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Abstract. - OBJECTIVE: We assessed the
protective effect on a carotid artery stenosis rat
model with using a combination of taurine and
stenosis treatment. Rats were randomly divided
into five groups: Group 1 (sham), Group 2 (mod-
el), Group 3 (stenosis removing), Group 4 (tau-
rine), and Group 5 (combination).

MATERIALS AND METHODS: The carotid ar-
tery stenosis model was created by ligating the
common carotid artery along with various gaug-
es of needle and then removing the needle. The
coghnitive performance was analyzed using P300
latency and escape latency in the Morris water
maze (MWM) task. The levels of oxidative prod-
ucts malondialdehyde (MDA), inflammatory fac-
tors interleukin (IL-18) and tumor necrosis factor
(TNF-a), the activities of anti-oxidative enzymes
superoxide dismutase (SOD) and catalase (CAT)
were determined using enzyme-linked immuno-
sorbent assay (ELISA) kits, respectively.

RESULTS: The results revealed that the cogni-
tive impairment can be reduced by stenosis re-
moving and taurine, combining the administration
of stenosis removing and taurine had a signifi-
cant effect on the recovery of cognitive function.

CONCLUSIONS: A further study showed that,
the protection of cognitive function is related to
inhibition of oxidative stress and suppression of
inflammatory response.
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Introduction

Carotid artery stenosis is a major public health
issue and negatively affects the quality of life of
patients and their families'. Clinical studies” have
shown that severe carotid artery stenosis often

leads to symptoms related to the transient ische-
mic attack and ischemic stroke. Moreover, carotid
artery stenosis may be an independent risk factor
for cognitive impairment and decline’. Previous
studies®’ have documented that the damaged neu-
rological function would be improved when caro-
tid artery stenosis was relieved. Some key factors
have been implicated in the pathogenesis of carotid
artery stenosis. Among them, oxidative stress and
inflammatory response have been identified. Brain
oxidative stress was considered to be the major
risk factor in the pathogenesis of vascular demen-
tia®. Furthermore, Shalhoub et al’ has shown that
inflammation is crucial in promoting the develop-
ment and progression of carotid artery stenosis.
Therefore, the potent antioxidant and anti-inflam-
matory agents’ interference may be beneficial in
the treatment of carotid artery stenosis induced
cognitive impairment. Taurine (2-aminoethylsul-
phonic acid), which is a sulfur-containing -amino
acid, is ubiquitously distributed in animal tissues
and cells, accounts for approximately 0.1% of total
human body weight'’. Taurine (T) has a wide va-
riety of physiologic effects and plays an important
role in various essential biological processes''?. T
is an antioxidant and has tissue protective effects
in oxidant-induced injuries”. Taurine reacts with
hypochlorous acid (HOCL) to produce taurine
chloramines (TauCL), which is a powerful regula-
tor of inflammation and it regulates the pro-inflam-
matory mediators in inflammatory cells". Thus,
we postulated that Taurine would protect carotid
artery stenosis induced cognitive impairment. In
the present work, we assessed the effectiveness of
a combination of taurine and stenosis removing in
arat model to determine its potential as a novel cli-
nical treatment for cognitive impairment induced
by carotid artery stenosis.
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Materials and Methods

Animals

Adult male Wistar rats (weighing 280-300 g)
supplied by Sichuan University Experimental
Animal Center. The animals were housed in a
room under temperature (22-25°C), with a relati-
ve humidity of 50+10%, 12:12 h day/night cycle
and free access to water and food. If no special
instructions, the regents used in experimental
methods are purchased from Sinopharm Che-
mical Reagent Co., Ltd. (Shanghai, China).

