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Use of methylxanthines in the treatment of meconium 
aspiration syndrome

Mokra D.¹, Mokry J.², Drgova A.³, Calkovska A.¹

¹Department of Physiology, ²Department of Pharmacology, ³Department of Medical Biochemistry, Jessenius 
Faculty of Medicine, Comenius University, Martin, Slovakia

Abstract
In the pathophysiology of neonatal meconium aspiration syndrome (MAS), inflammation, pulmonary vaso- 

and bronchocontriction are of high importance. From this reason, various anti-inflammatory agents including 
methylxanthines have been tested in the treatment of MAS. This article provides a short review of mechanisms 
participating in the pathogenesis of MAS as a rationale for the use of anti-inflammatory drugs. Main part of 
the article is focused on pharmacological action of methylxanthines and their effects on the lung functions, 
inflammatory and hemodynamic parameters in experimental models of MAS, substantially based on the 
results of the author‘s own studies.
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Meconium aspiration syndrome (MAS)

MAS is a serious, life-threatening disorder of the term and post-term newborns, de-
veloping after perinatal aspiration of meconium into the lungs (1). Incidence of MAS in 
the well-developed countries stands around 2 per 1000 live births, in the developing 
countries this number may be considerably higher. The clinical picture varies from mild 
tachypnoea to respiratory failure, where about one third of the newborns with MAS 
require intubation and ventilatory support (2). Persistent pulmonary hypertension is a 
major complication of MAS, developing in more than one third of newborns with MAS. 
Vice versa, MAS is the most frequent cause of pulmonary hypertension in newborns, 
requiring the use of extracorporeal membrane oxygenation (ECMO) (3). In addition to 
acute effects, MAS may have also serious long-term consequences on the respiratory 
system, such as abnormal bronchial reactivity and wheezing (4).

Pathogenesis of meconium aspiration syndrome – rationale for 
the treatment

In an acute phase of the disease, mechanical obstruction of the airways by meconium 
may lead to alveolar atelectasis behind the plug. In case of ball-valve obstruction, air-
trapping may occure with air leak into the interstitium. With initiation of ventilation, as-
pirated meconium may reach the alveoli, where inactivates the surfactant (5). Meconium 
disturbs surfactant synthesis (6), changes the viscosity and ultrastructure of surfactant 
(7), decreases the levels of specific surfactant proteins (8) and accelerate its conversion 
from large, surface active aggregates into small, less active forms (9). Since meconium 
components trigger also the inflammation, inactivation of surfactant is further potenti-
ated by proteolytic enzymes and reactive species released from activated cells during the 
inflammation, as well as by plasma proteins leaking through the injured alveolocapillary 
membrane (10).
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Meconium acts as a potent chemoattractant for neutrophils (11). Number of neutro-
phils in the lungs increases within several hours after the meconium aspiration and is 
linked with their decrease in the blood (12). In addition, meconium is a source of pro-
inflammatory mediators (IL-1, IL-6, IL-8, TNFα etc.) (13) that may induce inflammation 
directly or indirectly through the stimulation of oxidative burst in neutrophils (14) and al-
veolar macrophages (15). Activated cells produce a wide spectrum of substances includ-
ing leukotrienes, prostaglandins, platelet activating factor (PAF), proteolytic enzymes, 
and reactive oxygen and nitrogen species injuring the lung parenchyma and surfactant 
(16). In addition, meconium shows high activity of phospholipase A2 (PLA2), which may 
directly or through the arachidonic acid increase the production of lipid mediators and 
participate in the apoptosis of epithelial cells (17) and surfactant dysfunction (18). Meco-
nium enhances also the expression of inducible cyclooxygenase-2 (COX-2) and inducible 
nitric oxide synthase (iNOS) in the macrophages, epithelial and endothelial cells (19, 20). 

Meconium aspiration is usually associated with pulmonary vasoconstriction from hy-
poxia and/or from vasoconstrictive effect of meconium and substances released during 
inflammation, what leads to pulmonary hypertension. Presence of meconium in the 
amniotic fluid is responsible for ischemic changes of the lungs, umbilical cord, and pla-
centa (21) as well as for increased cellular apoptosis (22). Postnatal meconium instilla-
tion elevates the pulmonary artery pressure and vascular resistance in a concentration-
dependent manner, linked with higher levels of thromboxane A2 (TXA2), leukotrienes, 
prostaglandins, and endothelin-1 (ET-1) (23, 24). Furthermore, release of bronchoactive 
substances like leukotrienes and PAF in meconium-induced inflammation is probably 
responsible for increased airway reactivity to methacholine and histamine (12, 25).

