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Research Highlights

Hemorrhagic stroke was treated with Poxue Huayu and Tianjing Busui Decoction, supplemented
with Hirudo, raw rhubarb, raw Pollen Typhae, gadfly, Fructrs Trichosanthis, Radix Notoginseng,
Rhizoma Acori Talarinowii, and glue of tortoise plastron. Poxue Huayu and Tianjing Busui Decoction
markedly elevated the expression of brain-derived neurotrophic factor, tyrosine kinase B and vas-
cular endothelial growth factor in rats with cerebral hemorrhage. This study provided a new scientific
therapeutic method for protecting neurons after cerebral hemorrhage.

Abstract

This study established a rat model of cerebral hemorrhage by injecting autologous anticoagulated
blood. Rat models were intragastrically administered 5, 10, 20 g/kg Poxue Huayu and Tianjing Bu-
sui Decoction, supplemented with Hirudo, raw rhubarb, raw Pollen Typhae, gadfly, Fructrs Tricho-
santhis, Radix Notoginseng, Rhizoma Acori Talarinowii, and glue of tortoise plastron, once a day, for
14 consecutive days. Results demonstrated that brain water content significantly reduced in rats
with cerebral hemorrhage, and intracerebral hematoma volume markedly reduced after treatment.
Immunohistochemical staining revealed that brain-derived neurotrophic factor, tyrosine kinase B
and vascular endothelial growth factor expression noticeably increased around the surrounding
hematoma. Reverse transcription-PCR revealed that brain-derived neurotrophic factor and tyrosine
kinase B mRNA expression significantly increased around the surrounding hematoma. Neurologic
impairment obviously reduced. These results indicated that Poxue Huayu and Tianjing Busui De-
coction exert therapeutic effects on cerebral hemorrhage by upregulating the expression of
brain-derived neurotrophic factor.
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INTRODUCTION

Traditional Chinese medicine for the recov-
ery of neurological function in the conva-
lescent period of stroke has some advan-
tages such as reduced toxicity and side
effects, and a precise curative effect™. On
the basis of the pathogenesis of Suixu Du-
sun @ we propose a therapeutic principle
for Poxue Huayu and Tianjing Busui (i.e.,
breaking blood stasis, replenishing es-
sence). In this study, the neuroprotective
effect of Poxue Huayu and Tianjing Busui
Decoction, containing Hirudo, raw rhubarb,
raw Pollen Typhae, gadfly, Fructrs Tricho-
santhis, Radix Notoginseng, Rhizoma Acori
Talarinowii, and glue of tortoise plastron,
was investigated. Poxue Huayu and Tianjing
Busui Decoction has previously been shown
to effectively improve the clinical symptoms
of patients with cerebral hemorrhage, and
elevate the daily activity of patients®.
Therefore, this study sought to observe the
effects of Poxue Huayu and Tianjing Busui
Decoction on brain-derived neurotrophic
factor, tyrosine kinase B and vascular en-
dothelial growth factor expression in brain
tissues of rats with cerebral hemorrhage at
the acute stage, and explore the increased
secretion and expression of brain-derived
neurotrophic factor, tyrosine kinase B and
vascular endothelial growth factor in rat
neurons after cerebral hemorrhage. In addi-
tion, the protective effect of Poxue Huayu
and Tianjing Busui Decoction on neurons
and its possible mechanism of action were
investigated.

RESULTS

Quantitative analysis of experimental
animals

Among the 150 Wistar rats, 120 rats were
randomly selected to establish a model of
cerebral hemorrhage by injecting anticoagu-
lated autologous blood. Rat models were
randomly assigned to five groups: model
group, low-, moderate- and high-dose drug
groups, and a positive control drug group.
Rats in the low-, moderate- and high-dose

drug groups, and positive control drug group
were intragastrically administered 5, 10 and
20 g/kg Poxue Huayu and Tianjing Busui
Decoction and 0.3 g/kg Xingnao Jianshen
Capsule, respectively. Of the remaining 30
rats, 24 rats served as a sham surgery
group, and 6 rats served as a normal control
group. Rats that did not survive were sup-
plemented with new rats during the experi-
ment.

Poxue Huayu and Tianjing Busui
Decoction improved symptoms and
neurological function of the nervous
system in rats with cerebral hemorrhage
Limbs of rats in the normal control and
sham surgery groups could move freely.
Rats with cerebral hemorrhage expe-
rienced hemiplegia after right brain injury,
and cycling to the right during walking.
Moreover, neurological deficit scores in-
creased (P < 0.01). The above-described
symptoms noticeably improved in rats with
cerebral hemorrhage after treatment with
various doses of Poxue Huayu and Tianjing
Busui Decoction or Xingnao Jianshen
Capsule (P < 0.05, P < 0.01). At 7 days,
nervous system symptoms recovered to
normal in rats from the moderate- and
high-dose drug groups (Table 1).

