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Decreased spasticity of Baishaoluoshi Decoction through the 
BDNF/TrKB-KCC2 pathway on poststroke spasticity rats
Le Xiea, Yao Xiea, Guo Maoa, Sijia Caob, Rui Fangc, Shen Zhoua,  
Junlin Jianga, Ting Yaoa, Jianhu Fana, Dong Liud, Dahua Wua and Jinwen Gec   

Objective K+–Cl− cotransporter-2 (KCC2), which 
primarily extrudes chloride in mature neurons, triggers 
hemiplegia limb spasticity after ischemic stroke by 
affecting neuronal excitability. Our previous study revealed 
that the Chinese herb Baishaoluoshi Decoction decreases 
hemiplegia limb spasticity in poststroke spasticity (PSS) 
patients. This study aimed at elucidating on the effects 
of Baishaoluoshi Decoction on the BDNF/TrKB-KCC2 
pathway in PSS rat models.

Methods Middle cerebral artery occlusion (MCAO) was 
adopted for the establishment of PSS rat models. Muscle 
tension was evaluated by Modified Ashworth Scale. Nissl 
staining and transmission electron microscopy were 
used to measure the protective effects of Baishaoluoshi 
Decoction on ischemic injury-induced neuronal damage 
due to MCAO. Expression levels of BDNF, TrKB, and KCC2 
in brain tissues around the infarct and brainstem were 
detected by immunohistochemical staining.

Results It was found that Baishaoluoshi Decoction 
suppressed hemiplegia limb spasticity and alleviated 
the damage in neurons and synapses in PSS rat models. 
Importantly, the expression of BDNF, TrKB, and KCC2 
in brain tissues around the infarct and brainstem were 

significantly upregulated after treatment with low-dose 
and high-dose Baishaoluoshi Decoction.

Conclusion Suppression of spasticity by Baishaoluoshi 
Decoction in PSS rat models may be correlated with 
upregulated BDNF/TrKB-KCC2 pathway, which may be a 
complementary therapeutic strategy for PSS. NeuroReport 
32: 1183–1191 Copyright © 2020 The Author(s). Published 
by Wolters Kluwer Health, Inc.
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Introduction
Globally, stroke is the leading cause of adult disabilities 
and mortalities, and the economic costs of stroke man-
agement as well as poststroke care are enormous. For 
instance, in 2016, there were 13.7 million new stroke 
cases and 5.5 million stroke-associated mortalities [1]. 
Despite the clinical benefits of intravenous thrombolysis 
and percutaneous mechanical thrombectomy, spasticity 
of hemiplegia limb after stroke, which is called post-
stroke spasticity (PSS) has been reported in 30–80% of 
individuals [2,3]. Stroke patients with damaged internal 
capsule, superior corona radiata, thalamus, and putamen 
are more prone to developing spasticity [4]. People with 
PSS frequently suffer from dyskinesia, depression, pain, 
muscle stiffness, and poor quality of life, resulting in 
heavy economic and nursing burden [5].

PSS, which is characterized by velocity-dependent enhance-
ment in the stretch reflex, results from increased excitabil-
ity of α motoneurons due to stroke-associated brain injury. 
Hyperexcitability of motoneurons is the main pathology of 
PSS; however, its mechanisms have not been established 
[6,7]. Chloride homeostasis is associated with maintenance 
if motoneuron excitability, and the K+–Cl− cotransporter-2 
(KCC2) is key in maintaining chloride homeostasis [8]. The 
main function of KCC2 is to extrude Cl− from motoneurons 
in order to maintain low Cl− levels, which are essential for 
hyperpolarizing the inhibitory and balance between inhibi-
tion and excitation of neuronal circuits [9,10]. Furthermore, 
KCC2 is involved in maintenance of spinal morphology, 
dendritic outgrowth, synaptogenesis, and synaptic plasticity 
[11]. Regulation of KCC2 is dependent on TrkB activation 
by BDNF. Therefore, elucidating on the BDNF/TrKB-
KCC2 pathway mechanisms of motoneuron hyperexcitabil-
ity will inform on PSS treatment and management [12].

