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Pterostilbene protects against traumatic spinal cord
injury via inhibiting inflammation and oxidative stress
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Abstract: To evaluate the protective role of pterostilbene (PTE) on spinal cord injury (SCI) in SD rats. SD rats were
randomly divided into three groups: sham group (laminectomy only); SCI group; SCI + PTE (15 mg/kg) group. SCI
was induced using the modified weight-drop method (10 g x 4 cm) at the 10th thoracic vertebral (T10) level. PTE (15
mg/kg) or vehicle was administered twice by subarachnoid injection at lumbar 4 level twenty minutes and two hours
after SCI. After 4 weeks of SCI, the injury part of the spinal cord was removed for further experiments. To evaluate
the oxidative stress, we detected the levels of MDA and 8-OHdG. In addition, cellular ROS levels were analyzed us-
ing the ROS fluorescent probe dihydroethidium (DHE). The expression levels of iINOS, COX-2, and nuclear factor-kB
p65 were detected using Western blot. Moreover, expression of levels of nuclear factor erythroid 2-related factor 2
(Nrf2) and HO-1 were detected using western blot. We observed a significant enhancement in oxidative stress and
inflammation in rats with SCI injury. Pterostilbene treatment significantly attenuated the oxidative stress and inflam-
mation in SCI rats. In conclusion, our findings suggest that pterostilbene significantly ameliorated spinal cord injury

by mitigating oxidative stress and inflammation possibly via Nrf2/HO-1 signaling activation.
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Introduction

It has been reported that the estimated inci-
dence of traumatic spinal cord injury (SCI) was
54 cases per 1 million population based on
3393 cases in 1993 in the United States [1].
Traumatic spinal cord injury is still a worldwide
problem, resulting in disability and consuming
a large amount of medical resources. Two pro-
cesses are involved in the traumatic SCI.
Mechanical trauma is the first damage to the
spinal cord, which immediately leads to pro-
gressive morphologic changes, such as shear,
stretch, laceration and more commonly contu-
sion and compression on the spinal cord. These
morphologic changes cause pathological
changes, including the initial hemorrhage and
necrosis in the gray matter [2, 3]. After mechan-
ical injury to the spinal cord, the secondary
injury follows, involving ischemia, edema, exci-
totoxicity, inflammatory response, free radical
generation, lipid peroxidation, axon demyelin-
ation, neuronal loss, and cell apoptosis [4, 5].
The secondary injury is critical for the treat-

ment and prognosis of SCI; therefore, attenua-
tion of secondary injury is a therapeutic target
for the treatment of SCI.

Many researches have suggested that SCI in
the acute period is characterized by the aggre-
gation and activation of various inflammatory
cells in the injured tissue. In rodent models,
resident astrocytes and microglia can be seen
as early as 2 h following injury and persist up to
6months [6]. Human studies have shown that
neutrophils arrive as early as 4 h post injury;
activated microglia were found at 1 day post
injury, and macrophages were seen by day 5
[7]. In the meantime, pro-inflammatory cyto-
kines, such as TNF-«, IL-1[3, and IL-6, produced
by inflammatory cells are also involved in the
whole process of inflammation [8].

Additionally, oxidative stress, which could be
defined as an imbalance between reactive oxy-
gen species (ROS) and anti-oxidation, is also
involved in the SCI. Studies have demonstrated
that oxidative stress markers such as malondi-
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Figure 1. PTE treatment improved motor function af-
ter SCI. A. Open field assessment before and after
SCI. B. The inclined-plane test before and after SCI.
“P < 0.05 vs. the Sham group, *P < 0.05 vs. the SCI
group, n = 6 for each group.

aldehyde (MDA) and advanced oxidation pro-
tein products (AOPP) increased and antioxi-
dants such as glutathione (GSH) peroxidase,
superoxide dismutase (SOD), catalase (CAT)
and reduced GSH decreased [9, 10]. Oxidative
stress contributes to tissue injury during a post-
traumatic inflammatory response and cell
death [11]. Therefore, targeted therapy against
inflammation and oxidative stress has received
more and more attention not only in clinical
research of SCI but also in basic research of
SCI.

