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PREFACE
Department of Pathological Physiology has been for more than 30 years one of the key
components of the research cornerstones of Jessenius Faculty of Medicine in Martin, focusing mainly on respiratory system. Prof. MUDr. Juraj Korpas DrSc was the first leader of the
department, and he considerably influenced the orientation of research activities towards
cough and other respiratory reflexes introducing the problem of airway defense and its modulation by physiological and pathological processes. This direction is still very important for
the research objectives, as the diseases of the respiratory system with cough are one of the
most common problems leading to a medical consultation.
Although the research of cough in animal models and humans has been the primary
research interest in the past, now the research activities focus also on modeling, as an
implementation of biomedical engineering to the educational and research activities at the
department, and extensive studies of visceral pain models. This thematic supplement can
document efficacy of cooperation between researchers – medical doctors and biomedical
engineers and to show how close the cough to visceral pain are, as they are both vagal phenomena.
In this thematic supplement we present results of our recent work with ambition to outline the current research areas of our young co-workers, including pre and post graduate
students as well as post-doctoral fellows.
Our department is involved in research of chronic cough, which is a specific problem,
when coughing lasts for more than 8 weeks, is dry, unproductive, with negative chest X ray,
and negative findings during the bedside examination. It is intractable, leading to complications and decreases quality of life. We focus basically on upper airway cough syndrome,
which is association of cough with rhinosinusitis. Its clinical presentation correlates with
the degree of nasal inflammation and magnitude of nasal symptoms, therefore, we focus
now on new categories of histamine receptor antagonists (H3 & H4) which are believed to
suppress nasal inflammation therefore leading to the suppression of cough, too. In a paper
of Hanuskova et al we focus mainly on H3 histamine receptors antagonists, their physiology, distribution and potential benefits they may have in upper airway cough syndrome.
Another important area is chronic cough in subjects with asthma. The study by Neuschlova
et al documents that asthmatic patients have increased cough sensitivity when comparing
to normal healthy matched controls. The authors suggest that increased sensitivity of airway cough afferents to capsaicin is one of the features of general inflammation-induced airway hyperresponsiveness. Very important tool in clinical management of patients with
chronic cough is an objective monitoring of the cough during 24 hours. This objective test
could identify how much the patient is coughing, and a record of his activity may help to
identify the triggers of cough, which, particularly in chronic cough, could be a stimulus
innocuous and not tussigenic in healthy individuals. These triggers could be cold air, eating, speech, laughter, smells or perfumes. Martinek et al in his paper introduces possible
methods which could be helpful in development of automatic objective cough monitoring
equipment.
Chronic cough is believed to be perpetuated by the brainstem neuronal mechanism,
therefore we focus also on the nTs – nucleus of the solitary tract, which is the site of central cough plasticity. Gavliakova et al prepared three-dimensional model of the cat brainstem based on the published data about stereotaxic positions and count of neurons in
a population which has anatomical or functional relationship to a cough pattern generator.
This model has been constructed in the MatLab environment, and could be used for
research and educational purposes.
Cough is exclusively vagal phenomenon and we have learned a lot about the neurophysiology and neuropharmacology of the vagus nerve in animal models. The decision to utilize
this knowledge led us to study mechanisms of visceral pain, which is interesting and not
well described phenomenon. Identification of the neuronal targets responsible for visceral
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pain could have future clinical application in a form of development of potent antagonists
of the visceral pain mediated targets. Models allowing study of visceral pain are described
in mini review by Halicka et al, with first experiences with acute and chronic visceral pain
models in guinea pigs at our department.
All research activities are significantly promoted by the funding from VEGA projects, projects of Ministry of Health, and Comenius University with considerable proportion of funding from EU sources, which boosts research activities and young scientists in their work.
Jana Plevkova
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THREE-DIMENSIONAL COMPUTER MODEL
OF BRAINSTEM
RESPIRATORY NEURONAL CIRCUITS - APPLICATION
FOR RESEARCH IN RESPIROLOGY
Gavliakova S.1, Plevkova J.1, Jakus J.2, Poliacek I.2
1
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Abst ract
Methods that had been applied to study central neuronal circuits regulating cough and respiratory reflexes so
far rely on recording performed in vivo, ex vivo, micro injecting and lesion methods. Based on the available data it
is clear that this network is complicated, multilevel, holarchical, undergoing reconfiguration under afferent inputs.
For many students and researchers it is complicated to get a virtual spatial image of these cooperating neuronal
populations. The project was aimed to create graphical three-dimensional computer model of the brainstem using
environment MATLAB and the matrix algebra to visualize neuron localization within the brainstem. Relevant data
for the model had been taken from recent and also former research papers published in particular areas. This
model may help scientists to visualize groups of neurons, help them to find targets for microinjecting or lesion
studies together with stereotaxic positioning. The model is upgradeable and highly flexible for future use, research
and teaching applications in MATLAB environment. MATLAB is a high-level language and interactive environment
that enables you to perform computationally intensive tasks faster than with traditional programming languages.
Keywords: respiratory neurons; brainstem; model; MATLAB.

1. INTRODUCTION
Central neuronal circuits of brainstem respiratory neuronal network that generates
breathing also significantly contribute to the up-regulation and/or down-regulation of respiration, cough and other respiratory and airway reflexes (1). Modulated reflex output may
contribute to coughing in many patients with respiratory diseases and also diseases affecting other organs (GERD – gastroesophageal reflex disease) (2, 3). All methods that had been
employed in study of respiratory neuronal circuits suggest that this network is anatomically as well as functionally complex, multilevel, multi-tasking, hierarchical and holarchical,
undergoing reconfiguration and plasticity (4, 5, 6).
Respiratory network consists of different neuronal populations (7). They can be classified
according to the phase of breathing cycle they are active in, according to the frequency
changes of neuron discharge or the position of maximum discharge, synaptic connectivity,
localization etc. (7). For many students and researchers it is very difficult just to get a virtual spatial either morphological or functional image of these cooperating neuronal populations.
It is assumed that the brainstem respiratory neuronal network has specific spatial and
functional hierarchy and it has capabilities to generate respiratory rhythm at multiple levels (8). This attribute contributes to the adaptation of breathing pattern to different physiological and pathological situations (9). Respiratory neurons are organized in rostrocaudal
sections and each of these sections controls specific aspects of respiratory rhythm and pattern formation (6).
Address for correspondence:
Silvia Gavliakova, Department of Pathological Physiology, JFM CU, Sklabinska cesta, 036 01 Martin,
Slovakia; e-mail: silvia.gavliakova@jfmed.uniba.sk
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In medulla oblongata there are well defined populations of inspiratory neurons (dorsal respiratory group, intermediate ventral respiratory group), expiratory neurons (Bötzinger complex, caudal ventral respiratory group), and multiple types of neurons (pre-Bötzinger complex
of ventral respiratory group, nucleus ambiguus, pontine respiratory group, reticular formation). Experimental sequential rostral to caudal transections through the pontine-medullary
respiratory network within an in situ perfused rat brainstem – spinal cord preparation showed
capabilities for rapid reconfiguration of the network (8). Thus, sequential reduction of the network leads to the reorganization and new rhytmogenic mechanisms are emerging (6, 9).
The aim of the present project was to create graphical three-dimensional computer model
of the brainstem using computer environment MATLAB and the matrix algebra to visualize
neuronal localization within the brainstem. The relevant data for the model had been taken
from research papers published in the area of neurogenesis of breathing, coughing and
other respiratory reflexes.
2. MODEL DEVELOPMENT
Data on neurons and their exact location were taken from stereotaxic atlas and number
of relevant scientific papers published in the field of neurophysiology and experimental
respirology (10, 11, 12, 13, 14, 15, 16) and these data were processed into tabular form.
Recorded neurons were plotted on the coordinates of their location in the brainstem model
created by isosurface in the computer environment MATLAB.
2.1 GAINING INFORMATION
Extensive database of experimental data on the location and distribution of respiratory
neurons is based mainly on experiments performed on cats. Therefore, the basic graphic
input was cytoarchitectonic atlas of a cat brainstem with stereotaxic coordinates provided
by Berman (17). Three dimensional model of the brainstem was based on a set of 29 images
of the cat brainstem transversal sections.
2.2 PRE-PROCESSING IMAGE DATA AND REDUCTION OF REDUNDANCY
The original RGB images are presented by red (R), green (G) and blue (B) chromaticities
divided into separate bands. Useful information in an RGB image is the luminance level of
the individual colour zones. To create an isosurface model it is not necessary to perform
operations with truecolour or RGB images respectively. Therefore in this case it was possible to convert original images to greyscale images with 256 shades of gray without affecting
overall model quality. The original scanned images were converted into greyscale format
with 8 bit per pixel using following original MATLAB commands (1), (2), (3):

A=imread(original_image);
I=rgb2gray(A);
I=imresize(I,[256 256]);

(1)
(2)
(3)

MATLAB function „rgb2gray“ converts RGB format to intensity greyscale format by
using weighted summation Sw of R, G and B colour bands (4):

Sw =w 1×R + w 2×G + w 3×B;

(4)

Where w 1, w 2, w 3 are weighting coefficients with values: w 1 = 0.2989; w 2 = 0.5870;
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w 3 = 0.1140. Weighting coefficients come from luminance-brightness component Y in the
standard YIQ colour model and YIQ model coefficients are calculated on the basis of relative sensitivity of human eye to different colours - red, blue, green (18).
The images were scaled to 256×256 pixels and their colour range was optimized to colour
map containing 256 shades of gray to simplify computing of isosurface. Afterwards, to
enhance the local contrast of greyscale images, we applied the CLAHE method - contrastlimited adaptive histogram equalization. MATLAB function „adapthisteq“ with default
parameter settings (applying uniform distribution parameter with flat histogram and default
number of tiles 8×8) brought satisfying results. The series of 29 pre-processed images
defined three-dimensional numeric matrix of image data and to fill in this matrix we used
„imread function (8) and for-loop with control variable k = 1:1:29 so the final volume is contained within an 256×256×29 array.
rez (:,:,k) = imread(I);

