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Abstract:

The aim of this study was to assess whether endothelin-A receptor (ETA-R) blocker, BQ123, influences lung edema, lipid peroxida-

tion (TBARS), hydrogen peroxide (H2O2), TNF-� concentration or the glutathione redox system in the lung homogenates obtained

from LPS-induced endotoxic shock rats. The study was performed on male Wistar rats (n = 6 per group) divided into groups: (1) sa-

line, (2) LPS (15 mg/kg)-saline, (3) BQ123 (0.5 mg/kg)-LPS, (4) BQ123 (1 mg/kg)-LPS. The ETA-R antagonist was injected intra-

venously 30 min before LPS administration. Five hours after saline or LPS administration, animals were sacrificed and lungs were

isolated for indices of lung edema, oxidative stress and TNF-� concentration. Injection of LPS alone resulted in lung edema develop-

ment and a marked increase in TNF-� (p < 0.02), TBARS (p < 0.02), and H2O2 (p < 0.01) concentrations as well as a depletion of

total glutathione (p < 0.01). Administration of BQ123 (1 mg/kg), before LPS challenge, led to a significant reduction in TNF-� and

H2O2 concentrations (p < 0.05) and elevation of both total glutathione and the GSH/GSSG ratio (p < 0.05). However, it did not pre-

vent LPS-induced TBARS increase and lung edema formation. Interestingly, a lower dose of BQ123 was much more effective in de-

creasing H2O2, TBARS, as well as TNF-� levels (p < 0.02, p < 0.05, p < 0.05, respectively). That dose was also effective in

prevention of lung edema development (p < 0.01). Taken together, the obtained results indicate that BQ123 is highly effective in de-

creasing LPS-induced oxidative stress in lungs. Moreover, the dose of 0.5 mg/kg of the antagonist showed to be more effective in de-

creasing free radical generation and lung edema in endotoxemic rats.
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Abbreviations: ET-1 – endothelin 1, ET�-R – type A of endo-

thelin receptor, ET�-R – type B of endothelin receptor, GSH –

reduced glutathione, GSSG – oxidized glutathione, GSH/GSSG

ratio – reduced/oxidized glutathione ratio, GPx – glutathione

peroxidase, H�O� – hydrogen peroxide, LPS – lipopolysaccharide,

MAPK – mitogen-activated protein kinases, NF-�B – nuclear fac-

tor kappa B, ROS – reactive oxygen species, TNF-� – tumor

necrosis factor alpha

Introduction

Endothelin-1 (ET-1), a peptide of 21 amino acids, was

shown to be one of the most potent vasoconstrictor

compounds produced predominantly by endothelial

cells [34]. In the lungs, ET-1 is generally synthesized
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by smooth muscle cells but also by the epithelium,

macrophages and pulmonary cells [7, 9, 24]. Various

injurious stimuli including endotoxines, cytokines,

and ROS, increase ET-1 releasing [7]. ET-1 action con-

tributes to a long-lasting vasoconstriction of the smooth

muscle cells which is mediated via activation of ETA-R

and ETB2-R. These receptors, localized on pulmonary

arteries, airway smooth muscles, and alveolar wall tissue

capillaries, are coupled to Gq/11, G12/13 and Gi hetero-

trimeric G protein subunits, which bind to phospholi-

pase C and RhoA-GTPase and eventually stimulate re-

lease of calcium from the endoplasmic reticulum [1, 8].

Acting simultaneously on ETB1-R placed on endothelial

cells, ET-1 stimulates nitric oxide, prostacyclin and en-

dothelium derived relaxation factor (EDHF) release

which leads to a short-lasting vasodilatation [10, 23].

The signaling of NO generation by ETB1-R receptors via

G-protein �� subunit dimer has been suggested as an ef-

fect of Akt phosphorylation of endothelial nitric oxide

synthase (eNOS) [1].

ET-1 shows a variety of biological functions which

include hemodynamic, cardiac and pulmonary

changes [2, 25]. This peptide is also involved in the

inflammatory process, overproduction of cytokines

and free radicals. ET-1-induced bronchoconstriction,

mucous secretion and cellular proliferation lead to se-

vere lung disorders [7]. Moreover, ET-1 increases

capillary permeability that is dependent on the pres-

ence of leukocytes and upregulation of mediators

which enhance endothelial permeability e.g., vascular

endothelial growth factor (VEGF) [18]. In animal

models, the inflammatory process and overproduction

of free radicals are frequently triggered by endotoxins

(lipopolysaccharide, LPS). LPS binds to Toll-like re-

ceptors, activates NF-�B transcription factor, and in-

creases pro-inflammatory mediators which, in turn,

increase endothelial permeability [21] and pulmonary

production of ET-1 [11, 31]. Numerous studies have

indicated that ET-1 stimulates free radicals and cyto-

kine generation via ET�-R because the blockage of

ET�-R decreases ET-1-induced free radical genera-

tion, whereas ET�-R inhibition has no significant ef-

fects [4, 6]. Recently, Chen et al. [5] have shown that

BQ123, an ET�-R blocker, inhibits pulmonary apop-

tosis and reduces the concentrations of inflammatory

cytokines TNF-� and IL-1� as well as improves

plasma antioxidant activity in rats with emphysema.

