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Abstract:

Background: The potent vasoconstrictor endothelin-1 has been implicated in the pathogenesis of plasma oxidative stress seen in

sepsis. The selective endothelin receptor blockers BQ123 and BQ788 were used to investigate the importance of selective endothelin

receptor blockage in modulating oxidative stress during endotoxemia.

Methods: The study was performed on male Wistar rats (n = 6 per group) divided into groups: (1) saline, (2) lipopolysaccharide

(LPS) (15 mg/kg)-saline, (3) BQ123 (0.5 mg/kg)-LPS, (4) BQ123 (1 mg/kg)-LPS, (5) BQ788 (3 mg/kg)-LPS. The endothelin recep-

tor type A (ETA-R) or type B (ETB-R) antagonist was injected intravenously 30 min before LPS administration. Blood pressure was

monitored and blood was taken before, 90 min and 300 min after saline or LPS administration.

Results: Injection of LPS alone resulted in a decrease in mean arterial pressure (MAP) (p < 0.05), a decrease in ferric reducing ability

of plasma (FRAP) value (p < 0.01) and a marked increase in plasma tumor necrosis factor a (TNF-a) and thiobarbituric acid reactive

substances (TBARS) (p < 0.001, p < 0.001, respectively). Administration of BQ123 before LPS administration deteriorated MAP in

a dose dependent way. Moreover, BQ123 (1 mg/kg) decreased plasma level of TBARS and TNF-a (p < 0.01 and p < 0.05, respec-

tively) and increased FRAP value (p < 0.001). On the contrary, BQ788 prevented LPS-induced decrease in MAP (p < 0.001) and led

to a significant reduction in plasma TBARS concentration (p < 0.01).

Conclusions: Our study showed that blockage of ETB-R during endotoxemia improved blood hemodynamics and decreased plasma

lipid peroxidation. Blockage of ETA-R improved plasma antioxidant status and decreased lipid peroxidation and TNF-a production,

but it deteriorated hemodynamic conditions.
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Abbreviations: DBP – diastolic blood pressure, ET-1 – endo-

thelin 1, ETA-R – type A of endothelin receptor, ETB-R – type

B of endothelin receptor, ET-1-R – endothelin 1 receptor,

FRAP – ferric reducing ability of plasma, H2O2 – hydrogen

peroxide, LPS – lipopolysaccharide, MAP – mean arterial

pressure, MAPK – mitogen-activated protein kinases, NF-kB –

nuclear factor kB, ROS – reactive oxygen species, SBP – sys-

tolic blood pressure, TBARS – thiobarbituric acid reactive sub-

stances, TNF-a – tumor necrosis factor a

Introduction

Lipopolisacharides (LPSs) are a group of Gram-

negative bacterial endotoxins which possess proin-

flammatory activity. When released to blood, LPS ac-

tivates macrophages and leukocytes which secrete

proinflammatory cytokines such as tumor necrosis

1434 Pharmacological Reports, 2012, 64, 1434�1441

Pharmacological Reports
2012, 64, 1434�1441
ISSN 1734-1140

Copyright © 2012
by Institute of Pharmacology
Polish Academy of Sciences



factor a (TNF-a), interleukin 6 (IL-6) or IL-1 and

reactive oxygen species (ROS) [2, 14]. TNF-a is

a short protein which mediates the in vitro effects of

endotoxin and when injected into an organism it in-

duces endotoxic shock [15]. Moreover, increased gen-

eration of TNF-a accompanies increased ROS pro-

duction during endotoxic shock.

Endothelin-1 (ET-1), a potent vasoconstrictor, has

been shown to be significantly ameliorated in plasma

of endotoxemic patients [28, 42]. Also a correlation

between ET-1 plasma levels, morbidity and mortality

of septic patients has been described, suggesting an

involvement of ET-1 in endotoxemia [28, 40]. ET-1

mediates its effects through two different subtypes of

G-protein-coupled receptor, endothelin receptor type

A (ETA-R) and type B (ETB-R) [42]. The ETA-R is

expressed on vascular smooth muscle and it mediates

vasoconstriction. The ETB-R effect depends on the lo-

cation of the receptor. ETB-R located on vascular

smooth muscle cells mediates vasoconstriction, while

ETB-R located on endothelial cells induces vasodilata-

tion [13, 40]. The ETB-R also takes part in ET-1 clear-

ance and its blocking raises plasma ET-1 level under en-

dotoxemia [12, 26]. In animal models, selective block-

age of ETA-R was found to decrease ROS generation

which are involved in the modulation of ET-1-induced

activation of various signalling pathways [29, 32, 33].

