Int J Clin Exp Med 2017;10(7):10079-10090
www.ijcem.com /ISSN:1940-5901/IJCEM0047074

Original Article
Mechanism of glycyrrhizin in the treatment of chicken
embryo allantoic cavity artery vasospasm

Yong Chen?, Yongjie Yuan?, Chao Li?, Si Yang?, Jinlu Yu*

Departments of *Neurosurgery, >Neurology, 3Pediatric Neurology, First Hospital of Jilin University, Changchun, Jilin,
China.

Received October 18, 2016; Accepted April 25, 2017; Epub July 15, 2017; Published July 30, 2017

Abstract: To investigate the effects of glycyrrhizin (GL) on chicken embryo allantoic cavity artery (ACA) vasospasm,
fresh chicken embryo hatching eggs were selected and randomly divided into a Sham group, a Model group, a
Model+0.9% normal saline group (Model+NS), a low-dose GL experimental group (Model+3 ug GL), and a high-dose
GL experimental group (Model+6 pg GL). On the 11" day of development, a hemorrhage model was established in
the chicken embryos via puncture of the chicken embryo allantois membrane (CAM). On the 5" day after the model
was established, the chicken embryos were sacrificed, and pathological sections were observed to determine the
influence of different doses of GL on the diameter of the cross-sectional area and the wall thickness of the ACA. In
addition, immunoblotting was used to detect changes in oxidative stress-, inflammatory response-, apoptosis- and
MAPK pathway-related factors. GL improved the survival rate in the ACA vasospasm model; alleviated ACA vascular
spasm (more significantly in the high-dose group); and delayed the decreases in SOD, GR, and CAT expression and
the increase in iINOS expression in the ACA. GL also alleviated the increases in IL-6, IL-13 and TNF-o« expression;
the increase in C-caspase-3 expression and the decrease in Bcl-2 expression; and the increases in p-P38/P38 and
p-JNK/JNK expression in the MAPK signaling pathway (more obviously in the high-dose group). Therefore, GL can
alleviate the oxidative stress, inflammatory reaction and apoptosis observed in ACA tissue after allantoic cavity hem-
orrhage, improve the survival rate in the allantoic cavity hemorrhage model in chicken embryos, and improve ACA
vasospasm. The alleviation effect of GL on ACA vasospasm after allantoic cavity hemorrhage relies on the influence
of the MAPK signaling pathways on p-P38/P38 and p-JINK/JNK protein expression.
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Introduction bryo ACA vasospasm model and the effect of an
intervention.

Cerebral vasospasm (CVS) after subarachnoid

hemorrhage (SAH) is a leading cause of death
and disability from aneurysm rupture and blee-
ding in humans. Although much research has
focused on post-SAH CVS, the pathogenesis of
CVS remains unclear, and effective treatment
measures are lacking [1, 2] because there is
no ideal CVS model [3, 4]. This study adopted
the previously published allantoic cavity artery
(ACA) vasospasm model because the chick
embryo ACA vasospasm model can better sim-
ulate human post-SAH CVS [5]. Inflammation,
oxidative stress (0OS) and apoptosis play im-
portant roles in the occurrence and develop-
ment of CVS [6, 7]. This study explored the
expression of inflammation in the chicken em-

Glycyrrhizin (GL), a major component of the
roots of the Glycyrrhiza genus, has many ef-
fects, including those related to the anti-inflam-
matory response, resistance to oxidative stress
and free radical scavenging [8]. It plays a pro-
tective role in ischemic brain injury. GL can sig-
nificantly reduce the infarction area, improve
nerve function and inhibit cerebral edema in a
mouse middle cerebral artery occlusion (MCAO)
model [9, 10]. The present study demonstrated
the remission effects of different doses of GL
in the chicken embryo ACA vasospasm model;
detected the expression of OS-related proteins,
inflammatory response-related factors, apopto-
sis-related proteins and mitogen-activated pro-
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tein kinase (MAPK); and elucidated the related
mechanism of GL in the treatment of chicken
embryo allantoic cavity ACA vasospasm.

