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Abstract

Purpose Fructose feeding induces a moderate increase in

blood pressure, insulin resistance, and hyperinsulinemia.

This study investigated the role of a1B-adrenoceptor sub-

type in the control of renal hemodynamic responses to

exogenously administered angiotensin II (Ang II) and a set

of adrenergic agonists in a model of high fructose-fed rats.

Methods Sprague–Dawley rats were fed for 8 weeks with

20% fructose in drinking water (FFR). The renal cortical

vasoconstriction to noradrenaline (NA), phenylephrine

(PE), methoxamine (ME) and Ang II in the presence and

absence of chloroethylclonidine (CEC) (a1B-adrenoceptor

antagonist) was determined. Data, mean ± SEM or SD

were subjected to ANOVA with significance at p \ .05.

Results FFR showed significant increase in the systolic

blood pressure, plasma glucose, and insulin levels when

compared to control. FFR expressed reduced renal cortical

vascular sensitivity to NA, PE, ME, and Ang II. Further-

more, renal cortical vasoconstriction response to NA, PE,

ME, and Ang II was blunted in the presence of CEC in

control. While in FFR, renal cortical vasoconstriction to

NA, PE, and ME was enhanced by CEC. Renal cortical

vasoconstriction to Ang II in FFR was reduced in the

presence of CEC.

Conclusions In the presence of a hyperinsulinemic state

resulting from chronic and high fructose feeding, an

attenuated AT1 and a1-adrenoceptors response to Ang II

and adrenergic stimuli respectively, is expected. In addi-

tion, a1B-adrenoceptor is the functional subtype that

mediates renal cortical vasoconstriction in control rat,

while high fructose feeding did influence the functionality

of a1B-adrenoceptor in mediating the renal cortical hemo-

dynamic changes.

Keywords Fructose � Sprague–Dawley rats �
Noradrenaline � Hemodynamics � Chloroethylclonidine

Introduction

Metabolic syndrome is a pathophysiological entity char-

acterized by insulin resistance, hyperinsulinemia, dyslipi-

demia, hypertension, and obesity [1]. The risk for

developing diabetes type 2, cardiovascular disease, and

renal disease is increased with increasing manifestations of

the various components of the syndrome within any indi-

vidual. The precise mechanisms behind the development of

hypertension in this model have not yet been clearly

defined though it has been proposed to be secondary to

hyperinsulinemia [2]. In addition, it has been demonstrated

that an increase in sympathetic activity could account for

the hypertension induced by fructose feeding [3]. Renal a1-

adrenoceptors play important role in the regulation of renal

hemodynamic and tubular functions [4]. Pharmacological
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and cloning studies have documented, three subtypes of a1-

adrenoceptors: a1A, a1B, and a1D [5, 6]. Among these

subtypes, a1B-adrenoceptors have been found to be crucial

in the regulation of renal vascular resistance in genetic

hypertension and thus contribute to the increased vascular

resistance in hypertension [7]. Furthermore, a1B-adreno-

ceptors are also involved in the mediation of renal tubular

sodium and water reabsorption [8]. a1B-Adrenoceptors-

mediated renal vasoconstriction has been observed in some

pathological conditions in rats, such as diabetes and renal

failure [9, 10]. Further, a1B-adrenoceptors gene is expres-

sed in renal microvessels of Wistar-Kyoto (WKY) and

spontaneously hypertensive rats (SHR) [7]. Actions of

angiotensin II in metabolic syndrome are associated with

the development of hypertension, suppression of adipo-

nectin secretion [11], increase of adipocyte size [12], and

generation of oxidative stress [13]. It is also known that

chronic fructose treatment activates the renin-angiotensin

system (RAS), which is manifested by an increase in

plasma level of Ang II, elevation of blood pressure, cardiac

hypertrophy, and changes in AT1 receptor density [14].

Although a vast number of studies have investigated the

role of renin-angiotensin and sympathetic nervous systems

in metabolic syndrome rats, no studies so far investigated

the functional contribution of a1B-adrenoceptor subtype in

the regulation of renal hemodynamic in rats subjected to

high-fructose diet. The present study therefore aimed to

investigate the influence of a high fructose intake on the

regulation of renal a1-adrenoceptors-mediated vasocon-

striction, with particular attention to the functional contri-

bution of a1B-adrenoceptors in the regulation of renal

hemodynamic in SD rats chronically fed on high fructose.

