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Abstract: Gastrodin (GAS) is an active constituent of Chinese herbal medicine tianma (Gastrodia elata), which is
commonly used to extinguish wind (TCM term). Tianma is also widely used to treat various neurological diseases
such as stroke, dizziness, epilepsy, etc. Its clinical effect is quite satisfactory. However, the underlying mechanism
has not been fully explored. In the present study, we choose a permanent cerebral occlusion model, MCAO, and
used multiple methods to investigate the medicine. Our results show a significant improvement in neurological
score after 3 days of GAS treatment. In addition, neurons in the hippocampus were rescued within after 7 days GAS
treatment. Then we explore the drug’s mechanism in the acute phase of stroke. CRP and IL-13 are common inflam-
matory factors. Elisa showed GAS can reduce these inflammatory factors in serum in the acute phase of stroke.
What’'s more, GAS can up-regulate the expression of Bcl-2 and down-regulate the expression of BAX in the ischemic
hemisphere, and the same result is observed in the protein level. The expression of Caspase-3 is also suppressed,
indicating GAS has ability to inhibit apoptosis during the acute phase of stroke. On the other hand, GAS can up-reg-
ulate the expression of VEGF, thusly promoting micro-vacsular regeneration. In conclusion, our results demonstrate
that GAS can alleviate the symptoms of stroke through various mechanisms. GAS might also serve as a potential
candidate to treat acute cerebral infarction.

Keywords: Gastrodin, cerebral infarction, inflammation, apoptosis, revascularization

Introduction

Cerebral infarction is a common disease world-
wide and has a high fatality and disability rate
[1]. The incidence of cerebral infarction has
increased drastically during the past 4 decades
[2]. Recombinant thrombolytic agent tissue
plasminogen activator (rtPA) is widely used to
treat ischemic stroke [3], but, it has many short-
comings, such as a potential risk of hemor-
rhage, a limited therapeutic time window, etc.
[4, B]. As a result, novel and effective medicine
is still urgently needed.

The pathological characteristics of cerebral
infarction in the acute phase includes a series
of subsequent biochemical events, such as oxi-
dative stress, inflammatory responses, pro-
grammed cell death, etc. [6, 7]. Hypothetically,

any agent that suppresses inflammation and
inhibits apoptosis can be beneficial to treat
stroke.

Increasing clinical evidence has proven that
using the ‘Extinguish Wind method’ in the acute
phase of stroke could achieve satisfactory
results. The Chinese herbal medicine tianma
(Gastrodia elata) is the key factor, and gastro-
din (GAS) is the main extract of tianma [8, 9]. It
has been widely used in the clinical treatment
of neurologic diseases such as ischemic stroke
and dizziness. Pharmacological research re-
vealed it has anti-oxidant and anti-inflammato-
ry effects.

In the present study, middle cerebral artery
occlusion (MCAO) was applied to establish an
eternal rat ischemic cerebral infarction model.
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Inflammation factors and apoptosis relative
proteins were measured to determine the
mechanisms of GAS on ischemic stroke.

Materials and methods
Reagents

Gastrodin was purchased from the Shanghai
Tongtian Pharmaceutical Corporation. GAS was
dissolved in saline and administered intraperi-
toneally once a day. The GAS dose was 100
mg/kg. After MCAO intervention, the GAS was
immediately administered intraperitoneally.

Animals

SPF male Sprague-Dawley rats (250-300 g
body weight) were purchased from Vital River
Laboratory Animal Technology Co. Ltd., Beijing,
China. The animals were kept under a 12 h/12
h light/dark cycle at a controlled temperature
and humidity and given food and water ad libi-
tum. All of the animal procedures were per-
formed according to China’s animal welfare
laws and approved by the Sichuan University
Committee on the Care and Use of Laboratory
Animals.