Materials and methods
Experimental animals and grouping

The 120 specific-pathogen-free (SPF) level
fresh chicken embryo hatching eggs used in
this study, with an average weight of 60.7 + 3.1
g, were purchased from Beijing Merial-Vital La-
boratory Animal Co., Ltd. The eggs were ran-
domly divided into five groups: a Sham group,
a Model group, a Model+0.9% normal saline
group (Model+NS), a Model+3 pg/g/day GL
group (Model+3 pg GL) and a Model+6 ug/g/
day GL group (Model+6 ug GL), with 20 eggs in
each group. The chick embryos that failed to
hatch were excluded and replaced with fertil-
ized eggs from the remainder of the 120 eggs.
An automatic incubator was employed to hatch
the eggs. The settings of the incubation param-
eters were as follows: 1-6 days, temperature of
38°C and humidity of 60%; 7-12 days, tempera-
ture of 37.8°C and humidity of 55%; and 13-18
days, temperature of 37.6°C and humidity of
60%. The eggs were turned every 90 min. On
the 5" day of development, the chicken embry-
0s were observed in a dark room using an egg-
candling lamp to remove the chicken embryos
that failed to hatch, which were replaced with
the spare eggs.

Model establishment

All animal operations were approved by the
Ethics Committee of Jilin University. Operations
were performed as previously described [5].
Briefly, in the experimental group, 11-day-old
chicken embryos were used. The blunt end, or
air chamber, was illuminated with a lamp to
clearly display the chicken embryo allantois
membrane (CAM) blood vessels. One of the
CAM blood vessels was selected, and a 16-G
syringe needle was used to gently drill a hole
in the shell. A 26-G syringe needle was then
used to puncture the CAM blood vessels. When
obvious bleeding was observed under the egg-
candling lamp, the chicken embryo eggs were
gently turned to allow the blood to disperse in
the allantoic cavity evenly, which prevented the
allantoic fluid from becoming cloudy. In the
Sham group, the shells of the eggs were drilled
with a 16-G syringe needle without puncturing

10080

the CAM vein, and the eggs were hatched in the
incubator. The egg-candling lamp was used
every day to observe the eggs, and dead chick-
en embryos were eliminated.

Delivery methods

The medications were administered through
the air chamber. A needle was inserted at a
45-degree angle from 0.5 cm to 1 cm distal to
the edge of the air chamber, and the me-
dications were injected and absorbed via the
CAM vessels, which were carefully avoided. The
medications were administered immediately
after the model was established. The Model+
NS group, Model+3 pg/g/day GL group, and
Model+6 ug/g/day GL group were administered
the same volume (10 pl/g) of a 0.9% saline, 0.3
pg/ul GL saline solution or 0.6 pg/ul GL saline
solution, respectively. The above doses were
delivered twice daily with an interval of 12 h.
The chicken embryo eggs in the Sham and
Model groups were not administered any medi-
cations and were only illuminated at the blunt
end, or air chamber, with the egg-candling
lamp. The chicken embryos were defined as
surviving if the CAM blood vessels were clearly
visible; otherwise, they were defined as dead.

ACA sectioning and H&E staining

Five days after the model was established, the
chicken embryos were sacrificed at -80°C for
20 min. Tweezers were first used to open the
chicken embryos from the air chamber end,
exposing the eggshell membrane at the air
chamber end and the closely attached CAM
below. The eggshell membrane was wiped with
a PBS-dipped swab while the CAM blood ves-
sels at the inner membrane were visible. Larger
blood vessels were carefully avoided. A 26-G
syringe needle was used to pierce the eggshell
membrane and the CAM to reach the allantoic
cavity, and as much allantoic fluid as possible
was poured out. Then, 4% paraformaldehyde,
pre-cooled at 4°C, was injected into the allan-
toic cavity using a 5 ml syringe. After fixation at
4°C for 2 h, the eggshell was opened and the
embryo ventral ACA was observed in the allan-
toic cavity, which was divided into two branch-
es. Approximately 1 cm of the proximal right
branch was collected and fixed in 4% parafor-
maldehyde for 72 h. Then, it was divided into
3 equal segments, longitudinally embedded in
paraffin, and sectioned at 5 ym. The sections
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Table 1. The number of dead chicken embryos in each sub-

