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GW3965, a synthetic liver X receptor (LXR) agonist,
reduces angiotensin II-mediated pressor responses
in Sprague–Dawley rats

CE Leik, NL Carson, JK Hennan, MD Basso, Q-Y Liu, DL Crandall and P Nambi

Cardiovascular and Metabolic Disease Research, Wyeth Research, Collegeville, PA, USA

Background and purpose: Liver X receptors (LXRs) activate genes that regulate lipid and cholesterol metabolism. LXR agonists
were shown recently to also increase murine renin gene expression in vivo. To further examine a link between lipid metabolism,
the renin-angiotensin-aldosterone-system and blood pressure regulation, we investigated the effect of a LXR agonist
(GW3965) on angiotensin II (Ang II)-mediated vasoreactivity and vascular angiotensin II receptor (ATR) gene expression.
Experimental approach: Arterial blood pressure (BP) was measured during Ang II infusions (1.5 min duration; 0.001–3 mg
kg�1) in pentobarbital-anesthetized male Sprague–Dawley rats (n ¼ 6-9) after oral administration of GW3965 (10 mg kg�1,
q.d.) or vehicle for 7 – 15 days. Mesenteric arteries and plasma were collected to analyze ATR gene expression and to measure
plasma renin activity (PRA) and lipid profile, respectively.
Key results: Basal mean arterial pressure (MAP) was similar between groups. GW3965 dosing blunted the vasopressor effect of
Ang II, which was significantly different with the 0.3 and 3 mg kg�1 doses. No difference in heart rate, PRA or lipid profile was
observed between groups. A time-course indicated that ATR type 1 and 2 gene expression of GW3965-treated vs. vehicle-
treated rats decreased by 50%, reaching significance for ATR type 2, but not for ATR type 1, at time-points coinciding with BP
measurements.
Conclusions and implications: GW3965 decreased Ang II-mediated vasopressor responses coincident with a trend toward
reduced ATR gene expression, suggesting that LXR agonists could affect vascular reactivity.
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Introduction

Liver X receptors (LXRs) are nuclear hormone receptors that

activate genes involved in the regulation of cholesterol and

lipid homeostasis (Tontonoz and Mangelsdorf, 2003). Oxi-

dized derivatives of cholesterol (oxysterols) are endogenous

ligands for LXRs (Janowski et al., 1996). Thus, elevated

cellular cholesterol levels lead to accumulation of these

cholesterol metabolic byproducts and activation of LXR

target genes. LXRs activate genes involved in ‘reverse

cholesterol transport’ to increase transport of cholesterol

from peripheral tissue to the liver for catabolism and

excretion (Venkateswaran et al., 2000). Specifically, LXRs

activate genes related to the cholesterol efflux system of

macrophages (ATP binding cassette A1 and G1) and of other

relevant plasma proteins, such as apolipoprotein E, phos-

pholipids transfer protein, lipoprotein lipase and cholesterol

ester transfer protein (Luo and Tall, 2000; Venkateswaran

et al., 2000; Laffitte et al., 2001; Zhang et al., 2001; Cao et al.,

2002). Cholesterol homeostasis is additionally regulated by

LXR-mediated gene induction to decrease dietary cholesterol

absorption and to increase cholesterol metabolism and

excretion from the body (Tontonoz and Mangelsdorf,

2003). LXRs also upregulate sterol regulatory binding

protein-1c to cause lipogenesis leading to elevation of fatty

acids (Peet et al., 1998; Schultz et al., 2000). LXRs are

attractive therapeutic targets for their cholesterol lowering

benefits, but the challenge is to develop gene-selective

agonists without lipogenic effects.

LXR agonists were shown recently to increase murine

renin gene expression in vivo suggesting a link between

cholesterol and lipid metabolism, the renin–angiotensin–
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aldosterone system (RAAS) and blood pressure regulation

(Morello et al., 2005). Morello et al. (2005) demonstrated that

LXRs regulate renin gene expression by interacting with a

noncanonical response element (an overlapping region of

cAMP and negative response elements) in the renin promo-

ter. Most significantly, treatment with non-selective syn-

thetic LXR agonists led to a transient upregulation of renin

gene expression in mice. Changes in vasoreactivity, however,

were not assessed.