Pterostilbene (PTE), a natural stilbene, primari-
ly exists in blueberries, grapevines and heart-
wood of red sandalwood [12]. Several studies
have indicated that PTE exhibits strong anti-
inflammatory and antioxidant activities [13-17].
And PTE has been shown to exert beneficial
effects against CNS diseases by altering sev-
eral molecular targets [18]. However, there is
still little research on whether PTE has neuro-
protective effects against traumatic SCI.
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Therefore, the aim of this study is to explore the
protective roles of PTE in traumatic SCI and the
potential mechanisms.

Materials and methods
Reagents

PTE, malondialdehyde (MDA) assay kit, dihydro-
ethidium (DHE), and dimethyl sulfoxide (DMSO)
were purchased from Sigma-Aldrich (St. Louis,
MO, USA). The ELISA kits for measuring 8-hy-
droxy-2-deoxyguanosine (8-OHdG) was pur-
chased from Cell Biolabs (San Diego, USA).
Bicinchoninic acid (BCA) protein assay kit was
purchased from Beyotime (Shanghai, China).

Animals

Seventy-two adult, male Sprague-Dawley rats
(250-300 g) were used in this study. The rats
were provided by the Experimental Animal
Center of Guangxi Medical University. The ani-
mals were kept under standard housing condi-
tions of 18-21°C room temperature, 65%
humidity, and a 12-h light-dark cycle. They were
allowed free access to food and water.

Spinal cord injury

SCI was induced as described previously [19,
20]. In brief, rats were anesthetized with pento-
barbital (50 mg/kg i.p.) and received a laminec-
tomy at the T10 (10th thoracic vertebra) level.
After the spine was immobilized stereotaxically,
a moderate SCI was triggered by dropping a
weight of 10 g from a height of 4 cm onto an
impounder (diameter, 0.2 cm) gently placed on
the spinal cord.

Drug administration

PTE was first dissolved in DMSO and then dilut-
ed in 0.9% NaCl solution. A second laminecto-
my was performed at lumbar level 4 after SCI
induction, as described previously [21]. PTE
was administered into the subarachnoid space
twice (20 min and 2 h after SCI induction) using
an insulin syringe with a 29-gauge needle. Each
injection was delivered over a 5-min period to
ensure optimal delivery. The SCI group was
administered the same volume of vehicle as
the manner mentioned above.
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Figure 2. PTE treatment reduced MDA and 8-OHdG levels after SCI. A. MDA level. B. 8-OHdG level. “P < 0.05 vs. the
Sham group, #P < 0.05 vs. the SCI group, n = 6 for each group.
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Figure 3. PTE treatment decreased ROS production after SCI. A. Representa-
tive confocal images of DHE staining. Scale bar = 50 ym. B. The histogram
shows the percentages of DHE-positive cells. "P < 0.05 vs. the Sham group,

#P < 0.05 vs. the SCI group, n = 6 for each group.

Behavioral test

The following tests were performed before and
1, 3, 7, 14, 21, 28 days after SCI induction by
two examiners who are blind to the experimen-
tal groups. The open-field test assessed the
movement, weight support, and coordination of
the rats, and the results were scored using the
BBB locomotor rating scale as previously
reported [22]. The rats were allowed to walk
around freely in a circular field for 4 min and the
movements of the hind limbs were observed,
and the results were recorded as BBB scores.
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SCI + PTE

In addition, the rats’ ability to
maintain postural stability
was evaluated using an in-
clined-plane test as previous-
ly described [23]. The rats
were placed on an inclined
plane, and the maximum incli-
nation at which the rat could
maintain its position for 5 s
was recorded as the final
angle, which was recorded IP
scores.

Measurement of MDA and
8-0OHdG levels

The animals were killed 7 d
after SCl induction, and tissue
homogenates were prepared
for the detection of MDA and
8-OHdG levels. MDA levels
were tested according to man-
ufacturer instructions. The
levels of 8-OHdG were mea-
sured using a commercial
enzyme-linked immunosorbent assay (ELISA)
kit according to the instructions of the
manufacturer.

