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Abstract
Objective: Traumatic brain injury (TBI), a common neurosurgical disease, usually induces cognitive
impairments, motor deficits, and neuropsychiatric deficits. Effective treatments are still lacking.
breviscapine shows broad pharmacological effects and facilitates functional recovery from cardiovascular
and cerebrovascular insults, such as brain ischemia and myocardial ischemia. However, the role of
breviscapine in TBI remains vague. In this study, . we aimed to investigate whether breviscapine can
improve functional deficits in rats with TBI. Method: Thirty adult female Sprague–Dawley (SD) rats
were employed and randomly divided into three groups: sham group, TBI group, Breviscapine treatment
group (Breviscapine+TBI). TBI was initiated using an electromagnetic-controlled cortical impact device.
Breviscapine (0.375mg/kg) were administrated into lateral ventricles one time after TBI induction.
Behavioral evaluation was conducted on days 2, 4, 6, 8,10, 12and 14 after TBI using mNSS tests,. At 14
days after operation, western blotting analysis, immunofluorescent staining and real-time RT-PCR were
performed to evaluate the protein and mRNA level of netrin-1 in the brain tissues, respectively. Results:
Compared with the sham rats, TBI deteriorated behavioral function indicated by increased mNSS (P<0.05).
Breviscapine administration showed a significant decrease in mNSS compared to TBI group (P<0.05).
Quantitative Real-time PCR showed the mRNA levels of netrin-1 in the TBI group were significantly
decreased compared with the sham group, moreover, breviscapine treatment up-regulated netrin-1 mRNA
in the brain when compared with the TBI group at day 8 post-injury (P<0.05). In addition,western blot
analyses also showed breviscapine treatment up-regulated the protein level of netrin-1 in the brain when
compared with the TBI group at day 8 post-injury (P<0.05).. Immunofluorescent staining of netrin-1
showed the same variation trend as the western blot. Conclusion: Breviscapine improves neurological
function in rats with TBI probably by up-regulating netrin expression. This study would provide a
potential therapeutical target for clinical therapy of TBI.

Introduction
Traumatic brain injury (TBI), a serious disease, is also
defined as mechanical brain injury and usually caused by
various external violence in human head, such as traffic
accident, trauma from skating and rugby, etc (Karamouzis
I, et al., 2016). Currently, the incidence, mortality and
disability rate of TBI are increasing in clinic practice.
When TBI occurs, there are usually two main pathological
changes: primary and delayed-type injuries. Primary injuries
are directly caused by mechanical forces, while delayed-type
injuries mainly resulted from cascade reaction of physical
factors, which could lead to neuronal necrosis, neurite
fracture and apoptosis (Akbik O S, et al., 2016). With lasting
for several months or even years, TBI may finally contribute
to motor and sensory disorders, cognitive impairments,
and memory disorders. As a leading cause of death and
disability worldwide, particularly for persons under 45 years
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of age(Namjoshi D R, et al., 2013), TBI is the most common
reason for pediatric deaths because of trauma(Chang T P,
et al., 2010). In addition, TBI is a common neurosurgical
disease resulting in disability in clinic practice, which has
brought about heavy burden to patients and society, and
possesses one of the highest mutilations in clinic all over the
world, and usually resulting in high mortality and disability
rate currently (Wheble J L, et al., 2016; Shin M S, et al.,
2016). Corresponding to serious consequences, TBI has
brought about heavy burden to the patients and society,
and it currently possesses one of the highest economic cost
in clinic all over the world (Wheble J L, et al., 2016; Shin
M S, et al., 2016). Over the last decade, strategies for TBI
treatment include major neurological rehabilitation training
and the application of neurotrophic drugs (Schwab ME,
2002). However, the effect is far from satisfaction.
Chinese traditional medicines have been shown to play
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an important role on the recovery of cardiovascular
and cerebrovascular insults, such as brain ischemia and
myocardial ischemia. Among the large number of Chinese
traditional medicines, breviscapine is one which shows
broad pharmacological effects. This multi-effective
compound called breviscapine is actually a mixture of
two flavonoids extracted from a Chinese herb Erigerin
breviscapinus (Vant.) Hand-Mazz. One is scutellarin (4', 5,
6-tetra-hydroxyflavone-7-O-glucuronide), the primary active
ingredient, which is a polyphenolic flavonoid compound.
The other compound is apigenin-7-O-glueuronide, which is
present in small quantity (Wei L, et al., 2012). Studies have
shown that active component of breviscapine, scutellarin
has neuroprotective effects, in addition to as a stimulant
to fibrinolysis and anticoagulation of endothelial cells.
In China, it is generally used for treating a wide variety
of cardiovascular and cerebrovascular diseases such as
hypertension, coronary heart disease, angina pectoris
and paralysis caused by cerebral infarction. Because of
its antioxidant activity, it has been used to treat ischemic
diseases in which free radicals are considered to be the
main causal factor. Although the exact mechanism remains
unknown, it has been shown to be effective in protecting
the brain against ischemic damage. Wherease, whether
breviscapine could be served as a therapeutical strategy of
TBI remain exploring and related mechanism needs to be
investigated.
Netrin is an evolutionarily conserved, secretory axon
guidance molecule (Ogura K, et al., 2012). An increasing
number of evidence suggestes that Netrin family proteins
play essential roles in the development of the axonal
pathway and neuronal migration during embryonic
chemorepulsive signals associated with netrin family
(Han X, et al., 2016). Five netrins have been identified in
vertebrates so far: netrin-1 has been identified in chicken,
mouse, Xenopus, zebrafish, and humans; netrin-2 in
chickens; and netrin-3 in humans (NTN2L) and mouse;
netrin-4 in mouse, human, rat, Xenopus, and chicken. In
addition, two GPI-modified, membrane anchored netrin
family members (netrin G1 and netrin G2) were discovered.
The membrane-anchored netrin Gs are reported to have
evolved independently of the secreted netrins and are
found only in vertebrates. All netrins are composed of
approximately 600 amino acids and have a molecular mass
of approximately 70 kilodaltons. Netrins 1, 2, 3, and 4 are
all structurally related to the short arms of laminin chains
and contain a laminin VI domain and three EGF like repeats
similar to the laminin V domain (V-1, V-2, and V-3); they
also contain a positively charged heparin-binding COOHterminal domain termed domain C (Ranganathan P, et al.,
2014). As one of the most secreted proteins in the netrin
family, netrin-1 is secreted from neurons, oligodendrocytes,
astrocytes, and vascular endothelial cells of spinal cords
together with alternatively activated macrophages during
the inflammatory process. When combined with deleted in
colorectal cancer (DCC) receptor, netrin-1 can direct the
migration of cells and axon growth cones during neural
development, while it repels growth via chemorepulsive
receptor uncoordinated5 (Unc5). So, netrin-1 is a bilateral