Additionally, ET-1 was found to stimulate monocytes

and macrophages to release TNF-a [18] and amelio-

rated levels of TNF-a and ET-1 were observed four

hours after inducing endotoxemia [22].

In the present study, we investigated the effects of

a selective ETA-R or ETB-R blocker on arterial pres-

sure, free radicals generation and TNF-a level in

plasma during LPS induced endotoxemia.

Material and Methods

Chemicals

Urethane, thiobarbituric acid (TBA), trichloroacetic acid

(TCA), sulfuric acid, butylated hydroxytoluene (BHT),

sodium acetate trihydrate, TPTZ (2,4,6-tripyridyl-s-tri-

azine), ferric chloride hexahydrate, were purchased from

Sigma Chemical Co. (St. Louis, MO, USA).

LPS (Escherichia coli LPS 026:B6), BQ123 and

BQ788 were purchased from Sigma Chemical Co. (St.

Louis, MO, USA) and dissolved in 0.9 % NaCl just

before the intravenous administration. All other rea-

gents were obtained from POCH (Gliwice, Poland)

and were of analytical grade.

Animals

Adult male Wistar-Kyoto rats weighted 200–230 g

were housed at an ambient temperature of 20 ± 2°C

with a 12-h light-dark cycle, with free access to lab

chow and tap water, until used in the experiments. All

experiments were approved by the local Ethics Com-

mittee of the Medical University of Lodz No.

20/£418/2008.

Experimental procedure and blood pressure

measurement

Animals were assigned randomly to one of the fol-

lowing 5 groups (n = 6 per group). In group 1 (con-

trol), rats received 0.2 ml of 0.9% NaCl and 30 min

later again 0.2 ml of 0.9% NaCl. In group 2 (LPS-

saline), rats received 0.2 ml of LPS (15 mg/kg) and

30 min later 0.2 ml of saline. In group 3 and 4

(BQ123-LPS), rats received 0.2 ml of BQ123

(0.5 mg/kg or 1 mg/kg, respectively) and 30 min later

0.2 ml of LPS (15 mg/kg). In group 5 (BQ788-LPS),

rats received 0.2 ml of BQ788 (3 mg/kg) and 30 min

later 0.2 ml of LPS (15 mg/kg). Animals were anes-

thetized with 10% urethane (2 ml/100 g b.w.). Tra-

chea, femoral vein and carotid artery were dissected.

All drugs were administrated directly into the femoral

vein. Animals were sacrificed under anesthesia 5 h

after saline or LPS administration.

Blood pressure was monitored by a catheter filled

with heparinized saline (10 U/ml) (0.41 mm O.D.,

0.23 mm I.D.) and implanted into the carotid artery.

Blood pressure was continuously monitored and re-

corded every 1 min using a DPC-1/MCBS data acqui-

sition system (Hiperon, Poland). Rats were given at

least 30 min to establish a steady state baseline. Sys-

tolic and diastolic blood pressure values (SBP and

DBP, respectively) were a mean of 30 min records.

Mean arterial blood pressure (MAP) was calculated

by equation:

MAP = DBP + 1/3 × (SBP–DBP).

Blood samples were taken in three time points: be-

fore, at 90 min and 300 min after saline or LPS ad-

ministration into tubes with EDTA (for TBARS and
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TNF-a assay) and in two time points: before and

300 min after saline or LPS administration into

vacuette tubes with heparin as anticoagulant (for

FRAP assay). The blood samplings were immediately

placed on ice in the dark and centrifuged within

15 min (3,000 × rpm, 4°C). Then, the samples of

plasma were transferred to 1.5 ml Eppendorf tubes

and stored at –80°C until assay.

Estimation of lipid peroxidation

The plasma TBARS level measurement was based on

the reaction with thiobarbituric acid at 95–100°C.

Briefly, 1 ml of 0.05 M H2SO4 and 0.5 ml of 1.23 M

TCA were added to 0.02 ml of plasma, mixed and then

centrifuged for 10 min (1,500 × g, 4°C). The super-

natant was discarded and the residue was mixed with

2 ml of distilled water, 0.01 ml of 0.01% BHT and

0.5 ml of TBA. The obtained mixture was boiled for

30 min. After cooling, 2.5 ml of butanol was added to

each tube and shaken. The tubes were centrifuged for

10 min (1,500 × g, 20°C). Fluorescence was measured

at an excitation wavelength of l = 515 nm and emis-

sion wavelength of l = 546 nm using Perkin Elmer

Luminescence Spectrophotometer LS 50B (Norwalk,

CT, USA). The readings were converted into µM

according to the standard graphics which was prepared

by the measurements done with standard solutions for

1,1,3,3-tetramethoxypropane (0.01–50 µM).

