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 Background: Traumatic brain injury (TBI) is characterized by cognitive deficits, which was associated with brain oxidative 
stress and apoptosis. Resveratrol (RSV) is an anti-apoptotic and anti-oxidative. This study aimed to investigate 
neuroprotective effects and involved molecular mechanisms in TBI.

 Material/Methods: RSV and p38 inhibitor were administrated to TBI rats. Cognitive deficits were evaluated by Morris water maze 
assay. Reactive oxygen species (ROS) and apoptosis were detected in rat brains by fluorescent staining. Western 
blotting was used to assess the phosphorylation of p38 and the expression levels of Nrf2, HO1, and activated 
caspase-3.

 Results: RSV administration attenuated cognitive deficits of TBI rats. The ROS generation and apoptosis in the brain of 
TBI rats were suppressed by RSV treatment. Moreover, RSV treatment recovered activation of p38/Nrf2/HO1 
signaling pathway. The co-administration of p38 inhibitor impaired RSV’s attenuating effects on cognitive def-
icits, brain apoptosis, and ROS generation.

 Conclusions: RSV attenuated cognitive deficits of TBI by inhibiting oxidative stress-mediated apoptosis via targeting p38/Nrf2 
signaling.
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Background

Traumatic brain injury (TBI) is recognized as alteration of 
brain pathology and/or function caused by external mechan-
ical force [1]. TBI is one of the leading causes of morbidity 
and mortality resulting from neurological disorders around 
the world [2]. TBI is characterized by acute and chronic neu-
rodegeneration and long-term cognitive deficits [3]. Though 
the mechanisms of TBI are still unclear, several previous in-
vestigations suggest the involvement of oxidative stress and 
apoptosis in TBI [4,5]. It has been well-established that oxida-
tive stress induces cell apoptosis via multiple pathways such 
as death receptor, mitochondrial pathway, and endoplasmic 
reticulum stress signaling [6,7].

Increased harmful oxygen radicals have been identified in the 
brain several minutes after induction of TBI [8]. Elevated con-
centration of reactive oxygen species (ROS) have been found 
in brain tissue and cerebral spinal fluid from both animals and 
human patients with TBI [9]. p38 is a critical member of mito-
gen-activated protein kinases (MAPKs), playing a role in induc-
ing the activation of antioxidant response element (ARE) which 
is a component of intracellular antioxidant defense system [10]. 
The activation of ARE signaling, further triggers the expres-
sions and synthesis of the downstream anti-oxidant enzymes 
such as heme oxygenase (HO1) [11]. The activation of p38/
Nrf2 signaling could increase the anti-oxidant potential which 
suppresses the apoptosis and inflammation responses [11].

In recent decades, nutritional supplementation has been rec-
ognized as a novel therapeutic strategy in treating chronic 
nervous system diseases. Natural products are optimal can-
didates for nutritional supplementation due to their effective-
ness and biosafety. Resveratrol (RSV) is one of the bioactive 
natural polyphenolic compounds extracted from many fruits 
such as grapes and berries [12]. Previous studies have indi-
cated a wide spectrum of bioactivities of RSV, including anti-
oxidative, anti-apoptotic, anti-inflammatory, and neuroprotec-
tive activities [13]. For instance, RSV was proven to attenuates 
neuronal apoptosis and to reduce levels of inflammatory fac-
tors such as interleukin (IL)1b, IL10, and tumor necrosis fac-
tor (TNF)a in spinal cord injury. As a result, studies found that 
the neural function of the spinal cord was recovered with RSV 
treatment [14]. Importantly, RSV was found as a mediator reg-
ulating the activation of p38 MAPK signaling [15]. In this study, 
we hypothesized that RSV could exert neuroprotective effects 
against TBI by activating p38. A p38 inhibitor was also used 
to test our hypothesis. Our results add more evidence for RSV 
as an ideal therapeutic agent for TBI.

