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IINNTTRROODDUUCCTTIIOONN
Several studies have shown that stroke

patients with increased red blood cell (RBC)
deformity, RBC aggregation, blood viscosity and
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ORIGINAL ARTICLE

BBaacckkggrroouunndd//PPuurrppoossee..  Blood stasis, a pathological concept of blood circulation disturbance in
Traditional Chinese Medicine, has been demonstrated to be associated with the process of stroke.
Gui-Zhi-Fu-Ling-Wan (GZFLW) is known to improve the status of severe blood stasis. The purpose
of this study is to investigate the effects of GZFLW on cerebral infarct.  
MMeetthhooddss..  A rat model of cerebral infarct was established by blocking both common carotid
arteries and the right middle cerebral artery for 90 min, followed by reperfusion for 24 h. Neuro-
deficit score and the percentage of cerebral infarction area to total brain area were used as a
therapeutic effect index of GZFLW, (a Chinece Medicine formula), and MK801(a non-competitive
N-methyl-D-asparate receptor antagonist) treatment. The numbers of ED1 (mouse anti rat CD68)-,
interleukin-1β (IL-1β)-, tumor necrosis factor-α (TNF-α)-, intercellular adhesion molecule-1
(ICAM-1)-, myeloperoxidase (MPO)-immunoreactive cells, and apoptotic cells in the cerebral
infarction region were counted under light microscope. In addition, the phosphorylation of
mitogen-activated protein (MAP) kinases was detected by Western blotting 90 min after
blocking the blood flow.    
RReessuullttss.. Pre-treatment with GZFLW 0.6 g/kg, GZFLW 0.8 g/kg, MK801 1.0 mg/kg and post-
treatment with GZFLW 0.6 g/kg reduced the cerebral infarction area; pre-treatment with GZFLW
0.6 g/kg and MK801 1.0 mg/kg reduced the neuro-deficit score and also reduced the numbers of
ED1-, IL-1β-, TNF-α-, ICAM-1-, MPO-immunoreactive and apoptotic cells in the cerebral infarction
region. GZFLW 0.6 g/kg reduced the cerebral ischemia-induced phosphorylation of c-Jun 
N-terminal kinases (JNKs).    
CCoonncclluussiioonn..  GZFLW reduced the cerebral infarction area and neuro-deficit in rats, suggesting
that GZFLW has the potential to reduce cerebral infarction size in humans. GZFLW also inhibited
microglia activation, neutrophil infiltration, and TNF-α, IL-1β, ICAM-1 expression, suggesting that
GZFLW has an anti-inflammatory effect. Moreover, our data indicate that the anti-inflammatory
effect of GZFLW might be associated with the JNK signaling pathway in cerebral ischemia.  ( Mid

Taiwan J Med 2008;13:1-11 )

KKeeyy  wwoorrddss  

cerebral infarct, c-Jun N-terminal kinases, ED1, Gui-Zhi-Fu-Ling-Wan, intercellular adhesion
molecule-1, neurologic deficit.
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platelet aggregation exhibit the phenomenon of
severe blood stasis. However, these symptoms
can be improved by treatment with Gui-Zhi-Fu-
Ling-Wan (GZFLW) [1,2].

Activation of microglias is characteristic of
neuronal damage after middle cerebral artery
occlusion (MCAo) [3]. Activated microglias
secrete interleukin-1β (IL-1β) and tumor necrosis
factor-α (TNF-α) , cytokines which play a critical
role in ischemic brain damage [4,5]. Neuronal
apoptosis occurs after severe cerebral ischemia
[6], and could represent a mode of ischemic cell
death [7]. Intercellular adhesion molecule-1
(ICAM-1) participates in leukocyte-endothelial
adhesion and in the migration of leukocytes 
into the damaged region of the brain [8].
Myeloperoxidase (MPO) activity, a quantitative
index of polymorphonuclear neurtrophils (PMN)
[9], increases in the cerebral infarction region
after cerebral ischemia in rats. Neutrophils are 
the main source of oxidative free radicals in
myocardial ischemia-reperfusion [10,11].
Mitogen-activated protein (MAP) kinases,
including extracellular signal-regulated kinases
(ERKs), c-Jun N-terminal kinase (JNKs) and p38,
are activated by extracellular stimulation and
participate in cell growth and stress signaling
[12,13]. The activation of the p38 pathway during
sustained ischemia can be inhibited by inhibitors
of IL-1β and TNF-α [14], suggesting an
association between ischemia, inflammatory
cytokines and the activation of MAP kinases.