at 4°C. The supernatant was sub-

group sequently collected and a BCA kit
Sham Model Model+NS Model+3 g GL Model+6 ygGL ~ Was used to determine the protein
1 day o 3 5 5 concentrgtlon. Then, the protellns
2 day o 5 1 1 1 were subjected to polyacrylamide
gel electrophoresis, with sample
Sday 0 2 4 1 1 loading of 50 ug in each lane. Ne-
4day O 4 3 1 0 xt, the proteins were transferr-
5day O 1 3 0 0 ed to nitrocellulose membranes,
which were blocked in 5% skim
milk for 1 h and incubated with
100% —— Sham the appropriate primary antibody
5 i.i —= Model * at 4°C. Then, the secondary anti-
= L * =3 -+ ModeHNS * body was added, followed by a
2 60% ~e- Model+3ug GL * # 1-h incubation at room tempera-
§ ol _* ~+ Model+6ug GL * # ture. The protein bands were de-
g veloped using ECL developer in a
B 20%- chemiluminescence imager (Sage
- . : . : . Creation Science, Beijing).
0 1 2 3 4 5
Days after model Statistical analyses
Figure 1. The survival curves for each group of chick embryos. Sham: All measurement data are ex-

Sham group; Model: simple model group; Model+NS group: saline con-
trol group; Model+3 pg GL: low-dose (3 pg/g/day) glycyrrhizin group;
Model+6 pg GL: high-dose (6 ug/g/day) glycyrrhizin group. *P<0.05 vs.

Sham, #P<0.05 vs. Model & Model+NS.

were observed and photographed under a
microscope after H&E staining.

Measurement of the inner cross-sectional area
and wall thickness of the ACA

The inner cross-sectional area of the ACA was
measured separately by two technicians using
Imagel in three sections of the ACA (proximal,
distal and intermediate segments) after patho-
logical H&E staining. The average inner cross-
sectional area of the three ACA sections was
taken as the inner cross-sectional area of the
ACA, and the average of the values from the
two technicians was regarded as the final inner
cross-sectional area of the ACA. The wall thick-
ness of the ACA was calculated based on the
outer and inner cross-sectional areas of the
ACA.

Western blot analysis

The ACA was collected and rinsed with 0.9%
saline (containing 0.16 mg/ml heparin) that
had been pre-cooled to 4°C. The ACA tissues
were sliced, blended in RIPA lysate buffer at
4°C, disrupted via ultrasound, and centrifuged
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pressed as the mean * standard
deviation. SPSS21.0 was used for
the statistical analyses. Analys-
es of variance were employed to
compare the data between multi-
ple sets. The least significant difference (LSD)
t-test was used for pairwise comparisons, and
the log-rank method was applied for the sur-
vival analysis. P<0.05 was considered to indi-
cate a statistically significant difference.

Results

GL improved the survival rate of the chicken
embryo ACA vasospasm model

Table 1 and Figure 1 show the mortality and
survival curves for the chicken embryos in
each group. On the 5™ day after allantoic cavity
hemorrhage, the survival rates of the chicken
embryos were 0%, 40%, 35%, 75%, and 80% in
the Sham, Model, Model+NS, Model+3 pg GL
and Model+6 ug GL, respectively. Compared
with the mortality in the Sham group, chicken
embryo mortality was significantly increased
in the Model, Model+NS, Model+3 ug GL and
Model+6 pg GL groups (P<0.05). Compared
with the mortality in the Model and Model+NS
groups, chicken embryo mortality was signifi-
cantly decreased in the Model+3 uyg GL and
Model+6 pg GL groups (P<0.05), both of which
were GL treatment groups. There were no obvi-
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Table 2. Inner cross-sectional area (um?2) and wall thickness (um) of the ACA in each group

Sham Model Model+NS Model+3 pg GL Model+6 pg GL
Area 144,629.72 + 2975.94 90,058.93 + 2063.17° 88,946.58 + 2103.04" 113,489.50 + 2648.54"* 123,109.60 + 2593.73"#*
Thickness 4417 + 1.82 52.94 + 1.79" 53.02 + 1.90" 48.38 + 1.69"* 46.50 + 1.83"**

"P<0.05 vs. Sham, *P<0.05 vs. Model & Model+NS, *P<0.05 vs. Model+3 pg GL.

