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Abstract Hydrogen sulfide (H,S) is a gaseous messenger
and serves as an important neuromodulator in the central
nervous system. The current study was undertaken to
investigate whether H,S attenuates the neuronal injury
induced by vascular dementia (VD). Rats were subjected to
bilateral common carotid artery and vertebral artery
occlusion for 5 min three times in an interval of 5 min to
induce VD. An H,S donor, sodium hydrosulfide (NaHS) or
an inhibitor of cystathionine-f-synthase, hydroxylamine
(HA) was administered intraperitoneally. The number of
neurons in the hippocampus was determined by hematox-
ylin and eosin staining, and the performance of learning
and memory was tested by the Morris water maze. H,S
content in plasma was evaluated. Apoptosis in the hippo-
campus was assessed by flow cytometry. In addition, Bcl-2
and Bax expression was analyzed by immunohistochemical
staining. The neuronal injury occurred gradually with a
decreased number of neurons and increased apoptosis ratio
in the hippocampus over 720 h after VD. The H,S level
was also gradually decreased in plasma over 720 h after
VD, which negatively correlated with the apoptosis ratio in
the hippocampus after VD. In addition, NaHS treatment
significantly attenuated neuronal injury and improved
neural functional performance, whereas HA exaggerated
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the neuronal injury and exacerbated learning and memory
at 720 h after VD. Furthermore, NaHS treatment markedly
improved the ratio of Bcl-2 over Bax with increased Bcl-2
expression and decreased Bax expression. In contrast, HA
reduced the ratio of Bcl-2 over Bax. It is suggested that
H,S attenuates VD injury via inhibiting apoptosis and may
have potential therapeutic value for VD.

Keywords Hydrogen sulfide - Vascular dementia -
Apoptosis
Introduction

With an increase of elderly population, aging-related dis-
eases such as hypertension, arteriosclerosis and different
forms of dementia are also increased [1]. One of these
diseases is vascular dementia (VD). VD has already
become a major public problem, which is characterized by
histopathological damage and progressive intellectual
decline produced by ischemic hypoxia or hemorrhage brain
lesion [2—4]. It represents the second most common
dementia accounting for about a quarter to a half of all
cases of dementia in developed countries [2—4]. Unfortu-
nately, the pathogenesis of the cognitive decline is not fully
understood, and there are no known effective treatments or
preventive strategies for VD yet.

Hydrogen sulfide (H,S) has been best known as a toxic
environmental pollutant emerging from sewers, marshes,
and volcanic eruptions as a toxic gas [5]. But recent
studies have suggested the gas’s improving reputation
over the past two decades [6, 7]. There is now accumu-
lating evidence that it is an endogenously produced
gaseous messenger and in particular, serves as an
important neuromodulator in the central nervous system



Neurochem Res (2009) 34:1984-1992

1985

[8]. In mammalian tissues, two pyridoxal-5'-phosphate-
dependent enzymes, cystathionine-f-synthase (CBS) and
cystathionine-y-lyase (CSE) are responsible for most of
the biosynthesis of H,S from L-cysteine [9]. The endog-
enous production of H,S was initially described in the
brain by Abe in 1996 [8]. CBS, which is highly expressed
in the hippocampus and cerebellum, is a predominant
source of H,S in the central nervous system whereas CSE
is a major H,S-producing enzyme in the cardiovascular
system [10].

Some studies reported that H,S promotes vascular
smooth muscle relaxation and induces vasodilation of
isolated blood vessels including aorta, mesenteric artery
and pulmonary artery [11-14]. H,S has been shown to
inhibit leukocyte-endothelial cell interactions in vivo
indicating an anti-inflammatory action [15]. H,S inhibits
superoxide formation, NOX-1 expression and reactivity in
human vascular smooth muscle cells [16] and endothelial
cells [17] and protects neurons from oxidative stress [18].
H,S enhances the reducing activity in neurons, which may
lead to a neurotrophic role in the brain [19]. Some reports
have suggested that H,S exerts a protective effect against
ischemia reperfusion injury in heart [20], liver [21] and
lung [22]. However, the protective effect of H,S has not
been evaluated in VD induced by cerebral ischemia
reperfusion. Some evidence suggests that apoptosis could
be a mechanism of VD [23, 24]. Interestingly, the anti-
apoptotic effect of H,S has also been demonstrated in vitro
[25] and in vivo [20, 21, 26], which may promote cyto-
protection from VD injury. Therefore, in the present study,
we determined if VD induced apoptosis and the change of
H,S level in the plasma and the hippocampus and evalu-
ated the effects of NaHS, an H,S donor or HA, a CBS
inhibitor treatment on VD injury and investigated if the
H,S reduced VD injury through suppressing apoptosis.

