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Effects of pretreatment with methanol 
extract of Peucedani Radix on transient 
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Abstract 

Background:  Stroke is the second most common cause of death and may result in various disabilities; thus, iden‑
tification of neuroprotective therapeutic agents is important. Peucedani Radix (PR), the root of Angelica decursiva, is 
a well-known remedy for damp and phlegm in Korean medicine and has also been shown to exert antioxidant and 
anti-inflammatory activities. This study was performed to investigate the mechanism underlying the anti-inflamma‑
tory effect of methanol extract of PR (PRex) on cerebral ischemic injury.

Methods:  C57BL/6 male mice were orally administered PRex (20, 60, or 200 mg/kg) at 2 days, 1 day, and 1 h prior to 
middle cerebral artery occlusion (MCAO). Twenty-four hours after MCAO, the infarct volume was measured and the 
neurological deficit score was assessed. The inflammatory-related substances in the ipsilateral hemisphere were deter‑
mined by western blotting, DCFH-DA assay, TBARS assay, and ELISA.

Results:  PRex pretreatment significantly decreased the infarct volume at 24 h after MCAO. Moreover, PRex effectively 
suppressed the expression of iNOS, ROS, MDA, and pro-inflammatory cytokines, such as IL-1β and TNF-α, in brain tis‑
sue of mice with MCAO-induced brain injury.

Conclusions:  PRex protected neurons from ischemic brain injury in mice through its antioxidant and anti-inflamma‑
tory activities. Our results suggested that PR could be a promising candidate in the therapy of ischemia-induced brain 
damage.
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Background
The clinical signs of stroke, which arise from a focal dis-
order of cerebral function that results from the occlusion 
of blood vessels or hemorrhage, include diverse speech 
and motor disorders or death [1, 2]. As the quality of life 
for patients and their families may be irreversibly dimin-
ished, the prevention and treatment of stroke are very 
important, and results from stroke are highly correlated 
with the extent of brain tissue damage from oxidative 
damage and neuroinflammation [3, 4]; thus, research 

into anti-inflammatory and neuroprotective therapeutic 
interventions is warranted.

To investigate the efficacy of therapeutic agents against 
ischemia-induced brain damage, which accounts for 
approximately 80% of the types of stroke [5], an animal 
model with similar pathological changes as those in the 
human body is necessary. The rodent model of mid-
dle cerebral artery occlusion (MCAO), which is repro-
ducible and minimally invasive, is commonly used in 
stroke research [6, 7]. The intraluminal filament method 
devised by Koizumi et  al. [8], and later modified by 
Longa et  al. [9], has been widely used because it allows 
reperfusion post occlusion [10]. Gupta et al. studied the 
neuroprotective effect of a combination of Zizyphus 
jujuba and silymarin [11], Gim et al. researched the anti-
oxidant activities of curcumin treatment in rats with 
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MCAO-induced cerebral ischemia [12], and Na et  al. 
reported the antioxidant and anti-inflammatory activities 
of 6-shogaol pretreatment in MCAO-injured mice [13].

Peucedani Radix (PR), the root of Angelica decursiva 
Franchet et Savatier, has been used traditionally as a rem-
edy in Korean medicine for thick phlegm, cough, asthma, 
and upper respiratory tract infections [14]. Many studies 
of the pharmacological activities of PR have been recently 
undertaken. Lim et al. found that the methanol extract of 
PR had significant inhibitory activity against lung inflam-
mation [15] and Zhao et al. reported that the constituents 
of PR, predominantly umbelliferone 6-carboxylic acid, 
could be used for the treatment of oxidative stress-related 
inflammatory diseases [16]. Coumarins from A. decur-
siva were demonstrated to be effective in the treatment 
of type 2 diabetes and inflammation-associated disor-
ders [17, 18]. These studies demonstrated the antioxidant 
and anti-inflammatory activities of PR, which may offer 
a potential treatment for cerebral damage as oxidative 
stress and inflammation are responsible for ischemic 
injury and can eventually result in neuronal death [19]. 
Although the various cytoprotective actions of PR have 
been extensively investigated, its effects against ischemia-
induced brain damage have not been determined. Hence, 
to determine whether PR inhibits ischemic brain damage, 
we observed infarct volumes, neurological deficits, and 
inflammatory mediators in mice with MCAO-induced 
brain injury after PRex pretreatment.

Methods
PR treatment
PR was purchased from Naemomedah (Kwangmyoung-
dang Medicinal Herbs, Ulsan, Korea) and authenticated 
by Dr. Cho (Pusan National University School of Korean 
Medicine, Yangsan, Korea). Due to difficulties of main-
taining consistent qualities of herbal extracts, fingerprint-
ing data of the PRex were obtained for future study using 
high performance thin layer chromatography (HPTLC) 
method (Additional file  1: Figure S1). A voucher speci-
men (No. PD16-0322) was deposited in the low tem-
perature room of the laboratory. For solvent extraction, 
PR (200 g) was immersed in methanol (1000 mL), left at 
room temperature for 5  days, and the supernatant fluid 
was collected. This process was repeated for the PR resi-
due. The first and second supernatant fluid were filtered 
with filter paper and concentrated to dryness; finally, a 
total of 64 g PR extract (PRex) was obtained (32% yield). 
PRex was dissolved in dimethyl sulfoxide (DMSO), 
diluted with 0.9% normal saline, filtered through a 0.45-
μm pore sized syringe filter, and adjusted to the concen-
trations of 20, 60, and 200 mg/kg.