Poxue Huayu and Tianjing Busui
Decoction improved pathological
morphology of tissue surrounding the
hematoma in rats with cerebral
hemorrhage

Hematoxylin-eosin staining results revealed
that no necrotic cells were detected in the
cortex and medulla of rat brain tissue in the
normal control group. Brain structure re-
mained intact and neural cells were ar-
ranged in an orderly manner and of uniform
size. In the sham surgery group, neural cells
were clearly arranged in rat brain tissue. A
few necrotic cells were visible surrounding
the pin hole, which was a physical injury
induced by a needle. In the model group,
low-, moderate- and high-dose drug groups,
abundant necrotic neural cells and swollen
glial cells were detected surrounding the
hematoma, showing pyknosis and dark
staining.



Ren JX, et al. / Neural Regeneration Research. 2013;8(22):2039-2049.

Table 1 Effects of Poxue Huayu and Tianjing Busui Decoction on neurological function in rats with cerebral hemorrhage

Time after model induction (day)

Group Dose

(9/kg) 1 3 7 14
Sham surgery or normal control — 0 0 0 0
Model — 1.90+0.23 3.10+0.36% 0.33£0.15% 0
Positive control drug 0.3 1.60+0.27 2.70+0.31° 0.19+0.08° 0
Low-dose drug 5 1.73+0.26 2.59+0.32° 0.17+0.00° 0
Moderate-dose drug 10 1.52+0.29 2.03+0.23° 0° 0
High-dose drug 20 1.51+0.19 1.91+0.21° 0° 0

PP < 0.05, °P < 0.01, vs. model group.

Data are expressed as mean + SD, with six rats in each group. One-way analysis of variance and intergroup q test were performed. Neurological
function was evaluated by Longa neurologic deficit score. A high score indicated a severe neurologic deficit. *P < 0.01, vs. sham surgery group.

Macroscopically, swelling and necrosis of vascular en-
dothelial cells, neural cells and glial cells were observed,
and edema was visible surrounding the focus. At 14 days
after model establishment, the hematoma and necrosis
disappeared in the low-, moderate- and high-dose drug
groups and the positive control drug group. Many neural
cells were intact surrounding the hematoma, and the
number of necrotic cells surrounding the focus markedly
reduced (Figure 1).

Figure 1 Effects of Poxue Huayu and Tianjing Busui
Decoction on pathological morphology of rat brain tissue
at 14 days after cerebral hemorrhage (hematoxylin-eosin
staining, x 200).

(A, C) Normal control group and sham surgery group:
intact brain tissue, orderly arranged neural cells.

(B) Model group: abundant necrotic neural cells and
swollen glial cells.

(D-G) Low-, moderate- and high-dose drug groups and
positive control drug group: injury to brain tissue was
significantly reduced.

Arrows show swollen glial cells.

Poxue Huayu and Tianjing Busui Decoction reduced
intracerebral hematoma volumes in rats with
cerebral hemorrhage

At 3 days after cerebral hemorrhage, the intracerebral
hematoma volume was larger in the model group than
that in the sham surgery group (P < 0.01). The intrace-
rebral hematoma volume was significantly reduced at 3
days after treatment with various doses of Poxue Huayu
and Tianjing Busui Decoction (P < 0.05, P < 0.01).
However, the intracerebral hematoma volume did not
significantly change after treatment with Xingnao Jian-
shen Capsule (P > 0.05; Table 2).

Table 2 Effects of Poxue Huayu and Tianjing Busui
Decoction on intracerebral hematoma volume in rats with
cerebral hemorrhage

Time after model induction (day)

e Dose

(9/kg) 3 =2
_Sham surgery — Q Q
Model — 0.067+0.005*  0.046:+0.004%
Positive control drug 0.3 0.062+0.003  0.031:+0.005"™
Low-dose drug 5 0.058+0.004°  0.025+0.004
Moderate-dose drug 10 0.042+0.004°  0.027+0.004"
High-dose drug 20 0.036+0.005°  0.000+0.000™

Data are expressed as mean + SD, with six rats in each group.
One-way analysis of variance and intergroup q test were
performed. P < 0.01, vs. sham surgery group; °P < 0.01, °P <
0.05, vs. model group; dp < 0.05, vs. 3 days after cerebral
hemorrhage.

Poxue Huayu and Tianjing Busui Decoction reduced
brain water content in rats with cerebral hemorrhage
Dry-wet method results revealed that at 3 days after ce-
rebral hemorrhage, brain water content in the injured
brain region in the model group was significantly greater
than that in the sham surgery group (P < 0.01). Brain
water content was significantly diminished after treat-
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ment with various doses of Poxue Huayu and Tianjing sule (P > 0.05; Figure 2, Tables 4-6).