In addition, ET-1 receptor blockers have been estab-

lished as the first line option for patients with pulmo-

nary arterial hypertension [22]. However, as far as the

authors are aware, there have not been any studies

dealing with ET�-R blockers role in the oxidative

stress and lung edema development accompanying

pulmonary endotoxemia.

Therefore, we hypothesize that LPS induced oxida-

tive stress is mediated by ET-1 and ET�-R. In the

present study, the effects of LPS on lung edema, free

radical and cytokine generation as well as redox status

of lung tissue were analyzed after pretreatment with

different doses of the selective ET�-R antagonist,

BQ123. To the best of our knowledge it is for the first

time that BQ123 inhibitory action on lung edema de-

velopment and ROS and cytokine release in animal

model of endotoxemia was examined.

Materials and Methods

Animals

Male Wistar rats (180–230 g) were kept under stan-

dard laboratory temperature (20 ± 2°C) and lighting

(light from 6:00 to 18:00), with free access to lab

chow and tap water, until used in the experiments.

The experimental procedures followed the guidelines

for the care and use of laboratory animals, and were

approved by the Medical University of Lodz Ethics

Committee No. 20/£418/2008.

Experimental protocol

Animals were divided into four groups (n = 6 per

group). In group 1 (control group), rats received iv

0.6 ml of 0.9% NaCl and 30 min later again 0.6 ml of

0.9% NaCl. In group 2 (LPS-saline), rats received iv

0.6 ml of saline and 30 min later 0.6 ml of LPS

(15 mg/kg). In groups 3 and 4 (BQ123-LPS), rats re-

ceived iv 0.6 ml of BQ123 (0.5 mg/kg and 1 mg/kg,

respectively) and 30 min later 0.6 ml of LPS

(15 mg/kg). The animals were anesthetized by an

intraperitoneal injection of urethane solution (60 mg

per 100 g of body weight). When a sufficient level of

anesthesia was achieved the skin and subcutaneous

tissues on the neck were infiltrated with 2% polocaine

hydrochloride solution (Polfa, Poland), a 2-cm-long

polyethylene tube (2.00 mm O.D.) was inserted into

the trachea. The right femoral artery was catheterized
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and a polyurethane cannule was inserted (0.41 mm

O.D.; 0.23 mm I.D.). All drugs were administrated di-

rectly into the femoral vein. Five hours after the last

injection, rats were sacrificed. The thorax was opened

and the lungs were harvested and rinsed with ice-cold

saline to remove the excess of blood. The left lung

(about 500 mg) was cut off, weighed and frozen in

–75°C until used for measurements of oxidative stress

parameters and TNF-�. The right lung (about 500 mg)

was cut off, weighed and used immediately for the

lung edema assay. There were massive hemorrhage

foci found in the lungs of rats after BQ123 admini-

stration (post-experimental observations did not sup-

ported by histological studies).

Chemicals

Urethane, horseradish peroxidase (HRP), homovanillic

acid (HVA), triethanolamine hydrochloride (TEA), 5-

sulfosalicylic acid hydrate (5-SSA), 5,5’-dithio-bis(2-

nitrobenzoic acid) (DTNB), �-NADPH (�-nicotin-

amide adenine dinucleotide phosphate), glutathione

reductase (GR), 2-vinylpyridine, HEPES and enzyme

inhibitors (phenylmethanesulfonyl fluoride and ovomu-

coid trypsin inhibitor from white egg), were pur-

chased from Sigma Chemical Co. (St. Louis, MO,

USA). All other reagents were obtained from POCh

(Gliwice, Poland) and were of analytical grade.

Lipopolysaccharide (Escherichia coli LPS 026:B6)

and BQ123 were purchased from Sigma Chemical

Co. (St. Louis, MO, USA) and dissolved in 0.9%

NaCl just before the intravenous administration.

Assessment of lung edema

The removed lungs were immediately weighed to

measure the wet weight and then placed in a drying

oven at 80°C for 4 h, and again weighed (the dry

weight). Finally, the lung wet-to-dry weight ratios

were determined by dividing the wet weight by the

dry weight and used as an indicator of lung edema.

Determination of lipid peroxidation

The lipid peroxidation product content in lung ho-

mogenates was assayed as TBARS, previously de-

scribed by Yagi [33]. Briefly, 50 mg of frozen tissue

was homogenized in 2 ml of 1.15% KCl using glass

homogenizer. Next, 1 ml of homogenate was boiled

for 15 min in a mixture containing 0.015% butylated

hydroxytoluene, 0.375% thiobarbituric acid and 15%

trichloroacetic acid. After cooling, 2.5 ml of butanol

was added, vortexed and centrifuged at 3,000 rpm for

10 min. Thiobarbituric acid reactive substances

(TBARS) were measured spectrofluorometrically using

a Perkin Elmer Luminescence Spectrometer LS-50

(Norwalk, CT, USA). Excitation was set at 515 nm and

emission was measured at 546 nm. Readings were con-

verted into µM using the calibration curve obtained for

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

the results were calculated for 50 mg of the lung tissue.