150000 +

100000

50000

Cross sectional area( pmz) m

ous differences between the Model and the
Model+NS groups or between the Model+3 ug
GL and the Model+6 pg GL groups regarding
chicken embryo mortality (P>0.05).

GL improved ACA vasospasm after allantoic
cavity hemorrhage

Table 2 and Figure 2 show the inner cross-sec-
tional area and wall thickness of the ACA on the
5" day of allantoic cavity hemorrhage, as deter-
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2

Figure 2. Inner cross-sectional area and wall
thickness of the ACA in each group. A-E. Rep-
resentative H&E-stained sections of the ACA
on the 5" day after allantoic cavity hemorrhage
in the Sham group, Model group, Model+NS
group, Model+3 pg GL group and Model+6 ug GL
group, respectively. F and G. Bar charts of the
inner diameter cross-sectional area and thick-
ness of the ACA, respectively, in the Sham group,
Model group, Model+NS group, Model+3 pug
GL group and Model+6 pg GL. Scale bar = 100
um, *P<0.05 vs. Sham, #P<0.05 vs. Model &
Model+NS, *P<0.05 vs. Model+3 ug GL.
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40+

Wall thickness(um)

mined using typical H&E-stained paraffin sec-
tions. Compared with the Sham group, in the
Model+NS, Model+3 pg GL and Model+6 ug GL
groups, the inner cross-sectional area of the
ACA was significantly decreased, whereas the
wall thickness of the ACA was obviously incre-
ased; these differences were statistically sig-
nificant (P<0.05). The decrease in the inner
cross-sectional area of the ACA and the incre-
ase in the wall thickness of the ACA were both
alleviated in the Model+3 ug GL and Model+6

Int J Clin Exp Med 2017;10(7):10079-10090



Mechanism of GL in the treatment of ACA vasospasm

A
B 4.2
*#3
0.9- *#
e -
a
O 0.6- d ad
wn

o 2.5
=& *#S
*
o 1.54 .'?
(L} * *

ug GL groups compared with the corresponding
parameters in the Model and Model+NS groups
(P<0.05). Compared with the Model+3 ug GL
group, the Model+6 pg GL group showed great-
er alleviation of the decrease in the inner cross-
sectional area of the ACA and the increase
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Figure 3. Changes in OS-related proteins in
each group. A. Representative bands of SOD1,
CAT, GR and iNOS in western blots obtained on
the 5" day after allantoic cavity hemorrhage
in the Sham group, Model group, Model+NS
group, Model+3 pg GL group and Model+6 pg
GL group. B-E. Bar charts of the relative ex-
pression of SOD1, CAT, GR and iNOS in each
group. *P<0.05 vs. Sham, #P<0.05 vs. Model &
Model+NS, $P<0.05 vs. Model+3 g GL.

1.54 * *

1.2 *#

0.9- s T sas
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in the wall thickness of the ACA; these differ-
ences were statistically significant (P<0.05).
There were no obvious differences between the
Model and Model+NS groups in the inner cross-
sectional area and wall thickness of the ACA
(P>0.05).
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Figure 4. Changes in inflammation-related proteins in each group. A. Representative bands of IL-6, IL-1f3, and
TNF-a in western blots obtained on the 5" day after allantoic cavity hemorrhage in the Sham group, Model group,
Model+NS group, Model+3 pg GL group and Model+6 pg GL group. B-D. Bar charts of the relative expression of IL-6,
IL-1B and TNF-at in each group. *P<0.05 vs. Sham, #*P<0.05 vs. Model & Model+NS, *P<0.05 vs. Model+3 ug GL.

Influence of GL on the expression of OS-relat-
ed proteins

The western blot results (Figure 3) suggested
that, on the 5" day of allantoic cavity hemor-
rhage induced by puncture in chicken embryo
CAM blood vessels, the expression of OS-
related enzymes such as SOD1, CAT and GR
was decreased and the expression of iINOS was
significantly elevated in the ACA of the Model,
Model+NS, Model+3 pg GL and Model+6 ug GL
groups compared with their expression in the
Sham group; these differences were statisti-
cally significant (P<0.05). Compared with the
Model and Model+NS groups, the Model+3 ug
GL and Model+6 pg GL groups showed decreas-
es in SOD1, CAT and GR expression, and the
elevation of iINOS expression was alleviated
(P<0.05). The degree of alleviation was greater
inthe Model+6 pg GL group than in the Model+3
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ug GL group (P<0.05). There were no obvious
differences between the Model and Model+NS
groups regarding the changes in SOD1, CAT,
GR, and iNOS expression in the ACA tissues
(P>0.05).

