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a  b  s  t  r  a  c  t

This study  is to investigate  the  most  efficient  extractives  of extracting  oil recipe  for  stroke  treatment
and  the  protective  effects  on  an  oxygen  and  glucose  deprivation  model  in PC12  cells.  An  orthog-
onal  experimental  design  L9 (34) was  carried  out  for oil  recipe’s  optimization  with  supercritical
CO2 fluid  extraction.  2-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium  bromide  and  enzyme-linked
immunosorbent  assay  were  conducted  to  evaluate  cell  activity  and  indexes  in  the  cell lysate.  The  result
showed  that the  optimum  extraction  condition  was  30 Mpa,  50 ◦C, 100  min,  the  extracts  were  analyzed  by
gas chromatography–mass  spectrometry  and  among  forty  detected  compounds  27  were  identified,  rep-
resenting  80.86%  of  the  total  oil content.  trans-Cinnamaldehyde  (14.14%),  piperine  (9.32%),  �-amyrin
(6.79%),  lupenone  (6.28%),  longifolene  (6.07%),  �-caryophyllene  (5.21%),  �-bisabolol  (4.11%),  and  �-
bisabolene  (2.56%)  were  high  mass  fraction.  Oil recipe  could  significantly  attenuate  PC12  cell  damage,
C12 cells
the  lactate  dehydrogenase  release  and  decreased  the malondialdehyde  levels,  glutathione  peroxidase
and  nicotinamide  adenine  dinucleotide  phosphate  oxidase  activity,  glutathione  and  nitric  oxide  content
(p  < 0.01)  and  increased  the  level  of superoxide  dismutase  after  oxygen  and  glucose  deprivation.  The
protective  mechanism  may  be related  to  oil recipe’s  antioxidant  effect  by  scavenging  free radicals.

© 2018  Sociedade  Brasileira  de  Farmacognosia.  Published  by  Elsevier  Editora  Ltda.  This  is an  open
he CC
access  article  under  t

ntroduction

The country incorporated national characteristics into the med-
cal system in China, including the traditional Chinese Hui medicine
TCHM) which is a representative folk medicine and an important
ranch of traditional Chinese medicine. The most characteristic of
he TCHM is the aromatic drug mainly due to rich oil, and usually
mits aromatic smell. Stroke is the third most frequent cause of

dult death in most industrialized countries after cardiovascular
isease and cancer and has been a serious threat to human health
Flynn et al., 2008). It is important to develop the effective treat-
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ment of neuroprotective drugs, due to few treatments for stroke
and the imperative development of new therapeutics. Aromatic
drugs in prescriptions for cerebral ischemia have been studied and
found with remarkable treatment effects (Qi et al., 2016). Trans-
cinnamaldehyde has been confirmed that played a major role in
ameliorating cerebral ischemia-induced brain injury and protected
myocardial ischemia damage (Zhao et al., 2015; Chen et al., 2016).

Our previous research show that treating cerebral stroke con-
tains white pepper, long pepper, cinnamon, saffron, and myrrh as
the main active components (equivalent to the monarch in the tra-
ditional Chinese medicine prescription) in TCHM (Li et al., 2013a,b).
The main active components have many pharmacological effects,
such as activating blood and dissolving stasis, anti platelet aggrega-
tion and prevention and treatment of atherosclerosis (Bai and Xu,

2000; Feng, 2004). Preliminary results show that oil recipe (OR)
exert anti-inflammatory and analgesic effect (Zhang et al., 2014),
which is key components of the mechanisms for treating ischemic
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troke and other forms of ischemic brain injury (Jin et al., 2013; Shi-
hita et al., 2012). However, no direct evidence has confirmed that
R exerts a protective effect on cerebral ischemia. Rat pheochromo-
ytoma PC12 cells, which are often adopted as in vitro cell culture
odel of ischemia, have been widely used as a cellular model for

tudying neuronal diseases (Ryu et al., 2014). Compared with the
raditional extraction method, the application of supercritical CO2
uid extraction (SFE) has lots of advantages, such as fast extraction
ate, avoiding heat deterioration and no residual solvent (Uquiche
t al., 2015). In the present study, we verified the protective effect
f OR against oxygen and glucose deprivation (OGD) in PC12 cells
nd thus provided scientific basis for the further development of
rugs for stroke treatment.