It has been reported that Baishaoluoshi Decoction can 
decrease spasticity and enhance motor functions in PSS, 
thereby overcoming the limitations of muscle relaxants in 
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reducing muscle strength [13]. In this study, we established 
rat PSS models through middle cerebral artery occlusion 
(MCAO), to further elucidate on the BDNF/TrKB-KCC2 
pathway-associated mechanisms of Baishaoluoshi 
Decoction on PSS. We found that Baishaoluoshi Decoction 
decreased spasticity of hemiplegia limb in PSS rat models, 
which may be relevant to the BDNF/TrKB-KCC2 pathway.

Materials and methods
Materials and reagents
Baclofen tablets (positive reference drug) were pur-
chased from Fuan Pharmaceutical (Group) Co., Ltd 
(Ningbo, China). Paraformaldehyde (4%) was obtained 
from Biosharp Co., Ltd (Hefei, China). Choral hydrate 
was purchased from Tianjin Kemiou Chemical Reagent 
Co., Ltd (Tianjin, China). Nissl staining solution, in which 
the active ingredient is cresyl violet, was purchased from 
Beyotime Company (Shanghai, China). Glutaraldehyde, 
osmium acid, acetone, epoxy resin, uranium acetate, and 
lead citrate were purchased from Sinopharm Chemical 
Reagent Co., Ltd (Shanghai, China). Anti-BDNF anti-
body, anti-TrkB antibody, and anti-KCC2 antibody were 
obtained from Abcam (Cambridge, UK). Horseradish 
enzyme labeled chain affinity and diaminobenzidine were 
purchased from ZSGB-BIO Co., Ltd (Beijing, China). 
The inverted fluorescence microscope (TH4-200) was 
obtained from Olympus Corporation (Tokyo, Japan).

Preparation of the Baishaoluoshi Decoction
Baishao (Paeoniae radix Alba) and Luoshiteng (Trachelospermi 
caulis et folium), the two main components of Baishaoluoshi 
Decoction, were mixed at a ratio of 1:1. Formula granules 
of Baishao (no. 16050101) and Luoshiteng (no. 16082053) 
were obtained from Sichuan Neo-Green Pharmaceutical 
Technology Development Co., Ltd (Chengdu, China).

Animals
Adult male Sprague–Dawley rats weighing 250–280 g were 
used in this study. They were purchased from Hunan 
SJA Laboratory Animal Co., Ltd (No. 43004700027199; 
Changsha, Hunan, China) and housed in groups of 3–5 
in polypropylene cages under a regular 12:12 h light/dark 
cycle. Ethical approval for this study was obtained from the 
Laboratory Animal Welfare and ethics committee of Hunan 
Normal University (No. 14-XL 1; Changsha, Hunan, China).

Quality analysis of Baishaoluoshi Decoction
High-performance liquid chromatography (HPLC) 
(Shimadzu Corporation, Kyoto, Japan) was used to estab-
lish the Baishaoluoshi Decoction chromatograms. The 
WondaSil C18 for herbal medicine (250 × 4.6 mm × 5 μm) 
(Shimadzu Corporation, Japan) and the mobile phase con-
sisted of 0.1% phosphate aqueous solution and acetoni-
trile, which were used for gradient elution at a flow rate of 
1.0 mL/min and a wavelength of 230 nm. Reference sub-
stances, albiflorin (PR141015-1) and paeoniflorin (110736), 
the two main components of Baishao, were purchased 

from ChromaDex Co. (California, USA) and the National 
Institute for the Control of Pharmaceutical and Biological 
Products (Beijing, China), respectively. The reference 
substance, tracheloside (111858), the main component of 
Luoshiteng, was purchased from the National Institute for 
the Control of Pharmaceutical and Biological Products.

Establishing poststroke spasticity rat models
Establishment of PSS rat models through MCAO was 
performed as previously described [14]. Briefly, rats were 
anesthetized with 10% chloral hydrate (0.35 mL/100 g) 
after which the right common carotid artery (CCA), inter-
nal carotid artery, and external carotid artery (ECA) were 
cautiously exposed. The ECA was clamped and the origin 
of the right middle cerebral artery (MCA) blocked with 
a monofilament of diameter (0.26 mm; Beijing Cinontech 
Biotech Co. Ltd., Beijing, China) by inserting it from 
the CCA. Then, the surgical wound was disinfected 
and the skin sutured after pruning the monofilament. 
Temperatures were maintained at 37°C until the animal 
regained consciousness. Rats in the sham group were 
subjected to the same procedures, except that the MCA 
was not blocked by the monofilament. Rats in the control 
group were not subjected to any surgical procedures.

