations). When comparing SS values between the TrGadicenter and secondary damage to cells and fibers in the
group and the Tr group, a significant difference was observeérifocal region due to the development of inflammatory
in 2, 3, 6, 7 and 8 weeks after injupx0.05, Mann-Whitney and autoimmune responses (Tedral, 2018; Alizadelet
U Test, Fig.2b). al.). Currently, most efforts are directed towards the
development of biologically engineered tools for spinal cord
Both groups showed no correlation between the medéanction recovery (Zhangt al, 2019). Among the
values of FS and SS over the total observation period (Tr groygublications on the efficacy of PHPMA-hydrogel (Woerly
r=0.07; TrGel group: r=0.5§>0.05, Spearman Rank Orderet al, 1996, 1998, 1999, 2001 a, 2001 b, 2001 c, 2004; Pertici
Correlations). Significant negative correlation between indet al), there is only one study in which lateral hemi-excision
vidual values of FS and SS in the Tr group was seen at 5 weekas selected as a model of laceration SCI (Peztiall),
(r=-0.78), 7 weeks (r=-0.81) and 8 weeks (r=-0.81), as welith adult rats as an animal model. The authors implanted a
as at 3 months (r=-0.92) and 4 months (r=—0.88) post-injuiragment of PHPMA-hydrogel into the site of unilateral one-
(p<0.05, Spearman Rank Order Correlations). Significamnillimeter spinal cord excision at the Tevel and, following
negative correlation between individual values of FS and S9 weeks of observation, reported ipsilateral hindlimb FS
in the TrGel group was seen at all time points except 1st aofti14.2%1.77 points on BBB scale versus 88625 points
5th weeks post-injury (r= —0.68 and r= —1.00, respectivelgfter SCI without treatment. Our findings have shown that
p>0.05, Spearman Rank Order Correlations). even young animals demonstrated dramatically lower loco-
motor function recovery scores expressed as FS in the paretic
In the site of hemi-excision, an area without whiténindlimb after a similar injury induced at the ~T12—-T13 level
matter, and formed glial fibrous scar was revealedind subsequent PHPMA-hydrogel implantation:+4.8
Regeneration of nerve fibers into injured site of spinal cord@rGel group) vs. 0480.3 (Tr group) points on BBB scale
was not observed (Fig. 3a). Individual nerve fibers werli@ 5 months after injury. Moreover, we intentionally excluded
noticed in the TrGel group in 5 months post-injury. The excisdtbm the analyses all animals with substantial contralateral
part of the spinal cord was filled withfragments of PHPMAmotor deficit. One possible cause of such inconsistency may
hydrogel surrounded by numerous spindle cells (glial fibrouse our selection of the exclusion criteria (see above) based
scar) (Fig. 3b). The scar tissue had a reticular structure ama which 1 animal from the Tr group and 2 animals from
partitioned the PHPMA-hydrogel forming a porous new tissutne TrGel group with FS >9 points on BBB scale at 1 week
through which nerve fibers grow (Fig. 3c). The nerve fibergost-injury were excluded from the analyses (these animals
penetrated PHPMA-hydrogel unevenly, as single fibers or lmad FS of 14, 11.5 and 13 points on BBB scale, respectively).
small clusters (3 to 6 fibers), they were frequently divergefte used this approach to induce the most severe post-SCI
or even recurrent. The nerve fibers grew in the depth of tineotor deficit with ipsilateral localization only, even in the
glial fibrous scar from adjacent ipsilateral segments (Figsetting of a high autogenous regeneration potential in young
3d,e,f). Interestingly, regeneration also occurred through tlamimals (Sutherland & Geoffroy). It appears obvious that
spinal cord meninges with fibrotic changes above the epicenthe efficacy of any restorative intervention in SCI should be
of the spinal lesion. verified on the most severe types of injury while minimizing
the suffering of laboratory animals. In our opinion, we were
able to achieve this goal in our experiments.
DISCUSSION
Other differences in study design that could
theoretically contribute to the inconsistency between our
Despite low incidence rate, SCI is a cumulativeesults and those reported by Pe#tal, include differences
condition with considerable prevalence, which leads toia the anesthesia protocol, the use of cold-induced
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vasoconstriction in the spinal cord tissue the incision of durageneration of nerve fibers impossible (Woesgtyal,
mater prior to SCI modeling, the use of adifferent materi@2l001a), the newly-formed reticular tissue in PHPMA-
to isolate the implantation area from covering muscles, tigdrogel prevented theformation of cavities and allowed
differences in post-operative follow-up and upkeep désion site penetration. We believe that this tissue is a
animals, and, finally, the differences between laboratogomplex formed by glial cells and fibroblasts, and
animal lines and levels of trauma. In addition, these autharsorphologically resembles a scar. It has previously been
do not describe what tools were used to verify theeported that cells surrounding PHPMA-hydrogel express
completeness of the one-millimeter spinal cord excisioBFAP in the spinal cord and express S-100 and GFAP in
intra-operatively and do not specify whether devitalizedultured fetal neurons and glia, i.e., PHPMA-hydrogel is
tissue was removed from the spinal cord wound. surrounded by astrocytes (Woedlyal, 1996). The role of
astrocytes around PHPMA-hydrogel needs further
Our findings indicate that PHPMA-hydrogelinvestigation, as these cells can either interact with PHPMA-
improves locomotor function recovery following spinal corchydrogel, creating pathways for its penetration by nerve
lateral hemi-excision (significant improvement observefibers or encapsulate PHPMA-hydrogel as a foreign body.
only in 5 weeks post-injury) and significantly reduceghe latter is supported by collagen synthesis around
spasticity in the paretic limb (significant reduction in ZHPMA-hydrogel  (Woerly et al, 1999).