Determination of H2O2

Generation of H2O2 in lung homogenates was deter-

mined according to the Ruch et al. method [26]. Fifty

mg of the frozen lung tissue fragments was homoge-

nized with 2 ml of 1.15% KCl. Then, 10 µl aliquot of

the resulting homogenate was divided between two

Eppendorf tubes. In one tube, a mixture of phosphate

buffered saline (PBS) (pH 7.0) and horseradish peroxi-

dase (HRP) (1 U/ml) containing 400 µmol homova-

nillic acid (HVA) was added to assay HRP + HVA,

while PBS and 1 U/ml HRP were added to the other

tube to assay HRP. Both tubes were simultaneously

incubated for 60 min at 37°C. Subsequently, PBS and

0.1 M glicyne-NaOH buffer (pH 12.0) with 25 mM

EDTA were added to each Eppendorf tube to stop the

enzymatic reaction. Excitation was set at 312 nm and

emission was measured at 420 nm (Perkin Elmer Lu-

minescence Spectrometer, Beaconsfield, UK). Read-

ings were converted into H2O2 concentration using

the regression equation prepared from three series of

calibration experiments with 10 increasing H2O2 con-

centrations (range 10–1000 µM).

Determination of total, oxidized and reduced

glutathione levels

Total glutathione (tGSH), reduced glutathione (GSH)

and oxidized glutathione (GSSG) were measured in

lung homogenates. Briefly, 50 mg of the frozen tissue

was homogenized in cold 5% 5-SSA and centrifuged

(10,000 × g, 10 min, 4°C). The collected supernatant

was frozen at –80°C. The total GSH determination

was performed in a 1 ml cuvette containing 0.7 ml of

0.2 mM nicotinamide adenine dinucleotide phosphate

(NADPH), 0.1 ml of 0.6 mM DTNB, 0.150 ml of H2O

and 50 µl of unfrosted supernatant. The cuvette with

the mixture was incubated for 5 min at 37°C and then
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supplemented with 0.6 U of GR. The reaction kinetics

was followed spectrophotometrically (Pharmacia

LKB-Ultrospect III) at 412 nm for 5 min by monitor-

ing the increase in absorbance.

The GSSG concentration was determined in the un-

frozen supernatant in the same way after the optimiza-

tion of pH to 6–7 with 1 M TEA and derivatization of

endogenous GSH with 2-vinylpyridine (v:v). The

reduced supernatant GSH level was calculated as the

difference between total GSH and GSSG. The incre-

ments in absorbance at 412 nm were converted to GSH

and GSSG concentrations using a standard curve

(3.2–500 µM GSH for total GSH and 0.975–62 µM for

GSSG). The results were expressed in µM.

Lung TNF-� assay

Lung homogenates were prepared by grinding 50 mg

of frozen tissue in HEPES buffer (20 mM HEPES (pH

7.6), 1.5 mM EDTA, 0.5 mM benzamidine and enzyme

inhibitors). After centrifuging (18,000 rpm, 4°C, 20

min), the supernatant was diluted and the pulmonary

levels of TNF-� were quantified according to the

manufacturer’s instructions using specific ELISA kits

for rats (Quantikine TNF-�, R&D Systems, USA). The

absorption was read at 450 nm (ELx800 Bio-Tech In-

struments reader). Values were expressed as pg/ml.

Statistical analysis

The data are presented as the mean ± SEM. The statis-

tical analysis was performed using ANOVA followed

by the Duncan’s multiple range test as post-hoc. A p

value lower than 0.05 was considered significant.

Results

Assessment of lung edema

LPS challenged caused an increase in wet-to-dry

(W/D) ratio compared with the control (p < 0.05).

Moreover, a lower dose of BQ123 (0.5 mg/kg) signifi-

cantly (p < 0.01) reduced the W/D ratio, while a higher

dose of the blocker was ineffective in reducing LPS-

induced lung edema (p > 0.05) (Tab. 1).

Changes in lung homogenate oxidative injury

Changes in oxidative damage markers are presented

in Table 1. Injection of LPS alone resulted in elevated

TBARS (p < 0.02) and H2O2 (p < 0.01) concentrations

as compared with the control group. The administra-

tion of 1 mg/kg of BQ123 caused a significant de-

crease in H2O2 production (p < 0.05) but only slightly

decreased the lipid peroxidation level (p > 0.05) com-

pared with the LPS group. Interestingly, a dose of

0.5 mg/kg of the ETA-R blocker led to about a 50%

decrease in the oxidative damage of lipids (p < 0.05)

and it effectively decreased hydrogen peroxide gen-

eration (p < 0.02) in comparison with the LPS group.