Influence of GL on the expression of inflamma-
tion-related factors

The western blot results (Figure 4) suggested
that compared with their expressions in the
Sham group, on the 5" day of allantoic cavity
hemorrhage, the expressions of inflammation-
related proteins such as IL-6, IL-13 and TNF-«
were increased in the ACA of the Model,
Model+NS, Model+3 pg GL and Model+6 ug GL
groups; these differences were statistically sig-
nificant (P<0.05). The increases in IL-6, IL-1B3
and TNF-a expression were alleviated in the
Model+3 pg GL and Model+6 pg GL groups
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compared with those in the Model and
Model+NS groups (P<0.05). The degree of
alleviation was greater in the Model+6 ug GL
group than in the Model+3 pg GL group
(P<0.05). There were no obvious differences
between the Model and Model+NS groups in
terms of IL-6, IL-13 and TNF-a expression in ACA
tissues (P>0.05).

Influence of GL on the expression of apoptosis-
related proteins

The western blot results (Figure 5) suggested
that compared with the expression levels ob-
served in the Sham group, on the 5" day of
allantoic cavity hemorrhage, the expression of
C-caspase-3 was increased andthat of Bcl-2
was significantly decreased in the ACA tissue
in the Model, Model+NS, Model+3 pg GL and
Model+6 pg GL groups (P<0.05). Compared
with the Model and Model+NS groups, the
increase of C-caspase-3 and the decrease of
Bcl-2 were alleviated in the Model+3 pg GL
and Model+6 pg GL groups (P<0.05). The de-
gree of alleviation was greater in the Model+6
ug GL group than in the Model+3 pg GL group,
and this difference was statistically significant
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Bcl-2

Figure 5. Changes in apoptosis-related proteins
in each group. A. Representative bands of C-cas-
pase-3 and Bcl-2 in western blots obtained on
the 5™ day after allantoic cavity hemorrhage in
the Sham group, Model group, Model+NS group,
Model+3 ug GL group and Model+6 pg GL group.
B, C. Bar charts of the relative expression levels
of C-caspase-3 and Bcl-2, respectively. *P<0.05
vs. Sham, #P<0.05 vs. Model & Model+NS,
$P<0.05 vs. Model+3 ug GL.
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(P<0.05). There were no obvious differences
between the Model and Model+NS group re-
garding C-caspase-3 and Bcl-2 expression in
the ACA tissues (P>0.05).

Influence of GL on MAPK pathway-related
protein expression

The western blot results (Figure 6) suggested
that compared with the expression level in the
Sham group, on the 5" day of allantoic cavity
hemorrhage, the level of MAPK pathway-relat-
ed protein expression (p-p38/p38, p-JNK/JNK
and p-ERK/ERK) was increased in the Model,
Model+NS, Model+3 pyg GL and Model+6 ug
GL groups, and these differences were sta-
tistically significant (P<0.05). Compared with
those in the Model and Model+NS groups, the
increases in p-p38/p38 and p-JNK/JNK protein
expression were alleviated in the Model+3 pg
GL and Model+6 pg GL groups (P<0.05). Com-
pared with that in the Model+3 ug GL group, the
alleviation of p-p38/p38 and p-JNK/JNK pro-
tein expression in the ACA tissues was greater
in the Model+6 ug GL group, and these differ-
ences were statistically significant (P<0.05).
There were no obvious differences between the
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Figure 6. Changes in the protein expression of p-p38/p38, p-JNK/JNK and p-ERK/ERK in each group. A. Represen-
tative bands of p-p38/p38, p-JNK/JNK and p-ERK/ERK in western blots obtained on the 5™ day after allantoic cavity
hemorrhage in the Sham group, Model group, Model+NS group, Model+3 ug GL group and Model+6 pg GL group.
B-D. Bar charts of the relative expression of p-p38/p38, p-JNK/JNK and p-ERK/ERK in each group. *P<0.05 vs.
Sham, *P<0.05 vs. Model & Model+NS, *P<0.05 vs. Model+3 ug GL.