Materials and methods

Animals

Sixteen male Sprague–Dawley (SD) rats with a body

weight of 150–180 g were obtained from the Central

Animal Facility at Universiti Sains Malaysia, Penang,

Malaysia. The rats were permitted a 5-day period-of-

acclimatization to the environment, with free access to

water and standard rodent chow (Gold Coin Sdn. Bhd.,

Penang, Malaysia) containing 3% fat, 22% protein and 5%

fibers. Thereafter, the rats were randomly assigned to

control (C; n = 8) that received standard rodent chow, and

fructose fed (FFR; n = 8) were fed with a standard rodent

chow, and fructose was administered as a 20% solution

(prepared freshly every day) in drinking water. Both groups

were followed for 8 weeks. Experiments were approved by

the Ethics Committee of Universiti Sains Malaysia.

Measurements

Body weight, fluid intake, food intake, calorie intake,

systolic blood pressure (SBP), non-fasting (NFBG) and

fasting (FBG) blood glucose levels, and fasting plasma

insulin level of each rat were measured at the end of the

treatment period. Food and fluid intakes for each rat were

measured by subtracting the amounts remaining in the

metabolic cages from the measured quantities provided.

Calorie intake was calculated by multiplying the amount of

food and fructose consumed each day by the corresponding

reference calorie values and summed. Blood samples were

collected from the tail at the end of study period on non-fed

and fed states. Plasma insulin level was measured in

samples collected from rats fasted for 18 h using a quan-

titative Ultra Sensitive Rat Insulin ELISA kit (Crystal

Chem Inc., IL, USA). The reactivity for rat insulin is 100%

according to the manufacturer. SBP was measured in

conscious rats by tail cuff. All animals were preconditioned

for blood pressure measurements 1 week before each

experiment. The adiposity [15] and kidney indices [16]

were measure by collecting the fat deposit and the left

kidney respectively from the rat during the acute experi-

ment at the end of the study. Adiposity index = (Retro-

peritoneal fat (g) ? Epididymal fat (g))/Body weight

(g) 9 100. Kidney index = Kidney weight (g)/Body

weight (g) 9 100.

Oral glucose tolerance test (OGTT)

After the 8-week feeding period, the overnight fasted rats

were given a 30% (wt/vol) glucose solution at a dose of

3 g/kg body weight by oral gavage [17]. Blood samples

(20 ll) were obtained from the tail of conscious rats at

baseline and 30, 60, and 120 min after the glucose load.

Blood glucose level was determined at each time point

using ACCU-CHEK� advantage blood glucose monitoring

system (Roche Diagnostics Corporation, Indianapolis,

USA). The total area under the curve of glucose response

during the OGTT was calculated using the linear trape-

zoidal rule [18] and used for quantification of the OGTT.

Blood pressure measurements

Blood pressure was recorded using the tail-cuff method in

conscious animals as previously reported [18]. Following

3-day training sessions, blood pressure readings were taken

from each rat in a calm and dark room, and an average

value of ten consecutive systolic blood pressure measure-

ments was calculated. The real measurement started when

the rat was stable and the pulse was clear. It is preferable to

use readings that are not deviating by more than 5 mmHg.
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Animal surgical preparation

Renal vasoconstrictor responses

The in vivo renal vasoconstrictor response experiments

were performed as previously mentioned [19, 20]. The

overnight fasted rats were anesthetized with 60 mg/kg i.p.

sodium pentobarbitone (Nembutal�, CEVA, France).

Immediately after induction of anesthesia, the trachea was

exposed through a mid-line incision and cannulated. Fol-

lowing tracheostomy, the left carotid artery was cannulated

(PE 50, Portex, Kent, UK) and connected to a pressure

transducer (model P23 ID Gould, Statham Instruments,

UK) attached to a computerized data acquisition system

(PowerLab�, ADInstruments, Australia) for the continuous

monitoring of mean arterial blood pressure (MAP). The left

jugular vein was cannulated (PE 50, Portex, Kent, UK) to

infuse a maintenance dose of anesthetic when required. Via

a midline abdominal incision, the aorta and the left kidney

were exposed. A laser Doppler flowmeter (ADInstruments,

Australia) positioned in the outermost layer of the kidney

was used to measure renal cortical blood flow (CBF)

continuously. The CBF data were further analyzed using a

computerized data acquisition and analyzing system

(PowerLab�, ADInstruments, Australia). A cannula (PE

50, Portex, Kent, UK) was inserted via the left common

iliac artery, such that its beveled tip lay close to the

entrance of the renal artery in an attempt to administer

noradrenaline (NA), phenylephrine (PE), methoxamine

(ME) and angiotensin II (Ang II) close renal arterially [21].

