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Abstract: Establishing a sensitive and comprehensive experimental model is one of the most important issues
for the study of intracranial aneurysm (IA). Hyperhomocysteinaemia (HHcy) is involved in multiple cerebrovascular
diseases. Interestingly, the vascular damage induced by HHcy coincides highly with the pathologic changes of IA.
The purpose of this study was to explore whether HHcy facilitated the IA formation in rats. Female SD rats (8-12
weeks) underwent left common carotid artery and posterior branches of bilateral renal arteries ligation and bilateral
ovariectomies traditionally. 3% methionine was added in the diet after surgery to establish a new IA model. Rats
were sacrificed and conducted vascular proplasm at 6 months post modeling. The IA formation was viewed under
electron microscope. The addition of 3% methionine in the diet dramatically increased the rate of IA formation, es-
pecially secondary and tertiary IA with 50% rise. Methionine treatment also significantly elevated MMP-9, iNOs and
SOD gene expression in peripheral blood which were measured by RT-PCR. In summary, the addition of methionine
in the diet obviously contribute to the IA formation, probably owing that hyperhomocysteine increase the systemic
inflammatory level and act synergistically with hypertension and hemodynamic compromise.
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Introduction

An intracranial aneurysm (lA) is a tumour-like
protrusion because of the pathological local-
ized dilation or ballooning of intracranial vascu-
lar walls. The morbidity of IA is about 1%-5% [1].
The biggest threat which IA patients face is the
subarachnoid hemorrhage (SAH) result from
the rupture of an IA. Once SAH happens, it will
seriously endanger the patients’ life, and the
mortality can reach up to 30%-45%, mean-
while, half of survivors will remain permanent
neurological dysfunction [2].

Scholars have tried hard to reveal the patho-
genesis of IA over the years through a large
number of clinical trials and epidemiological
research, however, there is a major bottleneck
in the clinical study of this disease, the patho-
genesis of IA has not yet been elucidated so far

for reasons as follow. Firstly, the IA tissue is dif-
ficult to obtain. Current treatments do not
require Most of the patient do not want to get
involved in the clinic trials because both of the
two IA treatment prescriptions don’'t need to
excise the tissue, which make sources the tis-
sue even more fewer. Second of all, there is too
many confounding factors. The formation of an
IA is easily affected by so many aspects and
factors, which make great disturbance while
analyzing the cause of formation of IA. Thirdly,
researchers can’'t analyze the whole process of
the IA pathogenesis continuously, but only can
evaluate the IA sample in a certain time due to
the limitation of human experiment, which
brings a major inconvenience in conducting the
experiment. At last, human experiment requires
a complete set of standardized and complex
procedures for review which will extend the
experiment remarkably. Therefore, the con-


http://www.ijcem.com

A novel intracranial aneurysm rat model

struction of animal models has become an
important tool for the study of the pathogene-
sis of IA.

Nagata et al [3] succeeded inducing the IA in
rats for the first time by making hypertension
and hemodynamic variations, each of which
respectively result from the ligation of the pos-
terior branches of bilateral renal arteries and
the unilateral ligation of carotid arteries. This
model also verifies that hypertension and local-
ized variations of hemodynamics are indispens-
able factors in the establishment of a model in
rats to study the IA.

Since then, this model is considered to be the
classic model of IA rat model and it has also
become the basic model of each improved
model. However, the IA formation rate of this
model is rather low at only about 30% [4]. In
2009, Eldawoody et al [5] successfully con-
structed an IA rat model based on the classic
model by introduced the bilateral oophorecto-
my to prevent oestrogen from maintaining ves-
sels. The improved model did increase the for-
mation rate of IA in model rats, but still less
than 50%. Xu et al [6] simplified Nagata team’s
model in which rats were treated with the uni-
lateral ligation of carotid arteries and a methio-
nine diet so as to increase the level of Hey in
the blood. However, not enough attention has
been paid to this model nor further popularized
because of that the incidence of IAs is quite low
in stage Ill. In addition, some researchers
attempted to replace rats with other animals. It
proves that mice and rabbits are far less sus-
ceptible to the IA than rats. Although monkeys
are much more susceptible to the IA, they are
expensive and significantly prolong the cycle of
studies. Since dramatic physical differences
between dogs and humans have developed
diverse natural causes of the IA for these two
species respectively, researchers merely study
on dogs in terms of hemodynamics and intra-
vascular therapies [7-9].

