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Arctigenin suppresses inflammation and plays a  
neuroprotective effect in mice with spinal cord injury
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Abstract: Inflammation plays a key role in secondary injury after spinal cord injury (SCI) leading to spinal cord demy-
elination and neuronal death. Previous studies have shown that arctigenin markedly inhibits the phosphorylation 
of MAPKs and the activation of NF-κB, and reduced the expression of IL-1, IL-6, and TNF-α, resulting in anti-inflam-
matory effects. However, it remains unclear whether arctigenin can be used to treat SCI. In the present study, SCI 
mice were treated with different concentrations of arctigenin, and their motor functional recovery, neuronal density, 
microglial activation, and inflammatory cytokine levels were investigated. We found that arctigenin improved the 
basso mouse scale score, regularity index, and MaxContact area, and enhanced the amplitude of motor evoked 
potentials, promoted functional recovery in a dose and time-dependent manner in the SCI mice. In addition, arcti-
genin protected the neurons in a dose-dependent manner. Furthermore, arctigenin inhibited microglial activation, 
down-regulated the expression of TNF-α, IFN-γ, IL-17, MCP-1, IL-6, and G-CSF, and the effect became more obvious 
as the concentration of arctigenin increased. In conclusion, arctigenin plays a neuroprotective role by inhibiting the 
activation of microglia, and reducing the expression of inflammation in the early stage of SCI in mice.
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Introduction

Spinal cord injury (SCI) due to vehicular acci-
dents is a common clinical injury, which may 
cause the impairment of motor function, sen-
sory impairment, paralysis, and even death [1]. 
SCI adds an enormous impact functionally, 
financially, and emotionally on affected individ-
uals and their families. SCI is usually divided 
into primary injury and secondary injury accord-
ing to the pathological process [2]. By inhibi- 
ting the process of secondary injury, further 
deterioration of the disease can be prevented 
and motor functional recovery can be promoted 
[3]. Current treatment modalities are focused 
on minimizing secondary injury and maximizing 
residual function via rehabilitation [4]. Some 
treatments currently being investigated for use 
in SCI target neuroprotective or neuroregenera-
tive strategies, while many cell therapies have 
also shown promise [5]. However, since multi-

ple factors determine the progress of the injury 
in SCI, a combinatorial therapeutic approach 
will most likely be required to establish the 
most effective treatment for SCI. At present, 
SCI remains an incurable disease without  
effective treatment.

In recent years, Chinese medicine treatment of 
SCI has become a new research focus, globally.
The use of Salvia miltiorrhiza and Ligusticum 
wallichii has provided a new direction for the 
treatment of SCI [6, 7]. Arctium, a traditional 
Chinese medicine, promotes blood circulation 
to the skin surface, curing skin diseases, such 
as eczema, and treating chronic diseases, such 
as cancers, diabetes, and AIDS [8]. Arctigenin is 
the main active ingredient extracted from 
Arctium; it comprises plant-derived lignans with 
stronger pharmacological activity than Arctiin. 
Previous studies have shown that arctigenin 
has many biological activities, including anti-
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inflammatory, immune regulatory, antiviral, anti-tu- 
mor, and neuroprotective effects [9-12]. How- 
ever, whether arctigenin can be used to treat 
SCI is unclear.

In the present study, SCI mice were treated with 
different concentrations of arctigenin, and their 
motor functional recovery, neuronal density, 
microglial activation, and inflammatory cyto-
kine levels were investigated.

Materials and methods

Establishment of the SCI model and treatment

Animal experiments were performed with the 
approval of the Ethics Committee at Jinan 
University. A total of 56 adult wildtype female 
C57BL/6 mice, weighing 20 ± 2 g, were provid-
ed by the Guangdong Experimental Animal 
Center. Arctigenin (purity > 99%) was purch- 
ased from Southern Shandong Pharmaceuti- 
cals (Linyi, Shandong, China).