Busui Decoction or Xingnao Jianshen Capsule (P < 0.05,
P < 0.01; Table 3). Table 3 Effects of Poxue Huayu and Tianjing Busui
Decoction on brain water content (%) in rats with cerebral
hemorrhage

Poxue Huayu and Tianjing Busui Decoction

increased brain-derived neurotrophic factor, U @ I e 17 o

Dose d
. . . Group (day)
tyrosine kinase B and vascular endothelial growth (a/kg)
. . . . . 7
factor expression in brain tissue surrounding the

. . d
hematoma in rats with cerebral hemorrhage Sham surgery - 734:51  70.3t3.2
histochemical o | h Model — 89.0:5.2%  73.2¢4.1
Immunohistochemica staining revealed that Positive control drug 03 78.343.9°  69.243.6°
brain-derived neurotrophic factor, tyrosine kinase B and Low-dose drug 5 77.1£51°  71.3+3.5°
. . . - C d
vascular endothelial growth factor expression increased e SR ~ L e
High-dose drug 20 72.2+3.6 66.5+2.3

in brain tissue surrounding the hematoma (P < 0.05).

Brain-derived neurotrophic factor, tyrosine kinase B and Brain water content (%) = (wet weight — dry weight)/wet weight x
. . 100%. Data are expressed as mean + SD, with six rats in each

vascular endothelial growth factor expression further group. One-way analysis of variance and intergroup q test were

increased after treatment with various doses of Poxue performed. *P < 0.01, s sham surgery group; °P < 0.01, °P <

Huayu and Tianjing Busui Decoction (P < 0_05), and the 0.05, vs. model group; °P < 0.05, vs. 3 days after cerebral

. . . . hemorrhage.
effects were identical to that of Xingnao Jianshen Cap-
Positive Low-d Hioh-dose d
trol d ow-dose Moderate-d igh-dose drug
Sham surgery group Model group °°"g;2up'“g drug group Zrﬁéag?ou?e group
A
7 days
- .. ....
B
7 days
\
14 days
c
\
7 days
- ......
Figure 2 Effects of Poxue Huayu and Tianjing Busui Decoction on brain-derived neurotrophic factor (A), tyrosine kinase B (B)
and vascular endothelial growth factor (C) expression in brain tissue surrounding the hematoma in rats with cerebral
hemorrhage (immunohistochemical staining, x 400).
Brain-derived neurotrophic factor, tyrosine kinase B and vascular endothelial growth factor expression further increased after
treatment with various doses of Poxue Huayu and Tianjing Busui Decoction or Xingnao Jianshen Capsule. Arrows show
positive expression. 7, 14 days: 7, 14 days after model induction.
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Table 4 Effects of Poxue Huayu and Tianjing Busui Decoction on brain-derived neurotrophic factor expression (absorbance)
in brain tissue surrounding the hematoma in rats with cerebral hemorrhage

Time after model induction (day)

Group Dose (g/kg)
1 3 7 14
Sham surgery — 15.7+2.4 15.2+3.1 15.4+3.3 16.3+2.2
Model — 21.6+3.7% 25.3+4.2° 28.2+3.1° 23.8+2.6"
Positive control drug 0.3 23.2+2.8 29.3+2.9 35.2+3.1¢ 26.6+3.2
Low-dose drug 5 24.242.9 29.9+3.1 35.8+3.5¢ 27.9+3.2
Moderate-dose drug 10 27.8+2.59 32.6+3.2¢ 41.1+3.7° 33.1+4.1¢
High-dose drug 20 32.2+2.9° 38.6+2.8° 50.3+4.1° 36.7+3.2°

Data are expressed as mean + SD, with six rats in each group. One-way analysis of variance and intergroup q test were performed.
Immunohistochemical staining revealed that brain-derived neurotrophic factor expression gradually increased with increased dose of Poxue
Huayu and Tianjing Busui Decoction. P < 0.01, PP < 0.05, vs. sham surgery group; °P < 0.01, “P < 0.05, vs. model group.

surrounding the hematoma in rats with cerebral hemorrhage

Table 5 Effects of Poxue Huayu and Tianjing Busui Decoction on tyrosine kinase B expression (absorbance) in brain tissue

Time after model induction (day)