Material and Methods

Animals and establishment of TBI model

Sprague-Dawley (SD) rats (8-weeks old, male: female=1: 1, weigh-
ing 200–250 g) were provided by Animal Experimental Center 
of Hangzhou Normal University. Animals were kept in indepen-
dent cages with free access to distilled water and standard chow. 
An artificial environment with appropriate temperature, humid-
ity, and a 12-hour dark/light cycle was provided. All animal ex-
perimental protocols were approved by the Ethics Committee 
of Medical School of Hangzhou Normal University. The specific 
experimental procedures were carried out in accordance with 
Recommended Guideline for the Care and Use of Laboratory 
Animals issued by Chinese Council on Animal Research.

The TBI procedure was performed according to previous de-
scriptions [16]. Briefly, SD rats were anesthetized by isoflu-
rane inhalation. A heating pad was used to maintain the body 
temperature during the procedure. The skull was exposed 
by an incision and the impactor tip (Benchmark Stereotaxic 
Impactor, Leica Micro Systems) was placed sagittally between 
the bregma and lambda sutures. By using the pneumatic cylin-
der, the impact was delivered to the skull at velocity of 4 m/s 
and depth of 2 mm with a dwell time of 100 ms. Then the 
skin was closed, and the rats were placed in the resuscitation 
cage. RSV was dissolved in ethanol and diluted with distilled 
water with final concentrations at 0.2% (v/v). RSV resolution 
at concentrations of 0 mg/kg, 0.05 mg/kg and 0.1 mg/kg and 
were administrated to animals via oral gavage for 10 consec-
utive days, 7 days after the TBI procedure. Several rats were 
simultaneously treated with intraperitoneal injections of spe-
cific inhibitor of p38 MAPK inhibitor SB203580 (1 mg/kg per 
day, Selleck Chemicals). Rats were sacrificed by CO2 suffoca-
tion. The brains were removed, and the right hemispheres 
were collected immediately and stored in 30% sucrose solu-
tion at 4°C for further experiments.

ROS detection

The ROS indicator DHE (Beyotime) staining was used to de-
tect the ROS generation in situ. Harvested brain tissue was im-
mersed in optimal cutting temperature compound (Sakura) and 
cut into 10 μm sections. DHE was used to incubate the slides 
at final concentration of 10 μmol/L at 37°C in a humidified 
chamber for 45 minutes in the dark according to the instruc-
tion provided by the manufacturer. The ROS generation was 
detected with an inverted fluorescence microscope.

Apoptosis assessment

The apoptotic cells were labeled by terminal transferase UTP 
nick end labeling assay (TUNEL). Brain tissue was cut into 

1098
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Shi Z. et al.: 
Resveratrol attenuates cognitive deficits of traumatic brain injury…

© Med Sci Monit, 2018; 24: 1097-1103
LAB/IN VITRO RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



5-μm thick sections and treated with 20 μmol/L proteinase K 
(Sigma-Aldrich). Then the apoptosis was detected by using a 
TUNEL kit (Roche) in accordance with the manufacturer’s in-
structions. The fluorescent images were then captured with 
an inverted fluorescence microscope.

Total antioxidant capacity (TAC) evaluation

Harvested brain tissue was homogenized and centrifugat-
ed at 4°C at 12 000g for 5 minutes. The resulted supernatant 
was subjected to TAC determination with a T-AOC assay kit 
(Beytome) according to the protocol provided by the manu-
facturer. A plate reader (Bio-Rad) was used to detect the ab-
sorbance at 734 nm.

Western blotting

Brain tissue was minced on ice in lysis buffer and the protein 
was isolated with Protein Extraction Kit (Beyotime). The nu-
clear protein was extracted with Nuclear Protein Extraction 
Kit (Beyotime). Protein samples were loaded and subjected to 
SDS-PAGE. The separated protein was then transferred to PVDF 
membranes electronically. After incubating with block buffer 
(Santa Cruz), the primary antibodies against p38 (1: 2500, Cell 
Signaling Tech), phospho-p38 (1: 2500, Cell Signaling Tech), 
Nrf2 (1: 5000, Abcam), HO1 (1: 5000, Abcam), b-actin (1: 5000, 
Abcam), and histone H3 (1: 5000, Abcam) were used to incu-
bate the membranes at 4°C for 12 hours. After washing with 
TBST, secondary antibodies were used to incubate the mem-
branes at room temperature for 2 hours. The immunoblots were 
visualized by using Western Blotting Luminal Reagent (Santa 
Cruz) and further analyzed with software ImageJ.

