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1 The aim of this study was to establish how thromboxane receptors (TP) respond to the increase
in levels of plasma thromboxane observed in both cardiac (cardiomyopathy, ischaemic heart disease
and pulmonary hypertension) and vascular disease (atherosclerosis of coronary artery disease and
accelerated atherosclerosis of saphenous vein grafts).

2 The agonist radioligand [125I]-BOP, bound rapidly to TP receptors in normal human
cardiovascular tissue, displaying high a�nity in left ventricle (KD 0.23+0.06 nM, Bmax

28.4+5.7 fmol mg71 protein) and reversibility with a t1/2 of 10 min (n=®ve individuals+s.e.mean).

3 In the heart, TP receptor density in the right ventricle of primary pulmonary hypertensive
patients were signi®cantly increased (66.6+6 fmol mg71 protein) compared to non-diseased right
ventricle (37.9+4.1 fmol mg71 protein, n=six individuals+s.e.mean, P50.05).

4 In diseased vessels, TP receptor densities were signi®cantly increased (3 fold in the intimal layer)
in atherosclerotic coronary arteries, saphenous vein grafts with severe intimal thickening (n=8± 12
individuals, P50.05) and aortic tissue (n=5±6 individuals, P50.05), compared with normal vessels.

5 Losartan, tested at therapeutic doses, competed for [125I]-BOP binding to human vascular tissue,
suggesting that some of the anti-hypertensive e�ects of this AT1 receptor antagonist could also be
mediated by blocking human TP receptors.

6 The di�erential distribution of TP receptors in the human cardiovascular system and the
alteration of receptor density, accompanying the increase in endogenous thromboxane levels in
cardiovascular disease, suggest that TP receptors represent a signi®cant target for therapeutic
interventions and highlights the importance for the development of novel selective antagonist for use
in humans.
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Introduction

The lipid mediator thromboxane A2 (Tx) is a biologically
active metabolite of arachidonic acid, which is synthesized
from prostaglandin endoperoxide (Narumiya et al., 1999) via

thromboxane A synthase (Smith, 1987). Once formed, Tx
which has a very short half life (t1/2=30 s), is rapidly
broken down by hydrolysis to the inactive thromboxane B2

(Halushka & Lefer, 1987; Reilly & Fitzgerald, 1993;
Sachinidis et al., 1995). Tx is produced locally by platelets,
macrophages (Reilly & Fitzgerald, 1993), vascular smooth

muscle cells of arteries and veins (Serneri et al., 1983),
endothelial cells (Mehta & Roberts, 1983; Sung et al., 1989)
and human cardiac atrial tissue (Mehta & Mehta, 1985). In
addition to its major role as a powerful platelet aggregator

(Halushka et al., 1989), Tx is a potent vasoconstrictor
(Halushka et al., 1989), stimulator of vascular smooth
muscle cell growth (Sachinidis et al., 1995) and is a positive

inotropic mediator in the heart (Sakuma et al., 1989).
Interestingly, increased production (approximately
10 ng ml71, compared with 1 ± 2 pg ml71 in normal healthy

plasma) of Tx has been implicated in cardiac pathology,
including ischaemic heart disease (Serneri et al., 1981),
pulmonary hypertension (Fuse & Kamiya, 1994) and heart

failure (Gresele et al., 1991). Additionally, increased
production of Tx is also associated in vascular pathology,
particularly with atherosclerosis of coronary artery disease

and accelerated atherosclerosis of saphenous vein graft
(Mehta et al., 1988; Gresele et al., 1991).
The human thromboxane receptor (TP) is a G protein

coupled receptor composed of 343 amino acids (Narumiya et

al., 1999). Molecular biology and pharmacological studies
have identi®ed mRNA encoding the TP receptor and TP
receptor protein in animal and human tissues in culture