aterials and methods

White pepper (Piper nigrum L., Piperaceae), long pepper (Piper
ongum L., Piperaceae), myrrh (Commiphora myrrha (Ness.) Engl.,
urceraceae), cinnamon (Cinnamomum cassia (L.) J.Presl, Lau-
aceae), and saffron (Crocus sativus L., Iridaceae) were purchased
rom Taiyuan Herbal Medicine Co., Ltd. (Anhui, China). All of
hese plants were classified by Lin Dong at the Pharmacognosy
epartment, College of Pharmacy, Ningxia Medical University, and
oucher specimens were deposited in one unit (Herbarium num-
er: 20130721, 20130723, 20130801, 20130811, 20130813).

The reagents, materials, and apparatuses used were as follows:
rans-cinnamaldehyde reference substance (Chinese Food and Drug
nspection Institute, Voucher No.: 110710-201418, 99.4%); super-
ritical CO2 extraction unit (US Applied Separations Inc.); 6890N
gilent gas chromatograph (American Agilent Company); gas
hromatography–mass spectrometry (GC–MS) apparatus (Amer-
can Agilent Company); anaerobic bag (Mitsubishi Ltd.); PC12
ell line (Shanghai Institute of Chinese Academy of Sciences);
arbon dioxide (CO2, 99.95%); high-glucose Dulbecco’s modified
agle’s medium (DMEM; Hyclon); PBS (Hyclon); fetal bovine serum
FBS; PAN); nimodipine (Sigma); glucose-free culture medium
Gibco); commercial kits for lactate dehydrogenase (LDH), malon-
ialdehyde (MDA), superoxide dismutase (SOD), glutathione (GSH),
lutathione peroxidase (GPX), nicotinamide adenine dinucleotide
hosphate oxidase (NOX), and nitric oxide (NO) (Beijing Chenglin
ioengineering Institute). The remaining materials used were ana-

ytical reagents.

il extraction

After proper crushing and sieving in 40 mesh, the white pep-
er, long pepper, myrrh, cinnamon, and saffron were mixed at the
onventional ratio 1:2:2:2:2 (w/w). Then, 45 g sample was  loaded
nto the extraction cell. Carbon dioxide played a cooled and liq-
efied role which from a gas cylinder passed to refrigerator unit.

n the high pressure pump the liquefied CO2 was compressed, then
assed into a surge tank and transferred to the main extraction col-
mn. The other conditions were maintained to be constant within
he different experimental conditions was tested in triplicate. Per-
entage content of oil can be calculated on basis of the dried powder
eight (Sodeifian et al., 2017).

R yield (%) = OR weight (g)
material loaded (g)

× 100%

etermination of cinnamonaldehyde content
GC was performed using an Agilent 6890N gas chromatograph,
P-5MS quartz capillary column (30.0 m × 320 �m × 0.25 �m),  and
arrier gas for high-purity nitrogen with 1.2 ml/min column flow.
he heating program included a column temperature of 50 ◦C for
acognosia 28 (2018) 312–319 313

1 min; a temperature ramp of 8 ◦C/min to 150 ◦C, which was  held for
3 min; a temperature ramp of 3 ◦C/min to 210 ◦C, which was held
for 5 min; and finally, a temperature ramp of 5 ◦C/min to 240 ◦C,
which was held for 15 min. The inlet temperature was  250 ◦C, the
temperature of the detector was 280 ◦C, and the sample volume
was 0.2 �l. The split ratio was  20:1.

