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Introduction

Endothelium-derived hyperpolarizing factor (EDHF), 
the third kind of relaxing factor and autacoids, is derived 
from vascular endothelium apart from nitric oxide (NO) 
and prostaglandin I2 (PGI2, prostacyclin) (1, 2). This 
factor is a potentially important modulator in the regula-
tion of organ blood flow and vascular resistance during 
normal physiological states in animal (3, 4) and in the 
human circulation (5 – 8) and plays an even greater 

role following pathological conditions such as organ 
ischemia, hypoxia, and acidosis (9, 10).

Although EDHF has been proved to be present in 
various blood vessels, including mesenteric arteries (11), 
coronary arteries (8, 12), carotid artery (13), femoral 
artery (14), other somatic arteries (7, 8), and pulmonary 
arteries (6, 15), and so on. Yet, its chemical nature, 
particularly in cerebral arteries, still remains unclear. In 
this regard, multiple mechanisms of EDHF-mediated 
hyperpolarization and vasorelaxation have been proposed 
and the possible candidates include a number of sub-
stances such as epoxyeicosatrienoic acids (EETs) (16), 
potassium ion (17), H2O2 (18),and carbon monoxide 
(19). Recently, hydrogen sulphide (H2S) has been 
demonstrated to relax smooth muscle cells through the 
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release of EDHF and NO from the endothelium (20) and 
is defined as the third kind of novel gaseous transmitter 
besides NO and carbon monoxide (20). It has been 
shown that vascular endothelium can induce production 
of endogenous H2S, leading to hyperpolarization and 
vasorelaxation responses (21) and that H2S is involved 
in regulating a vast number of physiological and patho-
logical processes in vitro (22, 23). Further, it has recently 
been reported that NaHS relaxes rat cerebral artery in 
vitro via inhibition of L-type voltage-sensitive Ca2+ 
channels (24).

In the cerebral circulation, it has been reported that 
both NO and EDHF played significant roles in control-
ling cerebrovascular tone (25). Further, EDHF-mediated 
dilations in the rat middle cerebral artery do not comprise 
the epoxidase pathway, lipoxygenase pathway, or reac-
tive oxygen species including hydrogen peroxide (H2O2) 
(26). Therefore, other substances may be account for the 
EDHF-mediated responses in the cerebral artery.

In our previous studies (27, 28), we have found that in 
cerebral basilar arteries (CBAs) and middle cerebral 
arteries (MCAs) of healthy rats, H2S had potential to 
induce EDHF responses.

The present study was designed to investigate the role 
of EDHF and the H2S donor sodium hydrosulfide (NaHS) 
or the substrate of endogenous H2S synthase, L-Cysteine 
(L-Cys) in acetylcholine (ACh)-induced vasodilation in 
the rat CBAs and MCAs with regard to the nature of 
EDHF in the cerebral vasculature and the role of EDHF 
and H2S in the cerebral ischemia–reperfusion (CIR) rat 
model with implications in clinical therapy of brain 
injuries.

Materials and Methods

Drugs and solutions
ACh, N-nitro-L-arginine-methyl-ester (L-NAME), indo-

methacin (Indo), DL-propargylglycine (PPG), L-Cys, 
sodium hydrosulfide (NaHS), tetraethylammonium (TEA) 
were obtained from Sigma Chemical Co. (St. Louis, MO, 
USA). All other reagents used in the experiments were of 
the highest purity and of analytical grade. Physiologic 
saline solution (PSS) (29) contained 118 mM NaCl, 3.4 
mM KCl, 2.5 mM CaCl2, 1.2 mM KH2PO4, 1.2 mM 
MgSO4, 25 mM NaHCO3, and 11.1 mM glucose and was 
bubbled with 95% O2 and 5% CO2. The pH of the PSS 
solution was adjusted to 7.4 with NaOH and the solution 
was oxygenated during the incubation period.

Methods
Male Sprague-Dawley rats (250 – 350 g body weight) 

were obtained from the Experimental Animal Centre of 
Anhui Medical University (Hefei, China) (Certificate 

No. SCXK 2005-001). All animal study protocols were 
approved by the Animal Care and Use Committee at 
Anhui Medical University, which conforms with the 
Guide for the Care and Use of Laboratory Animals 
published by the US National Institute of Health (NIH 
publication NO. 85-23, revised 1996).

