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Suppressive effects of Gua Lou Gui Zhi decoction on
MCAO-induced NO and PGE, production are dependent
on the MAPK and NF-kB signaling pathways
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Abstract. The present study aimed to investigate the inhibi-
tory effects, and underlying mechanisms, of Gua Lou Gui Zhi
decoction (GLGZD) in a rat model of neuroinflammation.
Sprague-Dawley rats were treated with GLGZD following
middle cerebral artery occlusion (MCAO). Neurological func-
tion and infarct volume were evaluated to confirm successful
generation of the rat model. Subsequently, brain tissues and
blood samples were collected for further analysis. Nitric
oxide (NO) and prostaglandin E, (PGE,) were evaluated in
peripheral blood samples using the Griess reagent assay and
an ELISA, respectively. The relative expression levels of
inducible nitric oxide synthase (iNOS) and cylooxygenase-2
(COX-2) were detected by quantitative polymerase chain reac-
tion and immunohistochemistry. The associated pathways,
including nuclear factor-kB (NF-«kB) and mitogen-activated
protein kinases (MAPK) signaling pathways, were detected by
electrophoretic mobility shift assay and western blotting. The
results demonstrated that treatment with GLGZD significantly
inhibited MCAO-induced inflammation; GLGZD suppressed
the production of NO and PGE,, and the expression of iNOS
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and COX-2, by inhibiting NF-«kB activation and MAPK phos-
phorylation. These findings suggest that GLGZD, a potential
agent for post-stroke treatment, may exert anti-inflammatory
effects, thus providing neuroprotection.

Introduction

Ischemic stroke is an acute vascular incident that occurs when
blood supply to the brain is obstructed, resulting in irrevers-
ible brain damage. It has previously been reported that chronic
microglial activation may lead to inflammation-mediated
development of ischemic stroke, via the release of neurotoxic
and inflammatory molecules (1). Overproduction of inflamma-
tory mediators, such as nitric oxide (NO) and prostaglandin E,
(PGE,), from activated microglia may contribute to uncon-
trolled inflammation. Therefore, agents that inhibit activated
microglia are important potential candidate drugs that may
delay the progression of neurodegeneration in disorders such
as stroke. Our previous study indicated that Gua Lou Gui
Zhi decoction (GLGZD) inhibits the production of proin-
flammatory mediators in vitro and vivo via related signaling
pathways (2,3). However, the mechanism via which GLGZD
inhibits neuroinflammation and exerts its neuroprotective
effects remain to be completely elucidated.

The present study measured NO production in a rat
middle cerebral artery occlusion (MCAQO) model of experi-
mentally-induced ischemic brain damage. Behavioral defects
and infarct volume were detected to confirm the generation
of a successful model. Subsequently, the expression levels of
inducible nitric oxide synthase (iNOS) and cylooxygenase-2
(COX-2) were detected by reverse transcription-quantitative
polymerase chain reaction (RT-qPCR) and immunohistochem-
istry (IHC). In addition, the present study aimed to investigate
the mechanisms by which GLGZD inhibits the production of
proinflammatory mediators. The present study demonstrated
that GLGZD significantly inhibited the excessive release of
NO and PGE,, and simultaneously attenuated the mRNA and
protein expression levels of iNOS and COX-2. The underlying
mechanisms were shown to be associated with inhibition of
the phosphorylation of three members of the mitogen-activated
protein kinases (MAPK) family: Extracellular signal-regulated
kinase 1/2 (ERK1/2), p38 MAPK and c-Jun N-terminal kinase
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(JNK), and of nuclear factor-«B (NF-«kB) activation. These
results indicated that GLGZD exerts anti-inflammatory effects
and suppresses the expression of inflammatory mediators via
the MAPK and NF-«B signaling pathways. Therefore, these
molecular mechanisms may be exploited for the clinical treat-
ment of ischemic stroke.

