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Editorial
Since more than 30 years the main orientation of the Department of Pharmacology has been

focused on pharmacological influence of airways defense reflexes and other airways diseases
associated predominantly with allergic inflammation. Many important findings were published
in renowned medicinal journals as well as in several specialized monographs. As the develop-
ment of this area is still in progress, in this thematic supplement we present our recent results,
with ambition to outline the current research areas of our co-workers, including pre- and post-
graduate students as well as post-doctoral fellows.

Airways allergic inflammation is often associated with excessive and deleterious cough, caused
by increased activation threshold for initiation of this defense reflex.  Thus, cough can be evoked
even by stimuli that are normally ineffective. Most of the currently available antitussives act
either at central level or at periphery; however, their efficacy is limited due to presence of vari-
ous adverse effects. There were many attempts to confirm the relationship between airway hyper-
responsiveness (associated with enhanced reactivity of smooth muscle to bronchoconstrictors)
and cough. Therefore, several agents acting as bronchodilators/smooth muscle relaxants may be
of significance in cough therapy. Among them, both openers of potassium channels and selec-
tive as well as non-selective phosphodiesterase inhibitors showed some efficacy. Kocmalova et al.
in the first paper confirmed specific role of plasmalemmal potassium ion channels in the patho-
physiology of disorders accompanied by allergic airways inflammation (KATP and BKCa channels).
However, it is necessary to mention also other effects of these agents, i.e. their anti-inflamma-
tory and immuno-modulating activity, leading to suppression of inflammation caused by oval-
bumin-sensitization. Christensen et al. studied the effects of selective inhibition of PDE7
inhibitor BRL50481 on airways reactivity as well as cough with promising results in airway reac-
tivity influence in ovalbumin sensitized guinea pigs. These effects can support the idea of indi-
rect antitussive action of these agents via influencing the underlying mechanism – i.e. restoring
the activation threshold for cough, and bronchoconstriction.

Other important part of research of new antitussive agents is represented by different plant
extracts, including herbal polysaccharides, pectins, flavonoids etc. Traditional herbal medicine
offers still new attitudes in respiratory disorders treatment. Nevertheless, it is essential to study
the mechanism of antitussive action of its components in order to enable their wider clinical use
in cough therapy. In paper by Jurecek et al. and Fleskova et al. were demonstrated antitussive
effects of extracts from Fallopia sachalinensis and pectic arabinogalactans isolated from
Adhatoda vasica and discussed the underlying mechanism of this antitussive action.

To prove all effects required, it is necessary to use suitable animal models, i.e. models of air-
way hyper-responsiveness and allergic inflammation as well as objective cough assessment in
small laboratory animals. The staff of the Department of Pharmacology possesses a huge expe-
rience in cough and airway reactivity assessment (both in in vivo and in vitro conditions) and in
testing the new antitussive substances. This enables, however, also other directions of research,
e.g. evaluation of changes in smooth muscle reactivity from different tissues (uterus, urinary
bladder), observation of motility of cilia in airway epithelium in vivo and in vitro, as well as
numerous laboratory analyses focused mainly on various markers of inflammation. Thus, mech-
anisms of contraction and relaxation and its pharmacological modulation can be studied in
cooperation with different clinical departments, as demonstrated in last paper focused on
human term pregnant myometrium published by Sadlonova et al.  

All these activities were significantly promoted by participation of the staff of the Department
of Pharmacology in several VEGA projects and especially projects supported by EU, e.g. Center
of Experimental and Clinical Research I. and II., Measurement of kinetics of cilia in respiratory
tract, etc. This support will definitely boost the research in key areas in near future.

JURAJ MOKRY
SONA FRANOVA
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RELATIONSHIP BETWEEN POTASSIUM ION CHANNELS 
AND AIRWAYS DEFENCE REFLEXES INFLUENCED 

BY EXPERIMENTALLY INDUCED ALLERGIC INFLAMMATION 
IN GUINEA PIGS

Kocmalova M.1, Marcinek J.2, Kalman M.2, Franova S.1,Sutovska M.1

1Department of Pharmacology, Jessenius Faculty of Medicine, Comenius University, Martin 
2 Institute of Pathological Anatomy, Jessenius Faculty of Medicine, Comenius University, Martin, Slovak Republic

A b s t r a c t

Previously, we declared important role of ATP-sensitive (KATP) and calcium-sensitive (BKCa) potassium ion chan-
nels in cough and other defence reflexes of the airways coupled with reactivity of airways smooth muscle (ASM)
and suggested their potential use as antitussives and antiasthmatic drugs. 

The aim of presented studies was prove whether openers of potassium ion channels, KATP - pinacidil and BKCa –
NS 1619, inhibit the cough reflex and modulate the ASM reactivity in conditions of experimental allergic inflam-
mation of the airways in guinea pigs and if their influence on airways defence reflexes is changed by developing
airways inflammation. Presented studies were realized in 4 partial experimental procedures with unsensitized
guinea pigs and animal on 7th, 14th and 21th day of sensitization. Allergic inflammation of airways was induced by
repetitive exposure of guinea pigs to ovalbumine and the degree of allergic inflammation was determined by histo-
logical analysis of tracheal and pulmonary samples. The cough reflex was induced by 0, 3 M citric acid aerosol for
3 min interval in which total number of coughs was counted. ASM reactivity in vivo was expressed as values of
specific airway resistance (R.V) calculated by Pennock. 

The cough response on the citric acid was significantly increased on 7th and 14th days of sensitization.  The exper-
iments showed persistent cough suppressive effect of pinacidil almost similar to codeine. The antitussive activity
of NS 1619 remained only on 7th day of sensitization similar to its effect in group of unsensitized animals.
Sensitization by ovalbumine gradually increased the values of R.V on bronchoprovoking agent citric acid.  Pinacidil
suppressed R.V values of both, unsensitized and sensitized animals, more significantly than salbutamol. In unsen-
sitized guinea pigs, NS 1619 significantly reduced R.V values, but allergic inflammation attenuated its bron-
chodilatory activity on 7th and 14th days. Histological analysis of specimens showed increasing signs of allergic
inflammation during sensitization procedure as well as significant proinflammatory effect of pinacidil and NS 1619.
Introduction of non- selective KATP agonists in clinical practice is strongly limited due to proinflammatory effect,
but KATP of ASM represents a rational therapeutic target for novel drugs – tissue selective agonists of KATP. 

Key words: asthma, ion channels, cough reflex, airways hyperreactivity, guinea pigs

INTRODUCTION

Asthma is an allergic inflammatory airways disease mostly characterized by representa-
tive histopathological features associated with typical clinical symptoms, e.g. reversible air-
way obstruction, bronchial hyperresponsiveness (BHR) and cough.  From the view of the
pathophysiology, asthma results from complex biological interactions between different cell
types, both resident and circulating, with environmental factors such as allergens, infec-
tions and tobacco smoke [1]. In this inflammatory process T lymphocyte (TH2), a key cellu-
lar element organizing chronic inflammation, smooth muscle contraction and airway
remodelling. Other immune cells such as mast cells and eosinophils also participate.
Epithelial damage caused by mast cells, activated eosinophils and lymphocytes has been
proposed as one of the major pathophysiological mechanisms in asthma development [2].
Mast cells and eosinophils release cationic granule proteins that have been shown to cause
damage to bronchial epithelial cells cultivated in vitro [3] and are involved into the attrac-
tion and activation of other inflammatory cells. Allergic airways inflammation is associated
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with allergen-induced early and late asthmatic reactions, and airway hyperresponsiveness
to a variety of impulses resulting in obstruction of the airways and cough [4]. There is a time
association between symptoms of allergic inflammation and pathophysiological changes in
airways which could contribute to more accurate diagnosis than therapy. Airway hyperre-
sponsiveness and cough reflex sensitivity courses are importantly determined by both
changes in the neurogenic and non-neurogenic control of airway smooth muscle as well as
by physical alterations in the airways, such as epithelial damage, mucosal swelling and
remodelling of the airway wall that is characterized by the thickening of the basement mem-
brane, subepithelial fibrosis and increased airway smooth muscle mass [5,6]. 

Airways allergic inflammation is often accompanied with excessive and somewhat delete-
rious coughing due to a lowering of the activation threshold for initiating of this reflex. As
a result, cough can be evoked by stimuli that are normally considered innocuous. Except
from centrally acting antitussives, e.g. codeine (with generally known serious adverse
effects), current antitussive agents provide only moderate relief for patients with such cough
disorders. This, in part, reflects our limited understanding the neuroanatomical and neu-
rophysiological mechanisms that compose the sensory cough pathway in asthma, partici-
pating certain subcellular structures [7]. 

The cascade of inflammatory reactions resulting functional changes, mentioned above,
involves various mediators and various mediating mechanisms, e.g. ion channels. Ion chan-
nels are altered in many pathological conditions, either indirectly or directly. It is not sur-
prising, therefore, that drugs targeting ion channels constitute important therapeutic inter-
ventions for a number of diseases, including asthma. There are many channels analyzed in
airways cells, the function of which may contribute to asthma.

Potassium channels modifying membrane potential and, consequently, the activation of
voltage-gated calcium ion channels, are important target proteins highly expressed on neu-
ral structures, epithelial cells and smooth airways muscles [8]. They are also known as
important effectors element for several relaxant agents in the guinea pig isolated trachea,
like nitric oxide and VIP [9]. Several types of potassium channels have been reported to pro-
duce smooth muscle relaxation and relieve the cough, among them are large-conductance
calcium- activated (BKCa) and ATP-sensitive (KATP) potassium channels [10]. 

The aim of the presented study was so prove whether openers of potassium ion channels,
KATP - pinacidil and BKCa – NS 1619, inhibit the cough reflex and modulate the airway smooth
muscle reactivity in conditions of ovalbumine-induced airway hyperresponsiveness in
guinea pigs. The experimental works also evaluated the involvement of both potassium ion
channels in course of allergic airways inflammation. Knowledge based on  results of pre-
sented study together with literature data of the tissue-selective expression of various SUR
(sulfonylurea receptor) subunits (SUR1, SUR2A-B) and Kir6.1–2 constituting KATP channels
and the different subunit compositions of BKCa channels in various tissues [11] open the
possibility to find tissue-selective ion channels modulators suitable for asthma therapy.

MATERIAL AND METHODS

All experiments were approved by the local Ethics Committee of the Jessenius Faculty of
Medicine in accordance with the revised Declaration of Helsinki of 1983 and follow the EU
criteria of experimental animals wellfare. Animals used in the studies - adult male TRIK
strain guinea pigs, weighing 150-350 g – were obtained from Department of Experimental
Pharmacology, Slovak Academy of Sciences, Dobra Voda, Slovakia and breeding facility
Velaz, Prague, Czech Republic- were housed in approved animal holding facility. 

Design of the study
The animals in total number of 128 were used in experiments after one-week adapting

period and after adaptation of guinea pigs to experimental condition. During several days,
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animals were daily placed into the bodyplethysmograph box to achieve 60 min  time inter-
val of undisturbed breathing. The guinea pigs were divided into 16 groups, each consisting
of 8 animals. The airways hyperresponsiveness was induced by ovalbumine in 12 groups of
guinea pigs as it is shown in table 1. The rest 4 groups of animals were unsensitized.
Presented study was performed in following 4 partial experimental procedures: 

1. Experiments with unsensitized guinea pigs;
2. Experimental works with animals on 7th day of sensitization;
3. Experimental works with animals on 14th day of sensitization;
4. Experimental works with animals on 21st day of sensitization.
During each step, 4 groups of guinea pigs consisting of 8 animals were used. Two exper-

imental  groups of animals received KATP opener pinacidil in the dose of 1 mg.kg-1 b.w. by
subcutaneous route (s.c.) or were exposed to an aerosol of BKCa agonist NS 1619 (200 μM)
for 10 min interval. The third and fourth groups were positive  controls. Animals received
codeine or salbutamol in airways reactivity tests as intraperitoneally administered dose of
10 mg.kg-1.  The doses of all used chemicals were selected according to previous experi-
ments [12, 13 and 14].

