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Ligustilide treatment promotes functional recovery  
in a rat model of spinal cord injury via  
preventing ROS production
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Abstract: Ligustilide from traditional Chinese medicine extract, angelica sinensis is one of the main active com-
ponents, and has many pharmacological activities related to the effectiveness. This study sought to determine 
whether neuro-protection of ligustilide promotes functional recovery in a rat model of spinal cord injury (SCI) via pre-
venting ROS production. Male Sprague-Dawley (SD) rats were induced using operation for model SCI. Furthermore, 
Basso, Beattie, Bresnahan (BBB) scale and footprint analysis of gait was used to assess the neuro-protection of 
ligustilide on SCI. The intracellular reactive oxygen species (iROS), prostaglandin E(2) (PGE(2)), interleukin-1β (IL-
1β) and tumor necrosis factor (TNF)-α production levels were measured by monoclonal enzyme immunoassay kit. 
Inducible nitric oxide synthase (iNOS) gene expression, activator protein-1 (AP-1) and c-Jun N-terminal kinase (JNK) 
protein expressions were detected using Quantitative real-time reverse transcription polymerase chain reaction 
(Q-PCR) and western blot analyses, respectively. Interestingly, treatment with ligustilide significantly increased BBB 
scale and reduced recovery of coordination in SCI rats. After SCI, the iROS, PGE(2), IL-1β, TNF-α production levels 
and iNOS gene expression were significantly suppressed in SCI rats. These results suggest that the neuro-protection 
of ligustilide promotes functional recovery in a rat model of spinal cord injury via preventing ROS production.
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Introduction

Spinal cord injury (SCI) is a high morbidity, 
severe trauma, including primary injury and 
secondary injury. Primary damage for irrevers-
ible change, therefore the treatment of SCI 
mainly is to prevent the secondary injury and 
promote nerve regeneration [1]. With the devel-
opment of modern transportation and industri-
al and mining enterprise, SCI become a com-
mon condition in clinical, from primary SCI and 
secondary SCI two joint damage mechanism 
seriously affect human health and quality of life 
of disabling injuries [2]. Primary SCI is instantly 
after injury of spinal cord tissue subjected to 
external forces caused by tissue damage, is 
irreversible damage [3]. On the basis of primary 
injury after injury of the spinal cord tissue 
caused by a variety of factors involved in the 
destruction of the progressive, self-destructive 
cascade amplification process is known as sec-
ondary SCI, its damage is much more than the 
primary SCI [4].

Secondary generated after SCI reactive oxygen 
species (ROS) is closely related to the central 
pain sensitization [5]. ROS and its induced 
inflammatory factor and neurotrophic factors, 
make the glutamate receptor protein phosphor-
ylation increase and glutamate release, induce 
the activation of pain signal transduction sys-
tem, lead to the occurrence of central sensitiza-
tion of pain after SCI [6]. Choi et al. suggested 
that acupuncture improves SCI through inhibit-
ing ROS-induced microglial activation and 
inflammatory responses [7]. 

Ligustilide with nerve protection [8], expand 
blood vessel [9], inhibition of vascular smooth 
muscle cell proliferation [10], anti-cancer [11], 
analgesia [12], anti-inflammatory [13] and so 
on the many kinds of pharmacological action, 
but because the air is not stable, easy to oxida-
tion decomposition, difficult to preserve nature, 
such as previous research Ligustilide pharma-
cological activities with angelica oil or oil of rhi-
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zomaligusticiwallichii, rich in a mixture of chaff 
the lactone [14]. In this study we aimed at 
investigating whether ligustilide treatment pro-
motes functional recovery of SCI in a rat model 
and it is involved in ROS production or other 
mechanism. 

Materials and methods

Materials

Ligustilide (with a purity > 98%) was purchased 
from AvaChem Scientific LLC (San Antonio, TX) 
and was indicated in Figure 1. Intracellular 
reactive oxygen species (iROS), prostaglandin 
E(2) (PGE(2)), interleukin (IL)-1β and tumor 
necrosis factor (TNF)-α monoclonal enzyme 
immunoassay kit were purchased from (Cay- 
man Chemical, Ann Arbor, MI). Trizol reagent 
was purchased from Invitrogen (Carlsbad, CA). 
oligo (dT)15 primer and SuperScript™ II reverse 
transcriptase reagents were purchased from 
Life Technologies (Carlsbad, CA).

Animals

Male Sprague-Dawley (SD) rats (230-280 g, 
aged from 8 to 10 weeks old) were purchased 
from Animal Center of Wuhan University. All ani-
mal protocols were approved by the Institutional 
Animal Care and Use Committee of Ajou 
University School of Medicine. All SD rats were 
kept at 22-24°C, relative humidity 40-60%, 
maintained under a 12 h dark/light cycle and 

fed a standard laboratory diet and water ad libi-
tum in the laboratory for 1 week.