Establishment of CIR rat model
Rats were anesthetized with a peritoneal injection 

(0.3 – 0.35 g/kg body weight) of 10% chloral hydrate 
(Shanghai, China), using the four-vessel occlusions 
methods of Pulsinelli et al. (4-VO) (30, 31). Briefly, skin 
incision was made above the spinous processes of the 
first cervical vertebral column to expose the vertebral 
arteries at the alar foramina of the atlas. The vertebral 
arteries were electrocoagulated before incision suturing. 
The bilateral common carotids were exposed and isolated 
with elastic surgery threads. Animals were kept in 
rearing cages for 24 h with free access to water and 
food. Bilateral carotid arteries had been simultaneously 
blocked using arteriole clamps for 0.5 h in the experi-
ment with electroencephalogram (EEG; EB Neuro Corp., 
S.p.A, Firenze, Italy) monitoring and then the occluders 
were softly removed to restore the blood flow through 
bilateral carotid arteries. EEG was recorded for ischemia; 
ischemia 0.5 h; and reperfusion 5, 15, 30, 45, 60, and 120 
min, respectively.

Sham-operation was used as controls in which the 
animals were free of electrocoagulation of vertebral 
arteries and occlusion of carotid arteries.

Rats with rigidity of the forepaws and loss of righting 
reflex during ischemia and survived after 2 h reperfusion, 
in which the wave amplitude of EEG was rapidly 
decreased to become a straight line during ischemia and 
gradually recovered when reperfused, were eligible for 
study (Fig. 1).

Experiments in all animals were performed under a 
specific environment by maintaining the core body 
temperature at 37°C through rectal temperature determi-
nation with a temperature controller coupled to a heating 
pad.

Isolated vessels experiments
After 2 h of reperfusion, the rats were anesthetized 

with 10% chloral hydrate and then killed by decapitation. 
Their brains were quickly removed from the cranium 
and placed in ice-cold PSS. CBA and MCA vessel were 
dissected carefully, made into a segment (0.6 – 0.8 mm 
in length) and kept in a vessel container. Each vessel 
was independently inserted into two glass micropipettes 
and tied in place within a vessel chamber, which was 
pressurized to a mean of 85 mmHg and established a 
flow discharge of 150 μl/min through the lumen. Each 
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CBA or MCA was immersed in the bathing chamber 
filled with PSS, which was aerated with 95% O2–5% 
CO2 (PH 7.3 – 7.5) and maintained at 37°C using a fixed 
heat-exchanger device. Reproducible constriction was 
obtained by adding 30 mM KCl to the luminal perfusate. 
Respectively, Indo (10 μM) and L-NAME (30 μM) were 
used respectively to block the effects of cyclooxygenase 
and NO synthase products in all experiments.

After CBA or MCA was mounted, the vessel container 
was placed on the stage of a stereoscopic microscope 
(Bengbu, China), which was equipped with a digital 
camera (Nikon, Tokyo) and a computer screen. Outer 
diameters were measured directly from the video screen 
(magnification of × 100). Vascular tissues were allowed 
to balance for 0.5 h before the study was implemented. 
During times of vasomotion, the average maximum 
and minimum diameters were recorded on CBAs and 
MCAs. The vessel diameter was measured continuously 
using image-analysis software (Optimas 6.0; Optimus 
Corp., Bothell, WA, USA) on a DELL Pentium computer.

Electrophysiology experiments
Isolated vessels for sham-operation and CIR vessels 

were perfused with warmed (37°C) PSS to achieve a 
mean pressure of 85 mmHg. Vascular smooth muscle 
cells (VSMC) of the CBA or MCA were pierced with 
glass microelectrodes and measured for intracellular 
membrane potential (Em) as previously reported. In 
brief, each CBA or MCA was longitudinally dissected 
and fixed within the silica gel slot of 10-ml volume, 
which was perfused either with PSS kept at 37°C and 
oxygenated with 95% O2–5% CO2, or PPS with 30 μM 
L-NAME plus 10 μM Indo. Each VSMC was pierced 
with glass microelectrodes filled with KCl (30 mM, 

electrode resistances ranged from 40 to 80 MΩ). A suc-
cessful impalement was shown by a sudden drop in the 
membrane voltage kept stable for at least 2 min before 
initiating the experiment. In order to avoid excessive 
vessel tissue lesion, the location was frequently displaced. 
A single Em value for each condition in a specified CBA 
or MCA was obtained by averaging four to six different 
VSMC impalements. A traditional high-impedance 
amplifier (Intra 767; World Precision Instruments, 
Sarasota, FL, USA) was used to record the potential dif-
ference and interference (50 Hz) at the amplifier output 
that was selectively moved aside. The Powerlab/4sp 
system connected with Chart 5 software (AD Instru-
ments, Castle Hill, NSW, Australia) was used to monitor 
and analyze the smooth muscle membrane potential.

