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EFFECTS OF TISSUE
NEUROTRANSPLANTATION ON
SCELETAL MUSCLE TONE RESTORATION
AFTER EXPERIMENTAL MECHANICAL
INJURY OF THE CEREBELLUM
ABSTRACT
This work aimed to conduct a comparative study of the restorative effects of transplantation of fetal neural tissue (FNT), olfactory bulb tissue
(OBT) and fetal kidney (FK) on the dynamics of muscle hypotonia after cerebellar hemisphere injury in the adult rats. Beam walking test (BWT)
allowed detect at least three degrees of hypotonia which correspond to 2, 3, and 4 points. The authors selected animals with function index (FI)
by BWT scale strictly lesser than 4 points on the 3rd day after injury. Moderate hypotonia was associated with FI 3 points, severe – 2 points, and
mild-4 points. Major differences in the dynamics of the restorative process across study groups were detected at the first month of study: slow
recovery of statics and coordination (control); fast recovery (during first 9 days, FK, OBT and FNT groups) that underwent changes by its slow
increase during 9th-33rd day. Mild hypotonia in the control group showed itself by the end of the 1st month and on the 9th day in the FK, OBT and
FNT groups. Normotony was observed on the 21st (group FNT) and 30th day (groups FK and OBT). These data suggest that neurotransplantation
has a significant effect on muscle tone improvement after cerebellar injury, depending on the type of graft.
KEYWORDS: experimental cerebellar trauma, cerebellar hypotonia, fetal neural tissue transplantation, olfactory bulb, neuronal networks.

The nervous system is undoubtedly one of the most complex forms
of tissue organization that is apparently linked with the realization of its
various complex functions. In view of the complexity of the functional
structure, the consequences of nervous system damage cannot be
considered like any other body systems lesions: «destruction of of part
of system – decrease in its functional activity». More often the result of
the neural system damage is the change its functions: lesser realisation
of one function along with excessive expressiveness of another. The
classic example of this is the formation of excessive unconscious activity
in the locomotor system against reduced or normal conscious activity.
This can be illustrated of the example of a central paresis and its extreme
manifestation spasticity as well as hyperkineses, epileptic seizures,
etc. Another manifestation of this aspect of the neural pathology is the
formation of various types of neuropathic pain syndromes.
For long time spasticity syndrome was beyond the focus of the
researchers. Now the situation has changed significantly and the study
of pathophysiological mechanisms of this ubiсvitous fundamental
presentation of the nervous system diseases is at the centre of researchers’
attention. Primarily this concerns spinal cord injuries where spasticity
syndrome is diagnosed in 60-78 % of patients [1]. Deconstruction of