Chemicals
The modulators of potassium ion channels, citric acid and salbutamol were obtained from

Sigma-Aldrich (Lambda life, Slovakia). Codeine (codeinium dihydrogenphosphoricum) was
purchased from Lachema (Czech Republic). Pinacidil and NS 1619 were dissolved in 10 %
DMSO, salbutamol and codeine in water for injection. 

Antigen-induced airway hyperresponsiveness
Sensitization of animals by the antigen ovalbumin, which causes airway reactivity

changes on immunological basis, was performed during 21 days.  The method of experi-
mental asthma model in guinea pigs was described by Franova et al. [13]. The allergen (oval-
bumin in c= 10-5 mol.l-1) adsorbed on Al (OH)3 was administered on the 1st day of sensitiza-
tion intraperitoneally (0.5 ml) and subcutaneously (0.5 ml), and on the 3rd day intraperi-
toneally (1 ml). Inhalation of allergen during 30-60 s time interval was performed at 9th, 12th,
15th, 18th and 20th days using double chamber whole bodyplethysmograph box for small lab-
oratory animals (HSE type 855, Hugo Sachs Elektronik, Germany) and ovalbumin aerosol
generated by jet nebulizer (PARI jet nebuliser, Paul Ritzau, Pari-Werk GmbH, Germany, out-
put 5 l.s-1, particles mass median diameter 1.2 μm) delivered to head chamber. All tests with
sensitized animals were accomplished 24 h after last allergen provocation.

Cough ref lex assessment
The method of chemically-induced cough was used for assessing the cough reflex [14]. We

used citric acid aerosol in concentration of 0.3 M in saline for cough provocation. The fol-
lowed two methods for detection of cough were used to distinguish the cough efforts from
sneezing and movements:

– The changes of the expiratory airflow interrupting the basic respiratory pattern during
cough effort were measured by pneumotachograph connected to the head chamber of
bodyplethysmograph. 

– The typical cough reflex movements and sounds were recognized by trained observer. 
The inhalation of citric acid in double chamber plethysmograph lasted 3 min. During this

time the number of the cough efforts was evaluated on the basis of sudden enhancement
of expiratory flow accompanied by a typical cough movement and sound and counted. The
cough response was measured prior to any agents administration (baseline measurement;
N value in graphs) and then after their application in confirmed time intervals (30, 60, 120
and 300 min). 

Minimal time difference between two measurements was two hours to prevent cough
receptors adaptation on that kind of irritation [14, 15].  
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Evaluation of in vivo airway reactivity
In vivo airway smooth muscle reactivity was evaluated using double chambers body-

plethysmograph box for laboratory animals consisting of head and body chambers. The
specific airway resistance values calculated by Pennock [16] and their changes were
regarded as indicator of in vivo airways reactivity. The specific airway resistance is pro-
portional to phase difference between nasal and thoracic respiratory airflow. This non-
invasive plethysmograph technique is commonly used for evaluation of bronchoactive
substances effect [17].

The specific airway resistance was measured consecutively after the citric acid exposure
and cough response registration during 1 min interval. Their intensity prior to administra-
tion of solvent, codeine and both potassium ion channels openers was considered as base-
line (N value in graphs). The next values were measured 30, 60, 120 and 300 min time inter-
vals. Between the cough response recording and measurements of airways specific resist-
ance was an interval of minimum 5 min. During intervals, fresh air was insufflating into
the nasal chamber.

Histological evaluation
Specimen processing:

For histological analysis we used both, tracheal and pulmonary tissue samples of each
animal. All specimens were fixed in 10% formaldehyde solution at least for 24 hours. The
size of specimens (10x6 mm) enabled their total processing.  After fixation the samples were
dehydrated in alcohol-xylen mixtures and embedded into paraffin blocks. Tissue sections
(4-6 m thick) were cut by slide microtome and consecutively stained by basic haematoxylin-
eosin stain. For the assessment of inflammatory cells, especially of mast cells, slides stained
with Giemsa staining were used. 

Histological analysis:
All microscopic slides were assessed by two independent observers. Cases, where the dis-

crepancy between observers result was noticed, were repeatedly assessed by both observers
together by dualhead microscope. In every specimen the evaluation was focussed on basic
signs of allergic inflammation- presence of inflammatory infiltrate and the grade of blood
perfusion (normal/hyperaemia). These parameters were semiquantitatively assessed by 4-
level grading system (0- absence of cellular infiltrate / normal blood supply, 1 – slight
increase of cells / slight increase in blood perfusion, 2 – moderate increase of cells / mod-
erate vascular hyperaemia, 3- distinct cellular infiltrate / distinct vascular hyperaemia). The
histological findings corresponded with grade 0 and 1 were regarded as negative and both,
grade 2 and 3, were evaluated as positive. 

Statistical analysis
All obtained data are shown as means ± SEM. For statistical analysis Student t-test was

used. A p<0.05 was considered statistically significant.

RESULTS

The inf luence of ovalbumine sensitization on the number of coughs and antitussive
effect of potassium ion channels agonists

The cough response on the citric acid irritation is significantly changed by allergen sen-
sitization. As it is shown in the figure 1B and 1C, number of the citric acid - induced coughs
recorded on 7th and 14th days of sensitization was significantly higher than number of the
coughs registered in unsensitized group (Fig. 1A). The cough response measured on 21st day
of sensitization was unambiguously attenuated in comparison with previous recordings
(Fig. 1D).  
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Previously, it was shown that administration of KATP as well as BKCa ion channels openers
resulted in significant decline of citric acid - induced coughs [14]. Despite of the increased
cough response on 7th and 14th days and decreased on 21st day of ovalbumine sensitization,
measurements showed persistent cough suppressive effect of selective KATP opener pinacidil.
Cough suppressive effect of pinacidil was almost similar to codeine, most active antitussive
agent used in clinical practice, the agonist of central opioid receptors. Unlike pinacidil, the
antitussive activity of BKCa ion channels agonist, agent NS 1619 remained only on 7th day of
sensitization. Whereas duration of significant cough suppression after one inhalatory
applied dose of NS 1619 was 2 h in unsensitized guinea pigs and ovalbumine - sensitized
animals tested on 7th day, number of citric acid - induced coughs was significantly sup-
pressed by NS 1619 only in first measured time interval (30 min after administration of
drug) on 14th and 21st day of sensitization (Fig.1). 

Fig. 1. The number of cough efforts (expressed as average ± S.E.M.) on administration of pinacidil (PIN) and NS
1619 compared to commercially used drug codeine registered in unsensitized guinea pigs (A) and on 7th (B), 14th

(C) and 21st (D) days of sensitization procedure. N represents baseline value before any agent administration. *p <
0.05; ** p < 0.01. 

The inf luence of ovalbumine sensitization on both, the airways smooth muscle reac-
tivity and relaxing effect of potassium ion channels agonists (in vivo conditions)

Sensitization by ovalbumine gradually increased airways smooth muscle contraction on
bronchoprovoking agent citric acid. According to figure 2, the values of specific airways
resistance known as very sensitive predictor of airways smooth muscle reactivity were pro-
gressively increased during process of ovalbumine sensitization, even though significantly
higher values in comparison with unsensitized controls were recorded on 21st day of expo-
sure to allergen.
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It had been demonstrated earlier that both potassium ion channels agonists decreased
specific airway resistance in conscious guinea pigs [14]. Pinacidil administered to unsensi-
tized animals suppressed values of R.V during whole experiment. Furthermore, only short-
ened duration of bronchodilatory effect was observed in process of sensitization by ovalbu-
mine (Fig. 2A). In comparison by positive control agent tested on 21st day of sensitization
procedure, bronchodilatory drug salbutamol, we followed more significant airway smooth
muscle (ASM) relaxation on pinacidil (Fig. 2B). In unsensitized guinea pigs, NS 1619 signif-
icantly reduced R.V values compared to baseline measurement (N) in 30 and 60 min time
interval. Sensitization by ovalbumine attenuated bronchodilatory activity on 7th and 14th

day. Moreover, values of specific airways resistance measured on 21st day of sensitization
had not shown any significant decline (Fig. 3). 

Fig. 2. The changes of specific airways resistance values (R.V) registered on pinacidil administration in unsensi-
tized and sensitized guinea pigs (on 7th, 14th and 21st days; A). The pinacidil effect compared to salbutamol effica-
cy on 21st day of sensitization procedure.

Fig. 3. The values of specific airways resistance values (R.V) calculated according to Pennock influenced by NS
1619 administration in unsensitized and sensitized guinea pigs (on 7th, 14th and 21st days).

A C T A  M E D I C A  M A R T I N I A N A  2 0 1 2  S U P P L .  1 11

suplementum  12/1 _MAKETA  7/1  2/24/12  10:16 AM  Stránka 11



The results of histological analysis
Histological analysis of pulmonary and tracheal specimens investigated on 7th, 14th and

21st days of ovalbumine sensitization showed increased signs of allergic inflammation.
Characteristic cellular pattern of allergic inflammation in tracheal and pulmonary tissues
was observed on 14th and 21st days of allergen sensitization (Tab. 1).  Except for that, the
next important facts were noticed after single applied doses: pinacidil and NS 1619  marked-
ly increased mast cells infiltration both, in trachea and lungs, and increased pulmonary
eosinophilia. All these findings pointed on involvement of both potassium ion channels
types in development of allergic inflammation.

Table 1: The histological analysis of tracheal and pulmonary sections during the sensitization procedure. The
changes of cellular infiltration induced by single dose of potassium channels agonists pinacidil and NS 1619.
OVA 7 – histological analysis of sections on 7th day of ovalbumine sensitization.
OVA 14 – histological analysis of sections on 14th day of ovalbumine sensitization.
OVA 21 – histological analysis of sections on 21st day of ovalbumine sensitization.

A C T A  M E D I C A  M A R T I N I A N A  2 0 1 2  S U P P L .  112

TRACHEA LUNGS

Group                   Mast cells               Eosinophils                Mast cells               Eosinophils

negative    positive     negative       positive      negative     positive      negative     positive

OVA 7                 4              2              2               4               4                2              1              5

OVA 14                0             6              2               4               2                4              0              6                 

OVA 21                4             4              1               7              4                4              2              6

Pinacidil              0             8              0               8               1                7              1              7

NS1619             2             6               2               6               3                5              0              8

DISCUSSION

Asthma is a typical chronic inflammatory disease in which various resident and migrat-
ed cells and cell- derived molecules play a role. Cellular elements of allergic inflammation-
eosinophils, mast cells and CD4+ Th2 cells, are source of IgE and cytokines, including IL-4,
IL-5, IL-8, IL-10 and IL-13. Cytokine individual role in inflammatory process, e.g. further
eosinophils activation or accented angiogenesis is well documented [18, 19]. Histological
investigation of tracheal and pulmonary section of ovalbumine-sensitized animals in these
studies showed typical cellular pattern consisting of eosinophils and mast cells on 14th and
21st days. 