The purpose of this study was to investigate
the effects of GZFLW on cerebral infarct in a rat
model of cerebral infarction.      

SSUUBBJJEECCTTSS  AANNDD  MMEETTHHOODDSS
Extraction procedures of GZFLW 

The plant materials used to concoct
GZFLW were authenticated and extracted by
Koda Pharmaceutical Co. Ltd. (Taoyuan,
Taiwan). The 240 g sample of dried GZFLW
comprised Cinnamon twig 44 g, Prunus persica
(L) Batsch 74 g, Poria cocos (Schw.) Wolf 22 g,
Paeonia lactiflora Pall 45 g, and Paeonia
suffruticosa Andr 55 g. Crude GZFLW was
extracted twice with 1.68 and 1.2 liters of boiling

water for 40 min and 50 min, respectively. The
aqueous extracts were filtered and freeze-dried.
The total yield was 35.6 g (14.83%). The freeze-
dried GZFLW extracts were qualified by high-
performance liquid chromatography; paeoniflorin
and cinnamic acid were used as standards.  

Animals
Male Sprague-Dawley (SD) rats, weighing

300 to 400 g, were obtained from the National
Laboratory Animal Breeding and Research
Center, National Science Council, Taiwan. The
rats were housed in standard iron cages in the
animal center of the China Medical University.
The humidity level was controlled at 55 5%,
and the rats were maintained on a 12-h light-dark
cycle at 22 2 C. All animal experiments were
performed in accordance with the Guidelines of
the Chinese Society for Laboratory Animal
Science, Taiwan, R.O.C. 

Establishment of the cerebral infarction
animal model

The cerebral infarction animal model was
established as described by Hsieh et al. (2001)
[15]. Each rat was placed supine and both
common carotid arteries were exposed through a
midline incision in the neck. Then, both common
carotid arteries were tied off with plastic line (0.1
mm in diameter). Rats were then placed prone
and the head of each rat was fixed in a
stereotactic apparatus. The scalp was incised to
create an anterior-posterior direction wound (1.5
cm in length), exposing the skull from the
midpoint of the binaural line. The olfactory tract
and right middle cerebral artery were clearly
visible through the bone window measuring 3.5
mm in diameter. An 8-0 nylon line mediated via a
surgical needle was placed under the right middle
cerebral artery just at the immediate upper margin
of the olfactory tract, and tied loosely. The
markers for laser Doppler perfusion were
monitored (DRT4, Moor Instruments Inc.
Wilmington, USA). The markers changed from
900 units to 200 units when the plastic line  loops
were drawn to block the blood flow of both
common carotid arteries. The markers changed
from 200 units to 50 units when the blood flow of
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the right middle cerebral artery was blocked.
Cerebral blood flow was reestablished after
blocking the blood flow of both common carotid
arteries and the right middle cerebral artery for 90
min. The blood gas was measured from the right
femoral artery before and 90 min after blocking
the blood flow.  

GZFLW treatment and measurement of
infarction in ischemia-reperfusion injured
SD rats

A total of 42 SD rats were randomly
divided into 7 groups of 6 rats: 1) the sham group
comprised rats in which both common carotid
arteries and the right middle cerebral artery were
exposed, but the blood flow was not blocked; 2)
the control group was composed of rats in which
the blood flow of both common carotid arteries
and the right middle cerebral artery was blocked
for 90 min followed by reperfusion for 24 h; 3)
the G0.4 group of rats received intraperitoneal
injection (i.p.) of GZFLW 0.4 g/kg 10 min before
the blood flow was blocked; 4) the G0.6 group of
rats was administered GZFLW 0.6 g/kg (i.p.) 10
min before the blood flow was occluded; 5) the
G0.8 group received GZFLW (i.p.) 0.8 g/kg 10 min
before the blood flow was blocked; 6) the MK
group was administered MK801 (Sigma,
Steinheim, Germany) 1.0 mg/kg (i.p.) 10 min
before the blood flow was occluded; 7) the DG0.6

group was administered GZFLW 0.6 g/kg (i.p.)
30 min after the blood flow was blocked.  