ROS production assessment

Cellular ROS production was analyzed using the
ROS fluorescent probe DHE 7 d after SCIl induc-
tion. Rats were transcardially perfused with 50
mL ice-cold 0.1 M phosphate-buffered saline
(PBS; pH 7.4) after being anesthetized. The spi-
nal cords around the injury site were quickly
removed and frozen at -80°C for 20 min, then

Int J Clin Exp Med 2017;10(8):11804-11811
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Figure 4. PTE treatment reduced inflammatory reaction after SCI. A. The ex-
pression levels of INOS and COX-2 detected by Western blot. B. The relative
level of INOS. C. The relative level of COX-2. D. The expression levels of NF-kB
p65 and NF-kB p50 detected by Western blot. E. The relative level of NF-kB
p65. F. The relative level of NF-kB p50. "P < 0.05 vs. the Sham group, *P <

0.05 vs. the SCI group, n = 6 for each group.

they were quickly sliced into 15-pym-thick coro-
nal sections by suing a freezing microtome. The
sections were then mounted onto polylysine-
coated slides. After a 30-min incubation in DHE
(10 umol/L), the slices were observed and pho-
tographed under a laser confocal microscope.

Western blot

After 7 days of SCI, the rats were killed as men-
tioned above. The injured spinal cord was then
removed for Western blot analysis. The tissues
were lysed, and the protein concentrations
were determined using a BCA protein assay kit.
Equal amounts of proteins (50 ug) were sepa-
rated using 8-15% SDS-PAGE and transferred
onto PDVF membranes. The membranes were
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(Abcam, 1:500), rabbit anti-
NF-kB p65 (Abcam, 1:2000),
rabbit anti-NF-kB p50 (Santa
Cruz Biotechnology, 1:1000),
rabbit  anti-Nrf2  (Abcam,
# 1:1000), mouse anti-HO-1
(Abcam, 1:250), and rabbit
anti-GAPDH (Abcam, 1:2,500)
primary antibodies, and then
SCI+PTE incubated with horse- radish
peroxidase-conjugated sec-
ondary antibody (1:5,000) for
1 h at room temperature. The
protein bands were detected
and quantified by the Bio-Rad
imaging system (Bio-Rad,
Hercules, CA, USA).

Statistical analysis

Data were presented as the
mean * SEM and analyzed
using SPSS V.13.0 (SPSS,
Chicago, IL, USA). The statisti-
cal significance of differenc-
es between the values was
determined using an ANOVA
followed by Bonferroni multi-
ple comparisons test. P <
0.05 was considered statisti-
cally significant.

SCI+PTE

Results
PTE improved locomotor function after SCI

All the rats had an BBB score of 21 before SCI
induction, and SCI resulted in a score of O.
However, one week after SCI induction, rats in
SCI + PTE group showed significant improve-
ment compared to the SCI group (P < 0.05)
(Figure 1A). In addition, the angle in the
inclined-plane test was approximately 80°.
After SCI, the angle decreased significantly.
From one week after SCI, PTE treatment dra-
matically increased the angle compared with
the SCI group (P < 0.05) (Figure 1B). These
results indicated that PTE treatment signifi-
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Figure 5. PTE treatment activated Nrf-2/HO-1 signaling after SCI. A. The ex-
pression levels of Nrf-2 and HO-1 detected by Western blot. B. The relative
level of Nrf2. C. The relative level of HO-1. “P < 0.05 vs. the Sham group, #P

< 0.05 vs. the SCI group, n = 6 for each group.

cantly improved locomotor function recovery
after SCI.

PTE reduced oxidative stress induced by SCI

Then, we investigated whether PTE treatment
reduced oxidative stress post SCI. At 7 days
post-SCl, the levels of MDA and 8-OHdG in the
spinal cord tissue were determined. The results
indicated that SCI induced a dramatic increase
in MDA level, while PTE treatment markedly
decreased MDA level compared with the SCI
group (P < 0.05) (Figure 2A). Similarly, PTE
treatment markedly decreased 8-OHdG level
compared with the SCI group (P < 0.05) (Figure
2B). Additionally, we evaluated ROS production
using DHE staining. The results revealed that
the number of DHE-positive cells in the SCI +
PTE group significantly decreased compared
with the SCI group (P < 0.05) (Figure 3). These
results indicated that PTE treatment signifi-
cantly reduced oxidative stress induced SCI.