In presented experiments, we used citric acid to induce both, cough reflex and bron-
choconstriction. This agent is known as potent tussigen as well as bronchoconstrictor.
Mechanism of citric acid action is accompanied with direct action of protons on sensory
nerves through the activation or sensitization of the capsaicin-operated VR1 (vaniloid recep-
tor 1). The subsequent release of tachykinins seems to be the major mechanism of bron-
choconstriction induced by citric acid [20]. Tachykinins are also known as important medi-
ators of inflammation. Studies using various animal models of inflammation showed that
wide scale of inflammatory mediators sensitize airway afferent nerve endings, thereby low-
ering their threshold for activation [7].  Stimuli that are typically subthreshold for activat-
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ing sensory fibres in the normal airways readily activate the same fibre subtypes in dis-
eased airways. The inflammatory processes that occur during many airway diseases coin-
cide with changes in the excitability of airway sensory nerves and it is associated with
recruitment of afferent nerve subtypes that may not be active under normal conditions.
Released tachykinins had been shown to have potent effects on the further development of
allergic inflammation, specifically on ASM tone, airways secretions and bronchial circula-
tion and on inflammatory and immune cells [21]. This suggests that airways inflammation
is associated with increased responsiveness to both, tussive and bronchoprovoking stimuli.
In our experiments we recorded significant increase in cough response on citric acid irrita-
tion on 7th day of ovalbumine sensitized guinea pigs although microscopic changes were not
significant. Enhanced cough response was followed on 14th day, but not on 21st day of sen-
sitization procedure. Unlike cough reflex changes, we observed gradual increase of ASM
contractility expressed as raised values of R.V corresponded with week of sensitization. This
supported Mokry et al. [12] pointed on enhanced cough response and ASM reactivity on 14th

day of sensitization.  It was declared that developing allergic reaction is represented by
physical alterations in the airways, such as epithelial damage, mucosal swelling and remod-
elling of the airway wall, including numeral, morphological and physiological transforma-
tion of ASM cells [6]. The possible explanation of decreased cough response on 21st day of
sensitization could be a damage to cough receptors by inflammatory changes. However, the
assessment of such changes was out of our scope. 

Potassium channels participated on the relaxation of ASM by hyperpolarizing the mem-
brane potential and, thereby, preventing the activation of voltage-gated Ca2+ channels
(VGCC). Electrophysiological and molecular approaches have facilitated the identification of
both, Ca2+ activated K+ channels (BKCa) and ATP-sensitive K+ channels (KATP) potassium
channels in ASM. Previously, we pointed on ability of KATP and BKCa openers to inhibit ASM
contraction both, in vivo and in vitro condition [14]. These data are in correlation with El-
Hashim et al. [22]. The allergic inflammation of the airways distinctly decreased relaxing
activity of NS 1619, agonist of BKCa. Unlike NS 1619, KATP opener pinacidil maintained prop-
erty to relax ASM cells according to recorded values of R.V.  It could be assumed that KATP
ion channels retained their defence property despite the developing allergic airways inflam-
mation, while the role of BKCa progressively changed. Seibold et al. [23] showed that loss of
function of the VGCC and BKCa has been associated with asthma severity in African
Americans. Furthermore, Shepherd et al. [24] declared changes in ‘‘contractile’’ BKCa and
‘‘proliferative’’ intermediate conductance potassium channels (IKCa) expression in human
ASM cells exposed to TGF-β (transforming growth factor-β), a regulatory process that is
more pronounced in asthmatics. We can presume that gradual diminution and BKCa loss of
cough suppressive and bronchodilatory functions on 21st day of sensitization could be the
result of phenotypic modulation of ASM cells accompanied by changes in calcium–sensitive
potassium channel expression.  According to Bardou et al. [25], potassium ion channels
could participate in complex inflammatory responses in the airways by regulating immune
cell functions. As in many other cells, ion channels in immune cells mainly aim to control
cytosolic Ca2+ signals, which in turn will regulate short and long term cellular responses
[26]. Particularly relevant is the Ca2+ entry mechanism (the calcium release activated cur-
rent, CRAC) triggered by the activation of antigen receptors, phospholipase - C/inositol
trisphosphate (IP3) pathway and the subsequent depletion of endoplasmic reticulum Ca2+

stores. This event, named store-operated Ca2+ entry, relies on two recently discovered ele-
ments, the Ca2+ sensor STIM (stromal interaction molecule) that communicates to the plas-
ma membrane Ca2+ channel Orai the need to replenish the intracellular store. CRAC cur-
rent predominantly mediates inflammatory response of mast cells and eosinophils [27]. The
function of many other ion channels in immune cells is principally to regulate CRAC cur-
rent by modulating the driving force for calcium entry through Orai. Potassium channel
activation favouring Ca2+ entry via channels other than VGCC while potassium channel
inhibition prevents it. Inflammation could regulate potassium channel function and expres-
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sion. It has been reported that inflammation stimulates KATP channels [28] and decreases
BKCa open probability [29] in smooth muscle cells. Likewise Ramstorm et al. [30] also report-
ed that proinflammatory cytokine tumour necrosis factor alpha (TNF ) exerts a complex
action on potassium channels by upregulating of KATP and downregulating others, including
BKCa. We followed corresponding data - constant antitussive and bronchodilating activity of
KATP agonist pinacidil despite lowered threshold of cough reflex and increased ASM con-
tractility during the development of experimental allergic inflammation and gradually
diminished cough suppression and relaxation of ASM on administration of BKCa agonist NS
1619. We suppose that the decreased open probability of BKCa in inflammatory conditions
could be possibly the reason of loss of antitussive and bronchodilatory functions on 21st day
of sensitization.  Presented studies also supported Ghanshani et al. [31] experiments fol-
lowed that BKCa has also been involved in mast cells IgE mediated histamine release and
regulate T cell activation and proliferation. Histological investigation of tracheal and pul-
monary section revealed increase of mast cells infiltration and pulmonary eosinophilia on
single dose of potassium ion channels agonists, pinacidil and NS 1619. These findings
pointed on involvement of both potassium ion channels in development and progression of
allergic inflammation.

It can be summarized that the presented experiments confirmed the specific role of plas-
malemmal potassium ion channels in the pathophysiology of disorders accompanied by
allergic airways inflammation. KATP ion channels retained their defence property despite the
developing allergic airways inflammation, while the role of BKCa progressively changed.
However, introduction of non- selective KATP agonists in clinical practice is strongly limited
by their proinflammatory effects. Accordingly, KATP of ASM represents a more rational ther-
apeutic target for novel antiasthmatic drugs – tissue selective agonists of KATP. 
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A b s t r a c t

Phosphodiesterase (PDE) inhibitors may have significant clinical benefit in respiratory diseases associated with
inflammation. The aim was to evaluate effects of selective PDE7 inhibitor (BRL50481) on citric acid induced cough,
in vivo and in vitro airway smooth muscle reactivity in both healthy and ovalbumin sensitized guinea pigs, as well
as its effectiveness in changes of blood cells count.

Tested drugs were administered intraperitoneally to male guinea pigs once daily for 7 days either vehicle 10%
DMSO (dimethyl sulfoxide) 3 ml/kg (as control) or BRL50481 1 mg/kg. Double chamber whole body plethysmo-
graph was used for evaluation of citric acid (0.6 M) induced cough and specific airway resistance. Organ bath
method was used for measurement of tracheal and lung tissue strips contractions evoked by cumulative doses (10-

8 – 10-3 mol/L) of acetylcholine (ACH) and histamine (HIS).
In healthy guinea pigs we did not observe significant effect of tested drug BRL50481 on in vitro contractions (sim-

ilarly to in vivo conditions). The effect on cough was in healthy animals negligible. In ovalbumin-sensitized ani-
mals, more pronounced in vitro relaxing effect of BRL50481 in HIS induced contractions was observed with simi-
lar results in vivo and no significant change in number of cough efforts. 

Our results suggest that PDE7 inhibitors have stronger anti-inflammatory effect compared to its direct effect on
smooth muscle and cough. 

Keywords: BRL50481, cough, ovalbumin, PDE7, airway hyperresponsiveness

INTRODUCTION

Two decades ago, the first evidence on the presence of phosphodiesterase (PDE) 7 in T
cells was confirmed (1). Later on, its inhibition by different selective PDE7 inhibitors was
shown to be an effective tool in experimental influence of T cells activation and proliferation
(2,3,4). 

Chronic airways diseases associated with bronchoconstriction and inflammation like
bronchial asthma, and chronic obstructive pulmonary disease (COPD) are historically treat-
ed by several agents from a group of xanthine derivatives (5). Their mechanism of action
includes a non-selective inhibition of PDE. However, in therapeutically relevant plasma con-
centrations there are several other mechanisms involved in their effects (6). In previous
studies, the antitussive effects of xanthine derivatives were confirmed, with no particular
discussion about underlying mechanism (5,7,8). 

Adverse effects associated with their administration are based on their relatively mixed
and low specific mechanism of action, interactions with other drugs, and a narrow thera-
peutic range (9,10). Thus, the use of selective (PDE3, PDE4, PDE7) or dual (PDE3/4,
PDE4/7) PDE inhibitors in the therapy of these diseases and influencing cough could be
beneficial (11,12). 

Selective inhibitors of PDE have attracted increasing attention in the therapy of respira-
tory diseases (13,14). PDE isoenzymes play an important role in the regulation of airways
diameter and smooth muscle functions. As major PDE isoforms in the airways, PDE3 and
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PDE4 were confirmed (both hydrolyzing cAMP). However, airway smooth muscle and espe-
cially some inflammatory cells present in respiratory system contain other PDE isoenzymes
responsible for hydrolysis of cAMP, e.g. PDE 7. 

It is widely known that PDEs are represented as 11 superfamilies of metalophosphohy-
drolases, hydrolyzing cAMP and cGMP to their inactive metabolites (15). Selective inhibitors
of PDE4 are considered as the most important therapeutic tools. Rolipram as the mostly
used first generation inhibitor of PDE4 was not yet introduced into clinical practice due to
its adverse effects at higher doses (nausea, vomiting). Second generation of PDE4 inhibitors
(roflumilast, cilomilast) have better perspective, as they maintained anti-inflammatory and
immunomodulating effects with lower incidence of adverse effects (16). Nowadays there are
no relevant data about their antitussive effects, but roflumilast was recently approved for
clinical use in adult patients with severe COPD (17,18). 

Furthermore, an inhibition of PDE3 seems to be the most suitable target in affecting the
airway reactivity and cough (19). However, PDE3 is expressed in different tissues like air-
way smooth muscle, myocardium, vessels, and gastrointestinal tract, leading to potential
adverse effect from non-respiratory organs.

BRL50481, a selective PDE7 inhibitor, was found to be effective in suppression of some
inflammatory cells in in vitro conditions, like human monocytes, lung macrophages, and
CD8+ T-lymphocytes (20). Furthermore, some other roles were recently found, i.e. protec-
tion of dopaminergic neurons in animal models of Parkinson disease (21). Thus, their ther-
apeutic potential in airway inflammatory disease should be evaluated, in order to get more
relevant data about the effects of PDE7 in respiratory system. To elucidate the participation
of PDE7 izoenzymes in cough and bronchoconstriction, effects of selective PDE7 inhibitor
BRL50481 on cough, in vivo and in vitro airway reactivity as well as blood cells count were
assessed in healthy and ovalbumin-sensitized guinea pigs. 