Group Dose (g/kg)
1 3 7 14
Sham surgery — 11.7x1.4 11.2+2.1 12.4+2.0 10.3x2.2
Model — 15.6+1.7° 17.3+2.2°% 19.2+2.1% 21.8+2.6%
Positive control drug 0.3 18.2+2.8 29.3+2.9 35.2+3.1° 26.6+3.2
Low-dose drug 5 24.2+2.9 29.9+3.1 35.8+3.5° 27.9+£3.2
Moderate-dose drug 10 27.8+2.5° 32.6%3.2° 41.1+3.7° 33.1+4.1°
High-dose drug 20 32.2+¢2.9° 38.6+2.8" 50.3+4.1° 36.7+3.2°

Data are expressed as mean + SD, with six rats in each group. One-way analysis of variance and intergroup g test were performed.
Immunohistochemical staining revealed that tyrosine kinase B expression gradually increased with increased dose of Poxue Huayu and Tianjing
Busui Decoction. P < 0.01, vs. sham surgery group; °P < 0.01, °P < 0.05, vs. model group.

Table 6 Effects of Poxue Huayu and Tianjing Busui Decoction on vascular endothelial growth factor expression
(absorbance) in brain tissue surrounding the hematoma in rats with cerebral hemorrhage

Time after model induction (day)

Group Dose (g/kg)
1 3 7 14
Sham surgery — 11.7+1.4 11.2+¢2.1 12.4+2.0 10.3+2.2
Model — 15.6+1.7% 17.3+2.2% 19.2+¢2.12 21.8+2.6°
Positive control drug 0.3 18.2+2.8 21.3+1.9 23.2+2.1° 26.6+£3.2
Low-dose drug 5 18.2+2.9 22.9+2.1 24.8+2 5° 27.9+3.2
Moderate-dose drug 10 21.8+2.5° 25.6+2.2° 29.1£2.7° 30.1+2.1°
High-dose drug 20 23.242.9" 27.6+2.8" 30.3+2.1° 31.742.2°

Data are expressed as mean + SD, with six rats in each group. One-way analysis of variance and intergroup q test were performed.
Immunohistochemical staining revealed that vascular endothelial growth factor expression gradually increased with increased dose of Poxue
Huayu and Tianjing Busui Decoction. P < 0.01, vs. sham surgery group; °P < 0.01, °P < 0.05, vs. model group.

Poxue Huayu and Tianjing Busui Decoction
increased brain-derived neurotrophic factor and
tyrosine kinase B mRNA expression in brain tissue
surrounding the hematoma in rats with cerebral
hemorrhage

Reverse transcription-PCR results revealed that brain-
derived neurotrophic factor and tyrosine kinase B mRNA
expression significantly increased at 7 days after cere-

bral hemorrhage (P < 0.01). Various doses of Poxue
Huayu and Tianjing Busui Decoction could increase
brain-derived neurotrophic factor and tyrosine kinase B
mRNA expression, especially at moderate and high
doses (P < 0.05, P < 0.01). However, Xingnao Jianshen
Capsule did not significantly affect brain-derived neuro-
trophic factor and tyrosine kinase B mRNA expression
(P > 0.05; Figure 3).
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Figure 3 Effects of Poxue Huayu and Tianjing Busui Decoction on brain-derived neurotrophic factor (BDNF; A) and tyrosine
kinase B (TrkB; B) mRNA expression in brain tissue surrounding the hematoma in rats at 7 days after cerebral hemorrhage.

Data are expressed as mean * SD, with six rats in each group. One-way analysis of variance and intergroup q test were
performed. ®P < 0.01, vs. sham surgery group; °P < 0.01, °P < 0.05, vs. model group. Sham: Sham surgery group; Model: model
group; XNJS: Xingnao Jianshen Capsule group (positive control drug group); LD: low-dose drug group; MD: moderate-dose drug
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DISCUSSION

Cerebral hemorrhage induces a series of pathological
reactions in local brain tissue and the body, including
reduction of regional cerebral blood flow, intracerebral
hematoma, cerebral edema, increased intracranial
pressure and delayed neuronal damage!®. The above-
mentioned changes directly affect the prognosis of the
cerebral hemorrhage. However, to date, an effective
therapeutic drug that can decrease the mortality and
disability rate remains unavailable.