Spinal cord injury

SD rats were deeply anesthetized with an intra-
peritoneal (i.p.) injection of 1 ml/hg avertin. All 
rats were fixed on the operating table for thor-
oughly disinfected and a skin incision (2-3 cm) 
was performed in correspondence of the gap. 
Paraspinal muscles were stripped and the 
T8-T9 spinous processes and lamina were 
exposed. Rat forceps were used to remove T8 
and T9 spinous processes and lamina and 
expose the dura mater. Immediately, the right 
side of the spinal cord was cut. The right hind 
limb appeared paralysis and indicate a suc-
cessful model of SCI.

Animal grouping and allicin treatment

Ten normal rats were indicated as control 
group, in which rats were received with 0.1 
mL/100 g of sodium pentobarbital (i.p.). The 30 
rats in which a model of SCI had been estab-
lished and randomly divided into three groups: 
SCI group, MPSS group and Ligustilide group. In 
SCI group, SCI rats were treated with 0.1 
mL/100 g of sodium pentobarbital (i.p.). In 
MPSS group, SCI rats were treated with 100 
mg/kg of methylprednisolone (MPSS, i. p.). In 
Ligustilide group, SCI rats were treated with 40 
mg/kg of ligustilide for 2 h [15]. 

Assessing locomotor recovery after SCI

After treatment with ligustilide, the locomotor 
recovery was assessed by Basso, Beattie, 
Bresnahan (BBB) scale from 1 day before the 
compression-induced injury (0 day), 1 day after 
the compression-induced injury (1 day), and 
again 15 days later (15 day), as previously 
described [16]. The SCI rats were observed for 
4 min in an open field and scored 0 (no observ-
able hind-limb movements) to 21 (normal 
locomotion).

Footprint analysis of gait

The fore and hind paws of rats were painted in 
different colors, trained to walk in a straight line 
along an 80 cm long runway over absorbent 
paper toward home cage. Then, the footprint 
patterns were recorded and analyzed with the 
Photoshop software to assess coordination. 

Figure 1. The chemical structure of ligustilide.
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The training results were surveyed as the dis-
tance between forelimb and hindlimb foot-
prints. The number of forepaw steps made over 
3 trials per session.

Determination of iROS production

After treatment with ligustilide, the peripheral 
blood was collected and centrifuged at 3,000 
rpm for 10 minutes. The concentrations of iROS 
were measured using a monoclonal enzyme 
immunoassay kit (Cayman Chemical, Ann Arbor, 
MI), following the manufacturers’ protocols. 
The supernatant was cultivated with DCFH-DA 
for 2 hour and then washed twice with PBS in 
ice. The solutions were cultivated in RIPA buf-
fer, and the fluorescence was measured at 
480/530 nm using black fluorometric plates. 

Quantitative real-time reverse transcription 
polymerase chain reaction (Q-PCR) of iNOS 
production

After treatment with ligustilide, total RNA was 
extracted using Trizol reagent (Invitrogen, 
Carlsbad, CA). oligo (dT)15 primer and Super- 
Script™ II reverse transcriptase reagents were 
used to synthesize cDNA according to the man-
ufacturer’s instructions (Life Technologies, 
Carlsbad, CA). Q-PCR was performed in a 
LightCycler instrument (Applied Biosystems, 
Warrington, UK) with the DyNAmo Capillary 
SYBR Green qPCR kit (Finnzymes, Espoo, 
Finland) according to the manufacturer’s rec-
ommendations. The thermal cycling conditions 
were as follows: 95°C for 10 min, followed by 
40 cycles of denaturation at 95°C for 15 s, 
annealing at 59°C for 30 s, and extension at 
72°C for 30 s. The following forward and 
reverse primer sequences of iNOS were 
5’-GGAGCGAGTTGTGGATTGTC-3’ and 5’-GTGAG- 
GGCTTGGCTGAGTGAG-3’. The following forward 
and reverse primer sequences of GAPDH were 
5’-GTATGACTCCACTCACGGCAAA-3’ and 5’-GGT- 
CTCGCTCCTGGAAGATG-3’.

Determination of PGE(2) production

After treatment with ligustilide, the peripheral 
blood was collected and centrifuged at 3,000 
rpm for 10 minutes. The concentrations of 
PGE2 were measured using a PGE2 monoclo-
nal enzyme immunoassay kit (Cayman Che- 
mical, Ann Arbor, MI), following the manufactur-
ers’ protocols.