As glutathione is one of the most powerful cellular

antioxidants, the levels of tGSH, (GSSG, GSH and

GSH/GSSG ratio) were determined in the present

study. The status of glutathione metabolism was

markedly increased after BQ123 administration both

at the lower (p < 0.05) and the higher dose (p < 0.05)

(Tab. 1). There was about 2.5-fold increase in tGSH

and GSH in the lungs of rats that received a dose of

1 mg/kg of the blocker. The dose of 0.5 mg/kg was

found 50% weaker in GSH reconstruction; however,
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Tab. 1. Oxidative damage markers in lung homogenates in the control and after LPS (15 mg/kg), BQ123 (0.5 mg/kg), and BQ123 (1 mg/kg) ad-
ministration (n = 6 per group; the mean ± SEM)

Group Control
(n = 6)

LPS (15 mg/kg)
+ saline
(n = 6)

BQ 123 (0.5 mg/kg)
+ LPS (15 mg/kg)

(n = 6)

BQ 123 (1 mg/kg)
+ LPS (15 mg/kg)

(n = 6)Oxidative
damage markers

TBARS (µM) 48.45 ± 2.4 112.88 ± 12.4## 57.35 ± 3.7* 91.02 ± 5.3

H
2
O

2
(µM) 33.36 ± 3.9 140.92 ± 18.0### 45.24 ± 11.8** 77.18 ± 14.9*

GSH/GSSG ratio 3.4 ± 1 2.66 ± 1.2 18.45 ± 7.4* 33.05 ± 6.7*

Wet-to dry ratio 4.8 ± 1.4 17.3 ± 3.6# 10 ± 1.2*** 16.3 ± 0.3

* p < 0.05; ** p < 0.02; *** p < 0.01 vs. LPS group. � p < 0.05; �� p < 0.02; ��� p < 0.01 vs. control



it significantly averted the LPS-induced GSH deple-

tion (p < 0.02) (Fig. 1).

TNF-� concentration

To further confirm the effects of BQ123 on the LPS-

induced lung inflammation, TNF-� concentration was

determined. In LPS treated rats TNF-� level was over

5-fold higher than in the control group (p < 0.02).

BQ123 significantly (p < 0.05) but not in a dose de-

pendent manner, inhibited TNF-� formation in

endotoxemic rats (Fig. 2).

Discussion

In our study we showed that administration of LPS

caused an increase in lipid peroxidation products and

hydrogen peroxide concentration as well as a decrease

in the GSH/GSSG ratio in lung homogenates. That in-

dicates that LPS led to ROS overproduction and the

development of oxidative stress which was reflected,

in our study, by severe lung edema. Our results are in

accordance with those obtained by other authors who

proved that intravenous administration or inhalation

of LPS lead to generalized inflammation, tissue injury

and septic shock [21, 29, 32]. In a previous study we

also demonstrated that LPS increased the TBARS

level in the lung tissue [12] and in the bronchoalveo-

lar lavage fluid (BALF) [13]. This increase may result

from ROS overproduction and depletion of superox-

ide dismutase (SOD), catalase (CAT), as well as from

decreased glutathione level [28]. Moreover, the acti-

vation of NF-�B and MAPK pathways in LPS-injured

lung cells stimulate the release of cytokines and nitric

radicals, which, similarly to ROS, impair the pulmo-

nary vascular function and stimulate ET-1 production

[16]. ET-1, in turn, causes massive vasoconstriction

via ETA-R and stimulates generation of free radicals

[11, 31]. Bhavsar et al. [3] demonstrated markedly in-

creased concentrations of lung neutrophils and other

pro-inflammatory cells after ET-1 injection to endo-

toxemic hamsters, and those diminished after apply-

ing ETA-R blocker.

Most of in vivo studies recommend 1 mg/kg of

BQ123 as efficient in decreasing production of free

radicals and pro-inflammatory cytokines in lungs [19,

30]. However, our study has shown that only the

lower dose of BQ123 (0.5 mg/kg) decreased both

lung edema and ROS generation, while the higher

dose of BQ123 (1 mg/kg), proved H�O� production

but was ineffective in preventing lipid peroxidation

and lung edema development. A decease in ROS pro-

duction after the lower dose of the blocker was re-

flected by a decrease in lipid peroxidation and H�O�

concentration in endotoxemic rats. Therefore, the re-

sults of our study might suggest that a lower dose of

the blocker (0.5 mg/kg) is potent and effective in de-
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Fig. 2. TNF-� concentration in lung homogenates in the control and
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Fig. 1. Total, oxidized and reduced glutathione levels in lung ho-
mogenates in the control, and after LPS (15 mg/kg), BQ123
(0.5 mg/kg), and BQ123 (1 mg/kg) administration (n = 6 per group;
the mean ± SEM). * p < 0.05, ** p < 0.01 vs. LPS group; � p < 0.02 vs.
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creasing oxidative stress, cytokine overproduction as

well as lung edema development during endotoxemia.