axonal guidance molecule (Han X, et al., 2016). Binding of
netrin-1 to DCC and UNC5B induces activation of multiple
pathways which include MAPKs, PKC, src, PI3 kinase,
Rac and Rho kinase, focal adhesion kinase, and many
others (Ranganathan P, et al., 2014). Netrin is involved in
development and various diseases such as central nervous
system (CNS), peripheral central nervous system (PNS),
atherosclerosis, osteolysis, inflammation, obesity, cardiac
ischemia reperfusion injury, and ischemic acute kidney
injury (Han X, et al., 2016). However, the role of netrin-1 in
the TBI after breviscapine treatment remains unclear.
In this study, we explored the role of breviscapine and
detected the netrin expression in TBI after the administration
of breviscapine, the findings could be useful for the
treatment of TBI using breviscapine administration, and
netrin may be considered as a new target in future clinic.

Material and Methods
Animals and Groups
A total of 30 adult female Sprague–Dawley (SD) rats
weighing 180–220 g, purchased from Sichuan Provincial
Laboratory Animal Public Service Center, were used in
this study. All experiment rats were housed in plastic cages
with 12-h light/dark cycle and free access to food and water
following guidelines of US National Institutes of Health.
Aseptic environment was maintained strictly during surgical
procedures. The animals were randomly assigned to the
following groups: sham group (n=10), TBI group (n=10),
Breviscapine group (TBI+ Breviscapine) (n=10).
TBI Surgical Procedures
The animals were anesthetized via intramuscular injection
of xylazine/ketamine HCl (10/90 mg/kg). The head was
then fixed in a stereotactic frame along the midline incision
scalp, and periosteal stripping was performed to expose
the left parietal region. A bone window measuring 5 mm in
diameter was established at 1.5 cm posterior to the bregma
and 2.5 mm beside the midline. Afterwards, a 40-g metal
sterile rod fell freely from a height of 30 cm to hit the
duramater and create a contusion in the left parietal lobe.
The bone window was then closed with bone wax and the
scalp incision sutured, following which the animals were
removed from the stereotactic frame. The body temperature
was maintained at 37±0.5˚C using a heating pad during the
surgical procedure.
Behavioral testing
Behavioral testing was conducted on day 2, 6, 10 and 14
after TBI using modified Neurological Severity Scores
(mNSS) tests. The mNSS test includes motor, sensory,
reflex and balance tests. The mNSS test is graded on a
scale of 0–18, where a total score of 18 points indicates
severe neurological deficit and a score of 0 indicates normal
performance; 13–18 points indicates severe injury, 7–12
indicates mean-moderate injury, and 1–6 indicates mild
injury. In order to avoid the subjectivity, three observers who
were blind to the operative procedure and grouping were
requested to assess the neurological function. The average
of these three was the final scores. All the behavioral
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evaluations were performed at 8–9 a.m.