(8)

Three-dimensional matrix represents volumetric data and it is essential for extracting isosurface data. Before extracting isosurface and to accelerate computing we reduced the number of elements in the volume by retaining every 4th element in the x-direction and every 4th
element in the y-direction. Afterwards we smoothed the reduced data by function
„smooth3“ with Gaussian filter. We set the size of convolution kernel to 11×11×11 and standard deviation to 20. Subsequently, the smoothed data were passed directly to the isosurface and patch commands.
2.3 ISOSURFACE
In medical applications, isosurfaces are mostly used to visualize three-dimensional volume data gathered from medical-imaging devices such as CT, MRI and SPECT scanners to
visualize internal organs, bones, or other structures (19, 21, 22). In other words, generating
polygons to approximate surfaces of organs from 3D volume data is used by clinicians to
visualize, manipulate and measure three-dimensional internal structures of patients (21).
High speed isosurface rendering algorithms are also part of modern real-time applications
helping by virtual surgeries examination of vascular systems and medical training (19, 23).
Because we designed our project in MATLAB, we applied the build-in „isosurface“ function with its own algorithm for reconstructing the brainstem model and the isosurface was
computed from volume data at the isovalue 250. The value was chosen based on the image
data histograms for optimal displaying of model. The output structure of the function contains faces, edges and vertices of the isosurface which are necessary for defining the patch
command. MATLAB function „patch“ is used to create filled polygons so the „patch graphic object“ is composed of one or more polygons. Again, to shorten the computing time we
reduced the number of faces to only 10% of the original value without affecting the overall
shape of the original object.
MATLAB Guide built-in tool was needed to design easy graphical user interface which
allows interacting with the program without text commands. It contains buttons for visualizing the model or individual slides and transections, setting the transparency, zoom and
adding data on neurons localization (Fig. 1).
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Figure 1: Graphical user interface with visualised 3D model of brainstem. It contains functional buttons for
easy and comfortable operations such as drawing of 3D model, rotating the model, zooming, setting transparency,
loading database etc.

2.4 STEREOTAXIC COORDINATES
It was necessary to summarize available information on populations of respiratory neurons from numerous studies and measurements and subsequently to select an appropriate
uniform system of entry and positioning of individual types of neurons into a table complying with the accurate stereotaxic coordinates (Fig. 2). Therefore, the arbitrary point of the
coordinate system is determined by the point where the line of spinal cord midline meets
the fourth ventricle bottom and obex.
For example, if we consider neurons in an area bounded by three vectors x, y and z , the
volume of this area in our model is approximated by the volume of an irregular prism. If we
take into account that the selected area consists also of some extracellular fluid and nonrespiratory cells, we can estimate that there can be found about 20% respiratory neurons
[24, 25].
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Figure 2: Neuron localization data (A) Neuron locations database is designed as Microsoft Excel table, so any
additional data can be added easily. User defines the coordinates of the area, number of neurons and their type.
(B) It is also possible to locate neurons manually and display any desired localization by using an input dialogue
window from the graphical user interface.

Figure 3: Some of the inspiratory related populations. When clicking on the marker it is possible to see the
type and size of population as defined in the database. All data on localisation from inspiratory-related neurons
database are marked with a green cross.
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When user does not specify the count of registered neurons, our program calculates with
the average respiratory neuron diameter of 35.9 μm what determines the size of population
displayed [26]. The populations are plotted by function „scatter3” in different colours, marker shape and marker size in respect of the type and count of neurons recorded (Fig. 3).
Tab.1: Marker types used for displaying neuron populations.
Primary, there are four types of markers used for visualising neurons population localisation which differ in the shape and the
colour as well.
T ype of population
Inspirium related neurons
Expirium related neurons
Blended types
Manually localized

Marker

+

°

∇
*

User localises neurons by three coordinates in millimetres considering the distance from
the point where the line of spinal cord midline meets the fourth ventricle bottom and obex
(Fig. 4).

Figure 4: Defining the arbitrary point. (A) Where the obex line meets the bottom of the fourth ventricle and concurrently (B) Where the obex line meets the line of spinal cord midline. C caudal direction, R rostral direction, V4+
below the level of fourth ventricle bottom, V4- above the level of fourth ventricle bottom, M+ to the right of the midline, M- to the left of the midline.
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The isosurface model is extracted from numeric matrix with size 256×256×29. Therefore
it was necessary to establish a conversion calculation from stereotaxic localisation into
matrix element localisation. We considered the proportions from the brainstem atlas – in
the lateral direction the width of the interval is 23 millimetres and level of the spinal cord
midline is in the distance of 11.5 mm from the beginning of this interval. The depth interval is 21 mm wide and the level of the fourth ventricle bottom is at 15.59 mm from the beginning of this interval. In the rostro-caudal direction the interval width is 25.8 mm and the
level of obex is at 5 mm from the beginning of this rostro-caudal interval. The program converts the coordinates given in millimetres to the matrix elements (256×256×29).
Our program allows displaying 3D model and orthogonal transections through volumetric
data together in one plot. For displaying the transections we used the MATLAB function
„slice.” For defining the input variables we created an input dialogue where user defines the
required slices along the X, Y or Z axis direction.
3. DISCUSSION
General idea of this work was to create a computer model of brainstem allowing for display localizations of respiratory related neuronal populations. This model is improvable and
adjustable for visualization of features of interest. The model had been developed in close
cooperation of respiratory researchers and biomedical engineering experts. It represents an
integral fusion of knowledge of respiratory neuronal network and a need to visualize its
components with the ability to create the model applicable for teaching purposes and
research in neuroscience. This work has no ambition to replace neurophysiology animal
experiments. It is based on primary data provided by numerous experimental trials (10, 11,
12, 13, 14, 15, 16). The model is capable to summarize data, integrate data from separate
sources, point out certain aspects of the data set and provide different level of results simplicity. Three-dimensional brainstem model is useful for students, graduates, and researches in the field of neuroscience, for all those that are dealing with spatio-temporal and functional complexity of neuronal circuits.
The greatest advantage of this model is that it can be easily modified and additional data
can be uploaded to the tables. The table database allows simple orientation in registered
neuron populations and it can be expanded by adding new data anytime.
New information about neurons, their location and count, their properties including their
size, synaptic connections and receptor characteristics, activation and/or inhibition of neurons and their involvement in particular neuronal population or behaviour (e.g. respiratory,
cough or sneeze related etc.) can be provided by the database of our model.
Every previously published „database” including atlas or map form (17), tables or drawings, (25) or simply a description of neuronal populations or circuits (27) provided static
information of given aspect of the network. Our database can be adjusted and transformed
to follow user requirements, e.g. to show additional information about cardiovascular related neuronal populations, trigeminal or some particular afferents target neurons, or provide
information related to cellular properties of neurons if this is introduced in the model.
The approach employed in this study could be used to prepare such model of brainstem
or possibly other parts of brain and the 3D map of it for other species e.g for guinea pig, or
even humans. Guinea pig is nowadays extensively and successfully used in neuroscience
(28). Any laboratory animal with stereotaxic coordinates and available data for neuronal
localization can be processed that way.
This model may help scientists investigating respiratory neuronal functions to visualize
particular groups, neurons and neuronal connections among them, including the targets of
microinjections, recordings, particular mediator activation etc. The model is upgradeable
and flexible for future use, research and teaching applications in MATLAB environment and
is available on request with a guide how to use it.
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Abst ract
Cough is the most common symptom of many respiratory diseases. Currently, no standardized methods exist for
objective monitoring of cough, which could be commercially available and clinically acceptable. Our aim is to develop an algorithm which will be capable, according to the sound events analysis, to perform objective ambulatory
and automated monitoring of frequency of cough. Because speech is the most common sound in 24-hour recordings, the first step for developing this algorithm is to distinguish between cough sound and speech. For this purpose we obtained recordings from 20 healthy volunteers. All subjects performed continuous reading of the text
from the book with voluntary coughs at the indicated instants. The obtained sounds were analyzed using by linear and non-linear analysis in the time and frequency domain. We used the classification tree for the distinction
between cough sound and speech. The median sensitivity was 100% and the median specificity was 95%. In the
next step we enlarged the analyzed sound events. Apart from cough sounds and speech the analyzed sounds were
induced sneezing, voluntary throat and nasopharynx clearing, voluntary forced ventilation, laughing, voluntary
snoring, eructation, nasal blowing and loud swallowing. The sound events were obtained from 32 healthy volunteers and for their analysis and classification we used the same algorithm as in previous study. The median sensitivity was 86% and median specificity was 91%. In the final step, we tested the effectiveness of our developed
algorithm for distinction between cough and non-cough sounds produced during normal daily activities in patients
suffering from respiratory diseases. Our study group consisted from 9 patients suffering from respiratory diseases.
The recording time was 5 hours. The number of coughs counted by our algorithm was compared with manual
cough counts done by two skilled co-workers. We have found that the number of cough analyzed by our algorithm
and manual counting, as well, were disproportionately different. For that reason we have used another methods
for the distinction of cough sound from non-cough sounds. We have compared the classification tree and artificial
neural networks. Median sensitivity was increasing from 28% (classification tree) to 82% (artificial neural network),
while the median specificity was not changed significantly. We have enlarged our characteristic parameters of the
Mel frequency cepstral coefficients, the weighted Euclidean distance and the first and second derivative in time.
Likewise the modification of classification algorithm is under our interest.
Keywords: Cough sound, linear analysis, non-linear analysis, sensitivity, specificity