Model and Model+NS groups in the levels of
p-p38/p38 and p-JNK/IJNK protein expression
in the ACA tissues (P>0.05). There were also
no obvious differences between the Model,
Model+NS, Model+3 pg GL and Model+6 ug GL
groups regarding the level of p-ERK/ERK pro-
tein expression in the ACA (P>0.05).

Discussion

This study adopted the previously established
chicken embryo ACA vasospasm model, which
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simulates post-SAH CVS [5]. Many studies have
confirmed that inflammation, oxidative stress
and cell apoptosis after SAH play important
roles in the occurrence and development of
CVS [2, 6, 7, 11-21]. Therefore, this study ex-
plored the expression of inflammation in the
chicken embryo ACA vasospasm model and the
effects of an intervention. In this work, GL was
investigated as the intervention. GL, which is a
major active constituent extracted from the
roots of the licorice genus, has been widely
applied in the treatment of chronic viral hepati-
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tis and gastric ulcers [8, 22-24]. Studies have
revealed that GL exhibits anti-inflammatory,
anti-oxidant stress and neural protective ef-
fects [8-10, 22, 25, 26]. There are few stu-
dies on the effects of GL on post-SAH CVS. Our
study showed that oxidative stress, the inflam-
matory reaction and apoptosis play important
roles in the CAM hemorrhage-induced chicken
embryo ACA vasospasm model generated via-
CAM puncture. Therefore, we used different
doses of GL to improve the vasospasm of the
chicken embryo ACA, and we discuss the relat-
ed mechanisms.

Our experiment showed that on the 5" day of
allantoic cavity hemorrhage induced by CAM
puncture, the chicken embryo mortality rates
were 0%, 60%, 65%, 25%, and 20% in the
Sham, Model, Model+NS, Model+3 pg GL and
Model+6 ug GL groups, respectively. Compared
with the mortality in the Sham group, chicken
embryo mortality was significantly increased
in the Model, Model+NS, Model+3 pg GL and
Model+6 pg GL groups. Compared with the
mortality in the Model and Model+NS groups,
chicken embryo mortality was significantly de-
creased in the groups receiving the medication
(GL), suggesting that GL can reduce the mortal-
ity of chicken embryos with allantoic cavity
hemorrhage. There was a greater decrease in
chicken embryo mortality in the high-dose
group than in the low-dose group, but this dif-
ference was not statistically significant. Com-
pared with the corresponding parameters in
the Sham group, the ACA inner cross-sectional
area was obviously decreased and the ACA
wall thickness was significantly increased in
the Model, Model+NS, Model+3 pg GL and
Model+6 pg GL groups. Compared with the
Model and Model+NS groups, the Model+3 ug
GL and Model+6 pg GL groups showed allevi-
ated ACA vasospasm. In addition, the degree of
the decrease in the inner cross-sectional area
and the degree of the increase in wall thickness
were both significantly alleviated. The degree of
alleviation was more obvious in the Model+6 pg
GL group than in the Model+3 pg GL group. This
suggests that GL can significantly improve the
ACA vasospasm of ACA allantoic cavity hemor-
rhage of the chicken embryo CAM within the
dosage range of 3 ug/g/day-6 pg/g/day. The
effects became stronger with an increased
dosage of the medication, but the ACA vaso-
spasm induced by allantoic cavity hemorrhage
could not be completely reversed.
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The detection of OS- and inflammation-related
factors revealed that compared with the Sham
group, the expression of OS-related enzymes
such as SOD1, CAT, and GR was obviously
decreased in the ACA, whereas iNOS expres-
sion was significantly increased. The expres-
sion of inflammation-related factors such as
IL-6, IL-1B and TNF-a was also markedly elevat-
ed in the Model, Model+NS, Model+3 pg GL
and Model+6 pg GL groups. Compared with the
Model and Model+NS groups, the above chang-
es were obviously alleviated in the Model+3 pg
GL and Model+6 ug GL groups. The reduction
of SOD1, CAT and GR expression and the
increase of iNOS, IL-6, IL-1B3 and TNF-a were
alleviated to a greater extent in the Model+6 pg
GL group than in the Model+3 pug GL group.
There were no obvious differences between the
Model group and Model+NS group regarding
the SOD1, CAT, GR, iNOS, IL-6, IL-13 and TNF-a
protein expression in the ACA tissues. These
results suggested that GL decreased oxidative
stress and inflammation in the ACA after allan-
toic cavity hemorrhage. The effect was greater
in the high-dose group; however, the occur-
rence of inflammation and oxidative stress
could not be completely alleviated, which is
consistent with the effects of GL in improv-
ing the curative effect of ACA vasospasm [25,
26].