To examine the potential role of LXRs in mediating cross-

talk between lipid metabolism and cardiovascular function,

we investigated the effect of a synthetic LXR agonist

(GW3965; Collins et al., 2002) on angiotensin II (Ang II)-

induced vasopressor responses and gene expression of

vascular angiotensin receptors. GW3965 decreased ANG

II-mediated vasopressor responses coincident with a trend

toward reduced ATR gene expression, suggesting that

agonists at the LXR could affect vascular reactivity.

Methods

In vivo

Ang II dose–response and blood pressure measurements. This

animal study was approved by the Collegeville Animal Care

and Use Committee of Wyeth Research and complies

with the Guide for the Care and Use of Laboratory Animals

(NIH publication No. 86-23). Male Sprague–Dawley rats

(240–275 g) were purchased from Taconic (Hudson, NY,

USA) and randomized according to body weight after a

72 h acclimatization period. Rats (n¼6–9) were administered

GW3965 (10 mg kg�1) or vehicle control (0.5% methylcellu-

lose, 2% Tween-80) orally in a total volume of 1 ml, once a

day for 7–15 days. Chronic dosing was used to evaluate

longer-term effects of an LXR modulator on blood pressure

regulation. GW3965 was synthesized at Wyeth Research.

Rats were anesthetized with sodium pentobarbital

(50 mg kg�1, intraperitoneally, Henry Schein Inc., Melville,

NY, USA). The right carotid artery and jugular-vein were

catheterized for blood pressure measurements and intrave-

nous Ang II infusions, respectively. The carotid artery was

cannulated with a saline-filled polyethylene catheter (PE 60)

connected to a P23 ID Statham/Gould pressure transducer to

monitor arterial pressure continuously. Ang II was purchased

from Sigma-Aldrich (St Louis, MO, USA). Data were recorded

using PowerLab (MacLab system, AD Instruments, Colorado

Springs, CO, USA). Heart rate was calculated from the blood

pressure waveform.

Blood pressure was measured continuously to obtain

baseline measurements and changes in pressure during

Ang II infusions. Increasing concentrations of Ang II

(0.001–3 mg kg�1) were dosed as a single bolus adjusted to

body weight (approx. 150 ml) followed by a saline flush

(200 ml). Ang II was infused over 1.5 min to prevent

tachycardia. Each dose was separated by a 20-min washout

period (Figure 1). Sodium pentobarbital was supplemented as

necessary. At the conclusion of the dose response, venous

blood and tissue (liver, kidney and mesenteric vasculature)

were collected. Whole blood was collected in EDTA-coated

tubes. Plasma was isolated and frozen for measurement of

plasma renin activity (PRA), cholesterol, triglycerides and

lipoprotein fractions.

Vascular Ang II receptor gene expression time-course. To

determine the effect of a LXR agonist on PRA and Ang II

receptor gene expression without the confounding variable

of Ang II, a second group of rats (260–305 g) were

administered GW3965 (10 mg kg�1) or vehicle control for 7

days. On the seventh day of dosing, rats (n¼4/group) were

killed by CO2 asphyxiation at 1, 4, 6 and 8 h post-dosing.

Blood was collected by cardiac puncture and liver, kidney

and mesenteric vasculature were excised for gene expression

analysis.

Ex vivo

Real-time quantitative RT-PCR. Total RNA extraction from

mesenteric arteries was based on a previously published

method (Rodrigo et al., 2002). Briefly, the mesenteric arcade

was excised and immediately submerged in ice-cold RNA

later (Qiagen, Valencia, CA, USA). The tissue was placed at

41C overnight and then �201C for a minimum of 3 days.