Treatment of MAS

Conventional treatment of MAS covers the ventilatory support including high-frequen-
cy ventilation, oxygenotherapy, antibiotics, and support of the vital functions (24). If con-
ventional therapy fails, novel therapeutic approaches are required. Various therapeutic 
interventions and drugs have already been applied or tested in animal models and/or in 
newborns with MAS (10, 26), among all, exogenous surfactant administered in the form 
of bronchoalveolar lavage (2, 27), inhalation of nitric oxide (28), liquid ventilation with 
perfluorocarbons (29) and administration of several anti-inflammatory agents, such 
as glucocorticoids (30-33), methylxanthines (34-36), selective phosphodiesterase (PDE) 
inhibitors (37, 38) and others (39, 40).

Methylxanthine derivatives (MX)

Pharmacological action of MX
MX appear in several plants as natural alkaloids. The best known of them are caf-

feine with predominant central effects (stimulation of breathing and psychostimula-
tion) and theophylline and theobromine with stronger peripheral (bronchodilation and 
cardiostimulation) effects. Because of these properties, MX, particularly theophylline, 
are widely used in the treatment of asthma and chronic obstructive pulmonary disease 
(COPD) (41, 42).

Mechanisms of MX action are still not fully elucidated (Fig.1). MX as non-selective 
PDE inhibitors increase concentrations of cAMP and cGMP in the cells leading to bron-
chodilation and vasodilation. In addition, MX decrease concentrations of calcium, ace-
tylcholine, and monoamines in the cells and modulate release and action of various 
mediators of inflammation and bronchoconstriction including prostaglandins (41, 43). 
Due to similar chemical structure, MX compete with other purinergic substances for a 
binding site on the receptors and work as antagonists of adenosine receptors. Adeno-
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sine is an endogenous purine nucleoside that modulates many physiological processes. 
Since adenosine makes bronchoconstriction and chronic inflammation in the airways 
(through released histamine and leukotrienes) and modulates action of neutrophils, 
eosinophils, lymphocytes, and macrophages (44), competitive inhibitors of adenosine 
receptors including MX work as bronchodilators. In addition, MX facilitate activity of 
mast cells and basophils, enhance production of surfactant and mucociliary clearance 
and ameliorate scavenging of ROS (43). However, properties of individual MX derivatives 
may differ according to their ability to influence the special families of phosphodiester-
ase and/or to an extent of interaction with adenosine receptors. 

Fig. 1. Schematic action of theophylline on phosphodiesterases. AC: adenylatecyclase, AMP: adenosine 
monophosphate, ANP: atrial natriuretic peptide, ATP: adenosine triphosphate, cAMP: cyclic adenosine 
monophosphate, cGMP: cyclic guanosine monophosphate, GC: guanylatecyclase, GMP: guanosine 
monophosphate, Gs: stimulating G protein, GTP: guanosine triphosphate, mGC: membrane guanylatecyclase, 
NO: nitric oxide, PK: phosphokinase, PDE: phosphodiesterase, R: receptor, sGC: soluble guanylatecyclase.

Effects of MX in MAS
In the treatment of MAS, two MX derivatives have been used – pentoxiphylline and 

aminophylline. Both of them show potent anti-inflammatory action. Pentoxiphylline has 
suppressed production of oxidants by neutrophils after in vitro exposure to TNFa (45) 
and inhibited degranulation of polymorphonuclears and TNFa production also in in 
vitro incubation with meconium (34). In piglets with MAS, pentoxiphylline improved 
local ventilation:perfusion ratio and prevented increase of TNFa, proteins nad alveolar 
macrophages in BAL, with no effect on neutrophil accumulation in the lungs (35).