On account of the above research, we consid-
ered to construct a new IA model based on the
classic rat model. This model should have a
rather high morbidity of IA and more suitable on
IA’'s pathogenesis for human being. Recently, a
clinical research with large sample came into
our view again which is about the dependency
of Hcy and apoplexy. The research revealed
that patients with hyperhomocystinemia (HHcy)
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are tend to be more easily attacked by aneurys-
mal subarachnoid hemorrhage (SAH) [10].
Another research showed that HHcy combined
with the change of hemodynamics can promote
the formation of IA. With the synergistic effect
of the above factors, our research will firstly
make IA model according to Eldawoody’s meth-
od [5], and then the rats are fed diet with extra
methionine, which can transfer to Hcy by de-
methylation, and an overdose of methionine
will elevate the plasma level of Hcy and cause
HHcy. We hope that the overdose of Hcy there-
by can act as a mediator to produce a synergis-
tic mechanism of HHcy, hypertension, hemody-
namic variations and estrogen deficiency, and
eventually trigger the IA in rats. Meanwhile the
model conducted with multiple factors can be
more similar to IA’s pathogenesis for human
being which can provide strong and firm sup-
port for our research of lucubrating in IA's
pathogenesis.

Materials and methods

All surgical and experimental procedures were
carried out in accordance with the guide from
the National Institutes of Health for the Care
and Use of Laboratory Animals, and were
approved by the Ethics Committee of the
Affiliated Hospital of the Logistics University of
PAP.

IA model and treatment

36 SPF female Sprague-Dawley rats, 8-10
weeks, weight 250-300 g which were bought
from the Laboratory Animal Center of Academy
of Military Medical Sciences, Beijing were took
as experimental animal. The License number is
SCXK-(Jun) 2012-0004. The rats were fed
under 12 hour light condition every day, 4 rats
per cage with standard diet. All of the rats were
acclimatized for 1 week. 36 rats were randomly
divided into 3 groups (n=12): Control group,
Traditional Model group and Novel Model group.
The rats were anesthetized by intraperitoneal
injection of 1% pentobarbital sodium 40 mg/kg
and the dose was increased if necessary. The
construction of rat model was begun right after
the anesthesia.

The Traditional Model group and Novel Model
group rats were given the following operations
(Figure 1). @ Ligation of the right CCA. Make
an incision of neck and separate the subcuta-
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Left carotid =l
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Figure 1. Model construction diagram.

8%NaCl+
3% methionine

>

Figure 2. Operations during the IA model construction. A1. Unilateral common carotid artery. A2. Bilateral oophorec-
tomy. A3. Ligations of the posterior branches of both renal arteries. B1. Postoperative recovery was well. B2. Death
due to intestinal obstruction. B3. Ischemic necrosis of nephridial tissue due to ligations of the posterior branches
of both renal arteries.

neous connective tissue. On the right side of
trachea, the connective tissue was downward
isolated beside the lateral border midpoint of
sternohyoid muscle, then the nervi vagus and
pulsatile CCA can be seen. Ligate the right CCA
with 5-0 surgical suture in order to change the
intracranial hemodynamic (Figure 2A1). @
Bilateral oophorectomy. The thumb was placed
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at the lower edge of the back rib of the rat. The
index finger and middle finger were placed in
the middle of the abdomen, and slid the three
fingers together to one side to find the kidney.
Then make a longitudinal incision for about 1.5
cm long according to the position of kidney,
open the abdominal cavity via the back
approach. Pull out the adipose tissue carefully
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Table 1. Primers used in this study