a great part of descending effects on the motor neurons and formation of
spasticity syndrome is the leading feature of the pathogenesis of many
acute cerebrovascular diseases (35% of cases), multiple sclerosis (85%
of cases) and most forms of cerebral palsy [2-4].
In general, non-lethal lesions of the nervous system are the factor
which determines its plastic reorganization and structure optimization in
view of recovery of lost functions. The basic mechanism of such process
is the plasticity of neuronal networks, the molecular mechanisms of
which have been actively studied in recent time. Despite the possibility of
plastic reconstruction of neuronal network of the survived part of nervous
system, we find this mechanism very limited, leading in many cases to
the formation of a stable pathological topology of neuronal networks –
a substrate of the spasticity. Changes occur at proteome, transcriptome
and, possibly, genome levels in the survived neurons [5].
Thus, formation of spasticity syndrome on spinal cord injury model
incorporates persistent changes of the receptor apparatus of the motor
neurons below injury, specifically glutamate, serotonin and noradrenaline
receptors. In the two latter cases new types of receptors possess ability
to auto activation of G-protein without binding with neurotransmitter
[6-8]. One should not exclude a possibility of alteration of mediator type
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interneurons, raise of the activity of the existing serotonergic interneurons
or the appearance of new serotonin-synthesizing cells, leading ultimately
to an increased serotonin production in the denervated segments of the
spinal cord tissue. Such mechanism of spasticity syndrome development
in spinal cord traumas and other kinds of pathology of the descending
projective neurons plays a key role [8, 9].
Under physiological conditions, the sensitivity of motor neurons
to serotonin released by synaptic endings of many descending fibers,
determines the basic membrane depolarization without which none of
other inputs to motor neurons can cause its stimulation and activation
of contraction of the respective muscle fibers [10]. Sudden switching-off
of such mechanism whereby excitability of motor neurons is maintained
in spinal cord injury, according to most researchers, is the leading cause
of spinal shock, while the deficient compensation in many cases leads to
the formation of unregulated constant excessive stimulation of the motor
neurons, an electrophysiological substrate of spasticity [10].
Nowadays most researches have been engaged in the study of the
consequences of rapid exclusions of many descending serotonin- or
noradrenergic projections to motor neurons. However, partial exclusion
or decrease of activity of the serotonin and noradrenergic projections
remains unclear. Such pathological conditions must be characterized
by the presence of hypotonia syndrome. An example of the above is
the cerebellum injury and ataxia formation, a component which is the
hypotonia. The mechanisms of cerebellar hypotonia and its possible
association with the emergence of hypermetria and the dynamic of muscle
tone changes at cerebellum trauma are still to be elucidated. Surely, there
several suggestions relative to possible link between cerebellum neurons
and serotonin- and adrenergic neurons of the brain stem [11].
Every year about 10 million cases of head injury (HI) are registered
in the world, cerebellar lesions are observed in 0.8% of them [12-15].
More often cerebellum injuries in HI are indirect, secondary and delayed
[16-19]. At primary cerebellum injury and specifically at acute period
one can detect the hypotonia, ataxia, dysmetria, cerebellar tremor,
adiadochokinesis and vertigo [20].
Histopathologically, direct cerebellum injuries reflect the well-known
processes of trauma development in the central nervous system (CNS)
[21-23]. They are supplemented with specific dynamics of the neuronal
death in the cerebellum, eg. Purkinje cells [24]. At the early period of
cerebellar injury the neurons die due to direct mechanical damage,
ischemia, non-specific inflammation, etc. A gradual diffuse elimination of
cerebellar neurons, especially in the perifocal zone, occurs against lesion
focus sanitation, remission of autoimmune neurodegenerative process,
as well as manifestations of traumatic focus organization.
Neurodegenerative process in the cerebellum at injuring other parts
of the brain is not detected in all HI cases. It is usually initiated during the
first days after injury and lasts for 1 month. In this case diffuse neuronal
death in the cerebellar cortex is detected with astrogliosis of granular
and molecular layer. The degree of its manifestation correlates with HI
severity [25-28]. The most likely reason for this type of degeneration of
Purkinje cells is excitotoxicity, influence of activated microglia mediated
via mechanical action of a traumatic factor [26, 27, 29, 30]. One of the
reasons for degeneration of Purkinje cells in different types of HI is
proposed to be the aksonotomy – a powerful pro-apoptotic factor [17,
31, 32]. However, many authors have doubts relative this hypothesis,
since there are considerable evidences pointing to exceptional stability
of the Purkinje cells in this type of lesion, having in mind low expression
of their intracellular axons growth factor GAP-43 (growth-associated
protein 43) [16, 26, 27, 33, 34]. The genes triggering a cascade of
neuron transformations after aksonotomy are activated only in the
isolated Purkinje cells located near the lesion focus [35, 36]. This fact
indicates the low Purkinje cells’ ability to restore axons fully. After
aksonotomy of this kind of the neurons, some regenerative changes
are not seen for several weeks. Later there is an observation of a wide
branching (sprouting) of the proximal stump of the damaged axons
going on with the formation of a large number of thin terminals going
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back to the cerebellar cortex, which form heterotopic synapses with
dendrites of granule cells [33].
Currently, there are few data about the effectiveness of restorative
treatment of cerebellar lesions [25, 36, 37]. Tissue transplantation of the
olfactory bulb from adult organism is believed to be a promising method
of functional recovery of the CNS in clinic [38]. However, transplantation
of fetal neural tissue has been more thoroughly studied [39-41]. When
using each of the above methods, a positive functional effect has been
achieved mainly by stimulating endogenous regenerative processes.
The impact of neural transplantation on the formation of hypotonia has
yet to be studied. Hence it was interesting for us to explore this aspect
and several other topics relative tissue neuro- transplantation and neural
function recovery.