In comparison to pentoxiphylline, besides anti-inflammatory effects aminophylline 
(a mixture of theophylline and ethylenediamine, enhancing theophylline water-solubility) 
is able to influence bronchial and vascular tone very fastly, as well. In patients with asthma 
or COPD the therapeutic levels of theophylline may be obtained within several minutes, 
with maximum plasma concentration at 20 min following intravenous administration (46). 
These observations are consistent with our experimental findings where aminophylline 
treatment significantly improved gas exchange and reduced right-to-left pulmonary shunts 
in meconium-instilled rabbits within 30 min after the administration (Table 1) (36).
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Table 1. Mean airway pressure (MAP, in kPa), oxygenation index (OI), right-to-left pulmonary shunts (RLS, 
in %) before and 0.5 h after meconium (M) instillation, and during the following 5-hour observation in low-
dose (Mec+LD) and high-dose (Mec+HD) aminophylline-treated, and non-treated (Mec) groups of animals.

Before M After M 1 h Th. 5 h Th.

MAP
Mec 0.30±0.01 0.91±0.03 1.00±0.03 1.09±0.02
Mec+LD 0.31±0.01 0.88±0.03 0.93±0.03a 0.91±0.03b

Mec+HD 0.28±0.02 0.82±0.04 0.82±0.05e 0.80±0.05d

OI
Mec 0.77±0.06 14.9±1.02 14.7±0.94 18.1±1.33
Mec+LD 0.85±0.05 13.2±0.66 12.2±0.60a 11.0±1.08c

Mec+HD 0.76±0.07 12.4±0.82 9.56±1.06fg 8.14±1.16f

RLS
Mec 16.9±3.12 54.8±6.02 57.7±4.34 63.1±3.42
Mec+LD 17.7±2.01 47.9±2.73 51.7±2.75 50.2±2.13b

Mec+HD 14.5±2.42 52.2±3.38 41.6±4.30eg 33.7±3.19fh

For between-group differences: for Mec+LD vs. Mec: aP<0.05, bP<0.01, cP<0.001; for Mec+HD vs. Mec: dP<0.05, 
eP<0.01, fP<0.001; for Mec+LD vs. Mec+HD: gP<0.05, hP<0.01. Data are expressed as means±SEM.

However, the action of theophylline is strongly dose-dependent with narrow thera-
peutic window (optimum plasma concentration of 8-15 μg/mL). Therapeutically used 
doses of theophylline with plasma concentrations between 10-20 μg/mL make bron-
chodilation and vasodilation, decrease permeability of the vascular wall and has several 
anti-inflammatory effects, such as increased release of IL-10, inhibition of NF-κB, and 
scavenging the ROS. These effects are mediated largely by PDE inhibition and adenosine 
antagonism (41). Higher theophylline plasma concentrations (>20 μg/mL) may be toxic 
and associated with nausea, headache and adverse effects on the gastrointestinal sys-
tem (mediated via PDE inhibition) and cardiovascular system (mediated predominantly 
via adenosine A1 receptor antagonism) (43). On the other hand, low plasma concentra-
tions (5-10 μg/ml) may exert anti-inflammatory and immunomodulatory action, which 
is not mediated by either PDE inhibition or adenosine receptor antagonism, but by direct 
activation of histone deacetylase activity leading to reduced transcription of inflamma-
tory genes (41). Recently, we have compared effects of two different aminophylline doses 
in meconium-instilled rabbits (36). Repetitive administration of aminophylline at high-
dose (2 mg/kg) has reduced shunting and requirements for artificial ventilation, en-
hanced gas exchange, decreased lung edema formation, number of neutrophils in BAL, 
tracheal reactivity to histamine, and peroxidation of lung lipids vs. non-treated group 
(Table 1, Table 2) (36). In agreement with our results, aminophylline given at a dose of 5 
mg/kg and maintained at 0.5 mg/kg per hour ameliorated neutrophil sequestration in 
the lungs, decreased lipid oxidation, reduced IL-8 and TNFα, and improved oxygenation 
in patients undergoing valve replacement (47). In models of ALI, pretreatment with ami-
nophylline (46, 48) as well as high-dose aminophylline (30 mg/kg) administered 80-90 
min after phosgene exposure (49) diminished lung edema, lipid peroxidation, and levels 
of leukotrienes and reduced pulmonary artery pressure. 
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Table 2. Wet-to-dry lung weight ratio (W/D ratio), total number of leukocytes in the blood (WBC, x 109/l), 
relative number of neutrophils in the BAL fluid and blood (Ne, %), and concentration of marker of lipid 
peroxidation (TBARS, in nmol/mg protein) and fluorescence activity of markers of protein oxidation – 
dityrosine and lysine-lipid peroxidation (LPO) products (both expressed in arbitrary units A.U.) – in the lung 
homogenate in low-dose (Mec+LD) and high-dose (Mec+HD) aminophylline-treated, and non-treated (Mec) 
groups of animals at the end of experiments.

