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Abstract

This study was carried out to evaluate the efficacy of Nucleo CMP Forte therapy as a single therapy on the regeneration of spinal cord injury
in laboratory rats. Twenty adult white rats were used in this study , divided into two groups, each group consists of ten animals control group
and Nucleo CMP forte treated group Spinal cord had been transected in all animals of experiment control group and . Nucleo CMP Forte (30
mg/kg) was given intramuscularly in Nucleo CMP immediately after spinal cord transection in CMP treated group. In the group of Nucleo
CMP, The group of which administered CMP. Animals of each group sacrificed on two periods of time after 6, 12 weeks, clinical assessment
for the motor and sensory functions were done throughout the time of experiment, macroscopic and microscopic examination of the spinal

cord were done after sacrificing of the animals.

Results indicate that the axonal regeneration. In Nucleo CMP Forte the results showed that the improvement of motor and sensory functions,
degree of spinal cord cooptation and the glial scar formation and axonal regeneration were less than that Nucleo CMP Forte, this being more
obvious in respect to the macroscopic findings in which the degree of spinal cord cooptation was better than the other group, microscopic
findings also showed massive glial scar formation and axonal regeneration in the same group.
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Abbreviations: SCI: Spinal cord injury; CMP: cytosine
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Introduction

Spinal cord injury (SCI), a devastating condition affecting the
central nervous system, is associated with sensory, motor and
visceral function impairment as well as chronic pain [1]

In spinal cord injury (SCI), complete or partial loss of
autonomic, sensory, and motor functions is caused by
interruption of neural signal conduction along the axonal tracts.
There is generally poor recovery of these functions because
of the difficulty of tissue regeneration in the central nervous
system. Thus, SCI patients are left with serious residual
disabilities, such as paralysis, respiratory difficulty, chronic
pain, urinary problems, and neurologic decline, leading to
considerable decrease in quality of life. Various strategies have
been examined for repair of SCI in animal models, including
blockage of the endogenous growth inhibitory factors [2].
Infusion of neurotropic factors, transplantation of growth
promoting cells [3].

Nucleo cytosine monophosphate (CMP) is mainly used for
peripheral neurological disorders like trigeminal neuralgia,
diabetic neuropathy and lumbosciaticalgia , but its central roles
remain to be elucidated, Nucleo CMPimprove neural growthand
nerve repair, regeneration of militated nerve fiber, delay spinal

pain transmission , enhance spinal density and acceleration
of hippocampal dependent working memory in animal model
study also, Nucleo CMP contains uridine monophosphate,
uridine diphosphate and uridine triphosphate, which together
with cysteine monophosphate induce biosynthesis of neuronal
glycolipid, phospholipids. Nucleo CMP crosses the blood
brain barrier and then phosphorylated into uridine triphosphate
that lead to the triggering of neurotransmitter modulation [4].

A clinical trial on the combination of CMP and UTP have
resulted in an efficacy of this treatment on the pain as well as on
the sensory conduction velocity in poly-neuropathies [5].The
combination of CMP and UTP has demonstrated its efficacy
on sensory disorders as well as on the intensity of the pain
in diabetic neuropathy. It is increased in sensory conduction
velocity. It was well tolerated clinically and biologically [6].

An important assist in the rehabilitation process can improve
muscle strength and provide enhanced layout in general,
Cytidine-5-monophosphate disodium (CMP) is a nucleotide
that effectively interfere in the metabolism of the nervous
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system by taking part as a co-enzyme of the enzyme systems
involved in the synthesis of phospholipids and glycolipids.
These fundamental lipid substances for the operation and
normal activity of the nervous system are subject to a constant
process of degradation and synthesis, (CMP) whose action for
glycolipid synthesis is completed by uridine-5’-triphosphate
(UTP), it becomes a coenzyme factor completely necessary
for the conservation and regeneration of nervous structures,
especially as regards the myelin sheath. The aim of the study
to evaluate the efficacy to evaluate the effect of Nucleo CMP
Forte on the regeneration of central nervous system.

Material & Methods

Twenty laboratory rats (Rattus norvegicus) weighing 200£50
gm, were used. Animals accommodated in same laboratory
condition by keeping them in special cages (4 animals per
cage) for about 15 days before the operation for anti-microbial,
anti-parasitic drug administration and acclimatization.
Animals were weighed immediately after buying them and
weighed again before the beginning of the experiment, and
then they were weighted weekly for one month after surgical
intervention to induce spinal cord injury, then every two weeks
till the end of experiment.