Experimental Procedure
Animals

Male Sprague-Dawley rats (300 & 20 g) provided by The
Experimental Animal Center of Hebei Medical University
were used for the study. The rats were housed at a tem-
perature of 23 £ 1°C with a 12 h light—dark cycle (light on
7 a.m.—7 p.m.), and had free access to the food and water.
The rats were fasted for 12 h with free access to water
before the experiment. Animal care and use conformed to
guidelines for care and use of experimental animals. All
experimental procedures described in this study were
approved by the Animal Care and Use Committee at Hebei
Medical University.

Reagents and Antibodies

Antibodies against Bcl-2 and Bax were purchased from
Santa Cruz (Santa Cruz Biotechnology Inc., CA, USA). As
an H,S donor, 14 pmol/kg sodium hydrosulfide (NaHS)
was administered intraperitoneally 15 min prior to VD.
This dose of NaHS is reported effective in protection
against myocardial ischemia of rats [27]. When NaHS is
dissolved in water, HS™ is released and forms H,S with
H™. This provides a solution of H,S at a concentration that
is about 33% of the original concentration of NaHS [28].
About 5 pmol/kg hydroxylamine (HA) was administered
intraperitoneally 15 min prior to VD as a CBS inhibitor.
NaHS and HA were obtained from Sigma—Aldrich (Sigma—
Aldrich, St. Louis, MO) and were dissolved in saline.
Control rats received saline only.

VD Surgery Procedure

VD was induced by the 4 vessel-occlusion (4-VO) model.
Briefly, after rats were anesthetized with choral hydrate
(350 mg/kg, i.p.), a midline incision was made in the
dorsal neck and the paraspinal muscles were separated
from the middle. The alar foramina of atlas were identi-
fied, and the bilateral vertebral arteries through the alar
foramina were electrocauterized to yield complete and
permanent cessation of circulation. Twenty-four hours
after the operation, bilateral common carotid arteries were
isolated through a ventral midcervical incision, and
occluded for 5 min three times in an interval of 5 min
under ether anesthesia. Rectal temperature was continually
monitored and maintained at 36.5-37.5°C with a heating
blanket during VD surgery.

Measurement of H,S

Plasma for testing H,S content was obtained from the
blood samples, which were collected from the abdominal
aorta via a stainless steel needle into a heparinized syringe
and immediately centrifuged. The measuring procedures
are essentially described in the literature with modifications
[29]. Briefly, plasma was mixed with trichloroacetic acid
(10% wlv, 250 ul), zinc acetate (1% w/v, 250 pl), N,N-
dimethyl-p-phenylenediamine sulphate (20 uM; 133 pl) in
7.2 M HCI and FeCl; (30 uM; 133 pl) in 1.2 M HCI in
parafilm-enveloped Eppendorf tubes. After 15 min, this
mixture was centrifuged at 4,000xg for 10 min. The
supernatant was collected and its absorbance measured in
96-well plates at a wavelength of 670 nm with a microplate
reader (Elx-800; Bio-Tex). The concentration of H,S was
calculated by using a standard H,S curve.
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Morris Water Maze

Spatial learning and memory was tested according to the
classic Morris protocol with modifications [30]. Briefly, the
maze consisted of a circular tank, 1.2 m in diameter, filled
with water and conceptually divided into four quadrants.
Rats were trained to find a submerged escape platform,
which was located in the center of one of the quadrants.
Each rat was placed in the pool without the platform for
120 s to habituate to the environment on the day before
trials. On days 1-4, rats were trained for 20 trials (five trials
a day) to find the platform within 120 s. The time that rats
spent in finding the platform is called escape latency. For
each rat, the quadrant in which the platform was located
remained constant, but the point of immersion in the pool
varied among four quadrants in a random order for the 20
trials. On mounting the platform, the rats were given a 30-s
rest period, after which the next trial was started. If the rat
did not find the platform in 120 s, it was manually placed
on the platform for a 30-s rest, and the escape latency was
120 s.