Mec Mec+LD Mec+HD
W/D ratio 8.0±0.2 7.6±0.3 6.7±0.3f

WBC (blood) 1.0±0.1 1.7±0.1 4.9±1.2eh

Ne (BAL) 92.5±1.2 91.9±1.5 69.3±8.9eg

Ne (blood) 13.4±2.4 19.2±3.0 63.5±5.3fi

TBARS 1.8±0.1 1.3±0.1c 1.1±0.0fg

Dityrosine 31.2±1.0 22.6±1.5c 26.4±0.7e

Lysine-LPO 9.6±0.5 6.7±0.5c 6.5±0.2f

For between-group differences: for Mec+LD vs. Mec: aP<0.05, bP<0.01, cP<0.001; for Mec+HD vs. Mec: dP<0.05, 
eP<0.01, fP<0.001; for Mec+LD vs. Mec+HD: gP<0.05, hP<0.01, iP<0.001. Data are expressed as means±SEM. 

On the other hand, treatment with low-dose aminophylline (1 mg/kg) diminished pro-
tein oxidation in the lungs and lung tissue reactivity to histamine, but showed milder 
effect on lung functions than high-dose (2 mg/kg) aminophylline and no significant ef-
fect on lung edema and number of lung neutrophils in rabbits with MAS (Table 1, Table 
2) (36). In rats, low-dose aminophylline prevented bronchial hyperresponsiveness and 
inflammatory response in sensitized and ovalbumine-provoked rats (50), but failed to 
prevent endotoxemia-induced respiratory and hemodynamic manifestations of sepsis 
(51). In contrast to these experimental findings, low-dose theophylline reduced influx of 
neutrophils and eosinophils (52, 53) into the lungs of patients with asthma and reduced 
concentration of IL-8 and neutrophil chemotactic responses in patients with COPD (54).

Side effects of MX
Systemic administration of MX derivatives may be accompanied by undesirable cardio-

vascular side effects (51, 55). In meconium-instilled rabbits, intravenous administration 
of aminophylline at both low (1 mg/kg) and high (2 mg/kg) doses was associated with an 
acute increase of blood pressure, heart rate, and heart rate variability and more frequent 
cardiac arrhytmia (Mokra et al., unpublished observation). Side effects of MX derivatives 
may be eliminated by their local administration, decreasing the dose and/or by their 
suitable combination with other drugs (e.g. glucocorticoids). Rationale for combined use 
of MX and GCs in respiratory diseases is based on their properties and mechanisms of 
action. Synergistic effects of MX and GCs administered at low doses may finally lead to 
results comparable with high-dose monotherapy, but with lower side effects (42). For 
example, addition of theophylline to inhaled GCs was more effective in the control of 
asthma than a doubling the dose of GCs (56). In our recent experiments, combination 
of low-dose aminophyline and low-dose budesonide improved gas exchange and reduced 
shunting, lung edema and number of lung neutrophils in rabbits with MAS more effec-
tively than single aminophylline, without significant cardiovascular effects (57).
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Concluding remarks

Methylxanthine derivatives are the substances with multiple action related to their 
chemical structure and their ability to influence individual phosphodiesterases and in-
teract with adenosine receptors. Thanks to their bronchodilation, vasodilation, hemor-
heologic and anti-inflammatory effects as well as stimulation of breathing and produc-
tion of surfactant MX derivatives possess great perspectives in the treatment of neonatal 
diseases. 

Recent data has shown that MX derivatives – pentoxiphylline (58), theophylline (59), 
but particularly caffeine (59-61) may be beneficial in the treatment of apnoea of prema-
turity, may reduce the incidence of bronchopulmonary dysplasia and improve long-term 
neurological outcome.