(Halushka et al., 1989; Coleman et al., 1994). Radioligand
binding studies have characterized TP receptor protein in
human kidney (Brown & Venuto, 1999) and human vascular
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smooth muscle cells in culture (Morinelli et al., 1990).
However, TP receptor distribution and density in native
human cardiovascular tissue has not been determined and it

is not known if receptor density is altered with cardiovas-
cular disease in native human tissue.
The aims of this study were to ®rstly, characterize the

binding of [125I]-BOP (Morinelli et al., 1989) in human

cardiovascular tissue as well as determining TP receptor
density and the anatomical distribution. Secondly, to under-
stand how TP receptors respond to increased levels of

endogenous Tx as seen in cardiac disease (including
cardiomyopathy, ischaemic heart disease, pulmonary hyper-
tension) and in vascular pathology (atherosclerosis of

coronary artery disease and accelerated atherosclerosis of
saphenous vein graft). It is hypothezised that in response to
an increase in endogenous ligand, a compensatory down

regulation of receptors would be expected if normal
homeostatic mechanisms are to be maintained.
Losartan is a potent, non peptide, angiotensin type 1

receptor antagonist that when orally administered produces

inhibition of angiotensin II induced vasoconstriction in
human forearm (Baan et al., 1996) and lowers blood pressure
in human hypertension (Wong et al., 1990). However,

evidence suggests additional mechanisms may be involved
in the anti-hypertensive action of losartan. This is highlighted
by the increased release of prostaglandin I2 in cultured

vascular smooth muscle cells by 10 nM losartan (Jaiswal et
al., 1991) and the inhibition of thromboxane A2 contraction
in canine coronary artery (Li et al., 1997). Further studies

have shown that losartan at its therapeutic concentration of
1 mM (Munafo et al., 1992), can bind to TP receptors in
human platelets (Guerra-Cuesta et al., 1999; Jagroop &
Mikhailidis, 2000; Levy et al., 2000). However, the possibility

that losartan may bind to TP receptors in human non-
diseased and diseased cardiac and vascular tissue has not
been investigated. Therefore, the ®nal aim of this study was

to determine using radioligand binding if losartan competes
for TP receptors in human coronary artery and by using in
vitro receptor autoradiography to establish if 1 mM losartan, a

concentration within the therapeutic range, competes for TP
receptors in non-diseased and diseased human cardiovascular
tissue. Preliminary data were presented to the British
Pharmacological Society (Katugampola & Davenport, 2000;

2001).

Methods

Tissue collection

With local ethical approval, human right atrial, right
ventricular, left atrial and left ventricular tissues were

obtained from patients with histologically normal hearts
(Smith et al., 1996) not required for further transplantation
(four female, two male, 24 ± 53 years). Coronary arteries,
left ventricle, aortic samples and pulmonary arteries were

obtained from patients undergoing transplantation for
dilated cardiomyopathy (DCM) or heart lung transplants
(14 males, four females, 25 ± 58 years). Right ventricular

tissues were obtained from patients diagnosed with primary
pulmonary hypertension (PPH; three males, three females,
35 ± 52 years). Samples of epicardial coronary arteries

containing advanced atheromatous lesions, occluded saphe-
nous vein bypass grafts, aortic tissue samples, left ventricle
and right atrial tissues were obtained from patients

undergoing transplantation for ischaemic heart disease
(IHD; 17 males, ®ve females, 41 ± 60 years). Non-diseased
saphenous veins and left internal mammary arteries were
obtained from patients undergoing coronary artery bypass

graft surgery (seven females, ®ve males, 54 ± 80 years). Drug
therapies included angiotensin converting enzyme inhibitors,
beta blockers, diuretics, calcium channel blockers, vasodi-

lators, lipid lowering agents, vitamin supplements and
digoxin.