PTE down-regulated inflammatory modulates
in the spinal cord of SCI rats

As inflammation is another important part in
the pathogenesis of SCI, we investigated the
effect of PTE on the expression levels of several
inflammatory molecules (Figure 4). The results
suggested that the expression levels of iNOS,
COX-2, NF-kB p65, and NF-kB p50 significantly
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SCI + PTE

increased after SCI compar-
ed with the Sham group (P <
0.05). However, the increased
expression was dramatically
reduced by PTE treatment
compared with the SCI group
(P < 0.05). These results sug-
gested that PTE exerted the
protection against SCI via
down-regulating inflammatory
modulates in the spinal cord.

PTE activated Nrf2/HO-1 sig-

naling pathway in the spinal

cord of SCl rats
SCI+PTE
Finally, the effect of PTE on
Nrf2/HO-1 signaling was eval-
uated. The results suggested
that SCI up-regulated the
expression of Nrf2 and HO-1.
And the increased Nrf2 and
HO-1 expression in the spinal cord after SCI
was further increased by PTE treatment (Figure
5). These findings indicated that treatment with
PTE activated the Nrf2 signaling pathway, lead-
ing to increased HO-1 expression in the spinal
and contributing to its antioxidant activity.

Discussion

The present study indicates that PTE treatment
administered by subarachnoid injection after
SCI can dramatically improve neurological
recovery in rats, as indicated by the increased
scores of the BBB test and the inclined-plane
test. In addition, PTE treatment significantly
decreases oxidative stress inflammatory reac-
tion, as evidenced by the decreased MDA
and 8-0OHdG levels in the spinal cord tissues,
and the reduced expression levels of iNOS,
COX-2, NF-kB p65, and NF-kB p50. More impor-
tantly, PTE treatment up-regulates expression
of Nrf2 and HO-1, indicating that Nrf2/HO-1
signaling activation is involved in the protective
effects of PTE. Our results suggest that PTE
may be a promising drug for the treatment of
SCI patients.

In the current study, we use a modified weight-
drop method to induce the traumatic SCI. It has
been suggested that locomotor loss after SCI
involves interruption of descending spinal cord
tracts, and recovery depends on those spared
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descending fibers [24]. Our results suggest that
BBB scores in the rats of the SCl group decrease
dramatically 1 day after SCI induction, and
increase gradually in the following days, sug-
gesting that the spinal cord can repair itself to
some extent. Notably, PTE treatment signifi-
cantly help the recovery of locomotor function
inthe rats. The similar phenomenon is observed
in the inclined-plane test. These results sug-
gest that PTE treatment after SCI contributes to
the recovery of locomotor function.

It has been reported that ischemia is induced
after traumatic SCI, which is localized to the
injury site [25]. Ischemia induces ATP loss,
leading to the disruption of the mitochondrial
respiratory chain. Consequently, large amounts
of free radicals are produced and released into
the injury tissue. Additionally, many inflamma-
tory cells, including neutrophils and macro-
phages, are activated and can produce free
radicals, contributing to oxidative stress after
SCI. These free radicals trigger cell injury by
inducing the peroxidation of polyunsaturated
fatty acids on the biological membranes [26].
MDA level often reflects the degree of lipid per-
oxidation in tissue. Peroxidation takes place at
the side chains of polyunsaturated fatty acids
in biological membranes, which changes the
fluidity and permeability of the cell membrane,
ultimately resulting in loss of cell function.
Moreover, 8-OHDG is one of the most sensitive
DNA damage markers and is produced follow-
ing hydroxyl radical induction during oxidative
stress [27]. Our data suggests that PTE treat-
ment after SCI dramatically decreases the lev-
els of MDA, 8-OHDG, and ROS production.