Three days after surgery, animals were randomly allocated 
into six groups: (1) high-dose Baishaoluoshi Decoction 
group (H), administered with Baishaoluoshi Decoction 
(10.8 g/kg) through gavage every day for 4 weeks; (2) low-
dose Baishaoluoshi Decoction group (L), administered with 
Baishaoluoshi Decoction (5.4 g/kg) through gavage every 
day for 4 weeks; (3) Baclofen group (B) (positive reference 
drug), administered with baclofen (5.4 mg/kg) every day for 
4 weeks; (4) Model group (M); (5) Sham-operated group 
(S), and (6) Control group (C). Rats in M, S, and C groups 
were gavaged with normal saline every day for 4 weeks.

Spasticity evaluation
The Modified Ashworth Scale (MAS) was used to eval-
uate spasticity of the hemiplegia limb, which was scored 
as: 0, no spasticity; I, mild increase in muscular tension 
at the end of passive movement in hemiplegia limb; I+, a 
mild increase in muscular tension less than half of passive 
movement in hemiplegia limb; II, an obvious increase in 
muscular tension in most of the passive movement in 
hemiplegia limb; III, an evident increase in muscular 
tension, leading to dyskinesias; and IV, stiff limb [15,16].

Nissl staining
Brain tissues around the infarct were paraffin embedded 
and sliced (5 μm). After being dewaxed with xylene and 
dehydrated in graded alcohol, tissues were stained using 
the Nissl staining solution, after which they were dehy-
drated in graded alcohol. Tissue sections were observed 
using a TH4-200 inverted microscope (Olympus 
Corporation). Nissl body contents were quantitatively 
evaluated using integral optical density.
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Ultrastructure detection by transmission electron 
microscopy
Immediately after the rats had been sacrificed (n = 5), 
brain tissues around the infarct were fixed in 2.5% glu-
taraldehyde for 2–4 h. Then, brain tissues were washed 
using 0.2% phosphate buffered saline, fixed in 1% 
osmium acid for 2 h, and sequentially dehydrated using 
graded alcohol and acetone. Subsequently, brain tissues 
were sliced (60–80 nm) after being embedded in epoxy 
resin, and double stained using uranium acetate and lead 
citrate, respectively, for 15 min. The tissues were finally 
scanned using transmission electron microscopy (TEM; 
HITACHI Corporation, Tokyo, Japan).

Immunohistochemical staining
Rats were anesthetized, their brains harvested and fixed 
in 4% paraformaldehyde. Brain sections (5 μm thick) 
were prepared using a cryostat and dewaxed using 
dimethylbenzene and ethanol. Then, brain sections were 
incubated with 0.3% Triton X-100 and 5% normal bovine 
serum in phosphate buffer saline for 30 min. The sections 
were consecutively incubated with primary antibodies 
(anti-BDNF antibody, 1:750 dilution, Abcam; anti-KCC2 
antibody, 1:800 dilution, Abcam; anti-TrkB antibody, 
1:1000 dilution; Abcam) for 1 h and goat anti-rabbit IgG/
HRP (1:500 dilution; ZSGB-BIO Co., Ltd) for 30 min. 
Horseradish enzyme labeled chain affinity and diam-
inobenzidine were subsequently used according to the 
manufacturer’s instructions. Image-Pro Plus 6.0 (Media 
Cybernetics, Inc., Maryland, USA.) was used for quanti-
tative analysis.

Statistical analysis
Statistical analyses were performed using SPSS v. 20.0 
(IBM SPSS; Armonk, New York, USA). Comparisons 
among groups were evaluated using one-way analy-
sis of variance for normally distributed quantitative 
data. Ranked data of MAS scores were compared using 
Kruskal–Wallis H followed by Mann–Whitney U test. 
P ≤ 0.05 was considered statistically different.

Results
Characteristics of the high-performance liquid 
chromatography fingerprint of Baishaoluoshi Decoction
HPLC fingerprints of Baishaoluoshi Decoction showed 
that peak 1 (albiflorin) and peak 2 (paeoniflorin) belonged 
to Baishao while peak 3 (tracheloside) belonged to 
Luoshiteng (Fig. 1a). On the basis of the HPLC finger-
print, we established a precise, and stable procedure for 
quality control of Baishaoluoshi Decoction.