Kinetic studies

Kinetic studies were carried out as described for character-

ization of endothelin receptors in human tissue (Davenport et
al., 1998). Brie¯y for association studies, 30 mm cryostat
sections of non-diseased human left ventricle were incubated
for 0 ± 120 min with 0.1 nM [125I]-BOP. SQ29548 (1 mM)

de®ned non-speci®c binding. For dissociation studies, sec-
tions of non-diseased human left ventricle were incubated
with 0.1 nM [125I]-BOP, 30 min before sections were washed

in an excess of bu�er at room temperature for increasing time
periods (0 ± 240 min).

Saturation and competition binding studies

Following optimization of binding conditions, cryostat

sections (30 mm) of human tissues were pre-incubated in
20 mM HEPES assay bu�er, containing (mM): NaCl 140, KCl
5, MgCl2 5 (pH 7.4) for 10 min. Saturation binding curves
with 12 points were constructed using increasing concentra-

tions (0.01 ± 1.5 nM) of [125I]-BOP for 30 min at 238C. Non-
speci®c binding was de®ned by incubating adjacent sections
with 1 mM SQ29548. Protein concentration was determined

using the Biorad DC 96-well microtiter plate system (Biorad
Laboratories, Hertfordshire, U.K.).

Competition binding experiments were carried out under

the same conditions described above. Sections of non-
diseased human coronary artery were labelled with a ®xed
concentration (0.1 nM) of [125I]-BOP and in the presence of
increasing concentrations of competing ligand (1 pM±

100 mM). Non-speci®c binding was de®ned by incubating
adjacent sections with 1 mM SQ29548. Selectivity was
further de®ned by incubating [125I]-BOP in the presence

and absence of unlabelled prostaglandins and peptides at
1 mM concentration. The optimum conditions for separating
tissue bound [125I]-BOP from free ligand was determined

and found to be 265 s washes in 50 mM Tris bu�er
(pH 7.4, 48C).

Quantitative autoradiography

Binding of [125I]-BOP was used to visualize TP receptors
autoradiographically, with the method adopted for the

endothelin receptors (Maguire & Davenport, 1999). Cryostat
tissue sections were incubated with 0.1 nM [125I]-BOP in the
absence or presence of SQ29548 (1 mM) under the conditions

described above. Dried sections were apposed to radiation
sensitive ®lm (Hyper®lm bmax, Amersham Pharmacia
Biotech., Bucks, U.K.) along with 125I miroscale standards
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for 4 days. Developed autoradiograms were analysed by
computer assisted densitometry (Davenport et al., 1995).
Binding densities were compared using Student's unpaired t-

test. The signi®cance level was set at 95% (P50.05).
Adjacent sections were stained with haematoxylin and eosin
to facilitate histological identi®cation.

Data analysis

The results from binding experiments were analysed as

previously described (Maguire et al., 1996) using the iterative,
non-linear curve ®tting programmes EBDA and LIGAND in
the KELL package (Biosoft, Cambridge, U.K.). All values

are expressed as mean+s.e.mean. Kinetic analysis of [125I]-
BOP binding provided estimates for the observed association
(kobs) and dissociation rate constants. These were in turn used

to derive values for the association rate constant and the
kinetically determined KD. Individual saturation binding
experiments were analysed with EBDA (Mcpherson, 1983)
to obtain initial estimates. The resulting data ®les were co-

analysed with LIGAND (Munson & Rodbard, 1980) to
obtain values of ligand a�nity (KD) and receptor density
(Bmax expressed as fmol mg71 protein). A two-site model was

accepted only if it resulted in a signi®cantly better ®t as
judged by an F-test. KD values were compared using the
Mann-Whitney U-test with a signi®cance of P50.05 and

Bmax values were compared using Student's unpaired t-test
with a signi®cance value of P50.05.