MATERIALS AND METHODS
In our experiments we used adult female rats, 5.5 months old,
weight 250-300 g, taken from the vivarium of A. P. Romodanov Institute
of Neurosurgery NAMS of Ukraine. All manipulations were performed
according to the bioethics principles. We formed 6 groups: 1) a group of
«control-1» (С-1), in which animals were exposed to local dosed injury
of left cerebellar hemisphere of medium severity (n = 30); 2) a group of
«control 2» (С-2), which were exposed to a repeated mechanical removing
of the necrotic masses (n = 21) on 7th day after applying local dosed injury
of left cerebellar hemisphere 3) The FNT group, which on 7th day after
applying a local dosed injury of left cerebellar hemisphere underwent a
repeated surgery with mechanical cleansing of a cerebellum contusion seat
by necrotic masses removing, and immediate transplantation into formed
defect a fragment of allogeneic fetal neural tissue, 18 days of gestation (n =
20); 4) The OBT group, in which the animals on 7th day after applying a local
dosed injury of left cerebellar hemisphere underwent a repeated cleaning
surgery and immediate transplantation into formed cerebellar hemisphere
tissue defect a fragment of allogeneic tissue of olfactory bulb (n = 21 ); 5)
The FK group, in which the animals on 7th day after applying a local dosed
injury of left cerebellar hemisphere underwent a repeated surgery with
mechanical cleaning, and immediate transplantation into formed cerebellar
hemisphere tissue defect a fragment of allogeneic tissue of fetal kidney (n =
20); 6) a group of intact animals (n = 13).
Surgical procedure was performed under general anesthesia
administered by intraperitoneal injection of 15 mg/kg xylazine («Sedazin»,
Biowet, Poland) at the rate and 70 mg/kg ketamine («Calypsol»,
A. Gedeon Richter, Hungary). After removing the wool on the head and
hindhead and skin desinfection with 5% iodine solution a longitudinal
skin incision was performed on the external occipital crest, 3-4 mm to the
left of the midline. Occipital and the left parietal bones were skeletonized.
Trephine opening was performed on occipital bone scales, 3 mm from
the left branch of lambdoid suture and 5-7 mm from the midline. The
hole was expanded to the size of 5 mm; the dura mater was left intact.
The animal was fixed abdomen down; the head was fixed with flat side
clips. A device for injury modeling included a spring striker and a metal
plate with registering tensoelectric elements, to which a rod with variable
length, 3 mm in diameter, was perpendicularly [42]. The end of the rod
was injected into trephine opening close to the dura mater. The plate was
rigidly fixed on the object table with additional clips. Spring striker was
fixed on the plate, and its striking pin led up to the projection of striking
pin mount point on the opposite surface of the plate. Beat of a striker
with strength 81.79 H passed through the rod to the dura mater and
brain tissue. Simultaneously there happened a deformation of the plate
with tensoelectric elements that was recorded using analog-to-digital
converter in the form of tenso-graphic curve.
After modeling an injury, hemostasis and skin suturing were performed
in aseptic condition. The animals were kept at ambient temperature of 3033°C for 2-4 h, further in special cages for 3-6 mice each with an average
temperature of 21-24 °C, under conditions of constant room ventilation.
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Repeated surgery in C-2, FNT, OBT and FK groups was conducted
on 7th day of the experiment. A cerebellum contusion zone was purified
with necrotic masses removing. Transplantation of tissue fragments
was performed in a bed formed in such way (FNT, OBT and FK groups).
Olfactory bulb tissue was received from outbred line of white adult female
rats 5.5 months old immediately, after killing them with an overdose of
the drugs. In sterile conditions the material was purified from vessels and
minced to pieces of 2×3 mm. Allogeneic fetal nervous tissue and fetal
kidney tissue were obtained on 18th day of gestation, minced to pieces of
2×3 mm, which was kept in saline at 37 °C before transplantation.
State estimate of statics and coordinating of experimental animals
was performed by beam walking test (BWT), according to the 7-point
scale [43], which allows determine accurately the level of statics and
coordinating function (Table 1). The test was performed using the beam
width of 2 cm and a length of 122 cm, set at an angle of 18 °C towards
the movement. At the end of the beam a closed illuminated chamber with
food was mounted. BWT was recorded with an analog camcorder SONY
CCD-TRV408E (Sony Co., Japan). Before the experiment for 2 weeks the
animals were being trained to fulfill the test properly. The animals, which
after training course performed BWT with mistakes, were not included in
the experiment.
During the experiment in all groups BWT was performed since
3rd day after first surgery that is explained by a prolonged renewal of
animal’s locomotor activity after recovering from anesthesia. Further
testing of each animal was performed every three days. Testing of each
animal included 3 attempts. All results were calculated as average mean
and in the study differentiated as a function index (FI) of animals’ statics
and coordinating sphere. The maximum period of animal observation
was 60 days.
To analyze in detail the data relative restorative process dynamics, we
studied the dynamics of the FI increment (ΔFI). Since for the first 2 days
after cerebellar injuries modelling due to complicated postoperative status
of an animal, the determination of FI was not performed. The moment,
when the decline of FI values after injury completed, remains unclear. The
absolute value of FI decline within first 3 days of the experiment was much
higher than the absolute values for ΔFI calculated for subsequent recovery
process, which made it impossible for their detailed analysis. Therefore
we conditionally accepted that during the third day of the experiment ΔFI
was third of the value of FI decline within the first three days: ΔFI on the
3rd day = (7 – FI on the 3rd day) / 3.
In order to align small time variations of ΔFI and enlarge absolute
values, during further period of the experiment this index was calculated
as a change of FI for 6 days of experiment. ΔFI = FI2 – FI1, where FI1 is
an indicator of motor activity, determined by BWT, at the beginning of
selected 6-day observation period; FI2 is an indicator of motor activity
determined by BWT at the end of the selected 6-day observation period.
Statistical analysis was performed using Matlab R2010B software
(Mathworks, USA). The statistical significance of the differences
between mean values was determined using a Mann-Whitney U-test
st. Approximation of the data was performed using a MsExcel software
(Microsoft, USA). At the same time we used a polynomial approximation
of the data with polynomial degree 6.