INTRODUCTION
Since the 1950, there has been an interest in making objective monitoring of cough frequency. The first published systems consisted of reel-to-reel tape recorder and the patients
have to spend the entire recording time in the single room containing a microphone. The
obtained cough sounds were counted manually by listening to the entire sound recordings
(1, 2). The major problems with these systems were the laborious nature of the manual
cough counting and the restriction of the patients in the single room. For these reasons
these systems never became clinically acceptable. Recent development of recording systems,
computer technology and memory cards permit to use the digital technology in the sound
analysis and their classification. The cough sound events can be recorded using the digital
voice recording systems and after the recording time can be analyzed using personal computer. The obtained sound events are classified according to the mathematical sound events
analysis alone (3, 4), or the input data are enlarged to the EMG recordings with the aim to
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better distinguish the analyzed cough sounds from the other non-cough sounds (5, 6). The
obtained sound events are analyzed in the time and frequency domain (7, 8, 9, 10). For
sound events classification are used the classification trees (11), artificial neural networks
(3), hidden Markov models (4), or a hybrid model, which is the combination of the artificial
neural network and hidden Markov model (12).
Despite the rising interest to prepare an accurate algorithm for objective monitoring frequency of cough according to the sound events analysis, to date any standardized method
which will be commercially available and clinically acceptable does not exist.
We are presenting an overview of the development of our algorithm for 24-hours objective
monitoring frequency of cough in humans. The cough sounds are distinguished from the
other non-cough sounds according to mathematical sound events analysis and are classified using classification tree or artificial neural network in the classification task. The development of our algorithm for objective monitoring frequency of cough was published in our
recent studies (11, 13, 14, 16, 17).
MATERIAL AND METHODS
Subjects
Firstly we obtained sound records from 20 healthy subjects. Our study group performed
continuous reading of a text from a book with voluntary coughs (46 cough events) performed at the instants indicated in the text. The recording lasted about 20 min. Before reading the text, the subjects coughed voluntarily three times to obtain their individual cough
sound pattern (11).
Next study was focused on the other non-cough sounds produced from the upper airways.
We obtained sound records from 32 healthy volunteers. The recorded sounds were: induced
and voluntary coughs, induced sneezing, voluntary throat and nasopharynx clearing, voluntary forced ventilation, laughing, voluntary snoring, eructation, nasal blowing, loud
swallowing and speech. The induced coughs were provoked by single-breath inhalation of
capsaicin (250 mol/l) and sneezing was induced by intranasal administration of histamine
solution (8 mg/ml) (14).
In the last step we tested the accuracy of our developed algorithm for distinction between
spontaneous cough and other non-cough sounds. We obtained sound records from 9
patients suffering from respiratory diseases. The patients were hospitalized at the Clinic of
Tuberculosis and Respiratory Diseases, Jessenius Faculty of Medicine, Comenius
University, Martin. The recording time was 5 hours (from 10:00 to 15:00). During the recording time the patients could perform their normal daily activities. At the beginning of the
recording, the patients coughed voluntary three times to obtain their individual cough
sound pattern (13).
Recording system
For sound events recording obtained from the healthy volunteers we used the system consisted of a portable digital voice recorder (Sony, ICD-MX20, Sony Corporation China) with
the sampling frequency 7 kHz in the long play mode and the miniature omnidirectional condenser microphone (ATR35s, Audio-Technica U.S., Philippines) with the frequency response
between 50 – 18 000 Hz. The microphone was attached to the subject’s chest and was covered by a plastic foam membrane to suppress sounds coming from the outer environment.
The low sampling frequency of the used recorder allowed analyzing the acquired sound data
only in the frequency range between 60 – 3500 Hz. For this reason we changed our recording system to the new system consisted of the portable linear PCM recorder (PCM-M10, Sony
Corp., China) and miniature condenser microphone (DPA 4061BM). The recorder permits to
perform sound recordings with the sampling frequency of 44 kHz and resolution 16 bits per
sample, which is sufficient for detailed cough sound analysis. The changed microphone has
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better frequency characteristic. In the effort to better suppress sounds coming from the
outer environment we tested new materials for acoustical equalizer construction. We used
self developed acoustical equalizer to suppress sounds coming from the outer environment.
This equalizer still undergoes an evolution.
Processing of the obtained data
The obtained sound records were transferred to the PC and further analyzed. The detection of the sound events and removing of the quite segments from the raw records was the
first step in the sound analysis. The algorithm for sound events detection was described in
our recently published studies (11, 13, 14). For sound events detection we used the moving
window which moved over the whole audio signal without overlap. For each position of the
moving window was calculated the value of standard deviation (SD) and compared with
empirically determined threshold value. The portions of the signal containing quite segments reached only small value of SD related to the inherent noise present in the signal.
The portions of the signal containing sound events reached relatively high degree of SD
which exceeded the threshold value. For sound events exclusion we used the length of each
identified event. Because the mean duration of the voluntary cough sound acquired from
healthy volunteers is 0.3 ± 0.01 sec (15), the detected sound events which were shorter as
0.1 sec were excluded from further analysis. The detected sound events which were longer
as 0.1 sec were stored in separate WAV files.
Sound events analysis
The characteristic parameters of the cough sounds, which will be able to distinguish the
cough event from the non-cough sounds, have been elaborated. The acquired sound events
have been analyzed in the time and frequency domain. Firstly we measured the length of
the each identified sound event (parameter length). From the Total power (TP) corresponding
to the area under the power spectral density (PSD) curve we determined the values of the
first local (parameter local) and global (parameter global) maximum and the time of their
occurrence (parameters timelocal and timeglobal). We determined the mean and maximal values
of the sound events intensity (parameters TPmean and TPmax). The cough sound can be characterized by the sudden rise of a waveform with one or several large amplitudes, while voice
sounds show a gradual rise of their waveform (10). For this reason the characteristic parameter, which can be calculated, was the parameter slope. Parameter slope was computed as
a value of the first local maximum divided by the time of its occurrence. Next we found all
local maxima and minima in the time course of the TP in sound events. We computed the
parameter ratio of TPs of all local maxima divided by the sum of TPs of all local minima in
a given sound events. From the 512 samples corresponding to the first local and global maxima we computed the values of sample entropy (parameters SampEnlocal and SampEnglobal).
From the frequency spectrum determined from these 512 samples we computed parameters
skewness and kurtosis. Skewness is a measure of the asymmetry of the probability distribution of a real-valued random variable. Kurtosis is a measure of the “peakedness” of the
probability distribution of a real-valued random variable.
Because these variables were insufficient for accurate distinction between spontaneous
cough sounds and non-cough sounds acquired from patients with respiratory diseases we
enlarged our characteristic parameters to the other parameters such as Mel frequency cepstral coefficients (MFCC), the values of the first and second derivative in time and the
weighted Euclidean distance. The MFCC are frequently used in the speech recognition algorithms. They represent the short-term power spectrum of analyzed sound. The first and second derivative in time is used in order to better reflect the dynamic changes of the analyzed
variable. The weighted Euclidean distance was computed as a measure of the distance
between MFCC computed from three cough sound patterns obtained from each analyzed
patient and the values of MFCC computed from the other analyzed sound events.
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Sound events classification
For sound events classification to the cough and non-cough sound groups we used the
classification tree. This algorithm was successfully employed for distinction between voluntary coughs and other non-cough sounds acquired from healthy patients (11, 14). For distinction between spontaneous cough sounds from the other non-cough sounds acquired
from patients with respiratory diseases we reached low value of accuracy (13). For this reason we changed our algorithm and used the artificial neural network in the classification
task (16, 17). The artificial neural network is a mathematical model inspired by biological
neural networks. For sound events classification we used the feedforward backpropagation
neural network. The artificial neural network was trained according to the LevenbergMarquard algorithm on set of 50% from all non-cough sounds and on set of 10% from all
cough sounds.
RESULTS
We reached good accuracy for distinction between voluntary cough sounds and speech
obtained from healthy subjects (sensitivity was 100%, specificity was 95%) (11). These
results were reached using classification tree in the classification task. The measured characteristic parameters were: the length of the entire identified sound event, the mean and
maximal value of the sound event intensity, the value of the first local and global maximum
and the time of their occurrence, parameter slope, parameter ratio, sample entropy and the
values of skewness and kurtosis. All characteristic parameters were acquired using analysis in the time and frequency.
Relatively good accuracy (sensitivity 86%, specificity 91%) was reached for distinction
between coughs and other non-cough sounds produced from the upper airways by healthy
volunteers (14). The cough sound events (n=152) included voluntary (n=52), spontaneous
(n=8) and induced (n=92) coughs. The non-cough sounds (n=1554) were voluntary throat
(n=62) and nasopharynx clearing (n=23), voluntary forced ventilation (n=19), laughing
(n=125), voluntary snoring (n=26), eructation (n=18), nasal blowing (n=85), induced sneezing (n=30), speech (n=1073) and other sounds (n=93). From the total number of the 152
cough sounds were by our algorithm correctly classified 131 cough sounds. Remaining
coughs were classified as non-cough sound events.
In the last step we tested the accuracy of our developed algorithm for distinction between
spontaneous cough sounds and the other non-cough sounds acquired from the patients
suffering from respiratory diseases. The accuracy of our developed algorithm was compared
with manual cough counts obtained from two skilled co-workers. In this classification task
we reached relatively low accuracy (sensitivity 28%, specificity 99%) (13). For this reason we
enlarged the characteristic parameters to the MFCC, first and second derivative in time and
the weighted Euclidean distance. We compared the accuracy of the classification tree and
artificial neural network in the classification task (Tab 1). From our results we can see, that
the artificial neural networks are more sensitive for classification task compared with clasTable 1: The classification accuracy for distinction between spontaneous cough sounds and other noncough sounds acquired from patients with respiratory diseases. The obtained sound events are classified
using by classification tree or artificial neural network. From the table we can see, that the artificial neural
network is more sensitive for classification compared with classification tree.
Classification algorithm

sensitivity [%]

specificity [%]

