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Abstract
Our previous study revealed that intragastric administration of naringin improved remyelination in rats with spinal cord injury and pro-
moted the recovery of neurological function of the injured spinal cord. This study sought to reveal the mechanisms by which naringin 
improves oligodendrocyte precursor cell differentiation and maturation, and promotes remyelination. Spinal cord injury was induced in 
rats by the weight-drop method. Naringin was intragastrically administered daily (20, 40 mg/kg) for 4 weeks after spinal cord injury induc-
tion. Behavioral assessment, histopathological staining, immunofluorescence spectroscopy, ultrastructural analysis and biochemical assays 
were employed. Naringin treatment remarkably mitigated demyelination in the white matter, increased the quality of myelinated nerve 
fibers and myelin sheath thickness, promoted oligodendrocyte precursor cell differentiation by upregulating the expression of NKx2.2 and 
2′3′-cyclic nucleotide 3′-phosphodiesterase, and inhibited β-catenin expression and glycogen synthase kinase-3β (GSK-3β) phosphoryla-
tion. These findings indicate that naringin treatment regulates oligodendrocyte precursor cell differentiation and promotes remyelination 
after spinal cord injury through the β-catenin/GSK-3β signaling pathway. 

Key Words: nerve regeneration; spinal cord injury; naringin; remyelination; oligodendrocyte precursor cells; oligodendrocytes; β-catenin; 
glycogen synthase kinase-3β; NKx2.2; 2′,3′-cyclic nucleotide 3′-phosphodiesterase; behavioral assessment; neural regeneration

Graphical Abstract

Naringin improves remyelination by promoting oligodendrocyte precursor cells (OPCs) differentiation in 
rats with spinal cord injury 

Introduction
Secondary injury processes are activated after spinal cord 
injury (SCI), including hemorrhage, ischemia, neural apop-
tosis and activation of various proteases. The myelin sheath 
is vital to neuronal function, providing trophic support to 
axons and enabling the rapid conduction of nerve impulses 
(Crawford et al., 2013). However, because of the high sus-
ceptibility of oligodendroglia to ischemic insult, the myelin 
sheath is more vulnerable to secondary injury than nerve fi-

bers. Prolonged and dispersed oligodendroglia death occurs 
after SCI, which results in widespread demyelination (Wu et 
al., 2012).

Adult oligodendrocytes (OLs) are generated from oligo-
dendrocyte precursor cells (OPCs), which are widely distrib-
uted throughout the adult central nervous system (Levine et 
al., 2001). In response to various insults, local OPCs prolifer-
ate, migrate to the injury site, differentiate into mature OLs, 
and finally replace the injured myelin sheath; this process is 
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known as remyelination (Franklin and Ffrench-Constant, 
2008a). It has been reported that remyelination is a beneficial 
process for promoting spinal cord reconstruction after SCI 
(Franklin and ffrench-Constant, 2008b; Plemel et al., 2014; 
Hesp et al., 2015). At present, remyelination can be improved 
through two approaches: promotion of endogenous recon-
struction and cell transplantation. Cell transplantation ther-
apies are difficult to develop because of logistical and ethical 
concerns, and high costs are required for human experimen-
tal trials (Varma et al., 2013). Therefore, the development of 
novel therapeutic approaches that target endogenous OPC 
differentiation and improvement of remyelination is highly 
warranted to preserve and restore spinal cord function after 
injury.

Naringin (4′,5,7-trihydroxy-flavonone-7-rhamnoglu-
coside) is a flavanone glycoside derived from grapefruit, 
tomato and other citrus fruits (Ho et al., 2000). Naringin 
can readily pass through the blood-brain barrier (Zbarsky 
et al., 2005). Naringin can affect many biological properties, 
such as anti-inflammatory, antioxidant and anti-apoptotic 
activities (Bailey, 2010), and potential therapeutic effects 
of naringin for central nervous system disorders have been 
described (Leem et al., 2014). We previously showed that 
naringin may be a promising therapy for SCI and that a neu-
roprotective effect may be associated with the inhibition of 
neural apoptosis (Rong et al., 2012). In the present study, we 
further explore the effects of naringin on differentiation and 
remyelination characteristics of OPCs, and investigate the 
underlying molecular mechanisms of these effects in an SCI 
rat model. This will provide new understanding of the mech-
anism by which naringin enhances spinal cord regeneration 
after injury. 