RESULTS AND DISCUSSION
Detailed analysis of FI dynamics in the experimental groups showed
(Fig. 1) the lowest intensity and effectiveness of the restorative process
in FK group, slightly higher in C-1 and C-2 groups, significantly higher in
OBT group, and maximum in FNT group.
According to our previous study [44] the increase of FI in C-1 group
during the experiment was 2.1 points; in C-2 group – 2 points, in FK group –
1.8 points, in OBT group – 2 points, in FNT group – 2.5 points. On the 60th
day of the experiment the average FI in FK group was 5.4 ± 1.2 points; in
C-1 group – 5.7 ± 1 points; in C-2 group – 6.2 ± 1.1 points; in OBT group –
6.3 ± 0.7 points, in FNT group – 6.6 ± 0.5 points.
In FK and OBT groups the recovery process had three-phase character
in C-1, C-2 and FNT groups – two-phase (Fig. 2). The maximum intensity
of the restorative process in FK and OBT groups was on 3-9th, 23-27th,
and 45-57th days, in of C-1, C-2 and FNT groups – on 21-27th and 45-57th
days of the experiment, and at the same time they were characterized

Fig. 1. Dynamics of statics and coordinating FI restore in animals up to 60
days of experiment.

Fig. 2. Dynamics of 6-day FI increment (ΔFI) in the experimental groups,
polynomial curves.

Table 1. Beam-walking test scale for estimate of statics and coordinating in rats

7 points

The rat crosses the beam and stumbles no more than twice.

6 points
5 points
4 points
3 points
2 points
1 point

The animal crosses the beam, but stumbles no more than 50 % its steps.
The animal crosses the beam and stumbles more than 50 % its steps.
The rat traverses the beam and at least once hindpaw slide down but the animal returns on the beam.
The animal traverses the beam on the abdomen.
The animal places the paws on the beam and maintains balance.
Falls off the beam immediately.
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by different values. During the second week of the experiment the highest
increment of FI was shown in FK and OBT groups; during 3-4th weeks –
in FNT group; during the second month – in OBT, C-1 and C-2 groups.
The obtained data relative recovery process dynamic confirm the
above results about Purkinje cells regeneration after aksonotomia. These
cells are the main functional elements of the cerebellar cortex [33].
BWT test used by us allowed detect and assess not only complex
disorder of static and coordinating sphere in trauma of the cerebellum,
but it also allowed to assess one of the least studied expression of
cerebellar pathology- hypotonia. With this test hypotonia was revealed
in animals with the index of static and coordinating sphere function 2,
3 and sometimes 4 points. The symptom was seen in animals’ disability
to separate the body from the surface of the beam. We suggest that it is
not only a specific defense reaction in response to a significant disorder
in body equilibrium maintaining mechanisms (mostly – in animals with
2 points of FI), but also the decrease in muscle tone of extremities
extensors (mostly in animals with 3 and 4 points of FI). Moreover, when
studying the specific movements of legs at the moment of missing, we
conclude that mistakes in walking may be linked not only with failure of
accuracy of motor activity. These reactions animals perform after durable
training. Their performance is less dependent on the current correction
made by cerebellum. It is mostly an automated response. Mistakes of
the animals are also connected with weakness of the muscles, especially
hind limb adductors. Such kind of hypothetical assumptions do not allow
associating less expressed hypotonia variants with FI above 4 points.
For animals in which FI measured at 4 points, we found no homogeneity
regarding the tone of the extensor muscles. During the study we observed
both, full and partial (temporary, with low location of abdomen above the
beam), maintaining of body weight during the animal movement from the
beginning to the end of the test trajectory. Therefore we have selected
only those animals, in which on the 3rd day after modeling an injury FI
revealed at the level strictly less than 4 points (FI < 4). Condition of severe
hypotonia was associated with 3 points of FI, significantly expressed –
hypothetically from FI = 2 points, mild – with FI = 4 points. According to
these criteria we realized sampling: C-1 group – 15 animals, C-2 – 6, FK –
6, OBT – 6, FNT – 7 animals.
Analysis of the FI change dynamics in the above-discussed experimental
groups showed the significant difference from the detected peculiarities of
function restoration in the study groups on the whole (Fig. 3, 4).
In the С-1 group the average FI on the 3rd day was 2.7, on 30th – 4.5, on
the 60th – 5.3 points (Fig. 3a, b); during the observation period FI doubled
(increased by 2.6 points), and a significant increase of FI was observed
both, in the first and the second month (1.8 and 0.8 points respectively).
Within 33-42 days a significant regression of FI (from 4.7 to 4 points)
was observed, later replaced by progress with the following slowdown.
The rate of FI changes in the group reflected the following feature
of the dynamics. There were shown 2 its maximums on 9-21th and 39-57th
days of experiment (Fig. 4 a). Animals from this group reached a level
in 4 points to 27th day, 5 points (hypothetically an absence of functionally
significant hypotonia) – only up to 48th day.
In С-2 group on the third day an average FI was 3, on 30th – 4.2, on
60th – 5.6 points (Fig. 3a, b). During the experiment FI almost doubled
(increased by 2.6 points), the total increase of FI during the first and
second month was almost equal (respectively 1.2 and 1.4 points).
During the first 18 days FI unchanged (overall increase – 0 points), the
steady, gradual increase of FI was pointed from 21st day to the end of the
experiment. Rate of FI change during this period ranged within 0.5 points
(6 days) and had a tendency to a gradual decrease (Fig. 4 a). Level of 4
points sampling animals reached by 30th day, 5 points – by 42th day.
In FK, OBT and FNT groups FI dynamics significantly varied. In FK
group on the 3rd day an average FI was 3 points, 30th – 5 points, 60th – 4.8
points (Fig. 3, 4) during experiment FI increased by 1.8 points; during
the first month – 2 points; the second -vary at the range of 5 points with
a downward trend. The most intense FI progress was observed during the
first 9 days of the experiment (Fig. 3a, b, 4 a). Within 9-27 days there was
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а