Determination of prostaglandin IL-1β and 
TNF-α production

After treatment with ligustilide, the peripheral 
blood was collected and centrifuged at 3,000 
rpm for 10 minutes. The concentrations of IL-1β 
and TNF-α were measured using a monoclonal 
enzyme immunoassay kit (Cayman Chemical, 
Ann Arbor, MI), following the manufacturers’ 
protocols.

Western blot analyses of activator protein-1 
(AP-1) and c-Jun N-terminal kinase (JNK) pro-
duction

After treatment with ligustilide, SCI samples 
were immediately acquisitioned, cultivated with 
lysis buffer (0.1 mM EDTA, mg/mL aprotinin, 10 
mM NaCl, 20 mM Tris-acetate, 1 pH 7.4), and 
homogenized using homogenizer. Total concen-
tration of protein was assessed with a Bradford 
assay kit (Bio-Rad, Hercules, CA). Equal protein 
was resolved on SDS-PAGE gel (12% w/v, Bis-
Tris gel, Bio-rad, 1 hr at 200 V) and transferred 
onto polyvinylidene difluoride (PVDF) mem-
brane. The membrane was blocked with 4% 
milk and 0.2% Tween-20 in Tris-buffered saline 
(TBS) and incubated with the following primary 
antibodies overnight at 4°C: anti-AP-1 (1:2000, 
Synaptic Systems, Tubingen, Germany), anti-
phosphorylation -JNK (p-JNK, 1:1200, Synaptic 
Systems, Tubingen, Germany) and anti-β-actin 
(1:500, Beyotime Bioengineering Institute, 
Nanjing, China). The membrane was incubated 
with 1:40,000 horseradish peroxidase (HRP)-
conjugated goat anti-rabbit secondary antibody 
for 2 h at room temperature. 

Statistical analysis

Statistical analysis was expressed as means ± 
SD and analyzed using ANOVA and the 
Bonferroni test. The level of significance was 
set at P < 0.05. All analyses were performed 
with SPSS 19.0 statistical software. 

Results

Ligustilide elevates BBB scale after SCI

To determine whether the effect of ligustilide 
elevates locomotor recovery after SCI, BBB 
scale was measured in this study. As presented 
in Figure 2, BBB scale was observably sup-
pressed in SCI rats. However, ligustilide admin-
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istrate observably increased BBB scale in SCI 
rats. There was no significant difference 
between MPSS group and ligustilide-treated 
group (P > 0.05, Figure 2).

Ligustilide induces gait after SCI

We determine whether the effect of ligustilide 
induces gait after SCI. After SCI, SCI markedly 
induced recovery of coordination compared to 

control rats. Figure 3 showed 
a marked recovery of coordi-
nation was markedly re- 
duced by treatment of ligust-
ilide compared to SCI rats. 
We found no significant inter-
group difference between 
MPSS group and ligustilide-
treated group for recovery of 
coordination in SCI model rat 
(P > 0.05, Figure 3). 

Ligustilide suppresses iROS 
after SCI

In this study we aimed at 
investigating whether the 
effect of ligustilide on iROS 
production after SCI. iROS 
production was signally pro-
moted in SCI rats, compared 
to that of control rats (Figure 
4). Moreover, after treatment 
with 5 ligustilide, the iROS 
production level was even 
lower than that of SCI rats 
(Figure 4). Meanwhile, there 
was no significant difference 
between MPSS group and 
ligustilide-treated group (P > 
0.05, Figure 4).

Ligustilide suppresses iNOS 
gene expression after SCI

To release the effect of 
ligustilide on iNOS gene 
expression after SCI, iNOS 
gene expression was ana-
lyzed by Q-PCR. The gene 
expression of iNOS was ele-
vated in SCI rats, compared 
to that of control rats (Figure 
5). These inductions were 
significantly inhibited iNOS 
gene expression of SCI rats 
by ligustilide, compared to 

Figure 2. Ligustilide elevates BBB scale after SCI. ##P < 0.01 compared with 
control group; **P < 0.01 compared with SCI group.

Figure 3. Ligustilide induces gait after SCI. ##P < 0.01 compared with control 
group; **P < 0.01 compared with SCI group.

Figure 4. Ligustilide suppresses iROS after SCI. ##P < 0.01 compared with con-
trol group; **P < 0.01 compared with SCI group.

that of SCI rats (Figure 5). There was no signifi-
cant difference between MPSS group and 
ligustilide-treated group (P > 0.05, Figure 5).