Evaluation of neurological status
After reperfusion for 24 h, the neurological

status of the rats was estimated by an evaluator
who was blinded to the grouping [16]. The
neurological examination grading scale system
ranged from 0-3, where grade 0 indicates no
neurological deficit; grade 1, forelimb flexion;
grade 2, decreased resistance to a lateral push;
grade 3, circling behavior.  

Measurement of cerebral infarction area
After evaluation of neurological status, 3

mL of whole blood was collected from the right
femoral artery to measure blood biochemistry and
blood cells. Then, the brain of each rat was
removed after transcardiac perfusion of 0.9%

NaCl and 4% paraformaldehyde. Each brain was
then placed into a plastic rat brain model, and the
coronals were sectioned into 2 mm slices. The
samples were then placed in 2% 2, 3, 5-triphenyl-
tetrazolium chloride (TTC) solution in a 37 C
room for 15 min to allow for differentiation
between the white cerebral infarction area and the
reddish-purple normal brain tissues [17]. Finally,
the samples were fixed with 10% formalin
solution.

The cerebral infarction areas of the first six
sections from the frontal lobe were measured
using a microscopic image-analysis system
(Image-Pro Lito Version 3.0, Media Cybernetics,
USA). The ratio of infarction area to total brain
area in each section of the rat brain was
calculated, and the data were expressed as a
percentage (%).  

The measurement of blood cells, blood
biochemistry and blood sugar levels

Whole blood (0.5 mL) was analyzed for red
blood cells (RBC), hemoglobin (HGB),
hematocrit (HCT), lymphocytes (LYM) and
platelets (PLT) by a blood cell analysis apparatus
(System KX-21, System Ltd., Kobe, Japan). The
other 2.5 mL of whole blood was centrifuged at
3400 rpm for 10 min; aminotransferase aspirate
(GOT), aminotrans-ferase alanine (GPT), blood
urea nitrogen (BUN), creatinine, and blood sugar
levels of supernatants were determined by a
biochemistry analysis apparatus (Roche, COBUS,
MIRA).  

Immunostaining and apoptotic cell
detection of brain tissues in GZFLW
treated ischemia-reperfusion injured SD
rats

The 24 SD rats that had been randomly
divided into the sham, control, G0.6 and MK
groups were scarified. The brains were removed,
embedded in optimal cutting temperature (OCT)
medium and cut into 20 µm sections for
immunostaining as described by Hsieh et al.
(2006) [15]. The numbers of ED1-, IL-1β-, TNF-
α-, ICAM-1-, MPO-immunoreactive cells and
apoptotic cells in the cerebral infarction zone 
of the 3rd section from the frontal lobe were
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counted under a light microscope. The data
represent the number of cells within 1 mm2.  

In situ analysis of apoptosis
A DNA fragmentation detection kit (TdT-

FragELTM kit; Oncogene, Boston, MA) was used
to study apoptotic cell death. Tissues were rinsed
briefly with TBS, and then incubated with
proteinase K for 20 min followed by 3% H2O2

in methanol for 5 min to inactivate endogenous
peroxidases. Terminal deoxynucleotidyl
transferase (TdT) was then added to the tissues at
37 C for 1.5 h. The addition of stop buffer
solution terminated the reaction. Apoptotic cells
were detected by incubating tissues with 3,3’-
Diaminobenzidine tetrahydrochloride substrate
(DAB), followed by counterstaining with methyl
green.  

Western blotting of the brain tissues in
GZFLW treated ischemic SD rats

A total of 9 SD rats were randomly divided
into 3 groups of 3 rats as follows: 1) sham group;
2) control group; 3) G0.6 group. The rats were
sacrificed and the brain tissues were removed for
Western blotting as described by Hsieh et al.
(2007) [18].  

