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High blood pressure is a cardiovascular risk factor 
and an important element in  metabolic syndrome.  It 
has been proved that chronic intermittent hypobaric 
hypoxia (CIHH) has anti-hypertensive effect through 
facilitating carotid sinus baroreflex (CSB) in renal vas-
cular hypertension (RVH) rats.  However, it is unclear 
whether CIHH has the same effect on CSB in fructose-
induced metabolic syndrome (Mets) rats.  The current 
study was to investigate the effect of CIHH on CSB 
and the potential cellular and molecular mechanisms 
using isolated carotid sinus perfusion technique.  Male 
Sprague-Dawley rats were randomly divided into 
fructose-fed (Fruc-fed), CIHH, CIHH plus fructose-fed 
(CIHH+F) and control groups.  Fruc-fed rats were fed 
with 10% fructose in drinking water.  CIHH rats were 
exposed to simulated high-altitude hypoxia in a hypo-
baric chamber mimicking 5000 m altitude for 42 days, 
6 h per day.  CIHH+F rats received both 10% fructose 
drinking and CIHH treatment.  The arterial blood pres-
sure and body weight of animals were measured once 
a week.  Carotid sinus perfusion technique was used 
to observe the CSB.  Both body weight and SAP were 
increased in Fruc-fed rats compared to control, CIHH 
and CIHH+F rats.  The CSB was inhibited in Fruc-fed 
rats with the decreased reflex gain and was enhanced 
in CIHH rats with the increased reflex gain compared 
to control rats.  The inhibition of CSB in CIHH+F rats 
was improved compared to Fruc-fed rats.  The facilita-
tion of CSB in CIHH+F rats was partially abolished 
by glibenclamide, an ATP sensitive potassium channel 
(KATP) blocker.  CIHH ameliorates the damaged CSB 
through activation of KATP channel in fructose-induced 
Mets rats.

Key words: metabolic syndrome, chronic intermittent 
hypobaric hypoxia (CIHH), carotid sinus, 
baroreflex, KATP channel

Introduction

The metabolic syndrome (Mets) is a complex meta-
bolic disorders and displays as obesity, glycolipid 
metabolic disturbance, insulin resistance, and hy-
pertension.  Hypertension is the important element 
of Mets and the biggest threat to the cardiovascular 
system (3, 13, 18, 25). 

A large number of studies have shown that 
chronic intermittent hypobaric hypoxia (CIHH) has 
cardiac protection, such as enhancement of myo-
cardial antioxidation and promotion of recovery of 
cardiac function from ischemia/reperfusion (I/R) 
(19, 32, 38).  Our previous study showed that CIHH 
has protective effect on heart against I/R injury and 
anti-arrhythmia (30, 31).  Multiple mechanisms and 
signaling had been proposed for CIHH cardiac pro-
tection, such as promotion of myocardial anti-oxi-
dation (1, 31), improvement of coronary circulation 
(34), inhibition of mitochondria DNA deletion (35), 
induction of heat shock proteins (33), promotion of 
NO production (5), activation of PKC and ATP-sen-
sitive potassium channels (6, 37).  In addition, CIHH 
has an anti-hypertension effect in renal vascular hy-
pertension (RVH) and fructose-induced Mets rats (17, 
36). 

It is well known that the homeostasis of car-
diovascular activity depends on the nervous and hu-
moral regulations.  The cardiovascular reflex is the 
basic manner of nervous regulation.  The baroreflex, 
known as the buffer or depressor reflex, plays a key 
role in the maintenance of normal blood pressure (27).  
It was reported that impaired baroreceptor reflex oc-
curred in various hypertension (15).  Our previous 
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study suggested that CIHH could not alter arterial 
blood pressure under normal condition, but signifi-
cantly reduce the decrease in arterial blood pressure 
in acute hypoxia condition (29).  Recently, we found 
that CIHH has obvious anti-hypertensive effect in 
RVH rats (17), which might be related to the facili-
tation of CIHH on the carotid sinus baroreflex (12, 
17).  