Standard curve preparation for trans-cinnamaldehyde

trans-Cinnamaldehyde reference substance (CRS) was dissolved
in methanol to produce a solution containing 2.98 mg/ml  of the
substance as the reference solution. The control products above
were diluted 5, 10, 20, 30, and 40 times, generating a series of stan-
dard solutions and triplicates for each sample. These solutions were
then delivered separately into the gas chromatograph for analy-
sis. The measured average peak area Y corresponds to the vertical
coordinate, and the trans-cinnamaldehyde concentration X is in the
horizontal coordinate. A standard curve of trans-cinnamaldehyde
(Deng et al., 2014) content y = 233.76x − 4.1337, with r = 0.9999, was
obtained. The linear relationship between 0.0745 and 2.98 mg/ml
was favorable.

Single-factor experiment

To determine a reasonable range for the orthogonal experi-
ment, we  performed single-factor tests for the factors affecting
the OR yield, namely, extraction pressure, temperature, and time.
When a certain factor was  investigated, other factors became
unchanged.

Orthogonal experiment

Given the single-factor experimental results and the OR yield
and trans-cinnamaldehyde content as indices, selected extraction
temperature A (45 ◦C, 50 ◦C, and 55 ◦C), extraction pressure B (20,
25, and 30 Mpa), and extraction time C (80, 100, and 120 min)
as three factors for the factor level. Using an L9 (34) orthogonal
experimental design, investigated the influence of the three factors
on the OR extraction yield and the trans-cinnamaldehyde content
obtained by SFE.

trans-Cinnamaldehyde (mg/g) = trans-cinnamaldehyde (mg)
material loaded (g)

In the composite-grade method, the weight assignment for
the OR yield was  0.3, whereas that for trans-cinnamaldehyde
was 0.7. The specific calculation method was  applied in nine
samples. The extraction yield of each sample or the content of
the trans-cinnamaldehyde was  divided by the extraction yield
of nine samples or the maximum value of the content of trans-
cinnamaldehyde, and then the weight coefficient was multiplied.
The contribution value of the composite grade of extraction yield or
the content of trans-cinnamaldehyde in the sample was obtained.
The sum of the extraction yield and contribution value of the trans-
cinnamaldehyde content in the same sample was regarded as the
composite grade of the sample.

OR extraction and analysis

The appropriate amount of oil at the optimal extraction pro-
cess, obtained the total ion chromatogram through the automatic
request of spectral graphs from GC–MS. Comparing the mass
spectra with those of authentic compounds previously analyzed

and stored in the database from the national institute of stan-
dards and technology, the components were identified individual
(Sylvestre et al., 2006; Cheng et al., 2008; Argyropoulou and Skaltsa,
2012; Chen et al., 2013; Murugan and Mallavarapu, 2013; Singh
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t al., 2013; Langhasova et al., 2014; Sereshti et al., 2014; Tian
t al., 2014). All the chromatographic peaks were identified, and
he relative content of each component was determined by the area
ormalization method. Individual components were identified by
omparing the mass spectra with those of authentic compounds
reviously analyzed and stored in the data base from the national

nstitute of standards and technology.
GC–MS was conducted using a 6890N Agilent gas chromato-

raph and MS  Rxi-5sil capillary column (30 m × 0.25 �m,  0.25 �m).
he inlet temperature was 250 ◦C, and the heating program
ncluded an initial temperature of 50 ◦C for 1 min; a temperature
amp of 7 ◦C/min–120 ◦C, which was held for 3 min; a temperature
amp of 3 ◦C/min–200 ◦C, which was held for 3 min; and a temper-
ture ramp of 5 ◦C/min to 290 ◦C, which was held for 10 min. The
arrier gas, volume flow rate, sample volume, and split ratio were
9.999% helium, 1.0 ml/min, 1 �l, and 25:1, respectively.

Meanwhile, MS was performed using an EI ionization source, an
on source temperature of 230 ◦C, interface temperature of 320 ◦C,
nd scanning quality range of 33–500 m/z.