Animal model
The experimental protocol involving animals was 
approved by the ethics committee of PNU (Pusan 
National University; Approval Number PNU-2016-1087). 
The Minimum Standards of Reporting Checklist (Addi-
tional file  2) contain details of the experimental design, 
and statistics, and resources used in this study. Male 
SPF C57BL/6 mice (Daehan Biolink, Chungbuk, Korea) 
(22–25 g) were housed in a temperature- and humidity-
controlled environment under a 12-h light/dark cycle and 
given food and water ad libitum for at least 7 days prior 
to the experiment. Three mice were housed in each cage. 
The mice were randomly divided into five groups with a 
minimum of eight mice in each group: the sham control 
group, in which the animals underwent surgery, but were 
not subjected to MCAO; the MCAO control group, in 
which the animals did not receive PRex pretreatment, but 
were subjected to MCAO; and the 20, 60, and 200  mg/
kg PRex pretreated MCAO groups, in which the animals 
received PRex treatment at 20, 60, or 200 mg/kg, respec-
tively, and were subjected to MCAO. The animals were 
orally administered 20, 60, or 200 mg/kg of body weight 
at 2 days, 1 day, and 2 h prior to the MCAO procedure 
(Fig. 1); in the other groups, mice received an equivalent 
amount of normal saline instead of PRex. Mice in the 
MCAO control group and the PRex groups were sub-
jected to MCAO. Isofluorane gas (2%) was added to a 
mixture of 70% N2O and 30% O2 to produce the inhala-
tion anesthetic. During the operation, rectal temperature 
was maintained at 36.5 ± 0.5 °C via a heating pad and rel-
ative cerebral blood flow (rCBF) was monitored using a 
Laser-Doppler blood flow system (moorVMS-LDF, Moor 
Instruments, Devon, UK). The general procedure of Koi-
zumi et  al. [8] was employed, with some modifications. 
The hair on the chest and neck of the animal was cleanly 
removed using a clipper and the skin was cut. After the 
branches of the left common carotid artery (LCCA) were 
confirmed, the left external carotid artery (LECA), left 
internal carotid artery (LICA), and surrounding connec-
tive tissues were carefully arranged under a stereo micro-
scope (Nikon 745, Tokyo, Japan) to secure a clear view.

The LECA and the LCCA were bound with 4/0 silk 
sutures (Ethicon Inc., NJ, USA) to temporarily obstruct 
the flow of the LICA. A filament (11-mm length of 8/0 
nylon suture with a silicon-coated tip, Ethicon, Scotland) 
was inserted slowly through the LICA to the origin of 
the LMCA to occlude the LMCA. The inserted filament 
was fixed with blood vessels and left for 2 h to ensure an 
ischemic period. Subsequently, the filament was removed 
to allow reperfusion. During the 2-h period, rCBF was 
reduced to  <  20%, but sharply increased to  >  90% of 
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baseline during reperfusion, which indicated that the 
MCAO procedure was successful. The skin was imme-
diately sutured and the animal was awakened from 
anesthesia. In the sham control group, the sham opera-
tion consisted of binding of the LECA and ligation of 
the LCCA, but the LMCA was not occluded; finally, the 
incised muscle and skin were sutured. The mice were 
euthanized by CO2 inhalation at 24 h after MCAO.

Measurement of infarct volume
The brains harvested at 24 h after the MCAO procedure 
were immediately sliced into 1-mm coronal sections 
from the olfactory bulb to just before the cerebellum and 
10 sections were cut per brain. The sections were incu-
bated with 2% 2,3,5-triphenyltetrazolium chloride (TTC) 
solution for 17 min at 25 °C and then soaked in 10% neu-
tral buffered formalin for more than 2 h. Relative edema 
and infarct volumes were computed by Image J software 
(NIH, Maryland, USA) from digital images obtained by a 
digital camera.

Neurological deficit scores
Twenty hours after MCAO, neurological deficit scores 
were assessed by using the following five-point scale: 
0, no neurological deficit; 1, an incomplete extension 
of right forepaw and a reduced grip when tail pulled; 2, 
voluntary movement in all directions and turning to the 
right when tail pulled; 3, walking or circling to the right 
and sensitive to nociception when stimulated; 4, no 
response to stimulation or stroke-related death.

Western blot analysis
The mice brains of ischemic hemisphere were dissected 
and homogenized in modified phosphate buffered saline 
(PBS) containing 150  mM NaCl, 1  mM EDTA, 50  mM 
Tris, and 1:100 (v/v) of proteinase inhibitor. The expres-
sion level of inducible nitric oxide synthase (iNOS) in the 
mouse brains was then assessed by western blotting.

