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ABSTRACT

At present, the effect of ganglioside combined with Jiaji electroacupuncture (Jiaji EA) on SCI still remains
unclear. This study explores the effect of ganglioside combined with electroacupuncture on Nogo/NgR
signal pathway in spinal cord tissue of spinal cord injury (SCI) rats. Basso Beattie Bresnahan (BBB) score
was used to evaluate spinal cord function after modeling and 14 days post ganglioside and elec-
troacupuncture treatment. RT-qPCR and western blot were performed to evaluate the expression levels
of targets in spinal cord tissue. After 14 days of treatment, the BBB scores of Jiaji EA group, ganglioside
group and combination group were all improved. The expression levels of IL-1, IL-6 and TNF-a in Jiaji
EA group, ganglioside group and combination group were significantly lower than those in model group.
Both of mRNA and protein expression levels of Nogo-A, NgR and LINGO-1 in the model group were sig-
nificantly higher than those in the Jiaji EA group, ganglioside group and combination group. Ganglioside
combined with Jiaji EA has a stronger effect on promoting the recovery of nerve function. Its mechanism
of action may be related to its inhibition of the expression of proinflammatory cytokines such as IL-1, IL-
6 and TNF-o and Nogo-NgR signal pathway to promote neuronal growth. Our results will provide funda-
mental information for further SCI studies.
© 2021 Published by Elsevier B.V. on behalf of King Saud University. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Acute spinal cord injury (SCI) is caused by local hemorrhage and
edema after violent SCI, leading to apoptosis and necrosis of nerve
cells in damaged spinal cord tissue and dysfunction of nervous sys-
tem function (Ziegler et al., 2018; Hills, 2020; Gong et al., 2020).
SCl is a serious trauma to the central nervous system, causing seri-
ous disability (Andrade et al., 2021; Jogia et al., 2021; Bilchak et al.,
2021). There is no effective clinical treatment at present (Yates
et al., 2021; Yoshizaki et al., 2021).

In the traditional Chinese medicine, electroacupuncture has
been (EA) extensively used in clinical treatment because of its ben-
eficial therapeutic effects. Jiaji refers to acupoints located on either
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side of the vertebral column and 15 mm below the spinal processes
from T1 to L5 and totaling 17 pairs. Jiaji acupuncture entails the
use of 4 needles: 2 above the level of damage and 2 below. Jiaji
EA involves the application of an electric current to the needles.
A pulsed electric field reportedly promotes vascularization and
regeneration of nervous tissue, and electroacupuncture has been
shown to promote functional recovery after spinal cord injury. Jiaji
EA improves blood circulation and relieves edema after SCI, and
protects and promotes axonal regeneration (Yarkony et al., 1995;
Vaidyanathan et al., 2001; Killorin et al., 1992 Jun; Wang et al.,
2009). Therefore, we predict the Jiaji EA may exhibit potential to
improve locomotor function after SCI.

Ganglioside is an important component of nerve cell membrane
and an important substance in the process of nerve cell growth and
proliferation with the largest content in nerve cells (Suzuki et al.,
2018; Acquotti et al., 2018). Ganglioside can protect damaged
nerve spinal cord, antagonize oxygen free radicals and neurotoxic-
ity, inhibit intracellular calcium overload and nitric oxide synthe-
sis, inhibit cell apoptosis, reduce cerebral edema, promote nerve
development, especially have regeneration and repair effects on
damaged nerve, and protect secondary functional degeneration of
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damaged nerve (Baptiste and Fehlings, 2006; Hadjiconstantinou
et al.,, 1992).

At present, the effect of ganglioside ester combined with Jiaji
electro-acupuncture (Jiaji EA) on SCI is unclear. After SCI, local
ischemia and oxidative stress will inhibit axonal eye contact and
regeneration, consequently affecting the recovery of nerve func-
tion. Axon growth inhibitor protein involved in central nerve
regeneration disorder. The inflammation has been recognized as
an important cause of parallels disease severity (Ferretti and
Cuello, 2011; Serpente et al., 2014). Previous studies demonstrated
that NgR is expressed on microglia and the binding of Nogo-A with
NgR could inhibit microglia adhesion and migration (Yan et al.,
2012). After binding with NgR, Nogo-A transmits information to
nerve cells and generates NgR/p75NTR/LINGO-1 complex, which
further mediates axon growth inhibition (Kan et al., 2017;
Trifunovski et al.,, 2004). The inflammation regulated by Nogo/
NgR pathway was involved in SCI recovery.