Materials and Methods
Animals
Sixty adult female Sprague-Dawley rats weighing 200–220 
g were purchased from Beijing HFK Bio-Technology, Chi-
na [license number: SCXK (Jing) 2014-0004]. Experiments 
were performed in accordance with the National Guidelines 
for Experimental Animal Welfare (Ministry of Science and 
Technology of the People’s Republic of China, 2006) and 
approved by the Animal Welfare Committee of Beijing Key 
Laboratory of Bioelectromagnetism.

Rats were randomly classified into four groups (n = 15): 
sham group (received laminectomy only), vehicle group (SCI 
+ vehicle), naringin 20 mg/kg group and naringin 40 mg/kg 
group (SCI + naringin 20, 40 mg/kg). 

Modeling and treatment with naringin
All rats were anesthetized with sodium pentobarbital (50 
mg/kg; Abbott, North Chicago, IL, USA). Sham group rats 
only received a dorsal laminectomy at T10. Rats in the vehi-
cle group, naringin 20 mg/kg group and naringin 40 mg/kg 
group were subjected to moderate SCI, which was induced 
by a modified weight-drop method as described by Perot 
et al. (1987). Following the procedure, rats were disabled 

by hindlimb paralysis. Rats contused in a nonsymmetrical 
manner were excluded from the experiment. After surgery, 
the incisions were closed in layers. Bladders were manually 
expressed two or three times per day until the voiding reflex 
was re-established. 

Naringin (Sigma-Aldrich, St. Louis, MO, USA) was dis-
solved in 0.5% sodium carboxymethyl cellulose solution. 
Naringin-treated rats were given naringin intragastrically 
(5 mL/kg of body weight) daily for 4 weeks after the injury. 
Meanwhile, rats in the vehicle and sham groups (n = 15) 
received the same volumes of 0.5% carboxymethyl cellulose 
solution at similar times.

Behavioral assessment 
Neurological assessments were performed before the 
operation, and on 1 day, and 3 days post-SCI, and then 
weekly until the time of sacrifice (4 weeks post-SCI) (n = 
15). The assessments were conducted by two independent 
experimenters who were not aware of the experimental 
conditions of the study. The open-field test assessed the 
rats’ locomotion, weight support and coordination, and 
the results were evaluated using the Basso, Beattie, and 
Bresnahan (BBB) scale, as previously described (BASSO et 
al., 1995). A score of 0 represented no spontaneous move-
ment, whereas a score of 21 represented complete mobility. 
For motor function, four groups of rats were evaluated by 
the modified Tarlov motor grading scale (Behrmann et al., 
1992). Grade 5 meant the rats were able to walk normally 
and grade 1 meant the rats had no voluntary hind limb 
movement. 

Four weeks post-injury, rats in all groups were sacrificed 
through administration of an overdose of sodium pento-
barbital. The rats in each group were then randomly di-
vided into three subgroups for the following experiments: 
Histological staining analysis (n = 5); electron microscopy 
and morphometric analyses (n = 3); and western blot assay 
(n = 7). 

Histological staining 
Tissue preparation
Four weeks post-SCI, rats (n = 5 per group) were sacrificed, 
then transcardially perfused with PBS, followed by 4% 
paraformaldehyde. A 1 cm length of spinal cord around the 
lesion center was removed, placed in 4% paraformaldehyde 
for 12 hours, soaked in 15% and 30% sucrose until dehydrat-
ed, and then coated in OCT (Sakura Finetek USA, Torrance, 
CA, USA). 

Luxol fast blue staining 
To analyze myelin sheath loss, serial transverse sections (20 
μm) of spinal cord were stained with myelin sheath staining 
dye (Luxol fast blue) as previously described (Yune et al., 
2007). 

Immunofluorescence assessment
For myelinated nerve fiber staining, 5 μm spinal cord sections 
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from the injury site were treated for immunofluorescence 
assessment using anti-neurofilament heavy (NF-H; high 
molecular weight neurofilament peptide), and anti-myelin 
basic protein (MBP) primary antibodies. Sections were incu-
bated with anti-NF-H (1:800; Sigma-Aldrich, St Louis, MO, 
USA) at 4°C overnight and then with fluorescein isothiocya-
nate-conjugated goat anti-rabbit IgG antibody (1:100; ZSGB-
Bio, Beijing, China) at 37°C for 2 hours or with anti-MBP 
(1:100; Sigma-Aldrich) at 4°C overnight, followed by Texas 
Red-conjugated goat anti-mouse antibody (1:100; ZSGB-
Bio) at 37°C for 2 hours. 