Classification tree

28

99

Artificial neural network

82

96
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sification tree (16, 17). Using by the classification tree in the classification task were from
the number of 1074 cough sounds correctly classified only 300 cough sound events. The
artificial neural networks caused that the number of properly classified coughs raised from
the 300 coughs to 880 cough sound events. Remaining cough sounds were incorrect, classified as non-cough sounds.
DISCUSSION
This paper includes an overview of developing a mathematical algorithm for objective
monitoring of the frequency of cough during 24-hours in ambulatory settings. In the first
step we prepared a system for 24-hours recording of the cough sound and method for suppressing sounds coming from the outer environment. The environmental sounds were suppressed using self developed acoustical equalizer.
The characteristic parameters of the cough sound were acquired due to an analysis of the voluntary coughs obtained from the healthy volunteers. We assume that the speech is the most
common sound present in the normal daily patient’s activity. For that reason was our first study
aimed to distinction between voluntary cough sound and speech (11). In the next step we
enlarged the analyzed sound events to the other non-cough sounds produced from the upper
airways (14). The recorded sounds were analyzed in the time and frequency and classified using
the classification tree. Our results are comparable with the study of Vizel et al. (18). In this study
the authors recorded voluntary cough sounds from healthy volunteers while laying supine, sitting, sitting with strong ambient noise, walking and climbing stairs. Each phase lasted 5 minutes in which the subjects did not coughed for 2 minutes, then voluntary coughed for 2 minutes, then performed voluntary coughs of graded intensity, throat clears and talked (counting
from one to ten) for 1 minute. The total length of the recordings was 25 minutes per subject.
Authors reached the overall specificity 94% and the overall sensitivity 96%. In this study there
were the cough „candidates“ identified based on their energy characteristics and cough amplitude pattern previously established from voluntary and spontaneous coughs. The „candidates“
were verified based on their fit to a cough pattern in both the time and frequency. It is demanding to compare our results with other studies, because the measurement protocol is not similar.
Many authors compare spontaneous cough sounds in patients with respiratory diseases with
other non-cough sounds produced by their normal daily activities (3, 4). We compared the voluntary cough sounds vs. other non-cough sounds produced from the upper airways.
In the last step we aimed for distinction between spontaneous cough sounds and noncough sounds produced by the patients with respiratory diseases. Firstly, the obtained
sound records were analyzed and classified using the same algorithm as in previous study
(time and frequency, classification tree). The median sensitivity was 28% and median specificity was 99%. The low classification accuracy is caused by the wide variability of the spontaneous cough sounds in their frequency spectrum. This variability is typical not only
between the individual patients, but also in the same patient during the 24-hours. In effort
to reach higher accuracy for distinction between cough and non-cough sounds produced by
patients suffering from respiratory diseases we used MFCC (Mel frequency cepstral coefficients) and the first and second derivative in the time. In the classification step we used the
artificial neural networks. The median sensitivity was increased from 28% (classification
tree) to 82% (artificial neural network). The value of median sensitivity was not changed significantly. We proved that the artificial neural networks are more sensitive for sound events
classification compared with classification trees. The accuracy of our developed algorithm
is comparable with recently published studies (3, 4). For the future we try to improve the
accomplishment of our developed algorithm. We want to better describe the time changes of
the characteristic parameters of the cough sound. For better distinction between cough and
non-cough sounds we want to adjust the artificial neural networks to the conditions of
spontaneous cough sound obtained from patients suffering from respiratory diseases.
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Abst ract

Asthma and allergic diseases are complex conditions caused by a combination of genetic and environmental factors. Cough is a major symptom in some people with asthma. Cough reflex sensitivity (CRS) test with capsaicin is
one of the most important method for cough studying. Cough reflex sensitivity was defined as the lowest concentration of capsaicin that elicited 2 or more (C2) and 5 or more coughs (C5). The aim of this study was to find out
a cough reflex sensitivity in patients with asthma bronchiale and in healthy volunteers. In the present study we
conclude that cough reflex sensitivity was significantly increased in asthmatic adult patients compared with
healthy adult volunteers.
Key words: cough, cough sensitivity, asthma bronchiale, adult healthy volunteers

INTRODUCTION
Asthma is a chronic inflammatory condition of the airways. Chronically inflamed airways
are hyperresponsive. They become obstructed and airflow is limited (by bronchoconstriction, mucus plugs, and increased inflammation) when airways are exposed to various risk
factors (GINA update 2012), in the forms of infections, allergens, and environmental irritants (1). During an asthma attack, airways will produce excess mucus and swell, and muscles around the airways will tighten leading to airway obstruction, tightness in the chest,
coughing, and wheezing (1).
Bronchial responsiveness is characterized by a change in airway caliber in response to
bronchoconstrictor and/or bronchodilator stimuli. Bronchial hyperresponsiveness is
defined as increased responsiveness in comparison with an expected response. This
increased response of the airways can be measured by inhalation of specific or non-specific stimuli, and it should not be observed in normal subjects. Bronchial hyperresponsiveness
is one of the main pathophysiological characteristics of asthma and is present in nearly all
asthmatic patients, especially during symptomatic episodes. It can also be found in other
diseases, such as allergic rhinitis, chronic obstructive pulmonary disease, cystic fibrosis
and heart failure, or after a respiratory infection (2).
The cough reflex protects the airway and lungs from aspiration, inhaled irritants, particulates and pathogens and clears the air spaces of accumulated secretions. Studies in animals provide conclusive evidence that cough is initiated by activation of vagal afferent
nerves (3). Airway nerves have the capacity to control airway functions via neuronal reflexes and through neuromediators and neuropeptides. Neuronal mechanisms are known to
play a key role in the initiation and modulation of airway hyperresponsiveness and inflammation. In addition to the traditional transmitters such as norepinephrine in postganglionic sympathetic nerve fibres and acetylcholine in parasympathetic nerve fibres, a large number of neuropeptides have been identified to have different pharmacological effects on the
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muscle tone of the vessels and bronchi, mucus secretion and immune cells. Meanwhile,
a broad range of stimuli including capsaicin, bradykinin, hyperosmolar saline, tobacco
smoke, allergens, ozone, inflammatory mediators and even cold, dry air have been shown
to activate sensory nerve fibres to release neuropeptides such as the tachykinins substance
P and neurokinin A to mediate neurogenic inflammation (4). Other stimuli are known to initiate coughing in animals and in human subjects include articulate (dust, mechanical)
vibratory stimulation of the airway mucosa, larynx or chest wall, chemical irritants such
as resiniferatoxin, cinnamaldehyde and allyl isothiocyanate, anandamide and prostaglandin
E2. Although seemingly varied in origin and chemical composition, many of these stimuli
share common modes of action. For example, acids protons, capsaicin, resiniferatoxin and
anandamide all act in part or entirely by activation of the ion channel receptor TRPV1 (3,
5). Cinnamaldehyde, allyl isothiocyanate and several other known respiratory irritans (e. g.
cigarette smoke) activate the ion channel TRPA1 (3, 6, 7). The cough reflex is initiated by
activation of bronchopulmonary C-fibres and the mechanically-sensitive cough receptors.
Stimuli initiating cough through activation of one or both of these vagal afferent nerves
include capsaicin, acid, or bradykinin. Multiple ion channels and cell surface receptors regulating the response to these tussive stimuli have been identified. The cough receptors and
C-fibres may interact centrally to produce a heightened sensitivity to challenge. Interactions
of afferent pathways innervating the esophagus and upper airways may contribute to the
heightened cough sensitivity in chronic diseases such as gastroesophageal reflux disease,
asthma and upper airways disorders (upper airway cough syndrome) – three of the most
common causes of chronic cough (3).
Cough can be partitioned into four phases (3). The initial phase comprises the encoding
of action potentials by the afferent nerves directly responding to the tussive stimulus, and
the subsequent reconfiguration of the respiratory motor drive within the brainstem. This
initial phase immediately precedes any change in respiratory muscle activity.
The second phase is the enhanced inspiratory effort.
The expiratory phase of cough has 2 components:
1. An initial compressive phase when expiration is initiated against a restricted or occluded upper airways,
2. The expulsive phase, when the upper airways are dilated, allowing forceful expiration
and the high airflow velocities that facilitate airways clearance.
Depending on the stimulus and situation the number and forcefulness of the coughs can
vary substantially. Given this complexity and the multiple elements involved lower and
upper airways, respiratory muscles, brainstem, it is apparent that multiple afferent nerve
subtypes act in concert to regulate the sensitivity, forcefulness and repetitions of coughs in
response to all tussive stimuli (3).
The aim of our study was to evaluate difference of sensitivity of the cough reflex in adult
asthmatic patients and healthy subjects, using the current European Respiratory Society
guidelines (8) on the assessment of cough.
MATERIAL AND METHODS
The study was approved by Ethics Committee of Jessenius School of Medicine in Martin,
Slovakia and Ethics Committe of Žilina Self-Governing Region, Slovakia. Informed consent
was obtained from all asthmatic patients and healthy volunteers after the purpose of the
test had been explained.

Subjects
The study population consists of 38 healthy volunteers (19 females, 19 males; mean age
32 years) and 19 adult patients with asthma bronchiale (14 females, 5 males; mean age 33
years). They were dispensared at allergology outpatient departments. Healthy volunteers
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had no clinical respiratory symptoms, normal lung function test and no history of acute respiratory infection (last 4 weeks) and were recruited consecutively. They had no history of
allergic, respiratory, cardiovascular, gastrointestinal and endocrine diseases, they were not
treated with ACE-inhibitors. Required information was obtained from the questionnaire.
Tiffeneau index (FEV1/FVC) in healthy volunteers was > 85 %. Smokers were excluded from
the study.
The asthmatic patients had a characteristic history of asthma bronchiale. Asthmatic
patients in our study had intermittent or mild persistent asthma bronchiale (GINA, 2012).
All asthmatic patients were non-smokers. They had no history of acute respiratory infection
(last 4 weeks) before or during the study. They were treated with inhaled glucocorticoids
(beclomethasone dipropionate 100-250 μg, budesonide 200-400 μg, ciclesonide 80 μg, fluticasone furoate 100-250 μg). They were not treated with antihistamines and inhaled glucocorticoids at the time of examination. The last dose of the inhaled glucocorticoids were
taken 24 hours before the cough reflex sensitivity test. Short-acting β-agonists were witheld for at least 12 hours before the CRS test. Tiffeneau index (FEV1/FVC) in asthmatic
patients was > 80 %.