MATERIAL AND METHODS

The study protocol was approved by local Ethics Committee at Jessenius Faculty of
Medicine, Comenius University in Martin, Slovakia. 32 healthy, male guinea pigs (250-350 g)
were used for the study. They were kept in an animal house and had food and water ad libi-
tum. In two groups of animals (n=8 in each), airway hyperresponsiveness was induced with
antigen (ovalbumin) and the other two groups were used as naïve controls without sensiti-
zation (n=8 in each). From the two groups, the first one was left without treatment – only
solvent, 10% dimethylsulfoxide (DMSO) at the dose of 3.0 mL/kg was used. All animals in
the second group were treated with PDE7 inhibitor BRL 50481 (Sigma Aldrich, Germany) at
the dose of 1.0 mg/kg b.w., dissolved in 10 % DMSO (3.0 mL/kg b.w.). The same dosing
schema was applied in healthy as well as in ovalbumin sensitized guinea pigs.

Antigen-induced airway hyperresponsiveness
Sensitization of animals by antigen ovalbumin, which causes airway reactivity changes on

immunological basis, was performed during 14 days (5,22). The allergen (1% ovalbumin)
was administered on the 1st day of sensitization intraperitoneally (0.5 mL) and subcuta-
neously (0.5 mL), on the 3rd day intraperitoneally (1 mL) and on the 14th day only by inhala-
tion (30 seconds). The airway reactivity to mediators of bronchospasm was followed in vivo
immediately after the ovalbumin inhalation and in vitro after sacrificing the animal. In treat-
ed groups, BRL50481 or DMSO were administered 30 minutes before the nebulization (19).

Cough ref lex assessment
The method of chemically-induced cough was used for assessing the cough reflex. The fol-

lowing two methods for detection of cough were used to distinguish the cough effort from
sneezing and movements: a) the changes of the expiratory airflow interrupting the basic
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respiratory pattern during cough were measured by pneumotachograph connected to the
head chamber of bodyplethysmograph; b) the typical cough reflex movement and sound rec-
ognized by two trained observers (23). The number of coughs evaluated on the basis of sud-
den enhancement of expiratory flow accompanied by a typical cough movement and sound
during 2 minutes nebulization of citric acid aerosol in concentration of 0.6 M in saline and
during following 2 min was counted. 

Evaluation of in vivo airway reactivity 
In vivo airway reactivity was evaluated using a double chamber whole body plethysmo-

graph immediately after administration of bronchoconstrictors (19). Specific airway resist-
ance and its changes after a short-term inhalation (2 min) of bronchoconstricting agent
(histamine) at a concentration of 10-6 mol/L in saline) were considered as an indicator of the
in vivo reactivity changes. For comparison, reactivity after nebulization of saline was used.
Between two exposures there was an interval of minimum 5 min. During intervals, fresh air
was insufflated into the nasal chamber.

Evaluation of in vitro airway reactivity 
After sacrificing the animals, trachea and lungs were immediately excised. Tracheal strips

(approximately 15 mm) were cut on the opposite side of a smooth muscle. Lung tissue strips
(2 x 2 x 15 mm) were cut from the margin of upper lobe of right and left lungs. The strips
were mounted between two hooks and placed into the 30 mL organ chambers containing
Krebs-Henseleit`s buffer (NaCl 110.00 mmol/L, KCl 4.80 mmol/L, CaCl2 2.35 mmol/L,
MgSO4 1.20 mmol/L, KHPO4 1.20 mmol/L, NaHCO3 25.00 mmol/L, and glucose 10.00
mmol/L in glass-distilled water). The chambers were maintained at 36.5 ± 0.5 °C and aer-
ated continuously with a mixture of 95 % O2 and 5 % CO2 to maintain pH 7.5 ± 0.1. One of
the hooks was connected to a force transducer (TENSIL10, RES Martin, Slovakia) and an
amplifier (TEMES 1052, RES Martin, Slovakia), and tension changes were recorded online
using special computer software (TEMES 1, RES Martin, Slovakia). The tissue strips were
initially set to 4 grams of tension for 30 min (loading phase). Then, in each strip the tension
was readjusted to a baseline value of 2 grams for another 30 min (adaptation phase). During
both periods, the tissue strips were washed at 10 min intervals. Cumulative doses of hista-
mine (10-8 to 10-3 mol/L, Sigma-Aldrich, Germany) were added after the adaptation phase
had been finished and a continuous recording of contractions was made (5,24). Data of the
tracheal tissue reactivity are shown in grams (g) of the smooth muscle tension. 

Hematological assay
Samples of blood were taken immediately after sacrificing the animals and total white

blood cells (WBC) count was determined by hematology analyzer BC-5500 (Mindray, China)
as well as in Bürker’s chamber after staining by Türck. Differential leukocytes count in
blood was evaluated by hematology analyzer BC-5500 (Mindray, China) as well as micro-
scopically after panchromatic staining by Pappenheim and a relative count of neutrophils,
monocytes, basophils, eosinophils, and lymphocytes was determined (in %) (25).

Statistical analysis
Data are shown as median and interquartile range (cough), and means ± SE (in vivo and

in vitro reactivity). For statistical analysis Student’s t-test was used. A p<0.05 was consid-
ered statistically significant. 

RESULTS

Intraperitoneal administration of PDE7 inhibitor BRL50481 did not lead to significant
decrease in number of cough efforts in healthy and ovalbumin sensitized guinea pigs (Fig. 1). 

A C T A  M E D I C A  M A R T I N I A N A  2 0 1 2  S U P P L .  118

suplementum  12/1 _MAKETA  7/1  2/24/12  10:16 AM  Stránka 18



Fig. 1. Number of cough efforts during (2 min) and after (2 min) inhalation of citric acid aerosol in healthy (DMSO,
BRL50481) and ovalbumin-sensitized guinea pigs (OVA+DMSO, OVA+BRL50481) after 7-days pre-treatment with vehi-
cle (10 % DMSO, 3.0 ml/kg b.w.), and BRL50481 (1 mg/kg b.w.). Data are shown as median and interquartile range.

Furthermore, the ability of selective PDE7 inhibitor to affect the airway responsiveness
was evaluated. Specific airway resistance measured in the whole body double chamber
plethysmograph was used as a marker of in vivo airway responsiveness. Administration of
BRL50481 at the dose of 1.0 mg/kg caused a significant decrease of specific airway resist-
ance after histamine nebulization only in ovalbumin-sensitized guinea pigs (Fig. 2). 

Fig. 2. Specific airway resistance after inhalation of histamine (10-6 mol/L) in healthy and ovalbumin-sensitized
guinea pigs after 7-days pre-treatment with vehicle (10 % DMSO, 3.0 ml/kg b.w.), and  BRL50481 (1 mg/kg b.w.).
(+ p<0.05 vs. healthy, * p<0.05 vs. DMSO)

In vitro testing of tracheal smooth muscle tissue strips contractility of healthy guinea pigs
to cumulative doses of histamine demonstrated no significant suppression of strips reac-
tivity only after BRL50481 pretreatment. In ovalbumin-sensitized guinea pigs, contractions
evoked by histamine were significantly decreased in tracheal strips by pretreatment with
BRL50481 (Fig. 3).
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Fig. 3. In vitro airway reactivity to histamine in healthy (left) and ovalbumin-sensitized guinea pigs (right) after 7-
days pre-treatment with vehicle (10 % DMSO, 3.0 ml/kg b.w.), and BRL50481 (1 mg/kg b.w.). (* p<0.05 vs. DMSO
or OVA DMSO)

Hematological examination was focused on changes in total WBC count and in their dif-
ferential count. We found that sensitization with ovalbumin led to a significant increase in
circulating WBC with increasing representation of eosinophils at the expense of lympho-
cytes. Administration of BRL50481 to healthy guinea pigs did not cause any significant
changes in WBC count (only tendency to decrease the relative count of eosinophils and
monocytes was observed). In ovalbumin-sensitized guinea pigs, significant decrease in
number of WBC as well as in relative count of eosinophils compared to non-treated animals
was observed (Table 1).
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Table 1. Blood cells count (absolute and relative) in peripheral blood of healthy and ovalbumin-sensitized guinea
pigs after 7-days pre-treatment with vehicle (10 % DMSO, 3.0 ml/kg b.w.), and BRL50481 (1 mg/kg b.w). (+ p<0.05
vs. healthy, * p<0.05 vs. DMSO or OVA DMSO)
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DISCUSSION

Selective inhibitors of PDE (especially PDE3 and PDE4) have been extensively studied for
their anti-inflammatory action and their inhibition was previously confirmed as suitable
target for influencing the airway inflammation as well as contractility of airway smooth
muscle (13). Several clinical studies testing second generation of PDE4 inhibitors (piclami-
last, cilomilast, roflumilast) confirmed their bronchodilating, anti-inflammatory and anti-
tussive effects previously demonstrated in experimental conditions. Furthermore, it empha-
sizes the necessity of testing other PDE isoforms (26,27,28). 

PDE7 enzymes are cAMP specific but insensitive to rolipram. They are encoded by two
genes PDE7A and PDE7B with significant expression of PDE7A1 protein in T-cell lines,
peripheral T-lymphocytes, epithelial cell lines, airway and vascular smooth muscle cells,
lung fibroblasts, and eosinophils (29). Thus, the inhibition of this isoenzyme could be an
effective tool in suppressing the airway hyper-responsiveness and inflammation.

There are several selective PDE7 inhibitors, like e.g. VP1.15 and S14 synthesized in the
Instituto de Quimica Medica (30), pyrimidine inhibitors (31), purine inhibitors (32),
ASB16165 synthesized in Asubio Pharma Co Ltd in Japan (4), thiadiazol derivative
PF0332040 synthesized by Pfizer (3). Another selective PDE4 inhibitor has some activity
against PDE7 isoenzyme – T-2585 synthesized by the Discovery Research Laboratory in
Japan (2). 

In our experiments, BRL50481 as the only commercially available selective PDE7 inhibitor
(20) was used and led to significant decrease of in vivo airway reactivity as well as in in vitro
conditions. The most significant drop of contractile responses to histamine was observed in
ovalbumin-sensitized animals.  This suggests its potential use in clinical states associated
with allergic inflammation, which was mimicked by ovalbumin sensitization. Furthermore,
the patients may benefit from its synergistic effect when administered with a PDE4 inhibitor
(based on own unpublished data as well as data published by other authors, 33). This con-
cept was described in literature and new dual PDE inhibitors are studied (e.g. PDE3/4 and
PDE4/7) for their anti-inflammatory action (34). 

As there were so far no relevant data about antitussive effects of PDE7 inhibitors, our
results indicate their alternative efficiency in influencing the cough. However, in our exper-
iments we did not reach the significance level. Nevertheless, the model we used is consid-
ered as model of asthma, with predominance of eosinophils (19). The blood cells count
changes done in our experiment confirmed the increase in eosinophil relative count in
peripheral blood, accompanied by increase in absolute white blood cells count after 14 days
ovalbumin sensitization of guinea pigs. A significant decline in absolute number of WBC as
well as relative number of eosinophils after 7 days lasting administration of BRL50481 indi-
cates anti-inflammatory effects of PDE7 inhibition in the selected model of airway hyper-
responsiveness. Similarly to previous studies (2), pre-treatment with PDE7 inhibitor BRL
50481 decreased the relative count of lymphocytes. However, this decrease was in our
experiments not statistically significant, probably due to the fact we did not distinguish
between B- and T-line of lymphocytes. Furthermore, no suppressive effect on neutrophils
count, typical for selective PDE4 inhibitors, was observed.