Our results as well as results of other authors indicate that methylxanthine deriva-
tives aminophylline (36) and pentoxiphylline (34, 35) may be useful also in the treatment 
of MAS. Nevertheless, because there is little data on the use of methylxanthine deriva-
tives in MAS, further research is needed to evaluate effects of methylxanthines on the 
respiratory as well as on the cardiovascular parameters – firstly in meconium-instilled 
laboratory animals before their use in clinical study. 
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Changes in surface activity of surfactant induced by 
in vitro exposure to meconium assessed by capillary 

surfactometer

Mokra D., Tribulova E., Saffova I., Erneyova J., Calkovska A.
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Abstract
Dysfunction of pulmonary surfactant may be assessed by surfactometers working on different principles. 
Capillary surfactometer detects surfactant dysfunction in conditions simulating peripheral airways. Since 
meconium acts as a potent surfactant inhibitor, these in vitro measurements were performed to evaluate 
changes of surfactant surface activity due to exposure to meconium in a model of terminal airways. Exogenous 
surfactant (Curosurf, Chiesi Farmaceutici, Italy) at concentrations of 0.5, 1 and 2 mg of phospholipids/ml 
was exposed to human meconium at concentrations of 1.0, 5.0 and 10.0 mg/ml and activity of samples 
was assessed by capillary surfactometer. Surface properties of surfactant were expressed by values of initial 
pressure necessary to transport the sample through the capillary and by percentage of the total time, for 
which the capillary was open (capillary patency). Addition of meconium to surfactant reduced the surface 
activity of surfactant, characterized by increased initial pressure and shortened capillary patency. Values of 
initial pressure increased with increasing meconium concentration, however, no linear relationship between 
initial pressure and meconium concentration was observed. On the other side, time of capillary patency 
gradually decreased with increasing meconium concentration. In conclusion, capillary surfactometer as a 
model of terminal bronchioles was first shown to be an effective tool in evaluation of surfactant inactivation 
by meconium. With this method, capillary patency is a more sensitive parameter of surfactant dysfunction 
than initial pressure.

Key words: surfactant, surface activity, capillary surfactometer, meconium

Introduction

Pulmonary surfactant is a mixture of phospholipids (PLs), neutral lipids, proteins, and 
saccharides coating the alveoli and conducting airways down to the terminal airspaces. 
Natural surfactant consists of more than 50 different PLs, with dipalmitoylphosphati-
dylcholine (DPPC) as a main component. Surfactant PLs reduce the surface tension at 
air:liquid interphase in the alveoli and terminal bronchioles and keep it at low values at 
the end of expiration preventing their collapse. Other components of surfactant – spe-
cific proteins (SPs) – regulate the metabolism and secretion of surfactant compounds, 
enhance the properties of PLs and participate in the immune response. Forming a bar-
rier between the environment and the body, surfactant plays an important role also in 
the fluid balance and gas exchange (1, 2). 

Dysfunction of pulmonary surfactant has been described in many respiratory disor-
ders (3-5). Primary surfactant deficiency is an underlying cause of the idiopathic res-
piratory distress syndrome (RDS). In premature newborns the surfactant production 
by alveolar type II cells is insufficient due to immaturity of the lungs. Secondary sur-
factant deficiency is in various forms of acute lung injury (ALI) caused by inactivation 
of the surfactant system in patients with mature lungs. In neonatal meconium aspira-
tion syndrome (MAS), surfactant function is inhibited by components of meconium, as 
well as by plasma proteins leaking through an injured alveolocapillary membrane and 
by mediators, enzymes and reactive oxygen species released during meconium-induced 
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inflammation (6). However, little is known about deteriorated activity of surfactant in the 
airways, although airway dysfunction is an important pathomechanism of MAS (7, 8).

Changes in surfactant surface activity may be assessed by different methods. Lang-
muir-Wilhelmy balance measures spreading rate of the surfactant film on the sensor 
plate (9). Pulsating and captive bubble surfactometers can evaluate biophysical activity 
in a dynamic system mimicking in vitro a lung alveolus, with (10) or without (11) com-
munication of the generated bubble to ambient air. On the other hand, capillary surfac-
tometer enables to detect surfactant dysfunction under the conditions simulating those 
in terminal conducting airways (12).