Study design
Based on a structured, interview-led questionnaire each subject was asked about history
of asthma bronchiale, allergic, cardiovascular, gastrointestinal, endocrine, respiratory diseases, ACE inhibitor treatment. Pulmonary function testing was performed before and after
the cough reflex sensitivity test. Subjects reported their subjective feeling during the cough
reflex sensitivity test. All subjects gave written informed consent. Healthy volunteers were
examined in the laboratory, bronchodilator therapy were available. Asthmatic patients were
examined at outpatient department, where all of the medicaments of first aid were available.
Assessment of cough reflex sensitivity
European Respiratory Society published guidelines on the assessment of cough to the
standardisation of cough challenge methodology (8). According to the guidelines, the singlebreath dose-response method was preferred. The cough reflex sensitivity to capsaicin
(SIGMA, St. Louis, MO) was determined using a compressed air-driven nebuliser (KoKo
DigiDoser; nSpire health Inc, Louisville, CO, USA), that is modified by the addition of an
inspiratory flow rate to 0.5 L.s-1 regardless of excessive inspiratory effort with each breath.
Each subject inhaled up to 12 capsaicin aerosol concentrations (0.49-1000 μmol/l) during
1200 ms at 1 min intervals. Each subject inhaled randomly between incremental concentration of capsaicin the aerosol of a control solution (physiological saline) in order to
increase cough challenge blindness. This strategy reduced the effect of voluntary suppression or conditioned responses in subjects, who would otherwise be anticipating progressively higher concentrations of capsaicin. When employing the single-breath method of capsaicin administration, the tussive response to each dose of aerosol is immediate and brief
(8). Therefore, only coughs occurring within 15 s of capsaicin delivery were counted. For
each test, the lowest concentration of capsaicin inducing two or more (C2) and five or more
(C5) cough efforts were reported. Each concentration of tussigenic agent was inhaled once.
Subjects were unaware that the induction of a specific number of coughs was the end-point
of the study.
Data analysis
The values of the capsaicin cough reflex sensitivity were expressed as geometric mean
value with 95 % confidence interval (CI) of the capsaicin concentration causing two or more
(C2) and five or more (C5) cough efforts. C2 and C5 was calculated for each group.
Differences between groups were analysed by non-parametric analysis of the Wilcoxon test,
a value of P < 0.05 was considered to be significant.
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RESULTS
The C2 capsaicin concentration was 2.03 μmol/l (1.16-3.55) in asthmatic patients. That
was significantly less than 8.71 μmol/l (5.62-13.50) in healthy volunteers (P < 0.001).
Cough reflex sensitivity expressed as C2 concentration of capsaicin was significantly
increased in asthmatic adult patients (Fig. 1).

Fig. 1 Cough reflex sensitivity expressed as geometric mean and 95 % confidence interval of capsaicin concentration inducing 2 or more cough in healthy adult subjects (control C2) and in adult patients with asthma
bronchiale (asthma C2)

The C5 capsaicin concentration was 3.02 μmol/l (1.77-5.17) in asthmatic patients. That
was significantly less than 31.81 μmol/l (20.52-49.33) in healthy volunteers (P < 0.001).
Cough reflex sensitivity expressed as the C5 capsaicin concentration was also significantly
increased in the adult patients with asthma bronchiale (Fig. 2).
Spirometric indices (forced expiratory volume in 1 second – FEV1; forced vital capacity –
FVC; Tiffeneau index – FEV1/FVC) did not show any significant changes before and after
the CRS test in asthmatic adult patients and healthy control. During the testing of CRS, we
did not observe any serious adverse effects. 96.5 % of subjects complained about transient
throat itching accompanying cough at higher concentrations of inhaled capsaicin.
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Fig. 2 Cough reflex sensitivity expressed as geometric mean and 95 % confidence interval of capsaicin concentration inducing 5 or more cough in healthy adult subjects (control C5) and in adult patients with asthma
bronchiale (asthma C5)

DISCUSSION
Reflex coughing is induced by multiple mechanical, chemical, and irritant stimuli directed toward laryngeal and/or tracheobronchial mucosa (9). Cough is a common symptom of
many respiratory and non-respiratory disorders (8). Chronic cough is one of the most common symptoms in patients with persistent asthma and may be the sole presenting feature
of this disease (10). Asthma is characterized by bronchospasms accompanied with frequent
coughing, but the pathogenesis is still not clear (11).
In the present study we assessed changes in cough reflex sensitivity by capsaicin in adult
asthmatic patients and healthy adult volunteers. There is significant difference of sensitivity of the couhg reflex among the patients with asthma bronchiale and the control group.
We found that asthmatic patients have a lower cough thresholds than control group of
healthy volunteers. Doherty et al. (10) showed that a reduced cough threshold is a frequent
finding in airways disease associated with asthma. Use of the capsaicin challenge gives
objective information about cough susceptibility which may prove more discriminatory than
just questioning about the presence or absence of cough or sputum production. Patients
with asthma have an increased sensitivity to capsaicin which is most marked in those who
complain of cough (10). Nakajima et al. (12) showed that in asthmatics in whom cough is
the sole or predominant symptom, CRS is significantly enhanced.
In our study cough reflex was assessed according to the guidelines of European
Respiratory Society on assessment of cough. Each administration of capsaicin aerosol was
performed at 1 minute interval with the inhalation time set at 1200 ms (8). In the study of
Doherty et al. (10) subjects inhaled from the dosimeter beginning with saline control and
then, with a minimum of 30 second intervals, increasing strengths of capsaicin until a given
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inhalation caused five coughs (C5). This dose was repeated to ensure that a reproducible
C5 response had been attained and, if so, that the value was recorded as the patient’s value
(C5 capsaicin). In the study of Nakajima et al. (12) was used continuous capsaicin inhalation (1 minute) at each concentration of capsaicin and they compared the results with those
obtained using intermittent inhalation. Data showed that the threshold was significantly
lower in asthmatic patients than in healthy individuals.
Asthmatic patients involved in the present study were not treated with inhaled glucocorticoids and antihistamines at the time of examination. In the study of Doherty et al. (10) the
response to capsaicin was not related to treatment with inhaled corticosteroids but was
increased in those using anticholinergic agents. In the study of Ekstrand et al. (13) the
asthmatic patients displayed higher capsaicin cough sensitivity than the controls before the
treatment period, but not afterward. Before treatment, capsaicin cough reaction correlated
significantly with levels of exhaled nitric oxide, but not with methacholine sensitivity. After
treatment with inhaled corticosteroids, the capsaicin cough sensitivity and the inflammatory parameters were normalized. In comparison to the control group, the patients reported more affective reactions to and behavioral disruptions induced by environmental irritants. In steroid-naïve patients with a positive methacholine test, there is a link between
that part of the airway inflammation that is reflected by exhaled nitric oxide and that followed by an augmented reactivity of capsaicin-sensitive sensory nerves. This association
disappears after steroid treatment (13).
Our data suggest that the capsaicin cough reflex sensitivity testing can reflect functional
changes in the airway afferent nerve-endings mediating cough during asthma bronchiale.
We conclude that airway afferent nerve endings reactivity in asthmatic subjects was significantly increased compared with healthy volunteers. Our data about increased CRS in asthmatics are consistent with data of other studies (10, 12).
A recent review of the 20-yr clinical experience with capsaicin failed to find a single serious adverse event associated with capsaicin cough challenge testing in humans (in the 122
published studies that described 4833 subjects). In the small fraction of studies that mentioned any adverse reactions to capsaicin inhalation, these were most commonly transient
throat irritation, some degree of retrosternal discomfort accompanying cough at higher concentrations of inhaled capsaicin (14). Capsaicin does not induce clinically significant bronchoconstriction in healthy volunteers or asthmatics (15, 16).
The relation between CRS and respiratory function has been studied, but the result is
contentious. In the present study we did not observe a significant difference between spirometric parameters (FEV1, FVC, FEV1/FVC) before and after capsaicin challenge in healthy
volunteers and asthmatic patients. In the study of Fujimura et al. (17) inhaled capsaicin significantly decreases FEV1 at the dose, that elicited 5 or more coughs (C5) in patients with
asthma bronchiale. In the study of Doherty et al. (10) CRS was independent of the degree
of airway obstruction. Airway hyperresponsiveness and cough sensitivity arise through different mechanisms (12).
The capsaicin cough challenge test is a simple and reproducible laboratory method for the
assessment of cough susceptibility in a wide range of diseases. In this study we show that
a reduced cough threshold is present in asthmatic patients. The cough reflex sensitivity
measurement can add valuable information besides commonly used spirometry and inflammometric methods in clinical practice in management of asthmatic patients.
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HISTAMINE AND ITS EFFECTS MEDIATED VIA H3 RECEPTOR
– POTENTIAL CLINICAL APPLICATIONS OF H3 ANTAGONISTS
Hanuskova E., Plevkova J.
1

Department of Pathological Physiology, Jessenius Faculty of Medicine in Martin,
Comenius University, Slovak Republic
Abst ract

Histamine is one of the most important biogenic amines and it mediates numbers of physiological processes. It
is also involved in majority of inflammatory diseases via its receptors H1, H2, H3 and H4. The role of histamine had
been recognized as substantial in many allergic diseases including bronchial asthma, thus the histamine receptor
antagonists (H1) are frequently used in the clinical practice as potent anti-allergic and anti-inflammatory drugs.
However, first generation of antihistamines have also adverse effects, predominantly sedation, changes in
appetite and many more, and they are still not fully effective in all patients. Attention is now focused mainly on H3
and H4 receptor antagonists and their potential clinical applications. This review focuses basically on the H3 receptor, its expression pattern and some effects which are mediated by H3, discussing its clinical relevance.
Key words: histamine – histamine receptor – expression – allergies - neurons