Nevertheless, other models, like COPD models with prevailing neutrophils, should be test-
ed, in order to exclude the efficacy of these groups of drugs in influencing the cough (33). 

In conclusion, we did not observe any antitussive effect of tested PDE7 inhibitor
BRL50481. Nevertheless, the significant suppression of airway hyper-responsiveness both
in in vivo and in vitro conditions by this PDE7 inhibitor as well as positive changes in
absolute and relative white blood cells counts indicate stronger anti-inflammatory effects
compared to its direct effect on smooth muscle and cough.
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A b s t r a c t

Giant knotweed (Fallopia sachalinensis) and related plants are commonly used in Chinese and Japanese folk
medicine. Bioactive natural products derived from them are believed to possess a variety of biologic activities. We
have analyzed two polysaccharide fractions from leaves of Fallopia sachalinensis. We have focused on its activities
to experimentally induced cough reflex and the changes of specific airway resistance. We have compared the
observed antitussive activity with cough suppressing activity of codeine („positive“ control) and effect acquired after
application of water for injection („negative“ control) using  conscious male guinea pigs individually placed in
a double chambers bodyplethysmograph box. Peroral administration of both polysaccharides significantly inhibit-
ed the number of coughs induced by citric acid in guinea pigs and have not significantly changed the values of
specific airway resistance.  Moreover, the substances in experimental animals have not provoked any notable
adverse events. The biological activity observed in derivatives of Fallopia sachalinensis provides a scientific basis
for the use of the plant in traditional medicines.

Key terms: Fallopia sachalinensis, pectic polysaccharides, antitussive activity, cough reflex

INTRODUCTION

Giant knotweed (Fallopia or Reynoutria sachalinensis) is a known invasive plant species
native to East Asia, belonging to the Polygonaceae family. Bioactivity of derivatives of these
species of plants as well as its use in traditional Chinese and Japanese medicines was
already described in literature (1,2). Extracts from the leaves of Fallopia sachalinensis were
already investigated for potential utilizations. (3) The content of neutral carbohydrate com-
ponents of pectic polysaccharides and hemicelluloses was 37.7 %. Uronic acid  (UA) repre-
sented 10.1% and the rest (52.2%) was comprised by ash, protein, lignin and -cellulose.
A sequential extraction of the extractives-free leaves revealed the presence of pectic poly-
saccharides of the homogalacturonan and rhamnogalacturonan types.

Bioactive properties of pectins are well known and widely used. (4) The effects of polysac-
charides extracted from other various plants on experimentally induced cough reflex in
experimental animals (conscious guinea pigs or cats) were widely studied and described in
previous works (5,6,7,8).

The aim of this presented work was to assess antitussive activity of two different polysac-
charide fractions extracted from the leaves of Fallopia sacchalinensis in two different doses
and compare it with cough suppressing activity of codeine. 

MATERIAL AND METHODS

Plant material
Leaves of giant knotweed (Fallopia sachalinensis) were collected in April 2007 in Česky

Krumlov (Czech Republic) and kindly provided by Dr. N. Vrchotová (Institute of Landscape
Ecology, AS CR). The leaves were dried at laboratory temperature and ground to a fine pow-
der. 
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Extraction of polysaccharides:
Extractive substances were removed from a fine powder of air dried leaves by Soxhlet extrac-

tion with chloroform/ethanol (65 : 35) for 6 h and subsequently with methanol  for 3.5 h  to
remove the main extractive compounds. The resulting extractive-free leaves of F. sachalinensis
(FS, 90 g) were sequentially extracted using distilled water (1 100 mL) for 2 h at 60oC and than
14 h at laboratory temperature. The suspension was centrifuged at 12 000 min−1 for 7 min. The
supernatant was concentrated, poured into four volumes of ethanol and the precipitate was
separated by filtration, subjected to dialysis, and the retentate was lyophilized (FS-1; 1.34 g).
The dry residue (75.6 g) was extracted with acetate buffer pH 4.8 (800 mL at 70 oC ) for 2.5 h
and then the suspension was centrifuged  and extract was concentrated.  The concentrated
extract was filtered on a S4 filter, than neutralyzed to pH 7.1 and precipitated   with ethanol.
The precipitate was separated by filtration, subjected to dialysis (cellulose membrane, MWCO,
1 kg mol−1, Serva), and the retentate was lyophilized yielding fraction FS-2 (2.15 g). 

Antitussive activity
Animals:
Healthy adult male guinea pigs, weighing 200-350 g, supplied by Department of

Experimental Pharmacology, Slovak Academy of Science, Dobra Voda, Slovakia, were kept
in the animal house with food and water ad libitum with standard air-conditioning system.
Animals were kept at least one week in quarantine before starting experiment. Each poly-
saccharide samples as well as control agents (“positive” codeine and “negative” vehicle) were
tested on individual group of 8 guinea pigs. 

The experimental protocols were approved by the institutional Ethics Committee of
Jessenius Faculty of Medicine, Comenius University in Martin and complied with Slovakian
and European Community regulations for use of laboratory animals. This is in accordance
with the revised Declaration of Helsiniki from 1983 and follows the criteria of experimental
animals wellfare. 

Assessment of chemically induced cough and airways defence ref lexes
Conscious guinea pigs were placed in a double-chamber bodyplethysmograph box (HSE

type 855, Hugo Sachs Elektronik, Germany) and restricted so that the head protruded into
nasal chamber and the neck was sealed with a soft diaphragm. The cough reflex was
induced by an citric acid aerosol in concentration of 0.3 M, generated by a jet nebulizer
(PARI jet nebulizer, Paul Ritzau, Pari-Werk GmBH, Germany, output 51 s-1, particle mass
median diameter 1.2 μm) and delivered into the head chamber of the pletysmograph for 3
minutes. Cough efforts, defined as sudden enhancements of expiratory air flow associated
with typical motion and sound observed by trained personnel were registered over this time
interval (9). The airway smooth muscle reactivity in vivo was expressed as specific airway
resistance calculated according to Pennock et al. by time difference between pressure
changes in both parts of bodypletysmograph during normal breathing pattern (10). Cough
efforts as well as airway resistances were registered before administration and subsequent-
ly 30, 60, 120 and 300 minutes after application of the compound. Minimum 2 hours inter-
val between two measurements was set to prevent adaptation of cough receptors as well as
general adaptation of guinea pigs to this kind of irritation. 

All tested substances (vehicle, codeine as well as both polysaccharides) we applied orally.
Vehicle (water for injection) was given in the dose of 1 ml.kg-1 body weight and codeine in
the dose of 10 mg.kg-1 body weight. Both fractions of pectin polysaccharides were dosed
50 mg.kg-1 and 75 mg.kg-1 body weight respectively, in order to assess basic dose depend-
ent antitussive activity differences.

Statistical analysis
For statistical analysis Student t-test was used. Data are represented as means ± stan-

dard errors of the mean (± S.E.M.) and p<0.05 was considered as threshold for statistical
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significance. Significance levels of p<0.05, p>0.01 and p< 0.001 are shown by one, two or
three asterisks, respectively.

RESULTS

Extraction of polysaccharides
The leaves of giant knotweed were repeatedly treated with chloroform/ethanol and subse-

quently with methanol to remove the main extractive compounds. The drug residue was
extracted with hot water and subsequently from the dry residue with acetate buffer.
Polysaccharides FS-1 and FS-2 were obtained by precipitation of the water extracts. The
amount of material recovered in the FS-1 fraction represented 1.47 % and in the FS-2 frac-
tion 2.37 % of total cell wall material (FS). The analytical data of both fractions are sum-
marized in Table 1.  Fractions differed in the content of UA, composition of the neutral sug-
ars and content of protein and total phenolics. In comparison to the FS-2, the hot water
extracted FS-1 showed small portion of protein and a significantly higher content of total
phenolics. Analysis of the hydrolyzates revealed the galacturonic acid to be the main acidic
sugar component in these fractions, which is characteristic for pectin. The high content of
arabinose and galactose residues in FS-1 as well as the presence of UA (29%) indicates pres-
ence of arabinogalactans associated with galacturonan core. On hydrolysis fraction FS-2
contained very high portions of UA (~68 %). Galactose, arabinose and rhamnose were the
predominant neutral sugars and the other sugars were detected only in low amounts (Table
1). These results suggest that the FS-2 is pectic polysaccharide and contains less neutral
sugars than this of FS-1. Polysaccharide fraction FS-1 showed one peak at Mw 51 000 with
board molecular-mass distribution pattern with degree of polydispersity P= 1.48.  On the
contrary, fraction FS-2 was homogeneous (P=1.06) and on HPLC showed one symmetrical
peak with Mw 168 000. 

Table 1. Analytical data of polysaccharide fractions from extractive-free leaves of Fallopia sachalinensis; TC – total
carbohydrates content, NC – neutral carbohydrates, UA – uronic acid content, P – protein content, TP – total phe-
nolic content, EC50 the lowest mass ratios of the sample (mg) to DPPH• (mg) needed to scavenge the 50% of initial
DPPH• and ± standard deviation, Gal – Galactose, Glc – Glucose, Man – Mannose, Ara – Arabinose, Xyl – Xylose,
Rha - Rhamnose.
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FS-1

FS-2

FS-1

FS-2

TC (%)

65.9 ± 1.4

67.9 ± 1.3

Ga

28

29

UA (%)

29.2 ± 1.2

57.9 ± 2.6

Glc

31

18

NC (%)

36.7 ± 2.1

10.0 ± 1.8

Man

8

2

P (%) 

5.6 ± 0.09

–

Ara

24

32

TP (%)

18.9 ± 1.6

7.1 ± 0.6

Xyl

6

6

EC50

0.85

1.1

Rha

2

12

Neutral sugar composition (rel. mol %)

Antitussive activity
Both polysaccharide fractions of Fallopia sachalinensis leaves (sample FS-1 and sample

FS-2) were tested for cough-suppressing activity using double-chamber bodypletysmogra-
phy. The antitussive effect was evaluated on the citric-acid induced cough efforts and air-
ways smooth muscle reactivity in vivo in adult healthy conscious guinea pigs after oral
application of two different doses 50 mg.kg-1 and 75 mg.kg-1 body weight of both samples
(FS-1, FS-2) respectively, in order to assess the impact of dose escalation on suppression of
cough reflex and specific airway resistance. 
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Polysaccharide fraction marked as FS-1 showed significant suppression of chemically
induced cough efforts already after 30 minutes after oral application in dose of 50 mg.kg-1

body weight (Fig. 1). Subsequently in next time intervals cough-suppressing activity was
more pronounced and maximal antitussive effect was achieved 120 minutes after oral appli-
cation of sample FS-1. 300 minutes after oral application of sample FS-1 we observed
decline in suppression of number of cough efforts, but still within the range of statistical
significance comparing to baseline values. Dose increase of polysaccharide FS-1 up to
75 mg.kg-1 body weight brought slightly increased suppression of the number cough efforts
comparing to application of the lower dose (Fig. 1).

Polysaccharide fraction marked as FS-2 in dose of 50 mg.kg-1 body weight showed signif-
icant suppression of chemically induced cough efforts also already after 30 minutes after
oral application (Fig. 2). However, the highest suppressive effect was achieved already in 60
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Fig. 1. Number of citric acid induced cough efforts after oral application of polysaccharide fraction FS-1 from
Fallopia sachalinensis in a dose of 50 mg.kg-1 b.w. and 75 mg.kg-1 b.w. First column represents control group (water
for injection).  Axis x - represents time intervals of the chemical stimulation of the airways and axis y – represents
changes of the number of the cough efforts. N –  cough values recorded before application of FS-1. The columns
are represented as mean values of number of cough efforts, the range denotes standard error of means ± S.E.M.
The significance p<0.05 is marked by one asterisk, p<0.01 by two asterisks and p<0.001 by three asterisks.