Total proteins were isolated using a protein extraction 
solution (pro-prep, iNtRON, Gyeonggi-do, Korea). The 
cell lysates were obtained by centrifugation at 13,250×g 
for 10 min at 4 °C. Equal amounts of proteins were sepa-
rated in sodium-dodecyl sulfate polyacrylamide gels and 
transferred to PVDF membranes (Millipore, Darmstadt, 
Germany), which were blocked using 5% skim milk in 
TBST buffer for 1 h at room temperature and then incu-
bated overnight at 4 °C with specific antibodies for iNOS 
(1:500) and β-actin (1:1000). Subsequently, the mem-
branes were incubated with horse radish peroxidase 
(HRP)-conjugated goat anti-rabbit IgG pAb (1:5000) and 
HRP-conjugated goat anti-mouse IgG pAb (1:3000) for 
2 h. The membranes were then treated with ECL solution 
(GenDEPOT, Houston, TX, USA) and the protein bands 
were detected by a photosensitive luminescent analyzer 
system (Amersham™ Imager 600, UK). The band intensi-
ties were analyzed using Image J (NIH, Maryland, USA) 
to determine the relative protein quantities in compari-
son with β-actin. iNOS antibody were obtained from Cell 
Signaling (Danvers, MA, USA), and secondary antibod-
ies goat anti-rabbit IgG pAb was obtained from Enzo Life 
Sciences (Farmingdale, NY, USA).

Fig. 1  Design of the MCAO model. The mice were pretreated with methanol extract of Peucedani Radix (PRex) for three consecutive days before 
MCAO and the mice were killed 24 h after MCAO. During the ischemic conditioning, the relative cerebral blood flow (rCBF) was monitored by using 
Laser-Doppler flowmetry. LCCA left common carotid artery, MCA middle cerebral artery
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Inflammatory cytokine analysis
The brain tissue of ischemic hemisphere was homog-
enized in PBS (pH 7.4) (5% w/v) and the resultant 
homogenates were clarified at 10,000×g for 5 min at 4 °C. 
The post-mitochondrial supernatants were obtained by 
a second centrifugation step at 10,000×g for 20  min at 
4 °C and used for enzyme-linked immunosorbent assays 
(ELISAs) (Abcam, Cambridge, MA, USA). The levels of 
IL-1β and TNF-α in the brain tissue were measured by 
ELISA using a commercially available kit in accordance 
with the manufacturer’s instructions. The detection limit 
of the assay was 0.1 ng/mL. The absorbance of the reac-
tion products at 450 nm was measured by using a micro-
plate reader.

Determination of ROS
To measure the production of reactive oxygen species 
(ROS) and malondialdehyde (MDA), ROS generation in 
the brain was determined in tissue homogenates by using 
dichlorofluorescein diacetate (DCFH-DA) [20]. The tis-
sue homogenate was incubated with 1 mM 2′,7′-dichlo-
rodihydrofluorescein diacetate for 30  min at 37  °C. The 
absorbance was measured by using a fluorescence micro-
plate reader at an excitation wavelength of 485 nm and an 
emission wavelength of 535 nm.

Estimation of oxidative stress markers
To measure oxidative stress in the injured brain tissue, 
level of malondialdehyde (MDA), a biomarker of lipid 
peroxidation, was estimated. The level of MDA in the 
injured hemispheres was examined using the TBARS 
(thiobarbituric acid-reactive substances) Assay Kit (Cay-
man Chemical, Ann Arbor, MI) [21]. The optical density 
(OD) was read at 540 nm by a spectrophotometer and the 
results were defined as μM/μg wet tissue.

Histological staining
The harvested brain tissue was fixed in 10% formalin, 
dehydrated by alcohol, and embedded in paraffin. The 
sections of the tissue were cut into 3-μm thick slices on 
the glass slides, deparaffinized by xylene, and stained 
with hematoxylin and eosin (H&E) or cresyl violet (CV) 
to observe the histological changes in brain tissue after 
MCAO-injury by using a microscope (ZEISS AXIO, Carl 
Zeiss, Oberkochen, Germany).

Statistical analysis
One-way ANOVA was used to determine the statisti-
cal significance of differences. The data were expressed 
as the mean ± standard deviations (STDEVs). SPSS 23.0 
version was used to perform the statistical analyses and p 
values of ≤ 0.05 were considered statistically significant.

Results
Effects of PRex on infarct volumes and behavioral deficits
The regions of infarction were represented by TTC stain-
ing. The sham operation induced no damage, but MCAO 
caused a relatively wide range of damage in the ipsilat-
eral hemispheres (mean ±  SD; 121.167 ±  12.671 mm3). 
However, significantly smaller infarct lesions were 
found in the 60 or 200  mg/kg PRex pretreated MCAO 
groups than in the MCAO control group (60  mg/kg, 
101.0  ±  7.874  mm3; 200  mg/kg, 97.167  ±  9.867  mm3) 
(Figs. 2, 3a). The neuronal deficit scores were significantly 
higher in mice with MCAO. PRex pretreatment did not 
significantly reduce motor behavioral scores compared 
with the MCAO control (Fig. 3b).

Effects of PRex on iNOS expression
As determined by the western blot analysis to identify 
protein changes in harvested brain sections at 24 h after 
MCAO, the inducible NOS (iNOS) level was significantly 
higher than that of the sham controls. However, mice in 
the 200 mg/kg group had significantly lower iNOS levels 
than did the mice in the MCAO control group (Fig. 4a).