C12 cell culture and OGD establishment

PC12 cells were cultured in a medium containing 10% FBS,
00 U ml−1 penicillin, and 100 �g ml−1 streptomycin in high-
lucose DMEM. The cells were then incubated at 37 ◦C with a
umidified atmosphere containing 5% CO2 and 95% air, 0.25%
rypsin digestion, and passage. Cells in the exponential growth
hase were selected for the experiment.

PC12 cells were seeded into 96-well plastic plates at the density
 × 104 cells/well, after 24 h from experiment initiation. The model-

ng method was based on literature (Zhao et al., 2009) with slightly
odified experimental conditions and content. The experimental

roups were divided into the control group, Nimo (positive control)
roup, model group, and OR (50, 12.5, and 3.13 �g/ml) group. The
ulture medium was replaced, and the control and model groups
ere added with high-glucose and serum-free medium and placed

n an incubator for culture. The Nimo group was supplied with blank
erum high-glucose DMEM medium with 10 �mol/l nimodipine
Rahbar-Roshandel et al., 2008). The OR group was added with
lank serum high-glucose DMEM medium containing 50, 12.5, and
.13 �g/ml OR. Except for the supernatant of the control group,
upernatant fluids from the other groups were discarded after 24 h,
nd the culture medium was replaced with serum-free and no-
lucose DMEM. In an anaerobic pocket of the incubator culture at
7 ◦C, when the indicator changed to pink, we began recording time
ntil 8 h for the OGD.

-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
MTT) and LDH release assay

The specific method was as follows. PC12 cells were seeded into
6-well plastic plates at a density of 2 × 104 cells/well. Each well
as then provided with eight holes, and the cells were treated with
GD as described above. After treatment, 10 �l MTT  was dissolved

n full culture medium and added to each well. The plates were
ncubated for 4 h, and then the liquid was siphoned. Dimethylsul-
oxide (150 �l) was added to each well to fully dissolve the purple
rystals, and the absorbance of each well was detected at 495 nm

n the enzyme detector. The experiment was repeated three times.

Cell injury was confirmed by measuring the amount of LDH
eleased. Specific methods were performed for measurement in
ccordance with assay kit specifications at 450 nm.
acognosia 28 (2018) 312–319

Assessment of NO content and NOX activity in the PC12 cell
supernatant

After administration and OGD treatment, cell supernatant was
collected by sterile tube and centrifuged for 20 min  (400–900 × g).
The supernatant was collected carefully in accordance with assay
kit requirements and analyzed under a detection wavelength of
450 nm.

Assessment of MDA and GSH contents and SOD and GPx activities
in the cell lysate

After administration and OGD treatment, the cells were washed
with ice-cold PBS (pH 7.2–7.4) twice and diluted to form a
cell suspension, which was  subsequently homogenized to about
1 million/ml. The suspension was subjected to repeated freezing
and thawing to induce cell damage and component release. The
cell lysate was then centrifuged at 400–900 × g for 20 min, and the
supernatant was carefully collected in accordance with assay kit
requirements to measure GSH and MDA  contents as well as, GPx
and SOD activities. The detection wavelength was 450 nm.

Flow cytometry analysis of cell death

Apoptosis was  determined using an apoptosis detection kit.
Apoptosis was assayed by Annexin V-FITC and PI staining followed
by analysis with fluorescence-activated cell sorting (BD FACSCal-
ibur, USA). Briefly, cells were cultured in culture dish (300,000 cells
per well) and collected after OGD by trypsinization and washed
with cold PBS three times (500 rpm for 5 min). Then, the cells were
resuspended in 400 �l binding buffer, the FITC-annexin V (5 �l) and
PI (5 �l) were added and incubated for 15 min  at 4 ◦C in the dark.
After 20 min, cells were analyzed on the flow cytometer.

Statistical analysis

The experimental results were expressed as means ± standard
deviations (SDs). The results were analyzed using the statistical
program SPSS Statistics, Version 19.0. The data were subjected to
ANOVA, and p values of *p < 0.05 and **p < 0.01 were regarded as
statistically significant.