Tissue Harvest
At 14 days after operation, the rats were anesthetized as
previously described. The brains were removed immediately
and stored at −80 °C for further western blotting and qRTPCR analysis. For immunofluorescent staining, the samples
were harvested after intracardiac perfusion with 0.9 %
physiological saline followed with 4 % paraformaldehyde in
0.1-m ice-cold phosphate buffer, pH 7.4.
Western Blot
For the detection of the levels of netrin-1, Western blot
analysis was conducted as previously described(Kim D H,
et al., 2010). Protein extracted from cerebral cortex tissues
by RIPA lysis solution. Briefly, brain cortex tissues were
homogenized on ice in a Lysis Buffer, containing 0.05 M
Tris–HCL (pH 7.4, Amresco, Solon, OH, USA), 0.5 M
EDTA (Amresco), 30% TritonX-100(Amresco), (Amresco),
10% SDS (Sigma, St Louis, MO, USA) and 1 mM PMSF
(Amresco), then centrifuged at 12,000g for 30 min. The
supernatant was obtained and stored at -80°C for later use.
Protein concentration was quantitated with the bicinchoninic
acid (BCA) protein assay reagent, and 50 mg of total protein
was loaded onto 4–12 % polyacrylamide gels, separated,
and then transferred onto a polyvinylidene difluoride (PVDF)
membrane. The membranes were blocked with Tris-buffered
saline and Tween20 (TBST) for 2h at room temperatureand
then incubated overnight at 4 °C with primary antibody
of netrin-1 (1:1000, Santa Cruz, Rabbit). β-actin (1:1000,
Abcam, USA) was used as a loading control. Then, the
blots were washed three times in TBST for 5 min each
and incubated with second antibody (goat anti-rabbit IgG;
ZSGB-BIO, Beijing, China) diluted at 1:5000 for 2 h.
Afterwards, the immunoblot was revealed with an ECL
Western Blot Detection Kit (Amersham Pharmacia Biotech,
Buckinghamshire, England). Densitometry analysis was
performed using ImageJ software.
Immunofluorescent Staining
Tissues were dehydrated in 30% sucrose solution overnight,
then sliced at 15-μm thickness in a freezing microtome
(Leica CM1900, Germany). Sections were washed four
times in 0.01 M phosphate-buffered saline (PBS) and
incubated with 10 % goat serum for 1 h at room temperature
to block non-specific binding. Subsequently, sections
were incubated with primary antibody of netrin-1(rabbit
1:200,santa,sc20786) overnight at 4 °C for more than
18 h. As for the control group, the primary antibody was
substituted by 0.01-M PBS. After that, sections was washed
with PBS three times for 5 min each and continually
incubated in fluorescence-labeled secondary antibody
Alexa flour 594(ZSGB,Beijing,China,ZF-0156). Images are
collected using a fluorescent microscope (Leica, Germany).
RT-PCR
RT-PCR was performed in an Applied Biosystems 7700
Sequence Detection System (Foster City, CA) as previous
described (Liu R, et al., 2014). In brief, cDNA was obtained

by reverse transcribing 1.5g of total RNA in a reaction
volume of 20 μl with Omniscript RT kit and random
primers. The product was diluted to a volume of 150 μl, and
6-μl aliquots were used as templates for amplification with
the SYBR Green PCR amplification reagent (Qiagen) and
gene-specific primers. The primer sets used were mouse
netrin-1 (forward: AAGCCTATCACCCACCGGAAG;
reverse: GCGCCACAGGAATCTTGATGC). The amount
of DNA was normalized to the β-actin signal amplified in
a separate reaction (forward primer: AGAGG GAAATCG
TGCGTGAC; reverse: CAATAGTGATGACCTGGCC GT).

Statistical Analysis
All data were presented as means±SEM; statistical
comparison among groups was carried out, using one-way
or two-way repeated-measures ANOVA analysis with the
SPSS 16.0 software. p<0.05 was considered statistically
significant.