Accordingly, we have reason to propose a hy-
pothesis that CIHH antagonizes the hypertension 
through ameliorating the damaged carotid sinus 
baroreflex in fructose-induced metabolic syndrome 
rats.  The current study was to investigate the ef-
fect of CIHH on CSB and the potential cellular and 
molecular mechanisms using isolated carotid sinus 
perfusion technique in fructose-induced Mets rats.

Materials and Methods

Animal and CIHH Treatment

Male adult Sprague-Dawley rats (170-190 g) in this 
study were obtained from the Experimental Animal 
Center of Hebei Province, PRC.  The animal experi-
mental protocols were approved by the Committee 
on the Use of Animals for Teaching and Research in 
Hebei Medical University and all experiments were 
conducted in compliance with the Guide for the Care 
and Use of Laboratory Animals (National Research 
Council, 1996).  

The rats were randomly divided into four 
groups: fructose-fed group (Fruc-fed), CIHH group, 
CIHH plus fructose-fed group (CIHH+F) and con-
trol group.  The rats in Fruc-fed group were fed with 
10% fructose in drinking water.  The CIHH rats were 
exposed to hypobaric hypoxia mimicking 5000-m 
altitude (PO2 = 108.8 mmHg, O2: 14%) for 42 days, 
6 h per day in a hypobaric chamber.  The rats in 
CIHH+F group received both 10% fructose drinking 
and CIHH treatment.  The rats in control group were 
given tap water and kept in a normoxic environment.  
All animals were housed in a temperature-controlled 
room (22 ± 1°C) with a 12 h light: 12 h dark pho-
tocycle.  The body weight of animals was recorded 
weekly.

Measurement of Arterial Blood Pressure 

The systolic arterial blood pressure (SAP) in con-
scious rats was measured by a tail-cuff pressure me-
ter (LE5001, Panlab, Spain) once a week.  SAP was 
measured three times in each rat and the mean value 
was calculated.

Perfusion of Left Isolated Carotid Sinus 

The isolated carotid sinus perfusion was carried out 
with a modified method in our laboratory (8).  The 
animals were anesthetized with urethane (1.0 g/kg, 
i.p.) and the trachea was cannulated for artificial 
ventilation.  Carotid sinus areas were fully exposed 
by turning the trachea and esophagus in the rostral 
direction.  The superior laryngeal nerve and ster-
nohyoideus muscle were cut off.  All bilateral aor-
tic nerves, cervical sympathetic nerves, recurrent 
laryngeal nerves and right carotid sinus nerve were 
cut off.  The common, external and internal carotid 
arteries and smaller arteries originating from these 
vessels were exposed and ligated, while carefully 
leaving the left carotid sinus nerve undisturbed.  Li-
gation of the occipital artery at its origin from the 
external carotid artery excluded chemoreceptor in-
volvement during change in carotid sinus pressure.  
A plastic tube was inserted into the distal end of left 
common carotid artery to serve as an inlet tube and 
a tube was inserted into the external carotid artery 
to serve as an outlet tube.  The carotid sinus was 
then perfused with warm (37°C) oxygenated modi-
fied Krebs-Henseleit (K-H) solution (mM: NaCl 
118.0, KCl 14.7, CaCl2 2.5, MgSO4 1.6, KH2PO4 1.2, 
NaHCO3 25, glucose 5.6, pH 7.35~7.45) bubbled 
with 95% O2 and 5% CO2.  The intrasinus pressure 
( ISP) was monitored by a transducer (XH YP200) 
connected with the inlet tube.  Sinus pressure and 
blood pressure (BP) were recorded simultaneously 
by the RM-6240 multi-channel physiological record-
ing system (Chengdu Instrument Factory, Sichuan, 
PRC).  The body temperature was maintained at 
37.0~37.5°C throughout the experiment.  At the end 
of the experiment, the animals were sacrificed by an 
over-dose of urethane (3.0 g/kg, i.v.).