Results

Single-factor experiment

Drug powder (45 g) was accurately weighed and extracted
under different extraction temperature (40, 45, 50, and 55 ◦C), pres-
sure (20, 25, 30 and 35 Mpa) and time (20, 40, 60, 80, 100, and
120 min). The result shows the OR yield was  highest when the tem-
perature was 50 ◦C, and the OR yield decreased with temperature
increase. The OR yield was the highest at 25 Mpa, the curves approx-
imated a straight line or even a downward trend more than 25 Mpa.
And the OR yield was  the highest at 100 min, the yield was stabilized
more than 100 min  (Fig. 1).

Orthogonal experiment

According to the above results, employed OR yield and trans-
cinnamaldehyde content as index, and adopted an orthogonal L9
(3)4 test design. Repeated three times each experiment in paral-
lel, the orthogonal experimental design and results were shown

in Table 1, and the variance analysis in Table 2. Intuitive anal-
ysis shows that the effects of various factors on the extraction
process follows the order B > A > C; the effect of pressure on extrac-
tion efficiency was the greatest, followed by temperature and
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Fig. 1. Single-factor experiment. Effect of different extraction temperatures on extraction yield (A), effect of different extraction pressures on extraction yield (B), effect of
different  extraction times on extraction yield (C).

Table 1
The results of the orthogonal experiment analysis and the yield of trans-cinnamaldehyde for the oil recipe extraction.

No (A) Extraction
temperature
(◦C)

(B) Extraction
pressure (Mpa)

(C) Extraction
time (min)

Error column The yield of OR
(%)

The content of
trans-
cinnamaldehyde
(mg/g)

Colligation
score

1 45 20 80 1 1.11 0.53 0.24
2  45 25 100 2 3.99 1.05 0.59
3  45 30 120 3 4.72 1.37 0.75
4  50 20 100 3 1.40 0.52 0.26
5  50 25 120 1 1.56 0.73 0.34
6  50 30 80 2 1.96 0.97 0.44
7  55 20 120 2 1.41 0.51 0.26
8  55 25 80 3 1.43 1.23 0.49
9  55 30 100 1 2.79 2.14 0.88

K1 0.527 0.253 0.390 0.487
K2 0.347 0.473 0.577 0.430
K3 0.543 0.690 0.450 0.500
R  0.197 0.437 0.187 0.070

Table 2
Analysis of variance (ANOVA) of the oil recipe extraction.

Factor SS f S F Significant

Extraction temperature 0.071 2 0.036 8.61
Extraction pressure 0.286 2 0.143 34.51 a

Extraction time 0.544 2 0.272 6.57
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Table 3
Chemical composition and retention indices of the oil recipe.

aRt bRIcalc cRIlit Compound d%

5.64 940 928 �-pinene 1.07
10.01 1185 1188 �-terpinenol 1.24
12.45 1276 1271 trans–cinnamaldehyde 14.14
15.83 1380 1382 �-cubebene 1.71
17.37 1424 1426 �-caryophyllene 5.21
17.79 1436 1438 �-guaiene 1.32
19.42 1481 1482 germacrene D 0.74
19.52 1483 1460 allo-aromadendrene 1.82
19.64 1487 1489 �-selinene 0.67
19.81 1491 1492 valencene isomer 0.72
20.14 1501 1500 �-bisabolene 2.56
20.43 1508 1508 �-farnesene 0.91
20.84 1520 1519 myristicin 1.17
24.78 1628 1630 apiol 0.92
26.62 1679 1678 �-santalol 1.58
26.93 1687 1685 �-bisabolol 4.11
27.43 1701 1700 n-heptadecane 2.40
32.88 1859 1857 elemol 2.04
33.65 1882 1889 nerolidol isobutyrate 1.70
35.05 1952 1953 3-ethyl-3-hydroxyandrostan-17-one 0.62
40.61 2246 2225 sclareol 1.64
46.95 2454 2499 pentacosane 2.36
51.69 2669 – longifolene 6.07
54.52 2853 – tetracontane 1.75
57.56 3055 – piperine 9.32
64.6  3456 – �-amyrin 6.79
65.79 3483 – lupenone 6.28

a Rt-retention time (min) from a linear temperature program.
b RIcalc-retention index calculated for each compound.
Error column 0.008 2 0.004 1.00

a Significant at 0.05 level.