Statistical analysis
The data are represented as mean SD.

Groups were compared by one-way analysis of
variance (ANOVA) followed by Scheffe’s test. A
p-value < 0.05 was considered statistically
significant. 

RREESSUULLTTSS
Effects of GZFLW on infarction areas in
ischemia-reperfusion injured rats 

Blood gas analysis indicated that the pH
values and the percentages of pCO2 and pO2 were
similar among the sham, control, G0.4, G0.6, G0.8,
DG0.6 and MK groups before and 90 min after
blocking the blood flow (all p > 0.05, Table 1).

After blocking the blood flow of both
common carotid arteries and the right cerebral
artery for 90 min, all rats developed cerebral
infarction after 24 h of reperfusion. The cerebral
infarction areas were visibly white, and the non-
infarction areas were redish-purple in color after
TTC staining (Fig. 1A). The percentage of
cerebral infarction area in the G0.6 group, G0.8

group, DG0.6 group and MK group were 5.1
0.9% (p < 0.001), 6.2 0.5% (p < 0.001), 10.1
1.5% (p < 0.05) and 3.7 1.4% (p < 0.001),
respectively. The percentages of infarction areas
in the above groups were smaller than the
percentage in the control group (12.7 1.0%; Fig.
1B). The percentage of cerebral infarction area in
the G0.4 group was 11.3 1.1% greater than that in
the G0.6, G0.8 and MK groups (all p < 0.001). The
percentage of cerebral infarction area was similar
in the control group and G0.4 group (p > 0.05). The
percentage of cerebral infarction area was greater
in the DG0.6 group than that in the G0.6 group (p <
0.001). The percentage of cerebral infarction area
in the G0.8 group was larger than that in the MK
group (p < 0.05, Fig. 1B).  

Table 1. Blood gas analysis in the Gui-Zhi-Fu-Ling-Wan-treated ischemia-reperfusion injured rats

S
C
G0.4

G0.6

G0.8

DG0.6

MK

7.30 0.02
7.31 0.02
7.32 0.03
7.31 0.03
7.32 0.02
7.34 0.04
7.32 0.04

Group
Before* 0-90*

*Mean SD. S = sham group; C = control group; G0.4 = G0.4 group; G0.6 = G0.6 group; G0.8 = G0.8 group; DG0.6 = DG0.6 group;
MK = MK group. Before: blood gas analysis before blocking the blood flow; 0-90: blood gas analysis 90 min after
blocking the blood flow.

pH

43.7 2.3
43.3 5.1
46.0 5.1
42.9 4.8
46.9 6.1
40.9 7.9
44.1 4.4

pCO2

99.7 15.9
106.5 12.0
101.3 11.8
98.2 8.6

103.7 16.0
117.5 19.1
111.2 10.7

pO2

7.36 0.06
7.36 0.07
7.32 0.03
7.35 0.04
7.33 0.03
7.39 0.08
7.31 0.02

pH

35.4 7.8
35.0 2.7
45.7 4.0
34.0 4.1
41.6 4.1
35.1 9.2
43.0 2.7

pCO2

122.8 22.7
117.7 10.8
105.5 7.5
116.8 13.6
115.8 17.7
124.3 14.3
109.8 11.9

pO2
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Effects of GZFLW on neurological deficit
in ischemia-reperfusion injured SD rats

The average neurological deficit score in
the G0.6 group was 1.3 0.5 and that in the MK
group was 1.2 0.4. Both were lower than the
average score in the control group (2.8 0.4) (all
p < 0.001). The neurological deficit score in the
G0.4 group (2.7 0.5) was larger than that in the
G0.6 group (p < 0.01) and in the MK group (p <
0.001). 

The neurological deficit score in the DG0.6

group (2.5 0.5) was larger than that in the G0.6

group (p < 0.05, Fig. 2).   