Primer

Name Primer sequence (5-3")

Final concentration

MMP-9 Forward ACAACGTCTTTCACTACCAA
Reverse CAAAAGAGGAGCCTTAGTTC
iNOS  Forward TTCAGGTATGCGGTATTTGG
Reverse GTTGGAAGTGTAGCGTTTCG
MCP-1 Forward CACTCACCTGCTGCTACTCAT
Reverse CTACAGCTTCTTTGGGACACCT
SOD Forward GGCCAAGGGAGATGTTACAA
Reverse GCTTGATAGCCTCCAGCAAC
GAPDH Forward TACACTGAGGACCAGGTTG
Reverse CCCTGTTGCTGTAGCCATA

400 nmol/L
400 nmol/L
400 nmol/L
400 nmol/L
400 nmol/L
400 nmol/L
400 nmol/L
400 nmol/L
400 nmol/L
400 nmol/L
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Figure 3. Variation of blood pressure. #P<0.05 when
Traditional Model group or Novel Model group com-
pared with the Control group. #P<0.05 when Novel
Model group compared with Traditional Model group
or Control group.

and find the ovary, ligate the ovary from the root
and cut it down. The opposite side was under
the same operation (Figure 2A2). (3 Ligations
of the posterior branches of both renal arteries.
After the bilateral oophorectomy, the surgeon
uses the index finger and middle finger to push
the kidneys out of the back incision, and sepa-
rate the renal capsule. The assistant uses two
swabs to clamp the kidneys and pull them out
to expose the renal vein. Ligate the posterior
branches of both renal arteries which lie poste-
rior and superior to the renal artery by 7-0 surgi-
cal suture under the 10 times operative micros-
copy. Flush the bilateral abdominal cavity with
enough normal saline to prevent ankylenteron,
and then suture the muscularis and the skin in
turn (Figure 2A3). 12 rats that expose the right
CCA, bilateral ovary and renal arterie for 20 min
were served as Control group.

After the operation, each groups conduct reha-
bilitative feeding (Figure 2B1). If the rats don't
eat or died in 3 days, a supplement was added.
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If the rats don't eat during this
stage, they may get adhesive ileus
and finally die. Therefore, intraperi-
toneal injection were conducted
with excessive anesthetic to exe-
cute the rats in order to decrease
their pain (Figure 2B2). After 1
week of regular food and rehabilita-
tive feeding, the Traditional Model
group were fed the diet with 8%
sodium chloride. The Novel Model
group were fed by the diet with 8%
sodium chloride and 3% methio-
nine. And the Control group were

fed by the normal diet.
Blood pressure determination

Using the tail-cuff auto-pickup method for
determining systolic arterial pressure in un-
anesthetized rats with a continuous measure-
ment of 3 days per time point, measured 1
times a day at three time points which were
before operation, 1 month and 6 month after
operation. The data of the third measurements
were used as the systolic arterial pressure in
order to let the rats to adapt the blood pressure
measurement environment and avoid the fluc-
tuation of blood pressure caused by the strug-
gle. In addition, renal hypertension can be veri-
fied again by observing the morphology of the
kidney after the final execution (Figure 2B3).

Blood indicator determination

6 months after operation, the rats were anes-
thetized by ether gas, then cut off one side of
the rat’s whiskers. The capillary glass tube
which the diameter is 0.9 mm were cut into the
length of 1.2 cm and Infiltrated by 1% heparin
sodium. Then the glass tube was piercing rota-
ry through the outer canthus into the posterior
orbital of the rats. The operator had better to
put on PE gloves in order to make the rotary
movement easier to conduct. 1 mL blood was
taken by procoagulant tube and EDTA antico-
agulant tube separately. The blood samples in
procoagulant tubes were delivered to our clini-
cal laboratory department (Mai Rui automatic
biochemical test system (BS-480)) for the
determination of estradiol and Hcy concentra-
tions. The Total RNA extraction from blood,
cDNA synthesized and real-time fluorescent
quantitative PCR reaction was carried out
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Figure 4. The relative gene expression in each group. RT-PCR analysis for
MMP-9 (A), iINOS (B), MCP-1 (C), and SOD (D) expression in peripheral blood
6 months after surgery. #P<0.05 versus the Control group.