Recording of Baroreflex

After perfusion of the left carotid sinus with 
the K-H solution, ISP was kept at 100 mmHg for 20 
min and was then rapidly lowered to 0 mmHg from 
which ISP was elevated to 250 mmHg via a pulsatile 
ramp by regulating the speed of peristaltic pump, 
which was automatically controlled by a program 
designed by our laboratory (8).  It took 0.5 min for 
ISP to be increased from 0 to 250 mmHg.  The pro-
cess was repeated at an interval of 5 min to check 
the stability of the baroreflex.  

By perfusing the left carotid sinus with K-H 
solution and elevating the ISP, a functional curve 
and functional parameters were obtained.  Data 
for the ISP-MAP relationships were collected and 
fitted to a sigmoidal logistic function curve (the 
baroreceptor function curve).  The baroreflex gain 
was calculated as the ratio of change in MAP to the 
change in ISP (ΔMAP/ΔISP, expressed as mmHg/
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mmHg), which was considered to be the marker of 
the baroreceptor reflex sensitivity.  The functional 
parameters of baroreflex include threshold pressure 
(TP), equilibrium pressure (EP), saturation pressure 
(SP), operating range (OR), peak slope (PS) and 
reflex decrease of MAP (RD).  TP was the ISP at 
which MAP decreased 5 mmHg in response to the 
increase of ISP, SP was the ISP at which MAP just 
showed no further reflex decreasing with an increase 
in ISP, EP was the ISP that equaled to systemic mean 
arterial pressure (MAP), and OR was calculated 
through SP minus TP.

Data Analysis

All data are expressed as mean ± SD.  Statistical 
analysis was conducted using One-way analysis of 
variance (ANOVA) followed by a Student-Newman-
Keuls’s post hoc test for comparison among multiple 
groups.  Paired t-test was used to compare the effect 
before and after drug administration.  P <0.05 was 
considered statistically significant.

Results

Effect of CIHH on Body Weight

Compared with control, CIHH and CIHH+F rats, 
the body weight of Fruc-fed rats was increased sig-
nificantly (P < 0.01).  The body weight was lower 
in CIHH+F rats than Fruc-fed rats (P < 0.05-0.01), 
and there was no difference of body weight between 
Control and CIHH rats (P > 0.05, Fig. 1).  The result 

indicates that CIHH has no action on the normal 
body weight, but alleviates the increase of body 
weight and obesity in fructose-induced Mets rats.

Effect of CIHH on SAP

The baseline SAP was not different among the 
groups (P > 0.05).  SAP in fructose-fed rats began 
to increase at the end of first week during fructose 
feeding and was significant higher than control and 
CIHH rats (P < 0.01).  CIHH treatment normalized 
the increase of SAP in fructose-fed rats after the 
fourth week of CIHH treatment (P < 0.01, Fig. 2).  
The result indicates that CIHH has no effect on the 
normal SAP, but prevents the hypertension in fruc-
tose-induced Mets rats.

Effect of CIHH on Carotid Sinus Baroreflex

Compared with control rats the CSB functional 
curve was shifted rightward in Fruc-fed rat (Figure 
3B).  The peak slope (PS, 0.27 ± 0.03 vs. 0.36 ± 0.02), 
reflex decrease (RD, 30.67 ± 3.36 vs. 38.83 ± 2.35 
mmHg) were decreaed significantly (P < 0.01), and 
the threshold pressure (TP, 76.28 ± 2.90 vs. 64.22 
± 1.30), equilibrium pressure (EP, 103.08 ± 3.83 vs. 
94.37 ± 2.72) and saturation pressure (SP, 179.30 ± 
3.00 vs. 171.93 ± 2.81 mmHg) were increased signif-
icantly (P < 0.01, Table 1).  Also the gain curve of 
baroreceptor reflex was shifted downward in Fruc-
fed rats (Figure 3C).  It suggests that the baroreflex 
was inhibited in fructose-induced Mets rats.