Brain-derived neurotrophic factor is a polypeptide growth
factor that is ubiquitously found in the cerebral cortex,
hippocampus, and corpus striatum. Under physiological
conditions, brain-derived neurotrophic factor in the cen-
tral nervous system regulates neuronal survival, diffe-
rentiation, and axon guidance. Under pathological condi-
tions, brain-derived neurotrophic factor participates in the
protective process of brain injury®®. Brain-derived neu-
rotrophic factor protein and mRNA expression have been
suggested to increase at early stages of cerebral ische-
mia. In particular, brain-derived neurotrophic factor pro-
tein and receptor tyrosine kinase B expression was de-
tected in granulocytes of the dentate gyrus. These cells
produce brain-derived neurotrophic factor and resist
ischemic and hypoxic injury®®. Cheng et al ™ discovered
that brain-derived neurotrophic factor had noticeable
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protective effects on neurons against ischemic-hypoxic
brain injury, and early application of brain-derived neu-
rotrophic factor had an optimal effect. Brain-derived
neurotrophic factor upregulated tyrosine kinase B re-
ceptor expression, blocked the deactivation of intracel-
lular damage factors to protein kinase C, and prevented
the death of neural cells after ischemia®. Results from
this study demonstrated that brain-derived neurotrophic
factor expression markedly increased in tissue sur-
rounding the hematoma at 3 days after consecutive ad-
ministration of Poxue Huayu and Tianjing Busui Decoc-
tion, and peaked at 7 days. This study assumed that on
one hand, Poxue Huayu and Tianjing Busui Decoction
promoted the synthesis and secretion of brain-derived
neurotrophic factor in neurons or glial cells in the cere-
bral cortex, hippocampus and surrounding the hemato-
ma, and protected damaged neurons. On the other hand,
Poxue Huayu and Tianjing Busui Decoction elevated the
expression of endogenous brain-derived neurotrophic
factor, which bound to its specific receptor and initiated
intracellular signal conduction. This signal conduction
has been shown to produce corresponding effector mo-
lecules and the regulation of neuronal structure, which
contributes to neuronal survival and axonal regenera-
tion™ ™2, A clinical study verified that Poxue Huayu and
Tianjing Busui Decoction improved syndromes of he-
morrhagic stroke, relieved neurological functions of pa-
tients, elevated patient quality of life, and it had in-
creased survival by 84%".
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Brain-derived neurotrophic factor mRNA is mainly ex-
pressed in neurons, and is partially expressed in acti-
vated microglial cells surrounding the hematoma™.
Conventional ideas suggest that brain-derived neuro-
trophic factor is a target-derived nerve growth factor.
That is, brain-derived neurotrophic factor synthesized
and secreted in the cortex and hippocampus acts on
receptor tyrosine kinase B, forms a ligand-receptor com-
plex, retrogradely transfers to the neuronal body and
promotes neuronal survival. Nevertheless, recent studies
confirmed that brain-derived neurotrophic factor was
secreted into the extracellular matrix in an exocytosis-like
formation and exerted trophic action on neural cells™**.
Results from the present study showed that compared
with the sham surgery group, brain-derived neurotrophic
factor expression increased in tissue surrounding the
hematoma, and further increased after treatment with
various doses of Poxue Huayu and Tianjing Busui De-
coction or Xingnao Jianshen Capsule. Therefore, we
presumed that Poxue Huayu and Tianjing Busui Decoc-
tion contributed to brain-derived neurotrophic factor
synthesis and secretion possibly by promoting brain-
derived neurotrophic factor mRNA expression in neurons
or glial cells in the cortex and hippocampus, resulting in
exertion of neurotrophic action and promotion of neu-
ronal survival.

Tyrosine kinase B is a high-affinity receptor for brain-
derived neurotrophic factor that is mainly expressed in
the cerebral cortex, hippocampal dentate gyrus, subs-
tantia nigra-corpus striatum, hypothalamus, cerebellum,
tectum of midbrain and brain stem. Its positive particles
are not only distributed in neuronal cell bodies, but also
in fibers, mainly in the hippocampal dentate gyrus and
cortex***"1. Immunohistochemical staining for tyrosine
kinase B revealed that compared with the sham surgery
group, tyrosine kinase B expression increased in tissue
surrounding the hematoma, and further increased after
treatment with Poxue Huayu and Tianjing Busui Decoc-
tion or Xingnao Jianshen Capsule.

Vascular endothelial growth factor is a sub-family of
growth factors and a signal protein produced by cells that
stimulate vasculogenesis and angiogenesis™™®. Vascular
endothelial growth factor expression was very low under
normal conditions, but vascular endothelial growth factor
receptor expression was high under pathological condi-
tions. Numerous studies have confirmed that vascular
endothelial growth factor expression is upregulated after
cerebral ischemia, mainly via the protein kinase C
pathway™. Vascular endothelial growth factor induces
neovascularization in the ischemic region by promoting