Fig. 2. The changes of the cough efforts after oral application of polysaccharide fraction FS-2 from Fallopia sacha-
linensis in a dose of 50 mg.kg-1 b.w. and 75 mg.kg-1 b.w. First column represents control group (water for injec-
tion).  N – cough values recorded before application of sample marked as FS-2. 
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minutes after application of the sample FS-2. The statistically significant suppression of the
number of the cough efforts were observed during the whole experiment. Dose increase of
polysaccharide FS-2 up to 75 mg.kg-1 body weight showed more significant antitussive
effect in 60, 120 and 300 min intervals after oral application of this sample comparing to
the lower dose (Fig. 2). 

Comparison of cough suppressing activities of both FS-1 and FS-2 on the number of
cough efforts revealed quantitatively higher cough suppression after application of the high-
er dose (75 mg.kg-1 b.w.). Direct comparison of the cough suppressive activity of the sam-
ples FS-1 and FS-2 to centrally acting and in clinical condition the most active the cough
suppressive agent codeine (administered orally in the dose of 10 mg.kg-1 b. w.) we found that
sample FS-2 was comparable or even more active in suppression the number of cough
efforts as codeine in some time intervals (Fig. 3).

Fig. 3. The comparison of the cough suppressive activities of the samples FS-1 and FS-2        extracted from the
Fallopia sachalinensis leaves and administered in a dose of 75 mg.kg-1 b.w. orally and codeine phosphate (positive
control – administered in a dose 10 mg.kg-1 orally).  First column represents control group (negative control – water
for injection). 

Neither of polysaccharide fractions (FS-1 as well as FS-2) significantly alter specific air-
way smooth muscle reactivity, measured as specific airways resistance (sRaw), after oral
application, regardless the time interval or dose administered (50 mg.kg-1 body weight or
75 mg.kg-1 body weight) (Fig. 4). 

DISCUSSION

The analysis of in vivo antitussive activities of polysaccharides FS-1 and FS-2 found sig-
nificant reduction of number of cough efforts chemically induced by citric acid in adult
healthy awaken guinea pigs. This cough-suppressing effect was confirmed in both polysac-
charide fractions administered orally in doses of 50 mg.kg-1 body weight as well as 75 mg.kg-

1 body weight, respectively without provoking any notable undesirable reactions. The analy-
sis of in vivo airway smooth muscle reactivity showed no effect on specific airway resistance
in both fractions, regardless of the dose. Increase in dose led to prolongation and increase
of suppressive activities. Intensity of antitussive effect was numerically higher after admin-
istration of FS-2 when comparing to FS-1, especially after oral application in the dose of
75 mg.kg-1 body weight. Antitussive activity, measured as suppression of number of cough
efforts, of polysaccharide sample FS-2 was found to be comparable or even bigger as
codeine, until now the most effective and in clinical practice most frequently used cough
suppressing agent. Results of our experiments confirmed the statistically significant sup-
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pressive effect on number of cough efforts induced chemically by citric acid in vivo condi-
tions in healthy adult male awaken guinea pigs in both polysaccharide samples FS-1 as well
as FS-2. We tried to address the question: what mechanism could take part in antitussive
bioactivity of these molecules. Analysis of in vivo airway smooth muscle reactivity showed
no alteration of specific airway resistances in both tested samples after oral application.
Bronchodilatation thus probably does not play a role in the mechanism of the cough sup-
pressive activity of followed samples. Nevertheless, we have found differences in cough sup-
pressive activities when comparing sample FS-1 to sample FS-2. Analysis of both samples
revealed structural differences which could drive the different antitussive properties of both
polysaccharides (Table 1). Higher molecular weight as well as higher content of uronic acid
in the sample FS-2 comparing to sample FS-1 could play a role in more pronounced cough
suppressive effect observed after oral application of FS-2. In fact earlier studies of antitus-
sive activities of various polysaccharides revealed increase of antitussive effect with
increased content of uronic acid (7). The part of this difference could be due to higher molec-
ular weight of FS-2. Polysaccharides, mainly pectins, as present in sample FS-2, with high
molecular size are not completely absorbed after oral application and stay longer in contact
with the mucous terminals of the epipharyngeal nerve. This interaction could cause the
decrease of sensitivity of cough receptors to chemical irritation (in our case citric acid) of
upper respiratory tract, and thus indirectly lead to cough suppression (11,12,13). It was
described that some polysaccharides administered in the form of highly viscose solutions
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Fig. 4. The influence of polysaccharide samples FS-1 and FS-2 administered orally in the doses of 50 mg kg-1 and
75 mg kg-1 body weight,  respectively, compared to control (water for injection, negative control) and codeine (pos-
itive control - administered in a dose 10 mg kg-1 b.w.) on specific airways resistances (sRaw)  in healthy adult con-
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formed gels on the mucous surface and thus preventing irritation of the airways and con-
tributing to cough suppressing activities as well (14). Contribution to the overall antitussive
properties could have also known fact that some polysaccharides increase production of
saliva with subsequent activation of swallow reflex interfering with cough reflex and sup-
pressing it.

We assume that various combinations of those mechanisms can contribute to observed
cough suppressing activity of polysaccharides derived from the leaves of Fallopia sachali-
nensis.
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A b s t r a c t

The herbal polysaccharides have been the subject of many studies for a very long time, especially because of
their physical properties, chemical and physical modification and application. Adhatoda vasica has also been tra-
ditionally included in preparations for the relief of cough, asthma and bronchitis recommended by Ayurvedic
physicians for the management of various types of respiratory disorders. In this study, we have focused on activi-
ties of pectic arabinogalactans isolated from Adhatoda vasica on experimentally induced cough reflex and the
changes of specific airway resistance in vivo conditions. The substance from leaves of Adhatoda vasica was marked
as P-601 and the substance from stem bark of this shrub as P-602. The aim of presented study was to compare
the antitussive activity of isolated arabinogalactans with cough suppressive activity of codeine („positive“ control)
and effect acquired after application of water for injection („negative“ control). Conscious male Trik guinea pigs
(200-350g) were exposed to citric acid aerosol. Peroral administration of these substances in a dose of 50 mg.kg-1

body weight decreased the number of citric acid induced cough efforts in guinea pigs more effectively than codeine.
They did not induce any significant changes in the values of specific airway resistance and did not provoke any
observable adverse effects.Our test results confirmed that polysaccharides isolated from Adhatoda vasica in vivo
conditions have expressive antitussive effect compared with the oldest and the most effective cough suppressive
agent - the codeine. The positive thing is the studied substances, despite strong supressive activity, did not induced
any adverse side effects. 

Key words: cough reflex, herbal polysaccharides, arabinogalactan, Adhatoda vasica

INTRODUCTION

Topicality of the research in this area is based on the fact that cough is the most common
symptom for which patients seek medical care of doctor for the first contact or specialist –
pneumologist (1). Cough is an indispensable physiological reflex that helps to clean the res-
piratory tract from secretions, bacteria, cellular waste products and foreign materials when
ciliary activity of the respiratory tract is inadequate. That means the cough protects the res-
piratory tract mucosa from potential sources of obstruction or irritation. Basis for cough-
ing is receptor activation by mechanically, chemically, inflammatory processes or aeroaller-
gens. Cough receptors are located under the mucous membranes of the respiratory system
transferred  to the bronchioles. They are concentrated in the carina, tracheal bifurcation,
and its rear wall. For the cough receptors are considered especially afferent myelinated A
fibers known as RARS (rapidly adapting receptors). Stimulation of RARS clearly initiates
cough reflex (2). However, cough can also be induced by stimulation of nonmyelinated C
fibers. It is assumed that while receptors of afferent myelinated A   fibers involved in the for-
mation of cough directly, the role of receptors of afferent nonmyelinated C fibers is indirect
(3). The individual parts of reflex arc are subordinated to the anatomical and functional
changes during the chronic respiratory diseases. The result of these changes is an inade-
quate excessive response. Cough becomes pathological, loses its protective function, caus-
es discomfort to the sick, reduces quality of life and moreover, may also lead to life-threat-

A d d r e s s  f o r  c o r r e s p o n d e n c e :
Fleskova D., Department of Pharmacology, JFM CU, Sklabinska Str. N. 26, 03601 Martin, Slovakia.
Tel: +421432633603; e-mail: d.fleskova@yahoo.co.uk

suplementum  12/1 _MAKETA  7/1  2/24/12  10:17 AM  Stránka 31



ening complications (4). The most effective long-term antitussives used in the treatment of
cough, act on central level. Their disadvantages include a huge number of adverse side
effects (5). As the most hopeful appear to be herbal substances, which is assumed to lower
incidence of adverse effects. For antitussive and expectorant effect of plants are responsible
plant alkaloids, flavonoids, saponins, terpenoids, polysaccharides and other bioactive sub-
stances. Plant polysaccharides create on the contact surface protective layer, which reduces
the irritation of cough receptors and vagal nerve endings leading to decrease in the param-
eters used for assessment of cough reflex (6). In this study we have focused on activities of
peptic arabinogalactan isolated from Adhatoda vasica. 

Arabinogalactan - proteins (AGPs) are found in most higher plants. Although the physio-
logical functions of AGPs have not yet been identified, some evidence is found that they are
involved in plant reproductive development, pattern formation and somatic embryogenesis.
In general the arabinogalactan moiety of AGPs represents 90% of the weight, while the pro-
tein moiety represents 10% of the weight. Type I arabinogalactan consists of long –(1 4)-
linked D-galactopyranose (D-Galp) backbones substituted with short -linked and -linked
L-arabinofuranose (L-Araf) side chains. The arabinogalactan moiety is characterized as
a type II arabinogalactan consisting of a (1 3)- -D-galactan core branched at O-6 with (1 6)-
linked galactan outer chains heavily substituted with terminal -L-arabinofuranosyl
residues. The protein moiety was found to be rich in the amino acids hydroxyprolin, serin,
alanin, threonin, and glycin and although also AGPs have been characterized with different
amino acid compositions (7). 

Mechanism of cough suppressive effect is probably identic with the action of the herbal
mucilages, while we know that they are able to create a protective layer of mucous mem-
branes, especially in viral diseases of upper respiratory tract, leading to reduced stimula-
tion of cough receptors (8). 

Adhatoda vasica is an evergreen shrub and a medicinal plant which is a home remedy for
several diseases and human requirements. It is mentioned in Vedas as a herbal remedy for
treating cold, cough, whooping cough and chronic bronchitis and asthma, as sedative
expectorant, antispasmodic and anthelmintic. It is an official drug and is mentioned in the
Pharmacopoeia of India (1966). The drug is employed in different forms such as fresh juice,
decoction, infusion and powder; also given as alcoholic extract and liquid extract or syrup.
The leaves and roots contain alkaloids, vasicinone, vasicinolone and vasicol, which may
have a bronchodilatory effect of the bronchii (9,10).

MATERIAL AND METHODS

Plant material
Leaves of A. vasica were collected from the garden of medicinal plants, The University of

Burdwan, West Bengal, India. Collected. leaves (10 g) were washed thoroughly with tap
water and then blended with water (800 ml) in a mixer (Waring Products, Inc.,Torrington,
CT, USA) (11). Extraction of polysacharides, isolation of arabinogalactan proteins and
chemical analysis were described by Chattopadhyay et. al. (11). 