The aim of this study was to evaluate whether the capillary surfactometer is a suitable 
method for evaluation of surfactant function in in vitro exposure to meconium.

Material and Methods

Measurements of in vitro samples
Meconium was collected from 20 term neonates, pooled, lyophilized and stored at 

-20 °C. Before use, meconium was suspended in 0.9 % NaCl at concentrations of 1.0, 
5.0 and 10.0 mg/ml. Exogenous porcine surfactant Curosurf (Chiesi Farmaceutici SpA, 
Italy) was diluted in 0.9 % NaCl at concentrations of 0.5, 1 and 2 mg PLs/ml. Mixing 
both, 12 combinations originated: Curosurf only (Cur0.5, Cur1, and Cur2) and Curo-
surf mixed with meconium (Cur0.5+Mec1, Cur0.5+Mec5, Cur0.5+Mec10; Cur1+Mec1, 
Cur1+Mec5, Cur1+Mec10; Cur2+Mec1, Cur2+Mec5, and Cur2+Mec10). Samples were 
freshly prepared. If mixed with meconium (Cur+Mec combinations), samples of Curo-
surf were incubated with meconium for 20 min at a room temperature. Then, measure-
ments of surface activity were done, n=5 in each combination.

Measurement of surface activity by capillary surfactometer
Surface activity of the samples was evaluated by  capillary surfactometer CS 2005 

(Calmia Medical, Canada; Fig.1).

Fig. 1. Scheme of the measurement by capillary surfactometer (with permission of Calmia Medical, Canada). 
Sample of fluid containing surfactant is placed into the narrow part of the capillary using a micropipette. The 

pressure transducer

sample

glass capillary

recorder



A C T A  M E D I C A  M A R T I N I A N A  2 0 1 0  1 0 / 3 15

other end of the capillary is connected to a bellows and a pressure transducer. Initial pressure is automatically 
generated to extrude the sample from the narrow part of the capillary and the actual values of the pressure, as 
well as the time during which the capillary was opened are recorded. For more detailed explanation, see the text.

For the measurement, concentration of surfactant PLs should range between 0.5-2.0 
mg PLs/ml. Ability to maintain the patency of the capillary that simulates the terminal 
conducting airways was assessed by values of initial pressure (expressed in cm H2O) 
necessary to transport the sample through the narrow part of the capillary and by per-
centage of the total time (120 s) for which the capillary was open (capillary patency, ex-
pressed in %). Before measurement, samples were pre-heated to 37 °C. Small volume of 
the liquid (0.5 μl) was sucked by micropipette and placed into the upper part of the cap-
illary with narrow section (ID 0.25 mm) simulating terminal airways (10, 12). The other 
end of the capillary was connected to a bellows and a pressure transducer. Gradually 
increasing values of initial pressure are automatically generated to extrude the sample 
from the narrow part of the capillary (Fig. 1). If the sample contains well-functioning 
surfactant, the liquid is squeezed out and will not return to the narrow part of the cap-
illary, pressure is abruptly lowered to zero and capillary will be open till the end of the 
measurement (Fig. 2A). In sample with dysfunctional surfactant, the liquid will return 
repeatedly into the narrow part of the capillary, initial pressure will repeatedly increase 
and time of capillary patency will be reduced (Fig. 2B).

Fig. 2. Original recordings of the surface activity measured by the capillary surfactometer CS 2005. A. 
Sample of Curosurf at a concentration of 2.0 mg PLs/ml. Value of initial pressure was 6.1 cm H2O, what was 
sufficient to extrude the sample through the narrow part of the capillary for the first time. Till the end of the 
measurement, the capillary was opened, i.e. the capillary patency was 99.9 %. B. Curosurf at a concentration 
of 1.0 mg PLs/ml mixed with meconium at a concentration of 5 mg/ml. Despite the automatically generated 
initial pressure was higher (10.0 cm H2O), sample returned repetitively to the narrow part of the capillary and 
time of opened capillary was only 33.8 %. 