b
Fig. 3. Dynamics of statics and coordinating function restore in animals
with severe cerebellar hypotonia (a); b) polynomial curves.

а

b
Fig. 4. Dynamics 6-day FI increment in animals with severe cerebellar
hypotonia (a); b) polynomial curves.
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less rapid increase of FI (ΔFI = 0.3 points / 6 days). 4 points of FI animals
reached after 9 days, 5 points – 30 days.
Dynamics of FI in OBT group during the first month was similar to
that in FK group (Fig. 3, 4), but the phases of rapid (3-9 days) and slow
(9-27 days) increase of FI were more strictly differentiated in time: within
9-15 days FI increase was hardly pointed out (Fig. 4 a). It was impossible
to perform a valid analysis of FI dynamics in OBT group during the second
month of the experiment due to the insufficient number of animals of such
observation period. FI in this group (as in FK group) reached 4 points on
the 9th day of the experiment, 5 points – obviously after 30 days.
Dynamics of FI in FTN group during the first 15 days did not differ
from FK and OBT groups (Fig. 3a, b): on the 3rd day FI was 3 points, on
15th – 4.5 points. Phase of slightly restrained rapid increase was limited
by 9th day of the experiment (Fig. 3a, b, 4 a). In the future we registered
a steady slow increase of FI till 33rd day with the increase ΔFI (0.36, 0.6,
0.93 points / 6 days). This phase was different from the phase of slow
FI increment in OBT and FK groups by large values of ΔFI. Due to such
dynamics on 30th day of observation FI was 6.5 points, significantly
exceeding the equivalent figure in all other groups. During the second
month there was observed a rapid stabilization of FI at 6.6 points until
the end of the experiment (Fig. 3a, b, 4 a). The animals of this group
reached 4 points of FI after 9 days, 5 points – to 21st day. Animals with
the most severe injuries showed another dynamics of recovery process.
Unlike the general groups, we should distinguish at least three variants
of the restorative process: the С-1 and С-2 groups, the FK and OBT groups,
and FNT group. The main difference is in the restorative process during
the first month of experiment. On this basis there should be distinguished
С-1 and С-2 groups (slow course) and FK, OBT and FNT groups (fast
course for 9 days, slow – for 9-33 days). During the second month of the
experiment slow increase of FI was in С-1 and С-2 groups; in FK and FNT –
stabilization. Leading position of FNT group is caused by significant
activity of a recovery process component, limited in timeframe of 9-33
days, i.e. 2-4 weeks of posttraumatic period.
The most slowly restoration of muscular tone was in C-1 group
(continued for 7 weeks after an injury). In С-2 group this process was
slightly faster (for 6 weeks). 4 points of FI, i.e. a state of mild hypotonia,
was observed in both groups at the end of the first month. In FK, OBT and
FNT groups, mild hypotonia was detected after 9 days of the experiment;