An evaluation of the post-SAH CVS animal
model confirmed that the number of cere-
brovascular cells with positive TUNEL staining
was obviously increased; the expression of
C-caspase-3, caspase-8, p53 and cytochrome
¢ was significantly increased; and the expres-
sion of apoptosis-inhibitory proteins such as
Bcl-2, Bcel-xl, and Bcl-x was decreased [27-29].
Our results demonstrated that compared with
the expression levels in the Sham group, the
expression of C-caspase-3 was obviously in-
creased and that of Bcl-2 was obviously decre-
ased in the Model, Model+NS, Model+3 pg GL
and Model+6 pg GL groups. Compared with the
Model and Model+NS groups, the above chang-
es were obviously alleviated in the Model+3
pg GL and Model+6 pg GL groups, particularly
in the Model+6 ug GL group. There were no
obvious differences between the Model and
Model+NS groups regarding the protein expres-
sion of C-caspase-3 and Bcl-2 in the ACA, sug-
gesting that GL can reduce cell apoptosis in the
ACA after allantoic cavity hemorrhage.
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Three subgroups (JNK, p38 and ERK) of MAPKs
are the most widely investigated in post-SAH
CVS studies and are considered to play impor-
tant roles in the occurrence and development
of CVS [30-32]. Our results showed that com-
pared with the levels in the Sham group, on
the 5" day of chicken embryo allantoic cavity
hemorrhage, the p-p38/p38, p-JNK/JNK and
p-ERK/ERK levels were significantly increased
in the Model, Model+NS, Model+3 pg GL and
Model+6 ug GL groups. Compared with the lev-
els in the Model and Model+NS groups, the
increases in the levels of p-p38/p38 and
p-JNK/JNK were significantly alleviated in the
Model+3 pg GL and Model+6 ug GL groups,
whereas there were no obvious changes in the
proportion of p-ERK/ERK protein expression.
Furthermore, there were no obvious differenc-
es between the Model and Model+NS groups
in the levels of p-p38/p38, p-JNK/JNK and
p-ERK/ERK in the ACA. These results suggest-
ed that chicken embryo allantoic cavity hemor-
rhage could induce up-regulated expression of
p-p38/p38, p-JNK/JNK and p-ERK/ERK in the
MAPK pathways, which could be alleviated by
GL, and that the effect in the high-dose group
was obvious. In this experiment, GL likely exert-
ed anti-oxidative stress, anti-inflammation and
anti-apoptosis effects and thereby alleviated
allantoic cavity hemorrhage-induced ACA vaso-
spasm by reducing the levels of p-p38/p38 and
p-JNK/JNK, decreasing the expression of iNOS,
IL-6, IL-1B, TNF-a and C-caspase-3, and increas-
ing the expression of SOD1, CAT, GR and Bcl-2.
However, GL cannot reduce the ratio of p-ERK/
ERK expression, possibly because GL does not
completely reverse the ACA vasospasm induced
by allantoic cavity hemorrhage.

Therefore, GL can reduce the high mortality of
the allantoic cavity hemorrhage model induced
in chicken embryo CAM vessels due to its
anti-oxidation, anti-inflammatory and embryon-
ic cell protection properties, which effectively
relieves the ACA vasospasm caused by allanto-
ic cavity hemorrhage; alleviates the degree of
the decreases in SOD1, CAT and GR; reduces
the increases in the expression of iNOS, IL-6,
IL-1B and TNF-«; and alleviates the increase in
C-caspase-3 and decrease in Bcl-2. The chang-
es were more significant in the high-dose group.
GL may also exert anti-oxidative stress, anti-
inflammation and anti-apoptosis effects by
reducing the levels of p-p38/p38 and p-INK/
JNK protein expression.
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