Inflammation, another important process
involved in the pathogenies of SCI, is a thera-
peutic target in the treatment of SCI. It has
been indicated that inflammation can induce
neurodegeneration after traumatic SCI [28]. In
the current study, we evaluate the levels of
iNOS, COX-2, NF-kB p65, and NF-kB p50. Our
results suggest that PTE treatment decrease
the expression of iINOS and COX-2. Moreover,
PTE treatment reduced NF-KB activity (expres-
sion of NF-kB p65 and NF-kB p50). Taken
together, PTE contributes to protection against
SCI by diminishing iNOS, COX-2, and NF-kB
expression, and the blocking of the NF-kB path-
way might be associated with the anti-inflam-
matory effects of PTE.
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Nrf2 (NF-E2-related factor 2) is a transcription
factor that plays a key role in protecting cells
from various stresses [29]. Nrf2 serves as a
regulator of the antioxidant response, which is
one of the most important molecules protect-
ing against oxidative stress [30]. Moreover,
Nrf2 plays a critical role as a negative regulator
of inflammation [31]. The activation of Nrf2 can
upregulate the expression of several anti-oxida-
tive enzymes such as HO-1, superoxide dis-
mutase 1 (SOD1), and glutathione S-transferase
(GSTs) [32]. Previous studies have suggested
that HO-1 is an inducible enzyme and has
strong antioxidant and anti-inflammatory ef-
fects [33, 34]. Soy isoflavone can alleviate oxi-
dative damage induced by beta-amyloid pep-
tides 1-42 (AB1-42), which might result from
the activation of HO-1 signaling [35]. In addi-
tion, aescin reduces oxidative stress in experi-
mental traumatic spinal cord injury via HO-1
induction [36]. In this study, we investigate the
effect of PTE on the Nrf2/HO-1 signaling. Our
results indicate that the expression levels of
Nrf2 and HO-1 increase after SCI, which are fur-
ther up-regulated by PTE treatment. These
results suggest that the neuroprotective effects
of PTE are associated with the activation of
Nrf2/HO-1 signaling pathway.

In summary, our findings suggest that PTE
treatment exerts a profound neuroprotective
effect against traumatic SCI. This protection
appears to be largely due to the attenuation of
oxidative stress, inflammation and the activa-
tion of Nrf2/HO-1 signaling. These data indi-
cate that PTE may be a promising candidate for
the treatment of traumatic SCI.

Acknowledgements

This study was granted by the National Natural
Science Fund of China (No. 81260274 and
81160219).

Disclosure of conflict of interest
None.

Address correspondence to: Zhaohui Hu, Depart-
ment of Orthopedics, Liuzhou People’s Hospital, No.
8 Wenchang Road, Liuzhou 545006, China. E-mail:
husci2001@sina.com

References

[1] Jain NB, Ayers GD, Peterson EN, Harris MB,
Morse L, O'Connor KC and Garshick E. Trau-

Int J Clin Exp Med 2017;10(8):11804-11811


mailto:husci2001@sina.com

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

Pterostilbene attenuates traumatic spinal cord injury

matic spinal cord injury in the United States,
1993-2012. JAMA 2015; 313: 2236-2243.
Young W. Secondary injury mechanisms in
acute spinal cord injury. J Emerg Med 1993;
11 Suppl 1: 13-22.

Taoka Y and Okajima K. Role of leukocytes in
spinal cord injury in rats. J Neurotrauma 2000;
17:219-229.

Borgens RB and Liu-Snyder P. Understanding
secondary injury. Q Rev Biol 2012; 87: 89-127.
Cox A, Varma A and Banik N. Recent advances
in the pharmacologic treatment of spinal cord
injury. Metab Brain Dis 2015; 30: 473-482.
Gwak YS, Kang J, Unabia GC and Hulsebosch
CE. Spatial and temporal activation of spinal
glial cells: role of gliopathy in central neuro-
pathic pain following spinal cord injury in rats.
Exp Neurol 2012; 234: 362-372.

Fleming JC, Norenberg MD, Ramsay DA, Deka-
ban GA, Marcillo AE, Saenz AD, Pasquale-
Styles M, Dietrich WD and Weaver LC. The cel-
lular inflammatory response in human spinal
cords after injury. Brain 2006; 129: 3249-
3269.

