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Lin et al.: Monosialotetrahexosylganglioside Sodium Promotes the Cortical Neurogenesis

To explore the effect of monosialotetrahexosylganglioside sodium on cortical neurogenesis in traumatic
brain injury rats. Thirty Sprague-Dawley rats were randomly divided into the control group, the
saline group and the monosialotetrahexosylganglioside sodium group. The rats traumatic brain injury
model of saline group and the monosialotetrahexosylganglioside sodium group, control group rats was
prepared with hydraulic controllable injury device and control group received sham operation. The
levels of oxidative stress, nerve damage, cortical new born neurons, learning and memory capabilities of
rats were assessed with serum malondialdehyde and superoxide dismutase levels, serum neurofilament
light level and terminal deoxynucleotidyl transferase dUTP nick end labeling, neuronal nuclear protein/
bromodeoxyuridine cells and Morris water maze respectively. Compared with the control group, the level
of oxidative stress was significantly increased, the nerve damage was obvious, the number of new born
neurons increased, and the ability of learning and memory decreased in the other two groups. Compared
with the normal saline group, the oxidative stress level was lower, the nerve damage was reduced, the
number of new born neurons increases more obviously and the decline in learning and memory ability was
reduced in the monosialotetrahexosylganglioside sodium group. Monosialotetrahexosylganglioside sodium
can reduce the oxidative stress level, protect the nerve cells from damage and promote the neurogenesis in
the cortex and promote the improvement of cognitive functions such as learning and memory in traumatic
brain injury rats.
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With the rapid development of the transportation
industry, the number of patients with Traumatic
Brain Injury (TBI) caused by traffic accidents is
increasing. In addition, TBI caused by accidental
falls and wars is not uncommon!'=3!. TBI is one of
the common diseases in neurosurgery. The
pathological mechanism of TBI mainly includes
primary damage caused by trauma and secondary
damage caused by excitatory amino acids and
oxygen free radicals®. The above-mentioned
damage mechanism will eventually lead to the
permanent loss of nerve cells in the damaged
areall. The current clinical treatment of TBI
mainly includes surgical treatment, drug treatment,
hyperbaric oxygen treatment and functional
rehabilitation exercises!®’!. But none of them can
fundamentally solve the problem of missing nerve
cells and the cognitive dysfunction such as learning
and memory caused by it is one of the most
common and long-lasting sequelae of TBI
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patients®!. Previous studies have shown that there
is neurogenesis in the damaged cortex, but this
endogenous neurogenesis, in the absence of
external factors, most of the newly born nerve
cells, especially newly born neurons in the injured
area undergo apoptosis under the effect of
secondary injury®. Compared with the number of
lost neurons, the number of newborn neurons is far
from enough. How to promote the cortical
endogenous neurogenesis in the injured area has
become a hot research topic.
Monosialotetrahexosylganglioside sodium (GM]1)
has been widely used clinically and has a certain
neuroprotective effect!!. Whether GMI1 can
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promote the generation of endogenous neurons in
the damaged cortex is still unclear. In this study,
based on the successful establishment of TBI rats
model, GM1 was used for intervention and
treatment, and used Enzyme-Linked
Immunosorbent  Assay  (ELISA), Terminal
deoxynucleotidyl transferase dUTP Nick End
Labeling (TUNEL), immunofluorescence and
Morris Water Maze (MWM) tests to explore the
effect of GM1 on cortical neurogenesis in TBI rats
and investigate the possible mechanism. The
research was approved by the Animal Experimental
Committee of the Zhongda Hospital, Southeast
University and animal procedures were carried out
according to the National Institutes of Health
(NIH) Guidelines for the Care and Use of
Laboratory Animals. Thirty Sprague—Dawley (SD)
rats (220-250) g were purchased from the
Experimental Animal Center of Southeast
University. Thirty SD rats were divided into the
control group, the saline group and the GM1 group
according to the number random table method,
each with 10 rats. The rats were housed with free
access for food and water under the conditions;
22°+2° temperature, 50 %=*5 % relative humidity
and 12 h light/dark cycle. SD rats in the saline
group and the GMI1 group were prepared, TBI
models with a hydraulic controllable injury device
(American AmScien Instruments FP302). Rats
were intraperitoneally injected with compound
anesthetic chlorpent (0.2 ml/100 g) and the head
was fixed on a stereotaxic device after anesthesia.