Flow Cytometric Analysis

The tissue from bilateral hippocampi was digested with
0.125% trypsin for 15 min, and then separated cells were
prepared and fixed in ice-cold 70% ethanol at 4°C for 24 h.
The fixed cells were centrifuged and washed twice in PBS.
The cells were then incubated in 0.5 ml of the solution
containing 200 mg/ml propidium iodide, 1% Triton, 0.9%
NaCl, 50 mg/ml RNAse at 4°C for 30 min in the absence
of light. Stained cells were analyzed using a FACScan
Flow Cytometer. The main parameter is percentage of
apoptotic cells at sub-G1 DNA peak to the total analyzed
cells, which is called the apoptosis ratio.

Histopathological Observation

At the end of behavioral test, the rats deeply anaesthetized
with chloral hydrate (350 mg/kg, i.p.) were perfused tran-
scardially with 100 ml of saline followed by 400 ml of 4%
paraformaldehyde. The brains were removed and paraffin-
embedded, and 5-pum-thick coronal sections were cut. The
sections with the dorsal hippocampus were selected at the
same layers from each rat, stained with hematoxylin and
eosin and evaluated by an examiner blinded to experi-
mental conditions. Neurons with round or oval-shaped
nuclei and without shrinkage or edema were counted. The
number of neurons along 1 mm linear length in the middle
CAl of the hippocampus was counted, and the average
value from three adjacent sections was used for each
animal.
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Immunohistochemical Analysis

The brain sections were thoroughly washed with 0.02 M
phosphate-buffered saline (PBS, pH 7.4) for 15 min. To
block any endogenous peroxidase activity, the brain sec-
tions were incubated with 0.3% hydrogen peroxide for
5 min and transferred to normal goat serum (1:20) for
90 min at room temperature, followed by overnight incu-
bation with polyclonal rabbit-derived primary antibodies to
Bax and Bcl-2, respectively (1:500 dilutions in PBS; Santa
Cruz), at 4°C. After incubation with a biotinylated goat
anti-rabbit secondary antibody (1:200 dilutions in PBS;
Vector) for 90 min at room temperature, the sections were
labeled with an avidin-biotinylated peroxidase complex
(1:50 dilutions in PBS; Vector), followed by staining with
3,3’-diaminobenzidine in PBS for 5 min. The slides were
observed under a microscope and photographed. A nega-
tive control was produced by PBS instead of the primary
antibody. The number of positive cells was determined by
counting the number of neurons possessing brown staining
cytoplasm along 1 mm linear length of the CAl hippo-
campus, and the average value from adjacent three sections
was used for each animal. The ratio of the number of Bcl-2
positive cells over the number of Bax positive cells was
expressed as Bcl/Bax ratio.

Statistical Analysis

All data were presented as mean &+ SEM. Statistical sig-
nificance was assessed with one-way analysis of variance
(ANOVA) followed by a post hoc (Bonferroni) test for
multiple group comparison. Differences with P value less
than 0.05 were considered statistically significant.

Results
Histological Changes and Apoptosis after VD

To investigate the histological change after VD, different
time points after 4-VO for three times were chosen. As
shown in Fig. 1, pyramidal neurons in the CAl region of
hippocampus in the sham-operated group lined up in order
with round and full nuclei and clear nucleolus. VD pro-
voked many histological changes in the CA1 hippocampus
such as disappearance of neurons, shrunken neurons with
darkly stained condensed nuclei and the disordered and
irregular pyramidal layer in the arrangement. There was no
significant difference in the number of pyramidal neurons
between the VD 8 h group and the sham-operated group.
At 24 h after VD, Pyramidal neurons started to disappear
together with infiltration of the reactive astrocytes in the
CA1 region, but the effect was not statistically significant.
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Fig. 1 Histological changes in the CA1 region of hippocampus at 8,
24,72, 168 and 720 h after VD. A Representative images stained with
hematoxylin and eosin from sham (a) and different time points (b, 8h;
¢, 24h; d, 72h; e, 168h; f, 720h) after VD. Magnification = 400. B
The number of pyramidal neurons in the CAl hippocampus at
different time points after VD. The number of neurons along 1 mm
linear length in the middle CAl of the hippocampus was counted.
Values are means &+ SE. * P < 0.05, ** P < 0.01 vs. sham, n = 5 in
each group