6 to 8 week old male Wistar rats were pur-
chased from the Shanghai Experimental Animal
Center (Shanghai, China). The experimental
procedures were approved and performed
according to the guidelines of laboratory animal
care and use. All efforts were made to reduce
the number of animals tested and their
suffering.

Induction of focal cerebral ischemia-reperfu-
sion

Permanent cerebral infarction was induced by
middle cerebral artery occlusion (MCAO) in the
rats using the intraluminal filament technique
[10]. The left common carotid artery, internal
carotid artery (ICA), and external carotid artery
(ECA) were exposed through a midline incision
in the neck, and a monofilament nylon suture
(Xinong Technology Corporation.) with a sili-
cone-coated tip was plugged into the ICA,
16-18 mm from the bifurcation, through the
ECA stump and was gently advanced to cause
middle cerebral artery occlusion (MCAO). The
sham group underwent similar surgical proce-
dures without the occlusion of the middle cere-
bral artery.
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Neurological deficit evaluation

Neurological deficits were monitored after the
MCAO surgery and on 1, 3, 5, 7 day after MCAO.
The Bederson method was applied to monitor
neurological deficits every other day after the
MCAO surgery. There were 4 parts: 1) Per-
formance of right forelimb. One: Adduction not
adjacent to the skin; Two: Adduction adjacent to
the skin; Three: Adduction, adjacent to the skin
and curled up; Four: The whole body is turned
around to the right. 2) Muscular tension of both
forelimbs. Zero: Both forelimbs can grasp, myo-
dynamia is normal; One: The right forelimb is
weak but can still grasp; Two: The right forelimb
can’t grasp. 3) Placed on a smooth surface,
observing resistance when pushing. Zero: No
difference in resistance when pushing either
the right or left side; One: Less resistance when
pushing the right side; Two: Can be pushed over
when pushing the right side. 4) Left upper eye-
lid. Zero: Normal; Two: Left blepharoptosis, left
eye has more excretion.

Western blot analysis

A Western blot analysis was performed as
described previously [11]. Briefly, Equal am-
ounts of protein were loaded for immunoblot-
ting. An SDS-PAGE was performed to separate
the different sizes of the proteins. After electro-
phoresis, the protein was transferred to nitro-
cellulose membranes using a wet transfer sys-
tem (BIO-RAD). Then the membrane was
blocked with 5% nonfat milk (BIORAD) for 1 h at
room temperature. Next, the primary antibody
was incubated at 4°C overnight. After the mem-
branes were washed with TBST, they were incu-
bated with a secondary antibody (1:3000) at
room temperature for 1 hour. Then the mem-
branes were washed 3 times with TBST. Finally,
protein signals were detected using an ECL kit
(BioRad) and the UVP GelDoc image system
(UVP). The images were analyzed by Image J
(NIH, Bethesda, MD, USA).

Total RNA extraction and gPCR

Total RNA was isolated from the brain tissue
using a Trizol reagent (GibcoBRL, Grand Island,
NY) according to the manufacturer’s instruc-
tions. Then 200 ng of total RNA was reverse-
transcribed in a 10 yl reaction using a reverse-
transcription system. The sequence of primers
is listed in Table 1. Amplification and detection
were performed under the following conditions:
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Table 1. Sequence of primers used in the study

We adopted Bederson’s score to

Gene Primer F Primer R

evaluate neurological deficits

GAPDH GTTACCAGGGCTGCCTTCTC ~ GGGTTTCCCGTTGATGACC
Bcl-2 GCGTCAACAGGGAGATGTCA  GTTCCACAAAGGCATCCCAG
Bax TTGCTACAGGGTTTCATCCAGG CACTCGCTCAGCTTCTTGGT
Caspase-3 GGAGCTTGGAACGCGAAGAA  GTCCATCGACTTGCTTCCAT
ACACTCCATGCTGTCATCTTGA
VEGF CGGTTCCAGAAGGGAGAGGA CTGGGACCACTTGGCATGG