Materials

[125I]-BOP ([1S-1 alpha, 2 beta (5Z), 3 alpha(1E,3R*),4
alpha)]-7-[3-(3-hydroxy-4'-iodophenoxy)-1-buteny) 7-oxabicy-

clo-[2.2.1]-heptan-2-yl]-5-heptanoic acid) (2000 Ci mmol71,
Cayman Chemicals, Ann Arbor, U.S.A), SQ29548 ([1S-
[1a,2a(Z),3a,4a]] - 7 - [3 - 332 - [(Phenylamino)carbonyl]hydrazi-

no]methyl] - 7 - oxabicyclo[2.2.1]hept - 2 - yl] - 5-heptenoic acid)
(R.B.I., Natick, U.S.A.), Prostaglandin E2 and Prostaglandin
I2 (Alexis bio-chemicals, Nottingham, U.K.), Other peptides

(Peptide institute, Osaka, Japan). UK-147,535 (Dack et al.,
1998) was a kind gift from P®zer Pharmaceuticals
(Sandwich, Kent, U.K.), losartan was kindly donated by
Merck & Co., Inc (NJ, U.S.A.). All other chemicals and

reagents were obtained from Sigma-Aldrich (Poole, Dorset,
U.K.).

Results

Kinetic studies

At a concentration of 0.1 nM, the binding of [125I]-BOP was

time dependent to sections of human left ventricle (Figure 1)
with an association rate constant (kobs) of
0.143+0.011 min71 and a half time for association (t1/2) of
5 min. The binding of [125I]-BOP to sections of human left

ventricle was reversible at room temperature and analysis of
the data indicated dissociation from a single site with a
dissociation rate constant of 0.072+0.003 min71. The half

time for dissociation (t1/2) was 10 min (Figure 2). Kinetically
derived KD of 0.10 nM was comparable to the value obtained
from saturation studies (KD of 0.23+0.06 nM).

Saturation binding studies in normal and diseased
cardiovascular tissue

Human heart Over the concentration range tested (0.01 ±

1.5 nM) binding of [125I]-BOP revealed evidence of saturable
and speci®c binding (75 ± 80% speci®c binding) (Figure 3) to
all human cardiac tissues examined. [125I]-BOP bound with
sub-nanomolar a�nity to sections of human non-diseased

and diseased cardiac tissue with no signi®cant di�erence in
ligand a�nity (Table 1). For each tissue, a one site ®t was
preferred to a two site model and the Hill coe�cients were

close to unity. There was no signi®cant di�erence in receptor
density comparing the four chambers from non-diseased
tissue (Table 1). No change in receptor density was associated

with DCM or IHD in the human left ventricle, compared
with non-diseased tissue. Similarly, no change in receptor
density was highlighted in right atrial tissue obtained from
IHD subjects, compared to non-diseased tissue. Interestingly,

TP receptor density was increased in the right ventricle of

Figure 1 Time dependent association of [125I]-BOP binding to
sections of human non-diseased left ventricle. Tissue sections were
incubated for 120 min at room temperature. Data points are
mean+s.e.mean from three individuals.

Figure 2 Time course for dissociation of 0.1 nM [125I]-BOP from
sections of non-diseased human left ventricle. Tissue sections were
incubated for 30 min and washed in excess of Tris bu�er for di�ering
time points up to 4 h. Data points are mean+s.e.mean from three
individuals.
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PPH subjects, compared to non-diseased right ventricle
(P50.05).

Human vasculature [125I]-BOP bound with sub-nanomolar
a�nity to human muscular arteries, elastic arteries and veins
of both non-diseased and diseased vascular tissues examined,
with no signi®cant di�erence in ligand a�nity (Table 2). For

each tissue, a one site ®t was preferred to a two site model
and the Hill coe�cients were close to unity. The binding
density of the two non-diseased elastic arteries (aorta and

pulmonary artery) was signi®cantly greater than non-diseased
muscular epicardial coronary artery (P50.05). TP receptors
were signi®cantly increased (P50.05) in aortic tissue contain-

ing advanced atherosclerotic lesions obtained from both
DCM and IHD patients, compared to non-diseased vessels
(Table 2).