Semi-frozen mesenteric arteries were isolated using a dissect-

ing microscope while submerged under ice-cold RNAlater.

Arteries were placed in Qiazol Lysis Buffer (Qiagen, Valencia,

CA, USA) in preparation for RNA isolation and stored at

�801C until further processing. Tissues were homogenized

with a Polytron rotor-stator homogenizer (Model: PT10-35,

Kinematica AG, Westbury, NY, USA).

Mesenteric artery total RNAs were harvested using a

protocol that combined Qiazol reagent and RNeasy Mini

Kit (Qiagen, Valencia, CA, USA) protocols. A spectrophot-

ometer was used to quantify RNA. Initial mesenteric artery

RNA samples were resolved on an agarose gel to confirm that

RNA was intact. Liver and kidney tissue were fast-frozen in

liquid nitrogen. Tissue was homogenized in Qiazol reagent

and RNAs were harvested according to standard methods

using RNeasy Mini Kits (Qiagen, Valencia, CA, USA). Real-

time, quantitative RT-PCR using sequence-specific probes

was performed on an ABI PRISM 7700 sequence detector

using QuantiTect probe RT-PCR kits (Qiagen, Valencia, CA,

USA) according to manufacturer’s instructions. Taqman

primer sets were designed using Primer Express computer

software (Applied BioSystems, Foster City, CA, USA). PCR
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Figure 1 Experimental protocol to determine Ang II-mediated
vasoconstriction following administration of vehicle or GW3965.
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primer sequences are listed in Supplementary Data. Non-

relevant genes (18s and GAPDH) were used as controls. Gene

expression data are expressed as relative fold changes in gene

expression normalized to 18s or GAPDH.

Determination of PRA and lipids. Plasma was analyzed for

PRA using a commercial radioimmunoassay (GammaCoat

[125I] Plasma Renin Activity RIA Kit, DiaSorin, Stillwater, MN,

USA). PRA was indirectly determined using a competitive

binding assay to quantify angiotensin I generated from the

plasma sample. The assay was performed according to the

manufacturer’s instructions, except all reagent volumes were

halved.

Plasma cholesterol and triglycerides were determined with

a Hitachi 912 clinical autoanalyzer (Roche Diagnostics,

Indianapolis, IN, USA). FPLC gel filtration chromatography

was used to separate and determine lipoprotein fractions.

Statistical analysis

Blood pressure results represent data collected from two

separate animal studies. Data were combined for a total of six

to nine animals per treatment group. Blood pressure results

are expressed as a change in peak mean arterial (MAP),

systolic (SBP) and diastolic blood pressure (DBP) recorded in

the 3-min period before and after Ang II challenge. Data

are expressed as mean7s.e.m. Statistical significance was

determined using two-way ANOVA followed by Bonferroni

post-tests.

PRA, lipid and gene expression data were analyzed by

unpaired t-test. Gene expression data are presented as fold

changes normalized to control. For time-course data, each

time-point was normalized to the control and analyzed

independently. Differences between means were considered

statistically significant when Po0.05.

Results

Ang II dose–response and blood pressure study

Body weight was similar in both treatment groups after a

minimum of seven GW3965 doses (Table 1). Basal MAP was

not different between vehicle control- and GW3965-treated

rats (11775 vs 13176 mm Hg, P¼0.09). GW3965 dosing

blunted Ang II-induced changes in MAP, SBP and DBP

(Figure 2). The reduced pressor response was significantly

different with the 0.3 and 3mg kg�1 doses for changes in MAP

and SBP and significant with the 3 mg kg�1 for DBP. The

reduced vasopressor response was not accompanied by

changes in heart rate. Vehicle control- and GW3965-treated

rat heart rates were similar at the time of blood

pressure measurement (Figure 2d) and the rate pressure

product was not significantly different between groups (data

not shown).