Statistical analysis
All data are expressed as the mean ± S.E.M. Analyses 

of percent diameter changes in CBAs and MCAs were 
calculated by using the following formula: % Relaxation = 
[(D − Dmin) / (Dmax − Dmin)] · 100, where D expresses the 
vessel diameter after the addition of the reagents, either 
ACh or L-NAME etc., Dmin stands for the minimal 
diameter after drug addition of 30 mM KCl, and Dmax 
is the maximum diameter. The maximum diameter was 
obtained at 85 mmHg luminal pressure after 1-h 
equilibrium.

The differences between Sham-operated and CIR 
vessels and between different treatments were tested 
using the unpaired Student’s t-test. P-value < 0.05 was 
regarded as statistically significant. All analyses were 
performed using the Statistical Package for Social 
Sciences (SPSS) software.

Fig. 1. The original record of electroencephalo-
gram monitoring in sham and CIR rats. A: Sham, 
B: Sham (ischemia for 30 min), C: Sham (reperfu-
sion for 2 h), D: CIR, E: CIR (ischemia for 30 
min), F: CIR (reperfusion for 2 h).
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Results

Effect of L-NAME on ACh-mediated dilatation in CIR 
vessels

ACh (10−7 − 10−4.5 M) evoked concentration-dependent 
relaxation in CIR CBAs and MCAs, which were precon-
tracted by 30 mM KCl. The percentage of maximal 
relaxation (Emax) was 85.2% ± 6.2% and 70.8% ± 4.7% 
(P = 0.000) in sham-operated and CIR CBAs and 
78.7% ± 5.4% and 69.3% ± 7.5% (P = 0.012) in sham-
operated and CIR MCAs, respectively. ACh-mediated 
dilatations were inhibited by 30 μM L-NAME added 
in the lumen perfusate, Emax being reduced to 50.3% ± 
6.1% and 61.8% ± 5.3% (P = 0.001) in sham and 
CIR CBAs (Fig. 2A) and 53.0% ± 4.0% and 61.4% ± 
5.9% (P = 0.005) in sham and CIR MCAs, respectively 
(Fig. 2B).

These results revealed that NO was involved in vaso-
relaxation in 30 mM KCl–preconstricted rings for sham 
and CIR vessels; as compared with NO-mediated relax-
ation in sham vessels, the relaxation was attenuated in 
CIR vessels. Interestingly, after blockade of NO produc-
tion by L-NAME, the residual relaxation in CIR vessels 
was remarkably greater than that in sham vessels (Emax: 
61.8% ± 5.3% vs. 50.3% ± 6.1%, P = 0.001), suggesting 
that non-NO–mediated relaxation may be augmented 
in CIR vessels.

Effect of L-NAME + Indo on ACh-induced vasorelaxation 
in CIR vessels

Co-application of L-NAME (30 μM) and Indo (10 μM) 
did not completely block ACh-induced vasorelaxation, 
leading to attenuation of Emax by 58.1% ± 4.1% and 
40.8% ± 3.5% (P = 0.001) in the CIR and sham CBAs 