Materials and methods

Reagents and animals. 2,3,5-Triphenyltetrazolium
chloride (TTC) was obtained from Sigma-Aldrich
(Merck Millipore, Darmstadt, Germany). RT-qPCR reagents
were purchased from Takara Bio, Inc. (Otsu, Japan). The
PGE, ELISA kit (cat. no. PKGE004B) was purchased from
R&D Systems, Inc. (Minneapolis, MN, USA). The primary
polyclonal antibodies targeting iNOS (cat. no. sc-49055) and
COX-2 (cat. no. sc-23983), and the secondary horseradish
peroxidase (HRP)-conjugated immunoglobulin G antibody
were obtained from Santa Cruz Biotechnology, Inc. (Dallas,
TX, USA). Specific antibodies against ERK1/2 (cat. no. 9102),
phosphorylated (p)-ERK1/2 (cat. no. 9101), p38 (cat. no. 9212),
p-p38 (cat. no. 9211), INK (cat. no. 9252), p-JNK (cat. no. 9251)
and p-actin (cat. no. 4967) were purchased from Cell Signaling
Technology, Inc. (Danvers, MA, USA).

Male Sprague-Dawley rats (weight, 200-250 g; age,
6 weeks) were purchased from Shanghai SLAC Laboratory
Animal Co., Ltd. (Shanghai, China). The rats were maintained
under specific-pathogen-free conditions, and were housed in a
temperature- (21+1°C) and humidity-controlled environment
with a 12 h/12 h light/dark cycle and fed a standard rodent
diet. The present study was conducted in accordance with
the Animal Facility Guidelines of the University (Fujian
University of Traditional Chinese Medicine, Fuzhou, China).
All experiments were performed in a randomized manner.
Rats were randomly distributed into three groups (n=15/group),
as follows: Sham-operated group, MCAO model group and
MCAO model + GLGZD treatment group (0.15 mg/kg, orally),
in which rats were orally administered GLGZD daily for
7 days. The study was approved by the Institutional Animal
Care and Use Committee of Fujian University of Traditional
Chinese Medicine (Fuzhou, China).

Preparation of GLGZD extracts. Medicinal materials
(Trichosanthis radix, Ramulus cinnamomi, Paeonia lacti-
flora, Glycyrrhiza radix, Zingiber officinale Roscoe and
Fructus jujubae) were purchased from Guo Yi Tang Chinese
Herbal Medicine Store (Fujian, China). GLGZD extract was
prepared for treatment, according to a previously described
method (4). Briefly, fresh GLGZD was washed three times
with tap water to remove salt. The crude plant mixture was
soaked in double-distilled water for 30 min, and was extracted
twice for 2 h. The obtained solution was then filtered and
concentrated in a rotary evaporator to a final concentration of
1.16 g/ml for further use (5).

MCAO model development. Rats were subjected to MCAO,
according to a previously described method (5). Briefly, after
anesthetizing with 10% chloral hydrate, the left common
carotid artery and external carotid artery were exposed. A
poly-L-lysine-coated monofilament nylon suture was inserted
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into the internal carotid artery for occlusion; the suture was
maintained intraluminally for 2 h, after which it was with-
drawn to restore cerebral blood flow. Finally, the chest cavity
was closed and sutured. In the sham group, the MCO of rats
was isolated without ligation and occlusion. Body temperature
was monitored and maintained at 37°C during the whole
surgical procedure.

Behavioral testing. Neurological behavior in the groups was
measured and scored according to a previously described
method (6). Briefly, neurological deficits were assessed blindly
at 2 h and 7 days post-reperfusion. The neurological func-
tion score ranged between 0 and 4, as follows: 0, Exhibition
of normal, spontaneous movements; 1, unable to completely
extend the right forepaw; 2, repetitive circling to the right;
3, unable to move to the right; 4, incapable of walking unim-
peded.