Ligustilide suppresses PGE(2) after SCI

To investigate whether the effect of ligustilide 
on PGE(2) after SCI, the PGE(2) production level 
was examined in our study. As presented in 
Figure 6, the PGE(2) production level was acti-
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vated in SCI rats compared with the control 
group. Interesting, administrate of ligustilide 
memorably reduced compared to SCI rats 
(Figure 6). We found no significant inter-group 
difference between MPSS group and ligustilide-
treated group for the PGE(2) production level in 
SCI model rat (P > 0.05, Figure 6). 

Ligustilide suppresses inflammatory after SCI

To investigate whether the effect of ligustilide 
suppresses inflammatory reactions after SCI, 
the concentrations of IL-1β and TNF-α were 
measured using a monoclonal enzyme immu-
noassay kit. Following ligustilide treatment for 
2 h, the levels of IL-1β and TNF-α were signifi-
cantly increased, compared with those of con-
trol group (Figure 7A, 7B). The 1-h ligustilide 
pretreatment inhibited the addition of IL-1β and 
TNF-α levels in SCI rats compared to those of 
SCI group (Figure 7A, 7B). However, in inflam-
matory reactions, no significant changes 
amongst between MPSS group and ligustilide-

treated group were seen (P 
> 0.05, Figure 7A, 7B).

Ligustilide suppresses 
AP-1 protein expression 
after SCI

We determined whether 
the effect of ligustilide sup-
presses AP-1 protein ex- 
pression after SCI using 
western blot analyses. The 
protein expression of AP-1 
in response to SCI was sig-
nificantly higher than that 
of control group (Figure 8A, 
8B). The AP-1 protein ex- 
pression was also signifi-
cantly inhibited by ligusti-
lide at concentrations high-
er than compared to those 
of SCI group (Figure 8A, 
8B). However, there was no 
significant difference the 
protein expression of AP-1 
between MPSS group and 
ligustilide-treated group (P 
> 0.05, Figure 8A, 8B).

Ligustilide suppresses 
p-JNK protein expression 

Figure 5. Ligustilide suppresses iNOS gene expression after SCI. ##P < 0.01 
compared with control group; **P < 0.01 compared with SCI group.

Figure 6. Ligustilide suppresses PGE(2) after SCI. ##P < 0.01 compared with 
control group; **P < 0.01 compared with SCI group.

after SCI

To confirm whether the effect of ligustilide sup-
presses p-JNK protein expression after SCI, 
p-JNK protein expression was inspected by 
western blot analyses. These results of west-
ern blot indicated that SCI induced the p-JNK 
protein expression in rats compared with that 
of control group (Figure 9A, 9B). After treat-
ment with ligustilide, the protein expression of 
p-JNK was suppressed in SCI rats (Figure 9A, 
9B). Meanwhile, as shown in Figure 9A, 9B, the 
expression of p-JNK protein by ligustilide was 
very similar to the MPSS group (P > 0.05).

Discussion

SCI is a high morbidity, severe trauma, includ-
ing primary injury and secondary injury. Primary 
damage for irreversible change, therefore the 
treatment of SCI mainly is to prevent the sec-
ondary injury and promote nerve regeneration 
[1]. Loss of a large number of cell apoptosis in 
neurons is important pathological mechanism 
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of secondary spinal cord injury [17]. In this 
study, we found that administrate of ligustilide 
significantly increased the BBB scale and 
reduced the recovery of coordination in SCI 
rats. Wu et al. reported that neuro-protective 
effect of ligustilide protested against isch-
aemia-reperfusion injury [15], permanent focal 
ischemic damage [18] and forebrain ischemic 
injury [19].

A large number of studies have shown that isch-
emia and trauma caused by central nerve dam-
age can lead to neuronal nitric oxide synthase, 

large and continued expression synthesis too 
much NO have direct neurotoxic effect [20]. 
Nitricoxide (No) is a kind of small molecular free 
radicals, with vasodilation, nerve information 
transfer and cytotoxic effect of a wide range of 
biological activity, etc. No and iNOS plays an 
important role in the central nervous system 
injury. Excessive NO can induce cell apoptosis, 
and apoptosis is believed to be SCI secondary 
change of important factor [21]. After SCI, we 
found that the ligustilide treatment significantly 
decreased the augment of the iROS production 
level and iNOS gene expression in SCI rats. Su 

Figure 7. Ligustilide suppresses inflammatory after SCI. Ligustilide suppresses IL-1β (A) and TNF-α (B) levels after 
SCI. ##P < 0.01 compared with control group; **P < 0.01 compared with SCI group.

Figure 8. Ligustilide suppresses AP-1 protein expression after SCI. Ligustilide suppresses AP-1 protein expression 
using western blot analyses and statistical analysis of AP-1 protein expression after SCI. ##P < 0.01 compared with 
control group; **P < 0.01 compared with SCI group.