Effects of GZFLW on peripheral blood
cells and blood biochemistry in ischemia-
reperfusion injured SD rats

There were no significant differences in
numbers of RBC, WBC, LYM and PLT, the
concentration of HGB, or percentage of HCT
between the sham, control, G0.4, G0.6, G0.8, DG0.6

and MK groups (all p > 0.05, Table 2).
There were no significant differences in

levels of GOT, GPT, BUN, creatinine or blood
sugar between the sham, control, G0.4, G0.6, G0.8,
DG0.6 and MK groups (all p > 0.05; Table 3).  

Effects of GZFLW on ED1-, IL-1ββ-, TNF-αα-,
ICAM1-, MPO-immunoreactive cells and
apoptotic cells in ischemia-perfusion
injured SD rats

SD rats were pre-treated with GZFLW 0.6
g/kg 10 min before ischemia-reperfusion
procedures took place. The brain tissues were
removed for immunostaining and the
immunoreactive cells were counted within a 1
mm2 zone (Fig. 3A). The number of ED1-
immunoreactive cells in the control group was
greater than that in the sham group (p < 0.001);
however, the number of ED1-immunoreactive
cells in the G0.6 and MK groups was lower than
that in the control group (both p < 0.001; Fig. 3B,
Table 4).

Fig. 1. Effects of GZFLW on cerebral infarction induced by ischemic-reperfusion injury. A: Coronal sections of brains after
ischemia for 90 min followed by reperfusion for 24 h. After staining with 2,3,5-triphenyl-tetrazolium chloride, the infarction areas
were white and the non-infarction areas were red-purple in color. In this and subsequent figures, S = sham group; C = control
group; G0.4 = G0.4 group; G0.6 = G0.6 group; G0.8 = G0.8 group; DG0.6 = DG0.6 group; MK = MK group; S-1 = first slice from frontal lobe;
S-2 = second slice from frontal lobe; S-3 = third slice from frontal lobe; S-4 = 4th slice from frontal lobe; S-5 = 5th slice from frontal
lobe; S-6 = 6th slice from frontal lobe. B: The percentage of cerebral infarct area in ischemia-reperfusion injured rats. Pre-treatment
with Gui-Zhi-Fu-Ling-Wan (GZFLW) 0.6 g/kg, 0.8 g/kg, MK801 1 mg/kg and post-treatment with GZFLW 0.6 g/kg reduced
cerebral infarction area. *p < 0.05, ***p < 0.001 compared with of S; #p < 0.05, ###p < 0.001 compared with C; +++p < 0.001
compared with G0.4; $$$p < 0.001 compared with DG0.6; &P < 0.05 compared with G0.8.

A B

Fig. 2. Effects of GZFLW on neurological deficit induced by
ischemia-reperfusion injury. Pre-treatment with GZFLW 0.6
g/kg and MK801 1 mg/kg significantly reduced neurological
deficit. ***p < 0.001 compared with the value of S; ###p <
0.001 compared with the value of C; ++ p < 0.01, +++p <
0.001 compared with the value of G0.4; $ p < 0.05, $$p < 0.01
compared with the value of DG0.6.
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The number of IL-1β-immunoreactive cells
in the control group was greater than that in the
sham group (p < 0.001); however, the number of
IL-1β-immunoreactive cells in the G0.6 and MK
groups was lower than that in the control 

group (both p < 0.001). The number of IL-1β
immunoreactive cells was smaller in the MK
group than in the G0.6 group (p < 0.05; Fig. 3B,
Table 4).

The number of TNF-α-immunoreactive

Table 2. Effects of Gui-Zhi-Fu-Ling-Wan on peripheral blood cells in ischemia-reperfusion injured rats

S
C
G0.4

G0.6

G0.8

DG0.6

MK

7.4 0.7
7.5 1.3
7.6 0.5
7.7 0.8
7.1 0.9
7.3 0.9
7.2 0.8

Group

*Mean SD. RBC = red blood cell; HGB = hemoglobin; HCT = hematocrit; WBC = white blood cell; LYM =
lymphocyte; PLT = platelet.

