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cord injury of rats and its mechanisms
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Abstract: Purpose: To investigate the effects and mechanism of pollen typhae on spinal cord injury (SCI) in rats.
Methods: The SCI model was built and animals were randomly divided into three groups according to different con-
centrations of pollen typhae. Protein, mRNA, and fluorescence expression levels of light-chain-3 (LC-3) and Beclin-1
were determined by western blotting (WB), real-time PCR and immunofluorescence, along as Akt and mammalian
target of rapamycin (mROT) by WB. The demyelination area and integrated optical density (IOD) were analyzed by
luxol fast blue (LFB) and Nissl staining, respectively; Behavioral assessments were assessed by Basso Beattie
Bresnahan (BBB) scale. Results: Protein, mRNA, and fluorescence expression levels of LC-3 and Beclin-1 were sig-
nificantly increased after SCI, while were obviously decreased by administration of pollen typhae, along with protein
level of Akt and mROT. The demyelination area was significantly reduced, while I0D and BBB were significantly in-
creased compared with the model group. Conclusion: Autophagic activity increased in damaged neural tissue after
SCI, and pollen typhae have certain therapeutic effect on SCI, the higher concentration of pollen typhae, the more
effective. Besides, pollen typhae also provided neuroprotective effect and improved locomotor function. The effects
may be produced by blockade of Akt/mTOR pathway.
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Introduction The primary injury serves as the nidus, while
the secondary injury is responsible for the
extension of injury and causes further tissue
loss and dysfunction, involving a cascade of
stress response [9-11]. Among the stress
response, autophagy is a highly pivotal cellular
response to injury and influences the develop-
ment and progression of post-traumatic dis-
ease [12, 13]. Autophagy is an intracellular deg-
radation system, which can deliver cytoplasmic
constituents to the Ilysosome [14, 15].
Multifarious studies have demonstrated that
autophagy is associated with SCI [16-18].
Beclin-1 and light-chain-3 (LC-3) are character-
istic markers of autophagy and a growing body
of evidence suggests these two genes involve
in the SCI [19, 20]. Moreover, it has been report-
The pathophysiology of acute SCI consists of ed that Akt/mammalian target of rapamycin
primary and secondary mechanisms of injury. (mTOR) signaling pathway plays a critical role in

Spinal cord injury (SCI) is a traumatic event,
which is a major cause of disability and death in
human communities. It is characterized by
immediate and severe loss of sensory, motor or
autonomic functions below the level of injury
[1]. The effects of SCI not only impact on an
individual's health, but also bring an enormous
financial burden for families and society [2-5]. It
has been reported that the prevalence of SCl is
growing worldwide, especially in Asia [6, 7]. In
our country, the number of SCI has increased
ten-fold causing by car crashes, construction
and mining accidents in the past decade.
Moreover, China has approximate 60000 new
cases annually [8].
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Figure 1. The mRNA level of LC-3 and Beclin-1 by real-time PCR. A. The mRNA  housed in a single clean
level of LC-3; B. The mRNA level of Beclin-1 *"P < 0.01 vs. modeling group; *P < cage and provided with lig-
0.05 vs. modeling group; #*P < 0.01 vs. low-dose group; *P < 0.05 vs. low-dose  jig diet before the model
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group; P < 0.05 vs. medium-dose group; *P < 0.05 vs. medium-dose group LC being built. All animals were