The SCI model was established as described 
previously [13]. Under aseptic conditions, all 
mice were completely anesthetized with 13 
μl/g of a tribromoethanol mixture. A2-cm longi-
tudinal skin incision, centered over the ninth 
thoracic (T9) spinous process, was made along 
the midline. The para-spinal muscles and liga-
ments were laterally dissected and retracted, 
followed by removal of bony elements (i.e., spi-
nous process and laminae) from the posterior 
spine, using a micro-rongeur. Without disrupt-
ing the dura mater, T9 spinal segment was 
exposed by removing the dorsal part of the ver-
tebra under an operating microscope (Leica 
DM651; Wetzlar, Germany). Mice were clamped 
in a special card slot and placed inan NYU 
Impactor Model II (New York, NJ). The exposed 
spinal cord was hit by a 10-g weight dropped 
from a height of 6.25 mm. The impact velocity 
and compression were monitored and recorded 
to guarantee consistency between animals. 
After contusion, the injured parts of the spinal 
cord rapidly appeared congested and edema-
tous; the mouse hind limb jittered and con-
vulsed, and the mouse demonstrated tail wa- 
ving; these signs indicated that the SCI model 
had been established successfully. The apo-
neurotic fascia, subcutaneous tissue, and skin 
were sutured, and mice were returned to their 
cages and routinely examined. The tempera-
ture of the cages was regulated for the follow-

ing 24 h, and mice had ad libitum access to 
water and food. Urine squeezing was performed 
twice daily until the micturition reflex was 
regained. After the operation, the 56 mice were 
randomly divided into four groups. Mice were 
treated with 0.25 mg/kg arctigenin, 0.5 mg/kg 
arctigenin, 1 mg/kg arctigenin, or phosphate-
buffered saline (PBS).

Motor function evaluation

Motor function was assessed using the basso 
mouse scale (BMS) scoring system [9] at 1 day, 
3 days, 5 days, 7 days, 2 weeks, 3 weeks, and 
4 weeks after treatment. The BMS score was 
recorded by the single-blind method, by two 
independent, blinded observers, and the mean 
score of the two observers was used as the 
BMS score of the mouse. After treatment for 8 
weeks, the regularity index (the percentage 
between the number of normal step sequence 
patterns and the total number of paw place-
ments) and MaxContact area (complete sur-
face area contacted by the paw during a stan- 
ce phase) were automatically recorded and  
analyzed using the CatWalk XT 9.0 software 
(Noldus, Netherlands).

Inflammatory cytokine analysis

At 24 h after treatment, the levels of TNF-α, 
IFN-γ, IL-17, MCP-1, IL-6, and G-CSF in injured-
spinal cords tissues of mice were detected 
using a 23-Plex Cytokine Array Kit (Bio-Rad, 
Hercules, CA) and analyzed using the Bio-Plex 
system (Bio-Rad).

Motor-evoked potentials

To evaluate SCI recovery, the motor evoked 
potentials (MEPs) were assayed by Key Point 
Electromyograph and Evoked Potential Equi- 
pment (Medtronic, Copenhagen, Denmark) be- 
fore treatment and after 6 weeks of treat- 
ment, following previously described methods 
[14]. First, the mice were anesthetized using a 
compound anesthetic (3.0 mL/kg). Then, a sti- 
mulation electrode was applied to the rostral 
ends of the surgical spinal cord. A recording 
electrode was placed in the gastrocnemius  
and the reference electrode was placed in the 
paravertebral muscles,midway between the sti- 
mulation point and the recording point. The 
ground electrode was placed on the tail. A sin-
gle square wave stimulus of 8.0 mA, 0.1 ms in 
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duration, with a 2-ms time delay, and a fre- 
quency of 4 Hz, was used. The latency period 
was measured as the length of time from the 
stimulus to the onset of the first response  
wave. The amplitude was measured from the 
initiation point of the first response wave to its 
highest point. All potentials were amplified  
and obtained using a digital oscilloscope 
(Tektronix 450S; Beaverton, OR).

Nissl staining and immunofluorescence

Six weeks after surgery, specimens were fixed 
for 24 h with 4% neutral paraformaldehyde, 
embedded, and sectioned using a cryostat, 
with a sagittal plane thickness of 20 μm. To 
measure neuronal density and structure, fro- 
zen sections were stained with Nissl reagent 
(Genmed, Laval, QC) strictly according to the 
manufacturer’s instructions. To measure mi- 
croglial cells, frozen sections were also probed 
with rabbit antibodies against ionized calcium-
binding adaptor molecule 1 (Iba1, diluted 
1:1000; Abcam, Cambridge, UK), labeled with 

AlexaFluor488-conjugated goat anti-rabbit IgG 
(diluted 1:500; Abcam), and images were 
obtained using a fluorescence inverted micro-
scope (Leica DM1000). Fluorescence intensi- 
ty was calculated using ImageJ (National In- 
stitutes of Health, Bethesda, MD).