Effects of PRex on pro‑inflammatory cytokine levels
The effects of PRex on brain inflammation after MCAO 
injury were evaluated by the measurement of the levels 
of pro-inflammatory cytokines. The brains of MCAO-
injured mice exhibited higher concentrations of IL-1β 
(mean ± SD: 642 ± 89 pg/mL) and TNF-α (487 ± 87 pg/
mL) compared with levels in the sham-operated mice (IL-
1β, 186 ± 13 pg/mL; TNF-α, 123 ± 45 pg/mL). However, 
PRex pretreatment significantly suppressed the expres-
sion of IL-1β (200 mg/kg, 428 ± 29 pg/mL) and TNF-α 
(60 mg/kg, 342 ± 62 pg/mL; 200 mg/kg, 339 ± 53 pg/mL) 
(Fig. 4b, c).

Effects of PRex on ROS production and lipid peroxidation
To examine the antioxidant effect of PRex, the con-
tents of ROS and MDA in the brain were measured. 
The ROS and MDA levels were significantly elevated in 
the MCAO group (mean ± SD: ROS, 221 ± 17%; MDA, 
1.60 ±  0.19  nmol/mg) compared with that in the sham 
operated group (ROS, 105 ± 6%; MDA, 0.70 ± 0.03 nmol/
mg). However, the ROS (200  mg/kg, 132  ±  16%) and 
MDA levels (60  mg/kg, 1.20 ±  0.12  nmol/mg; 200  mg/
kg, 0.90 ± 0.21 nmol/mg) were significantly lower in the 
PRex-administered groups (Fig. 5a, b).

Effects of PRex on histological changes in brain tissue
To confirm the histological changes in brain tissue 24 h 
after MCAO, the tissue was stained by H&E or CV. The 
brain tissue was more strongly stained red by H&E in 
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the MCAO control group than in the sham controls. At 
the highest concentration of PRex, the brain tissue was 
more strongly stained blue than that observed for the 

MCAO control group (Fig.  6a). In the MCAO control 
group, fewer purple-stained neurons were observed than 
in the sham controls; however, in the PRex pretreatment 

Fig. 2  Representative group images of ischemic lesion volume detected by TTC at 2 h after MCAO-induced brain injury. The harvested brain slices 
were stained with TTC to measure the infarct volume. The ischemic regions were identified as pale regions in the coronal slices. TTC, 2,3,5-triph‑
enyltetrazolium chloride

Fig. 3  Effects of PRex pretreatment on infarct volumes (a) and neuronal deficit score (b) in the brains of MCAO-injured mice. The PRex pretreat‑
ment significantly decreased the infarct volumes at 24 h after MCAO. But pretreatment of PRex did not improve neuronal deficit scores. The results 
are presented as the mean ± SD. ###p < 0.001 vs sham control group, **p < 0.01, ***p < 0.001 vs MCAO control group; n = 8 in each group
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Fig. 4  Effects of PRex pretreatment on iNOS (a), IL-1β (b), and TNF-α (c) in the brains of MCAO-injured mice. PRex pretreatment significantly 
decreased iNOS level in the mouse model of ischemic brain stroke (a). Representative western blots and quantitative analysis of iNOS expression 
show the effect of PRex on iNOS expression in brain tissue. The IL-1β and TNF-α levels were measured by using a commercially available ELISA kit. 
The results are presented as the mean ± SD. ###p < 0.001 vs sham control group, *p < 0.05, ***p < 0.001 vs MCAO control group; n = 8 in each 
group

Fig. 5  Effects of PRex on ROS (a) and MDA levels (b) in the brains of MCAO-induced mice. The results are presented as the mean ± SD. ###p < 0.001 
vs sham control group, **p < 0.01, ***p < 0.001 vs MCAO control group; n = 8 in each group
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groups, they appeared more often than in the MCAO 
control group (Fig. 6b).

Discussion
Globally, stroke has been the second most common cause 
of death for 15 years; more than six million deaths were 
attributed to stroke in 2015 [22]. Ischemia-induced brain 
damage accounts for approximately 80% of the types of 
stroke5 and may result in permanent disability, which 
severely impairs dependence and precipitates a large 
social expense. Furthermore, the incidence of stroke 
in young adults is experiencing an upward trend [23]. 
Therefore, the prevention and recovery of stroke are 
important issues.

In Korean medicine, ischemic brain damage is one of 
the diseases included in sudden hit by the wind (卒中風) 
and classified as fire-heat pattern (火熱證), Yin deficiency 
pattern (陰虛證), Qi deficiency pattern (氣虛證), and the 
dampness-phlegm pattern (濕痰證) [24]. The dampness-
phlegm pattern of stroke has a significant relationship 

with metabolic syndrome and obesity [25], which are 
prominent causes of stroke.

PR is a representative herb that expels damp and 
phlegm, and it has long been used as a therapeutic agent 
for thick phlegm, upper respiratory tract infections, and 
asthma [14]. PR was not mentioned as a major therapeu-
tic agent, but it has been reported to exert antioxidant 
and anti-inflammatory activities [15–18, 26], which are 
potentially related to the treatment of ischemia-induced 
brain damage.

When stroke occurs, the cell death that results from 
the deprivation of oxygen and glucose consequently 
results in cerebral damage [27, 28]. Although vari-
ous mechanisms participate in the pathological pro-
cess of stroke, considerable evidence has indicated that 
inflammation plays an important role in its progression 
[29–31]. The inflammatory responses caused by excito-
toxicity and oxidative stress owing to hypoperfusion in 
ischemic areas lead to blood–brain barrier dysfunction 
and cell death [32].