TTC staining. Six rats from each of the three groups were
decapitated following anesthesis with 10% chloral hydrate
(0.3 ml/100 g) 7 days after MCAO, and coronal brain tissues
were placed on ice and maintained at -80°C. Subsequently, the
tissues were sliced into 2-mm sections and were immediately
stained with 1% TTC (20 g/l) at 37°C for 30 min. Images of
the staining were captured using a digital camera (Canon
Oxus 9501S; Canon, Inc., Tokyo, Japan) and the infarcted areas
of each section were measured using image analysis software
(ImagelJ 1.37; National Institutes of Health, Bethesda, MD,
USA). Infarct volume was presented as the percentage of total
brain volume that was damaged.

NO assay. Blood was collected from the abdominal aorta and
was centrifuged at 1,625 x g for 20 min at room temperature,
in order to obtain plasma for subsequent measurements. The
concentration of NO was assessed by measuring the amount of
accumulated nitrite, which is an indicator of NO production,
using a colorimetric assay with Griess reaction, as previously
described (7). Plasma (100 pl) from three rats from each group
was mixed with the same volume of Griess reagent [0.1%
N-(1-naphthyl)-ethylenediamine, 1% sulfanilamide in 5%
phosphoric acid] in a 96-well microtiter plate. Absorbance
values were determined at 540 nm using a microplate absor-
bance reader (BioTek Germany, Bad Friedrichshall, Germany).
NO concentration was determined following generation of a
sodium nitrite standard curve.

Determination of PGE, by ELISA. PGE, levels were measured
in harvested plasma from each group (n=3) using an ELISA
kit, according to the manufacturer's protocol. The concentra-
tion of PGE, was measured at an absorbance of 450 nm using
a microplate reader.

Western blot analysis. The cortex was dissected and immersed
in lysis buffer containing protease inhibitor (Roche Diagnostics
GmbH, Mannheim, Germany) for 30 min on ice. Lysates
were then centrifuged at 12,000 x g for 10 min at 4°C and the
supernatants were collected for analysis. Total protein concen-
trations were determined using the bicinchoninic acid (BCA)
method. Equal amounts of protein (50 ug) were separated
by 10% SDS-PAGE and were transferred to polyvinylidene
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fluoride membranes (EMD Millipore, Billerica, MA, USA).
Membranes were then incubated with blocking solution (5%
non-fat milk) for 1 h at room temperature to block non-specific
binding, and were probed with primary antibodies overnight at
4°C, including the phosphorylated and total forms of ERK1/2,
p38 MAPK and JNK, and p-actin (1:1,000). Subsequently,
the membranes were incubated with HRP-conjugated
secondary antibody for 1 h at room temperature. The protein
immunoreactive bands were detected using an enhanced
chemiluminescence reagent (RPN2132; GE Healthcare
Bio-Sciences, Pittsburgh, PA, USA) and ChemiDoc XRS*
System imaging system (Bio-Rad Laboratories, Inc., Hercules,
CA, USA). The band intensity was normalized to the [3-actin
band and quantitative analysis was performed using ImageJ
software.

RT-qPCR. Rats were anesthetized with 10% chloral hydrate
(0.3 ml/100 g) and the brain cortex was removed for RNA
isolation. Briefly, total RNA was extracted using TRIzol®
reagent (Invitrogen; Thermo Fisher Scientific, Inc., Waltham,
MA, USA). Total RNA (2 ug) was reverse transcribed to
produce cDNA using the First Strand cDNA Synthesis kit
(Takara Bio, Inc.) according to the manufacturer's instruc-
tions. JPCR was performed using a SYBR Green I gPCR kit
(Takara Bio, Inc.) according to the manufacturer's protocol.
The following primers were used for qPCR: iNOS, forward
5'-CCTCGTTCAGCTCACCTTCG-3, reverse 5-GCCGCT
CTCATCCAGAACCT-3'; COX-2, forward 5-ACTGACTAT
GAAGACCTATG-3', reverse 5-"TTAATATACGGATTGGA
AGT-3'; and GAPDH, forward 5-TGGAGTCTACTGGCG
TCTT-3' and reverse S-TGTCATATTTCTCGTGGTTCA-3'".
Amplification was performed using Applied Biosystems
Prism 7500 (7500 software v2.0.5; Applied Biosystems;
Thermo Fisher Scientific, Inc.) with the following cycling
conditions: Pre-denaturation at 95°C for 30 sec, followed by
40 cycles at 95°C for 5 sec and 60°C for 30 sec, and final melt
curve at 95°C for 15 sec, 60°C for 1 min, 95°C for 15 sec. The
results were analyzed using the 222 method (8). Quantitative
gene expression levels were assessed relative to reference gene
levels (GAPDH).