Compared with the control rats the CSB func-
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Fig. 1. Effect of chronic intermittent hypobaric hypoxia 
(CIHH) on body weight in fructose-induced metabolic 
syndrome rats. Con: control group, Fruc-fed: Fruc-fed 
group, CIHH:CIHH group, CIHH+F: CIHH plus Fruc-
fed group. Data were expressed as mean ± SD. n = 6 for 
each group. **P < 0.01 vs. Con, #P < 0.05 ##P < 0.01 vs. 
Fruc-fed.
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Fig. 2. Effect of chronic intermittent hypobaric hypoxia (CIHH) 
on systolic arterial blood pressure (SAP) in fructose-
induced metabolic syndrome rats. Con: control group, 
Fruc-fed: Fruc-fed group; CIHH:CIHH group, CIHH+F: 
CIHH plus Fruc-fed group. Data were expressed as 
mean ± SD. n = 6 for each group. **P < 0.01 vs. Con, 
##P < 0.01 vs. Fruc-fed.
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tion curve was shifted leftward in CIHH rats (Figure 
3B).  The PS (0.52±0.03 vs. 0.36 ± 0.02) and RD (52.58 
± 3.16 vs. 38.83 ± 2.35 mmHg) was increased signif-
icantly (P < 0.01), and the TP (52.83 ± 1.98 vs. 64.22 
± 1.30), EP (87.84 ± 4.37 vs. 103.08 ± 3.83), and SP 
(166.73 ± 3.53 vs. 179.30 ± 3.00 mmHg) were de-
creased significantly (P < 0.05-0.01, Table 1).  Also 
the gain curve of CSB was shifted upward in CIHH 

Table 1.  Effects of CIHH on the functional parameters of CSB in fructose-induced metabolic syndrome rats

TP/mmHg EP/mmHg SP/mmHg OR/mmHg PS RD/mmHg
Con 64.22 ± 1.30   94.37 ± 2.72 171.93 ± 2.81 107.71 ± 1.78 0.36 ± 0.03 38.83 ± 2.354
Fruc-fed 76.28 ± 2.90** 103.08 ± 3.83** 179.30 ± 3.00**  103.01 ± 0.96** 0.27 ± 0.03** 30.67 ± 3.36** 
CIHH 52.83 ± 1.98**   87.84 ± 4.37* 166.73 ± 3.53* 113.90 ± 1.98** 0.52 ± 0.03** 52.58 ± 3.16**
CIHH-F 59.20 ± 2.32**##   94.20 ± 3.35## 175.28 ± 2.07*## 116.08 ± 3.97**## 0.43 ± 0.04**## 46.62 ± 2.73**##

CSB: carotid sinus baroreflex, Con: control group, Fruc-fed: Fruc-fed group, CIHH: CIHH group, CIHH-F: CIHH-F group, TP: thresh-
old pressure, EP: equilibrium pressure, SP: saturation pressure, OR: operating range, PS: peak slope, RD: reflex decrease in MAP.  The 
date was expressed as Mean ± SD, n = 6 for each group. *P < 0.05, **P < 0.01 vs. Con., #P < 0.05, ##P < 0.01 vs. Fruc-fed.
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Fig. 3. Effect of chronic intermittent hypobaric hypoxia (CIHH) on carotid sinus baroreceptor reflex in fructose-induced metabolic syn-
drome rats.  A. Oringinal recording of reflex.  B. Functional curve of carotid sinus baroreceptor reflex.  C. Gain curve of barore-
ceptor reflex. Con: Control group, Fruc-fed: Fruc-fed group, CIHH: CIHH group, CIHH+F: CIHH plus Fruc-fed group, ISP: 
intrasinus pressure, ABP: arterial blood pressure, MAP: mean arterial pressure, Data were expressed as Mean ± SD. n = 6 for each 
group,*P < 0.05, **P < 0.01 vs. Con

rats (Figure 3C).  It suggests that the baroreflex was 
enhanced in CIHH rats.  