Ferric reducing ability of plasma

The antioxidant plasma capacity was assayed in terms

of the ferric reducing ability of plasma (FRAP)

according to the original description by Benzie and

Strain [4] with some modifications. This method

measures the ability of antioxidants contained in

a sample to reduce ferric-tripyridyltriazine (Fe3+-TPTZ)

to a ferrous form (Fe2+) that absorbs light at 593 nm.

In brief, the working FRAP reagent was prepared ex

tempore by mixing 10 volumes of 300 mM acetate

buffer, pH 3.6 with 1 vol. of 10 mM TPTZ in 40 mM

HCl with 1 vol. of 20 mM FeCl3 × 6 H2O. Fifty mi-

croliters of plasma and 50 µl of deionized water was

added to 900 µl of the FRAP reagent and the absor-

bance was monitored for 10 min (593 nm; Pharmacia

LKB Ultraspec III, UV/VISIBLE spectrophotometer).

The FRAP value was estimated from a standard curve

of ferrous sulfate and reported as µM.

Assay of plasma TNF-a

Plasma level of TNF-a was assayed by specific

enzyme-linked immunosorbent assay using commer-

cially available ELISA test kit (R&D Systems). The

kit contains a monoclonal antibody specific for rat

TNF-a. The result was read using a spectrophotome-

ter (l = 450 nm). The TNF-a concentration was read

from standard curves and expressed in pg/ml.

Statistics

Data are presented as the mean ± SEM. Analyses with

two comparisons were conducted using Student’s

t-test; three or more comparisons were made by

ANOVA followed by Turkey’s post-hoc analysis.

Data were analyzed using Statistica 6.0 Software li-

censed for Medical University of Lodz. The signifi-

cance level was p < 0.05.

Results

Blood pressure changes

LPS administration led to a decrease in blood pres-

sure. A significant decrease in SBP, DBP and MAP

was observed at 180 min when compared to the con-

trol (p < 0.05, p < 0.001 and p < 0.05, respectively).

Blockage of ETA-R with BQ123 at a dose of 1 mg/kg

b.w. significantly magnified LPS-induced depressive

effect on blood pressure. BQ123 at a dose 1 mg/kg

b.w. caused the MAP value to decrease at 180 min to

59.00 ± 3.81 mmHg vs. 80.5 ± 0.87 mmHg in LPS

group (p < 0.001). However, a dose of 0.5 mg/kg b.w.

of BQ123 at the same time point had a significantly

weaker effect (p < 0.05) on MAP after LPS-injection.

Blockage of ETB-R before LPS challenge caused

a significant increase in SBP (p < 0.001), DBP (p <

0.001) and MAP (p < 0.01) at 60 min after LPS

administration when compared to the LPS group.

(Fig. 1a–c)

Free radicals generation, TNF-a concentration

and plasma antioxidant power

LPS influence on lipid peroxidation and TNF-a level

are presented in Table 1 and plasma antioxidant

power is presented in Figure 2.
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Fig. 1. The influence of LPS (15 mg/kg), BQ123 (0.5 mg/kg), BQ123 (1 mg/kg) and BQ788 (3 mg/kg) on (a) systolic (SBP), (b) diastolic (DBP)
and (c) mean (MAP) blood pressure (mmHg). (n = 6 per group; the mean ± SEM); * p < 0.05; ** p < 0.02; *** p < 0.01; **** p < 0.001 vs. control;# p < 0.05; ### p < 0.01; ### p < 0.001 vs. LPS



LPS administration caused a significant (p < 0.001)

decrease in FRAP value and a significant increase in

TBARS and TNF-a content when compared to the

control (p < 0.001). BQ123 administration at a dose of

1 mg/kg b.w., but not 0.5 mg/kg b.w., led to a signifi-

cant increase in FRAP value (p < 0.001) and a decrease

in TBARS level (p < 0.001) when compared to the

LPS group. BQ123 at a dose of 0.5 mg/kg and 1 mg/kg

decreased TNF-a concentration at 300 min after LPS

challenge (p < 0.02 and p < 0.05, respectively).