Routinely shave and disinfect the top of the skull
and cut the skin until the periosteum. A circular
bone window with a diameter of 5 mm was drilled
with 3.0 mm on the left side of the sagittal suture
and 3.5 mm behind the bregma and the meninges
was kept intact. TBI was prepared with a peak
impact pressure of 1.5 atm (1 atm=101.3 kPa). The
rats of control group received sham operation and
were not made TBI. Three groups of rats were
intraperitoneally injected with Bromodeoxyuridine
(BrdU) (50 mg/kg, twice daily (BID)) for 5
consecutive days to mark newborn nerve cells.
The rats in the control group and the saline group
were injected with sterile saline 1 ml/d through the
tail vein for 10 consecutive days and the rats in the
GM1 group were injected with GM1 injection 5
mg/kg/d through the tail vein for 10 consecutive
days. The cognitive functions of rats were detected
with MWM equipment (Huaibei Zhenghua, China)
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as previously described by Tian et al.!''. Briefly,
the navigation experiment started on the 11" d
after the operation to record the escape latency,
which lasted 4 days. The space exploration
experiment started on the 15" d after the operation
to record the platform crossover number. The data
were analyzed automatically with the Animal
Behavior Video Analysis System (Huaibei,
Zhenghua, China). At 1, 3, 5 and 10 d post-injury,
1 ml of blood was collected from the tail vein of
rats. The serum Malondialdehyde (MDA) and
Superoxide Dismutase (SOD) levels were detected
by MDA kit (Beyotime Biotechnology, China) and
SOD kit (Beyotime Biotechnology, China)
according to the manufacturer’s instructions. At
15 d post-injury, 1 ml of blood was collected from
the tail vein of rats. The serum Neurofilament
Light (NEFL) level was detected by NEFL ELISA
kit (Abcam, UK) according to the manufacturer’s
instructions.  After the space exploration
experiment was completed, the rats in each group
were anesthetized, the chest was opened, and 100
ml of normal saline and 400 ml of 4 %
paraformaldehyde were perfused into the heart in
turn and the brain was taken for coronal frozen
serial sections with a thickness of 15 um. The
brain tissues of each rat were collected from
bregma to 7 mm behind bregma and one slice was
taken at intervals of 150 pm and pasted on a glass
slide coated with polylysine for staining. Three
brain coronal sections (front, middle and rear
injury zone) in each rat were took for apoptotic
cells  detection. TUNEL kit (Beyotime
Biotechnology, China) was used to detect cortical
apoptotic cells and the operation steps were carried
out in strict accordance with the manufacturer’s
instructions. Finally, cell nuclei were counter-
stained with Hoechst 33342 (1:2000, Thermo
Fisher Scientific, Inc.) at room temperature and
protected from light for 0.5 h. The positive cells
were observed under a fluorescence microscope
(Leica DMR, German) in a 400-fold field of view.