Akira S, Hirano T, Taga T and Kishimoto T. Biol-
ogy of multifunctional cytokines: IL 6 and re-
lated molecules (IL 1 and TNF). FASEB J 1990;
4:2860-2867.

Varija D, Kumar KP, Reddy KP and Reddy VK.
Prolonged constriction of sciatic nerve affect-
ing oxidative stressors & antioxidant enzymes
in rat. Indian J Med Res 2009; 129: 587-592.
Wu ZY and Hu XB. Separation and purification
of porcine bone morphogenetic protein. Clin
Orthop Relat Res 1988; 229-236.

Adams JM and Cory S. The Bcl-2 protein family:
arbiters of cell survival. Science 1998; 281:
1322-1326.

Rimando AM, Kalt W, Magee JB, Dewey J and
Ballington JR. Resveratrol, pterostilbene, and
piceatannol in vaccinium berries. J Agric Food
Chem 2004; 52: 4713-4719.

Chiou YS, Tsai ML, Nagabhushanam K, Wang
YJ, Wu CH, Ho CT and Pan MH. Pterostilbene is
more potent than resveratrol in preventing
azoxymethane (AOM)-induced colon tumori-
genesis via activation of the NF-E2-related fac-
tor 2 (Nrf2)-mediated antioxidant signaling
pathway. J Agric Food Chem 2011; 59: 2725-
2733.

Suh N, Paul S, Hao X, Simi B, Xiao H, Rimando
AM and Reddy BS. Pterostilbene, an active
constituent of blueberries, suppresses aber-
rant crypt foci formation in the azoxymethane-
induced colon carcinogenesis model in rats.
Clin Cancer Res 2007; 13: 350-355.
Kobayashi M and Yamamoto M. Nrf2-Keapl
regulation of cellular defense mechanisms

11810

(16]

(17]

(18]

(19]

[20]

(21]

[22]

(23]

[24]

[25]

(26]

against electrophiles and reactive oxygen spe-
cies. Adv Enzyme Regul 2006; 46: 113-140.
Chen RJ, Tsai SJ, Ho CT, Pan MH, Ho YS, Wu CH
and Wang YJ. Chemopreventive effects of
pterostilbene on urethane-induced lung carci-
nogenesis in mice via the inhibition of EGFR-
mediated pathways and the induction of apop-
tosis and autophagy. J Agric Food Chem 2012;
60: 11533-11541.

Priego S, Feddi F, Ferrer P, Mena S, Benlloch M,
Ortega A, Carretero J, Obrador E, Asensi M and
Estrela JM. Natural polyphenols facilitate elim-
ination of HT-29 colorectal cancer xenografts
by chemoradiotherapy: a Bcl-2- and superox-
ide dismutase 2-dependent mechanism. Mol
Cancer Ther 2008; 7: 3330-3342.

Kosuru R, Rai U, Prakash S, Singh A and Singh
S. Promising therapeutic potential of pterostil-
bene and its mechanistic insight based on pre-
clinical evidence. Eur J Pharmacol 2016; 789:
229-243.

Han X, Yang N, Xu Y, Zhu J, Chen Z, Liu Z, Dang
G and Song C. Simvastatin treatment improves
functional recovery after experimental spinal
cord injury by upregulating the expression of
BDNF and GDNF. Neurosci Lett 2011; 487:
255-259.

Tian W, Han XG, Liu YJ, Tang GQ, Liu B, Wang
YQ, Xiao B and Xu YF. Intrathecal epigallocate-
chin gallate treatment improves functional re-
covery after spinal cord injury by upregulating
the expression of BDNF and GDNF. Neurochem
Res 2013; 38: 772-779.

Han X, Yang N, Cui Y, Xu 'Y, Dang G and Song C.
Simvastatin mobilizes bone marrow stromal
cells migrating to injured areas and promotes
functional recovery after spinal cord injury in
the rat. Neurosci Lett 2012; 521: 136-141.
Basso DM, Beattie MS and Bresnahan JC. A
sensitive and reliable locomotor rating scale
for open field testing in rats. J Neurotrauma
1995; 12: 1-21.