normotony (within BWT) – on 21st (FNT group) and 30th day (OBT and FK
groups). Thus, neurotransplantation has a significant positive effect on
muscular tone recovery after injury of the cerebellum.
According to the existing data [11], we may suggest that the
cerebellar cortex sends efferent fibers to the vestibular nuclei (in the
inferior cerebellar peduncle). Mediator specificity of these effects is
not strictly determined. In addition, several nuclei of the cerebellum
(especially fastigial nucleus, dentate nucleus, and interposed nuclei) pass
the signals to vestibular nuclei, reticular nuclei of the brain stem, nucleus
ruber and spinal cord. These projections may have immediate value in the
formation of tonic effects on spinal cord motoneurons, primarily through
the descending serotonergic (from seam nuclei of the reticular formation)
and noradrenergic (from the nuclei of locus coeruleus) fibers provide
a well-studied mechanism for maintaining excitability of motor neurons
and tone of skeletal muscles at rest [10].
Considering the main volume of the cerebellar cortex projections
form fibers of pear shaped neurons (GABAergic, i.e. inhibitory cells),
and of cerebellar nuclei (mostly excitatory fibers), there raises the
question of the possible mechanism of hypotonia, when cerebellar cortex
is damaged. After all, when populations of pear-shaped neurons are
damaged, the intensity of inhibitory effects on neurons of the cerebellar
nuclei and vestibular nuclei should decrease. This detects an increase
in the activity of these neurons and their hypothetical influence on the
system of muscular tone maintaining. The answer should be sought in
the architecture and mediator specifics of connections between the cortex
of the cerebellum and vestibular nuclei, cerebellar nuclei and descending
serotonin and adrenergic systems. Severe cerebellar injury, modeled
by hitting on the surface of its cortex, is accompanied by the formation
of necrotic foci and cerebral edema that goes far beyond the cerebellar
cortex. This shows an involvement of the cerebellar nuclei neurons in the
pathological process. In the case of dystonia, related to the pathology
of the cerebellum, an extraction of the last leads to the disappearance
of symptoms of this disease [45]. Hypotonia in slightly delayed period
of the traumatic process may the reason of excessive activity
of GABAergic neurons of pear cortex, which foci could easily be due to
post-traumatic reconstruction of cerebellum neuronal network. However,
the answers to these questions require further careful study of the
phenomenon of cerebellar hypotonia.

CONCLUSIONS
TRANSPLANTATION OF FETAL NEURAL TISSUE OR OLFACTORY BULB TISSUE IMPROVES THE NEURAL FUNCTIONAL RECOVERY IN RATS;
AND IS PROMISING IN CLINICAL APPLICATION ACCORDING CURRENT BIOETHICAL STANDARDS.
BASED ON OUR OWN FINDINGS AND OTHER AUTHORS’ DATA, WE CAN SUGGEST THAT HIGH INTENSITY OF THE RECOVERY PROCESS
OBSERVED WITHIN 2 WEEKS OF OUR EXPERIMENT IS TYPICAL FOR FETAL KIDNEY TRANSPLANT (FK) AND OLFACTORY BULB TISSUE (OBT)
GROUPS. IN FK AND OBT GROUPS IT IS ASSOCIATED WITH ANGIOGENIC, AND IN THE OBT GROUP ALSO WITH NEUROPLASTIC IMPACT OF
TRANSPLANTS ON THE CEREBELLUM TISSUE.
THE LOWEST RATE OF MUSCLE TONE RECOVERY IS CHARACTERISTIC FOR CONTROL GROUP. IN THE FK, OBT AND FETAL NEURAL TISSUE
(FNT) GROUPS, ATTAINMENT OF MILD HYPOTONIA WAS REGISTERED ALREADY ON 9TH DAY AFTER THE BEGINNING OF THE EXPERIMENT;
NORMOTONY ON 21ST DAY (FNT GROUP) AND ON 30TH DAY (OBT AND FK GROUPS).
THUS NEURAL TRANSPLANTATION HAS THE SIGNIFICANT POSITIVE EFFECT ON MUSCLE TONE RECOVERY AFTER CEREBELLUM INJURY
THAT IS APPARENTLY LINKED WITH COMPENSATORY PLASTIC REARRANGEMENT OF THE NEURAL NETWORKS, SPECIFICALLY RELATIVE
THEIR CONNECTIONS WITH BRAIN STEM CENTERS WHICH ARE RESPONSIBLE FOR THE MAINTENANCE OF THE SKELETAL MUSCLE TONE.

REFERENCES
1.
2.
3.

Maynard F., Karunas R., Waring P. Epidemiology of spasticity following traumatic spinal cord injury. // Arch. Phys. Med. Rehabil. – 1990. – 71. – P. 566–569.
Sommerfeld D., Eek E., Svensson A. et al. Spasticity after stroke: its occurrence and association with motor impairments and activity limitations. // Stroke. – 2004. –
35. – P. 134–139.
Rizzo M., Hadjimichael O., Preiningerova J., Vollmer T. Prevalence and treatment of spasticity reported by multiple sclerosis patients. // Mult. Scler. – 2004. – 10. – P.
589–595.