3, light-chain-3. subjected to the weight drop
model using the New York
autophagy [21, 22]. In addition, previous stud- University (NYU) impactor (W.Young, Rutgers
ies have confirmed that activation of this path- University, NJ) [24, 25]. A 10 g rod (2.5 mm in
way is helpful for preventing cell death and diameter) was centered above the cord at T10
enhancing cellular processes related to growth and released from a height of 25 mm onto the
and proliferation [16]. exposed spinal cord. Each animal was anesthe-
tized with pentobabital (50 mg/kg, i.p.), and a
The current treatments for SCI are neurotroph- laminectomy was conducted at the T9-11. If the
in (NT), however, the molecular weight of NT is two hindlimbs and body presented retraction,
relatively large and it is difficult to cross blood indicting the model was being successfully
brain barrier (BBB). In addition, the therapeutic built. Finally, a total of 144 rats were subjected
effect can decrease heavily because of the to the experiments. In addition, another 36
degradation of enzyme. Besides, the price of healthy rats were enrolled as normal control
NT is very expensive, and the dose and fre- group. During and after recovery, rats were
quency is relatively high. In addition to the placed overnight in a temperature and humidi-
above disadvantages, there has been associ- ty-controlled chamber, then were housed in the
ated with significant side effects. Hence, new identical room with a 12-hour light/dark cycle
therapeutic strategies are needed to explore to and acquired daily postoperative care. The pro-
treat SCI. Traditional Chinese medicines may tocol of using animal was agreed with the
have many benefits. Pollen typhae is a tradi- Animal Ethics Committee of International
tional Chinese herbal medicine, which has Association for the Study of Pain.
lower toxicity and side effects [23]. Moreover, it
can promote circulation and remove stasis, and Animals were randomly and equally divided into
is widely used to treat the hemorrhagic diseas- 5 Groups (n = 36): (1) normal control group, the
es either by external or oral application. rats received 0.9% normal saline for treatment
However, there were rare studies to investigate without modeling; (2) modeling group: the rats
the treatment effect on SCI. were successfully induced into experimental
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Figure 2. The protein levels of LC-3, Beclin-1, Akt, and mROT. LC-3, light-chain-3;

mROT mammalian target of rapamycin mROT.

model and received 0.9% normal saline for
treatment; (3) low-dose group, the rats were
successfully induced into experimental model
and received 1 g/kg pollen typhae; (4) medium-
dose group, the rats were successfully induced
into experimental model and received 5 g/kg
pollen typhae; (5) high-dose group, the rats
were successfully induced into experimental
model and received 10 g/kg pollen typhae;
Pollen typhae and 0.9% normal saline were
both administrated by intraperitoneal injection
for two consecutive weeks.

Detection of LC-3 and Beclin-1 mRNA by quan-
titative real-time PCR

Rats were sacrificed and the spines were har-
vested under anesthesiaat 1 h, 2 h, 6 h, 24 h,
48 h, and 72 h after SCI. Total RNA was extract-
ed using 1 ml Trizol reagent (Invitrogen Life
Technologies, Carlsbad, CA, USA; Cat. 15596-
026) with an RNase protection assay kit accord-
ing to the manufacturer’s instructions (catalog
No. 1414; Ambion). After fully dissociation, 0.2
ml chloroform was mixed, followed by ice-bath
for standing 5 min. The mixture was then centri-
fuged at 12000 rpm for 20 min at 4°C. The
supernatant was taken and mixed with the
same amount of isopropanol, followed by ice-
bath for standing 5 min. Then the mixture was
centrifuged at 12000 rpm for 20 min at 4°C
(Biofuge pico Centrifuge, Heraeus, Rotor 7500
3325). After centrifugation, supernatant was
removed and 1 ml 75% ethanol was added, fol-
lowed by centrifuging at 20000 rpm for 5 min
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Medium-dose High-dose

Free ddH,0 was added to
dissolve the precipitation.
Then the dissociation (1 ul)
was taken out to assess the

spectrophotometric evalua-
tion (MiniSpin, Eppendorf,
Germany, Hamburg) by OD-
260/0D280 ratio. The remai-
ning dissociation was stored
at -70°C. cDNA synthesis
was performed according to
the protocol of the Prime-
Script ™RT reagent Kit (DRR-
037A, Sigma).

p-actin

The primers sequences used were as follows:
LC-3: upstream, 5-GATGCGGTCGGATAAGTCC-
T-3, downstream, 5-GCTGAGCGGGTCATCAT-
CCACA-3'. Beclin-1: upstream, 5'-ATCGCTAATT-
AGATcGTCTGAA-3’, downstream, 5-TGTCAGGG-
ACTCCGATACGAGTG-3’;  B-actin:  upstream,
5-CTt GAG CTGAGTACGTCGTC-3’, downstream,
5-CAG TCT TCT CTG TGC CAGAG-3.

PCR was performed as follows: amplification
curve, initial denaturing at 95°C for 5 min,
denaturing at 95°C for 20 s, annealing at 60°C
for 30 s, extension at 72°C for 20 s, total 40
cycles for acquiring the fluorescence signal;
dissolution curve, under the condition of
60-95°C, the temperature was raised 0.5°C
per cycle and lasted for 20 s, the fluorescence
signal was collected and total 71 cycles.