Results
Breviscapine improved the behavioral function in rats
with TBI
We analyzed the mNSS in rats once every two days for
14 days post-TBI. Two days after TBI, both the TBI and
Breviscapine group displayed high mNSS score, while it
was and gradually reduced with time interval. In addition,
the mNSS score in the TBI group had a significant higher
mNSS score from day 2 at a score of 16 to day 14, compared
with the sham groups.
Moreover, Two-way repeated-measures ANOVA revealed
that, at day 10 and 14, the Breviscapine group showed a
significant decrease in mNSS, compared to TBI group (P<
0.05, Fig. 1).
Breviscapine Up-Regulated the Protein Level of
netrin-1 in the brain of rats with TBI
To identify whether the expression of netrin-1 is affected
by Breviscapine treatment, we investigated the contents of
netrin-1 of the three groups in the cortex. The quantitative
western blot analyses showed that the level of netrin-1 in the
TBI group was significantly decreased compared with the
sham group. Moreover, Breviscapine treatment up-regulated
the expression of netrin-1 in the brain, when compared with
the TBI group at day 7 post-injury (P<0.05, Fig. 2).
Breviscapine Up-Regulated the Level of netrin-1 in
the brain of Rats with TBI
To identify whether the mRNA and protein of netrin-1 is
affected by Breviscapine treatment, we investigated the
expression of netrin-1 of the three groups in the brain. The
Quantitative Real-time PCR analyses and Western Blot
showed that the levels of netrin-1 both mRNA and protein
in the TBI group were significantly decreased compared
with the sham group. Moreover, Breviscapine treatment upregulated the levels of netrin-1 in the brain when compared
with the TBI group at day 7 post-injury (P<0.05, Figure 3
for mRNA, Figure 4 for protein).
Immunofluorescent staining showed reactant of netrin was
found the neurons with cytoplasma staining in the cortex,
174
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Figure 1 Breviscapine treatment decreased the mNSS on rats with TBI. The clinical neurological function deficit scale was assessed by the
mNSS score in sham, TBI, and Breviscapine groups. At the first week after TBI, the Breviscapine group showed no further improvement in the
mNSS scores comparing to the TBI group. However, the rats receiving Breviscapine treatment showed a significantly progressive improvement
in neurobehavioral recovery commencing at day 8 and continuing toward to day 14. Data were presented as means±SEM. Two-way repeatedmeasures ANOVA was used.*P<0.05 compared with sham one. #P<0.05, compared with TBI group.

Figure 2 The Protein Level of netrin-1 in the rats at 7 days post-injury. The protein Level of netrin-1 in all the rats of sham, TBI, TBI/
Breviscapine(Brevis) groups. *P<0.05 compared with sham one, #P<0.05 compared with TBI group, N=8 animals in each group. Data were
presented as means±SEM. Two-way repeated-measures ANOVA was used.

which confirmed netrin was expressed neurons of the cortex
from the morphological identification(Figure 4).
Discussion
In this study, we found that Breviscapine decreased the
mNSS and improved the behavioral function of rats with
TBI by upregulating the netrin-1 expression, indicated by
the western blot, RT-PCR and immunofluorescent staining.
Our results therefore revealed that the neuroprotective
role of Breviscapine may be associated with the netrin-1
upregulation.
Several researches have showed that breviscapine is
effective in protecting the brain against ischemic damage.
In the research of cerebral ischemia/reperfusion SpragueDawley rats, Guo C, et al, evaluated the neurological
deficits by a blinded observer with a 5-point-scale scoring
system, found that, breviscapine injection intravenously at
different time-points of reperfusion significantly ameliorated

neurologic deficit after 24h of reperfusion (Guo C, et al.,
2014). In a study of vascular dementia (VD) rats mimicked
by permanent occlusion of bilateral common carotid
arteries, Xiong Z, et al, found that Breviscapine (2 mg/kg
for 14 d) improved the performance of learning and memory
of VD rats in Morris water maze (Xiong Z, et al., 2006).
From these studies together with us, we could find that
breviscapine is effective in the recovery of CNS diseases,
including TBI.
In our study, Breviscapine should attenuate pathological
alterations after TBI. Several researches showed that
breviscapine attenuated pathological alterations of brain
injury. In a study of middle cerebral artery occlusion
induced transient focal cerebral ischaemia/ reperfusion rats,
by Haematoxylin-eosin stainin, TUNEL and flow cytometry
(FCM) analysis, Yiming L, et al, found that, breviscapine
administered intragastrically for seven successive days
before brain ischaemia attenuated neuroapoptosis after I/
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Figure 3 The expression of netrin-1 in the rats at 8 days post-injury. The mRNA Level of netrin-1 in all the rats of sham, TBI, TBI/Breviscapine
groups. *P<0.05 compared with sham one, #P<0.05 compared with TBI group, N=8 animals in each group. (A) showed mRNA expression; (B) is
for presentation of protein.