INTRODUCTION
Histamine plays a prominent role in the pathophysiology of allergic diseases, asthma,
rhinitis and urticaria (1, 2, 3). In human pathology, histamine triggers acute symptoms via
its very rapid action on vascular endothelium and bronchial smooth muscle cells, leading
to the development of acute symptoms such as nasal discharge, nasal congestion, bronchoconstriction, abdominal cramps, diarrhoea or skin wheal and a flare response.
Moreover, in addition to these effects on the immediate-type response, histamine also significantly modulates chronic phase of inflammatory processes (4).
In fact, these data would be shared probably by majority of medical students, or health
care professionals, because the role of the histamine in inflammation and allergies is well
recognized and described. However, there is still a potential in further research of histamine
action, mainly in central nervous system. The role of histaminergic neurons, their function
and relevance are not well established. Except of central nervous system, H3 receptors are
involved in many processes outside of it, for example mast cell–neuron loop in the tissues,
where H3 receptors regulate intensity of neurogenic inflammation. Histamine H3 receptor
and its antagonists may have clinical applications in treatment of diseases induced or influenced by the action of histaminergic neurons, thus leading to limited availability of certain
neuromediators. The aim of this short review is to focus on less known histamine receptor
H3 and its relevance for human physiology and pathophysiology.
HISTAMINE AND ITS ACTION
Histamine (2-[4-imidazolyl] ethylamine), is a biogenic amine, that was isolated from the
mould ergot in 1910 by Sir Henry Dale and his colleagues at the Wellcome Laboratories.
Afterward they found that it stimulated smooth muscle from the gastrointestinal and respiratory tract, it induced vasodilatation and stimulated cardiac contractility. Finally, it
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induced a shock-like syndrome when injected into animals (5, 6). In 1920, Popielski demonstrated that histamine has a marked stimulating effect on the secretion of acid from the
stomach of dogs (7). In 1924, Lewis described the classic ‘triple response’ to histamine consisting of a red spot due to vasodilatation, a wheal which was the consequence of increased
permeability and a flare due to an axon reflex (8). Histamine was identified as a mediator
of anaphylactic reactions in 1932 (9). In 1927, Best et al. (10) isolated histamine from samples of liver and lungs, and later from other tissues, hence, the name histamine was given
after the Greek word for tissue, histos. Since that time there has been a growing pool of data
about the action of histamine, histamine receptors, their intracellular signaling pathways
and potent antagonists with clinical application.
Histamine is synthesized by the pyridoxal phosphate–containing L-histidine decarboxylase (HDC) from the amino acid histidine (11). Gastric enterochromaffin-like cells, histaminergic neurons as well as mast cells and basophils are classical cellular sources of histamine, where it is stored in intracellular vesicles and released on stimulation. Several
haematopoietic cell lines have been shown to synthesize histamine, but 100–1000-fold less
than mast cells and basophils. De novo histamine synthesis has also been shown in other
cell types, such as platelets, monocytes/macrophages, dendritic cells, neutrophils and lymphocytes (12, 13, 14).
The major routes of histamine inactivation in mammals are methylation of the imidazole
ring, catalyzed by histamine N-methyltransferase (HNMT), and oxidative deamination of the
primary amino group, catalyzed by diamine oxidase (DAO) also known as histaminase (15).
The DAO protein is stored in plasma membrane–associated vesicular structures in epithelial cells and is secreted into the circulation on stimulation (16, 17). In mammals, DAO
expression is restricted to specific tissues; the highest activities are shown for small intestine, ascending part of colon (18, 19) and for placenta and kidney (16, 20). Conversely,
HNMT is a cytosolic protein (21), which can convert histamine only in the intracellular space
of the cells (20, 22). HNMT is widely expressed in human tissues; the greatest expression is
in kidney and liver, followed by spleen, colon, prostate, ovary, spinal cord cells, bronchi, and
trachea (23). HNMT is regarded as the key enzyme for histamine degradation in the
bronchial epithelium (24).
Histamine is a potent mediator of numerous biologic reactions. Besides the well-known
triggering of mast cells degranulation by crosslinking of the Fc RI receptor by specific allergens, several other non-immunologic stimuli, such as neuropeptides, substance P, complement factors (i.e., C3a and C5a), cytokines (IL-1, IL-3, IL-8, GM-CSF), platelet-activating factor (PAF), hyperosmolarity, lipoproteins, adenosine, superoxidases (25), hypoxia, chemical
and physical factors (e.g., extreme temperatures, traumas, vibration) (26), or alcohol and
certain food and drugs, may activate mast cells too (27, 28). The pleiotropic effects of histamine are triggered through one or several histamine receptors on different cells. Four
subtypes of receptors (histamine 1 receptor (H1R), histamine 2 receptor (H2R), histamine 3
receptor (H3R), and histamine 4 receptor (H4R) have been described. All these receptors
belong to the G-protein-coupled receptor family. They are heptahelical transmembrane molecules that transduce the extracellular signal by using G-proteins and intracellular second
messenger systems (29, 30). Differences in the affinities of these receptors are highly decisive on the biological effects of histamine and agents that target.
HISTAMINE RECEPTORS
Histamine has diverse actions in the human body, and those are influenced by several factors. One of the determining factors governing the histamine action is the type of receptor
mediating the signal transduction. Basically, the knowledge on histamine receptors classifies four types of them with different expression pattern within the body and main actions
they are capable to induce (Table 1).
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The active and inactive states of HRs exist in equilibrium. However, it has been shown in
recombinant systems that HRs can trigger downstream events in the absence of receptor
occupancy by an agonist, which accounts for constitutive spontaneous receptor activity
(31).
HR agonists stimulate the active state in the receptor and inverse agonists stimulate the
inactive one. An agonist with a preferential affinity for the active state of the receptor stabilizes the receptor in its active conformation leading to a continuous activation signal. An
inverse agonist with a preferential affinity for the inactive state stabilizes the receptor in this
conformation and consequently induces an inactive state, which is characterized by blocked
signal transduction via the HR (32). HR antagonists block receptor sites causing no action
at that receptor since agonists can‘t bind.
HRs form dimers and even oligomers, which allow cooperation between HRs and other Gprotein-coupled receptors. The affinity of histamine to different HRs varies significantly,
with Ki values ranging from 5–10 nM for the H3 and H4 receptors to 2–10 mM for the H1 and
H2 receptors (11, 33). Specific activation or block of HRs showed that they differ in expression, signal transduction or function and improved the understanding of the role of histamine in physiology and disease mechanisms (4). Histamine can act not only on cell surface
receptors (H1, H2, H3 and H4 receptors), but may also bind to some “intracellular receptors”
such as cytochrome P450 and cytochrome c (34, 35) and high-affinity lipocalins isolated
from the saliva of ticks (36).
Table 1 Pattern of histamine receptors distribution and main actions they mediate (37)
Abbreviations: AV – atrioventricular, CNS - central nervous system, GI – gastrointestinal, NK – natural killer
receptor

location

responses

H1

blood vessels, sensory nerves
(smooth muscle bronchi, GI
tract, cardiac tissue, endothelium, CNS)

increase vascular permeability, vasodilation,
stimulation of airway sensory nerves,
eosinophil chemotaxis,
smooth muscle contraction in bronchi and GI tract,
stimulation of vagal nerves inducing reflex smooth
muscle contraction in airways,
decrease AV node conduction time,
enhance release of histamine and arachidonic acid
derivatives from platelets,
increase nitric oxide production via iNOs

H2

vascular bed, nasal epithelium,
nasal submucosal glands,
mucosa of stomach, CNS, cardiac tissue, uterus, smooth
muscle

stimulate mucous glands in airways,
increase vascular permeability,
direct chronotropic effect on atrium and inotropic action
on ventricle,
relaxation of lower esophageal sphincter stimulation of
suppressor T cells,
decrease in neutrophil and basophil chemotaxis and activation, proliferation of lymphocytes, activity of NK cells

H3

presynaptic nerves in the
peripheral sympathetic adrenergic system, nasal submucosal
glands, CNS (histaminergic
nerves), airways, GI tract

suppression of norepinephrine release at
presynaptic nerve ending,
stimulate nasal submucosal gland secretion,
opposes bronchoconstriction and gastric acid secretion

H4

eosinophils, mast cells,
basophils, neutrophils, nasal
turbinates (nerves), lung, colon,
epicanthus, bone marrow,
spleen, liver

chemotaxis and chemokinesis of mast cells and
eosinophils, enhancement of the activity of other
chemoattractants (e.g. chemokines) on eosinophils,
up-regulation of adhesion molecules
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H3 – HISTAMINE RECEPTOR
The histamine H3 receptor (H3R) was first identified by Arrang and colleagues in 1983 using
a functional assay. It was found that histamine inhibits its own synthesis and release (38). The
cloning of the histamine H3 receptor (H3R) cDNA in 1999 by Lovenberg et al. (39) allowed
detailed studies of its molecular aspects and indicated that the H3R can activate several signal transduction pathways (Figure 2) including Gi/o-dependent inhibition of adenylyl cyclase,
activation of phospholipase A2, Akt and the mitogen activated kinase as well as the inhibition
of the Na+/H+ exchanger and inhibition of K+-induced Ca2+ mobilization.
Moreover, cloning of the H3R has led to the discovery of several H3R isoforms produced by
alternative splicing of the H3R mRNA (40). The human and rat H3 receptors exhibit a 97%
homology in the transmembrane domains, but surprisingly they display a significant difference in the affinity for some H3 ligands (e.g. thioperamide shows a tenfold preference for
the rat receptor). Single form of the H3 gene can give rise to multiple mRNA isoforms, named
H3A, H3B and H3C in the rat (41) and H3L and H3S in the guinea pig (42).

Fig. 1. Schematic representation of the H3R-mediated signal transduction. The H3R has been shown to modulate
several signal transduction pathways including the inhibition of adenylyl cyclase (AC), activation of mitogen-activated protein kinase (MAPK), activation of phospholipase A2 (PLA2), intracellular calcium mobilization, activation
of the Akt/GSK-3 axis and inhibition of the Na+/H+ exchanger (40).