Data quantification 
For microscopic evaluations, a fluorescence microscope 
(Nikon E600, Tokyo, Japan) and a Leica microscope (Leica 
DM 4000B, Stuttgart, Germany) with a mounted camera 
were used. The spared areas and the numbers of myelinated 
nerve fibers were determined automatically using Image-Pro 
Plus software (version 5.0, Cybernetics, MD, USA). Manual 
quantifications were also performed by two independent 
examiners to verify the results provided by the automated 
analysis. 

Spared myelin sheath areas were normalized against the 
total cross-sectional area, and the spared areas were calculat-
ed every 500 μm within the central region of the injury. 

The numbers of myelinated nerve fibers in the dorsal cor-
ticospinal tract were analyzed in three randomized fields (450 
µm × 450 µm) of 10 sections per group (30 optical fields per 
group) and were exhibited as the mean quantity of nerve fi-
bers per field in each group.

Electron microscopy and morphometric analyses
At 4 weeks after injury, spinal cords (n = 3 per group) from 
T10 were post-fixed in 2.5% glutaraldehyde. Ultrathin 70 
nm thick sections were mounted on copper grids. Images 
of dorsal corticospinal tract were obtained by transmission 
electron microscopy (Hitachi-7650, Tokyo, Japan) at mag-
nifications of 50,000 and 100,000. Approximately 100 my-
elinated fibers were observed. The diameters of axons were 
measured along the inner border of the myelin sheath, and 
the diameters of nerve fibers were measured along the outer 
border of the myelin. The myelin sheath thickness was equal 
to the diameter of the nerve fiber minus the diameter of the 
axon divided by two.

Western blot assay 
Spinal cords encompassing the injury sites were removed, 
and dorsal white matter strips were isolated according to a 
previous method (Ouyang et al., 2010). The bicinchoninic 
acid protein assay (Pierce, Rockford, IL, USA) was used 
to determine protein concentration and 20 μg protein was 
loaded onto 12% polyacrylamide gels. The expression of 
NG2 and Olig2 (oligodendroglial lineage markers), NKx2.2 
(a transcription factor associated with OPC differentiation), 
2′,3′-cyclic nucleotide 3′-phosphodiesterase (CNPase) (a 
myelin biosynthesis marker), Ser9-phosphorylated glycogen 

synthase kinase-3β (p-GSK-3β) and β-catenin (essential 
integrating molecules for differentiation signals) were de-
tected. The antibodies used were: polyclonal rabbit anti-NG2 
antiserum (1:1,000; Millipore, Bedford, MA, USA), mono-
clonal mouse anti-Olig2 (1:1,000; Abcam, Cambridge, MA, 
USA), monoclonal mouse anti-NKx2.2 (1:1,000; Abcam), 
monoclonal mouse anti-CNPase (1:500; Sigma-Aldrich), 
polyclonal goat anti-Ser9-pGSK-3β (1:200; Sigma-Aldrich), 
monoclonal mouse anti-β-catenin (1:500; Abcam) and 
β-actin (1:10,000; Sigma-Aldrich). All the primary antibody 
incubations were at 4°C overnight. Secondary antibody 
incubations with horseradish peroxidase-conjugated goat 
anti-rabbit IgG antibody (1:200; ZSGB-Bio, Beijing, China) 
or horseradish peroxidase-conjugated goat anti-mouse IgG 
antibody (1:200; ZSGB-Bio) were performed at 37°C for 
2 hours. The Odyssey® Infrared Imaging System (LI-COR 
Biosciences, Lincoln, NE, USA) was used for integrated op-
tical density analysis. 

Statistical analysis
All data are expressed as the mean ± SD. Data analysis was 
performed using SPSS 13.0 software (SPSS, Chicago, IL, 
USA). Repeated-measures analysis of variance (Bonferroni’s 
post hoc test) was used to compare the spared myelin sheath 
among groups at different time points. One-way analysis 
of variance (Tukey’s post hoc test) was used to compare the 
spared myelin sheath among groups at different sites. Differ-
ences were considered statistically significant at P < 0.05.

Results
Effect of naringin on locomotor activity 
The rates of mortality, post-operative infection and hematu-
ria in SCI rats were not significantly different among groups. 
All rats initially had a BBB score of 21, and the injury result-
ed in a BBB score of 0, which reflected total hindlimb paral-
ysis. At 1 and 3 days post-injury, the injured rats had severe 
movement deficits. Compared to the vehicle group, rats in 
both naringin-treated groups showed significant locomotor 
activity that continued throughout the experimental period 
(P < 0.05; Figure 1A). 