Клітинна та органна трансплантологія листопад 2013

85

CELL AND ORGAN TRANSPLANTOLOGY, VOL. 1, NO. 1, 2013

4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.

43.
44.

86

Nielsen J., Crone C., Hultborn H. The spinal pathophysiology of spasticity – from a basic science point of view // Acta Physiologica. – 2007. – 189, № 2. – P. 171–180.
Медведев В. В. Вырождение биологических систем // В. И. Цымбалюк, В. В. Медведев / Спинной мозг. Элегия надежды. – Винница: Нова Книга. – 2010. –
С. 541–635.
Rank M., Li X., Bennett D., Gorassin M. Role of endogenous release of norepinephrine in muscle spasms after chronic spinal cord injury // J. Neurophysiol. – 2007. –
97. – P. 3166–3180.
Murray K., Nakae A., Stephens M. et al. Recovery of motoneuron and locomotor function after spinal cord injury depends on constitutive activity in 5–HT2C receptors
// Nat. Med. – 2010. – 16. – P. 694–700.
Ren L.–Q., Wienecke J., Chen M. et al. The time course of serotonin 2c receptor expression after spinal transection of rats: an immunohistochemical study // Neurosci. –
2013. – 236. – P. 31–46.
Newton B., Hamill R. The morphology and distribution of rat serotoninergic intraspinal neurons: an immunohistochemical study // Brain Res. Bull. – 1988. – 20.– P.
349–360.
Heckman C., Enoka R. Motor Unit // Comprehensive Physiology. – 2012. – 2. – P. 2629–2682.
Haines D., Mihailoff G., Bloedel J. The Cerebellum // Fundamental neuroscience ed. D.E. Haines. – New York: Churchill Livingstone, 2002. – P. 370–388.
Hyder A., Wunderlich C., Puvanachandra P. et al. The impact of traumatic brain injuries: a global perspective // NeuroRehabilitation. – 2007. – 22, N 5. – P. 341–353.
Крылов В. В., Талыпов. А. Э. Повреждения структур задней черепной ямки // Неврол. журнал. – 2002. – 7, № 6. – С. 4–9.
Taniura S., Okamoto H. Traumatic cerebellar infarction // J. Trauma. – 2008. – 64. – P. 1674.
Takeuchi S., Takasato Y., Masaoka H., Hayakawa T. Traumatic intra–cerebellar haematoma : study of 17 cases // Br. J. Neurosurg. – 2011. – 25, № 1. – P. 62–67.
Spanos G., Wilde E., Bigler E. et al. Cerebellar atrophy after moderate–to–severe pediatric traumatic brain injury // Am. J. Neuroradiol. – 2007. – 28, № 3. – P. 537–542.
Louis E., Lynch T., Ford B. et al. Delayed–onset cerebellar syndrome // Arch. Neurol. – 1996. – 53, № 5. – P. 450–454.
Sato M., Chang E., Igarashi T., Noble L. Neuronal injury and loss after traumatic brain injury: time course and regional variability // Brain Res. – 2001. – 917,
№ 1. – P. 45–54.
Gale S. D., Baxter L., Roundy N., Johnson S. Traumatic brain injury and grey matter concentration: a preliminary voxel based morphometry study // J. Neurol.
Neurosurg. Psychiatry. – 2005. – 76, № 7. – P. 984–988.
Ide H., Terado Y., Tokiwa S. et al. Novel germ line mutation p53–P177R in adult adrenocortical carcinoma producing neuron–specific enolase as a possible marker //
Jpn. J. Clin. Oncol. – 2010. – 40, № 8. – P. 815–818.
Зильберштейн Х. Н. Механическая травма черепа и головного мозга // Многотомное руководство по патологической анатомии / отв. ред. А. И. Струков и
др. – Т. 2: Патологическая анатомия нервной системы / ред. Б. С. Хоминский. – М. : Медгиз, 1962. – С. 336–342.
Andriessen T., Jacobs B., Vos P. Clinical characteristics and pathophysiological mechanisms of focal and diffuse traumatic brain injury // J. Cell. Mol. Med. – 2010. –
14, № 10. – P. 2381–2392.
Bramlett H., Dietrich W. Pathophysiology of cerebral ischemia and brain trauma: Similarities and differences // J. Cereb. Blood. Flow. Metab. – 2004. – 24. –
P. 133–150.
Ai J., Liu E., Park E., Baker A. Structural and functional alterations of cerebellum following fluid percussion injury in rats // Exp. Brain Res. – 2007. – 177. –
P. 95–112.
Seoa T.–B., Kima B.–K., Koa I.–G. et al. Effect of treadmill exercise on Purkinje cell loss and astrocytic reaction in the cerebellum after traumatic brain injury // Neurosci.
Lett. – 2010. – 481. – P. 178–182.