Baishaoluoshi Decoction decreased spasticity on 
poststroke spasticity rats
MAS scores, which are grade data, do not conform to 
normal distribution, therefore, Kruskal–Wallis H test 
was used for between group comparisons, followed by 

Mann–Whitney U test to evaluate differences between 
every two groups. Two weeks after intervention, there 
were no significant differences in MAS scores between 
groups (P > 0.05). However, 4 weeks after interventions, 
the differences were found to be significant (P < 0.05), as 
determined by Kruskal–Wallis H. Furthermore, Mann–
Whitney U was used to evaluate differences in MAS 
scores between every two groups, 4 weeks after interven-
tion. It was found that baclofen, as well as low-dose and 
high-dose Baishaoluoshi Decoction decreased spasticity 
of the hemiplegia limb, when compared to model rats 
(P < 0.05) (Table 1).

Protective effects of Baishaoluoshi Decoction on 
neuronal damage
Nissl’s staining by cresyl violet revealed that Nissl body 
contents of the baclofen and model groups were signif-
icantly reduced when compared to the sham-operated 
and control groups (P < 0.01). However, in the low-dose 
and high-dose Baishaoluoshi Decoction groups, the 
content of Nissl bodies was relatively mildly decreased 
(Fig. 1b and c). Moreover, TEM showed that there were 
a lot of damaged neurons and glial cells in the baclofen 
and model groups, the cytoplasm was concentrated, the 
mitochondria were swollen, there was nuclear conden-
sation and cleavage while the number of synapses were 
decreased. However, the damage was relatively light in 
the high-dose and low-dose Baishaoluoshi Decoction 
groups (Fig. 2).

The BDNF/TrKB-KCC2 pathway was upregulated in 
poststroke spasticity rats
Subsequently, we measured the expression levels of 
BDNF, TrKB, and KCC2 in the brain tissue around the 
infarct 2, 4 weeks after intervention by immunohisto-
chemical staining. Reticulospinal tract (RST) excitabil-
ity in the brainstem was considered to be a significant 
pathophysiological factor for PSS [6]. Therefore, the 
expression levels of BDNF, TrKB, and KCC2 in the 
dorsal regions of the brainstem were detected. It was 
found that, after 2 weeks, the expression levels of BDNF 
were significantly upregulated, and gradually returned 
to normal levels in the brain tissue around the infarct. 
Moreover, BDNF was found to be significantly elevated 
in the low-dose and high-dose Baishaoluoshi Decoction 
groups, at 2 and 4 weeks (P < 0.05) (Fig.  3a, b, and e). 
But in the brainstem, expression levels of BDNF in the 
PSS model group (P > 0.05) were low, and the low-dose 
as well as high-dose Baishaoluoshi Decoction elevated 
the expression of BDNF to levels comparable to those of 
model group rats, especially at 2 weeks (P < 0.05) (Fig. 3c, 
d, and f). Equally, low-dose and high-dose Baishaoluoshi 
Decoction elevated the expression levels of TrKB both 
in the brain tissues around the infarct and in the brain-
stem at 2 and 4 weeks (P < 0.05) (Fig. 4a–f). Interestingly, 
expression levels of KCC2 in the brain tissue around the 
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infarct and the brainstem were found to be suppressed at 
2 weeks, but rebounded at 4 weeks. After being treated 
with low-dose and high-dose Baishaoluoshi Decoction, 
KCC2 did not decrease, but was significantly elevated in 
the brain tissue around the infarct and the brainstem at 2 
and 4 weeks (P < 0.05) (Fig. 5a–f).

Discussion
KCC2, a cation–chloride cotransporter that is exclusively 
expressed along the plasma membrane of neuron soma and 
dendrite, was discovered by Payne et al. in 1996 [17,18]. 
Membrane distribution of KCC2 manifests as punctate, 
decorating the neuron body, dendritic shafts and spines. In 