Massive infiltration of the astrocytes and disappearance of
neurons were observed and the number of pyramidal neu-
rons was markedly decreased at 72 h after VD compared
with the sham-operated group. Furthermore, the number of
pyramidal neurons was significantly reduced at 168 and
720 h after VD and a tendency of gradually decreased
number of pyramidal neurons was observed over 720 h
after VD.
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Fig. 2 A Apoptosis ratio in the hippocampus at 8, 24, 72, 168 and
720 h after VD. Apoptosis was detected using flow cytometry.
Apoptosis ratio was expressed as the percentage of the apoptotic cells.
B H,S content in plasma at 8, 24, 72, 168 and 720 h after VD. C
Correlation of apoptosis ratio in the hippocampus and H2S content in
plasma. Values are means £+ SE. * P < 0.05, ** P < 0.01 vs. sham,
n =5 in each group

Apoptosis after VD was further examined by flow
cytometric analysis. The apoptosis ratio in the hippocam-
pus is shown in Fig. 2A. The apoptosis ratio started to be
significantly increased at 8 h after VD when compared to
that of the sham group. In addition, the apoptosis ratio was
gradually increased over 720 h after VD.
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H,S Content in Plasma and Correlation with Apoptosis
Ratio in the Hippocampus after VD

To determine the change of H,S after VD, the endogenous
level of H,S in plasma was assayed at different time points
after VD. It was found that H,S content in plasma was
markedly decreased at all of the time points after VD
compared with sham rats (Fig. 2B). There was a tendency
that the H,S content was gradually decreased over 720 h
after VD. Furthermore, a good negative correlation
between apoptosis ratio in the hippocampus and H,S
content in plasma after VD was also clearly found
(Fig. 2C). These findings indicate that H,S may produce a
protective effect on the neural injury induced by VD.

H,S Prevents the Injury of Neurons Induced by VD

To further confirm the protective effect of H,S on VD
injury, NaHS, an H,S donor or HA, an inhibitor of CBS
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Fig. 3 A Representative images stained with hematoxylin and eosin
from sham (a), VD (b), NaHS treatment (¢) and HA treatment (d)
groups at 720 h after VD. Magnification = 400. B The number of
pyramidal neurons in the CA1 hippocampus from sham (a), VD (b),
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was injected intraperitoneally 15 min before VD. Hema-
toxylin and eosin staining was used to show the VD-
induced neuronal injury at 720 h after VD. As shown in
Fig. 3A, B, VD significantly diminished the number of
pyramidal neurons in the CAl region of hippocampus
compared with the sham group. Treatment with NaHS
efficiently reversed these VD-induced pathological altera-
tions with increased number of pyramidal neurons in the
hippocampal CAl region. HA treatment had a tendency to
exacerbate VD-induced injury with decreased number of
pyramidal neurons as compared with VD group, but the
difference is not statistically significant.

To study the effect of H,S on learning and memory after
VD, a water maze was used to determine the change in
learning and memory function. As shown in Fig. 3C, VD
did significantly increase escape latency as compared with
sham group. When treated with NaHS 15 min before VD,
escape latency was markedly blunted. In contrast, treatment
with HA significantly increased escape latency. These data
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NaHS treatment (c) and HA treatment (d) groups at 720 h after VD. C
Morris water maze test shows the escape latency of each group in last
day of four successive days. Values are means = SE. * P < 0.05,
*#* P < 0.01, n = 6 in each group
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suggest that H,S can protect the neuron against the injury
induced by VD and improve learning and memory function.

The Protective Effects of H,S Involve Bcl-2 and Bax

Bcl-2, an anti-apoptotic protein, prevents the release of
cytochrome ¢ from mitochondria, whereas Bax, a pro-
apoptotic protein, promotes its release. During apoptosis,
Bax translocates to the outer mitochondrial membrane to
induce mitochondrial membrane permeabilization. This
process is blocked by the Bcl-2 protein. Therefore, the
effects of NaHS on the expression of Bcl-2 and Bax in the
hippocampal CA1 region were also examined. Immuno-
histological analysis shows that VD significantly decreased
the Bcl-2 expression and increased the Bax protein
expression (Fig. 4A, B). The ratio of Bcl-2 over Bax was
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Fig. 4 A Representative images with immunohistochemical staining
showing Bcl-2 expression in the CAl region of hippocampus from
sham (a), VD (b), NaHS treatment (c) and HA treatment (d) groups at
720 h after VD. Cells with brown staining cytoplasm is Bcl-2-
positive. Magnification = 400. B Representative images with immu-
nohistochemical staining showing Bax expression in the CAl region
of hippocampus from sham (a), VD (b), NaHS treatment (c) and HA

decreased by 43% in VD rats compared with sham rats
(Fig. 4C). This effect was markedly attenuated by NaHS
treatment, and exaggerated by HA treatment (Fig. 4C).
These data suggest that H,S prevents VD-induced injury
through increasing the ratio of Bcl-2 over Bax.