NEURONAL H3R
H3R is expressed in many brain areas including cerebral cortex, hippocampus, amygdala,
nucleus accumbens, globus pallidus, striatum and hypothalamus. The H3R acting as
presynaptic autoreceptor on the neurons (inhibits release of histamine from histaminergic
neurons) and heteroreceptor expressed in non-histamine–containing neurons in the central
and peripheral nervous systems, where it inhibits release of other neurotransmitters such
as acetylcholine, noradrenaline, dopamine, and serotonine (Figure 3) (39, 43).
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Figure 2. H3R auto- and heteroreceptors – mechanisms of histamine action on different neurons and neuromediators (44). Presynaptic H3 autoreceptor (histaminergic neuron), postsynaptic H3 heteroreceptor (aminergic transmitter systems)

Abbreviations: H1R - histamine H1 receptor, H2R - histamine H2 receptor; H3R - histamine H3
receptor, G-G protein, cAMP - cyclic adenosine monophosphate, ctx – cortex, HDD - histamine
decarboxylase, hip – hippocampus, hyp - hypothalamus, IP3 - inositol triphosphate, DAG diacetyl glycerol, loccor - locus coeruleus, - na - nucleus accumbens, nbs - nucleus basalis
magnocellularis, pvn - paraventricular nucleus, sn(pr) – substantia nigra (pars reticulata), str
– striatum, vta - ventral tegmental area.
Both histamine and the neurotransmitters regulated by it participate in many important
physiological functions. Histamine synthesizing neurons are located in the tuberomammillary nucleus of the hypothalamus and project widely throughout the brain to regions that
include the cortex, the hippocampus, amygdala and striatum (45). The central histaminergic system is involved in many central nervous system functions: sleep-wake cycle, arousal, anxiety, activation of the sympathetic nervous system, cognition, learning, memory, the
stress-related release of hormones from the pituitary and of central aminergic neurotransmitters, antinociception, water retention and suppression of eating, through the four receptors subtypes: H1, H2, H3 and H4 (45, 46). Acetylcholine plays an important role in cognitive
functions, and noradrenaline has become recognized as playing a large role in attention and
focus. Since the H3R regulates the levels of these important neuronal agents, it has become
an attractive target for developing treatments for variety of neurological disorders (47).
H3 antagonists are potential drugs for the treatment of disorders connected to cognitive
processes and alertness, such as, excessive daytime sleepiness with Parkinson patients,
narcolepsy, Alzheimer’s disease, attention-deficit hyperactivity disorder, epilepsy, and schizophrenia (44, 48). Moreover, histamine via H3 receptors can also decrease blood brain barrier permeability and mitigate against early phase neuroinflammation (49). Examples of histamine H3R antagonists and agonist are summarized in Table 2, documenting huge
research in this area, and availability of many H3R relevant molecules for research purposes.
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Table 2 Histamine H3R agonists and antagonists
H3R antagonists

H3R agonists

H3R inverse agonists

A-431404, A-424835, A-349821,
A-320436, A-331440, A-417022,
A-423579, A-688057, A-687136,
A-698418, ABT-834, ABT-239,
Betahistine, BF-2649, Burimamide,
Clobenpropit, Ciproxifan, Conessine,
GSK-189254, GSK-207040, GT-2227,
GT-2394, Iodophenpropit,
Impentamine, JB 98064,
JNJ-17216498,
JNJ-5207852, JNJ-7737782,
JNJ-10181457, NNC-0038–1049,
NNC-0038–1202, Proxyfan,
SCH-79687, SCH-79876,
Thioperamide, VUF-568,

BP-2.94, Histamine, Imetit,
Immepip, Immethridine,
Methimepip,
(R)-α-methylhistamine,
N α − methylhistamine,
Cipralisant, Proxyfan

Ciproxifan, ST-889,
BF2.649

ANTINOCICEPTIVE ACTION
Histamine H3 receptors (H3Rs), distributed within the brain, the spinal cord, and on specific types of primary sensory neurons, can modulate pain transmission by several mechanisms. In the skin, H3Rs are found on certain Aβ fibers, and on keratinocytes and Merkel
cells, as well as on deep dermal, peptidergic Aδ fibers terminating on deep dermal blood vessels. Activation of H3Rs on the latter in the skin, heart, lung, and dura mater reduces calcitonin gene-related peptide and substance P release, leading to anti-inflammatory (but not
antinociceptive) actions. However, activation of H3Rs on the spinal terminals of these sensory fibers reduces nociceptive responding to low-intensity mechanical stimuli and inflammatory stimuli such as formalin (50).
PRESYNAPTIC MODULATION IN AUTONOMIC NERVOUS SYSTEM
Visceral organs are widely innervated by the fibres of autonomic nerves with many ganglia located within the wall of dull organs such as esophagus or stomach. Functions of these
organs are regulated by the way of neurotransmitter releases from the nerve fibers they have
on target effectors – muscles, glands etc. There are numerous reports of presynaptic H3
receptors in the autonomic nervous system controlling neurotransmitter release in the
heart, the lung, and the gastrointestinal tract (39).
In the gastrointestinal tract H3 receptors are located in cholinergic and non-adrenergic
non-cholinergic (NANC) neurons of the myenteric plexus, in endocrine and/or paracrine
cells of the gastric mucosa and, at least in rabbits, also in parietal cells (51). H3 receptors
are mainly located on histamine-producing cells, where they work as an endogenous
inhibitory mechanism operated by histamine itself to control excess acid production. H3
receptor agonists combine antiinflammatory properties with antisecretory and gastroprotective effects (52).
MODULATION OF ADRENERGIC RESPONSES IN THE HEART
H3-receptors are present in sympathetic nerve endings in the human heart, where they
modulate adrenergic responses by inhibiting noradrenaline release (53). In severe myocardial ischemia, H3R activation affords cardioprotection by preventing excessive noradrenaline
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release and arrhythmias; pivotal to this action is the inhibition of neuronal Na+/H+
exchanger (NHE). Conversely, angiotensin II, formed locally by mast cell-derived renin, stimulates NHE via angiotensin II type 1 (AT1) receptors, facilitating noradrenaline release and
arrhythmias. Ischemic dysfunction may therefore depend on a balance between the NHEmodulating effects of H3 receptors and AT1 receptors. Thus, H3 receptor-mediated NHE inhibition in ischemia/reperfusion not only opposes the angiotensin II-induced stimulation of
NHE in cardiac sympathetic neurons, but also down-regulates AT3 receptor expression.
Cardioprotection ultimately results from the combined attenuation of angiotensin II and
noradrenaline effects and alleviation of arrhythmias (54).
UPPER AND LOWER AIRWAYS
It is well known that histamine plays an important role in eliciting the nasal symptoms of
allergic rhinitis; i.e., pruritus, sneezing, rhinorrhea, and congestion (55). H3R plays a role in
mucus secretion in the nasal submucosal gland. H3R plays a role in allergic rhinitis, and
expression of H3R increases during allergic rhinitis (56).
Nakaya et al. (57) used immunohistochemistry to examine distribution of histamine receptor subtypes in the human inferior turbinates, and reported that H4R and H3R were clearly
expressed on nerves in the human inferior turbinates. They demonstrated that H3R protein
was expressed on the nerve bundle, rather than on the nerve terminals. Stimulation of H3R
expressed on sympathetic nerve terminals inhibits release of noradrenaline from those
nerves. In the absence of histamine, noradrenaline released from sympathetic nerve terminals helps to maintain normal vascular tone. The presence of histamine decreases noradrenaline levels, causing vasodilatation leading finally to nasal obstruction (58). In the
human lower airways, H3R regulates cholinergic nerve transduction (59). In guinea pigs,
H3R is present on the vagus nerve, which modulates cholinergic neurotransmission in the
airways (60).
H3-receptors presented in the vagal pathway inhibit acetylcholine release and could play
a role in modulating neural bronchoconstriction in allergic disease when histamine is
released from airway mast cells in the vicinity of airway ganglia and cholinergic nerves (60).
The control of mast cells by histamine acting on H3R involves neuropeptide-containing
nerves and might be related to a local neuron–mast cell feedback loop controlling neurogenic inflammation (61). Dysregulation of this feedback loop may lead to excessive inflammatory responses and suggests a novel therapeutic approach by using H3R agonists (4).
CONCLUSIONS
As it could be seen from this short overview, there is a growing pool of data indicating that
histamine and particularly histamine H3 receptors are constantly under the scope and they
are studied in relation to many aspects. Very strong aspect is the role of histaminergic neurons in onset, development and progression of certain neurologic disorders as they have
been described above. Also interesting and very strong side of H3R antagonists could be the
field of antinociception. The fact they are abundant in autonomic nerves within visceral
organs makes it possible targets for visceral pain, mechanisms of which are still not satisfactorily explained. Primary interest of our research is respiratory system, allergic rhinitis,
asthma and cough. This is also the main reason we studied H3 receptors to see possible
involvement of H3 antagonists in models of airway diseases. As long as we know, there are
some H4 antagonists at the very beginning of clinical trials but no H3 antagonists so far.
We do believe that every single effort counts in the process of searching for effective
enough but safe treatment for our patients and that is also the reason we will focus further
attention on H3 receptors in our future research.
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UPPER GASTROINTESTINAL VISCERAL PAIN MODELS
IN GUINEA-PIGS (MINI-REVIEW)
Halicka J., Tatar M.
Department of Pathological Physiology, Jessenius Faculty of Medicine in Martin, Comenius University, Slovak
Republic
Abst rac t
Visceral pain brings deep medical burden to society, and it is clinically often the first symptom which leads to
a medical consultation. In the time of deeper understanding of molecular transducers in pain pathways, there is
still need for models to test hypothesis how would selective inhibition of nociceptive pathways modulates the behavior of experimental animal. In comparison with somatic pain, there is less visceral pain models, probably due to
complex extrinsic (dual innervation by dorsal root ganglia and vagus nerve innervation) and intrinsic innervation.
We want to develop a new model of visceral pain in guinea pigs to test our hypothesis that vagal afferent innervation affects perception of visceral pain. In this mini-review we would like to closely describe advantages and drawbacks of visceral pain models used in our department.
Keywords: guinea pig, visceral pain, pain model, vagus nerve,