Control group the spinal cord of the animals was transected
and the animal receives no treatment specific for the spinal
cord injury. The data were recorded daily for four weeks then
weekly till the end of the experiment at 12 weeks.

Nucleo CMP Treated Group After incomplete transection of
the spinal cord and after a surgical intervention the animals.
Animals were anaesthetized before operation by intramuscular
injection of a mixture of 50 mg /kg B.W ketamine hydrochloride
and 10 mg/kg B.W xylazine. Adorsal incision was made in the
mid-lumbar region of the anaesthetized rats muscle retracted in
the (Lumbar L2- L3) to expose the vertebral bone plate which
was still intact [7]. Laminectomy the vertebra was approached
as described above and the vertebral bone of the L3 segment
was removed bilaterally to expose the dear mater, which was
left intact (Figure 1) [8].

Results

Following spinal cord transected the symptoms which appeared
below the level of injury include loss of movement in hind

Figure 1: Lamioctomy a: Reveal of vertebral colomn b:
Exposure of the spinal cord after laminectomy

limb, loss of sensation and loss of bowel and bladder control.
Control group: Which is known as transected untreated? The
clinical assessment of the animals of this group showed. In
the First week post-operation: Marked paralysis of the hind
limb and the sensation was lost where there was no response to
the pricking of the hind limbs and the animals showed weight
loss and there is sever autonomic dysfunction (bladder and
bowel functions-Second week post-operation: Loss of weight
has been marked during this week, Animals of this group
also developed stiffness of hind limb, joints. These clinical
observations extend to the end of experiment where there is no
improvement and the animals still paralyzed up to 12 weeks.

Nucleo CMP Forte treated group: Like in other group, there
was partial paralysis after operation. The clinical assessment
of the animals in this group was as the following: First week
post-operation: there was marked loss of motor and sensory
function in hind limb with marked weight loss. These clinical
signs extend from the first week to the sixth week except the
weight and autonomic functions in which the animals appeared
improvement in autonomic function in third week and regain
weight in fifth week. Sixth week post-operation. The first onset
of the hind limb movement was observed in four animals and
in the seventh week in one animal only but still there is no
obvious sensation Eighth week post-operation: Most animals
developed their movement and appear moderate muscular
contraction. Ninth week post-operation three animals showed
obvious sensation in the hind limb. Tenth week post-operation.
The animals developed moderate ability to stand on their hock
joints; the sensation being noticeable in which the animals
showed a clear reflex to the hind limb pricking Twelfth
week post-operation: the animals had a moderate muscular
contraction and they depend more in their movement on hock
joint and did not use their paws and still there was a mild reflex
to the pricking of the hind limb.

In the sixth week histopathology Control Group of the spinal
cord revealed marked vacculation in the white matter which
indicate the degeneration of the nerve fibers and some of
them appear oedematous. In the gray matter there were some
atrophied neurons and others appear necrotized, minimal
proliferation of astrocytes and oligodendrocytes in the site
of transaction were apparent (Figure 2 & 3). In the twelfth

Figure 2: Spinal cord of control group after 6 weeks reveals
a little proliferation of astrocytes in the site of transection
(arrows) but still there is a gap between two sides of
transection. H&E 100X
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Figure 3: control group reveals absence of neurons in the
gray matter with severe vacculation (arrows). H&E ~ 400x

week there were also marked vacculation in the white matter
due to degeneration of the nerve fibers, some of them appear
oedematous. In the gray matter some neurons appeared
atrophied and others showed complete absence at the site
of transection. There was minimal glial scar formation due
to proliferation of reactive astrocytes and still there is a gap
between pre and post transection area (Figure 4-7).

Nucleo CMP Forte Treated Group In the group of six weeks,
the Histopathological findings of the spinal cord showed there
were massive vacuolated degenerated nerve fibers in the white
matter Glial scar formation with minimal regenerated axons
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Figure 4: control group after 12 weeks shows a) vacuolated

degenerated nerve fibers b) presence of few glia in white
matter. H&E 400X
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Figure 5: controls group after 12 weeks, show Spinal cord
of reveals the area of white and gray matter. H&E 100X
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was appeared in the site of transection (Figure 8), in the gray
matter there were numerous degenerated neurons (Figure 9).