Experimental Procedure

The rat model of severe carotid artery stenosis
was established by a method described previou-
sly®. Briefly, the rats were fasted overnight and
freely accessed to water. The sutures were bathed
in dexamethasone solution for 10 min before the
surgery. The rat was fixed after 10% chloral hy-
drate anesthesia, and neck midline incision was
performed. The skin and muscles were bluntly
dissected, and the bilateral common carotid ar-
tery was dissociated. A syringe needle with dia-
meter of 0.45 mm and common carotid artery
was tied into a slipknot at 0.5 cm from the bi-
furcation of internal and external carotid artery
of the proximal part of common carotid artery
using #0 surgical suture. Rats were given aspirin
as an anticoagulant (30 mg/L) in their drinking
water 3 days after surgery. Two weeks after the
model was successfully established, the expe-
rimental animals were randomly allocated into
five groups: Group 1 (sham), Group 2 (model),
Group 3 (stenosis removing), Group 4 (taurine),
and Group 5 (combination). Each group consi-
sted of 12 rats. In the sham group, the bilateral
common carotid artery was exposed, but no li-
gature was made. In the stenosis removing and
combination groups, the rats were given an ope-
ration to relieve carotid stenosis at 14 day after
the occurrence of carotid stenosis. 100 mg/kg
taurine (Tianjin Chase Sun Pharmaceutical Co.,
Ltd., Tianjin, China) suspended in saline was
gavage administrated to the rats in taurine and
combination groups once per day for consecu-
tive 4 weeks. The same volume of physiological
saline was injected into the rats in sham, model,
and stenosis removing groups.

Stenosis Rate

Four rats from each group were anesthetized
by excessive chloral hydrate and their common
carotid arteries were isolated and fixed with 4%

paraformaldehyde. The stenosis of each com-
mon carotid artery was cut out to prepare the
cross-sectional slices. Three different sections
were selected from the stenosis and the area
stenosis rate of each section was analyzed. The
mean value of area stenosis rate for each rat was
calculated.

Detection of the P300 Auditory
Event-related Potential

Rats were fixed on the stereotaxic apparatus,
eliminated the fur of the head, behind the ears,
and the butt of tail. Then 3.3 cm detection electro-
des (Medicid 3E, Beijing Newco Company,
Beijing, China) were pierced to the scalp of the
intersection of sagittal suture and two-plane con-
nection. The P300 wave was recorded and docu-
mented in charts.

Morris Water Maze Test

The rats were subjected to a water maze
test (Shanghai Jiliang Software Technology
Co. Ltd., Shanghai, China), which consisted of
a circular water tank (2 m diameter and 1.5
m high) filled with water (25+1°C). Animals
were tested for place-learning acquisition with
the escape platform (5 cm diameter) located in
the middle of the southeast quadrant, 3.5 cm
below water surface. Training was performed
four times daily for 5 consecutive days. The
rats were trained to swim randomly from each
of the four starting positions while facing the
wall, and allowing them to swim freely until
they found the platform. The rats were given 2
min to find the platform and to remain on it for
15 s. The rats were guided to the platform and
left there for 15 s if failing to find the platform
within 2 min. To evaluate the rat’s spatial re-
tention ability, on the 6 day, the platform was
removed and allowing each rat to swim freely
for 2 min inside the pool. The total swimming
distance traveled and the swimming distance
in the target quadrant for 2 min were recor-
ded by the tracking system (ANY-maze video
tracking system, Stoelting Co., Wood Dale,
IL, USA).

Measurement of Biomarkers
of Oxidative Stress

After Morris water maze test, the rats were
euthanized by an overdose of intraperitoneal
pentobarbital, the hippocampus were isolated
quickly. Then prepared as a 5% (w/v) tissue
homogenate in 0.9% saline solution. The ho-
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Figure 1. The changes of the rate of carotid stenosis in rats
in each group. Data were shown as mean + SD. "p<0.05 vs
sham group, “p<0.05 vs model group.

mogenate was centrifuged and the supernatant
was collected. The levels of malondialdehy-
de (MDA), superoxide dismutase (SOD) and
catalase (CAT) were measured using enzy-
me-linked immunosorbent assay (ELISA) kits
according to the manufacturer’s instructions
(Nanjing Jiancheng Co., Nanjing, China).