Three brain coronal sections (front, middle and
rear injury zone) in each rat were took for Neuronal
Nuclear (NeuN) protein /BrdU
immunofluorescence. The sections were
successively incubated with the primary antibody
and the secondary antibody for 24 h in a humidified
box at 4°. The primary antibody as followed;
mouse anti-NeuN (1:600, Abcam), rabbit anti-
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BrdU (1:200, Abcam). The secondary antibody as
followed: Alexa Fluor® 568 labeled goat anti-
rabbit secondary antibody (1:1000, Abcam), Alexa
Fluor® 488 labeled goat anti-mouse (1:800,
Abcam). Finally, cell nuclei were counter-stained
with Hoechst 33342 (1:2,000, Thermo Fisher
Scientific, Inc.) at room temperature and protected
from light for 0.5 h. The positive cells were
observed under a fluorescence microscope (Leica
DMR, German) in a 400-fold field of view. The
data obtained in this study was analyzed using
Statistical Package for the Social Sciences (SPSS)
21.0 statistical software. The measurement data
conformed to the normal distribution and were
expressed by mean+Standard Deviation (SD).
One-way analysis of variance was used to compare
the three groups. p<0.05 considered the difference
between the groups to be statistically significant.
The navigation experiment showed that the escape
latency of rats in the control group and GM1 group
was significantly less than that of the saline group
and the rats in the control group had the least
escape latency and the difference between the
groups was statistically significant (p<0.05) as
shown in fig. 1a. The space exploration experiment
showed that the platform crossover number of rats
in the control group and GMI1 group was
significantly higher than that of the saline group.
The platform crossover number in the control
group was the most and the difference between the
groups was statistically significant (p<0.05) as
shown in fig. 1b. At 1, 3, 5 and 10 d post-injury,
the serum MDA level of rats in the control group
and GM1 group was significantly less than that of
the saline group and the rats in the control group
had the least MDA level, and the difference
between the groups was statistically significant
(p<0.05) as shown in fig. 2a. At 1, 3, 5 and 10 d
post-injury, the serum SOD level of rats in the
control group and GM1 group was significantly
higher than that of the saline group. The SOD level
in the control group was the highest and the
difference between the groups was statistically
significant (p<0.05) as shown in fig. 2b. At 1, 3, 5
and 10 d post-injury, the serum NEFL level of rats
in the control group and GMI1 group was
significantly less than that of the saline group and
the rats in the saline group had the least NEFL
level, and the difference between the groups was
statistically significant (p<0.05) as shown in fig.
3a. TUNEL test results showed that there were
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almost no apoptotic cells in the cerebral cortex of
rats in the control group, a few apoptotic cells
were found in the cerebral cortex of rats in the
GM1 group and more apoptotic cells were found in
the cerebral cortex of rats in the saline group. The
difference between the groups was statistically
significant (p<0.05) as shown in fig. 3b. There
were no NeuN"/BrdU® newborn neurons in the
cerebral cortex of rats in the control group, fewer
NeuN*/BrdU* newborn neurons were found in the
cortex of the rats in the saline group, and more
NeuN*/BrdU* newborn neurons were found in the
cerebral cortex of the rats in the GM1 group, the
difference between groups was statistically
significant (p<0.05) as shown in fig. 4. Studies
believe that the body is in a state of oxidative
stress for a long time after TBI, which is also one
of the important mechanisms of secondary damage
to TBII'2131, SOD is an antioxidant metal enzyme
in organisms, which can catalyze the
disproportionation of superoxide anion radicals to
generate oxygen and hydrogen peroxide and play a
key role in the balance of oxidation and
antioxidant in the body!". In this study, compared
with the control group, the serum SOD level of
TBI rats has been at a low level after injury,
however, SOD level in TBI rats recovered to a
certain extent after GM1 treatment. In organisms,
free radicals act on lipids to cause peroxidation,
and the end product of oxidation is MDA, which
will cause the cross-linking and polymerization of
proteins, nucleic acids and other life
macromolecules, and is cytotoxic. The amount of
MDA can reflect the degree of lipid peroxidation
in the body and indirectly reflect the degree of cell
peroxidation damage!'”. In this study, compared
with the control group, the serum MDA level of
TBI rats has been at a high level after injury,
however, MDA level in TBI rats decreased after
GM1 treatment. The above results suggest that
GM1 reduce the oxidative stress level in TBI rats.