Table 1 Body weight, plasma renin activity, cholesterol, LDL, HDL,
VLDL, and triglycerides in Ang II-infused rats treated orally with vehicle or
GW3965 (10 mg kg�1), after a minimum 7-day treatment

Parameter Vehicle GW3965

Body weight (g) 32978 316710
Plasma renin activity (ng ml�1 day�1) 8.173.1 4.871.4
Cholesterol (mM) 1.2670.10 1.2370.04
LDL cholesterol (mM) 0.4270.03 0.4970.03
HDL cholesterol (mM) 0.7070.04 0.6770.05
VLDL cholesterol (mM) 0.1470.05 0.0770.03
Triglycerides (mM) 0.2470.06 0.1570.05

Abbreviations: HDL, high-density lipoprotein, LDL, low-density lipoprotein,

VLDL, very-low-density lipoprotein.
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Figure 2 GW3965 blunted the hypertensive effect of Ang II, which
was significantly different with the 0.3 and 3 mg kg�1 doses for
changes in MAP (a) and SBP (b) and significant with 3 mg kg�1 for
DBP (c). Heart rates in control and GW3965-treated rats were similar
at the time of blood pressure measurement (d). Results are
mean7s.e.m. *Po0.05 vs control.
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PRA, lipids and gene expression

To investigate a mechanism for reduced vasoreactivity in

drug-treated rats, plasma lipid levels and renin activity as

well as vascular angiotensin II type 1 (AT1) and 2 (AT2)

receptor gene expression were determined. No difference in

PRA was observed between vehicle and drug-treated animals

(8.173.1 vs 4.871.4 ng ml�1 h�1, P40.05). The lipid profile

was similar for both treatment groups (Table 1).

Vascular Ang II receptor gene expression of GW3965-

treated animals trended toward a reduction, but did not

reach significance (Figure 3). The gene expression data were

extremely tight for drug-treated animals, whereas there was a

great deal of variability in control samples. There was no

difference between vehicle control and GW3965 groups in

fold gene expression of kidney renin (1.070.1 vs 0.970.1,

P40.05) or AT1 and AT2 receptors (1.070.3 vs 1.070.2,

P40.05 and 1.070.2 vs 0.970.1, P40.5, respectively).

Vascular Ang II receptor gene expression time-course study

A second animal study was performed to determine the

significance of the trend toward a reduction in vascular gene

expression of Ang II receptors after administration of

GW3965. Rats were dosed for 7 days and killed on the final

day at 1, 4, 6 and 8 h post-dosing. GW3965 dosing caused an

immediate, significant increase in AT1 receptor gene expres-

sion relative to control at the 1-h time point (Figure 4).

Upregulation of vascular Ang II receptor gene expression was

transient and decreased over time in drug-treated as

compared to vehicle control animals. At the 8-h time point,

which approximated the conclusion of the blood pressure

study relative to dosing, AT1 and AT2 receptor gene

expression of drug-treated rats decreased 50%, reaching

significance for AT2, but not for AT1. To confirm LXR

activation by GW3965, gene expression of cholesterol 7-a-

hydroxylase (CYP7a; a LXR-target gene in rodents) was

measured in liver tissue. CYP7a gene expression was

significantly elevated in GW3965-treated rats at 4 h as

compared to both treatments at all other time points

(Po0.001, data not shown) and gradually decreased to

control levels at 8 h, confirming LXR activation. These data

strengthen our preliminary observation of a trend of

decreased Ang II receptor gene expression following LXR

treatment and suggest a mechanism for the reduced Ang II-

induced vasopressor response.