However, there has been no study available in the lit-

erature, where BQ123 would be used in a dose lower

than 1 mg/kg during lung endotoxemia. Therefore, the

mechanism of the protective role of BQ123 used at

a dose of 0.5 mg/kg in our study seems unclear and

needs to be explained. In addition, ET�-R or ET�/�-R

antagonists but not ET�-R antagonists have been re-

ported to play an important role in lung injuries due to

generalized inflammation [15]. BQ123 was shown to

reduce airway hyperactivity in asthma via decreasing

eosinophil infiltration [19]. The latest study also dem-

onstrated that dual ET�/�-R antagonist, tezosentan, at-

tenuated lung injury induced by aortic ischemia/reper-

fusion in rats, which was linked with an increase in

catalase and myeloperoxidase activation [17].

Tissue GSH plays a major role in the antioxidant

defense by detoxifying ROS directly or in a GPx-

catalized mechanism. In the lungs, GSH is depleted

upon its conversion to the oxidized form GSSG (di-

sulfide) during the removal of hydrogen peroxide.

Thus, LPS-induced lung inflammation markedly de-

creased the GSH level and intensified ROS mediated

lung injury. In our study, BQ123 not only prevented

LPS-injury but also increased the total GSH level.

Moreover, these findings are inversely related to the

oxidative stress level during which ROS are produced

and lungs are damaged.

Cytokines and chemokines play a key role in the ac-

tivation of macrophages and neutrophils during the in-

flammatory process. In our study, LPS markedly in-

creased TNF-� concentration in the lung tissue which

is in agreement with the results obtained by other

authors [20]. Overproduction of pro-inflammatory cy-

tokines such as TNF-�, IL-6 and IL-8 was observed in

patients with lung injury [14] and in mice after LPS-

induced acute lung injury [35]. Sampaio et al. [27] re-

ported that intrathoracic administration of BQ123 suf-

ficiently decreased TNF-� and IL-6 levels in septic

mice. Similar results were obtained by Kassuya et al.

[15] who found that injection of BQ123 decreased lung

edema probably through decreasing levels of inflam-

matory mediators. In our study, a dose of 0.5 mg/kg of

BQ123 was as effective in decreasing TNF-� concen-

tration in endotoxemic rat lungs as a dose of 1 mg/kg.

In conclusion, our study showed that BQ123 at the dose

of 0.5 mg/kg prevented LPS-induced lung injury by de-

creasing the oxidative stress parameters and lung edema

development more effectively than a dose of 1 mg/kg.

Limitations

We hypothesize that stronger effects of 0.5 mg/kg of

BQ123 (the lower dose) on lung injury may be due to:

firstly, weaker stimulation of lung inflammatory cell

activation and hydrogen peroxide secretion during

respiratory burst, and secondly to the limited duration

time of our experiment (endotoxemia persisted for

about 3 h before the rats were sacrificed). This could

have disabled the higher dose to act efficiently on pro-

inflammatory cell stimulation and in turn, on free

radical overproduction as it was shown in the previ-

ously cited reports, where the dose of 1 mg/kg of

BQ123 decreased ROS production [5, 30]. However,

those authors used BQ123 only in a dose of 1 mg/kg

and did not administer any lower doses.

Therefore, in our study based on lung edema occur-

rence and TNF-� concentration assay, we assumed that

a dose of 0.5 mg/kg of BQ123 was more potent in de-

creasing oxidative stress which led to lung injury under

endotoxemia. However, there has been no study avail-

able in the literature, where BQ123 would be used at

a dose lower than 1 mg/kg during lung endotoxemia.

Therefore, the mechanism of the protective role of

BQ123 used at a dose of 0.5 mg/kg in our study seems

unclear and needs to be further explained.

Acknowledgment:

The study was supported by a grant 503/0-079-03/503-01 from the

Medical University of Lodz.

References:

1. Andreeva, AV, Vaiskunaite R, Kutuzov MA, Profirovic J,

Skidgel RA, Voyno-Yasenetskaya T: Novel mechanisms

of G protein-dependent regulation of endothelial nitric-

oxide synthase. Mol Pharmacol, 2006, 69, 975–982.

2. Berger MM, Rozendal CS, Schieber C, Dehler, M, Zügel S,

Bardenheuer HJ, Bärtsch P, Mairbäurl H: The effect of

endothelin-1 on alveolar fluid clearance and pulmonary edema

formation in the rat. Anesth Analg, 2009, 108, 225–231.

3. Bhavsar T, Liu XJ, Patel H, Stephani R, Cantor JO:

Preferential recruitment of neutrophils by endothelin-1

in acute lung inflammation induced by lipopolysaccha-

ride or cigarette smoke. Int J Chron Obstruct Pulmon

Dis, 2008, 3, 477–481.