The purpose of this study is to explore the effect of ganglioside
combined with chiropractic acupuncture on NogoNgR signal
pathway in spinal cord tissue of rats with SCI, analyze its therapeu-
tic effect and mechanism, and provide new insights for clinical
treatment of SCI.

2. Materials and methods
2.1. Grouping, modeling and delivery

Fifty healthy female Sprague Dawley (SD) rats, aged 8 weeks
and weighing 280 + 20 g were purchased from Experimental Ani-
mal Center of Gansu Provincial Hospital and used to ensure high
reproducibility of the results. After 3 days adaptation, rats were
randomly divided into five groups: Sham group, Model group, Jiaji
EA treatment group, Ganglioside injection group and Jiaji EA com-
bined with Ganglioside injection group. Each group contains 10
rats. All procedures involving animals and their care in this study
were approved by the Ethics Committee of Gansu Provincial Hospi-
tal (GPH-2020-012).

Allen’s method was used to establish a rat SCI model (Hu et al.,
2013). Briefly, rats were anesthetized with chloral hydrate (10%)
and fixed on the operating table prone. Tg~T;; spines were
exposed through longitudinal incision with T;q as the center. Stain-
less steel rods were used to impact Tyo with an impact energy of
25mm x 10 g and an injury diameter of 3 mm. After modeling,
the incision was sutured, penicillin was injected intramuscularly
to prevent infection and excretion function was promoted by mas-
saging the lower abdomen. Rats in sham group were subjected to
remove the lamina and spinous process without causing SCIL.

The ganglioside group was injected intraperitoneally with gan-
glioside (Qilu corporation, China; 10 mg/kg) once a day, lasting for
14 days. The rats in the Jiaji EA group were restrained on a board.
The 6 mm Hua Tuo filiform needle (0.30 mm) was vertically
inserted into a depth of around 4-5 mm at the acupoint, a distance
of 3-4 mm from the midline beside the spinous process space at
the upper and lower ends of the injury area. Subsequently, the nee-
dles were connected to KWD-808II pulse electroacupuncture appa-
ratus at a frequency of 2 Hz for 1.5 ms and rest for 1.5 ms. The
output intensity is measured by slight twitch of back muscle. The
treatment was performed for 30 min per day and lasted for
14 days. The dosage of ganglioside in combination group was the
same as that in ganglioside group, and EA conditions were same
as that in Jiaji EA group. The sham group and the model group were
treated with saline.
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2.2. Neurological function evaluation

Basso Beattie Bresnahan (BBB) score and somato-sensory
evoked potential (SEP) were used to evaluate spinal cord function
before modeling, after modeling and 14 days after intervention.
The BBB score of rats was evaluated by two personnel respectively
through double blind method, and the BBB score of rats was eval-
uated through the Rat Hindlimb Movement Evaluation Scale pro-
posed by Basso et al. The sensory nerve conduction pathway of
rats was detected by SEP.

2.3. Extraction of spinal cord tissue specimens

After 14 days of treatment, rats in each group were sacrificed
with decapitation on an ice tray, and cardiac perfusion was per-
formed with normal saline. The fresh Tyo-centered injured spinal
cord tissue was isolated and placed in liquid nitrogen for subse-
quent experiments.