The cannula was kept patent by infusing saline at a rate of

6 ml/kg/h continuously. This cannula is attached to a sec-

ond pressure transducer (model P23 ID Gould, Statham

Instruments, UK) attached to a computerized data acqui-

sition system (PowerLab�, ADInstruments, Australia) for

base line measurements of renal arterial pressure (RAP).

The urinary bladder was cannulated as well to allow free

passage of urine. The animals were allowed at least 1 h to

equilibrate after surgery before proceeding to the following

steps.

Renal vasoconstrictor response experimental protocol

The renal vasoconstrictor experiments were performed in

three phases as follows: after stabilization, base line mea-

surement of MAP, RAP, and CBF was performed. The

infusion pump to the iliac artery was stopped before taking

the base line RAP value to prevent any interference with

the measurements. In Phase I, the animals were infused

intrarenal arterially with vehicle (normal saline) at 6 ml/kg/

h as control and the first set of renal vasoconstrictor

responses to NA, PE, ME, and Ang II was performed, and

at least 10 min were left after each agonist to ensure

washout. During the second phase, low bolus dose of CEC

(5 lg/kg) was injected slowly over 30 s followed by a

continuous infusion of CEC (1.25 lg/kg/h) close renal

arterially, 15 min later, the second set of renal vasocon-

strictor responses to NA, PE, ME, and Ang II was done.

In the third and last phase, a high bolus dose of CEC

(10 lg/kg) was injected slowly over 30 s followed by a

continuous infusion of CEC (2.5 lg/kg/h). Upon reaching

the steady state, 15 min later, the same procedure used in

the first and second phases was followed [21].

Dose–response curves to NA, PE, ME, and Ang II were

undertaken in each phase of the experiment. The admin-

istration of agonists was carried out twice in an ascending

followed by descending order of doses. Moreover, the

agonists were injected in an exchange order every experi-

ment. The doses of the agonists and antagonist were

adapted from previous work in this laboratory and intended

to produce local action without any significant effect on the

systemic blood pressure [20, 21, 22]. The reduction in renal

cortical blood flow after bolus doses of NA at 25, 50, 100

and 200 ng, PE at 0.25, 0.50, 1, and 2 lg, ME at 1, 2, 3,

and 4 lg and Ang II at 2.5, 5, 10, and 20 ng was deter-

mined. The antagonist was given as an initial bolus dose

followed by a continuous infusion of one 4th of that dose

per hour until completion of the agonist protocol and

thereafter the second dose was used (Fig. 1).

Vasoactive agents

Noradrenaline (Sanofi Winthrop, Surrey, UK), phenyleph-

rine (Knoll, Nottingham, UK), methoxamine (Wellcome,

London, UK), and angiotensin II (CIBA-GEIGY, Basel,

Switzerland) were used in the vasoconstrictor experiment.

All drugs were prepared as stock solutions in normal saline

on the day of experiment and stored at -4 �C. Noradren-

aline is a mixed agonist, and the cardiovascular effects of

exogenously administered noradrenaline are mainly char-

acterized by a1-adrenoceptor-mediated vasoconstriction

[23]. Phenylephrine is a non-selective agonist for a1-

adrenoceptors [24], while methoxamine is more selective

for a1A-adrenoceptors [25] when compared to a1D adre-

noceptor subtype [26]. Angiotensin II is the main peptide

of RAS and has a vasoconstrictor action following acti-

vation of AT1 receptors.

Antagonist used

CEC (Research Biochemicals International, USA) is an

irreversible antagonist that alkylates and inactivates the

function of a1B-adrenoceptors subtype [27]. It also irre-

versibly inactivates a2A- and a2C-adrenoceptors, whereas

a1A- and a1B-adrenoceptor are relatively resistant to its

alkylating action [28]. It is used in the present study to
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characterize the functional contribution of a1B-adrenocep-

tors in mediating adrenergically induced and angiotensin

II-induced renal cortical vasoconstriction in fructose-fed

rats.

Statistical analysis

The maximum CBF decrease following each injection of

agonist was determined off-line using the software (Lab-

Chart 6, ADInstruments, Sydney, Australia). The change

in CBF was expressed as percentage of the baseline value.