Fig. 6  Effects of PRex pretreatment on histological change in the brains of MCAO-injured mice stained by hematoxylin and eosin (a), and by cresyl 
violet (b). Red staining indicates nuclear damage. Neurons dyed by cresyl violet are stained purple
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Although several pharmacological agents were found 
to be effective in animal models, they did not work in 
humans [33, 34]. Laboratory experimental conditions 
did not reflect the factors that influenced stroke in the 
human population, nevertheless, the most applicable 
and frequently chosen animal models for research stroke 
are rodents [33, 35]. The MCAO injury to rodents, the 
most commonly used surgical procedure to produce 
stroke, damages the subcortical and cortical structures 
that mimic human cerebral infarcts in terms of the size 
and the affected structures [36]. Inflammation has been 
reported to play an important role in the pathogenesis 
of ischemic stroke; the brain responds to ischemic injury 
with an acute and prolonged inflammatory process that 
can be characterized by the rapid activation of resident 
cells, the production of pro-inflammatory mediators, 
and the infiltration of various types of inflammatory cells 
[37]. Over 1000 drugs have been tested in animal mod-
els; of these, 114 underwent clinical evaluation, but a 
larger proportion of the agents studied previously have 
failed. Despite the many clinical trials conducted, rt-PA 
remains the only agent shown to improve stroke outcome 
and therefore the optimum treatment of cerebral focal 
ischemia has remained as one of the major challenges of 
clinical medicine [33–38].

In this study, we evaluated the anti-inflammatory 
effect of PRex on ischemia-induced brain damage in a 
mice model. PRex pretreatment was found to reduce 
the infarct volumes in mice brains 24  h after MCAO 
(Figs. 2, 3a), but did not significantly improve the neuro-
logical behavioral deficits (Fig. 3b). In addition, histologi-
cal staining indicated that PRex pretreatment protected 
the nucleus and neuronal cells. Hematoxylin stains the 
nucleus blue and eosin stains the cytoplasm red; hence, 
tissues with damaged nuclei appear red. CV stains neu-
rons; in this study, the lighter purple staining indicates 
greater damage to the neurons of the brain tissues around 
the hippocampus. In the present study, the tissue stained 
red by H&E after MCAO injury became more blue as the 
concentration of PRex pretreatment increased (Fig.  6a) 
and the reduction in the area stained purple by CV after 
MCAO-induced brain injury was increased in the PRex 
pretreatment groups (Fig. 6b).

Nitric oxide synthase (NOS) enzymes, including 
endothelial NOS (eNOS), neuronal NOS (nNOS), and 
inducible NOS (iNOS), are important in the maintenance 
of homeostasis through the production of NO from 
l-arginine. eNOS and nNOS produce low physiological 
levels of NO; iNOS consistently produces large amounts 
of NO through inflammatory cytokines and bacterial 
products. NO can exert cytotoxicity through the forma-
tion of strong oxidant peroxynitrite with superoxide, 
especially in inflammatory responses. iNOS promotes 

inflammation and acts synergistically with other inflam-
matory mediators. In the brain, the increase in iNOS 
mRNA and protein after ischemia led to NO produc-
tion and DNA damage. Therefore, the inhibition of iNOS 
activity could be critical for the suppression of inflamma-
tion in the ischemic brain [39–44]. In the current study, 
PRex pretreatment was shown to reduce the effects on 
increased iNOS expression in MCAO-induced brain 
damage (Fig. 4a).

Among the cytokines known to be associated with 
inflammation in stroke [45], interleukin-1 (IL-1) and 
TNF-α were reported to aggravate cerebral injury; in 
contrast, interleukin-6 (IL-6), interleukin-10 (IL-10), and 
transforming growth factor-β (TGF-β) were shown to be 
neuroprotective [46]. In the early stage of focal cerebral 
ischemia, pro-inflammatory cytokines, such as IL-1β 
and TNF-α, promote the expression of adhesion-like 
glycoprotein P and E-selectin and the stimulation of leu-
kocytes attached to the activated vascular endothelium 
[47]. In the present study, PRex was found to significantly 
ameliorate the MCAO-induced upregulation of IL-1β 
and TNF-α expression (Fig. 4b, c).

After ischemia has started, energy depletion causes 
mitochondrial dysfunction and early generation of ROS 
and reactive nitrogen species (RNS) [19], the accumula-
tion of which triggers inflammation through the initia-
tion of a chain of harmful cell responses [48]. ROS are 
molecules derived from small oxygen species, including 
the superoxide anion radical (O2·−), hydroxyl radical 
(OH·), and certain non-radicals, such as hydrogen per-
oxide (H2O2) and the oxygen singlet (1O2) [27]. Among 
these oxidants, the superoxide anion is the most destruc-
tive because it can cause cytotoxicity in combination 
with NO [49]. In this study, PRex pretreatment effectively 
inhibited the increase in the ROS and MDA levels caused 
by MCAO-induced brain injury (Fig.  5a, b). MDA is a 
lipoperoxidation product that is used as an indicator of 
oxidative stress [50].