4. Callera GE, Touyz RM, Teixera SA, Muscara MN, Car-

valho MH, Fortes ZB, Nigro D et al.: ETA receptor block-

ade decreases vascular superoxide generation I DOCA-salt

hypertension. Hypertension, 2003, 42, 811–817.

�����������	��� 
������ ����� ��� ����	�� 499

BQ123 protective role against oxidative stress in lungs
��������	
� �����	� �	 ���



5. Chen Y, Hanaoka M, Droma Y, Chen P, Voelkel NF,

Kubo K: Endothelin-1 receptor antagonists prevent the

development of pulmonary emphysema in rats. Eur

Respir J, 2010, 35, 904–912.

6. Cheng TH, Shih NL, Chen SY, Wang DL, Chen JJ:

Reactive oxygen species modulate endothelin-1-induced

c-fos gene expression in cardiomyocytes. Cardiovasc

Res, 1999, 41, 654–662.

7. Comellas AP, Briva A: Role of endothelin-1 in acute

lung injury. Transl Res, 2009, 153, 63–71.

8. Dulin NO, Niu J, Browning DD, Ye RD, Voyno-Yasenet-

skaya T: Cyclic AMP-independent activation of protein

kinase A by vasoactive peptides. J Biol Chem, 2001,

276, 20827–20830.

9. Ehrenreich H, Anderson RW, Fox CH, Rieckmann P, Hoff-

man GS, Travis WD, Coligan JE et al.: Endothelins, pep-

tides with potent vasoactive properties, are produced by hu-

man macrophages. J Exp Med, 1990, 172, 1741–1748.

10. Feldstein C, Romero C: Role of endothelins in hyperten-

sion. Am J Ther, 2007, 14, 147–153.

11. Fujii Y, Magder S, Cernacek P, Goldberg P, Guo Y,

Hussain S: Endothelin receptor blockage attenuates

lipopolysaccharide-induced pulmonary nitric oxide pro-

duction. Am J Respir Crit Care Med, 2000, 161, 982–989.

12. Goraca A, Józefowicz-Okonkwo G: Protective effects of

early treatment with lipoic acid in LPS-induced lung in-

jury in rats. J Physiol Pharmacol, 2007, 58, 541–549.

13. Goraca A, Skibska B: Beneficial effect of alpha-lipoic

acid on lipopolysaccharide-induced oxidative stress in

bronchoalveolar lavage fluid. J Physiol Pharmacol, 2008,

59, 379–386.

14. Huribal M, Cunningham ME, D’Aiuto ML, Pleban WE,

McMillen MA: Endothelin-1 and prostaglandin E2 levels

increase in patients with lung injury. J Am Coll Surg,

1995, 180, 318–322.

15. Kassuya CA, Rogerio AP, Calixto JB: The role of ETA

and ETB receptor antagonists in acute and allergic in-

flammation in mice. Peptides, 2008, 29, 1329–1337.

16. Kim HJ, Lee HS, Chong YH, Kang JL: p38 Mitogen-

activated protein kinase up-regulates LPS-induced

NF-�B activation in the development of lung injury and

RAW 264.7 macrophages. Toxicology, 2006, 225, 36–47.

17. Kiriº I, Narin C, Gülmen S, Yilmaz N, Sütçü R, Kapu-

cuoðlu N: Endothelin receptor antagonism by tezosentan

attenuates lung injury induced by aortic ischemia-

reperfusion. Ann Vasc Surg, 2009, 23, 382–391.

18. Kosmidou I, Karmpaliotis D, Kirtane AJ, Barron HV,

Gibson M: Vascular endothelial growth factor in pulmo-

nary edema: an update. J Thromb Thrombolysis, 2008,

25, 259–264.

19. Landgraf RG, Jancar S: Endothelin A receptor antagonist

modulates lymphocyte and eosinophil infiltration, hyper-

reactivity and mucus in murine asthma. Int Immunophar-

macol, 2008, 8, 1748–1753.

20. Mehanna A, Vitorino DC, Panis C, Blanco EE, Pinge-

Filho P, Martins-Pinge MC: Cardiovascular and pulmo-

nary effects of NOS inhibition in endotoxemic conscious

rats subjected to swimming training. Life Sci, 2007, 81,

1301–1308.

21. Opal SM: The host response to endotoxin, antilipopoly-

saccharide strategies, and the management of severe sep-

sis. Int J Med Microbiol, 2007, 297, 365–377.

22. Opitz CF, Ewert R, Kirch W, Pittrow D: Inhibition of en-

dothelin receptors in the treatment of pulmonary arterial

hypertension: does selectivity matter? Eur Heart J, 2008,

29, 1936–1948.

23. Piechota A, Pilañczyk A, Goraca A: Role of endothelin-1

receptor blockers on hemodynamic parameters and oxida-

tive stress. Pharmacol Rep, 2010, 62, 28–34.

24. Resink TJ, Scott-Burden T, Bühler FR: Activation of

multiple signal transduction pathways by endothelin in

cultured human vascular smooth muscle cells. Eur J Bio-

chem, 1990, 189, 415–421.