Fig. 2. The relaxation to acetylcholine (ACh) by 30 mM KCl–precontracted cerebral arteries in CIR and sham rat. Effects of 
30 μM L-NAME (an inhibitor of nitric oxide synthase) alone in cerebral basilar arteries (CBAs) (n = 8) (A) and middle cerebral 
arteries (MCAs) (n = 8) (B); Effects of 30 μM L-NAME and 10 μM Indo (an inhibitor of cyclooxygenase) or plus 100 μM PPG 
(an inhibitor of cystathionine-γ–lyase) in CBAs (n = 8) (C) and MCAs (n = 8) (D). **P < 0.01, compared with the Sham group; 
#P < 0.05, ##P < 0.01, compared with CIR group; ††P < 0.01, CIR compared with the Sham group for reduction in the percentage 
maximal relaxation; $$P < 0.01, compared with the Sham group in the presence of 30 μM L-NAME + 10 μM Indo; aaP < 0.01, 
compared with the Sham group after treatment with 30 μM L-NAME plus 10 μM Indo. bbP < 0.01, compared with the CIR 
group after treatment with 30 μM L-NAME + 10 μM Indo. All values are presented as mean percentage relaxation ± S.E.M. All 
comparisons were assessed by the unpaired Student’s t-test.
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(Fig.   2C) and 59.6% ± 5.5% and 49.6% ± 4.8% (P = 
0.002) in the CIR and sham MCAs (Fig. 2D), respec-
tively. These results showed that in the presence of 
the inhibitors, ACh was still capable of producing 
concentration-dependent relaxation in CIR segments. 
Further, compared to the dilations to ACh in sham 
vessels, those of the CIR vessels were obviously potenti-
ated (P < 0.01). Figure 2, C and D revealed that the 
non-NO, non-PGI2 vasorelaxation response may be up-
regulated in CIR segments.

Compositive effect of L-NAME + Indo + PPG on ACh-
induced dilation in CIR vessels

PPG, an inhibitor of cystathionine-γ–lyase (CSE) 
that is a synthase of the endogenous production of H2S, 
is frequently used to inhibit the biosynthesis of CSE 
(32 – 36). Figure 2, C and D demonstrate that PPG (100 
μM) markedly restrained ACh-induced dilation in the 
presence of 30 μM L-NAME plus 10 μM Indo. In CIR 
CBAs, the Emax was reduced from 58.1% ± 4.1% to 
10.9% ± 1.6% (P = 0.000, Fig. 2C). Similarly, the Emax 
of CIR MCAs was decreased from 59.6% ± 5.5% to 
12.7% ± 2.5% (P = 0.000, Fig.   2D). These findings 
suggested that ACh-induced non-NO, non-PGI2 mediated 
vasorelaxation was potentially associated with the 
endogenic release of H2S.

Effect of Indo + L-NAME on ACh-mediated hyperpolar-
ization in CIR vessels

The resting membrane potential (Em) of VSMCs 
was measured in rat CBAs and MCAs under similar 

conditions and the original records of Em in rat MCAs 
are summarized in Fig. 3. For 1 h of equilibration, the 
average value of Em was determined at −49.2 ± 3.5 mV 
in CIR CBAs and −44.3 ± 2.1 mV in CIR MCAs 
(P = 0.052). ACh (10−7 − 10−4.5 M) produced notable 
concentration-dependent hyperpolarization in both sham 
and CIR vessels. Figure 4A (CBA) and 4B (MCA) show 
that in the presence of Indo plus L-NAME, ACh-mediated 
hyperpolarization was partially suppressed in both CIR 
and sham groups although there was a considerable 
residual response. The maximal change in Em was sig-
nificantly different between the groups with more 
depression in the Sham than in the CIR (P < 0.05). Fur-
thermore, the absolute value of the maximal changes in 
Em for CIR segments was significantly greater than that 
of sham segments (P < 0.05).

Combined effect of Indo + L-NAME + PPG on ACh-
induced hyperpolarization in CIR vessels

After treatment with L-NAME and Indo, the hyper-
polarization to ACh was further attenuated by PPG in 
CIR CBAs (−10.1 ± 1.3 vs. −4.9 ± 0.4 mV, P < 0.01; 
Fig. 4A) and MCAs (12.5 ± 1.2 vs. −3.9 ± 0.3 mV, 
P < 0.01; Fig. 4B), and the maximal change in Em was 
−4.9 ± 0.4 mV and −3.9 ± 0.3 mV, respectively.

H2S donor–elicited relaxation and hyperpolarization
After blockade of NO and PGI2 synthase with 30 μM 

L-NAME plus 10 μM Indo, L-Cys (10−5 − 10−2.5 M), the 
substrate of endogenous H2S synthesis, induced dose-
dependent relaxation (Emax: 57.0% ± 4.3%, Fig. 5A) and 

Fig. 3. The original trace record of membrane potential measurement in the smooth muscle cell in sham and CIR rat middle ce-
rebral arteries in various protocols. A: Sham (ACh), B: Sham (ACh + L-NAME + Indo), C: Sham (ACh + L-NAME + Indo + PPG), 
D: CIR (ACh), E: CIR (ACh + L-NAME + Indo), F: CIR (ACh + L-NAME + Indo + PPG).
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hyperpolarization (maximal change in Em: −10.2 ± 1.1 
mV, Fig. 5C) in MCA of rat subjected to CIR, and these 
were almost abolished by PPG (100 μM), an inhibitor 
of the endogenous H2S synthase-CSE.