endothelial cell proliferation, improved microcirculation,
increased reperfusion and oxygen supply in the involved
brain tissue, and contributes to the repair of injured tis-
sue by reinforcing the recovery of neuronal function®?2.
Previous studies concerning pathological mechanisms of
hemorrhagic cerebrovascular disease mainly focused on
the effects of vascular endothelial growth factor on
blood-brain barrier, cerebral edema, brain injury and
cerebral protection. Some scholars thought that vascular
endothelial growth factor was involved in blood-brain
barrier injury and promoted cerebral edema formation
after cerebral hemorrhage®2¥, thereby accelerating the
damage to ischemic neurons®®*?®. While other scholars
thought that vascular endothelial growth factor protected
the blood-brain barrier after cerebral hemorrhage, re-
duced brain edema and brain injury, and exerted a neu-
roprotective effect?”*%. Results from this study suggest
that compared with the sham surgery group, vascular
endothelial growth factor expression increases in tissue
surrounding the hematoma, and further increases after
treatment with various doses of Poxue Huayu and
Tianjing Busui Decoction or Xingnao Jianshen Capsule,
indicating that Poxue Huayu and Tianjing Busui Decoc-
tion significantly increases the number of vascular en-
dothelial growth factor-positive cells in the injured region.

In summary, Poxue Huayu and Tianjing Busui Decoction
in the treatment of acute cerebral hemorrhage obviously
improves neurological function, reduces intracerebral
hematoma, and accelerates the absorption of cerebral
edema. The mechanism of action is most likely asso-
ciated with the promotion of brain-derived neurotrophic
factor expression and activation of the brain-derived
neurotrophic factor-tyrosine kinase B pathway, resulting
in protection and repair of neuronal cells.

MATERIALS AND METHODS

Design
A randomized, controlled animal study.

Time and setting

Experiments were performed at the Animal Experimental
Center, Norman Bethune College of Medicine, Jilin Uni-
versity, China from March 2011 to March 2012.

Materials
Animals
A total of 150 clean Wistar rats aged 8 weeks old, of both
genders, weighing 150-160 g, were provided by the
Experimental Animal Center, Jilin University, China, an-
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imal license No. SCXK (Ji) 2011-0063. The rats were
housed in individual cages at 20—25°C, humidity 40—70%,
15-20 Ix, and allowed free access to food and water. The
protocols were conducted in accordance with the Guid-
ance Suggestions for the Care and Use of Laboratory
Animals, formulated by Ministry of Science and Tech-
nology of China®®.

Drugs

Poxue Huayu and Tianjing Busui Decoction was com-
posed of 8 g Hirudo, 10 g raw rhubarb, 15 g raw Pollen
Typhae, 5 g gadfly, 20 g Fructrs Trichosanthis, 10 g Ra-
dix Notoginseng, 15 g Rhizoma Acori Talarinowii, and 10
g glue of tortoise plastron. All ingredients were identified
by Beijing Tong Ren Tang Group Co., Ltd., Beijing, China.
All ingredients were placed in a 4 L-casserole by the
decocting method. Purified water (2 L) was added for
decocting each time and the ingredients were immersed
for 30 minutes. The decoction was performed at 120°C
on an electric stove (Midea, Guangzhou, Guangdong
Province, China). After boiling, the decoction was cooled
for 30 minutes, and then the liquid was filtered using a
120-mesh silk fabric. The remaining residue was de-
cocted with water twice. The three extractions of liquid
were mixed, heated, for 1 g of crude drug in 1 mL of lig-
uid, and then stored at 4°C.

Xingnao Jianshen Capsule, lot No. 111216, specification:
0.25 g/pill, was composed of Calculus Bovis, Radix
Curcumae, Acorus calamus, Arisaema Cum Bile, gradfly
and Rhizoma Chuanxiong and prepared by the Manu-
facturing Laboratory, Jilin Provincial Hospital of Tradi-
tional Chinese Medicine, Jilin Province, China®?.

Methods

Establishment of cerebral hemorrhage rat model

In accordance with a previously published method™®*3¢,
the rats were intraperipherally anesthetized with 10% (v/v)
chloral hydrate (350 mg/kg), and fixed on a stereotaxic
instrument (Stoelting, New York, USA). A 1 mm-diameter
hole was drilled at 3 mm left of the midline and 0.2 mm
anterior to the anterior fontanelle®"®. A total of 50 pL
autologous anticoagulated blood (Tianjin Hongri Phar-
maceutics Co., Ltd., Tianjin, China) was slowly injected
into the left caudate nucleus along the direction of drilling
with a microsyringe (Shanghai Anting Factory, Shanghai,
China). The needle was maintained in place for 10 mi-
nutes. The sham surgery group did not receive injection
of autologous anticoagulated blood.

Rats that experienced left hemiplegia, mainly forelimb,
and cycling to the right during walking, indicated suc-
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cessful model induction®®.