RBC*
(106/µL)

14.1 1.6
12.5 2.5
13.8 1.0
13.8 1.9
12.4 1.4
12.5 1.8
13.6 1.0

HGB*
(g/dL)

42.4 4.7
40.7 7.8
44.2 2.3
44.2 5.2
37.9 2.6
38.3 6.3
41.7 3.2

HCT*
(%)

6.0 1.3
7.3 0.9
6.9 2.5
6.4 1.6
6.7 2.2
7.2 0.7
7.5 1.0

WBC*
(103/µL)

2.6 0.8
2.7 0.7
3.0 0.7
2.3 0.8
3.5 0.6
2.3 0.9
2.2 0.9

LYM*
(103/µL)

739.3 92.8
796.5 187.9
799.5 166.2
818.5 181.4
786.8 122.4
885.2 95.9
786.5 81.6

PLT*
(103/µL)

Table 3. Effects of Gui-Zhi-Fu-Ling-Wan on biochemistry in ischemia-reperfusion injured rats

S
C
G0.4

G0.6

G0.8

DG0.6

MK

359.7 107.9
472.0 124.4
353.8 143.6
382.8 120.3
446.5 122.1
384.2 137.2
352.0 170.5

Group

*Mean SD. GOT = aminotransferase asparate, GPT = aminotransferase alanine; BUN = blood urea nitrogen.

GOT*
(U/L)

40.0 18.6
66.0 43.2
43.8 20.1
51.5 15.2
58.3 17.5
52.8 14.6
48.8 16.2

GPT*
(U/L)

19.4 6.9
37.7 20.9
43.8 20.1
33.8 9.8
23.2 7.4
33.0 14.0
33.6 15.2

BUN*
(mg/dL)

0.6 0.08
0.7 0.1
0.7 0.1
0.7 0.2
0.6 0.1
0.7 0.1
0.7 0.2

Creatinine*
(mg/dL)

163.0 18.1
148.7 24.9
158.0 31.1
177.5 31.6
141.5 22.3
138.8 22.9
152.2 26.5

Blood Sugar*
(mg/dL)

Fig. 3. Effects of GZFLW on ED1-, interleukin-1β-, tumor necrosis factor-α-, intercellular adhesion molecule-1-, myeloperoxidase-
immunoreactive cells and apoptosis in ischemia-reperfusion injured rats. A: View of the third section from the frontal lobe. The
ED1-, tumor necrosis-α-, interleukin-1β-, intercellular adhesion molecule-1-, myeloperoxidase- immunoreactive cell numbers
within the square in the cerebral infarction zone were counted. Square box = 1 mm2. B: ED1-, interleukin-1β-, tumor necrosis
factor-α-, intercelular adhesion molecule-1-, myeloperoxidase-immunoreactive cells, and apoptosis cells (arrow) increased in the
control group compared with the sham group. These increases were not seen in the G0.6 and MK groups. ED1 = ED1
immunoreactive cell; IL-1β = interleukin-1β immunoreactive cell; TNF-α = tumor necrosis factor-αimmunoreactive cell; ICAM-1
= intercellular adhesion molecule-1 immunoreactive cell; MPO = myeloperoxidase immunoreactive cell; APO = apoptotic cell.

A B
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cells in the control group was greater than that in
the sham group (p < 0.001); however, the number
of TNF-α-immunoreactive cells in the G0.6 and
MK groups was lower than that in the control
group (both p < 0.001; Fig. 3B, Table 4).

The number of ICAM-1-immunoreactive
cells in the control group was greater than that in
the sham group (p < 0.001); however, the number
of ICAM-1-immunoreactive cells in the G0.6 and
MK groups was lower than that in the control
group (both p < 0.001). The number of ICAM-1
immunoreactive cells in the G0.6 group was lower
than that in the MK group (p < 0.05; Fig. 3B,
Table 4).

The number of MPO immunoreactive cells
in the control group was greater than that in the
sham group (p < 0.001); however, the number of
MPO-immunoreactive cells in the G0.6 and MK
groups was lower than that in the control group
(both p < 0.001; Fig. 3B, Table 4).

The number of apoptotic cells in the control
group was greater than that in the sham group (p
< 0.001); however, the number of apoptotic cells
in the G0.6 and MK groups was lower than that in
the control group (both p < 0.001). The number of
apoptotic cells in the G0.6 group was lower than
that in the MK group (p < 0.01; Fig. 3B, Table 4).  