Baseline CBF and MAP were determined from the chart

immediately before each agonist injection. The vasocon-

strictor responses caused by Ang II and adrenergic ago-

nists were taken as the average values caused by each

dose of the agonists administered in ascending and

descending orders. The overall mean response for each

dose was taken as the average value of the vasoconstrictor

responses (drop in CBF) obtained at each dose. The mean

values for every phase which are presented in this study

(Figs. 2, 3, 4) are the overall mean calculated for all

doses of each agonist and compared between high and

low dose antagonist phases, and saline phase. All data are

expressed as mean ± S.E.M or mean ± SD. The statisti-

cal analysis of the data was done by two-way ANOVA

followed by Bonferroni post hoc test. While, the analysis

of BW, fluid intake, food intake, calorie intake, SBP,

NFBG, FBG, plasma insulin level, AUC (OGTT), and

base line hemodynamic parameters measured during the

acute experiment was done by one-way ANOVA followed

by Bonferroni post hoc test using the statistical package

Superanova (Abacus In., CA, USA). The differences

between the means were considered significant at 5%

level.

Results

Metabolic parameters at the end of 8-week feeding

period

Metabolic data comparison between FFR and C is shown in

Table 1. The result of OGTT that was performed at the end of

8-week feeding period showed that FFR had less tolerance

(p \ .05) to oral glucose load compared to normal rats.

Moreover, FFR at the end of treatment period had higher

(p \ .05) values of BW, calorie intake, SBP, FBG, NFBG,

and plasma insulin, but lower food intake (p \ .05) com-

pared to C. However, no significant change in fluid intake

was observed between FFR and C at the end of 8-week

feeding period. There was no change in kidney index of FFR;

however, adiposity index is significantly higher than C.

Base line hemodynamic parameters during the acute

experiment

Base line values of MAP, heart rate (HR), CBF, and RAP

measured during the control phase (saline) of acute

experiment of FFR was not significantly different from C.

Moreover, in the second and third phases of acute experi-

ment, no change was seen in base line hemodynamic

parameters in FFR or C except for HR compared to their

respective control phase (Table 2).

Renal cortical vasoconstrictor response

Adrenergic agonists

NA, PE, and ME produced dose-dependent vasoconstric-

tions in the control (saline) phase of both C and FFR, as

Low dose antagonist 
(bolus)

Animal  
Surgery

60 min 
Stabilization

Normal saline (6 ml. kg-1. hr-1)

End

Renal vasoconstrictor responses

Saline phase

15 min 15 min 

Low dose antagonist 
(maintenance phase)

Bolus injections of 
agonists over 20 min 

each

High dose antagonist 
(maintenance phase)

Bolus injections of 
agonists over 20 min 

each

Bolus injections of 
agonists over 20 min 

each

High dose antagonist 
(bolus)

10 min washout period 
after each agonist 

10 min washout period 
after each agonist 

10 min washout period 
after each agonist 

Fig. 1 Three-phase acute renal vasoconstrictor study
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can be seen from the dose–response curves in Figs. 2 and

3. The renal vasoconstriction responses produced by NA,

PE, and ME in FFR during the control phase (in absence of

antagonist) were significantly lower (p \ .05) when com-

pared to C (FFR: NA, 35 ± 4; PE, 43 ± 5; ME; 25 ± 4

vs. C: NA, 51 ± 4; PE, 60 ± 3; ME, 43 ± 4). This is

shown either through the dose–response curves (Figs. 2a,

b, 3a) or when the overall mean (overall mean of responses

for all doses of agonist employed) was shown (Fig. 4). In

the later subsequent phases of the experiment, renal vaso-

constrictor responses induced by NA, PE, and ME were

rather attenuated by both low dose of CEC but significantly

(p \ .05) by high dose of CEC in C relative to their

corresponding control (saline) phase (high-dose CEC

phase: NA, 40 ± 4; PE, 49 ± 4; ME, 33 ± 4 vs. saline

phase: NA, 51 ± 4; PE, 60 ± 3; ME, 43 ± 4). These

effects collectively contributed to a significant reduction in

the overall % drop of CBF (Fig. 4). In FFR, NA-, PE-, and

ME-induced renal vasoconstriction was enhanced signifi-

cantly (p \ .05) by low or high dose of CEC; however, NA

response is significantly enhanced with a high dose of CEC

only, (low-dose CEC phase: NA, 38 ± 4; PE, 54 ± 5; ME,

33 ± 4 vs. saline phase: NA, 35 ± 4; PE, 43 ± 5; ME;

25 ± 4) and (high-dose CEC phase: NA, 43 ± 4; PE,

51 ± 4; ME, 32 ± 4 vs. saline phase: NA, 35 ± 4; PE,

43 ± 5; ME; 25 ± 4) (Fig. 4).