Consequently, PRex pretreatment suppressed infarc-
tion in mice brains after MCAO through decreased oxi-
dative stress, owing to reduced iNOS and ROS, and the 
regulation of the expression of pro-inflammatory fac-
tors, such as IL-1β and TNF-α. These results indicate 
that neuro-protective effects of PRex could be mediated 
by anti-oxidative and anti-inflammatory mechanisms in 
MCAO mice model ((Additional file 1: Figure S2).

Based on above results, PR could be regarded as 
promising agent for the prevention or initial treat-
ment of stroke through the inhibition of inflamma-
tory responses in cerebral infarction. However, further 
pharmacological studies on the effects of the pretreat-
ment of other extracts of PR on stroke, the components 
of PR that affect each pathway of ischemia-induced 
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brain damage, and the effects of PR treatment after 
cerebral damage are required to establish to clinical 
applications.

Conclusions
To demonstrate the effects of PRex pretreatment on 
ischemia-induced brain damage, the infarct volumes 
in the brain, the neurological deficit scores, and the 
expression of oxidative stress factors and inflammatory 
cytokines were observed at 24  h after MCAO-induced 
brain injury in mice. The results indicated that PRex pre-
treatment significantly decreased the infarct volume in 
mice brains after MCAO, but resulted in no significant 
reduction in the neurological behavioral deficit. PRex 
pretreatment significantly inhibited the expression of 
iNOS and the levels of ROS and MDA in mice brains 
after MCAO. PRex pretreatment significantly suppressed 
the expression of IL-1β and TNF-α in mice brains after 
MCAO. In conclusion, PRex pretreatment reduced 
the infarct volumes in the brains of mice with MCAO-
induced brain injury through interference in the inflam-
matory responses of ischemic brain injury. Our results 
indicated that PR could be a potential candidate for the 
prevention or treatment of cerebral stroke.

Abbreviations
PR: Peucedani Radix; PRex: methanol extract of Peucedani Radix; MCAO: mid‑
dle cerebral artery occlusion; DCFH-DA: dichlorofluorescein diacetate; TBARS: 
thiobarbituric acid-reactive substances; ELISA: enzyme-linked immunosorbent 
assay; iNOS: inducible nitric oxide synthase; ROS: reactive oxygen species; 
MDA: malondialdehyde; IL: interleukin; TNF-α: tumor necrosis factor alpha.

Authors’ contributions
SYJ, KMK and YKK designed the study. SYJ, KMK and SC performed the 
experiments. SL and CY conducted statistical analysis. SC and YKK wrote the 
manuscript. All authors read and approved the final manuscript.

Author details
1 College of Korean Medicine, Dong-Eui University, Yangjeong‑ro, Busanjin‑gu, 
Busan 47227, Republic of Korea. 2 School of Korean Medicine, Pusan National 
University, Yangsan, Gyeongnam 50612, Republic of Korea. 3 School of Public 
Health, Far East University, Chungbuk 27601, Republic of Korea. 4 College 
of Medicine, Dongguk University, Ilsandong‑gu, Gyeonggi‑do 10326, Republic 
of Korea. 

Acknowledgements
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Additional file

Additional file 1: Figure S1. High performance thin layer chromatogra‑
phy (HPTLC) images of methanol extract of Peucedani Radix (PRex) finger‑
printing. Figure S2. Schematic view of neuro-protective mechanisms of 
PRex in MCAO mice model.

Additional file 2 The Minimum Standards of Reporting Checklist.

Availability of data and materials
Please contact author for data requests.

Consent for publication
Not applicable.

Ethics approval and consent to participate
Prior to commencement of the study, ethical approval (Approval Number 
PNU-2016-1087) was obtained from the ethics committee of Pusan National 
University.

Funding
Not applicable.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

Received: 13 July 2017   Accepted: 5 October 2017

References
	1.	 WHO Monica Project Principal Investigators. The World Health Organiza‑

tion MONICA Project (monitoring trends and determinants in cardio‑
vascular disease): a major international collaboration. J Clin Epidemiol. 
1988;41(2):105–14.

	2.	 Roth S, Liesz A. Stroke research at the crossroads—where are we head‑
ing? Swiss Med Wkly. 2016;146:w14329.

	3.	 Chamorro A, Dirnagl U, Urra X, Plana AM. Neuroprotection in acute stroke: 
targeting excitotoxicity, oxidative and nitrosative stress, and inflamma‑
tion. Lancet Neurol. 2016;15(8):869–81.

	4.	 Barlow SJ. Identifying the brain regions associated with acute spasticity 
in patients diagnosed with an ischemic stroke. Somatosens Mots Res. 
2016;33(2):104–11.

	5.	 Poisson SN, Glidden D, Johnston SC, Fullerton HJ. Deaths from stroke in 
US young adults, 1989–2009. Neurology. 2014;83(23):2110–5.

	6.	 Durakan A, Tatlisumak T. Handbook of clinical neurology stroke, part 1 
basic and epidemiological aspects. New York: Elsevier; 2009. p. 1–464.

	7.	 Kim D. Animal models of stroke. Brain Neurorehabilit. 2011;4(1):1–11.
	8.	 Koizumi JYY, Nakazawa T, Ooneda G. Experimental studies of ischemic 

brain edema. I. A new experimental model of cerebral embolism in rats in 
which recirculation can be introduced in the ischemic area. Jpn J Stroke. 
1986;8:1–8.