Morris water maze (MWM)

In this study, the cognitive function was assessed by Morris 
water maze (MWM). Animals were trained for 3 days in a 50-
cm height and 150-cm diameter Morris water maze (ACT-200A, 
Coulbourn) according to previous descriptions [17]. The tank 
was divided into 4 quadrants and filled with water at 20°C. A 
10-cm diameter platform was hidden 2 cm beneath the wa-
ter. Animals were allowed to adapt to the maze without the 
platform for 1 minute, for 3 days. After that, the animals were 
trained to locate the submerged platform depending on visual 
cues. A tracking system was used to record the time to reach 
the platform, which is recognized as latency. The percent time 
in a target quadrant was also recorded. Four independent trails 
were carried out from 4 starting points, randomly. All MWM 
assays were carried out at a specific time during the day to 
eliminate the time-associated variations.

Statistics

The data acquired in this study was put in Excel (Microsoft) 
and further analyzed by SPSS (ver. 16.0, SPSS). Differences be-
tween groups were analyzed by Student’s t-tests and one-way 
ANOVA. SNK tests were used as post-hot test. When P<0.05, 
the difference was considered statistically significant.

Results

RSV attenuated cognitive dysfunction in TBI rats which 
was impaired by p38 inhibitor

As demonstrated in Figure1, the latency was increased while 
the percent time in a target quadrant was significantly de-
creased in the TBI rats compared with the normal control 
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Figure 1.  (A) Columns indicate the latency of TBI rats that received treatment with RSV and co-administration of p38 inhibitor 
SB203580. (B) Columns indicate the percent time in target quadrant of TBI rats that received treatment with RSV and co-
administration of p38 inhibitor SB203580. (* P<0.05).
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rats. The latency and percent time in a target quadrant were 
used to indicate the spatial memory and reference memory re-
spectively. Treatment with RSV dramatically increased latency 
and decreased percent time in the target quadrant for the TBI 
rats. The co-administration of SB203580 impaired the thera-
peutic effects of RSV on cognitive dysfunction in the TBI rats.

RSV reduced ROS generation and increased TAC in the 
brains of the TBI rats which were impaired by p38 
inhibitor

The ROS detected by DHE are shown in Figure 2. In this study, 
TAC was employed to measure the combined non-enzymatic 
antioxidant capacity of biological samples, providing an over-
all capability to counteract the oxidative stress. The ROS pro-
duction increased, and TAC decreased significantly in the brain 
tissue compared with the normal control tissue. The RSV ad-
ministration decreased the ROS production and increased TAC 
in brain tissue in a dosage-dependent manner. However, the 
co-administration of SB203580 impaired the anti-oxidant ef-
fect of RSV.

RSV suppressed apoptosis in the brain of TBI rats which 
was impaired by p38 inhibitor

The results of the TUNEL assay are shown in Figure 3. The ad-
ministration of RSV significantly attenuated the apoptosis in 
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Figure 2.  (A) The upper panel indicates the captured fluorescent images of DHE staining of brain tissue. Columns on the lower panel 
indicate the detected mean fluorescent intensities of DHE staining of brain tissue from TBI rats that received treatment 
with RSV and co-administration of p38 inhibitor SB203580. (B) Columns indicate the TAC of brain tissue from TBI rats that 
received treatment with RSV and co-administration of p38 inhibitor SB203580. (* P<0.05).
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Figure 3.  (A) The captured fluorescent images of TUNEL assay 
of brain tissue are shown. The apoptotic cells were 
positively stained. (B) Columns indicate the apoptotic 
rate in brain sections from TBI rats that received 
treatment with RSV and co-administration of p38 
inhibitor SB203580. (* P<0.05).
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Figure 4.  (A) The upper panel demonstrates the immunoblots of HO1, caspase-3, and their internal reference GAPDH in brain tissue. 
Columns on the lower panel indicate the relative expression levels of HO1 and caspase-3 in brain from TBI rats that received 
treatment with RSV and co-administration of p38 inhibitor SB203580 respectively. (B) The upper panel demonstrates the 
immunoblots of p-p38 and p38 in brain tissue. Columns on the lower panel indicate the ratio of p-p38/p38 in brain from TBI 
rats that received treatment with RSV and co-administration of p38 inhibitor SB203580. (C) The upper panel demonstrates 
the immunoblots of Nrf2, its internal reference histone h3 in brain tissue. Columns on the lower panel indicate the ratio 
of Nrf2/histone h3 in the brain from TBI rats that received treatment with RSV and co-administration of p38 inhibitor 
SB203580. (* P<0.05).