Drug treatment

Rats in the low-, moderate- and high-dose drug groups
were intragastrically administered 5, 10 and 20 g/kg
Poxue Huayu and Tianjing Busui Decoction, respectively,
once a day. Xingnao Jianshen Capsule was dissolved in
purified water, and made into 100 g/mL solution for fur-
ther use. The rats in the positive control drug group were
administered 0.3 g/kg Xingnao Jianshen Capsule, once a
day, for 14 consecutive days. The rats in the sham sur-
gery and model groups were intragastrically adminis-
tered 10 mL/kg saline for 14 consecutive days. Rats in
the normal control group were allowed free access to
food and water.

Evaluation of neurological function

At 1, 3, 7 and 14 days after model induction, neurological
function was assessed by Longa’s method®: a score of
0 indicated no neurologic deficit; a score of 1 indicated
failure to extend left forepaw fully; a score of 2 indicated
spontaneous turning to the left; a score of 3 indicated
spontaneous circling to the left; and a score of 4 indi-
cated failure to spontaneous walking, loss of con-
sciousness.

Sample collection

At 1, 3, 7 and 14 days after model establishment, the rats
were deeply anesthetized with 10% (v/v) chloral hydrate
and decapitated. Right brain tissue was obtained on a
diethyl pyrocarbonate-treated Petri dish in an ice plate.
Brain tissue (100 mg) was collected and placed in a fro-
zen tube at —80°C.

Measurement of intracerebral hematoma volume

At 3 and 7 days after model induction, rats were decapi-
tated. The cerebrum was sliced into 2 mm-thick coronal
sections, and photographed with a digital camera (Canon,
Tokyo, Japan). Intracerebral hematoma volume was
analyzed using pathological image analysis software
(Hubei Huida Instrument Co., Ltd., Hubei Province, Chi-
na). The area of the hematoma in each layer of the
cranial CT was measured with Image-Pro Plus software,
and the areas of all layers were added and multiplied by
the thickness of each layer, i.e., intracerebral hematoma
volume.

Measurement of brain water content

At 3 and 7 days after model induction, brain water con-
tent was measured by the dry-wet method™”. Wet weight
of unilateral focal tissue (2 mm thick, coronal) was ac-
curately weighed. The above-mentioned tissue was dried
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in an oven at 100-110°C for 24 hours until the weight
was constant. The dry weight was weighed. Brain water
content (%) was equal to (wet weight — dry weight)/wet
weight x 100%".

Hematoxylin-eosin staining for pathological
morphology of brain tissue surrounding the hematoma
Rat brain tissue was fixed in 10% (v/v) formalin, em-
bedded in paraffin, and sliced into 2 mm-thick sections.
The sections were heated at 65°C for 30 minutes, de-
waxed in xylene for 20 minutes, immersed in alcohol for
10 minutes, hydrated and stained with hematoxylin for
3-5 minutes. After washing, the sections were immersed
in 1% (v/v) hydrogen ethanol for 10-30 seconds, washed
in running water, treated with ammonia water for 10—-30
seconds, and immersed in running water for 5-10 mi-
nutes. Subsequently, the sections were stained with eo-
sin for 20 minutes, washed with running water, dehy-
drated with alcohol for 10 minutes, permeabilized in xy-
lene for 10 minutes, mounted with neutral resin, and
observed using a light microscope (Nanjing Jiangnan
Yongxin Optics Co., Ltd., Nanjing, Jiangsu Province,
China)***4,

Immunohistochemical staining for brain-derived
neurotrophic factor, tyrosine kinase B and vascular
endothelial growth factor in brain tissue surrounding
the hematoma

At 1, 3, 7 and 14 days after model establishment, the
sections were dewaxed in xylene, hydrated with alcohol,
retrieved with citric acid buffer for 30 minutes, cooled at
room temperature, incubated in 3% (v/v) H,O, at room
temperature for 5 minutes to block endogenous perox-
idase, and then washed with PBS, 5 minutes x 3. The
sections were incubated with rabbit anti-rat brain-derived
neurotrophic factor, tyrosine kinase B and vascular en-
dothelial growth factor antibodies (1:50-200; Zhong
Shan Golden Bridge Biological Technology Co., Ltd.,
Beijing, China) at 4°C overnight, washed with PBS for 5
minutes, 3 times, and then incubated with IgG antibody-
horseradish peroxidase (Boster, Wuhan, Hubei Province,
China) at 37°C for 15 minutes. Sections were then
washed with PBS for 5 minutes, 3 times. The sections
were visualized with 3,3'-diaminobenzidine, washed with
distilled water, counterstained with hematoxylin, washed
with running water, treated with hydroxyacetic acid,
washed with running water, dehydrated with alcohol,
permeabilized with xylene, and mounted with resin. The
negative control was not treated with primary antibody.
Cell staining was observed under a high-power light mi-
croscope (Nanjing Jiangnan Yongxin Optics Co., Ltd.),
and results were photographed and recorded. Absor-

bance values were measured with an image analyzer
(Beijing Yijialin Technology Co., Ltd., Beijing, China).
Absorbance values represented protein expression.