Discussions

There are several new findings in the present study. First,
we demonstrated that VD induced by 4-VO produced
gradually severe neuronal injury with decreased number of
neurons and increased apoptosis ratio in the hippocampus
over 720 h after VD. Secondly, VD gradually decreased the
H,S level in plasma over 720 h after VD, which negatively
correlated with the apoptosis ratio in the hippocampus after
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treatment (d) groups at 720 h after VD. Cells with brown staining
cytoplasm are Bax-positive. Magnification = 400. C Bcl/Bax ratio
from sham (a), VD (b), NaHS treatment (¢) and HA treatment (d)
groups at 720 h after VD. Bcl/Bax ratio was represented by the ratio
of Bcl-2 positive cells over Bax-positive cells in 1 mm linear length
in the CAl region of hippocampus. Values are means + SE.
* P <0.05, ** P <0.01, n = 6 in each group
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VD. In addition, NaHS treatment significantly attenuated
neuronal injury and improved neural functional perfor-
mance in the Morris water maze, whereas HA exaggerated
the neuronal injury and exacerbated learning and memory.
Finally, NaHS treatment markedly improved the rate of
Bcl-2 over Bax with increased Bcl-2 expression and
decreased Bax expression, but HA reduced the ratio of Bcl-
2 over Bax. Our findings suggest H,S may have potential
therapeutic value for VD.

Vascular dementia remains the second most common
disease among age-related dementia [31] and is usually
thought to be caused by various cerebrovascular injury
[32]. Many studies have demonstrated that cerebral ische-
mia can produce cognitive deficit and neuronal damage
[33]. According to clinical observation, the patients of VD
are generally accompanied with cerebral ischemia and
cognitive deficit [32]. The hippocampus is a key vulnerable
area to cerebral ischemia. Therefore, we selected the ani-
mal model of cerebral ischemia induced by 4-VO to mimic
the VD and observed the change in the hippocampus. In the
present study, the VD group showed gradual injury with
decreased number of neurons and increased rate of apop-
tosis in the hippocampus over time after VD. Neuronal loss
in the CAl area of the hippocampus as well as some glial
proliferation has also been shown in VD induced by per-
manent bilateral common carotid artery occlusion [34].
The hippocampus plays a major role in learning and
memory, and is known to be the basis for the improvement
of memory performance, which relies on the integrity of
the hippocampus [35]. It is possible that injury in the
hippocampus and cortex further suppresses the induction of
long-term potentiation, which exacerbates loss of learning
and memory. In the current study, loss of learning and
memory has been observed in rats after VD.

H,S possesses a number of signaling actions, which are
likely to attenuate the pathological aspects of ischemia
reperfusion injury. Hu et al. [36] recently reported that H,S
protects against LPS-induced inflammation in both
microglia and astrocytes by significantly attenuating LPS-
stimulated nitric oxide and TNF-a secretion in glial cells in
a concentration-dependent manner. It has also become
evident that H,S is as a potent antioxidant, and under
chronic conditions, can upregulate antioxidant defenses [18,
37, 38]. These beneficial effects of H,S could contribute to
protection against VD injury produced by cerebral ischemia
reperfusion. A recent study has revealed that in the car-
dioprotective effects of H,S in myocardial ischemia reper-
fusion injury, H,S dose-dependently attenuates myocardial
infarct size and preserves postischemic left ventricular
function [39]. In addition, H,S preperfusion protects rat
lung from ischemia reperfusion injury through reducing
MDA and potentiating SOD [22]. Similarly, Jha et al. [21]
have demonstrated that H,S can protect the murine liver

@ Springer

against ischemia reperfusion injury through an upregulation
of intracellular antioxidant pathways. In our study, we
found gradually decreased H,S level in plasma over 720 h
after VD. This is consistent with observation made in rats
with myocardial ischemia [40]. Impaired activity [41] and
reduced protein expression [42] of CBS and CSE may
contribute to the decrease of plasma H,S. In addition, H,S
level in plasma exhibited significantly negative correlation
with apoptosis in the hippocampus in the present study. It
appeared that H,S could attenuate VD injury induced by
cerebral ischemia reperfusion. Similar to results in the
studies of heart, lung and liver, our further study confirmed
that NaHS treatment could reduce neuronal injury and
improve neural functional performance, whereas HA
treatment exaggerated the neuronal injury and exacerbated
learning and memory. Taken together, it appears that H,S
can protect a variety of organs and possesses all of the
positive effects of another gaseous signaling molecule, such
as NO and CO without their adverse effects [43].