Competition binding experiments

TP receptor antagonist SQ29548 competed monophasically,

with nanomolar a�nity for the binding of a ®xed
concentration of [125I]-BOP in human coronary artery (Table
3). Within the concentration range investigated, UK-147,535

competed with high sub-nanomolar a�nity for the TP
receptor in human coronary artery and a one site ®t was
preferred over a two site model (Table 3). Selectivity was

de®ned further by incubating 0.1 nM [125I]-BOP with a series
of peptides (endothelin-1, angiotensin II, calcitonin gene-
related peptide, atrial natriuretic peptide, ghrelin, apelin-13
and angiotensin IV) and prostaglandins (prostaglandin E2

and prostaglandin I2). At 1 mM concentration, these com-
pounds did not compete for the [125I]-BOP binding site in
human coronary artery (data not shown).

Surprisingly, the angiotensin type 1 receptor antagonist
losartan, did compete for the [125I]-BOP binding site in
human coronary artery (Table 3). Autoradiography revealed

that 0.1 mM losartan, a concentration even lower than
achieved following oral dosing, competed for thromboxane
receptors in cardiac tissue obtained from hearts of patients

transplanted for both dilated cardiomyopathy and ischaemic
heart disease (Figure 4) (n=eight individuals), with binding
localized to cardiac myocytes. Losartan also competed for
thromboxane receptors in human saphenous vein graft and

atherosclerotic coronary artery with binding to both the
thinned media and proliferated intimal smooth muscle layers
(n=eight individuals). The angiotensin converting enzyme

inhibitor captopril, the non-selective angiotensin receptor
antagonist saralasin, and the angiotensin type II receptor
agonist CGP42112 did not compete for [125I]-BOP binding

(data not shown).

Quantitative in vitro receptor autoradiography to
determine relative TP receptor density and anatomical
localization

Using a ®xed concentration of radioligand to label approxi-

mately 35 ± 40% of the total [125I]-BOP binding sites, the
relative TP receptor density was measured in the smooth
muscle layers of human blood vessels with quantitative in

vitro receptor autoradiography. TP receptors were present on
the endothelial cell layer of all vessels examined and on both
the media and the intimal smooth muscle layers (when

detectable) of non-diseased and diseased vessels. TP receptor
density was signi®cantly increased (P50.05) on both muscle
layers of atherosclerosis of coronary artery disease and
accelerated atherosclerosis of as saphenous vein grafts.

(Figure 5a,b), compared to non-diseased vessels. However,
in diseased vessels, fewer TP receptors were localized to the
intimal layer compared to the medial smooth muscle layer

Figure 3 Saturation binding curve for [125I]-BOP. Increasing
concentrations of radioligand (0.01 ± 1.5 nM) were incubated with
sections of non-diseased human left ventricle for 30 min at room
temperature. Data points are mean+s.e.mean from ®ve individuals
with a dissociation constant (KD) of 0.23+0.10 nM and maximal
receptor density (Bmax) of 28.4+5.7 fmol mg71 protein.

Table 1 Dissociation constant (KD), maximal density of receptors (Bmax) and Hill coe�cients (nH) for the binding of [125I]-BOP
binding to non-diseased and diseased human cardiac tissue

Bmax

(fmol mg71

Tissue KD (nM) protein) nH n

Right ventricle ± normal 0.42+0.08 37.9+4.1 1.02+0.05 6
Right ventricle ± PPH 0.45+0.12 66.6+6.0* 0.88+0.05 6
Left ventricle ± normal 0.23+0.06 28.4+5.7 1.08+0.03 5
Left ventricle ±DCM 0.19+0.03 27.5+3.1 1.08+0.02 6
Left ventricle ± IHD 0.43+0.15 30.1+6.5 0.89+0.05 5
Right atria ± normal 0.34+0.10 33.9+2.8 1.00+0.04 5
Right atria ± IHD 0.56+0.16 32.3+3.2 1.08+0.03 6
Left atria ± non-diseased 0.42+0.09 35.8+4.2 1.10+0.02 5

Values represent mean+s.e.mean (n=5±6) individuals. *P50.05 Student's unpaired t-test compared to normal right ventricle.
DCM=dilated cardiomyopathy; IHD=ischaemic heart disease; PPH=primary pulmonary hypertension.
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(P50.05) (Figure 5a,b). Within the human heart, TP
receptors were predominantly localized to cardiac myocytes

(Figure 6). Binding was also detected on the medial layer of
human small intra-myocardial coronary arteries (Figure 7)
with no signi®cant di�erence in relative receptor density

comparing DCM and IHD patients (data not shown).