Similarly, NaHS (10−5 − 10−2.5 M), a donor of exo-
genous H2S, significantly elicited concentration-depen-
dent relaxation and hyperpolarization of VSMC in CIR 
MCA that were partially inhibited by 30 μM L-NAME 
plus 10 μM Indo (Fig. 5: B and D). The residual relax-
ation and hyperpolarization were abolished by 1 mM 
TEA, an inhibitor of potassium channels (P < 0.01, 
Fig. 5: B and D).

Discussion

In this study, we have found that 1) in both Sham 
and CIR rats, ACh induced EDHF-mediated vaso-
relaxation and hyperpolarization of the VSMCs of 
cerebral arteries in a concentration-dependent manner; 
2) in cerebral arteries of rat subjected to ischemia-
reperfusion, the EDHF-mediated responses were upregu-
lated while NO was downregulated; and 3) in rat CIR 
vessels, H2S was likely to be the chemical identity of 
EDHF.

ACh induced NO- and EDHF-mediated relaxation and 
hyperpolarization of the VSMCs of cerebral arteries in 
both Sham and CIR rats

The present study has demonstrated that EDHF-
mediated responses exist in normal rats (Sham). This 
was shown by the residual relaxation and hyperpolariza-

tion in the presence of inhibitors of eNOS and PGI2 
(Figs. 2A and 4A). The effect of ischemia–reperfusion 
attenuated both relaxation (Fig. 2) and hyperpolarization 
by ACh (Fig. 4). In fact, the NO-mediated responses 
were significantly attenuated by ischemia–reperfusion 
(compare Sham and CIR in Figs. 2 and 4). In contrast, 
the EDHF-mediated relaxation and hyperpolarization 
induced by ACh were upregulated by ischemia–reperfu-
sion [compare CIR (L-NAME) to Sham (L-NAME) and 
CIR (L-NAME + Indo) to Sham (L-Name + Indo)]. The 
upregulation of the EDHF-pathway under ischemia–
reperfusion has been previously reported by others 
and in our own observations. The present study is in 
accordance with these resorts.

H2S is the possible chemical identity of EDHF in rat 
cerebral vessels

Since EDHF has been proposed (1, 37), there have 
been great efforts to identify the chemical nature of 
EDHF as mentioned above. In comparison to other 
peripheral vessels, little is known about the identity of 
EDHF in cerebral vessels. You et al. reported that the 
identity and/or process of EDHF in cerebral vessels 
was possibly distinct with that in peripheral vessels. 
Interestingly, neither EETs nor H2O2 in the rat MCA 
was proven to have a relationship with EDHF-mediated 
dilations (31).

H2S, a conventional toxic gas, is recently recognized 
as an important gasotransmitter and capable of producing 
dilation by activating ATP-sensitive K+ channel (KATP) in 
VSMC, such as in rat aorta, tail artery, and mesenteric 

Fig. 4. Effects of 30 μM L-NAME and 10 μM Indo or plus 100 μM PPG on the hyperpolorization to ACh by 30 mM KCl–
precontracted in CIR and sham rat cerebral basilar arteries (CBAs) (n = 6) (A) and middle cerebral arteries (MCAs) (n = 6) (B). 
Values are presented as means ± S.E.M. **P < 0.01, compared with the Sham group; ##P < 0.01, compared with the CIR group; 
†P < 0.05, compared with the Sham group in the presence of 30 μM L-NAME + 10 μM Indo; aaP < 0.01, compared with the Sham 
group after treatment with 30 μM L-NAME plus 10 μM Indo; bbP < 0.01, compared with the CIR group after treatment with 30 μM 
L-NAME + 10 μM Indo. The unpaired Student’s t-test was used for comparison.
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artery. It can be generated endogenously from L-Cys 
by catalysis of two pyridoxal-5′-phosphate-dependent 
enzymes, cystathionine-b-synthase (CBS) and CSE, in 
mammalian cells (38). Expression of these two enzymes 
possesses tissue-type specificity. In pancreatic β-islets, 
CSE is the capital H2S-generating enzyme with different 
vascular tissues (39). The expression of CSE proteins 
has been found in vascular endothelial cells (40). PPG, 
an inhibitor of CSE could prevent H2S production 
and H2S-induced vasodilation by restraining L-Cys–
dependent increase in vascular tissue. We have detected 
the expression of CSE proteins in rat CBAs (28).