AKT CGCTTCTTTGCCAACATCGT

[12]. The higher the Bederson’s
score, the worse condition the rat
was in. The sham group suffered
no neurological damage, so, the
Bederson’s scores for those rats
were recorded as 0. As shown in
Figure 1B, after 3 days’ GAS tr-

~al 1 01 1 1 1 1

Day 0 1 2 3 4 5 6 7
1 ) 1t *
A vcao ﬂGAS/vchiclc ip. 4 Sacrificed
B £ 40- -e- Model
= GAS
o -+ Sham

Bederson Neurological Score

Figure 1. GAS can improve the neurological score
in MCAO rats time-dependently. A. A schematic dia-
gram of the design for molding, drug treatment and
sample collection. B. Quantitative evaluation of the
Bederson neurological score, GAS can significantly
improve the neurobehavioral scores in MCAO rats 3
days after infarction. *P<0.05 vs. model group.

an initial hold at 95°C for 10 s followed by 40
cycles at 95°C for 30 s and 62°C for 30 s, and
then 72°C for 1 min. PCR products with 1.2%
agarose gel electrophoresis were visualized by
EB staining under UV illumination. The gel was
scanned and the band intensity was measured
by densitometry. Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) was used as an inter-
nal control.

Results

GAS can improve the neurological score in
MCAQO rats time-dependently

To detect effect of GAS in cerebral infarction
patients, we chose MCAO rats as a cerebral
infarction model. The general process of the
experiment is shown in Figure 1A.
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eatment, a significant difference

was observed between the model
group and the GAS group (P<0.05). The neuro-
logical damage was gradually alleviated day by
day during the 7-day GAS treatment.

GAS has a protective effect on neurons in hip-
pocampus area of MCAO rats

To record the protective effects of GAS on neu-
rons in an ischemic area of MCAO rats’ brains,
we chose NeuN as a neuron biomarker. Im-
munohistochemistry was applied to determine
neuron damage in the hippocampus area after
the infarction. The results showed a significant
difference between the MCAO group and the
GAS group in day 7 (Figure S1), indicating that
GAS has a protective effect on neurons from
ischemic strikes.

GAS can inhibit cerebral ischemia induced
inflammation in the ischemic hemisphere

To investigate the inflammatory reactions of
MCAO rats after the ischemic strike of the brain,
we tested an inflammatory factor in the serum.
An ELISA test revealed that the concentration
of CRP and IL-1j3 increased after the infarction
of MCA. Compared with the model group, GAS
reduced the CRP level on day 1 and day 3 sig-
nificantly, with no significantly difference on day
7 (Figure 2A). The concentration of IL-13 in both
groups increased in the first 7 days, and the
IL-1B in the GAS group was lower than model
group on day 1 (Figure 2B). Indicating GAS can
reduce the concentration of CRP and IL-1B in
serum at the acute phase.

GAS can inhibit the intrinsic apoptosis pathway
in the ischemic hemispheres

To investigate the effect of GAS on the apopto-
sis pathway of ischemic hemisphere, we tested
the concentration of the Bcl-2 family, BAX and
Bcl-2, in the ischemic hemisphere. During the
first 7 days after infarction, BAX consistently
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Figure 2. GAS can inhibit cerebral ischemia induced
inflammation in serum. A. GAS can reduce the se-
rum level of CRP after 1 and 3 days compared with
the MCAO group. B. GAS can reduce the serum level
of IL-10 after 1 day compared with the MCAO group.
*P<0.05.

increased in both the MCAO and GAS groups.
Additionally, GAS significantly reduced the
amount of BAX protein in the acute phase
(Figure 3A). Whereas the concentration of Bcl-2
consistently decreased after the infarction, the
Bcl-2 protein in the GAS group was slightly high-
er than it was in the MCAO group, but there was
no significant difference (Figure 3B). Next, we
performed immunohistochemistry to confirm
the results. The results also showed that the
GAS group had less BAX expression and more
Bcl-2 expression in the acute phase of infarc-

tion (Eigure S2).