Effects of GZFLW on the MAP kinases
pathways in cerebral ischemic SD rats

After cerebral ischemia for 90 min, the
levels of phosphorylated JNKs in the cerebral
cortex and hippocampus region increased in the
control group (Fig. 4); however, this increase was
reduced in G0.6 group. Cerebral ischemia for 90

min and pre-treatment with GZFLW did not
change the levels of JNKs, ERKs, p38 protein,
phosphorylated ERKs or phosphorylated p38
(Fig. 4).    

DDIISSCCUUSSSSIIOONN
The results of this study demonstrated that

cerebral infarction size was reduced in rats pre-
treated with GZFLW and MK801 and post-treated
with GZFLW; pre-treatment of GZFLW and MK
801 also reduced the neuro-deficit in ischemia-
reperfusion injured rats. MK801 is a
neuroprotective drug that has been shown to
reduce cerebral infarction size induced by MCAo
in rats [19] and in rabbits [20]. The consistency of

Table 4. Effects of Gui-Zhi-Fu-Ling-Wan on the number of ED1-, IL-1ββ-, TNF-αα-, MPO- and ICAM-1-
immunoreactive cells and apoptotic cells in ischemia-reperfusion injured rats

ED1
IL-1β
TNF-α
ICAM-1
MPO
Apoptotic cells

24.7 9.2
24.2 11.6
19.8 8.1

4.2 1.7
18.2 12.5
99.7 19.6

*Mean SD. ED1= ED1-immunoreactive cell; IL-1β = interleukin-1β-immunoreactive cells; TNF-α = tumor necrosis
factor-α-immunoreactive cells; ICAM-1= intercellular adhesion molecule-1-immunoreactive cells; MPO =
myeloperoxidase-immunoreactive cells; Apoptosis= apoptotic cells.  p < 0.001 compared with sham group;    p < 0.001
compared with C group.;   p < 0.05,    p < 0.001 compared with PG0.6 group.

S*

384.5 35.6
474.5 28.0
357.7 46.0

80.0 12.6
400.3 60.1
807.8 76.1

C*

103.3 28.1
135.2 37.3
103.7 29.2
29.8 11.2

155.7 59.3
331.2 38.0

G06*

86.7 30.1
77.7 24.3
76.7 28.8
14.0 5.1

107.5 18.2
158.8 41.1

MK*

Fig. 4. Effects of GZFLW on MAP kinase activation in
ischemic brain injury. After ischemia for 90 min, brain tissues
in the cerebral cortex and hippocampus were analyzed for the
protein levels and phosphorylation of JNK, p38 and ERK by
Western blotting. The percentage on the bottom represents
the amount of phospho-JNK protein relative to the S. S: sham
group; C = control group; G0.6 = pre-treatment with GZFLW
0.6 g/kg.
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the neuro-deficit and infarction areas in our study
suggests that there is an association between the
symptoms and the size of brain tissue damage.

When the CNS encounters pathological
changes, including inflammation and ischemia,
microglias are rapidly activated and transform
into phagocytes [21]. ED1 immunoreactivity is a
marker of microglia/macrophage activity [22,23].
Microglia activation provides a sensitive indicator
when there is no apparent neuronal damage
during the early stage of cerebral ischemia 
[24]. In addition, microglias participate in
neurotoxicity via nitric oxide and reactive
nitrogen oxides [25,26] and they secrete cytokines
including TNF-α and IL-1β. The expression of
TNF-α increases in the ischemic cortex, which
facilitates neurtophil infiltration, thereby
exacerbating brain tissue damage in MCAo rats
[27]. The increase in cerebral infarction size by
TNF-α is dose-dependent in spontaneous
hypertensive MCAo rats. Therefore, the inhibition
of TNF-α may be a strategy for treating ischemic
stroke [28]. In addition, the level of TNF-α in
blood is an indicator of early neurological
deterioration in lacunar stroke patients [29]. IL-
1β also facilitates the infiltration of neurophils
into the cerebral infarction region, and is an
important factor in the formation of brain edema
[5]. IL-1β, produced by endothelial cells and
microglias, regulates the expression of adhesion
molecules after cerebral ischemia in mice [30,31].
Adhesion molecule ICAM-1 plays a role in
mediating leucocyte-endothelial adhesion to
facilitate leucocyte infiltration into the ischemic
brain region [8,32]. ICAM-1 mRNA and protein
expressed in endothelial cells [8] have been
shown to increase during the second hour 
of reperfusion, and to persist for one week in
MCAo rats. ICAM-1 has been shown to be an
inflammatory marker [32,33]; ischemic brain cell
death is associated with inflammation [33]. A
quantitative index of PMN infiltration into the
damaged brain tissues in MCAo rats is MPO
[9,34]. PMN increases in cerebral infarction 
and is associated with inflammation, which
contributes to delayed progressive brain tissue