Discussion

Our study indicated that selective endothelin-1 recep-

tor blockage influences blood hemodynamic and

plasma oxidative stress parameters during LPS in-

duced endotoxemia. The blockage of ETA-R, in

a dose dependent way, magnified depressive effect of

LPS on blood pressure; whereas blockage of ETB-R

increased blood pressure during LPS administration.
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Fig. 2. The influence of LPS (15 mg/kg), BQ123 (0.5 mg/kg), BQ123 (1 mg/kg) and BQ788 (3 mg/kg) on plasma antioxidant power measured
as ferric reducing ability of plasma (FRAP), n = 6 per group; the mean ± SEM; *** p < 0.01 vs. control +++ p < 0.01 vs. 0 min; **** p < 0.001;#### p < 0.001 vs. LPS

Tab. 1. Oxidative damage markers in plasma in the control and after LPS (15 mg/kg), BQ123 (0.5 mg/kg), BQ123 (1 mg/kg) and BQ788 (3
mg/kg) administration (n = 6 per group; the mean ± SEM)

Group 0.9% NaCl
+ 0.9% NaCl

0.9% NaCl
+ LPS (15 mg/kg b.w.)

BQ123 (0.5 mg/kg b.w.)
+ LPS (15 mg/kg b.w.)

BQ123 (1 mg/kg b.w.)
+ LPS (15 mg/kg b.w.)

BQ788 (3 mg/kg b.w.)
+ LPS (15 mg/kg b.w.)

Time
(min)

TBARS
(µmol/l)

TNF-a
(pg/ml)

TBARS
(µmol/l)

TNF-a
(pg/ml)

TBARS
(µmol/l)

TNF-a
(pg/ml)

TBARS
(µmol/l)

TNF-a
(pg/ml)

TBARS
(µmol/l)

TNF-a
(pg/ml)

0 2.439
± 0.78

13.30
± 2.73

2.194
± 0.638

9.20
± 0.93

2.915
± 0.15

7.32
± 1.67

1.666
± 0.197

5.00
± 1.65

2.170
± 0.016

17.54
± 4.30

90 2.598
± 0.203

42.92
± 0.81

7.434
± 0.122****

231.91
± 1.95****

8.846
± 0.419

172.58
± 31.46

2.558
± 0.335###

172.50
± 12.57

2.215
± 0.127###

242.04
± 22.28

300 1.740
± 0.091

25.55
± 4.72

14.403 ±
1.223****

195.16
± 51.16****

3.482
± 0.46###

48.41
± 6.18##

2.535
± 0.481###

152.03
± 11.06#

2.328
± 0.211###

103.21
± 3.47

**** p < 0.001 vs. control, # p < 0.05; ## p < 0.02; ### p < 0.001 vs. LPS



It has been previously described that endotoxemia

lead to vasodilatation and decreased body sensitivity

to vasoconstrictory compounds. LPS was indicated to

decrease endothelin receptors expression on aortic

cells, therefore, leading to their decreased sensibility

to ET-1 [7]. Moreover, El-Awady et al. [6] described

increased relaxation of lung and aortic smooth muscle

in response to excessive nitric oxide production and

decreased smooth muscle cells’ calcium efflux after

LPS administration. Furthermore, increased vessel

wall permeability and decreases of total plasma vol-

ume was found [10].

In our study, selective blockage of ETB-R before

LPS administration improved blood pressure. This ef-

fect may be connected with different distribution and

role of ETB-R within vessel wall. Stimulation of

ETB1-R, localized on endothelial cells, increases ni-

tric oxide and prostacyclin production, while stimula-

tion of ETB2-R, placed on smooth muscle cells,

caused muscle constriction via calcium efflux. Our

observations are in agreement with others who indi-

cated an increase in blood pressure after selective

ETB-R but not ETA-R blockage [24, 25]. Moreover,

Hirata and Ishimaru [19] described that nonselective

blockage of endothelin receptors increased blood

pressure during endotoxemia. However, latest re-

search on humans showed no significant improve-

ment of mean arterial pressure after BQ788 or BQ123

administration [43].

In our research, LPS administration increased lipid

peroxidation and decreased total antioxidant power.

These findings are in line with Skibska et al. [35],

who confirmed increased lipid peroxidation and de-

creased plasma antioxidant power during endotoxe-

mia in rats. LPS was also shown to cause leukocytes

activation and increased superoxide anion and hydro-

gen peroxide production [37]. Moreover, LPS amelio-

rates plasma malondialdehyde concentration and de-

creases plasma iron level and catalase activity in

erythrocytes [34].