IHC. Rats were anesthetized with 10% chloral hydrate
(0.3 ml/100 g) and perfused transcardially with saline and
4% paraformaldehyde. The brains were then dissected and
fixed in 4% paraformaldehyde for 30 min. All tissues sections
were transferred to graded ethanol (70, 80, 90, 95, 95 and
100% for 30 min each), then dehydrated tissues were cleared
in xylene (30 min) and embedded in paraffin. Subsequently,
tissues were cut into 5-ym coronal slices, and dried for 1 h
at 60°C, deparaffinized in xylene and rehydrated with an
ethanol gradient (100, 95, 90, 85 and 75%), and washed twice
in PBS. The sections were removed and incubated in 0.3%
H,0, for 10 min and washed in distilled water. Nonspecific
binding of paraffin-embedded sections was blocked with
goat serum, and the sections were then incubated with rat
anti-iNOS and anti-COX-2 primary antibodies (1:500)
overnight at 4°C. After washing three times with PBS, the
sections were exposed to secondary antibodies (1:200)
for 30 min at room temperature and were visualized with
diaminobenzidine. Images of each cerebral cortex section
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Figure 1. GLGZD decreased infarct volume, as detected by TTC staining.
TTC-stained infarct volume was used to indicate the degree of ischemic
brain damage. Red staining indicates healthy tissue, TTC does not stain
infarcted areas. Compared with the MCAO group, GLGZD treatment signifi-
cantly decreased infarct volume. Data are presented as the mean + standard
error of the mean (n=6). "P<0.05 vs. the sham group; “P<0.01 vs. the MCAO
group. MCAO, middle cerebral artery occlusion; GLGZD, Gua Lou Gui Zhi
decoction; TTC, 2,3,5-triphenyltetrazolium chloride.

were acquired using a light microscope (Leica DMI4000B,
Leica Microsystems GmbH, Wetzlar, Germany) at x200
magnification. Semi-quantitative analysis was conducted by
determining the percentage of positively stained cells using
ImagelJ software.

Electrophoretic mobility shift assay (EMSA). Nuclear protein
was extracted from the cerebral cortex for EMSA using
a nuclear extraction kit (78833; Thermo Fisher Scientific,
Inc.). Nuclear protein concentrations were determined using
the BCA method (PICPI23223; Thermo Fisher Scientific,
Inc.). EMSAs were performed using the EMSA/Gel-Shift kit
(20148; Thermo Fisher Scientific, Inc.) according to the manu-
facturer's protocol. Briefly, a double-stranded biotin-labeled
DNA oligonucleotide corresponding to the NF-kB p65
binding sequence (Cell Signaling Technology, Inc.; forward
5'-AGTTGAGGGGACTTTCCCAGGC-3' and reverse
3 TCAACTCCCCTGAAAGGGTCCG-5") was used for gel
shift assays. Nuclear protein (4.5 ug) from each sample was
incubated with a biotin-labeled NF-xB probe for 30 min at
room temperature, in a final volume of 20 ul. Subsequently,
samples were subjected to nondenaturing gel electrophoresis
(5% acrylamide, 0.5 X TBE) and were transferred to a nylon
membrane (EMD Millipore) followed by crosslinked for
2 min. Finally, the membrane was visualized by chemilumi-
nescence. Densitometry of the gel bands was analyzed using
Imagel] software.