2.4. Western blot

The cellular proteins were extracted by RIPA buffer containing
Halt protease inhibitor cocktail (ThermoFisher, USA) and the pro-
tein concentrations were measured by BCA method. The proteins
were subjected to 10% SDS-PAGE and transferred onto a PVDF
membrane followed by blocking with 5% fat-free milk at room
temperature for 2 h. Subsequently, membrane was incubated with
anti-IL-1B (ab216995, 1:1000; Abcam, USA), anti-IL-6 (ab233706,
1:1000; Abcam, USA), anti-TNF-o0 (ab255275, 1:1000; Abcam,
USA), anti-Nogo-A (ab62024, 1:1000; Abcam, USA), anti-NgR
(ab174323, 1:1000; Abcam, USA) and anti-LINGO-1 (ab23631,
1:1000; Abcam, USA) at 4 °C overnight, and incubated with goat
anti-mouse IgG antibody (HRP conjugate, 1:3000, #91196; CST,
USA) at room temperature for 2 h. ECL reagent was used for chemi-
luminescence detection. The B-actin (1:1000, #3700; CST, USA)
was set as internal reference.

2.5. RT-qPCR

RT-qPCR was used to detect the expression levels of Nogo-A,
NgR and LINGO-1mRNA in spinal cord tissue. Spinal cord tissue
was ground and lysed under the protection of liquid nitrogen,
and then total RNA was extracted by Trizol reagent (ThermoFisher,
USA) and dissolved in DEPC water. Reverse transcription assay was
performed on RNA samples using a reverse transcription kit (Invit-
rogen, USA) to synthesize cDNA. The reaction conditions of reverse
transcriptase were 37°C for 15min, and the inactivation
conditions of reverse transcriptase were 85 °C for 15s. RT-qPCR
was performed using SYBR Prellix Ex TaqTM real-time PCR kit
(TaKaRa, Japan). PCR was performed by activating DNA polymerase
at 95 °C for 5 min, then 40 cycles of two-step PCR (95 °C for 10 s
and 60 °C for 30 s) were performed, and finally extended at 75 °C
for 10 min and stored at 4 °C. The mRNA expression was analyzed
by 2-44¢T, The primer sequences are shown in Table 1.

2.6. Statistical treatment

All data were analyzed by SPSS 25.0. The data were analyzed by
one-way ANOVA and LSD-t test. P<0.05 was statistically
significant.
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Table 1
The primer sequences.

Primer name Sequence Product size
(5'-3) (bp)

Nogo-A-Forward GGTGCCTTGTTCAATGGTC

Nogo-A-Reverse AATCTGCTTTGCGCTTCA 108

NgR-Forward AGAAAGAACCGCACCCGTAG

NgR-Reverse GGCCCAAGCACTGTCCAA 198

LINGO-1-Forward GCTGACGCTGGAGAAATG

LINGO-1-Reverse GAAGGAGTAGTCCCGTATGG 224

GAPDH-Forward GCAACTTCAACGGCACAG

GAPDH-Reverse GCCAGTAGACTCCACGACAT 204

3. Results
3.1. Comparison of BBB scores of rats in each group

As shown in Table 2, after modeling, the score of rats decreased
significantly (P <0.05). After 14 days of intervention, the BBB
scores of Jiaji EA group, ganglioside group and combination group
were all improved, and the BBB scores of combination group were
significantly higher than those of Jiaji EA group and ganglioside
group (P < 0.05).

3.2. Comparison of SEP incubation period of rats in each group

The SEP incubation period increased significantly (P < 0.05), and
the SEP incubation period of Jiaji EA group, ganglioside group and
combination group decreased after intervention, and the SEP incu-
bation period of combination group was significantly lower than
that of Jiaji EA group and ganglioside group (P < 0.05, Table 3).

3.3. Comparison of expression levels of IL-1p, IL-6 and TNF-o. protein in
spinal cord tissue of each group

After 14 days of intervention, the expression levels of IL-1B, IL-6
and TNF-a protein in Jiaji EA group, ganglioside group and combi-
nation group were significantly lower than those in model group
(P <0.05). The expression levels of IL-1B, IL-6 and TNF-o protein
in combination group after intervention were significantly lower
than those in Jiaji EA group and ganglioside group (P < 0.05), as
shown in Figs. 1 and 2.