Figure 5. Right ACA-OA site exist oboslete hemorrhage. Bar=50 mm.

according to the method and steps marked in
the kit instructions of the blood samples in
anticoagulant tubes. Relative expression of
matrix metalloproteinase-9 (MMP-9), inducible
nitric oxide synthase (iNOS), monocyte che-
moattractant protein-1 (MCP-1) and superoxide
dismutase (SOD) were calculated by 2-AACt
method (Table 1).
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Traditional Novel

Vascular cast

Vascular corrosion casts were
produced as reported previ-
ously [11]. After induction of
anesthesia, the rats under-
went laparotomy and thora-
cotomy. The gastric lavage
needle (16-gauge caliber with
a length of 6 cm) was inserted

Traditional  Novel into the left ventricle and

secured in the ascending

aorta with a forceps. After the

right atrium was cut for drain-
# age, the rats were perfused
with 50 mL normal saline. This
procedure was followed by
manual injection of 10 ml
Batson No. 17 plastic which
compounded according to the
instructions before perfusing
normal saline. After 2 h for
polymerization at room tem-
perature, the entire brain was
removed and digested in satu-
rated KOH with intermittent
shaking. Shake one times per
2 hour during the day and
change the solution once
every 24 hours. A complete
gel casted cerebral artery cir-
cle (Willis cycle) can be obtain
after about 3 days. Finally,
scanning electron microscopy
was used to observe. The IA
classification criteria are as
follows. Roughened apical inti-
mal pad with irregularly sha-
ped imprints (stage I). Shallow
fusiform elevation at the api-
cal intimal pad covered with
abnormal imprints (stage ).
Saccular aneurysm covered
with abnormal imprints (stage
).

Statistical analysis

Two independent groups were compared by the
unpaired t-test. Three or more independent
groups were compared by one-way ANOVA and
LSD test. Categorical data for groups were test-
ed using the Chi-square test. Statistical analy-
ses were performed on a computer running
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)

Figure 6. Scanning electron micrograph demon-
strating the cerebral vascular corrosion cast and
the classification of aneurysm. A. Normal endo-
thelial cell imprints at the arterial bifurcation with
no gross arterial dilatation (stage O or normal).
B. Roughened apical intimal pad with irregularly
shaped imprints (stage I). C. Shallow elevation at
the apical intimal pad, but the diameter of aneu-
rysm is smaller than half of the blood vessel diam-
eter beside the IA (stage Il). D. Saccular aneurysm
whose diameter is smaller than half of the blood
vessel diameter beside it (stage Il). E. Obvious an-
eurysm covered with abnormal imprints, and the di-
ameter of aneurysm is longer than half of the blood
vessel diameter beside the IA (stage IlI).
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Table 2. The number, staging and location of IA

Groups
Factors Traditional Model Novel Model Control
group group group

Number of rats (%)

Total number of rats 12 (100%) 12 (100%) 12 (100%)

Rats with lesions 8 (67%) 12 (100%) 0 (0%)

Rats with multiple lesions 2 (17%) 5 (42%) 0 (0%)
Number of IA (%)

Total number of lesions 10 (100%) 17 (100%)

Stage | 5 (50%) 6 (35%)

Stage Il 3 (30%) 4 (24%)

Stage Il 2 (20%) 7 (41%)
Number of lesions per rat (mean + SEM)* 0.83+0.71 1.42+0.51 0
Number of Stage Il/Ill lesions per rat (mean + SEM)## 0.42+0.51 0.92+0.67 0
Site

ACA-OA bifurcation 7 (70%) 14 (82%)

ACA 1 (10%) 2 (12%)

ACOMA 2 (20%) 1 (6%)

ACA: anterior cerebral artery, OA: olfactory artery, ACOMA: anterior communicating artery. #: There were significant differences
in the IA formation rate between Traditional Model group and Novel Model group (P=0.032). ##: There was an increased trend
of stage II/1ll 1A in Novel Model group when compared with Traditional Model group and (P=0.052).
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Figure 7. Correlation between Hcy level and IA size.
r=0.603, P=0.013.

statistical software SPSS17.0. Differences
were considered statistically significant with a
probability value of less than 0.05.