In our research, the ETA-R antagonist improved

both plasma antioxidant status and decreased lipid

peroxidation. Simultaneously, blockage of the ETB-R

decreased plasma lipid peroxidation but had no effect

on plasma total antioxidant power during LPS-

induced endotoxemia. Previous studies indicated that

ETA-R blockage decreases plasma hydrogen peroxide

and TBARS level [31]. Also, ETA-R blockage de-

creases the activation of NADPH oxidase and there-

fore, superoxide anion generation [1, 5]. Moreover,

BQ123 was shown to decrease neutrophils migration

by decreasing the activation of phosphatase, tyrosine

kinase and protein kinase C [8].

Selective ETB-R blockage was also indicated to

decrease superoxide anion and monocytes’ nitric

oxide production [21, 39].

Our study also indicated an abundant amount of

TNF-a in plasma during endotoxemia. Previous

research of ours showed that LPS administration

increases TNF-a production in the lungs and heart [14,

27], therefore, leading to increased plasma TNF-a con-

centration. Moreover, LPS stimulates macrophages and

lymphocytes T CD4+ to release IL-1, IL-6 and TNF-a

in animals [36] and humans [17].

In our work, blockage of ETA-R but not ETB-R

significantly ameliorated LPS-induced increase in

TNF-a concentration in plasma. This stays in line

with Ford et al. [11], who indicated that intravenous

administration of ETA-R blocker to humans

decreased both TNF-a level and TNF-a receptors

concentration. Furthermore, blockage of ETB-R

decreases monocytes release of TNF-a and prosta-

glandin E2 [20]. However, Fenhammar et al. [9]

showed no relation between nonselective blockage of

endothelin receptors and the plasma level of TNF-a,

IL-6 and IL-10.

Clinical implications

Our study indicated that blockage of ETA-R deterio-

rated blood pressure during endotoxemia while block-

age of ETB-R improved it. Although our results cor-

respond to results conducted on endotoxemic rats,

similar changes were observed in some clinical trials.

For instance, Reriani et al. [30] indicated that a 6-month

treatment with ETA-R blocker, atrasentan, improved

coronary microvascular endothelial function by in-

creasing endothelial susceptibility to acetylcholine.

Moreover, a long-term treatment with ETA-R antago-

nists improved pulmonary arterial pressure and right

ventricular ejection fraction [3]. Also in patients with

coronary artery disease, intracoronary infusion of

ETA-R (BQ123) and ETA/B-R blockers led to vaso-

dilatation and local improvement of coronary blood

flow, while selective ETB-R blockage with BQ788

led to vasoconstriction [16].

In our experimental model, ETA-R antagonists im-

proved plasma antioxidant properties, decreased

plasma lipid peroxidation and TNF-a level, whereas

ETB-R blockage decreased plasma lipid peroxidation
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in endotoxemic rats. It is known from the clinical

studies that ET-1 levels are ameliorated in patients de-

veloping systemic inflammatory response syndrome

(SIRS) [23]. Here ET-1 impaired microcirculation and

activated inflammatory cells leading to multi-organ

damage and release of proinflammatory compounds

like TNF-a. Currently, Ford et al. [11] indicated that

blockage of ETA-R decreased plasma level of TNF-a

and TNF-a receptor I in patients after cardiopulmon-

ary bypass [11]. These actions of ET-1 receptor block-

ers improve systemic and peripheral blood flow as

well as enhance plasma antioxidant properties. Our

study, however, preformed on endotoxemic rats, sup-

ports these results.

Limitation to the study

Although our study indicated a strong influence of

ET-1 receptor blockage on blood pressure and plasma

antioxidant properties, it has some limitations. First,

the study was performed on relatively small groups of

animals; therefore, further experiments are necessary to

support our results. Also, during our experiment rats

were under anesthesia, which could have influenced

blood pressure changes. Thus, to diminish the risk of

false positive results, the saline group was created.

Conclusion

In conclusion, our study indicates that blockage of

ETB receptors during endotoxemia improved blood

hemodynamics and decreases plasma lipid peroxida-

tion, whereas blockage of ETA receptors improved

plasma antioxidant status and decreased lipid peroxi-

dation and TNF-a production, however it deteriorates

hemodynamic conditions in rats.
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