months post-injury). However, as can be seen from Figurmmunohistochemical analyses for myelin basic protein
2, most of positive functional effects from PHPMA-hydroge(Woerly et al., 2004) and the detection of myelinated nerve
are formed within the first week after injury, that is, durindibers (Woerlyet al., 2001c) in the PHPMA-hydrogel
the most intense inflammatory process in the affected anealicate that a concomitant axonal remyelination occurs in
that defines a secondary spinal cord injury (Alizadehl). the scar tissue. Hence, there is no doubt that oligodendrocytes
One of the obvious reasons underlying this process is thee involved in the formation of the reticular tissue described
rupture of many small vessels in the lesion epicenter aathove. It is important to note that the scar tissue surrounding
associated local hemorrhage. According to our observatiof®HHPMA-hydrogel also contains a newly-formed capillary
PHPMA-hydrogel markedly and rapidly reduces bleeding frometwork (Woerlyet al, 1998).
the injured spinal cord matter during implantation. We
hypothesize that in this way PHPMA-hydrogel reduces the Our research also has some traditional limitations for
absorption of blood by the adjacent spinal cord matter atiais kind of work. The inability to make a precise skeletopic
reduces direct contact of the spinal cord tissue wittletermination of the level of SCI is the greatest challenge in
cerebrospinal fluid, thus preventing one of the immunimjury modeling (see above). The main problem with
response activation pathways. If our hypothesis is correct, tivgrification tools is the questionable relevance of the BBB
may explain the early beneficial effects of PHPMA-hydrogekcale in cases of lateral hemi-section or hemi-excision
(laceration) of the spinal cord. The relatively intact hindlimb
That being said, the hydrogel implanted in the arezontralateral to the injury is engaged by the animal to
of a substantial spatial defect of the spinal cord also has@mpensate for the paretic limb deficit, therefore, in our
positive effect in later periods of SCI, probably creating experience, differentiation between 8 and 9 points can be
zone for re-growth of axons through the spatial defect arehallenging, and the use of certain criteria, such as weight
in the spinal cord. The ingrowth of nerve fibers into the depgupport of the paretic limb, forelimb—hindlimb coordination
of the implanted PHPMA-hydrogel was established bgnd the preferential paw position at the initial contact and
immunohistochemistry for neurofilaments (Woedy al,, lift-off, can be associated with significant difficulties. This
2001a; Perticet al). There was strong evidence supportingneans that the scale's verification ability at a level above 8
the longitudinal growth of axons through the PHPMApoints in the case of unilateral spinal cord injury is lower
hydrogel implantation area obtained by axonal tracinthan in case of a bilateral, symmetrical deficit. At this stage
(Woerlyet al, 2001a,b,c). Anon-targeted study using a silvesf research, the negative consequences of the above
impregnation technique (Woerst al, 2001b) predictably shortcoming can only be partially compensated for by
detected the nerve fiber ingrowth into a PHPMA-hydrogaibserving identical methodological and technical rules for
implanted in the spinal cord lateral hemisection area in a 2S evaluation in all compared experimental groups. Despite
day old rat and in an adult rat. Our data indicate th#te above, the scale was used to evaluate the locomotor
regenerating nerve fibers penetrate the newly-formddnction of the paretic limb after unilateral spinal cord
reticular tissue in the defect area. The entire defect area iaseration in rats (Millet al; Perticiet al; Zhanget al,
filled with reticular tissue, which is beneficial for the2016; Liet al, 2017). The main issues associated with the
potential growth of nerve fibers. When cystic cavities werese of the Ashworth scale in our modification (see above)
formed after the injury and substantial fibrosis made there subjective differentiation between the SS degrees from
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1 to 3 points, the inability to exclude a “voluntary” musclegrupo Tr y de 1,& 0,7 puntos en el grupo TrGel. A lo largo del
tone in the rats with incomplete paresis, and the inability figriodo de observacion, se observaron diferencias significativas
identify the “catch” phenomenon due to a small size of tH&! FS entre los grupos solo en 5 semanas después de la LME,
animal’s hindlimb. However. we decided to use the Ashwort'ﬂie”tras gue se observaron diferencias significativas en SSen 2, 3
: ’ 6-8 semanas después de la lesion. Entre los fragmentos de hidrogel

scale for spasticity verification, because the technically mo?{n%plantados se observo tejido fibroso glial que contenia fibras ner-

c_:or_nple_x altern_ative, that iS_ electroneL_Jromyogra_phyz h%sas recién formadas, aisladas o agrupadas en pequefios grupos,
limited informative value and is characterized by a significagi,e se originaban a partir de la materia de la médula espinal cir-

variation of individual measurements (Clifferal, 1998), cundante. En conclusién, PHPMA-hydrogel mejora la recupera-

probably, due to its inability to precisely detect the paretigon de la funcion locomotora de las patas traseras y promueve el

muscle motor point in small laboratory animals. crecimiento regenerativo de las fibras nerviosas. Se requieren mas

estudios para aclarar el mecanismo del efecto de hidrogel PHPMA.

Summarizing, our data show that PHPMA-hydrogel _ . ] o

improves recovery of the hindlimb locomotor function an%HPM:ﬁ!&ABR'ﬁ‘SRCLAVE' '_‘?s'gn lde Ia}dmledula .esﬁ”;al’

promotes regenerative growth of nerve fibres through the. - crodel Regeneracion de fa meduia espinal, Fun-

. . . Cion locomotora; Espasticidad.
site of spinal cord laceration.
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