TBI
RSV

SB203580

–
0
–

+
0
–

+
0.05

–

+
0.10

–

+
0.10

+

–
0
–

+
0
–

+
0.05

–

+
0.10

–

+
0.10

+

TBI
RSV

SB203580

HO1

Caspase3

GAPDH

32 kDa

17 kDa

37 kDa

p-p38

p38

41 kDa

41 kDa

–
0
–

+
0
–

+
0.05

–

+
0.10

–

+
0.10

+

*
*

*
*

*
*

*

*

Re
lat

ive
 ex

pr
es

sio
n 

(n
or

m
ali

ze
d o

t G
AP

DH
) 2.5

2.0

1.5

1.0

0.5

0.0

mg/kg

TBI
RSV

SB203580

–
0
–

+
0
–

+
0.05

–

+
0.10

–

+
0.10

+

TBI
RSV

SB203580

–
0
–

+
0
–

+
0.05

–

+
0.10

–

+
0.10

+

*

*

*
*

p-
p3

8/
p3

8

2.5

2.0

1.5

1.0

0.5

0.0

mg/kg

mg/kg

Nrf2

Histone H3

68 kDa

15 kDa

TBI
RSV

SB203580

–
0
–

+
0
–

+
0.05

–

+
0.10

–

+
0.10

+

TBI
RSV

SB203580

–
0
–

+
0
–

+
0.05

–

+
0.10

–

+
0.10

+

*

*

*
*

Nr
f2

/H
ist

on
e H

3

1.5

1.0

0.5

0.0

mg/kg

mg/kg

mg/kg

HO1
Caspase3

A B

C

1101
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Shi Z. et al.: 
Resveratrol attenuates cognitive deficits of traumatic brain injury…
© Med Sci Monit, 2018; 24: 1097-1103

LAB/IN VITRO RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



the brain of the TBI rats in a dosage-dependent manner. The 
co-administration of SB203580 impaired the anti-apoptotic 
effects of RSV in the brain of the TBI rats.

RSV inhibited the activation p38/Nrf2 pathway in the 
brain of TBI rats but was impaired by p38 inhibitor

The results are shown in Figure 4. The expression levels of 
Nrf2, HO1, as well as the phosphorylation level of p38 were 
decreased in the brain from the TBI rats. As an important in-
tracellular transducer, p38 conducts anti-oxidant signaling 
which facilitates the nuclear translocation of the nuclear fac-
tor Nrf2. HO1 is a potent member of intracellular anti-oxidant 
system and its transcription would be promoted by Nrf2 nu-
clear translocation. Treatment with RSV increased the expres-
sion levels of Nrf2, HO1, and the phosphorylation level of p38 
in the brain of TBI rats. However, the phosphorylation of p38 
was blocked by SB203580 treatment, as a result, the expres-
sion levels of Nrf2 and HO1 were decreased in the brain from 
the RSV-treated TBI rats.