3.4. Comparison of expression levels of Nogo-A, NgR and LINGO-1
protein in spinal cord tissues of each group

After 14 days of intervention, the expression levels of Nogo-A,
NgR and LINGO-1 protein in the model group were significantly
higher than those in the sham group (P <0.05). The expression
levels of Nogo-A, NgR and LINGO-1 protein in the Jiaji EA group,
ganglioside group and combination group were significantly lower
than those in the model group (P < 0.05), and the expression levels
of Nogo-A, NgR and LINGO-1protein in the combination group
were significantly lower than those in Jiaji EA group and gan-
glioside group (P <0.05) after intervention, as shown in Figs. 3
and 4.

3.5. Comparison of mRNA expression levels of Nogo-A, NgR and LINGO-
1 mRNA in spinal cord tissues of each group

The mRNA expression levels of Nogo-A, NgR and LINGO-1 in the
model group were significantly higher than those in the sham
group (P <0.05), and the mRNA expression levels of Nogo-A, NgR
and LINGO-1 in the Jiaji EA group, ganglioside group and combina-
tion group were significantly lower than those in the model group

4134

Saudi Journal of Biological Sciences 28 (2021) 4132-4136

(P<0.05), and the mRNA expression levels of Nogo-A, NgR and
LINGO-1 in the combination group were significantly lower than
those in the Jiaji EA group and ganglioside group (P < 0.05) after
the intervention See Fig. 5.

4. Discussion

After SCI occurs, nerve cells in the damaged spinal cord tissue
will be lost, leading to neurological dysfunction and limited recov-
ery ability. In this study, the Allen’s method was used to establish a
SCI model. After modeling, the dural mater of the rats was not
injured, but the injury site was swollen and both hind limbs
showed flaccid paralysis, indicating the modeling was successful.
BBB can evaluate the recovery of hind limb function in rats and
is considered as an important indicator reflecting the recovery of
spinal cord injury. SEP incubation period can reflect spinal cord
nerve function in rats. Our results demonstrated that the BBB score
of rats after modeling was significantly reduced, and the BBB score
of combination group was significantly higher than that of Jiaji EA
group and ganglioside group after 14 days of intervention
(P<0.05). The SEP incubation period of combination group was
significantly lower than that of Jiaji EA group and ganglioside
group (P < 0.05), indicating that Jiaji EA group and ganglioside ester
treatment can better promote the regeneration and repair of
injured nerves. Previous studies have shown that Jiaji EA has cer-
tain therapeutic effect on SCI in rats (Sun, 1996; Xu et al., 2006;
Juarez Becerril et al., 2015)and ganglioside can promote the recov-
ery of neurological function after SCI (Constantini and Young,
1994; Geisler et al., 1993; Constantini and Young, 1994;
Donaldson et al., 2000). Our results further suggested that the com-
bination of Jiaji EA and ganglioside ester effectively promoted the
recovery of spinal cord nerve function in spinal cord rats.

In order to further explore the effect and mechanism of Jiaji EA
and ganglioside on SCI rats, we detected the expression levels of IL-
1B, IL-6, TNF-o0 and Nog-oNgR signal pathways in spinal cord tissue
respectively. The results show that the combination of Jiaji EA and
ganglioside ester can inhibit the expression of proinflammatory
cytokines IL-1B, IL-6, TNF-a, thus reducing the secondary injury
caused by inflammatory reaction to spinal cord and achieving the
effect of protecting spinal cord.