Statistical analysis

All statistical analyses were performed using 
SPSS 19.0 (IBM SPSS, Armonk, NY). Data are 
presented as means ± SD. Groups were com-
pared using one-way analysis of variance 
(ANOVA) followed by a post-hoc SNK test. 
P-values of < 0.05 were considered statistically 
significant.

Results

Arctigenin promotes functional recovery in SCI 
mice

The BMS were analyzed at 1 day, 3 days, 5 
days, 7 days, 2 weeks, 3 weeks, and 4 weeks 

Figure 1. Arctigenin promotes functional recovery after spinal cord injury (SCI). A. Arctigenin improves basso mouse 
scale (BMS) in a dose- and time-dependent manner in the SCI mice. B. Arctigenin improves the regularity index (the 
number of normal step sequence patterns/the total number of paw placements × 100%) in a dose-dependent man-
ner in SCI mice. C. Arctigenin improves the MaxContact area (complete surface area contacted by the paw during 
a stance phase) in a dose-dependent manner in SCI mice. D. Arctigenin promotes the amplitude of motor evoked 
potentials (MEPs) in a dose-dependent manner in SCI mice. Data were presented as a mean ± SD. *P < 0.05, **P 
< 0.01, ***P < 0.001, vs PBS group.
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after treatment (Figure 1A). All mice presented 
complete paraplegia with a BMS score of 0 
after surgery. The BMS score revealed a differ-
ent degree of recovery in the various groups 
after 5 days of treatment.Compared to the PBS 
group, the BMS score in the 0.25 mg/kg arcti-
genin group, 0.5 mg/kg arctigenin group, and 
1.0 mg/kg arctigenin group were significantly 
improved (P < 0.05). The BMS score in the 1 
mg/kg arctigenin group was significantly hig- 
her than that in 0.25 mg/kg arctigenin and  
0.5 mg/kg arctigenin groups (P < 0.05). Addi- 
tionally, the regularity index and MaxConta- 
ct area in the 1 mg/kg arctigenin group was  
significantly higher than those in the other 
three groups (P < 0.05; Figure 1B and 1C). 
Furthermore, the amplitude of MEPs in the 1 
mg/kg arctigenin group was evidently higher 

in the 1.0 mg/kg arctigenin group than in the 
other three groups (P < 0.05). Arctigenin inhib-
ited the expression of Iba1 in a dose-depen-
dent manner in the SCI mice. Therefore, arcti-
genin inhibited microglial activation in a 
dose-dependent manner in SCI mice.

Arctigenin inhibit the levels of inflammatory 
cytokine in injured spinal cords of SCI mice

The levels of TNF-α, IFN-γ, IL-17, MCP-1, IL-6, 
and G-CSF were evaluated after SCI treatm- 
ent for 24 h (Figure 4). The levels of TNF-α, IFN-
γ, IL-17, MCP-1, IL-6, and G-CSF were signifi-
cantly lower in the 1.0 mg/kg arctigenin group 
than those in the other three groups (all P < 
0.05). Arctigenin therefore inhibited the level of 
inflammatory cytokine in a dose-dependent 
manner in SCI mice.

Figure 2. arctigenin has a dose-dependent neuroprotective effect on the 
SCI mice. The specimens of injured spinal cords tissues were stained with 
Nissl reagent. Representative images of Nissl staining for motor neurons are 
displayed (×200). Neurons were blue and purple after staining. Data were 
presented as a mean ± SD. *P < 0.05, **P < 0.01, ***P < 0.001, vs PBS 
group.

Figure 3. Arctigenin inhibits the expression of Iba1 in a dose-dependent 
manner in the SCI mice. The specimens of injured spinal cords tissues were 
analyzed by immunofluorescence. Representative immunofluorescence im-
ages for Iba1 detection are shown (×200). Microglia were observed after im-
munofluorescence assay. Data were presented as a mean ± SD. *P < 0.05, 
**P < 0.01, ***P < 0.001, vs PBS group.

than those of the other thr- 
ee groups (P < 0.05, Figure 
1D). Thus, arctigenin promot-
ed functional recovery in a 
dose-dependent manner in 
SCI mice.

arctigenin has a neuroprotec-
tive effectin SCI mice

Nissl staining was perform- 
ed to evaluate the density  
and structural distribution of 
motor neurons after treatme- 
nt with arctigenin for 6 we- 
eks. The numbers of motor 
neurons was significantly hi- 
gher in the 1.0 mg/kg arcti-
genin group than that in the 
other three groups (P < 0.05; 
Figure 2). Arctigenin therefore 
played a neuroprotective ro- 
le, in a dose-dependent man-
ner, in SCI mice.