PCR products (10 pl) were analyzed on a 1%
agarose gel. All gene expression data were cal-
culated as 244t

Western blotting assay for detection of LC-3,
Beclin-1, mROT and Akt expression

In each group, six rats were killed under anes-
thesia at 2 h after administrating pollen typhae
or 0.9% normal saline. Under sterile conditions,
1 cm segment of spinal cord was dissected out
the central zone of the injured spinal cord, and
was then washed with 0.1% DEPC water and
flashly frozen and stored at -80°C until used.
Protein density was calculated by the BCA
method. Protein samples (15 pL) from each
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Figure 3. The protein accumulation of LC-3 and Beclin-1 by immunofluorescence. A. The protein accumulation of
LC-3; B. The protein accumulation of Beclin-1 LC-3, light-chain-3.

group were resolved in a standard electropho-
resis sodium dodecyl sulfate polyacrylamide
(SDS-PAGE) gel and transferred onto polyvinyli-
dene difluoride (PDVF) membranes (Nihon
Millipore Kogyo, Tokyo, Japan). The blots were
blocked with 2% defatted milk powder for 1 h at
room temperature and incubated overnight at
4°C with the following antibodies: anti-LC-3
(1:1000, 115486, Sigma), anti-Beclin-1 (1:1000,
2026-1, Sigma), anti- Akt (1:2000, 2014-2,
Sigma), and anti-mTOR (1:1000, 12532,
Sigma). The second antibody was biotinylated
goat anti-mouse After incubation with an goat
anti-mouse (1:500, A22110, Beijing Zhongshan
Golden Bridge Biotechnology Co., Beijing,
China) as the secondary antibody, the samples
were carried out to enhanced chemilumines-
cence and densitometric analysis. Band densi-
tometric analysis was performed in Imagel)
1.44p software (NIH, Bethesda, MD, USA).

Immunofluorescence detection of LC-3 and
Beclin-1 expression

After 2 h administrating pollen typhae or 0.9%

normal saline, the tissues of lesion center were
prepared for frozen sections to analyze by
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immunofluorescence. The frozen sections were
rinsed with 0.01 M PBS and then blocked with
1% BSA (Sigma) at room temperature. The sec-
tions were then incubated with anti-LC3
(1:2000) and anti-Beclin-1 (1:1000) at 4°C
overnight. Sections were then washed with PBS
and incubated with secondary antibodies (goat
anti-mouse, 1:500). After rinsing with PBS, the
sections were observed under confocal laser
scanning microscope (CLSM, Fluoview FV-300,
Olympus Optical Co., Ltd., Tokyo, Japan) with
DAPI immunofluorescence.

Luxol-fast-blue (LFB) staining for spinal cord
myelin

After SCI 2 h, the spinal tissue was harvested
and was prepared for frozen sections (5 um).
The sections were displaced in 95% alcohol for
5 min and overnight in 0.1% LFB at 57°C. After
rinsing in 95% alcohol and double-distilled
water, the sections were put into 0.05% aque-
ous lithium carbonate and washed through sev-
eral changes of 70% alcohol, and then placed
in double-distilled water. Nine slices which
included lesion center with spanning 4 mm
were evaluated (x40). The LFB-positive area of

Int J Clin Exp Pathol 2015;8(3):2375-2383
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Figure 4. The results of LFB staining. A. The photos of LFB staining for spinal cord myelin; B. LFB staining ratio to
normal. "*P < 0.01 vs. modeling group; P < 0.05 vs. modeling group; #P < 0.01 vs. low-dose group; *P < 0.05 vs.
low-dose group; %P < 0.01 vs. medium-dose group; 4P < 0.05 vs. medium-dose group LFB, Luxol-fast-blue.

white matter was calculated using Imagel
1.44p software. The ratio between positive
area and the total area of normal tissue slice
was calculated.