LINGO-1 is a nervous system-specific transmembrane protein
that binds NgR1 and p75 and that is an additional functional com-
ponent of the NgR1/p75 signaling complex (Mi et al., 2004). Previ-
ous study indicated that blocking Nogo/NgR promoted axon
regeneration and functional recovery in the spinal cord-injured
rat (Buchli and Schwab, 2005). In this study, we demonstrated that
the protein and mRNA expression levels of Nogo-A, NgR and
LINGO-1 in the model group were significantly higher than those
in the sham group. Treatment with Jiaji EA combined with gan-
glioside ester significantly reduced Nogo-A, NgR and LINGO-1
expression compared to Jiaji EA or ganglioside ester single treat-
ment group. Since Nogo protein and NgR are the key structures
that block or antagonize the growth of nerve axons after injury,
LINGO-1 is a specific protein located on CNS neurons and oligoden-
drocytes and also an essential negative regulatory factor that inhi-
bits nerve growth. NEP1-40 promotes axon growth and extension
after injury through competitive antagonism or blocking NgR bind-
ing, and plays a leading role in regeneration and repair process
after central nerve injury (Yu et al., 2008). It can be inferred that
the combined use of Jiaji EA and ganglioside ester may effectively
reduce the inhibitory effect on nerve axon growth and further play
a protective role on SCI by reducing the signal regulation of Nogo-
A, NgR and LINGO-1 gene expression, especially the change of
LINGO-1 expression. Considering that there is no effective clinical
treatment currently (Yates et al., 2021; Yoshizaki et al., 2021),
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Table 2
Comparison of BBB scores in rats of each group(score).

Saudi Journal of Biological Sciences 28 (2021) 4132-4136

Group n Before modeling After modeling After 14 days of intervention
Sham group 10 21.17£0.53 20.95 £ 0.41 21.06 £0.33

Model group 10 21.34+0.62 6.67 £0.75% 7.71+0917

Jiaji EA group 10 21.28 £0.49 6.54 +0.81° 9.85+0.62"

Ganglioside group 10 21.31+0.67 6.59 +0.63? 10.13 £0.58™

Combination group 10 21.45 +0.36 6.57 + 0.54° 11.36 £ 0.75 <

Compared with that after modeling, *P < 0.05; Compared with sham group, *P < 0.05; Compared with the model group, °P < 0.05; Compared with Jiaji EA group, °P < 0.05;

Compared with ganglioside group, 9P < 0.05.

Table 3
Comparison of SEP incubation period of rats in each group.

Group n Before modeling After modeling After 14 days of intervention
Sham group 10 6.85 +0.45 6.89 +0.32 6.83 +0.56

Model group 10 6.83 £0.51 21.05 +1.67° 18.15+1.89°

Jiaji EA group 10 6.82 +0.69 20.33 +1.41° 14.46 +1.33™

Ganglioside group 10 6.84 £0.53 20.91 £1.35° 13.68 +1.27°

Combination group 10 6.82+0.72 21.01 +1.68% 11.73 £ 0.91"><d

3 P<0.05: Compared with sham group; P < 0.05: Compared with the model group; °P < 0.05: Compared with Jiaji EA group; %P < 0.05: Compared with ganglioside group.
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Fig. 1. The results of quantitative detection of IL-1B, IL-6 and TNF-o. protein
expression by Western blot (n=10).
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Fig. 2. Semi-quantitative analysis of IL-1B, IL-6 and TNF-a protein expression levels
(n=10). ®P<0.05: Compared with sham group; PP<0.05: Compared with the
model group; °P < 0.05: Compared with Jiaji EA group; P < 0.05: Compared with
ganglioside group.
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Fig. 3. The results of quantitative detection of Nogo-A, NgR and LINGO-1 protein
expression by Western blot (n = 10).
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Fig. 4. Semi-quantitative analysis of Nogo-A, NgR and LINGO-1 protein expression
levels (n = 10). *P < 0.05: Compared with sham group; P < 0.05: Compared with the
model group; P < 0.05: Compared with Jiaji EA group; 9P < 0.05: Compared with
ganglioside group.
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Fig. 5. Semi-quantitative analysis of Nogo-A, NgR and LINGO-1 mRNA expression
levels (n = 10). *P < 0.05: Compared with sham group; P < 0.05: Compared with the
model group; °P<0.05: Compared with Jiaji EA group; %P <0.05: Compared with
ganglioside group.

our study provided alternative therapeutic strategy for spinal cord
injury.

5. Conclusion

Ganglioside ester combined with Jiaji EA has a stronger effect
on promoting the recovery of nerve function. Its mechanism of
action may be related to its inhibition of the expression of proin-
flammatory cytokines IL-1p, IL-6 and TNF-o, and inhibition of
Nogo-NgR signal pathway to promote neuronal growth.
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