Results
Variation of blood pressure

The systolic pressure has no statistical signifi-
cance among the three groups (P>0.05). 1
month after molding, the pressure of rat’s in
Traditional Model group and Novel Model group
were both higher than the Control group
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(P<0.05). 6 months after molding, the pressure
of rats in Novel Model group became much
higher than the rats in Traditional Model group,
and the difference was statistically significant
(Figure 3).

Variation of Hcy

6 months after the molding, the Hcy of Novel
Model group (46.87+9.09 pmol/L) is signifi-
cantly greater than the Traditional group
(14.32+5.61 pmol/L) and the Control group
(15.2944.90 pumol/L), and the difference was
statistically significant (P<0.05).

Variation of serum estrogen

6 months after the molding, the serum estro-
gen of the Novel Model group (103.16+7.20
pmol/L) and the Traditional Model group
(95.43+8.28 pmol/L) has no obvious differ-
ence (P>0.05). But the Hcy of them was lower
than the Control group (176.72+11.41 pmol/L),
and the difference was statistically significant
(P<0.05).

Variation of gene expression

The expression of MMP-9, iINOS, MCP-1 and
SOD was up-regulated in the Traditional Model
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group rats when compared with the Control
group. And the expression in Novel Model group
was much higher than the Traditional group
(P<0.05) (Figure 4).

Formation of intracranial aneurysm

1 case of SAH was found in the Novel Model
group (Figure 5), but this rat didn’t appear any
abnormal behavior nor any clinical manifesta-
tion just like human being. Vessel casting was
observed through microscope, 10 IAsin 12 rats
was found in Traditional group, 5 of them were
in stage Il or stage lll, while 17 IAs in Novel
Model group was found, 11 of them were in
stage Il or stage Il (Figure 6 and Table 2).

Sizes of intracranial aneurysm

The sizes of IAs in stage Il or stage Ill in the
Novel Model group were significantly larger
than those in the Traditional group (164.39+
81.52 ymvs. 75.84+45.37 ym, P<0.05).

Correlation between Hcy level and IA size

There is a positive correlation between the Hcy
level and the size of IA, the rats with higher
level of Hey tend to have a larger IA in stage |l or
stage lll (r=0.603, P=0.013) (Figure 7).

Discussion

On the basis of traditional IA model methods,
we used the diet containing 3% methionine to
cause HHcy. The result indicated that Hcy can
act as a mediator to produce a synergistic
effect of HHcy, hypertension, hemodynamic
variations and estrogen deficiency, and eventu-
ally promote the formation of IA in stage Il or
stage lll as well as increase the size of IA. This
novel model makes up the low formation rate of
IA in traditional modeling methods, and pro-
vides a more reliable basic model for the mech-
anism research of |A.

The result shows that the systolic blood pres-
sure (SBP) of Traditional and Novel Model group
were over average 150 mmHg after ligating the
posterior branches of rat’s renal arteries com-
bining with high salt diet in 1 month after mold-
ing, at 6 months after modeling, the SBP of the
two model groups have increased further with
an average value of over 170 mmHg. Hence, we
can prove the operation above can establish a
stable renal hypertension model. This result is
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in agreement with the experiment results of
Nagata and Eldawoody et al [3, 5].