PRA, lipids and renin gene expression

As in the functional study, additional parameters were

analyzed to determine a mechanism for Ang II receptor gene

regulation. Figure 5a shows that PRA was similar in both

treatment groups at all time points, although there was a

trend toward lower PRA values for the GW3965 group at 1, 6

and 8 h. Correspondingly, at all time points kidney renin

gene expression was not different between control and

GW3965-treated animals (Figure 5b). Plasma lipid levels were
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Figure 3 GW3965 treatment caused a trend toward a reduction in
vascular Ang II receptor gene expression. Mean AT1 (a) and AT2 (b)
receptor gene expression was 40 and 50%, respectively, lower in
drug-treated as compared to control animals, but this effect was not
statistically significant. Results are mean7s.e.m.
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Figure 4 Vascular ATR1 gene expression was significantly elevated
immediately following dosing with GW3965 and then decreased
over time. At 8 h, mean ATR1 gene expression trended toward a
50% reduction in drug- vs control-treated animals (a). Drug-treated
animals had significantly less vascular ATR2 gene expression than
control at the 8-h time point (b). Results are mean7s.e.m. *Po0.05
vs control.
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not different at 8 h when the trend towards reduced Ang II

receptor gene expression was observed (data not shown).

Discussion

In this study we demonstrated that a synthetic LXR agonist,

GW3965, reduced Ang II-mediated increases in blood

pressure accompanied by a trend toward decreased vascular

Ang II receptor gene expression. These novel findings

suggest a role for LXRs as key players in lipid metabolism,

the RAAS and blood pressure regulation.

Current research has focused on establishing a link

between lipid disorders and cardiovascular disease. A

potential role for LXR in mediating this cross talk was

suggested recently on demonstration that LXRs regulate

renin gene transcription by binding to a noncanonical

response element in the renin promoter (Morello et al.,

2005). More significantly, these authors showed that a single

administration of LXR agonists produced a transient increase

in murine renin gene expression suggesting potential

physiological significance. Changes in vasoreactivity, how-

ever, were not assessed.

We show for the first time that a LXR agonist reduced Ang

II-induced increases in blood pressure. Diminished vascular

responsiveness to Ang II administration was associated with

a trend toward downregulation of vascular AT1 and AT2

receptor gene expression. AT1 receptor stimulation primarily

mediates changes in vascular function related to activation

of the RAAS (Griendling et al., 1993). Several studies show

that AT1 receptor mRNA and protein levels reflect one

another and, furthermore, correspond to contraction upon

Ang II infusion (Nickenig et al., 1997a, 1998, 1999). There-

fore, AT1 receptor downregulation is a likely mechanism for

diminished vasoreactivity upon Ang II infusions in GW3965-

treated rats. It is important to emphasize that the 6–8-h time

points, which were characterized by a trend toward

decreased Ang II receptor gene expression, coincide with

the timing of the observed reduction in Ang II-mediated

blood pressure. If these data are combined to increase sample

size, Ang II receptor gene expression is significantly reduced

in the drug-treated group relative to control. Together these

data suggest that reduced vascular function was related to

the trend toward downregulation of AT1 receptor gene

expression.

Interestingly, AT2 receptor gene expression was signifi-

cantly reduced at the final time point. AT2 receptor

activation is considered to counter AT1 receptor-mediated

actions, leading to inhibition of cell proliferation and

differentiation (Meier et al., 2005). Decreased AT2 receptor

gene expression in drug-treated animals may seem surpris-

ing. However, one explanation for this observation may be

that AT2 receptor actions are prominent in situations where

AT1 receptor actions are increased. In this situation, since

AT1 receptor gene expression is already downregulated, AT2

receptor gene expression may not be critical. Another

explanation could be that additional signals, perhaps

reactive oxygen species or inflammatory mediators, are

necessary for upregulation of AT2 receptor and its subse-

quent beneficial receptor-mediated effects. It would be

interesting to perform a similar study in the presence of an

inflammatory component, such as a high fat diet, to

determine the role of LXR agonism in AT2 receptor gene

expression under pathogenic conditions. However, activa-

tion of the LXR caused a trend toward downregulation of

Ang II receptors. This, along with a previously described role

of LXR in stimulating reverse cholesterol transport, under-

scores the beneficial effects of LXR modulators for

the treatment of atherosclerosis and other cardiovascular

diseases.