Figure 4 Distribution of netrin-1 in the brain indicated by immunofluorecent staining. Representative immunofluorescent photomicrographs
of netrin-1 (red fluorescence) among the sham, TBI, and TBI/Breviscapine groups; the fluorescence intensity showed the same variation trend as
the WB results have shown. Nuclei were counterstained with DAPI (blue staining). Scale bar=25 μm.

176

Dai P, et al. / Ibrain 2015;1(6):172-178

R injury (Yiming L, et al., 2008). In a study of vascular
dementia (VD) rats mimicked by permanent occlusion
of bilateral common carotid arteries, Xiong Z, et al,
found that Breviscapine (2 mg/kg for 14 d) attenuate the
pathological alterations, such as nuclear shrink, cellular
edema and irregular arrangement of pyramidal layer in
the hippocampal CA(1) area(Xiong Z, et al., 2006). In
addition, in a experiment of 7-day-old newborn rat with
hypoxic-ischemic brain damage, useing thionin staining and
immunohistochemical staining to assay the neuronal density,
histological grade in the CA1 hippocampus, Zhang M Y, et
al, found that in the breviscapine injection group, compared
with control with sterile water for injection group, the value
of neuronal density (ND) increased, and histological grade
(HG) decreased (Zhang M Y, et al., 2011). These studies
suggested that breviscapine can attenuate pathological
alterations of brain injury.
Our study shows that breviscapine up-regulate the netrin-1
expression of TBI rats. This is a crucial finding different
from previous reports. Several researches showed that
overexpressing netrin-1 enhanced function recovery
after brain injury (Han X, et al., 2016). In a study of
male Sprague-Dawley TBI rats, using quantitative
polymerase chain reaction, western blot analysis and
immunofluorescence, Wen J, et al, found that netrin-1
significantly increased the downregulation of claudin-5,
occludin and ZO-1 expression levels induced by TBI (Wen
J, et al., 2014). In the study of rats subjected to spinal cord
transection (SCT), two lentiviral vectors including LvexNtn-1 (netrin-1 open reading frame (ORF)) and LvshNtn-1 (netrin-1 sh) were constructed and injected into
spinal cords rostral and caudal to the transected lesion
site, the results revealed that Lv-mediated overexpressing
netrin-1 enhanced significantly locomotor function(Han
X, et al., 2016). Additionally, Adeno-associated viral
vectors carrying either the NT-1 gene (AAV-NT-1) or GFP
(AAV-GFP) were generated and injected into the brains of
mice, seven days later, tMCAO followed by 7-28 days of
reperfusion were carried out, using synchrotron radiation
microangiography and immunohistochemistry, Lu H,
et al, found that, 28 days after tMCAO, in AAV-NT-1treated mice, neurological deficits were greatly improved,
angiogenesis was increased (Lu H, et al., 2012). Previous
evidence suggested that netrin-1 protects the central nervous
system against inflammatory conditions such as multiple
sclerosis and experimental autoimmune encephalomyelitis,
through (Podjaski C, et al., 2015) supporting blood-brain
barrier integrity by upregulating endothelial junctional
protein expression, while netrin 1 knockout mice display
disorganized tight junction protein expression and barrier
breakdown. What’s more, netrin-1 plays an important role
in promoting blood vessel formation. Using an adenoassociated viral netrin-1 vector (AAV-NT-1) gene transfer,
Fan Y found that netrin-1 was able to stimulate the
proliferation and migration of human cerebral endothelial
cells (HCECs) and human aortic smooth muscle cells
(HASMCs), and could also promote HCEC tube formation
on matrigel in vitro. Furthermore, netrin-1 hyperstimulation
has beem shown to promote focal neovascularization in

the adult brain in vivo. These findings suggest that netrin-1
plays an important role in promoting blood vessel formation
in the adult rodent central nervous system, and could have
broad implication in cerebrovascular development and
remodeling (Fan Y, et al., 2008). Our study first shows that
breviscapine up-regulates the netrin expression and thus
play a neuroprotective role in the rats subjected to TBI, this
may also be the underlying mechanism of breviscapine for
TBI.

Conclusions
Breviscapine improves functional recovery in rats with TBI
probably by up-regulating netrin expression. The study
would provide a fine theoretical basis for clinical therapy of
TBI, by usage of brevascapine or targeting netrin-1.
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