Figure 9. Ligustilide suppresses p-JNK protein expression after SCI. Ligustilide suppresses p-JNK protein expression 
using western blot analyses and statistical analysis of p-JNK protein expression after SCI. ##P < 0.01 compared with 
control group; **P < 0.01 compared with SCI group.
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et al. suggested that ligustilide prevents lipo-
polysaccharide-induced iNOS expression th- 
rough suppression of ROS production [22]. 
Wang et al. reported that ligustilide attenuates 
lipopolysaccharide-induced proinflammatory 
response through suppression of iNOS in pri-
mary rat microglia [23].

PGE2 is one of the more important prostaglan-
din family, plays an important role in inflamma-
tion. Tissue injury can cause local damage pro-
duces prostaglandins cell, which can cause 
vasodilation, and can cause hyperalgesia, 
inflammation area of polymorphonuclear leuko-
cytes or phagocytes play an important role in 
generating PGE [24]. PGE (especially the PGE2) 
in addition to cause vasodilation, still can 
increase local blood vessel permeability, caus-
ing edema, PGE2 levels increased activity on 
behalf of the existence of inflammation [25]. 
Spinal cord continuous PGE2 content activity 
was significantly increased after chronic injury, 
spinal cord organization producing secondary 
inflammation [26]. In this study, we observed 
that treatment with ligustilide significantly sup-
pressed the PGE(2) production level in SCI rats. 
Su et al. suggested that treatment with ligusti-
lide prevents LPS-induced iNOS expression 
through suppression of PGE(2) level [22]. 

Inflammatory factor is the main neuro-transmit-
ter, regulating immune response is join immune 
cells and immune cells, immune cells and other 
cells of the Bridges. Inflammatory factor is an 
important immune regulation of media, these 
inflammatory factors in spinal cord tissue, in 
primary secondary SCI, SCI on the basis of fur-
ther induced further necrosis and apoptosis in 
spinal cord and nerve function is lost, cause 
the permanent loss of function of the spinal 
cord [27]. Timely and properly control the 
expression of inflammatory factors, so as to 
regulate the body’s immune response, may be 
to avoid secondary SCI promote recovery plays 
an important role in the spinal cord [27]. Our 
results showed that treatment with ligustilide 
significantly weakened the IL-1β and TNF-α lev-
els in SCI rats. Zhao et al. display that ligustilide 
attenuates inflammatory pain in spinal astro-
cytes [28]. Du et al. reported that ligustilide 
attenuates pain behavior induced by through 
reducing the neurogenic and inflammatory pain 
[29]. 

Recently discovered, SIRS not only excessive 
release of inflammatory mediators, and accom-
panied by the release of endogenous anti-

inflammatory medium. Compensatory anti-
inflammatory response syndrome is excessive 
release of endogenous anti-inflammatory medi-
um. IL-10 is representative of the endogenous 
anti inflammatory cytokines, in its gene promot-
er, AP-1 binding sites [30]. In our study, the 
main effect of ligustilide significantly reduced 
AP-1 protein expression in SCI rats. Su et al. 
suggested that treatment with ligustilide pre-
vents LPS-induced iNOS expression through 
AP-1expression after SCI [22].

In recent years, research has shown that 
peripheral inflammation, and neurological dam-
age induced JNK expression increased in the 
spinal cord and DRG; peripheral tumor cells 
stimulate also cause local skin tissue JNK 
expression [31]. Also, the inhibition of JNK acti-
vation can inhibit the pain. In the radial glial 
cells, inhibition of JNK features can reduce TNF 
alpha or IP-10 expression [32]. Our data show 
that treatment with ligustilide significantly 
receded p-JNK protein expression in SCI rats. 
Taken together, Lu et al. suggested that the 
antiproliferative effect of ligustilide inhibits vas-
cular smooth muscle cells proliferation through 
suppression of JNK activation in preventing car-
diovascular diseases [33]. Chung et al. sug-
gested that the anti-inflammatory effects of 
ligustilide suppressed mitogen-activated pro-
tein kinases and c-JNK [34]. 

In conclusion, the present study demonstrates 
that ligustilide treatment promotes functional 
recovery of SCI rats and suppresses the SCI-
induced production of ROS, iNOS, inflammatory 
and JNK signaling. Our results also suggest 
that these effects may be related to the inhibi-
tion of SCI-induced ROS. Further studies will be 
needed to identify the effect of ligustilide on 
SCI that regulate neuroprotection thereby medi-
ating locomotor recovery following SCI.
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