Then we further explored the expression levels
of the two signal molecules in the Bcl-2 family
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in the ischemic hemisphere. Bax mRNA in-
creased gradually in the first week after the
infarction in the MCAO group, and GAS can
reverse this trend, and there was a significant
difference between the MCAO group and the
GAS group on days 3 and 7 (Figure 3C). As for
the Bcl-2, the result showed that GAS signifi-
cantly increased the expression level in the
ischemic hemisphere on days 1 and 3 (Figure
3D).

Then we investigates the effects of GAS on the
classic apoptotic molecule caspase 3. In terms
of protein levels, caspase 3 was slightly in-
creased in the ischemic hemisphere during the
first week after infarction. GAS can reduce the
concentration of caspase 3, but there was no
significant difference between the two groups
(Figure 3E). As for the mRNA level, they shared
the same tendency, and there were significant
differences in days 1 and 7 (Figure 3F).

GAS boosts the growth of blood vessels in the
ischemic hemisphere to rescue neurons

To investigate the effects of GAS on blood ves-
sels, we chose vascular endothelial growth fac-
tor (VEGF) as our target. The concentration of
VEGF in the serum revealed an increasing trend
in the MCAO group during the first week after
the ischemic strike, as GAS has an tendency to
enhance this trend. There was a significant
increase in the GAS group compared with the
MCAO group at each time point (Figure 4A).

The Western blot showed that the concentra-
tion of VEGF in the ischemic hemisphere con-
sistently decreased after the infarction during
the first week. However, GAS can inhibit this
process significantly (Figure 4B). On the tran-
scription level, GAS even can boost the mRNA
of VEGF. There were significant differences
between the MCAO group and the GAS group
on day 3 and day 7 (Figure 4C).

Discussion

Middle cerebral artery occlusion (MCAO) is a
commonly-used animal model stroke research.
In this study, we chose MCAO rats as our target
to explore pathogenesis during ischemic strikes
and the effects of GAS on it. The result was that
GAS has multiple advantages: it works quickly,
it promotes remarkable improvement, and it is
effective on multiple targets.

Int J Clin Exp Pathol 2018;11(11):5343-5350
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Figure 3. GAS can inhibit the intrinsic apoptosis pathway in the ischemic hemispheres. A, C. GAS can reduce both
the expression and transcription levels of BAX in the acute phase of ischemic strike. B, D. GAS can increase the
transcription level of Bcl-2 in the acute phase of ischemic strike, and no significant difference was observed in the
protein level between the MACO group and the GAS group. E, F. GAS can reduce the transcription level of caspase 3
in the acute phase of ischemic strike, and no significant difference was observed in the protein levels between the
two groups. *P<0.05. #P<0.05 compared with control and sham group.
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Figure 4. GAS boosts the growth of blood vessels
in the ischemic hemisphere to rescue neurons. A.
GAS increased the serum level of VEGF in the acute
phase of infarction. B. GAS increased the protein
level of VEGF in ischemic hemisphere tissue. C. GAS
increased the transcription level of VEGF in ischemic
hemisphere tissue. *P<0.05.

We demonstrated that GAS could improve neu-
rological score of MCAO rats in the acute phase
as soon as 3 days after infarction. There was no
significant difference in the number of neurons
in the hippocampus area during the 3 days
after the stroke, but on the 7" day there were
more surviving neurons in the GAS group than
in MCAO group, an indication that GAS can res-
cue neurons in ischemia and with hypoxia sta-
tus and therefore improve the neurological
score. In the meantime, our study also re-
vealed the crucial role of hippocampal neurons
in neurological recovery.

In order to explore the underlying mechanisms
of GAS in improving neurological score, we did
further study.