All the rats were graded according to the modified Tarlov 
motor grading scale. The mean motor grading scores after 
injury are shown in Figure 1B. Before injury, the mean mo-
tor grading score was approximately 5.0 in all groups. After 
injury, the injury ranking decreased and then gradually in-
creased. Four weeks post-injury, rats in both naringin-treat-
ed groups (20 and 40 mg/kg) displayed significantly better 
scores than the rats in the vehicle group (P < 0.05). 

Effect of naringin on spared myelin sheath 
Within the stained sections, the blue stained white matter 
and butterfly shaped grey matter could be identified in rats 
from the sham group. Meanwhile, myelin sheath degener-
ation and cavities could be observed in rats of the vehicle, 
naringin 20 mg/kg, and naringin 40 mg/kg groups (Figure 
2A). As shown in Figure 2B, the areas of myelin sheath in 
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both naringin groups were significantly larger than those in 
the vehicle group (P < 0.05). These results indicate that nar-
ingin treatment could significantly reduce myelin sheath loss 
after injury. 

Effect of naringin on the quantity of myelination 
Fluorescent double-immunolabeling showed that axons in 
each group were surrounded by irregular myelin sheaths of 
different thickness (Figure 3A). More preserved myelinated 
axons in the dorsal corticospinal tract were present in na-
ringin-treated rats compared with vehicle-treated rats (P < 
0.05, vs. naringin 20 mg/kg; P < 0.01, vs. naringin 40 mg/kg) 
(Figure 3B). 

Based on ultrastructure analysis, myelin sheaths in dorsal 
corticospinal tract of the sham group were healthy and con-
tained intact membranes with dense layers (Figure 3C). The 
axons of rats in the vehicle group showed multiple patho-
logical changes in the structure of myelin sheaths and axons, 
such as aberrantly swollen sheaths, myelin debris and axons 
wrapped by thinner myelin sheaths. Treatment with naringin 
(20 and 40 mg/kg) improved inter-laminar changes and my-
elin sheath thickness (Figure 3C). The resulting histogram 
demonstrated that, compared with the vehicle-treated rats, 
the mean myelin thickness was increased significantly in na-
ringin-treated rats (P < 0.05, vs. naringin 20 mg/kg; P < 0.01, 
vs. naringin 40 mg/kg) (Figure 3D). These observations indi-
cated that naringin therapy could preserve myelin, promote 
remyelination and exert protective effects on axons after SCI.

Effect of naringin on OLs and OPCs
The expression of oligodendroglial lineage markers, NG2 
and Olig2, were determined through western blot assays 
(Figure 4A). Compared with the sham group, the expres-
sion of NG2 was significantly elevated in the vehicle group. 
Compared with the vehicle group, naringin therapy signifi-
cantly increased the expression level of NG2 (P < 0.05, vs. 
naringin 20 mg/kg; P < 0.01, vs. naringin 40 mg/kg) (Figure 
4B). Meanwhile, naringin treatment resulted in higher Olig2 
protein levels compared with vehicle treatment (P < 0.05, vs. 
naringin 20 mg/kg; P < 0.01, vs. naringin 40 mg/kg) (Figure 
4C). Hence, after SCI, naringin therapy could significantly 
increase OPC differentiation and OL quantity. 

Effect of naringin on NKx2.2 and CNPase protein 
expression 
Western blot assays revealed the protein levels of NKx2.2 and 
CNPase in the different groups 4 weeks after injury (Figure 
5A). Nkx2.2 is a transcription factor associated with OPC 
differentiation and a marker of OPC activation. As shown in 
Figure 5A, B, naringin treatment increased NKx2.2 protein 
levels more effectively than vehicle treatment (P < 0.01, vs. 
naringin 20 mg/kg; P < 0.01, vs. naringin 40 mg/kg). CNPase 
is an oligodendroglial marker and is implicated in myelin 
biosynthesis. CNPase levels were decreased in the vehicle 
group (Figure 5A, B). In contrast, naringin therapy remark-
ably increased the levels of CNPase (P < 0.05, vs. naringin 20 

mg/kg; P < 0.01, vs. naringin 40 mg/kg). Therefore, naringin 
exhibited the potential to promote remyelination.

