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Abstract. Icariin is a type of flavonoid derived from the 
Chinese herbal plant Epimedium sagittatum Maxim. Mounting 
evidence has confirmed the beneficial effects of icariin in 
neurological diseases, including spinal cord injury (SCI). The 
aim of the present study was to investigate the neuroprotective 
effects of icariin in SCI and the precise underlying mechanism. 
The weight‑drop injury technique was applied to construct 
an SCI model in Sprague‑Dawley rats. Icariin (35 µmol/kg) 
was administered orally once daily for 7 consecutive days 
to examine its neuroprotective effects. The Basso, Beattie 
and Bresnahan scoring system was used for neurobehavioral 
evaluation. The water content of the injured spinal cord was 
measured via the dry‑wet weight method. Biochemical indices 
were examined by colorimetric assay using commercially 
available kits. Western blot analysis was used to detect protein 
expression. Icariin significantly accelerated the recovery of the 
locomotor function of SCI rats and decreased spinal cord water 
content. Icariin also attenuated SCI‑induced pro‑apoptotic 
protein expression and activity, while it increased anti‑apoptotic 
protein levels. In addition, icariin alleviated oxidative stress in 
SCI rats and decreased the levels of inflammatory molecules, 
including interleukin (IL)‑1β, IL‑6, tumor necrosis factor‑α, 
nitric oxide, nuclear factor‑κB and inducible nitric oxide 
synthase, and increased the expression of anti‑inflammatory 
proteins, including NADPH‑quinone oxidoreductase‑1, heme 
oxygenase‑1 and nuclear factor erythroid 2‑related factor 2 in 
the injured spinal cord. Therefore, icariin treatment acceler-
ated locomotor function recovery in SCI, and its protective 

effects may be mediated via its antioxidant, anti‑inflammatory 
and anti‑apoptotic bioactivity.

Introduction

Spinal cord injury (SCI) is among the most devastating condi-
tions to the health and quality of life of patients and their 
families  (1,2). SCI generally causes severe and permanent 
neurological deficits, is associated with high healthcare costs, 
and is becoming a major clinical concern worldwide (3). The 
pathological events of SCI include primary and secondary 
injury (4‑6). Although both types of injury are responsible 
for the progressive neuronal death following trauma, there 
is currently no effective medical or surgical treatment for 
primary injury, and all efforts are focused on alleviating 
secondary injury (6,7).

Although the precise pathogenesis of SCI remains elusive, 
multiple mechanisms, such as inflammation, oxidative stress, 
immune neurotoxicity, apoptosis and autophagy, have been 
implicated (8‑10). For example, as the currently standard treat-
ment for acute SCI, methylprednisolone exerts neuroprotective 
effects through its potent anti‑inflammatory, anti‑apoptotic 
and antioxidant properties (11). However, the effectiveness of 
methylprednisolone regarding functional improvement after 
SCI remains a subject of debate (12); thus, a number of other 
agents have been trialed for SCI treatment. Recently, Tohda 
and Nagata (12) confirmed the beneficial effect of icariin, a 
flavonoid derived from the Chinese herbal plant Epimedium 
sagittatum Maxim, on experimental SCI based on locomotor 
rating scale scoring. The underlying protective mechanism, 
however, remains largely unknown. In order to achieve a better 
understanding of the beneficial effect of icariin on SCI, the 
present study attempted to determine its precise underlying 
mechanism on the basis of previous reports. Attention was 
specifically focused on the modulatory effect of icariin on 
apoptotic, redox and inflammatory molecules.

Materials and methods

Animals and drug treatment. A total of 24 adult male 
Sprague‑Dawley rats (6  weeks old) weighing 180‑220  g 
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were purchased from the Laboratory Animal Center of 
Jinzhou Medical University, and were housed in a tempera-
ture‑controlled room (23±0.5˚C) with 35‑55% relative humidity 
and a 12/12‑h light/dark cycle. The rats were given free access 
to food and water throughout the experimental period. All 
procedures were approved by the Experimental Animal Care 
and Use Committee at Jinzhou Medical University.