The group of twelve weeks revealed that there were moderate
number of regenerated axons in the site of transection with
proliferation of astrocytes and oligodendrocytes. Also this
area showed heavy cellularity; some of these cells appear
with foamy cytoplasm that could be oligodendrocytes which
phagocytosis the fat of degenerated myelin (Figure 10), also
some vacuolated degenerate nerve fibers in the white matter
(Figure 11). In the gray matter there were some atrophied
neurons. There was also increase in the oligodendrocytes in
the white matter (Figurel2).

Figure 7: Spinal cord of control group after 12 weeks
reveals the proliferation of astrocytes in the site of
transection (arrows) but still there is a gap between two
sides of transection. H&E 100x

Figure 8: Spinal cord of CMP at 6 weeks shows atrophied
neurons in gray matter b) vaculated degenerated nerve
fibers in white matter. H&E 400x
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Figure 9: CMP white matter of 6 weeks shows several
vaculated degenerated nerve fibers with a few glia (astrocyte
with oligodendrocytes) (arrows). H&E 400X

Axonal regeneration b) Glial scar formation ( astrocytes and
oligodendrocytes) (arrows). H&E 400X

E s e 8 3 SRS NG T N T :
Figure 11: Spinal cord of CMP at 12 weeks, gray matter
shows a) some degenerated neurons b) gliosis (arrows).

H&E 400X

Moderate regenerate nerve fibers b) Presence of vacuolated
degenerate axons some appear edematous (arrows). H&E
400X

Discussion

Currently, there is no treatment available to restore motor and
sensory function after debilitating SCI. However, progress
is being made in research; numerous treatment strategies are
being investigated to repair damaged axons after SCI in rats
[10].

Thigh muscle atrophy was noticed in all animals of control and
treated groups with variable degrees of severity , in control
group, it was very severe because of disuse atrophy which is
usually related to the spinal cord transection and this agreed
with [9], it seems that the muscle mass and muscle force
contraction were related to the development of motor function
in which the muscle mass developed to nearly normal in the
group of combination treatment after development of motor
function and more than the other treated groups.

The neuro-histopathological inspection of the spinal cord
in longitudinal section in the control group revealed sever
vacculation of the nerve fibers in the white matter this attributed
by key pro-inflammatory cytokines which lead to the secondary
cascades of events that accurse after several hours to days of
spinal cord injury which include the mitochondrial dysfunction
which lead to failure of aerobic energy metabolism and finally
lead to production of free oxygen radicals which cause lipid
peroxidation and lead to increase vascular permeability, local
ischemia, and intraneuronal edema. Fiber deformation and
local demyelination which refer to degenerate axons this
agreed with [11].and this what called Wallisian degeneration
which results from separation of axons and their myelin sheath
from the neuronal cell body this agreed with [12].

The vacculation in the gray matter result from degenerated
and necrotized neurons in both subgroups of 6th and 12th
week, the neuronal cell necrosis result from ischemia which
occur after spinal cord secondary injury. Ischemia result
from inadequate blood supply to the tissue lead to hypoxia
and reduction in perivascular PH from accumulation of acid
metabolites such as lactate this tissue perfusion may increase
cellular damage by promoting the influx of free radicals and
other toxic byproducts, this agreed with [13].

The present study revealed that the laser group were vacuolated
degenerate nerve fibers in the white matter after six weeks
post operation , in the gray matter the neurons appear slightly
atrophied , in the area of transection there were moderate
axonal regeneration, this changes being prominent in the
subgroup of 12th week in which the regenerate axons being
more massive as well as presence of glial scar (proliferation
of astrocytes and oligodendrocytes) also presence of cells
with foamy cytoplasm which may be the oligodendrocytes
which engulf the degenerate myelin also proliferation of new
regenerate blood vessels , the proliferation of astrocytes in
the site of transection and the presence of cells with foamy
cytoplasm were supported by [12].

The stimuli which activate microglia within the spinal cord
have not been definitively elucidated but believed to change
oxygen tension, alter the level of extracellular metabolites

Vet Sci Med

Volume 1(2): 2018



Alfaris AA (2018) Efficacy of Nucleo CMP Forte after Induce Spinal Cord Injury in Rats

(e.g., glutamate), and cytokines/ chemokine’s secreting
by neighboring cells (endothelia, neurons, glia) specially
(Interleukin 1, Interleukin 6, Tumor necrosis factor-a)), upon
activation of microglia alter their phenotype and secretary
properties and have rounded phagocytic morphology and
secrete proinflammatory cytokines in rounded milieu [14]. The
conclusion of this study was enhanced the regeneration spinal
cord injury.