Measurement of Inflammatory
Factor Level

The concentrations of interleukin-1p (IL-1p)
and tumor necrosis factor-o (TNF-a) were me-
asured by ELISA kits (Nanjing Jiancheng Co.,
Nanjing, China).

Histopathological Examination

The rats were anesthetized by excessive chlo-
ral hydrate and the skulls were opened to expose
the hippocampus. The hippocampus was isola-
ted and fixed with 4% paraformaldehyde for 48
h, followed by dehydration, paraffinization, em-
bedding, and hematoxylin and eosine (H&E). The
sections were observed under light microscope
(DP73; Olympus, Tokyo, Japan).

Statistical Analysis

Statistical analysis was performed using SPSS
statistical package version 18.0 (IBM, Armonk,
NY, USA). All data were reported as the me-
an£SD. Student’s ¢-test was used as appropriate
for comparison between different groups. p<0.05
was considered statistically significant.

Results

Stenosis Rate

Figure 1 illustrates how the stenosis rate chan-
ges in each group. The stenosis rate of the model
group was significantly higher than that of the
sham group (p<0.05). The stenosis rate of the mo-
del group was also significantly higher than that
of the taurine group (p<0.05). The combined use
of stenosis removing and taurine produced the
best result in terms of stenosis rate.

P300 Auditory Event-Related Potential

The P300 latencies of the sham group were
shorter than the model group (p<0.05). Compa-
red with the model group, the P300 latencies of
the stenosis removing and taurine groups were
significantly shorter (all p<0.05). Furthermore,
combined therapy achieved a better result than
single treatment with stenosis removing or tauri-
ne (Figure 2).

Morris Water Maze Test Analysis

The escape latency to find the hidden platform
and swimming distance in the target quadrant
in all rats were shown in Figure 3. The escape
latency in both the stenosis removing and tauri-
ne groups tended to decrease over-time. Further-
more, the results revealed that the combination
group presented a shortest latency to find the
platform.

Compared with the model group, the swim-
ming distance percentage in the target qua-
drant was significantly increased in the steno-
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Figure 2. The changes of P300 latency in each group.
Data were shown as mean = SD. *p<0.05 vs. sham group,
#p<0.05 vs. model group.
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Figure 3. he changes of escape latency to find the hidden
platform (a) and swimming distance percentage in the tar-
get quadrant (b) in water maze test. Data were shown as
mean =+ SD. "p<0.05 vs sham group, “p<0.05 vs model group.

sis removing and taurine groups (all p<0.05).
Furthermore, the greatest significant increase
in the swimming distance percentage in the
target quadrant was detected in the combina-
tion group.

Hippocampus MDA, SOD,
and CAT Analysis

As shown in Figure 4a, the MDA level was
significantly higher in the model group compa-
red with the other groups (all p<0.05). Stenosis
removing or taurine-treatment kept MDA at a
lower level than in the model group. However,
stenosis removing + T controlled MDA better
than stenosis removing or taurine alone. The
SOD and CAT levels were lowest in the model
group and highest in the combination group.
Treatment with stenosis removing or taurine

attenuated the decline in the level of SOD and
CAT. However, combined therapy achieved a
better result than single treatment with steno-
sis removing or T (Figure 4b-4c).

Hippocampus IL-15 and TNF-a analysis

Statistical differences were observed betwe-
en the control and the treatment group with re-
gards to hippocampus IL-1p and TNF-a levels
(Figure 5). Stenosis removing led to a statisti-
cal decrease in the IL-1p and TNF-a levels in
hippocampus compared with the model group
(p<0.05, respectively). Similarly, the T group
showed a statistical decline in the IL-1p and
TNF-a levels in hippocampus compared with
the model group (p<0.05, respectively). Howe-
ver, the combination group showed the most de-
crease in IL-18 and TNF-a levels.