Discussion

This study has shown TP receptor distribution in the human

cardiovascular system and regional speci®c alteration of
receptor density associated with cardiovascular disease. We
have also documented how TP receptors respond to increased
levels of endogenous ligand in cardiovascular disease such as

atherosclerosis and pulmonary hypertension. Finally, we have
provided evidence that the angiotensin II type 1 receptor
antagonist losartan, surprisingly below its therapeutic con-

centration, competes for the TP receptor in both non-
diseased and diseased human cardiovascular tissue.
[125I]-BOP bound to TP receptors expressed in human

cardiovascular tissue with high a�nity, saturable, reversible
and speci®cally, characteristic of a receptor-ligand interaction
and similar to the properties of TP receptors in human

platelets (Morinelli et al., 1989). Within the concentration
range tested for saturation experiments, the radioligand
bound with a single high sub-nanomolar a�nity to all tissues
examined and a one-site ®t was preferred. Hill slopes were

close to unity con®rming that [125I]-BOP bound with a single
a�nity, with no evidence for receptor subtypes. In agreement,
in kinetic studies the radioligand bound rapidly at room

temperature to a single site. Binding was reversible with the
ligand also dissociating from a single site. There was no
signi®cant di�erence in TP receptor density comparing the

four chambers of non-diseased human hearts, unlike in the
guinea-pig where the atria contains a signi®cantly greater

density of TP receptors than the ventricle (Bowling et al.,
1994). This highlights the discrepancies that is reported to
exist between species with TP receptors (Dorn, 1991; Ogletree

& Allen, 1992), thus establishing the importance of studies on
native human tissue. Whilst several receptors have been
proposed to exist for which Tx have di�ering a�nities in
vascular smooth muscle (Becker et al., 1999), SQ29548 and

UK-147,535 have at least one binding site in common, since
we were able to show that these compounds completely
inhibited speci®cally bound [125I]-BOP (0.1 nM) in both

vascular smooth muscle and human heart in a monophasic
manner, in agreement with a single gene encoding a single
human TP receptor protein in vascular smooth muscle cells

(Hirata et al., 1991; NuÈ sing et al., 1993).
TP receptor density in the left ventricle was not altered

with cardiac disease (DCM or IHD). Similarly in the right
atria TP receptor density was not altered with IHD. Primary

pulmonary hypertension is characterized by right ventricular
hypertrophy and by an increase in Tx production (Christman
et al., 1992). Interestingly, the expected compensatory down-

regulation of TP receptors in response to the increased Tx
production in PPH was not observed, but the apparent high
levels of ligand accompanying an increase in receptor density

may lead to a possible detrimental positive feedback loop.
This increase in TP receptor density provides a useful target
for the development of novel therapeutics for the treatment

of right ventricular hypertrophy, characteristic of pulmonary
hypertension.
TP receptors were localized, as described, to the endothelial

cell layer (Sung et al., 1989; Kent et al., 1993) and the medial

smooth muscle layer of all human blood vessels examined.
Intriguingly, with the reported rise in Tx production by
ischaemic arteries (Mehta et al., 1988), we saw a signi®cant

increase in TP receptors in both the aorta and epicardial
coronary arteries obtained from ischaemic atherosclerotic
vessels, possibly predisposing these vessels to an even greater

vasoconstriction in disease. It is not known weather the
endogenous ligand production is increased or decreased with
DCM in the aorta. Therefore, the up-regulation of TP

receptor density in DCM cannot be correlated with the levels
of endogenous ligand. In agreement with reports that patients
with DCM have normal epicardial coronary arteries (Dec &
Fuster, 1994), we observed no di�erence in TP receptor