Nissl staining for motor neurons of anterior
spinal cord

Nine slices which included lesion center were
immerged into 1:1 alcohol/chloroform over-
night. After rinsing in 95% alcohol and double-
distilled water, the sections were bathed in a
0.1% Cresyl violet solution for 10 min at 37°C.
The slices were washed again with double-dis-
tilled water, and differentiated in 95% ethanol
for 1 min. The number of motor neurons of
anterior spinal cord was calculated by using
Olympus microscope BX51 and digital camera
DP70 (Olympus, Tokyo, Japan). Integrated opti-
cal density (IOD) of Nissl body was counted
using ImageJ 1.44p software.

Behavioral assessments
Behavioral assessments were assessed using

Basso Beattie Bresnahan (BBB) Locomotor
Rating Scale. BBB testing began at the post
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injury once a week for 6 consecutive weeks. To
ensure the accuracy of scoring, 3 individuals
who blinded to the experimental groups gave
the scoring. Then the average was taken.

Statistical analysis

Statistical analysis was performed by SPSS
13.0 software (SPSS, Chicago, IL, USA). The
measurement data were expressed as mean +
standard deviation. Multiple comparisons were
conducted by one-way analysis of variance
(ANOVA). There is significantly statistical differ-
ence when P < 0.05.

Results

LC-3 and Beclin-1 expression by quantitative
real-time PCR and western blotting

The mRNA level of LC-3 and Beclin-1 was
showed in Figure 1A and 1B. The figure showed
that the mRNA level of LC-3 and Beclin-1
reached their peak 2 h after SCI. In addition,
the level was significantly decreased after
receiving different doses of pollen typhae com-
pared with the model group. In the model group,

Int J Clin Exp Pathol 2015;8(3):2375-2383
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Figure 5. The results of Nissl staining.
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Figure 6. The results of behavioral assessments using BBB test. “*P < 0.01 vs.
modeling group; "P < 0.05 vs. modeling group; #P < 0.01 vs. low-dose group;
#P < 0.05 vs. low-dose group; *P < 0.05 vs. medium-dose group; *P < 0.05 vs.
medium-dose group; BBB, Basso Beattie Bresnahan.

the mRNA level of LC-3 and Beclin-1 was 2.3
and 2.1, respectively. As shown in Figure 2, the
protein levels of LC-3, Beclin-1, Akt, and mTOR
were the highest and the lowest in the model
group 2 h after SCI and in the normal control
group, respectively. The levels were obviously
decreased in the low, medium and high dose
group compared with the model group. Besides,
the levels reached the lowest level in the high
dose group.

LC-3 and Beclin-1 immunofluorescence

As shown in Figure 3A and 3B, the protein
accumulation of LC-3 and Beclin-1 was both
significantly increased in the model group,
while was decreased by pollen typhae
administration.

LFB staining and Nissl staining

The results of LFB staining were showed in
Figure 4A and 4B. The area of demyelination
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Medium-dose

was 2.5 £ 0.20, 3.3 £ 0.23,
3.4+0.26,3.5+0.25in the
model, low-dose, medium-
dose and high-dose group,
respectively. The 10D was
significantly increased after
receiving different concen-
trations of pollen typhae, and the higher dose,
the more effective.

High -dose

Results for behavioral assessments

The results of behavioral assessments using
BBB test were showed in Figure 6. The results
demonstrated that there were no significant
differences between the model group and the
treatment group ranging from the first week to
the third week. The scores were significantly
increased compared with the model group in
the fourth week: high-dose group was 10; both
medium-dose and low-dose group were 8§;
model group was 6. While in the fifth week, the
scores were 15, 13, 12 and 7 in the high-dose
group, medium-dose group, low-dose group 8
and model group, respectively. The scores were
obviously increased compared with the model
group, but were lower than the normal control
group. In the sixth week, although behavioral
function did not go back to normal in both

Int J Clin Exp Pathol 2015;8(3):2375-2383
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model group and treatment group, the scores
of the three treatment groups were significantly
higher than the model group: high-dose group
was 17; medium-dose group was 14, low-dose
group was 13 and model group was 8.

Discussion

In the present study, the effects and mecha-
nism of pollen typhae on SCI in rats was inves-
tigated. The results showed that autophagic
activity was increased in damaged neural tis-
sue after SCI, and different concentrations of
pollen typhae had certain therapeutic effects
on SCI by inhibiting the expression of autopha-
gy-related genes, the higher concentration, and
the more effect. Besides, pollen typhae also
provided neuroprotective effect and improved
locomotor function following SCI. The effects
may be produced by blockade of Akt/mTOR
pathway.