Potts M., Adwanikar H., Noble–Haeusslein L. Models of traumatic cerebellar injury // The Cerebellum. – 2009. – 8. – P. 211–221.
Igarashi T., Potts M., Noble–Haeusslein L. Injury severity determines Purkinje cell loss and microglial activation in the cerebellum after cortical contusion injury // Exp.
Neurol. – 2007. – 203, №1. – P. 258–268.
Park E., McKnight S., Ai J., Baker A. Purkinje cell vulnerability to mild and severe forebrain head trauma // J. Neuropathol. Exp. Neurol. – 2006. – 65, № 3. – P. 226–234.
Ai J., Baker A. Presynaptic excitability as a potential target for the treatment of the traumatic cerebellum // Pharmacology. – 2004. – 71, № 4. – P. 192–198.
Marin-Teva J., Dusart I., Colin C. et al. Microglia promote the death of developing Purkinje cells // Neuron. – 2004. – 41. – P. 535–547.
Viscomi M., Florenzano F., Latini L., Molinari M. Remote cell death in the cerebellar system // The Cerebellum. – 2009. – 8. – P. 184–191.
Hains B., Black J., Waxman S. Primary cortical motor neurons undergo apoptosis after axotomizing spinal cord injury // J. Comp. Neurol. – 2003. – 462,
№ 3. – P. 328–341.
Rossi F., Glanola S., Corvetti L. The strange case of Purkinje axon regeneration and plasticity // The Cerebellum. – 2006. – 5. – P. 174–182.
Buffo A., Holtmaat A., Savio T. et al. Targeted overexpression of the neurite growth–associated protein B–50/GAP–43 in cerebellar Purkinje cells induces sprouting
after axotomy, but not axon regeneration into growth–permissive transplants // J. Neurosci. – 1997. – 17. – P. 8778–8791.
Chaiksuksunt V., Zhang Y., Anderson P. et al. Axonal regeneration from CNS neurons in the cerebellum and brainstem of adult rats: correlation with the patterns of
expression and distribution of messenger RNAs for L1, CHL1, c–Jun and growth–associated protein–43 // Neuroscience. – 2000. – 100. – P. 87–108.
Gianola S., Rossi F. Long–term injured Purkinje cells are competent for terminal arbour growth, but remain unable to sustain stem axon regeneration // Exp. Neurol. –
2002. – 176. – P. 25–40.
Li J., Imitola J., Snyder E., Sidman R. Neural stem cells rescue nervous purkinje neurons by restoring molecular homeostasis of tissue plasminogen activator and
downstream targets // J. Neurosci. – 2006. – 26, № 30. – P. 7839–7848.
Pagano S., Impagnatiello F., Girelli M. et al. Isolation and characterization of neural stem cells from the adult human olfactory bulb // Stem. Cells. – 2000. – 18,
№ 4. – P. 295–300.
Ромоданов А. П., Копьев О. В., Цымбалюк В. И. и др. Влияние трансплантации эмбрионального неокортекса на выживаемость крыс после тяжелой черепно–
мозговой травмы // Третий Тбилисский междунар. симпозиум “Функциональная нейрохирургия” (28–30 мая 1990 г.): тезисы докл. – Тбилиси, 1990. – С. 247.
Цимбалюк В. І., Сутковий Д. А., Троян О. І. Вплив трансплантації фетальної нервової тканини на активність процесів перекисного окислення ліпідів та антиоксидантного захисту у віддалений період експериментальної тяжкої черепно–мозкової травми // Укр. нейрохірург. журнал. – 2001. – 1. – С. 109–114.
Цымбалюк В. И., Щерба И. Н., Гордиенко О. В. Влияние трансплантации эмбриональной нервной ткани на динамику отека головного мозга при
экспериментальной черепно–мозговой травме. // Нейрофизиология. – 1998. – 30, №3. – С. 206–211.
Пат. UA №49196, МПК А61В17/00. Спосіб моделювання у експерименті локальної дозованої черепно–мозкової травми гемісфер мозочку у щурів, що є
методом моделювання експериментальної черепно–мозкової травми / Цимбалюк В.І., Сенчик Ю.Ю., Медведєв В.В. – Заявл. 02.10.2009; Опубл. 26.04.2010,
Бюл. №8.
Goldstein L., Davis J. Beam–walking in rats: Studies towards developing an animal model of functional recovery after brain injury // J. Neurosci. Methods. – 1990. –
1. – P. 101–107.
Filip P., Lungu O., Bareš M. Dystonia and the cerebellum: A new field of interest in movement disorders? // Clin. Neurophysiol. – 2013, Feb 17 [Epub. ahead of print].

Клітинна та органна трансплантологія листопад 2013