25. Rubanyi GM, Polokoff MA: Endothelins: molecular

biology, biochemistry, pharmacology, physiology, and

pathophysiology. Pharmacol Rev, 1994, 46, 325–415.

26. Ruch W, Cooper PH, Baggiolinii M: Assay of H2O2 pro-

duction by macrophages and neurotrophils with homova-

nilic acid and horse-radish peroxidase. J Immunol Meth-

ods, 1983, 63, 347–357.

27. Sampaio AL, Rae GA, Henriques MG: Effects of endo-

thelin ETA receptor antagonism on granulocyte and lym-

phocyte accumulation in LPS-induced inflammation.

J Leukoc Biol, 2004, 76, 210–216.

28. Shen W, Gan J, Xu S, Jiang G, Wu H: Penehyclidine hydro-

chloride attenuates LPS-induced acute lung injury involve-

ment of NF-�B pathway. Pharmacol Res, 2009, 60, 296–302.

29. Skibska B, Józefowicz-Okonkwo G, Goraca A: Protec-

tive effects of early administration of alpha-lipoic acid

against lipopolysaccharide-induced plasma lipid peroxi-

dation. Pharmacol Rep, 2006, 58, 399–404.

30. Teixeira CF, Jancar S, Lima WT, D’Orléans-Juste P,

Sirois P: Association of endothelin with lung hemor-

rhage induced by immune complexes in rats. Inflamma-

tion, 2004, 28, 253–261.

31. Trachsel S, Deby-Dupont G, Maurenbrecher E, Nys M,

Lamy M, Hedenstierna G: Association between inflam-

matory mediators and response to inhaled nitric oxide in

a model of endotoxin-induced lung injury. Crit Care,

2008, 12, R131.

32. Valenca SS, Silva Bezerra F, Lopes AA, Romana-Souza

B, Marinho Cavalcante MC, Lima AB, Gonçalves Koatz

VL, Porto LC: Oxidative stress in mouse plasma and

lungs induced by cigarette smoke and lipopolysaccha-

ride. Environ Res, 2008, 108, 199–204.

33. Yagi K: A simple fluorometric assay for lipids peroxides

in blood plasma. Biochem Med, 1986, 15, 212–216.

34. Yanagisawa M, Kurihara H, Kimura S, Tomobe Y,

Kobayashi M, Mitsui Y, Yazaki Y et al.: A novel potent

vasoconstrictor peptide produced by vascular endothelial

cells. Nature, 1988, 332, 411–415.

35. Yang J, Qu JM, Summah H, Zhang J, Zhu YG, Jiang

HN: Protective effects of imipramine in murine

endotoxin-induced acute lung injury. Eur J Pharmacol,

2010, 638, 128–133.

Received: February 3, 2010; in the revised form: October 25,

2010; accepted: November 18, 2010.

500 �����������	��� 
������ ����� ��� ����	��


	271	Review Œ Basic mechanisms of antiepileptic drugs and their pharmacokinetic/pharmacodynamic interactions: an update.
	W³adys³aw Lasoñ, Monika Dudra-Jastrzêbska, Konrad Rejdak, Stanis³aw J. Czuczwar

	293	Review Œ Pharmocoepigenetics: a new approach to predicting individual drug responses and targeting new drugs.
	Wanda Baer-Dubowska, Aleksandra Majchrzak-Celiñska, Micha³ Cichocki

	305	Review Œ Natural and synthetic acridines/acridones as antitumor agents: their biological activities and methods of synthesis.
	Grzegorz Cholewiñski, Krystyna Dzierzbicka, Aleksander M. Ko³odziejczyk

	337	Review Œ Therapeutic potential of the biscoclaurine alkaloid, cepharanthine, for a range of clinical conditions.
	Moshe Rogosnitzky, Rachel Danks

	348	Functional changes in transcriptomes of the prefrontal cortex and hippocampus in a mouse model of anxiety.
	Dezso P. Virok, Zoltán Kis, Viktor Szegedi, Gábor Juhász, Ágnes Zvara, Jr., Géza Müller, György Lévay, László G. Hársing, Róbert Rajkó, Botond Penke, Zoltán Janka, Tamás Janáky, László G. Puskás

	362	Effects of bupropion on the reinstatement of nicotine-induced conditioned place preference by drug priming in rats.
	Barbara Budzyñska, Gra¿yna Bia³a

	372	Concomitant use of carbamazepine and olanzapine and the effect on some behavioral functions in rats.
	El¿bieta Nowakowska, Krzysztof Kus, Adam Polañski, Kinga Burda, Anna Nowakowska, Czes³aw Sadowski

	381	Increases in b-amyloid protein in the hippocampus caused by diabetic metabolic disorder are blocked by minocycline through inhibition of NF-kB pathway activation.
	Zhiyou Cai, Yu Zhao, Shengtao Yao, Bin Zhao