	9.	 Longa EZ, Weinstein PR, Carlson S, Cummins R. Reversible middle cerebral 
artery occlusion without craniectomy in rats. Stroke. 1989;20:84–91.

	10.	 Macrae IM. Preclinical stroke research-advantages and disadvantages 
of the most common rodent models of focal ischaemia. Br J Pharmacol. 
2011;164:1062–78.

	11.	 Gupta S, Gupta YK. Combination of Zizyphus jujuba and silymarin 
showed better neuroprotective effect as compared to single agent 
in MCAo-induced focal cerebral ischemia in rats. J Ethnopharmacol. 
2017;197:118–27.

	12.	 Gim SA, Koh PO. Change of Peroxiredoxin-5 expression by curcumin 
treatment in cerebral ischemia. J Agric Life Sci. 2016;50(3):129–39.

	13.	 Na JY, Song K, Lee JW, Kim S, Kwon J. Pretreatment of 6-shogaol 
attenuates oxidative stress and inflammation in middle cerebral artery 
occlusion-induced mice. Eur J Ethnopharmacol. 2016;788:241–7.

	14.	 Cooperative Textbook Compilation Committee of National Korean Medi‑
cal College: Herbal medicine. Seoul: Young-Lim Pub; 2007. p. 495–6.

	15.	 Lim HJ, Lee JH, Choi JS, Lee SK, Kim YS, Kim HP. Inhibition of airway 
inflammation by the roots of Angelica decursiva and its constituent. 
columbianadin. J Ethnopharmacol. 2014;155(2):1353–61.

	16.	 Zhao D, Islam MN, Ahn BR, Jung HA, Kim BW, Choi JS. In vitro antioxidant 
and anti-inflammatory activities of Angelica decursiva. Arch Pharm Res. 
2012;35(1):179–92.

http://dx.doi.org/10.1186/s13020-017-0151-z
http://dx.doi.org/10.1186/s13020-017-0151-z


Page 10 of 10Jung et al. Chin Med  (2017) 12:30 

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

	17.	 Ishita IJ, Nurul Islam M, Kim YS, Choi RJ, Sohn HS, Jung HA, Choi JS. Cou‑
marins form Angelica decursiva inhibit lipopolysaccharide-induced nitrite 
oxide production in RAW 264.7 cells. Arch Pharm Res. 2016;39(1):115–26.

	18.	 Ali MY, Jannat S, Jung HA, Jeong HO, Chung HY, Choi JS. Coumarins from 
Angelica decursiva inhibit α-glucosidase activity and protein tyrosine 
phosphatase 1B. Chem Biol Interact. 2016;252:93–101.

	19.	 Lo EH, Dalkara T, Moskowitz MA. Mechanisms, challenges and opportuni‑
ties in stroke. Nat Rev Neurosci. 2003;4:399–414.

	20.	 Ruan Q, Liu F, Gao Z, Kong D, Hu X, Shi D, Bao Z, Yu Z. The anti-inflamm-
aging and hepatoprotective effects of huperzine A in d-galactose-treated 
rats. Mech Ageing Dev. 2013;134(3–4):89–97.

	21.	 Dawn-Linsley M, Ekinci FJ, Ortiz D, Rogers E, Shea TB. Monitoring thiobar‑
bituric acid-reactive substances (TBARs) as an assay for oxidative damage 
in neuronal cultures and central nervous system. J Neurosci Methods. 
2005;141(2):219–22.

	22.	 WHO: The top ten causes of death. Fact sheet no. 310. Geneva: World 
Health Organization; 2014;http://www.who.int/mediacentre/factsheets/
fs310/en/. Accessed 24 Apr 2017.

	23.	 Bejot Y, Delpont B, Giroud M. Rising stroke incidence in young adults: 
more epidemiological evidence, more questions to be answered. J Am 
Heart Assoc. 2016. doi:10.1161/JAHA.116.003661.

	24.	 Lee JA, Lee JS, Kang BK, Ko MM, Mun TU, Cho KH, Bang OS. Report on the 
Korean standard pattern identification for stroke-III. Korean J Orient Int 
Med. 2011;32(2):232–42.

	25.	 Min IK, Kim CH, Hwang JW, Park JY, Lee SY, Choi WW, Na BJ, Park SW, Jung 
WS, Moon SK, Park JM, Ko CN, Cho KH, Kim YS, Bae HS. The relation of 
dampness-phlegm and metabolic syndrome in acute stroke patients. J 
Korean Orient Med. 2009;30(1):109–19.

	26.	 Kim KH: The analysis of the prescriptions used for stroke in Pung (風) 
chapter in Donguibogam. Doctoral Dissertation. Dongguk University. 
2011.

	27.	 Rodríguez JCG. Acute Ischemic stroke. Rijeka: InTech; 2012. p. 29–58.
	28.	 Moskowitz MA, Lo EH, Iadecola C. The science of stroke: mechanisms in 

search of treatments. Neuron. 2010;67(2):181–98.
	29.	 Barone FC, Feuerstein GZ. Inflammatory mediators and stroke: new 

opportunities for novel therapeutics. J Cereb Blood Flow Metab. 
1999;19:819–34.

	30.	 Samson Y, Lapergue B, Hosseini H. Inflammation and ischaemic 
stroke: current status and future perspectives. Rev Neurol (Paris). 
2005;161:1177–82.