-90

-80

-70

-60

-50

-40

-30

-20

-10

0
25 50 100 200

Noradrenaline (ng)

%
 D

ro
p

 in
 C

B
F

*

-90

-80

-70

-60

-50

-40

-30

-20

-10

0
25 50 100 200

Noradrenaline (ng)

%
 D

ro
p

 in
 C

B
F

*

C FFR

-90

-80

-70

-60

-50

-40

-30

-20

-10

0
0.25 0.5 1 2

Phenylephrine (µg)

%
 D

ro
p

 in
 C

B
F

*

-90

-80

-70

-60

-50

-40

-30

-20

-10

0
0.25 0.5 1 2

Phenylephrine (µg)

%
 D

ro
p

 in
 C

B
F

*
*

a

b

Fig. 2 Line graph shows dose–

response curve of the renal

vasoconstrictor responses to

graded doses of NA (a) and PE

(b) in control and fructose-fed

rats during control (saline)

phase (solid line with circle),

low dose of CEC (solid line with
square) and high dose of CEC

(solid line with triangle). Values

are mean ± SEM of n = 8 rats

in each group. The significance

is between the overall mean of

responses due to four doses of

agonist during each phase and

compared to control phase.

* p \ .05 vs. saline phase
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Angiotensin II

Ang II caused dose-related drop in cortical blood flow in

the control phase of both C and FFR (Fig. 3B). As shown

for adrenergic agonists, Ang II produced cortical vaso-

constrictor response in FFR that is lower (p \ .05) com-

pared to C (FFR: 9 ± 1 vs. C: 23 ± 3). Interestingly, in the

presence of low or high dose of CEC in either FFR or C,

the drop in cortical blood flow due to Ang II was lower

(p \ .05) compared to control (saline) phase. For FFR

(low-dose CEC phase: 4 ± 0.3 and high-dose CEC phase:

4 ± 0.5 vs. saline phase: 9 ± 1), while for C (low-dose

CEC phase: 15 ± 3 and high-dose CEC phase: 10 ± 1 vs.

saline phase: 23 ± 3) (Fig. 4). Therefore, it appears on

the contrary to adrenergic stimuli, Ang II in the low- or

high-dose antagonist phases of FFR produced reduction in

cortical perfusion that is lower compared to saline phase.

The administration of NA, PE, ME, Ang II, and CEC

brought no effect on baseline measurements of MAP, CBF,

and RAP in all of the three phases of acute vasoconstrictor

experiment.

Discussion

Chronic and high fructose consumption by rat in this study

produced insulin resistance, elevation in blood pressure,

and higher adiposity. This although well known for meta-

bolic syndrome model induced by high-fructose diet, the

current study to our knowledge is from few studies to use
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Fig. 3 Line graph shows dose–

response curve of the renal

vasoconstrictor responses to

graded doses of ME (a) and Ang

II (b) in control and fructose-fed

rats during control (saline)

phase (solid line with circle),

low dose of CEC (solid line with
square) and high dose of CEC

(solid line with triangle). Values

are mean ± SEM of n = 8 rats

in each group. The significance

is between the overall mean of

responses due to 4 doses of

agonist during each phase and

compared to control phase.

* p \ .05 vs. saline phase
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high concentration of fructose in drinking water. To the

present day, the effects of high fructose feeding on renal

vasoconstriction are less clear. Furthermore, the patho-

genesis of metabolic syndrome in fructose-fed rats may

also depend on a dysfunctional peripheral sympathetic

nervous system [29]. In the current study, the magnitude of

renal vasoconstrictor responses to angiotensin II and

adrenergic agonists in fructose-fed rats is lower than the

control. This indeed shows that the high fructose intake by

Sprague–Dawley rats in this study had attenuated the

sensitivity of the renal cortical vasculature to exogenous

Ang II and adrenergic stimuli. This well agrees with the

observations by others that in fructose-fed rats, there is

impaired sensitivity to noradrenaline with an increase in its

urinary excretion [30, 31]. This may have resulted as a

compensatory change that follows the enhancement of the

activity of the sympathetic nervous system producing

receptor desensitization or downregulation [32, 33].