The animals were randomly divided into three groups 
(n=8/group): The sham group, which underwent laminec-
tomy; the SCI group, in which SCI was induced through the 
Allen method (13), followed by oral administration of 0.1% 
DMSO/saline solution 1 h after SCI and then once daily for 
7 consecutive days; and the icariin treatment group, with oral 
administration of 35 µmol/kg icariin (Sigma‑Aldrich; Merck 
KGaA) 1 h after SCI and then once daily for 7 consecutive 
days. Icariin was dissolved in 0.1% DMSO/saline solution. The 
icariin dose used in the present study was determined based on 
a previous study by Tohda and Nagata (12); in that study, icariin 
effectively ameliorated SCI‑induced motor dysfunction at a 
50 µmol/kg dose in mice, which is equivalent to a 35 µmol/kg 
dose in rats as used in the present study, according to stan-
dard dose conversion between mice and rats (the conversion 
coefficient between mice and rats is 0.7). As for the duration 
of medication therapy, the study by Tohda and Nagata (12) 
showed that 3 consecutive days' administration of icariin to the 
SCI mice produced a marked protective effect. The duration 
was increased to 7 days in the present study in order to ensure 
that the effectiveness of the agent could be seen.

Establishment of the SCI model. The SCI model was established 
as described previously (14). In brief, rats were anesthetized 
intraperitoneally with 40 mg/kg sodium pentobarbital and the 
spinal cord was exposed under aseptic conditions after lami-
nectomy at T9/10. Subsequently, an impactor of 2 mm diameter 
and weighing 10 g was dropped from a height of 25 mm onto 
the surface of T9/10, causing spinal cord congestion. In the 
sham group, only laminectomy was performed.

Locomotion recovery assessment. The locomotion recovery of 
all rats was assessed using the Basso, Beattie and Bresnahan 
(BBB) open‑field locomotor rating scale, as described previ-
ously (7). Two independent examiners who were blinded to the 
grouping assessed the scores of each group. To ensure there 
was no baseline discrepancy, BBB scoring was also performed 
prior to the surgery. The BBB rating scale was scored 0‑21, 
with higher scores indicating better locomotor function.

Determination of spinal cord water content. Following treat-
ment with icariin for 7 days, the water content of the spinal 
cord was evaluated. All rats were sacrificed by lethal intra-
peritoneal injection of 180 mg/kg sodium pentobarbital, and 
the spinal cord samples were removed, placed on ice and then 
dried for 48 h at 80˚C for the determination of the dry weights. 
The water content of the spinal cord was calculated as follows: 
[(wet weight‑dry weight)/wet weight]x100%.

Western blot analysis. The rats were anesthetized on day 7 
after SCI, and the damaged spinal cord was removed around 
the injury epicenter (5 mm cephalad and caudally). The tissues 
were lysed in RIPA buffer containing 1% PMSF (Beyotime 

Institute of Biotechnology). The protein content was deter-
mined using a bicinchoninic acid kit (Beyotime Institute of 
Biotechnology). Western blotting was performed as described 
previously (15). The antibodies used were as follows: Anti‑Bax 
(rabbit polyclonal antibody; 1:500 dilution; cat. no. ab53154), 
anti‑Bcl‑2 (rabbit polyclonal antibody; 1:1,000 dilution; cat. 
no. ab196495), anti‑cleaved caspase 3 (rabbit polyclonal anti-
body; 1:1,000 dilution; cat. no. ab49822), anti‑cleaved caspase 9 
(rabbit polyclonal antibody; 1:500 dilution; cat. no. ab25758), 
anti‑nuclear factor erythroid 2‑related factor 2 (Nrf2; rabbit 
polyclonal antibody; 1:1,000 dilution; cat. no.  ab137550), 
anti‑NADPH‑quinone oxidoreductase‑1 (NQO1; rabbit 
polyclonal antibody; 1:1,000 dilution; cat. no.  ab217302), 
anti‑heme oxygenase (HO)‑1 (rabbit monoclonal antibody; 
1:1,500 dilution; cat. no. ab189491), anti‑inducible nitric oxide 
synthase (iNOS; mouse monoclonal antibody; 1:2,000 dilu-
tion; cat. no. ab49999), anti‑nuclear factor (NF)‑κB (rabbit 
polyclonal antibody; 1:1,000 dilution; cat. no. ab16502) and 
anti‑GAPDH (rabbit monoclonal antibody; 1:10,000 dilution; 
cat. no. ab181603). All the primary antibodies were obtained 
from Abcam (Cambridge, MA, USA). Polyclonal horseradish 
peroxidase‑conjugated secondary goat anti‑rabbit antibodies 
(1:2,500; cat. no. sc‑2004) and goat anti‑mouse antibodies 
(1:3,500; cat. no. sc‑2005) were purchased from Santa Cruz 
Biotechnology, Inc (Dallas, TX, USA). The relative optical 
density of the bands was analyzed using ImageJ 2x software 
(National Institutes of Health).