Rong W, Wang J, Liu X, Jiang L, Wei F, Zhou H,
Han X and Liu Z. 17beta-estradiol attenuates
neural cell apoptosis through inhibition of JNK
phosphorylation in SCI rats and excitotoxicity
induced by glutamate in vitro. Int J Neurosci
2012; 122: 381-387.

Basso DM. Neuroanatomical substrates of
functional recovery after experimental spinal
cord injury: implications of basic science re-
search for human spinal cord injury. Phys Ther
2000; 80: 808-817.

Hall ED and Wolf DL. Post-traumatic spinal
cord ischemia: relationship to injury severity
and physiological parameters. Cent Nerv Syst
Trauma 1987; 4: 15-25.

Liu H, Zhao L, Yue L, Wang B, Li X, Guo H, Ma Y,
Yao C, Gao L, Deng J, Li L, Feng D and Qu Y.

Int J Clin Exp Med 2017;10(8):11804-11811



[27]

(28]

[29]

[30]

(31]

Pterostilbene attenuates traumatic spinal cord injury

Pterostilbene attenuates early brain injury fol-
lowing subarachnoid hemorrhage via inhibi-
tion of the NLRP3 inflammasome and Nox2-
Related oxidative stress. Mol Neurobiol 2016;
[Epub ahead of print].

Witherell HL, Hiatt RA, Replogle M and Parson-
net J. Helicobacter pylori infection and urinary
excretion of 8-hydroxy-2-deoxyguanosine, an
oxidative DNA adduct. Cancer Epidemiol Bio-
markers Prev 1998; 7: 91-96.

Faden Al, Wu J, Stoica BA and Loane DJ. Pro-
gressive inflammation-mediated neurodegen-
eration after traumatic brain or spinal cord in-
jury. Br J Pharmacol 2016; 173: 681-691.
Kensler TW, Wakabayashi N and Biswal S. Cell
survival responses to environmental stresses
via the Keapl-Nrf2-ARE pathway. Annu Rev
Pharmacol Toxicol 2007; 47: 89-116.

Kaspar JW, Niture SK and Jaiswal AK.
Nrf2:INrf2 (Keapl) signaling in oxidative
stress. Free Radic Biol Med 2009; 47: 1304-
1309.

Li N and Nel AE. Role of the Nrf2-mediated sig-
naling pathway as a negative regulator of in-
flammation: implications for the impact of par-
ticulate pollutants on asthma. Antioxid Redox
Signal 2006; 8: 88-98.

11811

(32]

(33]

(34]

(35]

(36]

Shah ZA, Li RC, Thimmulappa RK, Kensler TW,
Yamamoto M, Biswal S and Dore S. Role of re-
active oxygen species in modulation of Nrf2
following ischemic reperfusion injury. Neuro-
science 2007; 147: 53-59.

Lin WP, Xiong GP, Lin Q, Chen XW, Zhang LQ,
Shi JX, Ke QF and Lin JH. Heme oxygenase-1
promotes neuron survival through down-regu-
lation of neuronal NLRP1 expression after spi-
nal cord injury. J Neuroinflammation 2016; 13:
52.

Jazwa A and Cuadrado A. Targeting heme oxy-
genase-1 for neuroprotection and neuroinflam-
mation in neurodegenerative diseases. Curr
Drug Targets 2010; 11: 1517-1531.

Ding J, Yu HL, Ma WW, Xi YD, Zhao X, Yuan LH,
Feng JF and Xiao R. Soy isoflavone attenuates
brain mitochondrial oxidative stress induced
by beta-amyloid peptides 1-42 injection in lat-
eral cerebral ventricle. J Neurosci Res 2013;
91: 562-567.

Cheng P, Kuang F and Ju G. Aescin reduces
oxidative stress and provides neuroprotection
in experimental traumatic spinal cord injury.
Free Radic Biol Med 2016; 99: 405-417.

Int J Clin Exp Med 2017;10(8):11804-11811