Moreover, the elevation in Ang II level and the altered
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overall % drop in the renal

cortical blood flow in response

to NA, PE, ME, and Ang II in

control and fructose-fed rats in

the absence and presence of low

and high dose of CEC. The

overall mean is the mean of all

responses due to 4 doses of each

agonist during each phase.

Values are mean ± SEM of

n = 8 rats in each group.

¤ p \ .05 between FFR and C

saline phases. * p \ .05 vs.

saline phase

Table 1 Effect of 8 weeks of fructose feeding on body weight (BW),

fluid intake, food intake, calorie intake, systolic blood pressure (SBP),

fasting blood glucose (FBG), non-fasting blood glucose (NFBG),

plasma insulin level, kidney and adiposity index and AUC (OGTT)

Parameter n Group

C FFR

B.wt (g) 7 281.3 ± 18.6 312.3 ± 7.1*

Fluid intake (ml/kg/d) 6 139.9 ± 23.4 148.2 ± 33.1

Food intake (g/kg/d) 6 58.4 ± 1.4 46.3 ± 3.9*

Calorie intake (Kcal/kg/d) 6 210.1 ± 22.7 266.7 ± 21.5*

SBP (mmHg) 7 105.0 ± 9.0 143.0 ± 17.0*

FBG (mmol/L) 8 4.1 ± 0.6 5.2 ± 0.9*

NFBG (mmol/L) 8 7.3 ± 1.1 8.8 ± 1.4*

Plasma insulin (ng/ml) 6 2.6 ± 0.5 4.7 ± 1.6*

Kidney index (%) 8 0.33 ± 0.04 0.34 ± 0.03

Adiposity index (%) 8 1.6 ± 0.3 2.9 ± 0.5*

AUC (OGTT) (mmol/L min) 6 664.5 ± 103.5 789.1 ± 56.9*

Values are mean ± SD, *p \ .05 between FFR and C

Eur J Nutr (2011) 50:251–260 257

123



tissue AT1 receptors in high fructose–fed rats is extensively

highlighted [13, 34, 35]. In an in vitro study, thoracic aorta

showed early exaggerated responses to phenylephrine and

Ang II that were not observed after a longer period of

fructose feeding [13, 36]. The present study thus suggested

that high fructose feeding attenuates the sensitivity of the

renal cortical vasculature to exogenous Ang II and a1-

adrenergic agonists which is obvious from blunted renal

cortical vasoconstriction to exogenous agonists.

The interaction in the renal vasculature between AT1

receptors and a1-adrenoceptors has recently being the

subject of much interest. Evidence has been provided on

the cross talk between a1-adrenoceptors and Ang II

receptors in smooth muscle of rabbit aorta [37]. Moreover,

several in vivo studies have indicated that blocking of a1-

adrenoceptors attenuates renal vascular response to Ang II

in rat and rabbit [20, 22, 38, 39]. Relevant physiological

interactions at both cellular and molecular levels between

the AT1 and adrenoceptors have been described, since both

receptors activate common signal systems. It is suggested

that released noradrenaline in the neurons interacts with a1-

adrenoceptors and their chronic stimulation in turn results

in down regulation of AT1-receptors [40]. Moreover, Ang

II induces transcription and expression of a1-adrenoceptors

in rat vascular smooth muscle cells [41]. The renal vaso-

constrictor responses to adrenergic agonists in this study

were blunted following the administration of CEC as

expected; however, interestingly and in agreement with

previous observations, there was a marked reduction as

well in the renal cortical response to Ang II in control or

fructose-fed rats. A cross-talk relationship between AT1

receptors and a1B-adrenoceptors is suggested to play a

pivotal role in modulating the vascular response in this

model.