damage [9]. Anti-beta-z integrin inhibits
neutrophils and, therefore, acts as a neurprotector
in MCAo-induced cerebral infarct [35]. In
addition, reactive oxygen species [36], especially
superoxide [37], are produced by neurtrophils in
cerebral ischemia-reperfusion injured rats.
Several reports have found that oxygen free
radicals play a critical role in triggering ischemia
neuronal damage [38]. Neutrophils prompt the
release of oxygen free radicals, proinflammatory
mediators and cytokines, including TNF-α in
myocardial ischemia-reperfusion injury [10,11].
After severe cerebral ischemia, apoptotic cells are
present, and contribute to the delayed death of
nonneuronal brain cells [6]. Apoptosis occurs
after cerebral ischemia both in spontaneous
hypertensive and non-hypertensive rats; therefore,
targeting apoptotic cells might represent a
therapeutic strategy for stroke [7,39]. In our
study, we demonstrated that GZFLW reduced the
cerebral infarction size, neuro-deficit, the ED1-,
IL-1β-, TNF-α-, ICAM-1-, MPO-immunoreactive
cells and apoptotic cells in the cerebral infarction
region, suggesting that GZFLW inhibits microglia
activation and neutrophil infiltration in the
infarction region.

In our study, the phosphorylation of JNK
increased in the cerebral cortex and hippocampus
region 90 min after blocking the blood flow of
both common carotid arteries and the right middle
cerebral artery; however, this increase was
reduced by pre-treating rats with GZFLW. Several
studies have reported that the dynamic balance
between the activation of ERK and the activation
of the JNK-p38 pathway plays a critical role in
determining whether a cell will survive or
undergo apoptosis. JNK is a stress-activated
protein and the sustained over-stimulation of JNK
signaling pathway has been shown to induce cell
death in PC-12 cells [14]. Ischemia induces the
production of cellular inflammatory cytokines,
such as TNF-α and IL-1β, and induces apoptosis
[14]. In addition, Yamasaki et al reported 
that anti-IL-1β decreased infarction size and
neutrophil infiltration in MCAo rats [5].
Inhibitors targeting the JNK pathway also exhibit
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anti-inflammatory activity [40]. Therefore, our
results suggest that GZFLW exhibits anti-
inflammatory activity by inhibiting the JNK
signaling pathway in cerebral ischemia.

In our study, GZFLW did not change the
numbers of RBC, WBC, LYM or PLT, the
concentration of HGB, the percentage of HCT,
GOT, GPT, BUN, creatinine or the level of blood
sugar in peripheral blood flow of ischemia-
reperfusion injured rats, suggesting that short-
term administration of GZFLW does not influence
blood cells, blood sugar, liver function or kidney
function.

In conclusion, GZFLW reduced the cerebral
infarction area and neuro-deficit in ischemia-
reperfusion injured rats, suggesting that it has the
potential to induce similar effects in humans.
GZFLW simultaneously inhibited microglia
activation, TNF-α ,  IL-1β ,  ICAM-1, and
neutrophil infiltration, suggesting that the
reduction of infarction areas, at least in part, is
associated with its anti-inflammatory activity.
Finally, our data indicate that the anti-
inflammatory effects of GZFLW might be
associated with the JNK signaling pathway in
cerebral ischemia.    
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