Reverse transcription-PCR for brain-derived
neurotrophic factor and receptor tyrosine kinase B
mMRNA expression in brain tissue surrounding the
hematoma

At 7 days after model induction, 100 mg tissue surround-
ing the hematoma was placed in a diethyl pyrocarbo-
nate-treated homogenizer. The tissues were homoge-
nized with 1 mL Trizol (Invitrogen, Carlsbad, CA, USA) at
room temperature for 5 minutes. Homogenates were
stored in an Eppendorf tube at 4°C, and centrifuged at
12 000 r/min for 10 minutes. The supernatant was placed
in an additional Eppendorf tube. Chloroform (0.2 mL) was
added to each Eppendorf tube at room temperature for
2-3 minutes, without stirring, followed by centrifugation at
12 000 r/min and 4°C for 15 minutes. The colorless upper
layer was moved to a clean Eppendorf tube, and an equal
volume of isopropyl alcohol was added and shaken un-
iformly, without stirring, for 10 minutes at room temper-
ature, followed by centrifugation at 12 000 r/min for 10
minutes. After removal of the supernatant, 1 mL 75% (v/v)
cold alcohol was added to each Eppendorf tube, followed
by centrifugation at 7 500 r/min at 4°C for 5 minutes. After
removal of the supernatant, the samples were dried and
precipitated at room temperature for 3-5 minutes.
RNase-free water (0.2 mL) was added to prepare total
RNA solution. RNA was stored in 50 yL RNase-free water
at —80°C. RNA integrity was detected using 2% (w/v)
agarose gel electrophoresis. RNA was measured with an
ultraviolet spectrophotometer (Shanghai Yuanxi Instru-
ment Co., Ltd., Shanghai, China). The ratio of absor-
bance at 260 nm to absorbance at 280 nm was between
1.8 and 2.0, indicating a high purity of RNA, which could
be used in reverse transcription-PCR. The primers were
synthesized by Beijing Aoke Biotechnology Co., Ltd.,
Beijing, China.

Primer sequences are shown as follows:

Primer Sequence (5-3") Product size (bp)
Brain-derived Upstream: GTC CAC GGA CAA 392
neurotrophic GGCAACTTG G
factor Downstream: ACC GGA CAT
GTC CAC TGC AGT
Tyrosine Upstream: GAT GTT CCA GCC 257
kinase B ACT GTG AAC C
Downstream: CCC AAG ACC
AGC AAG CAT AAG C
Glyceraldehyde-3 Upstream: ACC ACA GTC CAT 450
-phosphate GCC ATC AC
dehydrogenase Downstream: TCC ACC ACC
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CTGTTG CTGTA

2 L cDNA solution, 5 yL 10 x Taq enzyme buffer, 2 yL
dNTPs (10 mmol/L), 10 pL upstream primer of target
gene, 10 yL downstream primer of target gene, 5 pL
upstream primer of internal reference, 5 yL downstream
primer of internal reference, 5 yL cDNA solution, 3 uL
Taq enzyme, and 3 pL diethyl pyrocarbonate-treated
water were added in each 0.2 mL reaction tube, in a total
volume of 50 L.

PCR reaction conditions are shown as follows:

Gene Predenaturation Denaturation Annealing
GAPDH  94°C 5 minutes 94°C 30 seconds 55°C 30 seconds
BDNF 94°C 5 minutes 94°C 1 minute 58°C 1 minute
TrkB 94°C 5 minutes 94°C 1 minute 56°C 1 minute

Gene Extension Postextension Times of cycle
GAPDH  72°C 1 minute 72°C 10 minutes 35
BDNF 72°C 2 minutes 72°C 10 minutes 35
TrkB 72°C 2 minutes 72°C 10 minutes 35

BDNF: Brain-derived neurotrophic factor; TrkB: tyrosine kinase B;
GAPDH: glyceraldehyde-3-phosphate dehydrogenase.

Images were collected with a gel image analyzer
(Hangzhou Tianneng Biotechnology Co., Ltd., Hangzhou,
Zhejiang Province, China). Mean absorbance values
were analyzed with a gel image analyzer. The expression
of brain-derived neurotrophic factor and tyrosine kinase
B was expressed as the ratio to the absorbance of
GAPDH mRNA.

Statistical analysis

The data were analyzed using SPSS 17.0 (SPSS, Chi-
cago, IL, USA). Measurement data were expressed as
mean = SD. A comparison among multiple groups was
performed using one-way analysis of variance. Paired
comparison g test was used if statistical significance was
present. A value of P < 0.05 was considered statistically
significant.
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