Fig. 1

(a) The HPLC fingerprint of Baishaoluoshi Decoction. Peak 1 (albiflorin), peak 2 (paeoniflorin), and peak 3 (tracheloside) are the main contents of 
Baishaoluoshi Decoction. (b) Protective effect of Baishaoluoshi Decoction on neuronal damage. Middle cerebral artery occlusion (MCAO) was 
used to establish the PSS rat models. Intervention was initiated 3 days after surgery and continued for 4 weeks. (i) Nissl body in the brain tissue 
around the infarct. Nissl staining solution combines with ribosomes in the rough endoplasmic reticulum and RNA/DNA in the nucleus to form Nissl 
bodies, which is a characteristic structure of neurons. (ii) Integral optical density (IOD) was used to determine the expression levels of positive 
cells. C, control group (normal saline); S, sham-operated group (normal saline); M, model group (normal saline); L, low-dose Baishaoluoshi 
Decoction group (5.4 g/kg); H, high-dose Baishaoluoshi Decoction group (10.8 g/kg), and B, baclofen group (5.4 mg/kg). *P < 0.05 and **P < 0.01 
compared to control group, #P < 0.05 and ##P < 0.01 compared to model group. (n = 5 for every group). HPLC, high-performance liquid chroma-
tography; PSS, poststroke spasticity.
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the membrane pool, KCC2 is almost totally replaced every 
10 min in a physiological manner, which presents a high 
turnround rate [19]. Synaptic localization of KCC2 is within 
the perisynaptic region of the postsynaptic neuron, in line 
with the transporter in γ-aminobutyric acid (GABA) signa-
ling and chloride homeostasis, but generally not expressed 
in the presynaptic boutons [20]. KCC2 is primarily clus-
tered in mushroom-type spines and stubby spines [21].

KCC2 is essential in synaptic formation [22]. Enhancing 
the expression levels of KCC2 in immature hippocam-
pal neurons can increase the density of GABAergic 
terminals, the number of GABA

A
R in the postsynaptic 

membrane, and the frequency as well as amplitude of 
inhibitory postsynaptic potential induced by GABA

A
R 

[23]. Downregulation of the expression of KCC2 reduces 

the frequency and amplitude of inhibitory postsynaptic 
potential [24]. We found that damages in neurons and 
synapses were relatively minor after treatment with high-
dose and low-dose Baishaoluoshi Decoction, when com-
pared to the model group.

KCC2 serves as a trigger of spasticity after brain and 
spinal cord injuries by affecting neuronal excitability 
[25–27]. In mature central nervous systems, increas-
ing the expression of KCC2 suppresses the concen-
tration of intracellular chloride by extruding chloride 
to the extracellular domain. Consequently, engaging 
GABA

A
R results in an influx of chloride into neuronal 

cells, leading to neuronal inhibition [12]. Ischemic 
stroke-induced brain injury decreases KCC2 levels, 
resulting in an increase in the levels of intracellular 

Table 1 Comparison of Modified Ashworth Scale in every group

Time Baseline 2 Weeks 4 Weeks  

MAS group 0 I I+ II 0 I I+ II 0 I I+ II Mann–Whitney U (P)

High-doses group 8 3 0 0 1 3 5 2 7 4 0 0 0.015
Low-doses group 10 2 0 0 1 3 5 3 7 5 0 0 0.033
Baclofen group 8 3 0 0 1 5 4 1 7 4 0 0 0.026
Model group 9 3 0 0 0 3 3 6 3 5 4 0  

Kruskal–Wallis H χ2 = 0.480, P = 0.923 χ2 = 4.908, P = 0.179 χ2 = 8.069, P = 0.045

Kruskal–wallis H was used for comparison between groups, Mann–Whitney U was used for comparison with model group.

Fig. 2

Effects of Baishaoluoshi Decoction on brain ultrastructure in PSS rat models. The ultrastructure of brain tissues around the infarct were detected 
by transmission electron microscopy (TEM) 4 weeks after intervention (×5000). PSS, poststroke spasticity.
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chloride. Engaging GABA
A
R leads to an efflux of chlo-

ride into the extracellular domain, leading to neuronal 
excitement [28,29]. Excitatory motoneurons lead to 
hyper-stretch reflexes, leading to hemiplegia limb spas-
ticity [30]. Henrike Beverungen and colleagues [25] 
found that rehabilitation decreases spasticity through 
the BDNF-KCC2 pathway in spinal cord injury (SCI) 
rat models. After complete SCI, the SCI rat models 
were subjected to 60 min bicycling session for 4 weeks 
from day 5. Bicycling rehabilitation increased BDNF 
and KCC2 expression levels in the motoneuronal mem-
brane, which was associated with decreased hyper-
reflexia and spasticity. However, blocking BDNF or 
KCC2 activity during bicycling rehabilitation reversed 
this effect. KCC2 levels in brain tissues around the 

infarct and brainstem in PSS rat models were also 
decreased at 2 weeks, but rebounded at 4 weeks.