However, the biological effects of H,S in the nervous
system are complex. There are some controversial results
in which middle cerebral artery occlusion is shown to
increase tissue H,S in the cerebral cortex, and four dif-
ferent inhibitors of H,S synthesis are able to reduce infarct
volume according to their ability in inhibiting CBS [44].
Animal model, and concentration of H,S may account for
this difference. It is thought that a low concentration of H,S
could offer a protective effect on the cells while higher H,S
exposure tends to be cytotoxic to the cells [45]. In the
present study, 14 pmol/kg of NaHS was intraperitoneally
administered and it was confirmed that the dose of NaHS
conferred a protective effect on neuronal injury induced by
VD. Interestingly, it was also reported that H,S can be
rapidly absorbed in a kind of sulfur store in a form of
bound sulfane sulfur and then gradually released upon
stimulation [46, 47]. Therefore, a low concentration of H,S
may be offered continually into the body and this may also
explain the persistent protective effects of H,S despite its
short half-life.

Although the mechanisms of VD injury are not clear,
inflammation [48], oxidative stress [34], apoptosis [49],
vascular factors [50-52] and diabetes [52] are thought to
play important roles in VD injury.

Apoptosis, delayed cell death, plays a significant role in
the pathophysiology of cerebral ischemia reperfusion injury
[53] and also in VD injury [24]. Masumura et al. [49]
reported that the apoptosis with increased TUNEL-positive
cells also resulted in white matter injury after VD in rats.
Similarly, in the present study, VD rats showed gradual
increase in the apoptosis ratio in the hippocampus with time
after VD. Previously, in vitro studies demonstrated that H,S
abolished fS-phenylethyl isothiocyanate-induced apoptotic
cell death in the human adenocarcinoma cell line HCT116
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[54] and hydrogen sulfide prevents apoptosis of human
polymorphonuclear cells via inhibition of p38 and caspase 3
[25], suggesting its potential to be a potent inhibitor of
apoptosis aside from its anti-inflammation, anti-oxidative
stress and vasorelaxation effects. In an in vivo study,
hydrogen sulfide has previously been shown to attenuate
myocardial ischemia-reperfusion injury by preservation of
mitochondrial function and inhibiting apoptosis [39]. Jha
et al. [21] have very recently demonstrated that H,S atten-
uates hepatic ischemia reperfusion injury through an anti-
apoptotic signaling pathway. In the current study, H,S
content in plasma significantly correlated with apoptosis in
the hippocampus, suggesting its protective effects against
apoptosis. Bcl-2, an anti-apoptotic protein, prevents the
release of cytochrome ¢ from mitochondria, whereas Bax, a
pro-apoptotic protein, promotes its release. During apop-
tosis, Bax translocates to the outer mitochondrial membrane
to induce mitochondrial membrane permeabilization. This
process is blocked by Bcl-2 protein. Apoptosis manifests in
two major execution programs downstream of the death
signal: the caspase pathway and organelle dysfunction, of
which mitochondrial dysfunction is the best characterized
[55]. The ratio of pro-apoptotic (Bax) to anti-apoptotic
(Bcl-2) members is a major checkpoint in the common
portion of this apoptotic pathway and plays a pivotal role in
deciding whether a cell will live or die [56]. To further
confirm the anti-apoptotic effect of H,S, we determined the
Bcl-2 and Bax expression in the hippocampus. The results
showed that NaHS-treated rats had a greater ratio of Bcl-2
over Bax with increased Bcl-2 expression and decreased
Bax expression in the hippocampus. Taken together, it
suggests that H,S could protect the brain against VD injury
induced by cerebral ischemia reperfusion through inhibiting
the apoptosis in the hippocampus. Further studies are
required to determine other mechanisms of the protective
effect of H,S on VD injury to further understand the role of
H,S under pathological conditions.

In summary, our findings demonstrate that H,S signifi-
cantly attenuates neuronal injury induced by VD via sup-
pressing the apoptosis in the hippocampus. These results
suggest H,S may provide a potential value for treating VD
injury.
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