	31.	 Muir KW, Tyrrell P, Sattar N, Warburton E. Inflammation and ischaemic 
stroke. Curr Opin Neurol. 2007;20:334–42.

	32.	 Lakhan SE, Kirchgessner A, Hofer M. Inflammatory mechanisms in 
ischemic stroke: therapeutic approaches. J Transl Med. 2009;7:97.

	33.	 Casals JB, Pieri NC, Feitosa ML, Ercolin AC, Roballo KC, Barreto RS, Bressan 
FF, Martins DS, Miglino MA, Ambrósio CE. The use of animal models for 
stroke research: a review. Comp Med. 2011;61(4):305–13.

	34.	 Freitas GR, Noujaim JK, Haussen SR, Yamamoto FI, Novak EM, Gagliardi RJ. 
Neuroprotective agents in stroke: national opinion. Arq Neuropsiquiatr. 
2005;63:889–91.

	35.	 Wessmann A, Chandler K, Garosi L. Ischaemic and haemorrhagic stroke in 
the dog. Vet J. 2009;180:290–303.

	36.	 Rossmeisl JH Jr, Rohleder JJ, Pickett JP, Duncan R, Herring IP. Presumed 
and confirmed striatocapsular brain infarctions in 6 dogs. Vet Ophthal‑
mol. 2007;10:23–36.

	37.	 Jin R, Yang G, Li G. Inflammatory mechanisms in ischemic stroke: role of 
inflammatory cells. J Leukoc Biol. 2010;87(5):779–89.

	38.	 De la Ossa NP, Davalos A. Neuroprotection in cerebral infarction: the 
opportunity of new studies. Cerebrovasc Dis. 2007;24:153–6.

	39.	 Nathan C. Nitric Oxide as a secretary product of mammalian cells. FASEB 
J. 1992;6:3051–64.

	40.	 Alderton WK, Cooper CE, Knowles RG. Nitric oxide synthases: structure, 
function and inhibition. Biochem J. 2001;357(3):593–615.

	41.	 Beckman JS, Beckman TW, Chen J, Marshall PA, Freeman BA. Appar‑
ent hydroxyl radical production by peroxynitirite: implications for 
endothelial injury from nitric oxide and superoxide. Proc Natl Acad Sci. 
1990;87:1620–4.

	42.	 Moncada S, Higgs EA. Endogenous nitric oxide: physiology, pathology 
and clinical relevance. Eur J Clin Invest. 1991;21(4):361–74.

	43.	 Iadecola C, Zhang F, Xu S, Casey R, Ross ME. Inducible nitric oxide syn‑
thase gene expression in brain following cerebral ischemia. J Cereb Blood 
Flow Metab. 1995;15:378–84.

	44.	 Iadecola C, Zhang F, Xu X. Inhibition of inducible nitric oxide synthase 
ameliorates cerebral ischemic damage. Am J Physiol. 1995;268:R286–92.

	45.	 Han HS, Yenari MA. Cellular targets of brain inflammation in stroke. Curr 
Opin Investig Drugs. 2003;4:522–9.

	46.	 Allan SM, Rothwell NJ. Cytokines and acute neurodegeneration. Nat Rev 
Neurosci. 2001;2:734–44.

	47.	 Zhang R, Chopp M, Zhang Z, Jiang N, Powers C. The expression of P- and 
E-selectins in three models of middle cerebral artery occlusion. Brain Res. 
1998;785:207–14.

	48.	 Mukhopadhyay P, Horváth B, Zsengellėr Z, Bátkai S, Cao Z, Kechrid M, 
Holovac E, Erdėlyi K, Tanchian G, Liaudet L, Stillman IE, Joseph J, Kalyanar‑
aman B, Pacher P. Mitochondrial reactive oxygen species generation 
triggers inflammatory response and tissue injury associated with hepatic 
ischemia-reperfusion: therapeutic potential of mitochondrially-targeted 
antioxidants. Free Radic Biol Med. 2012;53(5):1123–38.

	49.	 Chan PH. Reactive oxygen radicals in signaling and damage in the 
ischemic brain. J Cereb Blood Flow Metab. 2001;21:2–4.

	50.	 Dotan Y, Lichtenberg D, Pinchuk I. Lipid peroxidation cannot be used as a 
universal criterion of oxidative stress. Prog Lipid Res. 2004;43(3):200–27.

http://www.who.int/mediacentre/factsheets/fs310/en/
http://www.who.int/mediacentre/factsheets/fs310/en/
http://dx.doi.org/10.1161/JAHA.116.003661

	Effects of pretreatment with methanol extract of Peucedani Radix on transient ischemic brain injury in mice
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	PR treatment
	Animal model
	Measurement of infarct volume
	Neurological deficit scores
	Western blot analysis
	Inflammatory cytokine analysis
	Determination of ROS
	Estimation of oxidative stress markers
	Histological staining
	Statistical analysis

	Results
	Effects of PRex on infarct volumes and behavioral deficits
	Effects of PRex on iNOS expression
	Effects of PRex on pro-inflammatory cytokine levels
	Effects of PRex on ROS production and lipid peroxidation
	Effects of PRex on histological changes in brain tissue

	Discussion
	Conclusions
	Authors’ contributions
	References