Statistical analysis. Data are presented as the mean + standard
error of the mean of three independent experiments. Statistical
analysis was performed on SPPS 15.0 (SPSS, Inc., Chicago,
IL, USA) using one-way analysis of variance and Dunnett's
post-test. P<0.05 was considered to indicate a statistically
significant difference.

Results

GLGZD reduces infarct volume in ischemic brain tissues. As
shown in Fig. 1, the infarct volume was increased in the MCAO
group compared with in the sham group. However, following
GLGZD treatment for 7 days, ischemic infarction was signifi-
cantly inhibited compared with in the MCAO group (P<0.01).
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Figure 2. GLGZD reduced neurological behavioral scores following MCAO.
Compared with the MCAO group, GLGZD treatment significantly improved
neurological behavior, which was scored between 0 and 4. Data are presented
as the mean + standard error of the mean (n=8). 'P<0.05 vs. the sham group;

"P<0.05 vs. the MCAO group. MCAO, middle cerebral artery occlusion;
GLGZD, Gua Lou Gui Zhi decoction.
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Figure 3. Inhibitory effects of GLGZD on MCAO-induced NO and PGE,
release in rats. NO and PGE, production were measured by (A) Griess reac-
tion and (B) ELISA, respectively. Administration of GLGZD significantly
reduced the release of NO and PGE,, which was markedly increased in the
MCAO group. NO and PGE, release remained at basal levels in the sham
group. Data are presented as the mean =+ standard error of the mean from
three independent experiments. "P<0.05, “P<0.01 vs. the sham group; “P<0.05
vs. the MCAO group. MCAO, middle cerebral artery occlusion; GLGZD,
Gua Lou Gui Zhi decoction; NO, nitric oxide; PGE,, prostaglandin E,.

This result suggests that GLGZD exerts a therapeutic effect on
ischemic brain tissue by decreasing cerebral infarction.

GLGZD improves the neurological deficit in an MCAO rat
model. To determine the ameliorative effects of GLGZD on
motor function, such as spasticity, in the postischemic brain,
the present study evaluated neurological deficits 2 h and 7 days
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Figure 4. GLGZD attenuated the expression of iNOS and COX-2 in an
MCAO rat model. (A) mRNA expression levels of iNOS and COX-2 were
determined by quantitative polymerase chain reaction. GAPDH was used
as an internal control. (B) Immunohistochemistry was performed to detect
the corresponding protein levels of iNOS and COX-2. Images show repre-
sentative results of the various groups from three independent experiments.
(C) Semi-quantification of results from five randomly selected microscope
fields (magnification, x200). Data are presented as the mean =+ standard error
of the mean from three independent experiments. "P<0.05, “P<0.01 vs. the
sham group; "P<0.05, #P<0.01 vs. the MCAO group. MCAO, middle cerebral
artery occlusion; GLGZD, Gua Lou Gui Zhi decoction; iNOS, inducible
nitric oxide synthase; COX-2, cylooxygenase-2.

post-MCAO. Treatment with GLGZD markedly improved
behavioral deficits caused by MCAO, and these deficits were
not observed in the rats of the sham group (Fig. 2, P<0.05).

GLGZD suppresses NO and PGE, release in plasma samples
from the MCAO rat model. The effects of GLGZD on NO
and PGE, production were investigated in all three groups
using the Griess reagent assay and an ELISA, respectively.
MCAO-induced elevation of NO and PGE, levels in the rats
was significantly decreased following GLGZD administration
(Fig. 3A and B, P<0.05). NO and PGE, release remained at
basal levels in the sham group. These results indicate that
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Figure 5. GLGZD suppressed the MAPK signaling pathway in an
MCAO rat model. (A) Expression levels of p-MAPK molecules were
analyzed by western-blotting. Image shows a representative immunoblot.
(B) Semi-quantitative densitometric analysis of the p-/total-ERK1/2 and
p-/total-JNK1/2 ratios was conducted. Data are presented as the mean + stan-
dard error of the mean from three independent experiments. “P<0.01 vs. the
sham group; “P<0.05 vs. the MCAO group. MCAO, middle cerebral artery
occlusion; GLGZD, Gua Lou Gui Zhi decoction; MAPK, mitogen-activated
protein kinase; p-, phosphorylated; ERK, extracellular signal-regulated kinase;
JNK, c-Jun N-terminal kinase.