Ang II receptor gene regulation via an LXR pathway would

be an interesting link between cholesterol homeostasis and

cardiovascular disease. The mechanism for Ang II receptor

gene regulation could be mediated directly or indirectly by

LXR. A literature search revealed no data to support a LXR

response element in the promoter of either Ang II receptor,

making it unlikely that LXR is directly altering Ang II

receptor gene expression. The reason for immediate and

transient upregulation of AT1 receptors is not known at this

time. It is the downregulation of Ang II receptor gene

expression over time, coinciding with reduced vasoreactiv-

ity, which is more interesting from a pharmaceutical

standpoint. This trend toward a reduction in Ang II receptor

gene expression could be caused by a feedback mechanism

resulting from the initial increase in Ang II receptor gene

expression. This possibility, however, is unlikely because

neither renin gene expression nor PRA were altered to

suggest RAAS regulation in response to changes in Ang II

receptor gene expression.
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Figure 5 PRA (a) and kidney renin gene (b) expression were not
significantly different following administration of GW3965, suggest-
ing that the RAAS was not activated to compensate for changes in
vascular Ang II receptor gene expression.
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It is well documented that cholesterol can modulate Ang II

receptor gene expression. Nickenig’s laboratory has demon-

strated low-density lipoprotein mediated upregulation

of Ang II receptor gene expression with corresponding

enhancement of reactivity in vascular smooth muscle

(Nickenig et al., 1997b, c). Additionally, hypercholesterole-

mic men treated with statins had decreased plasma choles-

terol levels associated with reduced AT1 receptor activation

and density (Nickenig et al., 1999). Although plasma

cholesterol was correlated with reduced AT1 receptor func-

tion and density, these observations could result from lipid-

independent effects of statin treatment. In our study,

however, altered plasma lipid levels are not a likely

explanation for the observed vascular Ang II receptor

downregulation because there was no difference in plasma

lipid profiles between treatment groups, which is in agree-

ment with previous reports on GW3965 (Miao et al., 2004).

The most likely explanation for the trend toward down-

regulation of Ang II receptor gene expression is LXR-

mediated repression of inflammatory genes. In addition to

their well-known role in cholesterol metabolism, LXRs are

important regulators of inflammatory signaling (Zelcer and

Tontonoz, 2006). LXRs have been shown to downregulate

inflammatory gene expression following stimulation with

inflammatory mediators, such as tumor necrosis factor-a and

interleukin-1b (Joseph et al., 2003). Many of these inflam-

matory genes are pro-atherogenic, including matrix metal-

loproteinase-9 and tissue factor, which are decreased in aorta

of chronic animal models of atherosclerosis following

activation of the LXR (Joseph et al., 2003; Terasaka et al.,

2005). The Ang II receptor has inflammatory properties in

addition to its classic effects on blood pressure and salt-

volume homeostasis (Dagenais and Jamali, 2005). Recently,

it has been accepted to play a more important role in the

development of atherosclerosis through the production of

reactive oxygen species and cell hypertrophy and hyperpla-

sia (Nickenig, 2002). This would suggest that synthetic LXR

agonists, in addition to increasing reverse cholesterol

transport, might prevent atherosclerosis through Ang II

receptor downregulation, and thereby decrease local inflam-

matory processes.

To our knowledge, this study is the first to demonstrate

that a synthetic LXR agonist modulates vascular function.

These studies were prompted by the recent observation by

Morello et al. (2005) that synthetic LXR agonists transiently

increased renin gene expression. In their study, mice on a

normal diet were orally administered an LXR agonist

(T0901317, 50 mg kg�1 or GW3965, 10 mg kg�1) or a single

dose of vehicle (0.75% carboxymethylcellulose) and tissue

was collected 4, 6 and 8 h post-dosing for RNA isolation.

Renin as well as LXR target genes were upregulated in drug-

treated compared to control animals. Renin gene expression

doubled by 6 h, but subsequently decreased. In contrast, we

observed no difference in renin gene expression between

vehicle and treatment groups. These conflicting results may

be owing to species variation (mouse vs rat), vehicle

differences (0.75% carboxymethylcellulose vs 0.5% methyl-

cellulose, 2% Tween-80) or duration of treatment. The study

by Morello et al. (2005) entailed a single administration of

drug whereas our study design involved chronic dosing.