INTRODUCTION
Chronic visceral pain is clinically one of the most common reasons for visits to general
practicioner’s office [1]. Although essential for host survival, pain can become unbearable
especially when chronic. Unexplained abdominal pain represents a significant healthcare
burden and one in which there is a current lack of effective treatments. Despite an enormous effort, an integrated understanding of the pathophysiologic mechanisms of chronic
visceral pain, particularly with respect to functional gastrointestinal disorders, remains
incomplete. A key to discovering novel therapeutic approaches inevitably involves understanding of basic pathophysiology of visceral pain perception. Currently our knowledge
about pain perception in animal models is limited and majority of what is known about pain
and nociceptors originates from studies of somatic structures (non-visceral components of
the body, principally skin). Nevertheless, the most common pain produced by disease and
the most difficult to manage is that originating from the internal organs [2]. This review is
denoted to study nocifensive responses in guinea-pig model of acute and chronic visceral
pain from upper gastrointestinal tract.
Guinea pigs in pain studies
Guinea pigs are widely used in studies of vagal afferent innervation of gastrointestinal
tract as described earlier in work of Kollarik and col. [8,9]. Guinea pig’s esophagus is a suitable model to study the visceral pain for following reasons: a) guinea pig’s vagal afferent
nerves are most similar to human from all laboratory animals other than primates, which
are unavailable (example: pharmacological properties of respiratory vagal mediated reflexes are in humans and guinea pigs almost identical, which is not relevant for rats and mice),
b) esophagus is simpliest visceral organ for studying vagal afferent nerves, c) existence of
verified molecular tools for selective inhibition of vagal afferent innervation in guinea pig
(adeno-associated virus vectors with shRNA Nav1.7 used in [15]).
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Fig. 1 Acute pain model – noxious acute mechanical distention of the esophagus with naso-esophageal Fogarty
catheter insertion. EMG is taken from 3 electrodes inserted into m. acromiotrapezius.

Vagus nerve role in visceral pain
Innervation of visceral organs differs considerably from innervation of somatic structures.
Main difference is dual afferent innervation. Afferent nerves are provided from dorsal root
ganglia and vagal ganglia, respectively. It is known that vagus nerve innervates the vast
majority of internal organs and almost 80% of the vagal fibers are afferent, but until recently they were attributed only to a role in reflex circuits [3,4,5]. Recent discoveries have shown
that patients with high spinal cord injury feel the pain caused by esophageal noxious distension [6] and gastric noxious distension [7]. Former Kollarik’s and col. [8,9] work shows
population of afferent vagal nerves in guinea pigs esophagus capable of sensing and encoding chemical (acid, adenosin, capsaicin, bradykinin) and mechanical noxious (mechanical
distension > 60mmHg) signals [8,9].
There are existing rat models of visceromotoric response (VMR) to noxious distension of
gastrointestinal system. Ozaki and col. [12] found no change in VMR as a response to gastric
distention after vagotomy. Lamb and col. [13] found vagal afferent nerves from stomach sensitive to chemical nociception but not dorsal root ganglia (DRG) afferent nerves. Sakurai and
col. [11] interprets data that vagus nerve resection do not affect VMR to gastric distention,
but we can also see only partial effect of splanchnectomy (DRG ressection), and we can anticipate that combination of vagotomy/splanchnectomy would be of higher efficiency. Furuta
and col. [10] findings of chronic pain model in rats suggest that subdiaphragmatic vagal
dysfunction cause chronic muscle hyperalgesia accompanied by visceral pain. Vagal afferent participation on visceral nociception is therefore not clear in literature. While the contribution of the vagus nerve to visceral pain remains unresolved, the vagus nerve clearly
plays an important role in the prominent autonomic and emotional reactions to visceral stimuli [14]. Therefore, new models of visceral pain in guinea pigs are necessary to describe
function of vagal afferent innervation in perception of visceral pain.
Objective assessment of the pain behaviour in animal models
In 1979, the International Association for the Study of Pain (IASP) defined pain as “an
unpleasant sensory and emotional experience associated with actual or potential tissue
damage or described in terms of such damage”. With respect to scientific opportunities, animal models of pain often exhibits limitations when it comes to modeling of the complex processes unique to human functions. Never the less many models of visceral pain described
in the literature focus primarily on acute visceral nerve activation using mechanical distension, chemical irritation, and/or inflammation [16]. To name few, techniques that are
used to measure the visceral pain: viscero-motoric response [17], voluntary movements [18],
vocalisation [19], c-fos expression [20], functional MRI [21], grimace scales [22], production
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of stress hormones and cardiovascular reflexes. There is scarce evidence of true chronic
pain models, which are in our opinion, affected less by limitations of pain modeling in animals. In our department we are currently using the VMR analysis in acute pain model and
voluntary movement analysis in a chronic pain model.
Guinea pig model of acute visceral pain
Many of the behaviors that are thought to represent spontaneous pain have been reported in different animal models of persistent, inflammatory and neuropathic pain to measure the nature of animal pain experience [2]. Measurement of acute visceral pain in animals
is in current model based on brain stem VMR [14]. Viscero-motor reflexes, which were first
described by Sherrington in decerebrated animals, is an unconscious respose to noxious
stimuli, without consciousness playing a role in pain processing [26]. It is possible to use it
as an objective measure of response to painful stimuli. Data are obtained from electromyography (EMG), take advantage of one aspect of behavioral responses to noxious stimuli that
are present in many species, including humans, which cause twitching/higher muscle
tonus of acromiotrapezius muscle in guinea pig. As the noxious stimulus mechanical noxious distension of esophagus mediated via naso-esophageal Fogarty catheter was used.
Electromyography is a more objective measure of nociceptive behavior than observational
techniques [17]. The principal advantage of EMG compared to observation to quantify
behavior is that the former provides a direct measure of the electrical activity generated
within a specific muscle group during contraction, and is, therefore, not inherently influenced by experimenter bias. Advantage of this technique is the long-term stability of the
EMG electrodes which permits chronic time-course studies in addition to acute interventions. Major drawback is a nature of muscle electrical activity, which means animals must
be calm and without any movement prior to EMG recording. Each movement is therefore,
affecting EMG recordings and reducing validity and possibility to analyze data correctly.
Discussion about usefulness of acute pain models that are measuring response to severe,
acutely induced pain, e.g. model of acute VMR of esophageal distension [13,23], is under
debate worldwide. To date, there has been limited animal research evaluating the kind of
dull, diffuse and persistent visceral pain in animals frequently observed clinically in
humans. For addition, even if one model is called chronic visceral inflammatory pain [14],
the actual nocifensive behaviour, visceromotor change, vocalization or increase in c-fos
expression is caused by acute stimuli (personal discussion with Prof. Peter Holzer, Medical
University Graz, Austria).
Guinea-pig model of chronic visceral pain
The evaluation of chronic pain symptoms and the interpretation of their objective findings
in experimental models is problematic. Major problem is that pain symptoms are only nocifensive responses to noxious stimuli. Stressfull conditions during experiment strongly affect
nocifensive response in awake animals. However, prolonged experiment with telemetric system brings advantage of significantly lower stress induced by the observer - experimental
animal relationship. We hypothesized that chronic visceral pain model could bring more
complex nocifensive response evaluation in comparison with acute model.
Miwa et col. [18] describe rat’s model of reflux esophagitis, where changes in voluntary
movement of esophagitis model reflects visceral symptoms and serve as an index of chronic abdominal symptoms. On the basis of their experiment we set up simple experimental
model of guinea pig with reflux esophagitis. Chronic gastroduodenal reflux model, is induced by postpyloric duodenal narrowing and pneumatic dilation of lower esophageal sphincter (Fig. 2). New telemetric state of the art system (Fig. 2; Data Science International, MN,
USA) is designed for longterm sampling (up to 6 weeks, depends on implanted transmitter)
of any biopotential (electroencephalography, electrocardiography, electromyography, etc.),
body temperature, blood pressure, nerve activity and locomotor activity with video recording
of each animal in separate cage (example in fig. 3). We use transmitters with one biopoten-
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Fig. 2. Scheme of telemetric system - animal, implanted with transmitter (T) with 2 electrodes leads for 1 biopotential acquisition (e.g. ECG). Each animal is housed alone in plastic cage and put upon single receiver.

Fig. 3 5.5 hours (x axis) example of recording from telemetric system of ECG (in BPM on y axis, 1st line) , body
temperature (in degrees of Celsius on y axis, 2nd line) and animal locomotor activity (in counts/minute on y axis,
3rd line).

tial recording possibility (electrocardiography, ECG). ECG data allow to measure heart-rate
variability as viscero-vegetative reflex and brings another objective finding for this experimental model.
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Different anatomy of the upper GIT in guinea pigs is a major drawback of model of chronic visceral discomfort currently in use. Guinea pig’s stomach is a so-called stuffed stomach
with very few muscles and thin stomach wall. Therefore it is not able to transport the chewed food to the next parts of the digestive system without help. This task is taken over by
the next meal. Consequently the appropriate feed for this animal must be low in calories
and continuos. Therefore, guinea pigs are prone to gastric dilation volvulus, if used duodenal obstruction would be very narrow.
CONCLUSSION
Visceral gastrointestinal pain and functional gastrointestinal disorders have attracted
increasing attention in recent years [25]. The mechanisms are complicated and poorly
understood. The first step for better understanding of the visceral pain would be the development and validation of an objective evaluation method, which allows analysis of symptoms in experimental models of visceral pain. Vagal afferent participation on visceral nociception is therefore not clear in literature.
We are currently working on two different models of visceral pain. Current acute visceral
pain models got limitations of presenting visceral pain main characteristics – dull, diffuse
and persistent pain - main reason for general practicioner’s office visit by majority of
patients. To this date more reasonable seems to be a model of chronic visceral pain which
is capable of long-term distress observation of animals with chronic visceral pain. This work
would like to show better way for development of new models of visceral pain with more physiological setup in the future.
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