Compared with Fruc-fed rats the CSB func-
tional curve was shifted leftward in CIHH+F rats 
(Figure 3B).  The PS (0.43 ± 0.03 vs. 0.27 ± 0.03) 
and, RD (46.62 ± 2.73 vs. 30.67 ± 3.36 mmHg) were 
increased significantly (P <0.01), and the TP (58.53 
± 2.82 vs. 76.28 ± 2.90), EP (94.20 ± 3.35 vs. 103.08 
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± 3.83) and SP (175.28 ± 2.07 vs. 179.30 ± 3.00 
mmHg) were decreased significantly (P < 0.05 - 0.01, 
Table 1).  Also the gain curve of CSB was shifted 
upward in CIHH+F rats (Figure 3C).  It suggests 
that CIHH improves the baroreflex injury in Fruc-
fed rats.

Effects of Glibenclamide on the Improvement of CSB by 
CIHH

Perfusion with K-H solution containing glibencl-
amide (Gli,10 umol/l), an ATP-sensitive potassium 
channel, had no effect on functional parameters of 
baroreflex in control and CIHH rats, but the change 
of TP, OR, PS and RD in CIHH+F rats was relieved 
by Gli (P < 0.05-0.01, Table 2).  The result indicates 

that improvement of CSB by CIHH in Mets rats can 
be blocked partially by Gli.

Effects of L-NAME on the Improvement of CSB by CIHH 

Perfusion with K-H solution containing L -NAME 
(100 µM) has no effect on CSB function parameters 
in all rats including CIHH+F rats (P > 0.05, Table 3), 
which indicates NO is not involved in improvement 
of CSB by CIHH.

Discussion

High fructose-fed rats can display the similar symp-
tom in human Mets, such as hypertension, weight 
increase, hyperglycemia, hyperlipemia, and insulin 

Table 2  Effect of Gli on function parameters of CSB in fructose-induced metabolic syndrome rats.

TP/mmHg EP/mmHg SP/mmHg OR/mmHg PS RD/mmHg
Con 64.22 ± 1.30   94.37 ± 2.72 171.93 ± 2.81 107.71 ± 1.78 0.36 ± 0.03 38.83 ± 2.35
Con + Gli 63.05 ± 1.35   94.04 ± 2.15 172.93 ± 1.35 109.88 ± 0.47 0.35 ± 0.03 38.72 ± 1.31
Fruc-fed 76.28 ± 2.90** 103.08 ± 3.83** 179.30 ± 3.00 ** 103.01 ± 0.96** 0.27 ± 0.03** 30.67 ± 3.36**
Fruc-fed + Gli 72.76 ± 5.02## 103.08 ± 4.98## 177.62 ± 2.56# 104.67 ± 2.74## 0.27 ± 0.05## 31.23 ± 4.78##

CIHH 52.83 ± 1.98**   87.84 ± 4.37** 166.73 ± 3.53* 113.90 ± 1.98** 0.52 ± 0.03** 52.58 ± 3.16**
CIHH + Gli 61.70 ± 2.72##   95.71 ± 1.38## 172.59 ± 1.30 110.88 ± 1.60## 0.43 ± 0.05## 46.38 ± 2.40##

CIHH-F 59.20 ± 2.32**   94.20 ± 3.35 175.28 ± 2.07* 116.08 ± 3.97** 0.43 ± 0.04** 46.62 ± 2.73**
CIHH-F + Gli 63.72 ± 4.09+ 101.91 ± 6.24+ 175.61 ± 2.81 111.89 ± 1.61+ 0.36 ± 0.04++ 41.12 ± 2.99++

Gli: glibenclamide, CSB: carotid sinus baroreflex, Con: Control group, Fruc-fed: Fruc-fed group, CIHH: CIHH group, CIHH-F: 
CIHH-F group, TP, threshold pressure; EP, equilibrium pressure; SP, saturation pressure; OR, operating range; PS, peak slope; RD, 
reflex decrease in MAP.  The date was expressed as Mean ± SD n = 6 for each group.  *P < 0.05, **P < 0.01 vs. Con., #P < 0.05, ##P 
< 0.01 vs. Fruc-fed or CIHH, +P < 0.05, ++P < 0.01 vs. CIHH-F

Table 3  Effect of L-NAME on function parameters of CSB in fructose-induced metabolic syndrome rats.