Meanwhile the unilateral carotid artery was
ligated in this experiment, which can alter the
hemodynamics of intracranial vessels and
change the wall shear stress (WSS). Studies
prove that the value of WSS to maintain normal
cellular forms is around 2Pa. An abnormally
high value of WSS may degrade, dilate, or even
expand local vascular walls, and eventually
accelerate the formation and the growth of
arterial aneurysms. In contrast, by damaging
endothelial intercellular spaces and paralysing
regulatory functions of antioxidants and anti-
inflammatory mediators, an extremely low
value of WSS may promote endothelial remod-
elling, degeneration, and eventually apoptosis
[12]. In this experiment, INOS and MMP-9 were
both rose remarkably in two model groups,
which indicates that the variation of hemody-
namics has occurred and it caused vascular
endothelial damage and degradation of extrs-
cellular matrix. We consider that the two fac-
tors above can promote the physical mechan-
ics change in the blood vessel of brain. which
can damage the cerebrovascular endothelial
cell through a series of chemical changes. They
can damage media vascular to make the chem-
ical change on arterial wall [13]. Hence, chang-
es of blood pressure and hemodynamics are
the basic conditions of intracranial aneurysm
model.

The result also reveals that serum estrogen in
the Traditional and the Novel Model group was
dramatically declined compared with the
Control group, which is similar to Eldawoody’s
research. The decline of serum estrogen can
effectively reduce the protection on vessel and
increase the incidence of IA [5]. At the same
time, many studies have shown that the occur-
rence of |A is obviously promoted in menopaus-
al women due to the significantly drop of their
Estrogen levels [14]. Therefore, we believe that
this intervention of remove the protection of
estrogen conforms to the etiological mecha-
nism of IA in human beings, which can also
improve the success rate of IA rat model.
Therefore, it should be one of the necessary
conditions of building the IA rat model.

In this experiment we used the diet containing
3% methionine to feed the rats in the Novel
Model group. After 6 months, their Hcy
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increased to three times as much as the other
two groups. The consequent symptoms are
similar to those accompanying hereditary HHcy,
which is attributable to the lack of cystathio-
nine B-synthase [15]. This approach is with the
same principle as Xu's research of feeding rats
water with 1 g/kg/day methionine, but adding
methionine to drinking water may produce an
unpleasant, pungent odor which make the
some rats circumvented by minimizing the
intake of water, and eventually cause the serum
level of Hey to fluctuates greatly [6].

According to the result, the success rate of
molding was markedly improved after rat taking
extra methionine. Moreover, the formation rate
of IA in stage lll was significantly increased,
which shows that HHcy can promote the forma-
tion of IA in rats. This result is correspond with
a cohort study. Semmler et al [16] found that
the polymorphism of Hcy metabolism related
genes were relevant to Caucasian getting IA.
Huo Y et al [10] studied on randomized clinical
trials from the China Stroke Primary Prevention
Trial (CSPPT) and found out a close bond
between the increase in the plasma Hcy and
the IA.