Animals
The experiments were carried out on the conscious male Trik guinea pigs weighing 200-

350g. The animals were obtained from the Department of Experimental Pharmacology,
Slovak Academy of Science, Dobra Voda, Slovakia and located in faculty animal house.
Guinea pigs were kept in the animal house with standard air conditioning system. All ani-
mals had a free access to water and food. They were adapted in quarantine to our condi-
tions during several days. Experiments using animals  were performed in accordance with
the local Ethical Comittee at Jessenius Faculty of Medicine, Comenius University in Martin.
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Each of polysaccharides as well as codeine („positive“ control) and aqua pro injectione
(„negative“ control) were tested on individual group of animal consisting of 6-8 guinea pigs.
Conscious animals were individually placed in a double chambers bodyplethysmograph box
for laboratory animals (HSEtype 855, Hugo Sachs Elektronik, Germany) consisting of head
and body chambers. The nasal airflow was registered in head chamber and the thoracic air-
flow in body chamber. The value of specific airway resistance is proportional to phase dif-
ference between nasal and thoracic respiratory airflow.

Aerosols were generated with an ultrasonic nebuliser. The plant substances were applied
to guinea pigs perorally in the dose of 50 mg.kg-1 b.w. The cough reflex was evoked by cit-
ric acid in a concentration 0,3M. The citric acid aerosol was produced by a jet nebulizer
(PARI jet nebulizer, Paul Ritzau, Pari-Werk, Germany, output 5 L/s, particles mass median
diameter 1.2 m) and provided to the head chamber of the plethysmograph in 3 min inter-
vals. During the exposure, the animal was continuously observed by two trained observers
that evaluate the cough response objectively. Two observers analyzed typical cough respons-
es and counted number of cough efforts. The citric acid induced cough and specific airway
resistance were registered without any agent application and after that in 30, 60, 120 and
300 min intervals. Between measurements was observed 2 hours break for adapt cough
receptors. 

The reactivity of the airway smooth muscle in vivo conditions was expressed as values of
specific airways resistance calculated according Pennock et al. by time difference between
pressure changes in head and chest parts of bodypletysmograph during normal breathing
pattern. After finishing the experiments, animals were monitored for 10 min and subse-
quently carried away to the animal house.  

Statistical analysis
Data from the cough studies are expressed in total number of coughs. Data were evalu-

ated using an unpaired Student t-test.  All data were shown as mean ± standard error of
the mean (SEM). Significance of p < 0.05, p < 0.01, p < 0.001  is shown by one, two and
three asterisks (*). 

RESULTS

The effect of pectic arabinogalactans from A. vasica was evaluated on the citric acid-
induced cough reflex and reactivity of airways smooth muscle in vivo conditions. For com-
parative purposes, codeine was simultaneously assayed as known reference compound.
The results of antitussive test showed that peroral administration of the subtance P-601 in
a dose 50mg.kg-1 body weight brought about a significant decrease in the number of citric
acid induced cough efforts (NE) in adult healthy awaken guinea-pigs (Fig. 1). The first sta-
tistically significant result within 30 min after application was observed. Furthermore, this
positive effect was observed during all the study time intervals. Notably, the suppression
of cough efforts by the polymer was quantitatively that of codeine apllied in a dose
10 mg.kg-1.

Airway resistance is a concept used in respiratory physiology to describe mechanical fac-
tors which limit the access of inspired air to the pulmonary alveoli, and thus determine air-
flow. It is dictated by, inter alia, the diameter of the airways. At present the relationship
between cough and bronchoconstriction is not known with certainty. Although it is gener-
ally accepted that bronchodilating substances can cause cough suppression. Therefore, we
have evaluated the changes of specific airway resistance as indicator of this activity. Our
result suggests that the application of substance P-601 from A. vasica in the dose which
provoked cough suppressive activities did not significantly change the values of specific air-
way resistance (Fig. 2).

A C T A  M E D I C A  M A R T I N I A N A  2 0 1 2  S U P P L .  1 33

suplementum  12/1 _MAKETA  7/1  2/24/12  10:17 AM  Stránka 33



Fig. 2. The influence of a polysaccharide P-601 from the medicinal plant Adhatoda vasica and control agents (water
for injection and codeine) on citric acid induced changes of specific airway resistance (sRaw) in vivo conditions,
registered before any agent application (values labelled as N in graphs) and after that in 30, 60, 120 and 300 min
time intervals.

Similarly, substance P-602 significantly decreased the number of cough efforts.
Suppressive effect was shown after 30 min. of polysaccharide solution application and per-
sisted until the end of the experiment, up to 300 min. from its application. Even in this
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Fig. 1. The influence of the pectic arabinogalactan P-601 from Adhatoda vasica, codeine („positive control“) and
water for injection („negative“ control) on the citric acid-induced cough efforts (NE) in guinea-pigs recorded at 30,
60, 120 and 300 min time intervals. All used substances were applied by peroral route of administration: plant
polysaccharides in the dose of 50mg.kg-1, codeine in the dose 10mg.kg-1 and water for injection in the dose 2ml.kg-

1 body weight. N, initial values before application of the polysaccharides and codeine. Statistical significance is
marked by asterisks ***p < 0.001; **p < 0.01; *p < 0.05.
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experiment, the substance P-602 in some intervals exceeded the effect of codeine (Fig. 3).
The results of our experiments have shown that substance P-602 did not influence the reac-
tivity of respiratory smooth muscle (Fig. 4). Negative control - water for injections, that were
applied at a dose of 2 ml.kg-1 body weight did not influence the number  of cough efforts
and the values of specific airway resistance.

On the figure 5 is expressed as percentage the antitussive effect of codeine, A. vasica P-
601 and A. vasica P-602. There can be seen only minimal differences of suppressive effect
in both applied polysaccharides compare to codeine. 
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Fig. 3. The influence of the pectic arabinogalactan P-602, codeine („positive control“) and water for injection („neg-
ative“ control) on the citric acid-induced cough efforts (NE) in guinea-pigs recorded at 30, 60, 120 and 300 min
time intervals. All used substances were applied by peroral route of administration: plant polysaccharides in the
dose of 50mg.kg-1, codeine in the dose 10mg.kg-1 and water for injection in the dose 2ml.kg-1 body weight. N, ini-
tial values before application of the polysaccharides and codeine. Statistical significance is marked by asterisks
***p < 0.001; **p < 0.01; *p < 0.05.

Fig. 4. The influence of a polysaccharide P-602 and control agents (water for injection and codeine) on citric acid
induced changes of specific airway resistance (sRaw) in vivo conditions, registered before any agent application
(values labelled as N in graphs) and after that in 30, 60, 120 and 300 min time intervals.
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DISCUSSION

The antitussives from the group of narcotic analgesics are widely used in clinical condi-
tions. Their cough-suppresive effect is very strong in doses below those required for pain
relief. Although, they are associated with relatively high adverse effects such as depression
of the respiratory centre, decreased mucus secretion in bronchioles, as well as ciliary activ-
ity (12). All of these facts compel us to look for other non-narcotic substances preventing
the pathological cough (13).

The herbal polysaccharides have been the subject of many studies for a very long time, espe-
cially because of their physical properties, chemical and physical modification and application
(14,15). Several works realized in our conditions have shown that plant polysaccharides could
represent an effective alternative to synthetic drugs, because they decreased the parameters
of mechanically and chemically induced cough reflex comparatively or even more in compar-
ison with efficacy of peripheral antitussives (15). Presented results of our experiments also
confirmed these facts. These findings clearly indicate that the polysaccharides isolated from
Adhatoda vasica in vivo conditions have a significant antitussive effect comparable to the old-
est and most active cough suppressive substance - codeine. We also found out that the poly-
saccharides applied in experimental animals did not induce any adverse side effects, which
we consider to be positive in comparison to codeine. The mechanism by which plant polysac-
charides influence experimentally induced cough reflex is not yet fully understood. We
assume that observed cough suppressive effect of plant polysaccharides Adhatoda vasica may
be associated with their ability to increase production of mucus in the airways, whether direct
or indirect effects (via vago-vagal reflex). Increased production of mucus may hamper the
access of irritating stimulus to airway mucosa. It is known that many plant polysaccharides,
including those observed in our study, suppress experimentally induced cough reflex through
this so-called barrier mechanism. In addition to increasing the secretion of mucus in the air-
ways may the application of plant polysaccharides influence the nerve endings in epipharynx.
Important is their ability to increase production of saliva. Hypersalivation subsequently leads
to activation of swallowing reflex, which together with the cough reflex shared some central
coordination mechanisms (16-19). Similarly, these facts can be applied in our observed sup-
pression of cough after treatment of polysaccharide Adhatoda vasica. 

The other mechanism of antitussive activity of our pectic arabinogalactans may be  asso-
ciated with an antispasmodic action or bronchodilator of many antitussive herbs (20,21).
They cause bronchial muscle relaxation in vitro, or decrease airways resistance in vivo. The
arabinogalactan of present study possesses very high cough suppressive effect and decreas-
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Fig. 5. Antitussive effect of codeine, Adhatoda vasica P-601 and Adhatoda vasica P-602 expressed as percentage. 
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es the values of specific airway resistance in vivo conditions only slightly. Pavord (22) report-
ed that bronchoconstriction causes or enhances the sensitivity of cough, while bronchodi-
lation does the opposite. However, the role of other mechanism including bioadhesive effect
of the polysaccharide to the epithelial mucosa (23) cannot be ruled out. Further research
should be directed in this area.
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A b s t r a c t

The study discusses the problem of role of various substances in the mechanisms of contraction and relaxation
of human term pregnant myometrium in the experimental in vitro conditions. 

Human myometrium tissue samples were collected from term pregnant women who had to undergo Caesarean
section. The effects of potassium ion channels openers and closers, phosphodiesterase inhibitors and tachykinins
were measured in the reactivity of human term pregnant myometrium in the experimental in vitro conditions. 

Specific agonist-opener of KATP potassium ion channels - pinacidil significantly reduced contractile activity of
human term pregnant myometrial strips induced by administration of oxytocin in in vitro conditions, while the
effect of specific agonist-opener of BKCa2+ potassium ion channels - NS1619 was not significant. Glibenclamide, spe-
cific KATP potassium ion channels antagonist-closer significantly increased contractile activity of human term preg-
nant myometrial strips in in vitro conditions. The contractile effect of specific antagonist-closer of BKCa2+ potassi-
um ion channels - tetraethylammonium was not significant. Phosphodiesterase-4 inhibitor - rolipram and phos-
phodiesterase-5 inhibitor - sildenaphil led to statistically significant decrease of oxytocin-induced contractile activ-
ity in human term pregnant myometrial strips in in vitro conditions. Tachykinins - neurokinin A, neurokinin B and
substance P markedly stimulated the activity of the human term pregnant myometrial strips in in vitro conditions.

The results showed the different effectiveness of potassium ion channels openers and closers, phosphodiesterase
inhibitors as well as tachykinins in the mechanisms of contraction and relaxation of human term pregnant
myometrium in in vitro conditions.