Maladaptive synaptic plasticity-associated RST hyperex-
citability in the brainstem is a significant pathophysiolog-
ical factor for PSS. Cortical reticular tract was damaged 
after ischemic stroke induced by MCAO. Subsequently, 
there was an increase in the excitability of brainstem retic-
ular system and its declining RST, due to loss of descend-
ing inhibition from cortical reticular tract [6]. Therefore, 
we detected the expression levels of KCC2 in the dorsal 
region of the brainstem. KCC2 expression was shown to 
be decreased at 2 weeks but rebounded at 4 weeks in 
the brainstem. Low-dose and high-dose Baishaoluoshi 
Decoction restored KCC2 expression. Previously, KCC2 

Fig. 3

Effects of Baishaoluoshi Decoction on BDNF expression in PSS rat models. Protein expression levels of BDNF in brain tissues around the infarct 
(BTAI) and brainstem (BS) (2 and 4 weeks after intervention) were detected by immunohistochemical staining (×400). IOD was adopted evaluate 
the expression levels of positive cells. C, control group (normal saline); S, sham-operated group (normal saline); M, model group (normal saline); 
L, low-dose Baishaoluoshi Decoction group (5.4 g/kg); H, high-dose Baishaoluoshi Decoction group (10.8 g/kg); and B, baclofen group (5.4 mg/
kg). *P < 0.05 and **P < 0.01 compared to the control group, #P < 0.05 and ##P < 0.01 compared to the model group. (n = 5 for every group). PSS, 
poststroke spasticity.
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was shown to regulate neuronal excitability and amelio-
rate synaptic plasticity. Therefore, we postulated that 
KCC2 is strongly involved in the hyperexcitability of 
motoneuron and RST in brain tissues around the infarct 
and brainstem, leading to hyperreflexia and spasticity.

Regulation of KCC2 is dependent on TrkB activation 
by BDNF. The overexpression of BDNF was shown to 
significantly elevate KCC2 mRNA expression levels in 
vivo [31]. Gene knockout of the BDNF receptor, TrkB, 
strongly suppresses the KCC2 mRNA expression levels 
[32]. Boulenguez et al. [26] found that the expression of 
KCC2 in motor neurons was reduced by 84% after SCI. 
Subsequently, GABA

A
R was reversed to depolarization 

from hyperpolarization, which enhanced motor neuron 
excitability and hemiplegia limb spasticity. Intrathecal 

BDNF injection downregulated KCC2 and alleviated 
spasticity. Beverungen et al. [25] found that rehabilitation 
inhibited spasticity in SCI rat models through the BDNF/
TrKB-KCC2 pathway. In this study, KCC2 expression 
levels were decreased at 2 weeks, but rebounded at 4 
weeks in PSS rat models. After treatment with low-dose 
and high-dose Baishaoluoshi Decoction, KCC2 levels did 
not decrease, but were significantly elevated in the brain 
tissue around the infarct and brainstem.

In conclusion, Baishaoluoshi Decoction relieved neu-
ronal as well as synaptic damage and ameliorated 
hemiplegia limb spasticity in PSS rat models by upreg-
ulating the BDNF/TrKB-KCC2 pathway. Therefore, 
Baishaoluoshi Decoction may be a potential therapeutic 
agent for PSS.

Fig. 4

Effects of Baishaoluoshi Decoction on expression levels of TrKB in PSS rat models. Protein expression levels of TrKB in brain tissues around the 
infarct (BTAI) and brainstem (BS) (2 and 4 weeks after intervention) were detected by immunohistochemical staining (×400). IOD was adopted to 
evaluate the expression levels of positive cells. C, control group (normal saline); S, sham-operated group (normal saline); M, model group (normal 
saline); L, low-dose Baishaoluoshi Decoction group (5.4 g/kg); H, high-dose Baishaoluoshi Decoction group (10.8 g/kg), and B, baclofen group 
(5.4 mg/kg). *P < 0.05 and **P < 0.01 compared to control group, #P < 0.05 and ##P < 0.01 compared to the model group. (n = 5 for every group). 
PSS, poststroke spasticity.
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