Biochemical index determination. The biochemical indices of 
spinal cord samples were determined using commercial kits, 
following the manufacturers' instructions. The levels of tumor 
necrosis factor (TNF)‑α (cat. no. RA B0480), interleukin 
(IL)‑1β (cat. no. RAB0278) and IL‑6 (cat. no. RAB0312) were 
detected using ELISA kits (Sigma Aldrich; Merck KGaA). The 
production of nitric oxide (NO) was determined using a NO 
assay kit (cat. no. S0024; Beyotime Institute of Biotechnology). 
Caspase‑3 (cat. no. E13183) and ‑9 (cat. no. KHZ0101) activity 
levels in the spinal tissue were evaluated using colorimetric 
protease activation kits (Invitrogen; Thermo Fisher Scientific, 
Inc.). Commercially available kits for the determination of 
superoxide dismutase (SOD; cat. no. A001‑1) activity, gluta-
thione (GSH; cat. no. A006‑2) content, reactive oxygen species 
(ROS; cat. no. E004‑1‑1) generation, and malondialdehyde 
(MDA; cat. no. A003‑1) level were purchased from Nanjing 
Jiancheng Bioengineering Institute.

Statistical analysis. All data are presented as the 
mean ± standard error of the mean from at least five independent 
experiments and were analyzed using SPSS v.17.0 (SPSS, Inc.). 
One‑way analysis of variance with the Student‑Newman‑Keuls 
post hoc test was used for comparisons among multiple groups. 
P<0.05 was considered to indicate statistically significant 
differences.

Results

Effect of icariin on locomotor function recovery and spinal 
cord water content following SCI. The BBB locomotor rating 
scale was applied to assess the locomotor performance of rats 
at 0, 1, 3, 7, 14 and 28 days post‑injury. As shown in Fig. 1A, 
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a marked reduction in locomotor function was observed on 
the first day after SCI and, over the following days, a gradual 
recovery was also observed. Compared with the sham group, 
a significantly faster improvement of locomotor function 
was recorded in icariin‑treated rats at 7, 14 and 28 days after 
the operation (P<0.05). Rat spinal cord water content was 
increased in the SCI group compared with the sham group, 
while icariin significantly alleviated the increase in spinal 
cord water content (P<0.05; Fig. 1B).

Effect of icariin on the expression and activity of 
apoptosis‑related proteins in rats with SCI. SCI rats exhibited 
higher expression levels of pro‑apoptotic proteins, including 
Bax, cleaved caspase 3 and cleaved caspase 9. However, 
the level of the anti‑apoptotic factor Bcl‑2 was significantly 
reduced following SCI. Accordingly, caspase 3 and 9 activities 
were significantly increased upon SCI. All these changes were 
notably reversed by the application of icariin (P<0.05; Fig. 2).

Effect of icariin on oxidative stress in rats with SCI. SCI rats 
exhibited higher levels of oxidative stress when compared with 
the sham group, as evidenced by an increased ROS level and 
MDA content, as well as decreased SOD activity and GSH 
levels. All these indices were restored with icariin treatment 
(P<0.05; Fig. 3).

Effect of icariin on the expression of inflammation‑associated 
factors. The present study further investigated whether icariin 
exerted protective effects against SCI damage by inhibiting the 
expression of inflammatory factors, such as NF‑κB and iNOS. 
Western blotting revealed a significant (P<0.05) elevation of 
NF‑κB and iNOS protein expression in the SCI group compared 
with the sham group, whereas icariin treatment significantly 
decreased the protein expression of NF‑κB and iNOS compared 
with the SCI group (P<0.05; Fig. 4A). These results indicated 
that icariin attenuated inflammatory responses in the spinal 
cord of rats subjected to SCI. In addition, SCI increased the 
levels of TNF‑α, IL‑1β, IL‑6 and NO in comparison to the sham 
group, and these inflammatory cytokines were reduced in the 
icariin group compared with the SCI group (P<0.05; Fig. 4B).

To explore the molecular mechanism underlying the neuro-
protective effects of icariin administration, western blotting 
was performed to measure the expression of Nrf2, NQO1 and 
HO‑1, which are all important anti‑inflammatory proteins 
exerting neuroprotective effects during SCI. The results of the 
western blotting demonstrated that the levels of Nrf2, NQO1 
and HO‑1 were all elevated following SCI damage, and icariin 
treatment further enhanced their expression (P<0.05; Fig. 4C).