Inspite of the ability of CMP to induce neuro-protection after
SCI, the present study showed that the animals of laser group
developed the onset of hind limb movement earlier than
animals of CMP group, in which the rats in laser group showed
the onset of hind limb movement in 4th week, It is possible
that this early recovery is due to local sprouting, enhanced
compensation or sparing of white matter induced by laser
irradiation penetrated to the depth of the injured spinal cord
and promoted axonal regeneration and functional recovery
[15].

Whereas the animals of CMP group showed the onset of hind
limb movement in the 6th week post-operation .we didn’t find
any previous study of Nucleo CMP Forte on treatment of spinal
cord injury but its improve the important role in peripheral
nervous system, studies in vivo have shown that the addition
of these nucleotides favors the regeneration of militated nerve
fibers following crush injury to the sciatic nerve of the rat, thus
accelerating the process of nerve repair [16].

While in the animals of group of combination were very earlier
in which they showed the onset of hind limbs movement in
the 3rd week, this may give indication about the synergistic
effect of both treatment methodologies which the two have the
ability on axon regeneration that may be attributed in this early
recovery, but we didn’t find any previous study used Laser and
Nucleo CMP forte as a combination therapy to treat spinal
cord injury.

The onset of sensation in the current study had been developed
in the group of combination earlier than the other groups of
Laser and CMP in which 60% of the animals showed the onset
of sensation in the 7th week and the full number developed
the onset of sensation in the 8th week while in the Laser group
all animals showed the onset of sensation in the 8th week and
30% of CMP showed the onset of sensation in the 9th week
and the complete number of the animals showed the onset of
sensation in the 10th week, the development of motor function
being earlier than the development of the sensory function this
agree with other investigators [17].

The regeneration of axons in the site of transection appeared
in the CMP less than that appeared in Laser and this may give
indication about the bio stimulatory neuroprotective effect
of Laser. In the group of combination therapy the glial scar
formation and axonal regeneration at the site of transection
being more prominent than the groups of either Laser or CMP
as a single therapy, these changes noticed on both subgroups
of the 6th and 12th weeks, also the cells of foamy cytoplasm
were present in this group which indicate the macrophage

which engulf the degenerated myelin which resulted from
degenerated axons, white matter of this group showed marked
reduction in the number of swollen vacuolated nerve fibers
and prominent presence of regenerate axons , in the gray
matter there was marked reduction in the number of atrophied
neurons with gliosis this support the synergistic effect of both
therapies. The presence of glial scar is very important in the
site of transection because it is act as a guide for crossing of
new regenerated axons from one side of transection to the
other and improves the conduction of nerve impulse and this
agreed with [18].

The most devastating thing which was increase damage of
spinal cord after injury is the inflammation and many of the
key players and the complex interrelationships involved in
the secondary cascades of events occurring during the first
minutes, hours, days after [19]. Previous studies showed
that due to a disrupted blood-spinal cord barrier, clusters of
peripheral macrophages infiltrate into the lesion site post-
injury [20]. Microglias are the first responders to the CNS
trauma, being activated within minutes to hours of injury [21].

Nucleo CMP Forte have been prescribed to patients with
lumbosciatalgia, alcoholic and diabetic polyneuropathies
or trigeminal neuralgia, although their mechanism of
action remains to be established , Little is known about
the beneficial effects of nucleotides on the central nervous
system. Oral administration of UMP alone or in combination
with unsaturated fatty acids increases spine density and the
synthesis of synaptic proteins and ameliorates the impairment
of hippocampal dependent memory in impoverished rats,
which provides a rationale for testing these compounds in the
search for a way to treat neurological diseases characterized by
synaptic loss [22].

Moreover, UTP administration to rats protects against cerebral
ischemia riper-fusion injury by reducing the infarct zone ,
Nucleo CMP forte is useful in the regeneration of nerve cells by
stimulating the synthesis of phospholipids and sphingolipids
(the major components of neuronal cell membranes and myelin
sheath), Furthermore, Nucleo CMP forte has an essential role
in the activation of Schwann cells [23].
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