TP/mmHg EP/mmHg SP/mmHg OR/mmHg PS RD/mmHg
Con 64.22 ± 1.30   94.37 ± 2.72 171.93 ± 2.81 107.71 ± 1.78 0.36 ± 0.03 38.83 ± 2.35
Con + L-NAME 64.22 ± 2.25   95.04 ± 1.50 173.77 ± 2.66 109.55 ± 1.54 0.36 ± 0.02 38.57 ± 2.96
Fruc-fed 76.28 ± 2.90** 103.08 ± 3.83** 179.30 ± 3.00** 103.01 ± 0.90** 0.27 ± 0.03** 30.67 ± 3.36** 
Fruc-fed + L-NAME 74.10 ± 3.20 103.08 ± 3.16 177.11 ± 1.80 103.69 ± 2.20 0.29 ± 0.04 31.05 ± 3.35
CIHH 52.83 ± 1.98**   87.84 ± 4.37** 166.73 ± 3.53* 113.90 ± 1.98** 0.52 ± 0.03** 52.58 ± 3.16**
CIHH + L-NAME 52.50 ± 2.37   89.36 ± 3.82 168.91 ± 4.28 116.42 ± 2.81 0.49 ± 0.02 52.69 ± 3.37
CIHH-F 59.20 ± 2.32**   94.20 ± 3.35 175.28 ± 2.07* 116.08 ± 3.97** 0.43 ± 0.04** 46.62 ± 2.73**
CIHH-F + L-NAME 57.69 ± 2.89   93.53 ± 5.24 176.62 ± 1.87 116.58 ± 2.09 0.43 ± 0.05 46.56 ± 4.39

CSB: carotid sinus baroreflex, Con: Control group, Fruc-fed: Fruc-fed group, CIHH: CIHH group, CIHH-F: CIHH-F group, TP: 
threshold pressure, EP: equilibrium pressure, SP: saturation pressure, OR: operating range, PS: peak slope, RD: reflex decrease in 
MAP.  The date was expressed as Mean ± SD n = 6 for each group.  *P < 0.05, **P < 0.01 vs. Con.
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resistance after long-time feeding with high fruc-
tose, which is widely used for the Mets study (9).  
In this study, we explored the effect of CIHH on 
baroreflex by using perfusion technique in isolated 
carotid sinus area in the fructose-induced Mets rats.  
The result showed that the baroreflex curve was 
shifted rightward with the decrease of PS and RD, 
and increase of TP and EP in Mets rats, which sug-
gests that CSB function is damaged.  On the con-
trary, the baroreflex curve was shifted leftward with 
the increase of PS and RD, and the decrease of TP 
and EP, which suggests that CIHH treatment could 
improve the damaged CSB in Mets rats.

The elevated blood pressure is a cardiovascular 
risk factor.  High blood pressure and cardiovascular 
damage are often existed in metabolic syndrome 
patients.  Malik et al. reported that the incidence 
of hypertension was 84.2% for male and 76.7% for 
female in patients with Mets.  Along with the in-
crease of Mets constituents, blood pressure is also 
increased (2, 11).  So anti-hypertension is a key 
strategy for prevention of cardiovascular damage in 
Mets.  It was reported that CIHH has decompression 
effect in essential hypertension patients and spon-
taneously hypertensive rats (20, 24).  Our previous 
study showed that CIHH decrease the elevated blood 
pressure in renal vascular hypertension rats, which 
might be related with the facilitation of baroreflex 
and the enhancement of relaxation function in re-
sistant vessel (12, 17).  In this study, the depression 
effect of CIHH was confirmed in Mets rats firstly, 
which suggests that depression effect of CIHH is 
universal for all kinds of hypertension.