Figure 1. Icariin promotes rat locomotor function recovery and decreases 
spinal cord water content following SCI. (A) BBB scores of SCI rats with 
or without application of icariin. (B) Spinal cord water content analysis 
following 7‑day icariin treatment. Data are presented as mean ± standard 
error of the mean (n=8 rats/group). *P<0.05 vs. respective sham group; 
#P<0.05 vs. respective SCI group. SCI, spinal cord injury; BBB, Basso, 
Beattie and Bresnahan.

Figure 2. Icariin reduces the apoptosis of spinal cord tissues in SCI rats. 
(A) Expression of apoptosis‑related proteins in SCI rats with or without 
7‑day application of icariin. (B) Caspase 3 and 9 activities in the rat spinal 
cord tissue following 7‑day icariin treatment. Data are presented as the 
mean ± standard error of the mean (n=5 rats/group). *P<0.05 vs. respective 
sham group; #P<0.05 vs. respective SCI group. SCI, spinal cord injury.
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Discussion

Icariin is a flavonoid found in the Chinese medicinal herb 
Epimedium sagittatum Maxim. Accumulating evidence indi-
cates that icariin has potent antioxidant, anti‑aging, anti‑tumor, 
anti‑osteoporosis and neuroprotective properties  (16‑19). 
Regarding the neuroprotective effects of icariin, evidence 
has shown that icariin may protect against Alzheimer's 
disease  (20,21), Parkinson's disease  (21,22), multiple scle-
rosis  (21) and SCI  (12). In accordance with previously 
published results, the present study demonstrated that icariin 
improved the locomotor function of SCI rats, accompanied 
by a decrease in the spinal cord water content. Furthermore, 
the present results also revealed that apoptotic‑, redox‑ and 
inflammatory‑related signaling mechanisms were involved in 
the icariin‑mediated anti‑SCI effects.

Following SCI, apoptotic death of neural cells is commonly 
observed in animal models as well as human tissue, and plays 
an important role in functional disability (23). This process is 
regulated by Bcl‑2, Bax and caspases 3 and 9, indicating the 
participation of the intrinsic mitochondrial apoptotic pathway 
in the pathological process following SCI (24,25). In accor-
dance with previous studies, the present study demonstrated 
that, following SCI, the expression of Bax, cleaved caspase 3 
and cleaved caspase 9, and the activity of caspases 3 and 9, 
were all upregulated, accompanied by a decreased Bcl‑2 level. 
Notably, the present data demonstrated that icariin treatment 
significantly attenuated neural cell apoptosis in SCI rats, as 
evidenced by the reversal of these apoptosis‑related indices. In 
fact, considerable evidence has suggested the protective role 
of icariin against mitochondrial apoptotic pathway induction 

in several pathological conditions (26‑28). Due to the absence 
of morphological results, the present study did not elucidate 
which types of cells are implicated in the neuroprotective 
effects of icariin. A recent study by Li et al (29) reported that 
the neuroprotective effects of icariin may be associated with 
both neuronal and non‑neuronal cells; however, this hypoth-
esis requires further confirmation.

The imbalance between oxidants and antioxidants 
causes oxidative stress, further resulting in cellular damage. 
Accumulating evidence has confirmed the critical role of 
oxidative stress in secondary SCI (30). GSH and SOD are 
important antioxidants, and MDA is an end‑product of lipid 
peroxidation; these are all widely used as markers of oxidative 
stress following SCI (31). In the present study, SCI induced 
marked oxidative stress, as evidenced by increased ROS and 
MDA levels, with decreased GSH levels and SOD activity, 
consistent with previous findings. Recently, an increasing 
number of studies have reported the antioxidant properties 
of icariin (32,33). Consistently, the present data demonstrated 
that icariin treatment markedly alleviated oxidative stress 
responses in the spinal cord tissue of SCI rats, which may 
represent an important neuroprotective mechanism of this 
flavonoid.