hen extraction time. Variance analysis reveals that the extrac-
ion pressure, but no temperature and time, significantly affected
he experimental results. Along with the single-factor tests, deter-

ined that the best conditions for A2B3C2 are as follows: extraction
ressure of 30 Mpa  at 50 ◦C for 100 min. Under such conditions, the
R yield was 4.8% (relative SD [RSD] = 0.02%, n = 3), and the cinnamic
ldehyde content was 2 mg/g (RSD = 1.8, n = 3). These findings indi-
ate that the process was reasonable and effective.

C–MS analysis

The total ion chromatogram of the compounds and the relative
R contents are shown in Table 3, respectively. By GC–MS analy-

is, forty compounds were detected, of which 27 compounds were
dentified, representing 80.86% of the total composition, trans-
innamaldehyde (14.14%), piperine (9.32%), �-amyrin (6.79%),
upenone (6.28%), longifolene (6.07%), �-caryophyllene (5.21%), �-
isabolol (4.11%), and �-bisabolene (2.56%) were found to be the
ajor constituents of oil (Ching, 2011; Lima et al., 2014; Chaskar

t al., 2017). The content of trans-cinnamaldehyde in OR was  the

ighest, and it was shown to have the effect of dilating blood
essels and lowering blood pressure (Zhou et al., 2015). Thus,
electing trans-cinnamaldehyde as index component for process
ptimization is a reasonable action. However, some high-content
c RIlit-retention index obtain from published literature.
d %-relative abundances from peak area integration.
compounds have not been identified in the figure and require fur-
ther study.
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ig. 2. Effects of OR on PC12 cell viability under OGD for 8 h as determined by MTT
A) and LDH release (B) assays, Histograms represent means ± SDs at n = 8. **p < 0.01
GD + model group vs. control group; *p < 0.05 and **p  < 0.01 vs. OGD + model group.

romotion of the viability of the OGD-injured PC12 cells by OR

The effects of OR on cell viability were determined by MTT
ssay (Fig. 2A), and the oil at 50, 12.5, and 3.13 �g/ml concentra-
ions significantly promoted PC12 cell viability. The cell viabilities
ere 79.27% ± 6.07%, 71.52% ± 6.05%, and 60.01% ± 6.01%, respec-

ively, compared with that of the model group at 51.17% ± 2.31%,
ndicating significant increases.

LDH was measured to further assess the protective effect of
he oil against OGD on the cultured PC12 cells (Fig. 2B). The LDH
ontents were 4.70 ± 0.38, 6.1 ± 0.16, and 9.14 ± 0.94 IU/l in the
0, 12.5, and 3.13 �g/ml groups, respectively, compared with the
odel group (10.82 ± 0.45 IU/l). The OR group significantly reduced

DH release, and the effect of the high dose was similar to that in
he Nimo group (4.11 ± 0.2 IU/l).

etermination of NO content, NOX activity in the supernatant and
DA  and GSH content, GPx and SOD activities in the cell lysate

Oxidative stress induced by OGD is an important cause of cell
eath (Cao et al., 2010). After OGD, the MDA  content increased from
.59 ± 0.1 nmol/l (control group) to 6.3 ± 0.5 nmol/l (model group).

R (50, 12.5, and 3.13 �g/ml) significantly prevented the rise of
DA  under OGD-induced injury (Fig. 3A). Meanwhile, SOD activity
as decreased in the model group (Fig. 3B). Compared with con-

rol group, the SOD activity in the 50 and 12.5 �g/ml OR groups
acognosia 28 (2018) 312–319

significantly increased, but the 3.13 �g/ml OR group did not sig-
nificantly change. The GSH level and GPX activity decreased to
336.38 ± 51.17 ng/l and 19.97 ± 2.63 pmol/ml after OGD, however,
OR (50, 12.5, and 3.13 mg/ml) can significantly inhibit the decline
of GSH and GPX (Fig. 3C and D). The NOX activity and NO content
show a decided increase over control group (*p < 0.05), while OR
(50, 12.5, and 3.13 �g/ml) markedly prevented the increase of NOX
activity and NO content (Fig. 4A and B).