GLGZD exerts marked inhibitory effects on the production of
proinflammatory mediators (NO and PGE,).

GLGZD inhibits the mRNA and protein expression levels of
iNOS and COX-2 in an MCAO model. 1t is well-known that NO
is produced by iNOS, and PGE, is produced through induc-
tion of the proinflammatory enzyme COX-2 (9). The present
study analyzed the expression levels of iNOS and COX-2 using
gPCR and IHC. The results revealed that GLGZD signifi-
cantly reduced iNOS and COX-2 transcriptional (Fig. 4A)
and translational levels (Fig. 4B and C), which were increased
in MCAQO rats. The results of the IHC analysis of iNOS and
COX-2 expression were consistent with those from the qPCR.
These results indicate that treatment with GLGZD suppresses
NO and PGE, production by inhibiting iNOS and COX-2
expression.

GLGZD downregulates phosphorylation of MAPKs and acti-
vation of NF-kB in an MCAO rat model. To examine whether
GLGZD exerted inhibitory effects on proinflammatory
mediators by regulating activation of the MAPK and NF-kB
pathways, the phosphorylation of MAPKs (ERK1/2, JNK and
p38 MAPK) were determined by western blot analysis, and
NF-«kB activity was detected by EMSA. Western blot analysis
revealed that the levels of p-ERK1/2 and p-JNK, but not

5145

A

NF-«xB

Sham MCAO GLGZD

2.0

1.54

Relative density

1.04

0.51

0.0

Sham

MCAO

GLGZD

Figure 6. GLGZD decreased MCAO-induced NF-kB activation in a rat model.
The effects of GLGZD on MCAO-induced activation of NF-kB were evalu-
ated using electrophoretic mobility shift assay. (A) Image is representative
of three independent experiments. (B) Quantification of NF-kB activation
was presented as relative NF-kB binding activity. Data are presented as
the mean + standard error of the mean from three independent experiments.
“P<0.05 vs. the sham group; “P<0.05 vs. the MCAO group. MCAO, middle
cerebral artery occlusion; GLGZD, Gua Lou Gui Zhi decoction; NF-«xB,
nuclear factor-xB.

p-p38 MAPK, were enhanced in the MCAO group compared
with the sham group (data not shown). However, treatment
with GLGZD markedly reduced p-ERK1/2 and p-JNK levels
in the ischemic brain (Fig. 5SA and B), whereas total protein
levels remained unchanged.

Following administration of GLGZD, NF-kB activation
was also measured to determine the effects of GLGZD on
the NF-xB pathway. As shown in Fig. 6A and B, a signifi-
cant increase in the DNA-binding activity of NF-kB was
observed in the MCAO group, as determined using an EMSA.
Conversely, GLGZD markedly attenuated the DNA binding
activity of NF-kB (P<0.05). These results suggest that signal
transduction via MAPK and NF-«B is associated with neuro-
inflammation, and may be reduced by GLGZD in a rat model
of cerebral ischemia.

Discussion

Neuroinflammation within the brain following stroke has
been implicated in the pathogenesis of cerebral ischemia, and
exacerbates secondary brain injury (10-12). Stroke induces
an increase in the release of inflammatory mediators into the
circulation. Microglia are innate immune cells in the central
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nervous system, which serve a crucial role in neuroinflam-
mation. Hyperactivated microglia produce large amounts of
inflammatory molecules and promote neuronal death (13-15).
Furthermore, microglial activation is correlated with sequen-
tial signaling pathways, including NF-xB and MAPK cascades,
thus leading to the expression and production of proinflamma-
tory mediators (16).