SCl is defined as an acute injury caused by a
direct or indirect force to the neural elements in
the spinal canal (spinal cord and cauda equina),
leading to temporary or permanent sensory,
motor deficit, or bladder/bowel disorders [26].
An increasing progress has been made in
mechanisms on the decrease of motor func-
tions. In recent years, severe systemic stress
response after trauma has been demonstrat-
ed, especially on central nervous system (CNS).
Autophagy is an important systemic stress
response and plays key role in maintaining
homeostasis by degradation of organelles and
protein [27]. However, it serves as a double-
edged sword. Numerous studies have shown
that autophagy increases in traumatic SCI, and
influences functional recovery of spinal cord
[16]. Pollen typhae, one of traditional Chinese
medicines, can promote circulation and remove
stasis, and the action is similar to that of
notoginsenoside.

In our study, the SCI model was successfully
built by the weight drop model using the NYU
impactor. This model is stable and has high
success rate. It can produce a reliable contu-
sion injury to the exposed spinal cord by quickly
employing a force-defined impact with a stain-
less steel-tipped impounder. Besides, the
impactor can keep the integrity of the sinal
dura mater and prevent the leakage of spinal
cord and cerebrospinal fluid. Different weights
and heights can cause different impact
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strength, eventually resulting in different types
of damage and different segments of SCI. This
model can well simulate the thoracic lumbar
segment of SCI. Most studies are inclined to
select the segments of T8-12. Because the ver-
tebral plate of this segment was easy to resect
and the distribution of stress was the minimum.
Hence, impact on physiological curvature and
mechanical support of entire spine was little.
Similarly, a 10 g rod (2.5 mm in diameter) was
dropped onto the spinal cord at T10 segment
from the height of 25 mm to induce the model
of SCI. Moreover, a simple laminectomy had no
effect on feeding, walking or other daily activi-
ties in rats.

Plenty of studies have shown that autophagy
plays key role in CNS diseases [28-30]. While in
the SCI, autophagy and apoptosis cells are also
found in the lesion center. Although the occur-
rence of necrosis is relatively late, it can con-
tribute to a secondary cell death. Previous stud-
ies indicated that Beclin-1 and LC-3 increased
in SCI [19, 20, 31]. Beclin-1, a protein with a
molecular weight of 60 KDa, was found and
named by Liang et al. in rats with fatal Sinbis
viral encephalitis [32]. Beclin-1 is a unique
autophagy-related protein, which plays a criti-
cal role in regulating the development of pre-
cursors of autophagosomes from other autoph-
agy-related protein. Therefore, it is characteris-
tic markers of autophagy. LC-3, known as the
homolog of yeast Atg8, is also essential for
autophagy. It has a crucial function in the for-
mation of autophagosome and thus is consid-
ered as anther specific marker protein to moni-
tor autophagy [33]. Kanno et al. [31] found that
molecular markers of autophagy such as
Beclin-1 and LC3 were significantly upregulated
in SCl and administration of rapamycin (specific
inhibitor of mMmTOR) induced neuroprotective
effect in SCI. Walker et al. found that adminis-
tration bisperoxovanadium activated Akt/
mTOR, reduced autophagy, and enhanced
recovery following cervical SCI [16]. In accor-
dance with previous studies, our results also
demonstrated that the expression levels of
Beclin-1 and LC-3, either mRNA or protein lev-
els, were significantly increased in the model
group, in addition to above results, the levels
reached their peak 2 h after SCI. However, the
pollen typhae administration reduced neural
tissue damage and improved locomotor func-
tion, the higher concentration and the more

Int J Clin Exp Pathol 2015;8(3):2375-2383
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effective. The level of mTOR and Akt also
reduced by administrating pollen typhae, indi-
cating pollen typhae may produce effect by
blockade of Akt/mTOR pathway.

In conclusion, autophagic activity plays impor-
tant roles in SCI, and pollen typhae administra-
tion has certain therapeutic effect on SCI and
provides neuroprotective effect to improve
locomotor function.
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