OR prevented OGD – induced apoptosis in PC12 cells

To analyze the possible anti-apoptotic capability of OR under
OGD-condition by flow cytometry using FITC-Annexin V/PI dou-
ble staining. Relative to the percentage of apoptotic cell in control
group (6.58 ± 0.32%), cell apoptosis was  27.05 ± 1.89% in the model
group. However, pretreat of the cells with OR (50, 12.5, and
3.13 �g/ml) and Nimo (10 �mol/l) were very effective for atten-
uating OGD-induced apoptosis cell death, reducing the apoptosis
cell count to 16.63 ± 1.58%, 21.9 ± 1.28% and12.85 ± 0.87% (Fig. 5).

Discussions

TCHM is an important branch of traditional Chinese Medicine
that covers disease prevention and treatment, as well as other
important health care aspects, in the Hui people. However, to
date, TCHM research is in the initial stage. Hui medicine treatment
and literature are poor and lacking systematic pharmacological
research; hence, its clinical application lacks scientific support. This
paper studied the extraction, component analysis, and pharma-
cological activity of component herbs in a TCHM to provide an
experimental basis for the development and utilization of the cor-
responding TCHM prescription.

As shown in other researches, trans-cinnamaldehyde has neuro-
protective effects against glutamate-induced oxidative stress and
piperine exerts a neuroprotective effect on corticosterone-induced
neurotoxicity in PC12 cells, as well as �-bisabolol decreased ner-
vous excitability elicited caused by an irreversible blockade of
voltage-dependent sodium channels (Alves et al., 2010; Lv et al.,
2017; Mao  et al., 2012). Therefore the major component of the oil
may  be protecting the nervous system in stroke, the development
of this oil recipe research is imperative.

SFE has been widely used in extracting volatile oil in recent years
with advantages of simple technology, convenient operation, high-
purity oil yield, and retention of all components (Peng et al., 2012).
trans-Cinnamaldehyde had the protective effect against glutamate-
induced oxidative stress, and was the major component consisting
of OR shown in result (14.14%), so it is reasonable as an index
compound. In the experiment, an exceedingly high temperature
produced powder adhesive in the paste mill chamber wall. Hence,
we adjusted the crushing ambient temperature to around 25 ◦C
and the mill power to a level not exceedingly high to prevent OR
volatilization. A sealing method was also used to prevent the loss
of crushed medicinal powder.

The alterations of LDH, MDA, SOD, GPX and GSH  were caused
by oxidative stress-induced cell injury. SOD was  the important line
of defense against cell injury in cytotoxic reactive oxygen species.
Nox, a major source of brain reactive oxygen species, MDA, the
end product of lipid peroxidation, expressed throughout the cen-
tral nervous system are as reliable biomarkers for assessing the
severity of oxidative stress. LDH released from the cytoplasm into

the extracellular environment in response to cellular damage, due
to endogenous cellular mechanisms or as a result of exogenously
applied insults. The whole of these shown above is relevant to
neuronal cell death, oxidative stress, glutamate neurotoxicity, and
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euroinflammation (Shu et al., 2016; Kaja et al., 2017; Liu et al.,
017).