The pathogenesis process after a stroke is
quite complicated and is associated with vari-
ous mechanisms. However, more and more evi-
dence shows that inflammatory responses play
a crucial role in it [13]. A growing number of
studies has demonstrated that inflammation is
the crucial pathogenesis after infarction. CRP
and IL-13 were chosen as classic inflammatory
factors, and our results showed a notable
reduction of these inflammatory factors in the
GAS group, indicating that GAS can suppress
the systemic inflammatory response.

Several studies found that GAS could penetrate
through the blood-brain barrier [14, 15]. How-
ever, whether GAS can suppress the inflamma-
tory response in ischemic brain tissue remains
unclear and deserves further study.

Apoptosis is another important pathogenesis in
the ischemic hemisphere after stroke. Proteins
in the Bcl-2 family play a key role in the patho-
genesis of apoptosis. Generally, there are two

Int J Clin Exp Pathol 2018;11(11):5343-5350
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kinds of protein in the Bcl-2 family: pro-apopto-
sis and anti-apoptosis. We choose Bcl-2 and
Bax as representatives to elucidate role of GAS
in the acute stroke phase. The results showed
a significant reduction of Bax in the GAS group
compared to the MCAO group. On the mRNA
level, GAS still has the effect of bringing down
the Bax level after day 3. As for Bcl-2, there was
no significant difference between the two
groups. However, on the mRNA level, GAS can
drastically increase Bcl-2 mRNA in the very
early stages of infarction. In addition, we evalu-
ated the expressions of Bcl-2 and Bax in the
hippocampus area by mean of immunohisto-
chemistry. The result supported our previous
work, as there was a significant increase of
Bcl-2 and a reduction of Bax. The result
revealed that the neuro-protective effect of
GAS may have something to do with inhibiting
apoptosis in the hippocampus area.

To further clarify our findings, we explored the
expression and transcription levels of caspase
3 in the ischemic hemisphere as well. Caspase
3 is a protease that can digest certain sub-
strates and inhibit DNA repair, which leads to
cell apoptosis [16, 17]. Our research demon-
strated that GAS also could decrease the pro-
tein and mRNA levels of caspase-3 in a perma-
nent infarction model. In this way, it inhibits the
progression of apoptosis and increases the
neurological scores of MCAO rats.

Several studies have shown that GAS has anti-
apoptotic and anti-inflammation properties in a
transient cerebral model [18, 19], and our
research also demonstrated that GAS also has
the same effect in MCAO rats.

More and more studies have demonstrated
that revascularization is a key pathophysiologi-
cal process after cerebral infarction, in which
VEGF plays a crucial role [20, 21]. Our study
then confirmed that GAS also could increase
the serum level of VEGF as well as the level in
the ischemic hemisphere, and the transcription
level is also up-regulated in the acute phase of
infarction. That implies that GAS can promote
revascularization in damaged brain tissue.

In conclusion, the present study demonstrated
that GAS was able to improve neurological
scores and rescue neurons in a permanent
infarction model. The mechanism may be asso-
ciated with the suppression of the inflammato-
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ry response, inhibiting apoptosis, and improv-
ing revascularization in the ischemic hemi-
sphere. However, whether the neuro-protective
effect of GAS is associated with the hippocam-
pus area remains unclear. Further research is
still needed to determine how GAS suppresses
inflammation and the specific pathway involved
in inhibiting apoptosis after GAS treatment.
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Figure S1. GAS has a protective effect on neurons in the hippocampus area of MCAO rats. A. Representative photo-
micrographs of NeuN-immunopositive neurons in each group. B. Quantitative image analysis was performed based
on the integrated optical density (I0D) of positive immunostaining of NeuN. (*400). The data are expressed as the

mean = SEM (n=4 per group). *P<0.05.
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Figure S2. The effect of GAS on the expression of BAX and Bcl-2 in the hippocampus of the ischemic hemisphere.
IHC result. (*400).