Discussion

TBI is often a result of external mechanical forces caused by 
car accidents, violence, gunshots, combat injuries, or objects 
penetrating the skull. The brain function and physiology are 
temporarily or permanently impaired in TBI patients. TBI sur-
vivors exhibit many clinical manifestations including various 
neurological disorders and disabilities which are recognized 
as chronic manifestations [18]. There are very few available 
agents that can effectively treat TBI. In recent decades, nutri-
tional supplements from natural plants have attracted research-
er’s attention because of their various biological activities, ef-
fectiveness, and biosafety. In the present study, a TBI animal 
model was established, which received RSV administration. The 
therapeutic effect of RSV on TBI was investigated. Moreover, 
the possibly involved molecular mechanism was also studied.

TBI process includes the development of neurodegeneration 
which could chronically impair brain function causing cogni-
tive dysfunctions [2]. Difficulties in concentration, attention 
and memory, changes in balance and vision, spontaneous sei-
zures, and sleep disturbance are the typical clinical manifes-
tations of cognitive disorders [19]. In this study, MWM was 
used to assess the cognitive dysfunctions of TBI rats. The re-
sults showed that both latency and percent time in the tar-
get quadrant were significantly altered in TBI rats. Specifically, 
the latency indicated the spatial memory, while the percent 
time in the target quadrant indicated the reference memory. 
These results suggested that the cognitive deficits were ex-
acerbated in TBI animals.

Oxidative associated neuron apoptosis is believed to play crit-
ical roles in occurrence and development of cognitive defi-
cits [20]. Previous studies have indicated the accumulation of 
ROS in the brain of several neurodegenerative diseases includ-
ing Alzheimer disease, Parkinson disease and TBI [21]. The ap-
plication of anti-oxidant agents attenuated the brain dysfunc-
tions of these diseases [22]. Moreover, it was described that 
TBI-induced cognitive dysfunction was associated with the 
neuron loss in brain [23]. In the current study, we found that 
the ROS generation was elevated, and the apoptosis was in-
creased in brain harvested from TBI rats. The oxidative status 
was maintained by the oxidant-antioxidant system and be-
longs to the “cap n collar” family of basic leucine zipper tran-
scription factors; Nrf2 translocate to nuclei to take part in in-
ducing expression of antioxidant enzymes such as HO1 by 
binding to ARE [24]. The activation of Nrf2/ARE was direct-
ed by its upstream kinases such as p38 [25]. The multifunc-
tion kinase p38 is inhibited by binding with Keap1 under nor-
mal physiological conditions. When encountering pathological 
challenges such as oxidative stress, the Keap1 would disas-
sociate from p38 which was further activated by auto-phos-
phorylation [26]. In this study, we found that compared with 
normal control, the phosphorylation level of p38 was dramat-
ically downregulated. As a result, the expression level of HO1 
was reduced in TBI brains.

RSV, also referred to as 3,5,4’-trihydroxystilbene, is one of the 
natural phytoalexin extracted from some kinds of plant seeds 
such as grape seeds [27]. Many previous studies have suggest-
ed that RSV has the ability to interfere with the pathological 
processes in neurodegenerative diseases [28]. Multiple mech-
anisms have been proposed to interpret the neuroprotective 
effects of RSV, including the anti-oxidative and anti-apoptotic 
activities of RSV [29]. In this study, we found that the RSV ad-
ministration relieved the cognitive deficits by recovering the 
spatial memory and reference memory. The ROS generation 
and apoptosis were dramatically attenuated by RSV admin-
istration. Moreover, RSV treatment also recovered the phos-
phorylation level of p38. As a result, the Nrf2 nuclear tranlo-
cation and the HO1 expression were increased. These results 
indicated that p38 was the molecular target of RSV in atten-
uating cognitive deficits in TBI.

Conclusions

In order to further test the molecular mechanism of RSV, p38 
inhibitor SB203580 was co-administrated to the rats with RSV. 
SB203580 is a selective inhibitor of p38 which inhibits the p38 
catalytic activity by binding to its ATP pocket [30]. The results 
showed that the co-administration of p38 inhibitor impaired the 
therapeutic effects of RSV on TBI. Specifically, the administra-
tion of SB203508 blocked the recovery of p38 phosphorylation 
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by RSV. The subsequent nuclear translocation of Nrf2 and the 
expression of HO1 were also impaired in RSV-treated TBI rats. 
As a result, SB203508 suppressed the anti-oxidative and an-
ti-apoptotic effects of RSV on TBI brains. Taken together, data 
collected in this study suggested that RSV attenuated cogni-
tive deficits of TBI by suppressing oxidative stress-mediat-
ed apoptosis in the brain. p38/Nrf2 signaling was considered 
one of the molecular targets of RSV. We believe that our data 