Arctigenin inhibits microglial 
activation in SCI mice

Iba1 is a sensitive marker of 
activated microglia. The ex- 
pression of Iba1 was detect- 
ed after treatment of SCI mi- 
ce with arctigenin for 6 we- 
eks, using immunofluorescen- 
ce (Figure 3). Iba1 expression 
levels were significantly lower 
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Discussion

In this study, we found that arctigenin signifi-
cantly increased the BMS score, regularity 
index, MaxContact area, MEP amplitude, and 
protection of neurons, and the effects of arcti-
genin became more marked as the concentra-
tion of arctigenin increases. The results sug-
gested that arctigenin promoted functional 
recovery in a dose-dependent manner in SCI 
mice, and the treatment effect was most 
marked when used a dose of 1 mg/kg arcti-
genin. The effect of arctigeninin promoting 
functional recovery in SCI mice has not been 
reported previously. A previous study had found 
that arctigenin had an anti-inflammatory and 
neuroprotective role in a mechanical trauma 
injury model using SH-SY5Y cells in vitro [15], 
which supported our finding that arctigenin had 
significant effects on SCI.

Previous studies have shown that arctigenin 
could markedly inhibit the phosphorylation of 
MAPKs and the activation of NF-κB, and could 
reduce the expression of IL-1, IL-6, and TNF-α, 

with anti-inflammatory effects [16]. The leve- 
ls of inflammatory factors were increased  
dramatically within 24 h after SCI injury [17], 
these factors play a key role in secondary injury 
after SCI, leading to spinal cord demyelination 
and neuronal death [18]. After SCI, the microg-
lia were activated, promoting the secretion of 
inflammatory factors, such as TNF-α, IFN-γ, 
IL-17, MCP-1, IL-6, and G-CSF, participating in 
the secondary injury of SCI [17]. IL-17 upregu-
lates the microglial production of IL-6 and nitric 
oxide [19], and activates the T cells and other 
immune cells to secrete inflammatory factor 
(e.g., IL-1, IL-6, TNF-α, G-CSF, etc.) [20]. In- 
hibition of microglial activation may represent a 
potential treatment approach for SCI [21]. Song 
et al. [15] found that, in a mechanical trauma 
injury model using SH-SY5Y cells in vitro, arcti-
genin treatment down-regulated TNF-α and IL-6 
levels, up-regulated IL-10 levels, and increased 
the survival rate of SH-SY5Y cells. In this study, 
we found that arctigenin significantly inhibited 
microglial activation in SCI mice. We also found 
that arctigenin significantly inhibited microglial 
activation, down-regulated the expression of 

Figure 4. Arctigenin inhibits the level of inflammatory cytokines in a dose-dependent manner after SCI. The levels of 
TNF-α, IFN-γ, IL-17, MCP-1, IL-6, and G-CSF in injured spinal cords tissues were detected using a 23-Plex Cytokine Ar-
ray Kit. Arctigenin inhibits the level of TNF-α, IFN-γ, IL-17, MCP-1, IL-6, and G-CSF in a dose-dependent manner after 
SCI. Data were presented as a mean ± SD. *P < 0.05, **P < 0.01, ***P < 0.001, vs PBS group.
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TNF-α, IFN-γ, IL-17, MCP-1, IL-6, and G-CSF, and 
the effect became more marked as the concen-
tration of arctigenin increased. The treatment 
effect of arctigenin was most obvious when an 
arctigenin dose of 1 mg/kg was used to treat 
SCI. In this study, we found that arctigenin 
inhibited the activation of microglia, and 
reduced the expression of inflammatory fac-
tors, which were similar to the results of Song 
et al. [15]. 

In conclusion, arctigenin treatment has a neu-
roprotective effect, inhibiting the activation of 
microglia and reducing the expression of inflam-
matory cytokines during the early stage of SCI 
in mice. However, the mechanism by which arc-
tigenin exerts these effects in response to SCI 
warrants investigation in future studies.
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