Inflammation is a crucial factor in secondary damage 
following SCI, and anti‑inflammatory therapy contributes 
to recovery from SCI (34,35). Nrf2 is a factor that regulates 
the transcription of cytoprotective genes, including HO‑1 and 
NQO1, thereby playing a pivotal role in anti‑inflammatory 
response (36). Previous studies have confirmed that a number 
of agents or treatments exert their anti‑neuroinflammatory 
and antioxidant effects in neuronal and neurodegenerative 

Figure 3. Icariin reduces oxidative stress in the spinal cords of SCI rats. (A) ROS level, (B) SOD activity, (C) MDA level and (D) GSH level in the spinal cord 
tissues of SCI rats with or without 7‑day application of icariin. Data are presented as the mean ± standard error of the mean (n=5 rats/group). *P<0.05 vs. 
respective sham group; #P<0.05 vs. respective SCI group. SCI, spinal cord injury; ROS, reactive oxygen species; SOD, superoxide dismutase; GSH, glutathione; 
MDA, malondialdehyde.
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conditions, including SCI, through upregulation of the expres-
sion of these signaling molecules (36‑39). It was previously 
demonstrated that icariin exhibited potent anti‑inflammatory 
activity (16,40,41). The present study revealed that the expres-
sion of all three anti‑inflammatory molecules was upregulated 
in SCI rats, and icariin treatment further promoted their 
expression. These findings indicated that there may be a 
compensatory or adaptive upregulation of anti‑inflammatory 
molecules in SCI, which may help alleviate SCI‑induced 
damage, and icariin treatment may further enhance this 
protective effect.

NF‑κB is a transcription factor that controls the gene 
expression of a number of inflammation‑related proteins that 
contribute to SCI, such as TNF‑α, IL‑1β and IL‑6 (42). It has 

been documented that icariin and its metabolite, icariside II, 
exert their anti‑inflammatory effects via inhibition of the 
NF‑κB signaling pathway (43). In the present study, a signifi-
cant elevation of NF‑κB p65 subunit expression was observed 
in SCI rats, and icariin treatment markedly suppressed its 
expression, implicating the involvement of NF‑κB pathway 
inhibition in icariin‑mediated anti‑inflammatory action during 
the attenuation of SCI in rats.

It was reported that inflammatory reactions may cause 
increased expression of iNOS, leading to the excessive NO 
production post‑SCI (9,44). High levels of NO exert a cyto-
toxic effect on the spinal cord. In fact, selective inhibition 
of iNOS by aminoguanidine has been found to promote 
the recovery of neurological function in rats subjected 

Figure 4. Icariin exerts anti‑inflammatory effects in the spinal cords of SCI rats. (A) Expression of NF‑κB and iNOS in spinal cord tissues of SCI rats with 
or without 7‑day application of icariin. (B) Analysis of pro‑inflammatory cytokine levels of IL‑1β, IL‑6, TNF‑α and NO following 7‑day icariin treatment. 
(C) Analysis of anti‑inflammatory proteins NQO1, HO‑1 and Nrf2 following 7‑day icariin treatment. Data are presented as mean ± standard error of the mean 
(n=5 rats/group). *P<0.05 vs. respective sham group; #P<0.05 vs. respective SCI group. SCI, spinal cord injury; NF‑κB, nuclear factor‑κB; iNOS, inducible 
nitric oxide synthase; IL, interleukin; TNF, tumor necrosis factor; NO, nitric oxide; NQO1, NADPH‑quinone oxidoreductase‑1; HO, heme oxygenase; Nrf2, 
nuclear factor erythroid 2‑related factor 2.
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to SCI  (45). Consistent with previous results, the present 
findings demonstrated that the protein level of iNOS and 
NO production were evidently increased in SCI rats. More 
importantly, the administration of icariin markedly reduced 
these indices in the traumatic SCI rat model. Thus, it may 
be concluded that icariin exerts its protective effects against 
spinal cord functional impairment by suppressing iNOS/NO. 
Although the present study and a recent report (29) support 
the possible involvement of the suppression of iNOS/NO 
signaling in icariin‑mediated neuroprotection against SCI, 
the underlying mechanism remains unclear and requires 
further investigation.

Previous studies have shown that icariin possesses 
anti‑apoptotic, antioxidant and anti‑inflammatory bioactivi-
ties, thereby improving the recovery of locomotor function in 
SCI rats (12,29,46). The findings of the present study further 
supported the soundness of these arguments by examining 
additional apoptotic‑, redox‑ and inflammatory‑related mecha-
nisms. The results of the present study included the attenuating 
effect of icariin on the activities of caspases 3 and 9 and levels 
of NF‑κB, IL‑6, NO and ROS, as well as the enhancement of 
anti‑inflammatory factors, such as NQO‑1, HO‑1 and Nrf‑2. 
It should be noted that, although the present study using an 
animal model demonstrated that icariin treatment may be a 
promising therapeutic strategy for SCI, the therapeutic effec-
tiveness of this drug requires further confirmation in clinical 
trials.
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