Effect of naringin on protein expression of GSK-3β and
β-catenin 
Western blot assays revealed the expression of GSK-3β and 
β-catenin in the different groups (Figure 6A). Compared with 
the vehicle group, naringin treatment significantly increased 
GSK-3β phosphorylation at Ser9 (P < 0.05, vs. naringin 20 
mg/kg; P < 0.05, vs. naringin 40 mg/kg) (Figure 6B). Naringin 
treatment significantly increased β-catenin levels compared 
with vehicle treatment (P < 0.05, vs. naringin 20 mg/kg; P < 
0.05, vs. naringin 40 mg/kg) (Figure 6C).

Discussion
Chronic, high dose naringin therapy may cause side effects, 
such as increased risk of gene mutation, in patients with SCI 
(Havsteen, 2002). Our previous study demonstrated that 
low-dose administration may prevent the potential harmful 
side effects of naringin (Rong et al., 2012). In the present 
study, no increase in mortality rate, post-operative infection 
or hematuria were observed. Nevertheless, further investi-
gations must be performed to confirm the safety of naringin 
treatment.

Previous studies in the field of spinal cord regeneration 
mainly focused on devising therapeutic measures to enhance 
neural regeneration (Hulsebosch, 2002; Yang et al., 2015). 
Recently, research emphasis has shifted to promoting re-
myelination after injury (Zhang et al., 2015). In the present 
study, Luxol fast blue staining, double-immunofluorescence 
staining, electron microscopy and morphometric analyses 
were conducted on the dorsal corticospinal tract of spinal 
cord 4 weeks post-injury. Results demonstrated that the 
quality of myelinated axons, the extent and the thickness of 
the myelin sheath were significantly improved in the groups 
that received naringin treatment, indicating improved remy-
elination after naringin treatment. 

In the central nervous system, OLs are myelin-forming 
cells. OPCs are precursor OLs that are widely distributed 
throughout the central nervous system (Sim et al., 2002; Wei 
and Xiao, 2016). After injury, OPCs are recruited through 
migration and proliferation to the injury site (Horky et al., 
2006). These cells are then capable of differentiating into OLs 
under favorable conditions (Hesp et al., 2015). OPC differ-
entiation and oligodendrocyte survival after traumatic SCI 
are important in achieving successful remyelination (Mekhail 
et al., 2012). Mekhail et al. (2012) claimed that therapeutic 
measures are needed to reduce OL death, improve endoge-
nous OPC differentiation, enhance remyelination, and ulti-
mately preserve neurological function after SCI. Our results 
demonstrated that naringin increased the protein level of 
the oligodendroglial lineage markers, NG2 and Olig2. These 
results indicated that naringin treatment could effectively 
reduce OPC death and enhance endogenous OPC survival 
after SCI. CNPase is the third most abundant protein in 
central nervous system myelin and its expression increas-
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es with myelination in cultured nerve tissues and in vivo 
(Birgbauer et al., 2004). Moreover, CNPase is a pivotal com-
ponent of the molecular complex that mediates early stage 
myelination (Yin et al., 2012). Nkx2.2 induces the differ-
entiation of OPCs into mature oligodendrocytes in mature 
spinal cord tissue (Fancy et al., 2009) and is a key factor in 
remyelination after traumatic SCI (Zhu et al., 2014). Ac-
cordingly, in the present study, we detected the expression 
of CNPase and Nkx2.2 in SCI rats and naringin administra-
tion significantly enhanced CNPase and Nkx2.2 expression, 
indicating that naringin has the potential to promote OPC 
differentiation and remyelination. 

Wnt signaling plays an important role in different cellular 
processes, such as neural stem cell proliferation, migration 
and motility (Sethi and Vidal-Puig, 2010). In the canon-
ical Wnt signaling pathway, Wnts bind to their receptors 
to inhibit the phosphorylation of β-catenin by GSK-3β. 
Conversely, GSK-3β inactivation (by phosphorylation of 
Ser9) stabilizes and causes the accumulation of free cy-
tosolic β-catenin (Boonchai et al., 2000). GSK-3β plays a 
negative role in the regulation of OL differentiation in vivo 
(Bartzokis, 2012). GSK-3β inhibition not only stimulates 