The present study revealed that ACh-mediated relax-
ation and membrane potential hyperpolarization were 
markedly decreased by PPG after L-NAME and Indo 
administration in both Sham and CIR rats, suggesting 
that H2S plays a role in the EDHF-mediated responses. 

Further evidence of the role of H2S in EDHF-mediated 
responses is that the upregulation of EDHF in CIR 
rats was abolished with PPG.

In the present study, we also studied the role of 
exogenous H2S donor NaHS and the substrate of endo-
genous H2S synthesis CSE L-Cys. The results showed 
that NaHS and L-Cys generated a similar extent of 
hyperpolarization and relaxation in MCA of rat subjected 
to ischemia–reperfusion. The similar responses elicited 
by ACh and H2S in the rat cerebral vessels and the 
blockage of the ACh-induced EDHF-mediated responses 
by H2S synthase inhibitor have provided solid evidence 
that the ACh-induced EDHF-mediated responses in 
this vasculature might be through the H2S pathway. 
These experiments therefore suggest that H2S is a possi-
ble candidate for EDHF in the cerebral vessels. The 
significant relaxation and hyperpolarization elicited by 

Fig. 5. L-Cys–elicited relaxation of 30 mM KCl–preconstricted middle cerebral artery in CIR rat and the effect of PPG on the 
relaxation in the presence of 30 μM L-NAME and 10 μM Indo (n = 8) (A); NaHS-mediated relaxation for the same treatment and 
the effect of TEA, an inhibitor of calcium-activated potassium channels (n = 8) (B); L-Cys–induced hyperpolarization of mem-
brane potential of VSMC from the middle cerebral artery of rat subjected to CIR in the presence of L-NAME plus Indo and the 
effect of PPG on the hyperpolarizing action (C); NaHS-produced hyperpolarization for the same treatment and the effect of TEA 
(n = 8) (D). Values are presented as means ± S.E.M. **P < 0.01 vs. Vehicle, ##P < 0.01 vs. L-Cys or NaHS group. ††P < 0.01, 
compared with L-Cys or NaHS group in the presence of 30 μM L-NAME + 10 μM Indo. Comparisons were performed by the un-
paired Student’s t-test.
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L-Cys in the present study probably imply that H2S is a 
back-up for NO in the rat cerebral artery subjected to 
ischemia–reperfusion while NO-mediated responses are 
down-regulated.

Further, TEA, an inhibitor of Ca2+-activated potassium 
channel, abolished the NaHS-induced effects, suggesting 
that the NaHS-induced, non-NO and non-PGI2 effect 
may be relevant to Ca2+-activated potassium channels. 
However, further studies would be warranted to identify 
the subtypes of the Ca2+-activated potassium channels.

An interesting aspect of the gaseous messengers is 
their multiple interaction with substances such as O2, 
NO, H2S, and carbon monoxide (41). The complex 
interaction of H2S with NO in regulating cardiovascular 
function in health and disease has been highlighted (35). 
It has been shown that there is ‘crosstalk’ between NO 
and H2S in mice and rats with endotoxic shock (42). 
The present study, although it was not focused on this 
aspect, also shows some evidence of the interaction 
between NO and H2S. Indeed, our data showed that in 
cerebral arteries of rats subjected to ischemia–reperfu-
sion, the responses mediated by EDHF, likely related to 
H2S as discussed above, were upregulated while NO was 
down-regulated. This may suggest that H2S may act as a 
back-up for NO under pathological conditions such as 
ischemia–reperfusion. This interesting topic should be 
further explored.

In summary, the present study has found that ACh 
induces EDHF-mediated vasorelaxation and hyperpolar-
ization in rat cerebral arteries. These responses are up-
regulated by ischemia–reperfusion while NO-mediated 
responses are down-regulated. Further, the ACh-induced, 
EDHF-mediated relaxation and hyperpolarization and 
the inhibition of these responses in rats subjected to 
cerebral ischemia–reperfusion are similar to the H2S-
induced responses, suggesting that H2S is a possible 
candidate of EDHF in rat cerebral vessels.
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