This study established PC12 cells in an in vitro model of OGD,
imulated in vivo hypoxic/ischemic conditions, and explored the
rotective effect of OR against OGD injury. Compared with the
ypoxia model group, the OR group showed a significant increase in
C12 cell viability and reduction in LDH release with obvious dose
ependence. The effect of the OR group (50 �g/ml) was similar to
hat of the Nimo group, suggesting that the oil can significantly
meliorate OGD injury in PC12 cells. The study confirmed (Lecht
t al., 2012) that cell OGD injury is induced by a large amount
f oxygen free radicals, and the free radicals easily cause lipid
eroxidation of cell and mitochondrial membranes rich in phos-
holipids. Consequently, the cell and mitochondrial membranes
ere damaged, and neuronal injury and neurological functional
efect ensued. The end product of lipid peroxidation is MDA, which

s an important index for evaluating body oxidation reaction lev-
ls. Compared with the model group, the preventive treatment
roups showed significant reductions in MDA  content in the PC12
ells (*p < 0.05). OR can increase MDA  formation by inhibiting the
ypoxia and glucose deprivation in the cells. As a result, lipid perox-

dation levels diminished, and the cells were protected. SOD is that
he major enzyme involved in the in vivo metabolic activity against
xygen-centered radicals. Our study found that the SOD activities
n the high- and medium-dose groups were higher than that in the

odel group (*p < 0.05). This result reveals the cellular antioxidant
apacity enhancement and increased cell resistance against oxygen
tress and peroxidation to avoid injury. As an important antioxi-
ant, GSH can combine with free radicals and can hence protect
ormal cell metabolism (Kepekci et al., 2013). After giving drug
reatment, GSH content increased significantly, suggesting that oil
an enhance cell antioxidant capacity. GPX can effectively remove
ree radicals in vivo through the catalytic GSH reduction of hydrogen
eroxide and thus protects cells from oxidative damage. Compared
ith the model groups, the OR groups showed different degrees of

nhanced GPX activity. Excessive NO production can cause cell tox-
city; NO and O2

− may  react and generate OONO− (Raij, 2006). The
O content in the model group increased significantly (**p < 0.01)
nd that in the treatment groups reduced significantly (*p < 0.05)
elative to that in the control. In the OGD injury of the brain,

OX can produce a substantial number of reactive oxygen species

ROS) after activation (Tang et al., 2010; Chen et al., 2011; Shen
t al., 2011). ROS induces cell apoptosis from oxidative stress and
ven cell necrosis. Thus, high NOX activity indicates that the cells
s represent dead neurons, late apoptotic neurons, normal neurons, early apoptotic-
group, OR (50, 12.5, and 3.13 �g/ml) groups, and nimodipine respectively. (G) The
1 vs control group; *p < 0.05, **p < 0.01 vs vehicle group.

are damaged seriously. In the experiment, the NOX activity in the
model group was significantly increased whereas those in the OR
groups significantly decreased (*p < 0.05) with respect to that in the
control group.

This study verified that the OR can protect PC12 cells from OGD
injury at the cellular level. The mechanisms may  be related to
antioxidant effects, free-radical scavenging, prevention of PC12 cell
lipid peroxidation, and maintenance of the normal cell membrane
structure.

Authors’ contributions

JL and EG collected the plant samples and conducted laboratory
work. LD identified the medicinal materials, and EG analyzed the
data. LC, QP, and XF critically proofread the manuscript. LZ designed
the study, supervised the laboratory work, and contributed to the
critical reading of the manuscript. All the authors read the final
manuscript and approved its submission.

Ethical disclosures

Protection of human and animal subjects. The authors declare
that the procedures followed were in accordance with the regula-
tions of the relevant clinical research ethics committee and with
those of the Code of Ethics of the World Medical Association (Dec-
laration of Helsinki).

Confidentiality of data. The authors declare that they have fol-
lowed the protocols of their work center on the publication of
patient data.

Right to privacy and informed consent. The authors declare that
no patient data appear in this article.

Conflicts of interest

The authors declare no conflicts of interest.
Acknowledgments

This work was  supported by grants from the National Science
and Technology Major Project of China (Project no. 2013BAI11B07).



 Farm

R

A

A

B

C

C

C

C

C

C

C

D

F

F

J

K

K

L

L

L

L

L

L

J. Li et al. / Revista Brasileira de

eferences
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