would not only add more information on the pathogenesis 
of TBI, but also provide a theoretical basis for application of 
RSV in clinical treatment of TBI. However, there are also limi-
tations to this study. According to previous reports, neural in-
juries, such as spinal cord injury and TBI, are the pathological 
factors activating p38 signaling. Our results also found activa-
tion of p38 following TBI. However, if a p38 activator was also 
employed, our conclusion would be more persuasive and solid.

References:

 1. Weston NM, Sun D: The potential of stem cells in treatment of traumatic 
brain injury. Curr Neurol Neurosci Rep, 2018; 18: 1

 2. Bhowmick S, D’Mello V, Ponery N, Abdul-Muneer PM: Neurodegeneration 
and sensorimotor deficits in the mouse model of traumatic brain injury. 
Brain Sci, 2018; 8: pii: E11

 3. Howard SW, Zhang Z, Buchanan P et al: The cost of a pediatric neurocrit-
ical care program for traumatic brain injury: A retrospective cohort study. 
BMC Health Serv Res, 2018; 18: 20

 4. Liu Q, Zhang H, Xu J et al: Neuritin provides neuroprotection against exper-
imental traumatic brain injury in rats. Int J Neurosci, 2018; 15: 1–22

 5. Li Z, Wang Y, Zeng G et al: Increased miR-155 and heme oxygenase-1 ex-
pression is involved in the protective effects of formononetin in traumat-
ic brain injury in rats. Am J Transl Res, 2017; 9: 5653–61

 6. Wei J, Wu H, Zhang H et al: Anthocyanins inhibit high glucose-induced re-
nal tubular cell apoptosis caused by oxidative stress in db/db mice. Int J 
Mol Med, 2018; 41: 1608–18

 7. Ikwegbue PC, Masamba P, Oyinloye BE: Roles of heat shock proteins in 
apoptosis, oxidative stress, human inflammatory diseases, and cancer. 
Pharmaceuticals (Basel), 2017; 11(1): pii: E2

 8.  Fehily B, Fitzgerald M: Repeated mild traumatic brain injury: Potential 
mechanisms of damage. Cell Transplant, 2017; 26: 1131–55

 9. Kabu S, Jaffer H, Petro M et al: Blast-associated shock waves result in in-
creased brain vascular leakage and elevated ROS levels in a rat model of 
traumatic brain injury. PLoS One, 2015; 10: e0127971

 10. Liu Z, Lv Y, Zhang Y et al: Matrine-type alkaloids inhibit advanced glycation 
end products induced reactive oxygen species-mediated apoptosis of aor-
tic endothelial cells in vivo and in vitro by targeting MKK3 and p38MAPK 
signaling. J Am Heart Assoc, 2017; 6: pii: e007441

 11. Jin X, Xu Z, Fan R et al: HO1 alleviates cholesterolinduced oxidative stress 
through activation of Nrf2/ERK and inhibition of PI3K/AKT pathways in en-
dothelial cells. Mol Med Rep, 2017; 16: 3519–27

 12. Rauf A, Imran M, Suleria HAR et al: A comprehensive review of the health 
perspectives of resveratrol. Food Func, 2017; 8: 4284–305

 13. Berman AY, Motechin RA, Wiesenfeld MY, Holz MK: The therapeutic poten-
tial of resveratrol: A review of clinical trials. NPJ Precis Oncol, 2017; 1: pii: 
35

 14. Liu C, Shi Z, Fan L et al: Resveratrol improves neuron protection and func-
tional recovery in rat model of spinal cord injury. Brain Res, 2011; 1374: 
100–9