Histopathological Evaluation

Figure 6 shows representative images of H&E
stained cord specimens from all groups. In sham
group, rat hippocampal neurons in alignment had
normal morphology, quantity and distribution
with big and round nuclei, as well as clear nucle-
olus (Figure 6a), while rat hippocampal neurons
in control group arranged in disorder with con-
densed nuclei, disappeared nucleolus and unclear
structure in part of neurons (Figure 6b). Rat hip-
pocampal neurons markedly ameliorated in treat-
ment groups compared with those at correspon-
ding time points in control group (Figure 6¢c-6¢).
Between the treatment groups, the greatest signi-
ficant decrease was achieved in the combination
group (Figure 6¢).

Discussion

Vascular cognitive impairment is a cogniti-
ve impairment syndrome from mild cognitive
impairment to dementia induced by cerebro-
vascular disease risk factors and obvious or
not obvious cerebrovascular disease'‘. A past
work'” has shown that carotid artery stenosis
can caused cognitive impairment as an inde-
pendent risk factor. The detection of the P300
auditory event-related potential and the Morris
water maze test demonstrated that the cogni-
tive decline induced by carotid artery stenosis
was markedly improved, while used the steno-
sis removing and the administration of T. Fur-
thermore, we have shown that the combined
use of stenosis removing and T produced the
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Figure 4. The changes of the levels of MDA (@), SOD (b) and CAT (¢) in hippocampus. Data were shown as mean + SD.

*p<0.05 vs. sham group, *p<0.05 vs. model group.

best result. Animal experimental and clini-
cal study revealed that oxidative stress played
an important role in the pathogenesis of brain
injury’®?°. Some enzymes, such as SOD and
CAT, provide cellular protection against dama-
ge from oxygen-derived free radicals. SOD is
an enzyme used as a biochemical indicator of
the pathological states associated with oxida-
tive stress?’. CAT is an enzyme that plays an
important role in reactive oxygen species de-
toxification, converts hydrogen peroxide into
harmless by products*’. MDA is the end pro-
duct of the oxygen-derived free radicals and li-
pid oxidation, which reflects the damage caused
by reactive oxygen species®. In the experiment,
with MDA significantly increased, SOD and
CAT markedly decreased in carotid artery ste-
nosis-induced rats. Stenosis removing and the
administration of taurine caused a remarkable
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reduction in the MDA level and a significant
increase in SOD activity and CAT content in
hippocampus. This indicates that carotid artery
stenosis stimulated oxidative stress, and steno-
sis removing and the administration of tauri-
ne could inhibit oxidative stress via improving
the activities of SOD and CAT, decreasing the
MDA. Meanwhile, the effect of combined the-
rapy was better than stenosis removing or sin-
gle taurine-treatments. Inflammatory response
is another crucial factor influencing neuronal
destiny?*. Pro-inflammatory cytokines, IL-1B
and TNF-a are the potential cytokines, which
produced by cells of the innate immune system
(monocytes, neutrophils, NKT cells), toxic re-
agents, trauma, oxidative stress, antibodies,
or immune complexes®’. They can initiate in-
flammatory reactions and induce expression of
other cytokines after cerebral ischemia?®®. Thus,
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Figure 5. The changes of the levels of IL-1B (@) and TNF-a
(b) in hippocampus. Data were shown as mean + SD. "p<0.05
vs. sham group, p<0.05 vs. model group.

in this report, we determined the levels of 1L-
1 and TNF-a in rats. We found that the IL-1B
and TNF-a levels were significantly increased
in carotid artery stenosis rats. In contrast, the
levels of IL-1B and TNF-a were significantly
decreased in stenosis removing and taurine-tre-
ated rats, and the combined use of stenosis re-
moving and taurine had the best result.

Conclusions

The principal findings of the current study are
that cognitive impairment can be reversed by ste-
nosis removing and the administration of taurine,
the combined use of stenosis removing and tauri-
ne had the best result. A further study showed that
the protection of cognitive function is related to
inhibition of oxidative stress and suppression of
inflammatory response.
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Figure 6. Histopathological photomicrographs of hippocampal tissue. (@) sham group; (b) model group; (c) stenosis removing

group; (d) taurine group; (e) combination group (%200).
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