Table 2 Dissociation constant (KD), maximal density of receptors (Bmax) and Hill coe�cients (nH) for the binding of [125I]-BOP
binding to non-diseased and diseased human vascular tissue

Bmax

(fmol mg71

Tissue KD (nM) protein) nH n

Coronary artery 0.12+0.03 2.7+0.8 0.95+0.01 5
Saphenous vein 0.38+0.15 6.1+2.2 0.99+0.05 5
Internal mammary artery 0.35+0.05 9.8+1.7 0.93+0.03 5
Pulmonary artery 0.39+0.14 16.8+1.8 0.97+0.02 5

Aorta ± normal 0.22+0.03 16.4+3.5 0.97+0.06 5
Aorta ±DCM 0.28+0.03 78.7+13.9+ 1.06+0.05 6
Aorta ± IHD 0.31+0.03 61.5+4.3+ 1.11+0.02 6

Values represent mean+s.e.mean (n=5±6) individuals. +P50.05 Student's unpaired t-test compared to normal aorta. DCM=dilated
cardiomyopathy; IHD=ischaemic heart disease.

Table 3 Competition binding experiments: inhibition of
0.1 nM [125I]-BOP binding by TP receptor antagonists and
losartan in human coronary artery

Competing ligand KD n

SQ29548 7.08+0.27 nM 3
UK-147,535 0.29+0.10 nM 3
Losartan 4.20+0.22 mM 4

Values represent mean+s.e.mean of 3 ± 4 individuals.

British Journal of Pharmacology vol 134 (7)

Thromboxane receptors in human cardiovascular diseaseS.D. Katugampola & A.P. Davenport 1389



Figure 5 Relative thromboxane receptor densities determined autoradiographically in (A) human non-diseased saphenous vein and
saphenous vein grafts. (B) human non-diseased and atherosclerotic coronary artery. In saphenous vein grafts, the thromboxane receptor
density in both the media and intima were signi®cantly increased, compared to non-diseased saphenous veins of the corresponding
smooth muscle cell layer. Compared to non-diseased coronary artery, TP receptor density was signi®cantly increased in human
atherosclerotic coronary artery, on both the media and intimal smooth muscle layer. In diseased vessels signi®cantly fewer thromboxane
receptors were localised to the intimal layer, compared to the medial smooth muscle layer. *P50.05 Student's unpaired t-test, compared
to non-diseased from respective smooth muscle layer. Values represent mean+s.e.mean (n=8±12 individuals).

Figure 6 Autoradiographical localization of thromboxane receptors
to human right atrial tissue sections obtained from an ischaemic
heart diseased patient using 0.1 nM [125I]-BOP (A) total binding to
the cardiac muscle, in the absence of 1 mM SQ29548 and (B) non-
speci®c binding in the presence of 1 mM SQ29548, displaying the high
degree of speci®c binding obtained by using [125I]-BOP in human
tissue. C=cardiac myocytes. Scale bar=1 mm.

Figure 4 Losartan the angiotensin type 1 receptor antagonist, at a concentration lower than its therapeutic dosage competing for
the thromboxane receptor binding site in human left ventricle obtained from a dilated cardiomyopathic patient using 0.1 nM [125I]-
BOP (A) total binding in the absence of SQ29548 (B) non-speci®c binding in the presence of 1 mM SQ29548 (C) binding in the
presence of 0.1 mM losartan (a concentration lower than its therapeutic dosage), which has competed for the radioligand binding
site. Scale bar=1 mm.