After TBI, primary and secondary injuries will
cause nerve cell damage and eventually lead to
permanent nerve cell loss in the injured areal®!.
NEFL, a marker for axonal damage, increased in
TBI and also increased in other neurodegenerative
disorders!'®!7, In this study, compared with the
control group, the serum NEFL level of TBI rats
obviously increased, however, NEFL level in TBI
rats decreased after GM1 treatment. In this study,
TUNEL kit was used to detect the apoptotic cells
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in the cortex and the results showed apoptotic cells
in the cortex decreased in the TBI rats which were
treated with GM1. The above results suggest that
GM1 protect the nerve cells from damage. It is
currently believed that there is neurogenesis in the
cortex of TBI or ischemic brain injury?'®!. Neural
precursor cells in the injured cortex are activated
to become stem cells under the stimulation of
injury, and differentiate into neurons and glial
cells, compensating for the lost nerve cells. Some
scholars also believe that the cortical neural
precursor cells in the injured area migrate from the
subventricular zone area of the ventriclel®!".
Although there is neurogenesis in the cortex of
brain injury, this endogenous neurogenesis cannot
completely compensate for the lost nerve cells.
GM1 has a strong affinity for nerve tissue, can
protect the activity of a variety of enzymes on the
cell membrane, reduce nerve cell edema in the
injured area, improve cerebral ischemia and
hypoxia in the injured area, neutralize excitatory
amino acid toxicity, scavenging free radicals and

Escape latency (sec)

protect nerve cells from damage®®!. Whether GM1
can promote cortical neurogenesis in the injured
area remains unclear. In this study, NeuN*/BrdU"*
newborn neurons were found in the cortex of the
rats, the result indicated there was neurogenesis in
the cortex of TBI rats which is basically consistent
with the research results of other scholars. We also
found that after TBI rats were treated with GM1,
there were more NeuN"/BrdU" newborn neurons in
the cortex. The results indicated GM1 promoted
the neurogenesis in the cortex of TBI rats, which
may be related to GM1 reducing the level of
oxidative stress. However, the specific mechanism
still needs to be further studied in the future. In
addition, we found that GM1 could promote the
improvement of cognitive functions such as
learning and memory in TBI rats. In summary,
GM1 can reduce the oxidative stress level, protect
the nerve cells from damage and promote the
neurogenesis in the cortex, and promote the
improvement of cognitive functions in TBI rats.
The specific mechanism still needs to be further
studied in the future.
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Fig. 1: The cognitive functions of TBI rats were measured with MWZ, (a): The escape latency of rats and (b): The platform

crossover number of rats

Note: (*) vs. Control group, p<0.05; (*) vs. Saline group where n=10
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Fig. 2: The oxidative stress level in TBI rats was assessed with MDA and SOD levels, (a): At 1, 3, 5 and 10 d post-injury, the serum
MDA level of rats and (b): At 1, 3, 5 and 10 d post-injury, the serum SOD level of rats
Note: (*) vs. Control group, p<0.05; (*) vs. Saline group where n=10, ( -+ ): Control group; ( - ): Saline group and ( -e- ): GM1 group
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Fig. 3: The damaged nerve cells were detected with serum NEFL level and TUNEL, (a): At 1, 3, 5 and 10 d post-injury, the serum
NEFL level of rats (b): There were almost no apoptotic cells in the cerebral cortex of rats in the control group, a few apoptotic cells
were found in the cerebral cortex of rats in the GM1 group and more apoptotic cells were found in the cerebral cortex of rats in the
saline group. The difference between the groups was statistically significant

Note: (¥) vs. Control group, p<0.05; (*) vs. Saline group where n=10 and bar=100 pm
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Fig. 4: The neurogenesis in the cortex was detected with NeuN/BrdU immunofluorescence; the difference between groups was sta-
tistically significant
Note: (¥) vs. Control group, p<0.05; (*) vs. Saline group where n=10 and bar=100 pm
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