Further we observed that NA, PE, and ME-induced renal

cortical vasoconstrictions were further enhanced by both

low and high dose of CEC in the second and third phase

compared to the corresponding control phase in fructose-

fed rats. The exact mechanism underlying this type of

response is not known yet; however, there is a possibility

that the CEC antagonism of postsynaptic a1B-adrenocep-

tors interacts and enhances sensitivity of other a1-adreno-

ceptor subtypes to exogenous NA, PE, and ME [10, 24]

resulting in a larger postsynaptic response in the renal

cortical vasculature of fructose-fed rats. It is therefore an

interactive relationship between the a1-adrenoceptor

subtypes. Such interaction is reported to exist in the car-

diovascular system of rat [42]. In that it is reported that

a1B-adrenoceptors inhibit the activities of a1A-adrenocep-

tors in neonatal rat myocardium so that the inactivation

of a1B-adrenoceptors by CEC potentiated the effects of

nonselective a1-adrenoceptors agonist phenylephrine on

myocardial protein synthesis and gene expression [42]. The

same pattern of results by which CEC-mediated augmen-

tation of renal vasoconstrictor response to adrenergic

agonists has also been reported in other pathophysiological

state, such as in rats with renal impairment and in high-

sodium diet-fed rats [10, 43]. It is noteworthy to mention

that in agreement with a previous study in rat myocardium

[42], altered renal vascular response to adrenergic agonists

in this study after treatment with CEC is due to primarily

the inactivation of a1B-adrenoceptors but not due to inac-

tivation of a1A- and a1D-adrenoceptors. Further studies are

required to clarify in a more mechanistic way the reason

behind that. In addition, there was a reduction in the renal

cortical blood perfusion in the second and third phase of

fructose-fed rats or control. This reduction is not achieving

significance even in time control experiments (data not

shown) in which only saline was infused throughout the

experiment.

According to Deng et al. [44], in an in vitro study, the

inactivation of a1B-adrenoceptors by CEC which potenti-

ates the effect of a1-adrenergic agonists is due to increasing

Ca2? current. Furthermore, phenylephrine resulted in

a translocation of Ca2?-independent protein kinase C

(PKC) isoforms d and e but produced little effect on

Ca2?-dependent PKCa and on PKCf as previously

mentioned [44]. However, after the inactivation of a1B-

adrenoceptors by CEC, phenylephrine causes translocation

of Ca2?-dependent PKCa isoform markedly. This is due to

Table 2 Base line hemodynamic parameters measured during the acute renal vasoconstrictor experiment

Phase Group

C FFR

MAP

(mmHg)

HR

(bpm)

CBF

(BPU/min)

RAP

(mmHg)

MAP

(mmHg)

HR

(bpm)

CBF

(BPU/min)

RAP

(mmHg)

Saline phase 116 ± 6 256 ± 11 163 ± 9 112 ± 4 119 ± 4 311 ± 6 168 ± 9 121 ± 3

Low dose CEC 121 ± 7 229 ± 12 127 ± 10 108 ± 6 109 ± 3 238 ± 7* 161 ± 10 110 ± 4

High dose CEC 120 ± 7 200 ± 26 122 ± 7 107 ± 7 110 ± 2 204 ± 11* 137 ± 14 108 ± 2

Values are mean ± SEM of n = 6-8 rats in each group. *p \ .05 vs. saline phase. MAP, mean arterial blood pressure; HR, heart rate; CBF,

cortical blood flow; RAP, renal arterial pressure, bpm, beat per minute; BPU, blood perfusion unit
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a1B-adrenoceptors activation that inhibits the translocation

of PKCa; however, its inactivation is necessary for its

translocation by a1-adrenoceptors agonist [42]. Our study

showed an enhancement in the renal vascular responses to

phenylephrine, methoxamine, and noradrenaline that is in

the fructose-induced metabolic syndrome but not in the

control state following the infusion of CEC. Our current

data is not supported with studies at the molecular level to

strengthen further the suggestion of an interaction between

a1-adrenoceptors subtypes which is one of the limitations at

this level; however, based on hemodynamic data presented

here, the current study clearly showed the contribution of

a1B-adrenoceptor subtype in the renal cortical vasculature

of fructose-fed rats.

Taken together, data of this study reveal an interesting

interaction between a1B-adrenoceptor subtype and AT1

receptors in the renal vasculature of fructose-induced

metabolic syndrome. Further, to our knowledge, this is the

first study to investigate the effect of high fructose intake

on the renal vascular a1-adrenoceptor subtypes’ activity

and more specifically on a1B-adrenoceptors. The involve-

ment of a1B-adrenoceptors in renal vasoconstriction of

fructose-fed rats is concurrent with the results obtained

from recent studies of other forms of hypertension such as

rats subjected to high-sodium diet and DOCA-salt hyper-

tensive rats [43, 45]. Moreover, this also has been reported

in other pathological conditions such as heart failure [46],

diabetes, and renal failure [9, 10, 24].
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