Therefore, additional studies will be necessary to determine

LXRs’ role in renin gene expression.

Our results complement research demonstrating that

peroxisome proliferator activator receptor-gamma (PPAR-g)
activators decrease Ang II-induced blood pressure and

modulate mesenteric Ang II receptor expression (Diep

et al., 2002). Sprague–Dawley rats receiving subcutaneous

Ang II plus a PPAR-g activator for seven days had decreased

AT1 and increased AT2 receptor gene expression as compared

to control. Treatment with a nuclear hormone receptor

agonist, as in our study, led to a decrease in AT1 receptor

gene expression, but unlike our observations, an increase in

AT2 receptor gene expression. AT2 upregulation probably

resulted from activation of additional signaling pathways

owing to co-treatment with angiotensin II, a pro-inflamma-

tory mediator. Collectively, these studies strengthen a role

for nuclear hormone receptors, typically considered media-

tors of lipid, glucose and cholesterol homeostasis, as

important links between metabolism, the RAAS and cardio-

vascular disease.

One limitation of this study was measurement of blood

pressure in anesthetized animals. Although it is best to make

blood pressure measurements in conscious animals, our

observation of a reduced Ang II-mediated pressor response in

GW3965-treated animals is convincing. In our study we

performed an Ang II dose-response to measure vasoreactivity,

which remains intact, regardless of central depression, in

the anesthetized animal. Furthermore, the trend toward

decreased Ang II receptor gene expression suggests a

mechanism for the blunted response and offers validity to

our functional observations.

GW3965 dosing blunted Ang II-induced changes in MAP,

SBP and DBP and significantly inhibited the vasopressor

response at the highest dose of Ang II. To further investigate

the specificity of this LXR-mediated response, a shortened,

3-day dosing study was recently performed using Tularik

(10 mg kg�1; unpublished experiments). There was a trend

toward reduced percent changes in mean blood pressure for

Tularik-treated animals compared to vehicle control. We

speculate that a longer dosing period (7 rather than 3 days)

of Tularik would reduce Ang II-induced increases in blood

pressure in a manner similar to that of GW3965 treatment.

Additional long-term studies using an LXR agonist of a

different structural class will be necessary to confirm the role

of LXR in the reduced Ang II-induced increases in blood

pressure.

Additional studies are also necessary to clarify the

mechanism of LXR regulation of AT1 receptor gene expres-

sion. A single in vitro experiment demonstrated no effect of

LXR-modulators (0.03, 0.3 and 3mM GW3965 or Tularik) on

AT1 receptor gene expression, relative to media control, in

human aortic smooth muscle cells (unpublished experi-

ments). There was, however, a dose-dependent increase in

ABCA1 (a LXR-target gene) gene expression with a four-fold

increase at the highest treatment concentrations of Tularik

and GW3965. The absence of an AT1 receptor effect may be

owing to (1) species differences (rat vs human), (2) vascular

location (mesenteric arteries vs aorta) and (3) effects of

systemic mediators not present in cell culture. The difference

in gene expression of AT1 receptor and ABCA1 may be owing
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to different time courses of induction. Analysis of AT1

receptor protein expression for in vitro, as well as in vivo,

studies would provide additional insight into LXR regulation

of AT1 receptor and Ang II-mediated pressor responses. The

mechanistic link between LXR gene regulation and the RAAS

is unclear. Future research should focus on understanding

this complex relationship.

In conclusion, we demonstrate reduced Ang II-mediated

hypertension and a trend toward decreased Ang II receptor

gene expression with a synthetic LXR agonist in Sprague–

Dawley rats. These novel findings support a role for LXRs as a

link between lipid metabolism, the RAAS and blood pressure

regulation. Further investigation is necessary to determine if

these effects are direct or indirect effects of LXR activation.
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