The development and progress of hyperten-
sion in Mets involves several mechanisms.  Firstly, 
hyperinsulinism in Mets can increase the excitability 
of sympathetic nerve system (26).  Increased sympa-
thetic tone activates adrenal gland and sympathetic 
system directly, activates the signaling pathway for 
promotion of cellular proliferation, and enhances 
proliferation and migration of arterial smooth mus-
cle cell, leading to blood vessel remodeling.  Also, 
plasma catecholamine is increased, resulting in 
blood pressure elevation (10).  In addition, hyperin-
sulinism increases sensibility of vessel wall and kid-
ney to salt, decrease Na+ reabsorption in proximal 
kidney tubules and glomerular filtration, leading to 
water-sodium retention and blood pressure increase (7, 
16).  Secondly, the increased plasma free fatty acids 
(FFA) in lipid metabolism disturbance activated a 
non-oxidative pathway to increase ROS produc-
tion; at same time redundant triglyceride deposited 
in cells (lipotoxicity) promotes tissue fibration and 
apoptosis, which is related with capillary vessel dis-
function and hypertension (4).  So the over-activity 
of sympathetic system, lipid metabolism disturbance 

and lipotoxicity are involved in the creation of hy-
pertension in Mets.  Kacimi et al reported that CIHH 
adaptation can decrease the sympathetic excitability 
and reactivity of myocardium to catecholamine (14).  
Our previous study showed that CIHH improved 
carbohydrate and lipid metabolic disturbance in 
Mets rats (36), which might be another mechanism 
for anti-hypertension effect of CIHH.  

CSB, one of the most important regulation 
mechanisms for cardiovascular activity, plays key 
role in homeostasis of arterial blood pressure.  When 
blood pressure elevated, the stretch of vessel wall 
stimulates the baroreceptor to firing.  The affer-
ent nerves impulse produces the increase of cardiac 
vagus nerve outflow and the decrease of cardiac 
sympathetic nerve outflow.  As a result, the cardiac 
output is decreased due to the attenuated myocardial 
contraction and peripheral resistance is reduced due 
to arterial vessel relaxation, which results in the de-
crease of blood pressure.  Conversely, the decreased 
blood pressure leads to the elevation of blood pres-
sure through opposite process by the inhibition of 
reflex (28).  Consistent with our previous study that 
CIHH decreased blood pressure through facilitating 
baroreflex in RVH rats (17), present study confirmed 
the facilitation effect of CIHH on baroreflex and 
demonstrated the anti-hypertension effect of CIHH 
through improvement the damaged baroreceptor re-
flex in fructose-feed-induced Mets rats.  

NOMA et al. found the ATP-sensitive potas-
sium channels (KATP) in isolated ventricular myo-
cytes from guinea pigs in 1983 firstly (23).  A great 
number of researches demonstrated that KATP were 
also existed in vascular smooth muscle cell (30).  
KATP channel is closed under normal physiological 
condition and open in ischemia/hypoxia.  Activation 
of the KATP channels in vascular system can hyper-
polarize the membrane of vascular smooth muscle 
(VSM) cell, relax VSM and enhance activity of the 
carotid sinus baroreceptor through stretching the 
wall of VSM (22).  In the present study, we found 
that Gli, a non-selective blocker of KATP channels, 
could eliminate the facilitation of CIHH on the CSB 
partially, which suggests that opening of KATP chan-
nels is involved in the facilitation of CIHH on the 
CSB in fructose-feed-induced Mets rats.

Nitric oxide (NO), a key signal molecule, is 
distributed widely in the various tissues like vessel 
system, central nerve system, and immune system 
and plays an important role in the regulation of body 
function (21).  NO is generated from L-arginine by 
NO synthase (NOS) in multiple cells (include neu-
ron).  Vascular endothelial cell can release NO into 
blood under stimulation of pressure-stretch or chem-
icals.  It was reported that NOS is existed in sensory 
neurons abundantly, suggesting the regulation of NO 
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on baroreceptors activity.  In this study, however, the 
perfusion with K-H solution containing NOS inhibi-
tor L-NAME (100 μmol/l) had no effect on the fa-
cilitation of CIHH on the CSB, which suggests that 
NO does not contribute to the improvement of CIHH 
on baroreflex in fructose-fed-induced Mets rats.

In conclusion, this study demonstrated for the 
first time that CIHH decreases the high blood pres-
sure through facilitation of carotid sinus barorecep-
tor reflex in fructose-fed-induced Mets rats.  The 
facilitation effect of CIHH on CSB is might related 
with the activation of KATP channels.  
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