Key words: phosphodiesterase inhibitors, potassium ion channels openers and closers, tachykinins

INTRODUCTION

Myometrium is characterized by the presence of various receptors and ion channels that
activity can be pharmacologically modulated. The majority of receptor-controlled physiolog-
ical processes are regulated by ion channels. The role of ion channels in influencing uter-
ine activity is important not only for contraction but relaxation, too. Potassium ion chan-
nels are the largest family of ion channels and are widely represented in smooth muscle
including myometrium (1, 2, 3) and are involved in mediating smooth muscle relaxation (2,
4, 5). The ligand-sensitive potassium large conductance calcium-activated ion channel
(BKCa2+) is activated by membrane depolarization and also by an increase in the intracellu-
lar calcium concentration, thereby playing a pivotal role in the modulation of uterine con-
tractility and myometrial calcium homeostasis (6). The opening of ATP-sensitive potassium
ion channels (KATP) results in an outward flow of K+ ions, drawing the cell membrane poten-
tial closer to the K+ equilibrium potential, and thereby reducing cellular excitability and con-
tractility (6). 

Phosphodiesterases (PDE) are the family of enzymes that catalyze the hydrolysis of 3 cyclic
phosphate bonds cAMP and/or cGMP and based on their organ distribution they affect dif-
ferent functions. Each cell type can produce several different subtypes of PDE and myome-
trial cells are no exception. One of the mechanisms responsible for the relaxation of the
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myometrial smooth muscle is the elevation of cyclic adenosine monophosphate (cAMP) and
partly cyclic guanosine monophosphate (cGMP) (7). To date, there is an interest in the sub-
stances known as the PDE inhibitors that can have an important role in the process of
relaxation of myometrium (7, 8). 

Tachykinin peptides are one of the largest family of neuropeptides whose biological effects
are mediated via selective NK1, NK2 and NK3 neurokinin receptors, respectively for sub-
stance P (SP), neurokinin A (NKA) and neurokinin B (NKB) (9, 10). All tachykinin receptors
are members of the 7-transmembrane-G-protein-coupled family receptors and induce the
activation of phospholipase C, producing inositol triphosphate (11, 12). Distribution and
agonist-mediated uterotonic effect of all three neurokinin receptors in human uterus has
been reported (13, 14, 15). 

The aim of the study was to assess mechanisms of contraction and relaxation of human
term pregnant myometrium in the experimental in vitro conditions using potassium ion
channels openers (pinacidil and NS1619) and potassium ion channels closers (gliben-
clamide and tetraethylammonium), phosphodiesterase inhibitors (rolipram and sildenaphil)
as well as tachykinins (neurokinin A, neurokinin B and substance P). 

METHODS

Human myometrium tissue samples were collected from term pregnant women who had
to undergo Caesarean section. The sample of myometrium tissue was excised at the Clinic
of Obstetrics and Gynecology of Jessenius Medical Faculty, using a scalpel, from the uter-
ine incision made at Caesarean section in the lower uterine segment and placed in Krebs-
Henseleit buffer. This buffer containig (μM): NaCl, 110.0; KCl, 4.8; CaCl2, 2.35; MgSO4,
1.20; KHPO4, 1.20; NaHCO3, 25.0; in distilled water, maintains the survival of the sam-
ple. After the excision, the sample from each woman was immediately processed into
myometrial strip of approximate size of 7x2mm at the Department of Pharmacology of
Jessenius Medical Faculty. The time from sample excision to make the strip was only
a few minutes. 

Then human myometrial strips were given into an organ bath with Krebs-Henseleit buffer.
Organ chambers were maintained at 36.5 ± 0.5ºC and were aerated continuously with the
mixture 95 % O2 and 5 % CO2, to maintain pH = 7.5 ± 0.1. 

The contractile activity of human term pregnant myometrial strips were induced by the
oxytocin administration into organ bath. The mean peak amplitude of contraction of the
myometrial strips to the doses of oxytocin with subsequent administration of potassium ion
channels openers (pinacidil and NS1619), potassium ion channels closers (glibenclamide
and tetraethylammonium), phosphodiesterase inhibitors (rolipram and sildenaphil) and
tachykinins (neurokinin A, neurokinin B and substance P) were measured as a parameter
of human term pregnant myometrial reactivity in in vitro conditions. 

Contractile activity was measured isometrically using force tranducer (TSR 10G, Vývoj
Martin, Slovakia), amplifier (M 1101 SUPR, Mikrotechna Praha, Czech Republic). Oxytocin
(10-6 mol.l-1), pinacidil (10-5 mol.l-1), NS1619 (10-6 mol.l-1), glibenclamide (10-6 mol.l-1),
tetraethylammonium (10-4 mol.l-1), rolipram (10-4 mol.l-1), sildenaphil (10-4 mol.l-1), neu-
rokinin A (10-6 mol.l-1), neurokinin B (10-6 mol.l-1) and substance P (10-6 mol.l-1) were pur-
chased from Sigma Chemicals Co, Germany.

Patient recruitment was carried out by provision of information sheets and by obtaining
written informed consent. All procedures were carried out according to EU directives and
reviewed by Ethical Committee of the Comenius University.  

Statistical analysis was performed using t-test and one-way variance analysis (ANOVA).
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RESULTS

Specific agonist-opener of KATP potassium ion channels - pinacidil significantly reduced
contractile activity (p<0.05) of human term pregnant myometrial strips induced by admin-
istration of oxytocin in in vitro conditions (Fig. 1A). Pinacidil showed the decrease in con-
tractile amplitude of oxytocin-induced contraction to 30.23 %. This tocolytic effect of
pinacidil was confirmed by the application of its specific antagonist-closer of KATP potassi-
um ion channels - glibenclamide that significantly increased the contractile activity
(p<0.05) of human term pregnant myometrial strips by 72 % in in vitro conditions (Fig. 1A).
In contrast, specific agonist-opener of BKCa2+ potassium ion channels - NS1619 decreased
contractile activity in human term pregnant myometrial strips induced by oxytocin in in
vitro conditions, but not significantly (Fig. 1B). NS1619 showed the decrease in contractile
amplitude of oxytocin-induced contraction to 76.8 %. Similarly, its specific antagonist-clos-
er of BKCa2+ potassium ion channels - tetraethylammonium increased the contractile activi-
ty of human term pregnant myometrial strips by 29.2 % in in vitro conditions, but its effect
was not significant (Fig. 1B). 

Fig. 1. 
A: The record of the reactivity of human term pregnant myometrial strips after administration of specific KATP open-
er pinacidil and specific KATP closer glibenclamide in the experimental in vitro conditions (21). 
B: The record of the reactivity of human term pregnant myometrial strips after the administration of specific BKCa2+
opener NS1619 and specific BKCa2+ closer tetraethylammonium in the experimental in vitro conditions (21). 
1 segment on the x-axis represents 5 minutes and on y-axis 0.5 mN. 

Phosphodiesterase-4 inhibitor - rolipram and phosphodiesterase-5 inhibitor - sildenaphil
led to statistically significant decrease of oxytocin- induced contractile activity (p<0.05) in
human term pregnant myometrial strips in in vitro conditions (Fig. 2A, 2B). Therapy with
rolipram showed the decrease in contractile amplitude of oxytocin-induced contraction to
47.98 % and with sildenaphil to 37.9 %.
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Fig. 2. 
A: The record of the reactivity of human term pregnant myometrial strips after the administration of PDE4 rolipram
in the experimental in vitro conditions (23). 
B: The record of the reactivity of human term pregnant myometrial strips after the administration of PDE5 silde-
naphil in the experimental in vitro conditions (23).
1 segment on the x-axis represents 5 minutes and on y-axis 0.5 mN

Tachykinins - neurokinin A, neurokinin B and substance P markedly stimulated the activ-
ity of the human term pregnant myometrial strips (Fig, 3A, 3B, 4A). In neurokinin A the
change of amplitude exceeded the spontaneous activity of the term pregnant myometrial
strips by 43.1 %, in neurokinin B by 38.1 % and in substance P by 39.7 %. The contractile
activity of oxytocin was 36.1 %. Tachykinins in in vitro conditions had a very similar effect
on myometrial contractility which can be compared to stimulating effect, in practice
approved and used oxytocin.  (Fig. 4B).

Fig. 3.
A: The record of the reactivity of human term pregnant myometrial strips in the experimental in vitro conditions
after the administration of neurokinin A.
B: The record of reactivity of human term pregnant myometrial strips in the experimental in vitro conditions after
the administration of neurokinin B.
1 segment on the x-axis represents 5 minutes and on y-axis 0.5 mN. 
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Fig. 4.
A: The record of reactivity of human term pregnant myometrial strips in the experimental in vitro conditions after
the administration of substance P.
B: The record of reactivity of human term pregnant myometrial strips in the experimental in vitro conditions after
the administration of oxytocin.
1 segment on the x-axis represents 5 minutes and on y-axis 0.5 mN. 

DISCUSSION

The results of our experimental study showed the different effectiveness of potassium ion
channels openers and potassium ion channels closers, phosphodiesterase inhibitors as well
as tachykinins in mechanisms of contraction and relaxation of human term pregnant
myometrium in in vitro conditions.

The effects of BKCa2+ and KATP potassium ion channels in myometrium are probably
dependent on many various factors or conditions. There are differences between experi-
mental studies in animals (16, 17, 18) and clinical studies in humans (19, 20).  In human
myometrium the presence of these channels depend on functional state of myometrium that
means non pregnant, mid pregnant, term pregnant not in labour, term pregnant in labour
or late pregnant myometrium. In our experiment all samples of the human myometrium tis-
sue were obtained from term pregnant women. We have found that the activity of KATP potas-
sium ion channels in human term pregnant myometrial strips was high, which resulted in
a significant decrease of contractile activity of myometrial strips in in vitro conditions. In
contrast, the activity of BKCa2+ potassium ion channels in the contractility of human term
pregnant myometrial strips was reduced and did not lead to significant decrease of con-
tractile activity of myometrial strips in in vitro conditions. The results of our experiment
showed a different participation of BKCa2+ and KATP potassium ion channels in the contrac-
tility of human term pregnant myometrium in in vitro conditions (21). BKCa2+ potassium ion
channels probably have a more important function to induce contractions of human term
pregnant myometrium in labour.

Phosphodiesterase-4 inhibitor - rolipram and phosphodiesterase-5 inhibitor - sildenaphil
led to statistically significant decrease of oxytocin-induced contractile activity in human
term pregnant myometrial strips in in vitro conditions. The tocolytic effects of inhibitors of
phosphodiesterases were the result of the increase of intracellular cyclic nucleotides, in the
case of rolipram cAMP and cGMP in sildenaphil. Some experimental studies show that PDE
inhibitors could represent a possible future therapeutic potential in the process of myome-
trial contractility modulation (8, 22, 23).

It is known that tachykinins stimulate activity of phospholipase C via G-protein that con-
nects mainly to Ca2+ influx through VOCs (voltage-operated channels) channels (24), in the
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same manner as oxytocin causes the stimulatory respond by binding to its receptor (25). In
our study, all three tachykinins had shown to be more potent stimulators of contractility of
human term pregnant myometrial strips than oxytocin which also indicates their probable
role in the initiation of parturition. In conclusion, the results indicate that tachykinins pro-
duce their stimulatory effects probably via mutual nonspecific co-operation of tachikinins
receptors NK1, NK2 and NK3. 

The mechanisms that influence the membrane potential and excitability of myometrial
smooth muscle cell are not still clear. There are many experimental studies that discuss this
issue in order to find “ideal” substance that could be effective in the management of labour
and does not have a negative impact on the organism both mother and fetus. 

We discuss the effects of various substances that participate in the mechanisms of con-
traction and relaxation in human term pregnant myometrium in in vitro conditions. This
experimental study is only the beginning of our research. In the next experiments we would
like to use other substances eventually combination of substances and discuss this prob-
lem more detailed. 
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