Among the inflammatory mediators released after isch-
emic stroke, released NO and PGE, from activated microglia
serve an important role in the pathogenesis of neuroinflamma-
tion (17,18). NO is generated by iNOS (19) in microglial cells,
and excessive production of NO produced from L-arginine
by iNOS is detrimental (20). COX-2 is the key enzyme in the
formation of PGE,, which is produced by activated microg-
lial cells and mediates neuropathological processes during
neuroinflammation (21). Therefore, inhibition of inflammatory
mediators that are responsible for the symptoms of neurode-
generative diseases is a potential therapeutic strategy for the
treatment of neuroinflammation-associated ischemic stroke.

Various intracellular signaling pathways are involved in the
modulation of neuroinflammatory mediators. The transcription
factor NF-«B has a critical role in the inflammatory response
to stroke (22). It has previously been reported that NF-xB
activation can lead to the marked upregulation of iNOS and
COX-2 (23-25). Furthermore, it has been reported that other
signal transduction molecules, such as MAPK, are important
upstream modulators for the production of inflammatory
mediators (26). Therefore, the present study investigated the
NF-kB and MAPK signaling pathways in order to clarify the
underlying mechanism of GLGZD in neuroinflammation.

Our previous studies have revealed the neuroprotective
effects of the traditional Chinese medicine GLGZD, and its
effects have been suggested to have therapeutic potential for
the treatment of spasticity following ischemic stroke (27,28).
GLGZD is widely used in the treatment of spasticity after
ischemic stroke in clinical practice. The present study exam-
ined the inhibitory effects of GLGZD on MCAO-induced
production of proinflammatory mediators, including iNOS
and COX-2, and the underlying mechanisms, including associ-
ated genes and signaling pathways.

As shown as the present study, infarct volume was mark-
edly increased in the MCAO model group compared with
in the sham group; however, it was decreased following
treatment with GLGZD (Fig. 1, P<0.01). Similarly, GLGZD
significantly alleviated the neurological deficit caused by
MCAO (Fig. 2, P<0.05). In addition, GLGZD markedly
inhibited MCAO-induced NO and PGE, production, as
measured by Griess reagent assay and ELISA (Fig. 3A and
B). Simultaneously, the relevant expression levels of iNOS and
COX-2 were markedly increased in the MCAO model; however,
treatment with GLGZD significantly reduced gene expression,
as determined by RT-qPCR, and protein expression, as detected
by THC (P<0.05, Fig. 4A-C). To investigate the possible signal
transduction mechanism associated with the inhibitory effects
of GLGZD, the total and phosphorylated levels of the MAPK
pathway proteins (ERK1/2, JNK and p38) were determined
by western blotting. As presented in Fig. 5SA and B, treatment
with GLGZD attenuated the phosphorylation of ERK-1/2 and
JNK, which was enhanced in MCAO rats (P<0.05); however,
no influence was detected on p38 activation. The present study
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further explored the activation of NF-xB using EMSA; the
results indicated that the NF-kB DNA-binding activity was
significantly suppressed by GLGZD as compared with in the
MCAO group (Fig. 6A and B, P<0.01). Taken together, these
findings indicated that GLGZD may act as a potent inhibitor of
MCAO-induced MAPK and NF-«kB signaling.

In conclusion, the present study demonstrated that
GLGZD exerted novel anti-inflammatory mechanisms in
MCAO-mediated neuroinflammation. These results provide
evidence of the ameliorative effects of GLGZD on NO and
PGE, release and the suppression of related gene expression,
including iNOS and COX-2, via the concomitant down-
regulation of MAPK and NF-kB signaling. Further studies
are required to investigate the mechanism associated with the
neuroprotective clinical effects of GLGZD.
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