Figure 7 Autoradiographical localization of thromboxane receptors
to human small intra-myocardial coronary artery section obtained from
a dilated cardiomyopathic patient, using 0.1 nM [125I]-BOP to de®ne
total binding in the absence of 1 mM SQ29548. Binding being localized
to the medial vascular smooth muscle layer of intra-myocardial
coronary arteries and to the cardiac muscle in the left ventricular
section. IMCA=Intramyocardial coronary artery. Scale bar=1 mm.

British Journal of Pharmacology vol 134 (7)

Thromboxane receptors in human cardiovascular diseaseS.D. Katugampola & A.P. Davenport1390



density in epicardial coronary arteries obtained from non-
diseased patients compared with those from DCM. Further-
more, human small intra-myocardial coronary arteries, which

are located down stream to large epicardial coronary arteries,
did not display any signi®cant di�erence in TP receptor
density between DCM and IHD. This suggests that in
ischaemic conditions, intra-myocardial coronary arteries,

which are not prone to atherosclerosis, respond to enhanced
levels of endogenous ligand with no signi®cant alteration in
receptor density.

Thromboxane is one of the major spasmogens of both
arterial and venous graft conduits during harvesting and
following grafting to the coronary circulation (Teoh et al.,

1987). Furthermore, elevated levels of Tx have been found in
coronary artery bypass grafts (Teoh et al., 1987). The
increase in TP receptor density in SVG in response to the

increase in Tx production would lead to even greater
vasoconstriction and hypertrophy of the vessel, worsening
the condition of the graft vessel. Thromboxane has been
implicated as a strong stimulant for coronary artery smooth

muscle cell proliferation in animal tissue (Morinelli et al.,
1994). The signi®cantly greater TP receptor density in the
thickened intimal smooth muscle layer of atherosclerotic

coronary arteries and saphenous vein grafts compared with
non-diseased intima suggest that, phenotypic change of
vascular smooth muscle cells leading to vascular narrowing

is accompanied by a notable increase of TP receptors in
diseased vessels.
In this study we have shown that losartan at concentra-

tions lower than its therapeutic dosage, completely inhibited
[125I]-BOP binding to human diseased cardiac tissue and
bound to TP receptors in human non-diseased coronary
artery with a KD of 4.2 mM. Furthermore, [125I]-BOP binding

was also displaced by losartan in occluded saphenous vein
grafts in both the media and the thickened intimal smooth
muscle layers. Although losartan has been reported to inhibit

human platelet aggregation (Guerra-Cuesta et al., 1999;
Jagroop & Mikhailidis, 2000; Levy et al., 2000) and
functional studies have established the antagonist properties

in animal tissues (Li et al., 1997), the binding characteristics
of losartan to TP receptors in native human non-diseased and
diseased cardiovascular tissue has not been documented.
Since species di�erences exists in TP receptor binding

characteristics, our ®ndings, in native human cardiovascular
tissue, will prove vital to further understand the added
bene®cial e�ects of losartan and to extend these ®ndings to

rest of the `sartan' (e.g. irbesartan, candersartan) family. We
believe that losartan, by binding to TP receptors in human
cardiovascular system would contribute to the overall

bene®cial e�ects seen in the treatment of cardiac disease as
well as vascular pathology.
In conclusion, we have shown the distribution of TP

receptors in the human heart and the selective increase of this
receptor in the right ventricle of primary pulmonary
hypertension, highlighting the importance of this receptor in
cardiac disease. Additionally, the increase in TP receptors in

atherosclerosis of coronary artery disease and accelerated
atherosclerosis of saphenous vein grafts with severe intimal
thickening emphasises the need for developing novel

therapeutics for the treatment of vascular disease. Following
oral dosing, some of the bene®cial e�ects of the angiotensin
type 1 receptor antagonist losartan, maybe mediated by

binding to TP receptors in the human cardiovascular tissue,
further strengthening the dual receptor binding properties of
losartan.
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and P®zer pharmaceuticals for supplying UK-147,535. This work
was supported by grants from the British Heart Foundation and
The Royal Society.
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