	392	Immunosuppressant cytoprotection correlates with HMGB1 suppression in primary astrocyte cultures exposed to combined oxygen-glucose deprivation.
	Bo¿ena Gabryel, Anna Bielecka, Jacek Bernacki, Krzysztof £abuzek, Zbigniew S. Herman

	403	Kinetic studies of the effects of Temodal and quercetin on astrocytoma cells.
	Joanna Jakubowicz-Gil, Ewa Langner, Wojciech Rzeski

	417	Effects of norepinephrine on the electrical activities of pain-related neurons in the rat nucleus accumbens.
	Duo Zhang, Dong-Xiao Yang, Chun-Xiao Yang, Guang-Wen Zhang, He-Ren Gao, Ye Zhai, Run-Sheng Jiao, Ying Zhang, Hui Zhang, Yu Liang, Man-Ying Xu

	423	Interaction between histamine and morphine at the level of the hippocampus in the formalin-induced orofacial pain in rats.
	Esmaeal Tamaddonfard, Amir Erfanparast, Amir Abbas Farshid, Emad Khalilzadeh

	433	Synergism between dexketoprofen and meloxicam in an orofacial formalin test was not modified by opioid antagonists.
	Claudia Gonzalez, Carlos Zegpi, Viviana Noriega, Juan C. Prieto, Hugo F. Miranda

	441	Impact of fluoxetine on liver damage in rats.
	Iwona Inkielewicz-Stêpniak

	448	Vasopressor and heart rate responses to systemic administration of bombesin in anesthetized rats.
	Katarzyna Kaczyñska, Ma³gorzata Szereda- Przestaszewska

	455	Antiarrhythmic and hypotensive activities of 1-[2-hydroxy-3-(4-phenyl-1-piperazinyl)propyl]-pyrrolidin-2-one (MG-1(R,S)) and its enantiomers.
	Jacek Sapa, Barbara Filipek, Leszek Nowiñski

	464	Modified C-reactive protein interacts with platelet glycoprotein Iba.
	Magdalena Boncler, Joanna Rywaniak, Jacek Szymañski, Lawrence A. Potempa, B³a¿ej Rychlik, Cezary Wata³a

	476	Structure-cardiovascular activity relationships 
in a group of new 8-alkylamino-1,3-dimethyl-7- 
(2-hydroxy-3-aminopropyl)-3,7-dihydro-1H-
purine-2,6-diones.
	Gra¿yna Ch³oñ-Rzepa, Pawe³ ¯mudzki, Maciej Paw³owski, Ma³gorzata Zygmunt, Barbara Filipek

	487	Insulin suppresses the expression and function 
of breast cancer resistance protein in primary cultures of rat brain microvessel endothelial cells.
	Xiang Liu, Xin-yue Jing, Shi Jin, Yang Li, Li Liu, Yun-li Yu, Xiao-dong Liu, Lin Xie

	494	Protective effects of endothelin-A receptor antagonist BQ123 against LPS-induced oxidative stress in lungs.
	Aleksandra Piechota, Andrzej Polañczyk, Anna Goraca

	501	Estimation of the action of three different mechlorethamine doses on biochemical parameters 
during experimentally induced pleuritis in rats.
	Ireneusz Ca³kosiñski, Joanna Rosiñczuk-Tonderys, Katarzyna Dzierzba, Agnieszka Bronowicka-Szyde³ko, Ewa Seweryn, Jacek Majda, Monika Ca³kosiñska, Andrzej Gamian

	518	Antiulcerative effect of dexmedetomidine on indomethacin-induced gastric ulcer in rats.
	Beyzagul Polat, Yavuz Albayrak, Bahadýr Suleyman, Hakan Dursun, Fehmi Odabasoglu, Murat Yigiter, Zekai Halici, Halis Suleyman

	527	Epigallocatechin gallate accelerates healing of indomethacin-induced stomach ulcers in mice.
	Biplab Adhikary, Sudhir K. Yadav, Sandip K. Bandyopadhyay, Subrata Chattopadhyay

	SHORT COMMUNICATIONS
	537	Chronic unpredictable stress-induced reduction 
in the hippocampal brain-derived neurotrophic factor (BDNF) gene expression is antagonized by zinc treatment.
	Katarzyna Cieœlik, Magdalena Sowa-Kuæma, Gra¿yna Ossowska, Beata Legutko, Ma³gorzata Wolak, W³odzimierz Opoka, Gabriel Nowak


	544	Sphingosine-1-phosphate augments agonist-mediated contraction in the bronchial smooth muscles of mice.
	Yoshihiko Chiba, Hiroki Takeuchi, Hiroyasu Sakai, Miwa Misawa

	548	Effect of kynurenic acid on the viability of probiotics in vitro.
	Jadwiga Dolecka, Teresa Urbanik-Sypniewska, Barbara Skrzyd³o-Radomañska, Jolanta Parada-Turska
	Abstracts of THE TWENTIETH DAYS OF NEUROPSYCHOPHARMACOLOGY


	content
	cont
	contents_3'2005
	contents