The promoting effect of HHcy on inducing IA in
rats may be related to the following reasons. O
The pathophysiological changes caused by
HHcy are closely related to the histological fea-
tures of IA formation and rupture. One of the
main histological features coupled with the for-
mation of the IA is the attenuation of the tunica
media and vascular remodelling. This feature is
induced by the synergistic mechanism of vas-
cular endothelial injuries, extracellular matrix
deterioration and vascular smooth muscle
apoptosis [15]. As found by Eberhardt RT et al
[17], moderate amplification of the Hcy level
can deactivate nitric oxide by generating reac-
tive oxygen species, and hence trigger endo-
thelial dysfunction. A higher level of Hcy can
also contribute to the increased expression of
matrix metalloproteinase-2 (MMP-2) and matrix
metalloproteinase-9 (MMP-9) which stimulates
extracellular matrix degradation and vascular
smooth muscle cell apoptosis [6, 18]. It hereby
can be concluded that these pathophysiologi-
cal alterations due to an increased level of Hcy
are strongly connected with that main histologi-
cal feature. @ Hcy can deterioate the inflam-
mation in the vessel. In this experiment, the
expression of MCP-1 and SOD in Novel Model
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group were significantly increased. This indi-
cates that the level of inflammation was obvi-
ously increased, and the oxidative stress was
aggravated In the HHcy rats. Evidences also
suggest that Hey is linked with various kinds of
inflammatory mediators. Vilas-Boas et al [19]
identified that mice with an elevated level of
Hcy are plagued with a chronic inflammation,
and the levels of tumour necrosis factor o (TNF-
o) and the vascular cell adhesion molecule 1
(VCAM-1) escalate significantly. Likewise, Akalin
et al [20] validate that the oxidative stress
induced by HHcy can trigger a cascade reaction
of inflammation. These mediators including
MMP, the tumour necrosis factor, and oxygen
radicals generate endothelial cell injuries or
dysfunctions by oxidative stresses and inflam-
matory cell infiltration. Injured adhesion mole-
cules of the endothelial expression and multi-
ple chemokines further hasten the apoptosis of
endothelial cells and the remodelling of vessels
via mononuclear cell infiltration [20]. The final
result was IA take shape. In addition, research
indicates that the apoptosis of vascular smooth
muscle cells (VSMC) in IA tissues can be clearly
observed. The oxidative stresses of inflamma-
tory mediators play a prominent role in inducing
this symptom [21]. Which means HHcy may
cause damage to cerebrovascular through
inflammatory medium-oxidative stress mecha-
nisms and promote IA come into being. @
HHcy has synergistic injury effect with hyper-
tension and hemodynamic changes. In Xu's
experiment, IA can be promoted by the coexis-
tence of HHcy and intracranial hemodynamic
changes [6]. Another result reveals that this
coexistence of hypertension and HHcy can pro-
mote each other and increasing the damage to
vessel which finally promoting IA [17]. We think
there are two reasons, for one thing, end-stage
renal disease can be caused by prolonged high
blood pressure, making glomerular filtration
rate (GFR) reduced [22]. When the GFR is
reduced, the excretion of Hcy will subsequently
be lowered. Correspondingly, the level of Hcy
will rise, so the vascular damage led by Hcy will
deteriorate. For another, HHcy can paralyse the
glomerulus and decrease the GFR by the acti-
vation of redox signalling pathways and DNA
methylation, and further escalate blood pres-
sure so as to make intracranial hemodynamic
variations. The thorough mechanism forms a
vicious circle to worsen vessels [23, 24]. These
results add credence to the synergistic effect.
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After 6 months molding, systolic blood pres-
sure (SBP) in Novel Model group using methio-
nine were higher than the Traditional Model
group, which shows that HHcy can promote the
blood pressure getting higher when HHcy and
hypertension both exist.

Summary and prospect

In summary, a novel IA rat model was success-
fully constructed on the basis of Eldawoody’s
method by inducing HHcy, which enhanced the
cooperative interaction between each hazard.

On the point of model preparation, this method
accomplished ovary and renal arteries ligation
through bilateral back incision instead of medi-
an abdominal incision, which can avoid the con-
tact between incision and padding, and reduce
the risk of infection. Meanwhile all the opera-
tion was completed in one surgery, which can
avoid the risk of repeated surgical operation.
Besides, the new way of feeding could control
the methionine and serum Hcy intake of rat,
which can reduce the workload, decreases the
technical difficulties and expedite the recovery
of the rats. Judging from the results, this novel
method can improve the formation rate of
induced IA as well as the incident of IA in stage
Il through the interaction of HHcy with hyper-
tension, hemodynamic changes and estrogen
deficiency.

Overall, this novel model is stable, reliable and
with rather better reproducibility. Moreover,
this modeling method is much closer to IA’s
forming process in human body which can help
us conduct in-depth study. However the forma-
tion and rupture of IA are extremely complex
and are closely related to age, smoke, obesity
and atherosclerosis and so on [25-27]. The limi-
tations of the article is that we didn’'t get
involved in the above aspects in this experi-
ment. Meanwhile, all the building factors con-
sidered in our research were all related to IA
and had a interaction effect, but the theory was
not distinct and the impact was not explicit,
which need to be discussed and lucubrate
further.
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