the proliferation and survival of OPCs, but also enhances 
oligodendrocyte differentiation and myelination via multi-
ple mechanisms (Rodriguez et al., 2014). GSK-3β inhibition 
also produces equivalent effects on the adult nervous system 
and stimulates regeneration of OPCs and remyelination 
following demyelination (Azim and Butt, 2011). Moreover, 
GSK-3β inhibition increases the activity of cAMP response 
element-binding protein (Barresi et al., 2015), which is a 
positive regulator of OL differentiation and myelination, and 
suppressed the inhibition of OL differentiation in vitro (Azim 
and Butt, 2011). Naringin treatment enhanced intracellu-
lar β-catenin accumulation and GSK-3β phosphorylation 
in mouse melanoma cells (Huang et al., 2011). Meanwhile, 
naringin (100 mg/kg per day) administration significant-
ly induced GSK-3β phosphorylation in a mouse model of 
Alzheimer’s disease (Wang et al., 2012). Furthermore, the 
present results are consistent with significantly increased 
phosphorylation of GSK-3β and β-catenin expression in 
naringin-treated rats. Thus, treatment with naringin may 
promote the survival of oligodendrocytes and stimulate the 
differentiation and remyelination of OPCs by inhibiting the 
β-catenin/GSK-3β pathway.

Figure 1 Effect of naringin on locomotor 
activity. 
(A) Open field assessment (BBB scores) before 
and after injury. (B) Tarlov’s motor grading 
scale before and after injury. *P < 0.05, vs. ve-
hicle group (SCI + vehicle). Data are expressed 
as the mean ± SD (n = 15; repeated-measures 
analysis of variance and Bonferroni’s post hoc 
test). SCI: Spinal cord injury; d: day(s); BBB: 
Basso, Beattie, and Bresnahan. 

Figure 2 Effect of naringin on spared myelin sheath in rats 4 weeks post-injury.
(A) Representative Luxol fast blue stained spinal cord sections taken at the lesion epicenter. Scale bars: 500 μm. (B) Quantitation of spared myelin 
sheath in each group. *P < 0.05, vs. vehicle group (SCI + vehicle). Data are expressed as the mean ± SD (n = 15; repeated-measures analysis of vari-
ance with Bonferroni’s post hoc test was used to compare the spared myelin sheath among groups; one-way analysis of variance with Tukey’s post 
hoc test was used to compare the spared myelin sheath among groups at different sites). 
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Figure 3 Effect of naringin on the myelinated axons and myelin sheaths of rats 4 weeks post-injury.
(A) Representative double-immunostaining (MBP and NF-H) photographs of the dorsal corticospinal tract from each group. Scale bars: 50 μm. 
(B) The number of myelinated axons in each group (n = 5). (C) Representative transmission electron microscopy photographs of the dorsal cor-
ticospinal tract from each group. The myelin sheaths in the sham group contained intact membranes; however, the myelin sheaths in the vehicle 
group showed aberrantly swollen sheaths. Treatment with naringin (20 and 40 mg/kg) improved the inter-laminar organization and myelin sheath 
thicknesses. Scale bars: 500 nm. (D) The thickness of myelin sheaths in the dorsal corticospinal tract of spinal cord (n = 3). *P < 0.05, **P < 0.01, 
vs. vehicle group (SCI + vehicle). Data are expressed as the mean ± SD (one-way analysis of variance and Tukey’s post hoc test). MBP: Myelin basic 
protein; NF-H: neurofilament heavy. 

Figure 4 Effect of naringin on oligodendrocytes and oligodendrocyte precursor cells 
in the dorsal corticospinal tract of rats 4 weeks post-injury. 
(A) Western blots of NG2 and Olig2 protein levels in different groups. (B, C) Quan-
titation of NG2 (B) and (C) Olig2. Densitometric analysis was used to estimate the 
intensity of bands; β-actin was used as a loading control. Three separate experiments 
produced similar results. *P < 0.05, **P < 0.01, vs. vehicle group (SCI + vehicle). Data 
are expressed as the mean ± SD (n = 7; one-way analysis of variance and Tukey’s post 
hoc test).  
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There are limitations in the present study. To confirm that 
naringin improves remyelination, a detailed time course 
should be followed to first show demyelination occurred 
equally in all injured groups and then that remyelination 
occurred to a greater extent in treated rats. Also, changes in 
body weight following SCI are very important to clarify the 
therapeutic effect of naringin. Further work is required to 

evaluate changes in body weight and general well-being after 
treatment with naringin.

Collectively, these results suggest that naringin treatment 
is a potential therapy for SCI aimed at remyelination.
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