 15. Li Y, Liu Y, Lu Y, Zhao B: Inhibitory effects of 17beta-estradiol or a resvera-
trol dimer on hypoxia-inducible factor-1alpha in genioglossus myoblasts: 
Involvement of ERalpha and its downstream p38 MAPK pathways. Int J Mol 
Med, 2017; 40: 1347–56

 16. Gatson JW, Liu MM, Abdelfattah K et al: Resveratrol decreases inflamma-
tion in the brain of mice with mild traumatic brain injury. J Trauma Acute 
Care Surg, 2013; 74: 470–74; discussion 744–75

 17. Zhou ZW, Li YD, Gao WW et al: Cold water swimming pretreatment reduc-
es cognitive deficits in a rat model of traumatic brain injury. Neural Regen 
Res, 2017; 12(8): 1322–28

 18. Qin H, Qin J, Hu J et al: Malva sylvestris attenuates cognitive deficits in a 
repetitive mild traumatic brain injury rat model by reducing neuronal de-
generation and astrocytosis in the hippocampus. Med Sci Monit, 2017; 23: 
6099–106

 19. Beretta S, Cunningham KM, Haus DL et al: Effects of human ES-derived 
neural stem cell transplantation and kindling in a rat model of traumatic 
brain injury. Cell Transplant, 2017; 26: 1247–61

 20. Zhang W, Li B, Guo Y et al: Rhamnetin attenuates cognitive deficit and in-
hibits hippocampal inflammatory response and oxidative stress in rats with 
traumatic brain injury. Cent Eur J Immunol, 2015; 40: 35–41

 21. Van Raamsdonk JM, Vega IE, Brundin P: Oxidative stress in neurodegener-
ative disease: Causation or association? Oncotarget, 2017; 8: 10777–78

 22. Li H, Ding F, Xiao L et al: Food-derived antioxidant polysaccharides and their 
pharmacological potential in neurodegenerative diseases. Nutrients, 2017; 
9: E778

 23.  Radi E, Formichi P, Battisti C, Federico A: Apoptosis and oxidative 
stress in neurodegenerative diseases. J Alzheimers Dis, 2014; 42(Suppl. 3): 
S125–52

 24.  Wang P, Luo L, Shen Q et al: Rosuvastatin improves myocardial hy-
pertrophy after hemodynamic pressure overload via regulating the cross-
talk of Nrf2/ARE and TGF-b/smads pathways in rat heart. Eur J Pharmacol, 
2018; 820: 173–82

 25. Fan Z, Han Y, Ye Y et al: l-carnitine preserves cardiac function by activating 
p38 MAPK/Nrf2 signalling in hearts exposed to irradiation. Eur J Pharmacol, 
2017; 804: 7–12

 26. Jiang Y, Tang X, Zhou B et al: The ROS-mediated pathway coupled with the 
MAPK-p38 signalling pathway and antioxidant system plays roles in the 
responses of Mytilus edulis haemocytes induced by BDE-47. Aquat Toxicol, 
2017; 187: 55–63

 27. Kolahdouz Mohammadi R, Arablou T: Resveratrol and endometriosis: In 
vitro and animal studies and underlying mechanisms (Review). Biomed 
Pharmacother, 2017; 91: 220–28

 28. Albani D, Polito L, Signorini A, Forloni G: Neuroprotective properties of res-
veratrol in different neurodegenerative disorders. Biofactors, 2010; 36: 
370–76

 29. Hao Q, Xiao X, Zhen J et al: Resveratrol attenuates acute kidney injury by 
inhibiting death receptormediated apoptotic pathways in a cisplatininduced 
rat model. Mol Med Rep, 2016; 14: 3683–89

 30. Xiao YT, Yan WH, Cao Y et al: P38 MAPK pharmacological inhibitor SB203580 
alleviates total parenteral nutrition-induced loss of intestinal barrier func-
tion but promotes hepatocyte lipoapoptosis. Cell Physiol Biochem, 2017; 
41: 623–34

1103
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Shi Z. et al.: 
Resveratrol attenuates cognitive deficits of traumatic brain injury…
© Med Sci Monit, 2018; 24: 1097-1103

LAB/IN VITRO RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)