Statistics
Statistical analysis was made by statistical package Systat for Windows. Between-

group differences were evaluated by Analysis of Variance (ANOVA) with post-hoc Fish-
er’s LSD test. A P<0.05 was considered statistically significant. Data are expressed as 
means±SEM.

A

B
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Results

There were no significant differences in initial pressure and capillary patency in Curosurf-
only samples at different concentrations of phospholipids (all P>0.05; Fig. 3 and Fig. 4).

Addition of meconium to surfactant did not change initial pressure at concentration of 
0.5 and 1 mg PLs/ml. Statistically significant increase in initial pressure was only seen 
in samples with highest Curosurf and meconium concentrations (2 mg surfactant PLs/
ml vs. 5 and 10 mg of meconium/ml) (Fig. 3). 

Fig. 3. Initial pressure. Cur: Curosurf at concentrations of 0.5, 1.0 and 2.0 mg PLs/ml, Mec: meconium at 
concentrations of 1, 5 and 10 mg/ml. For between-group comparisons: *P<0.05, **P<0.01.

At each surfactant concentration, capillary patency was significantly reduced at low-
est surfactant:inhibitor ratio (e.g. at meconium of 10 mg/ml) (all P<0.05 and 0.01, re-
spectively, Fig. 4). The typical finding of concentration-dependent surfactant inhibition 
was demonstrated at highest content of surfactant phospholipids (2 mg/ml). A gradual 
shortening of capillary patency was observed with increasing meconium concentration 
(Fig. 4). Capillary patency was shorter in Cur+Mec10 vs. Curosurf (P<0.01), as well 
as vs. samples with lower meconium concentrations (vs. Cur+Mec1, P<0.01 and vs. 
Cur+Mec5, P<0.05; Fig. 3 and Fig. 4).

Fig. 4. Time of capillary patency. Cur: Curosurf at concentrations of 0.5, 1.0 and 2.0 mg PLs/ml, Mec: 
meconium at concentrations of 1, 5 and 10 mg/ml. For between-group comparisons: *P<0.05, **P<0.01.
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Discussion

Capillary surfactometer is only tool available to study the pulmonary surfactant func-
tion in the conditions mimicking the terminal airways (10, 12). By this method, surface 
properties of the BAL fluid have been evaluated in newborns with respiratory failure 
(13), in patients with asthma (14) or chronic airway inflammation (15), as well as in vari-
ous animal models of acute lung injury (16, 17). 

According to recommendations of the producer (Calmia Medical, Canada), in the meas-
urement by capillary surfactometer CS 2005 samples containing surfactant should be 
at concentration of 0.5 – 2.0 mg of PLs/ml. In our study, surface properties of surfactant 
samples were evaluated at three surfactant concentrations – 0.5, 1.0 and 2.0 mg PLs/
ml. We found no significant differences in initial pressure and capillary patency in Cu-
rosurf-only samples at different concentrations of surfactant PLs, demonstrating that 
all the concentrations used in our study are suitable for the measurement by capillary 
surfactometer. 

After surfactant exposure to meconium, increased initial pressure necessary to trans-
port the sample through the narrow part of the capillary and shortened time of capillary 
patency, especially at the highest concentration of meconium, were observed compared 
to Curosurf only. In in vitro exposure to meconium, surfactant dysfunction is caused 
solely by substances present in meconium – by hydrophilic fraction containing muco-
polysaccharides and gastrointestinal enzymes including pancreatic phospholipase A2, 
as well as by hydrophobic fraction consisting of cholesterol, free fatty acids, triglycerides 
and others. Effect of both fractions of meconium is additive, since the hydrophobic frac-
tion has about 10-times stronger inhibitory potential than the hydrophilic one (18). An 
extent of surfactant dysfunction depends on concentration of both – inhibitors and sur-
factant. Thus, at low concentration of surfactant even low concentrations of inhibitors 
may cause surfactant inactivation. On the other side, surface properties of surfactant 
in high concentration may remain intact despite addition of higher concentrations of in-
hibitors (18, 19). Moses et al. (18) found that even highly diluted meconium (20 μg/ml) is 
able to inhibit function of surfactant with concentration of 1.5 mg PLs/ml. In the study 
by Bae et al. (20) meconium concentration of at least 1 mg/ml was needed to inhibit 
the function of surfactant with concentration of 1.5 mg PL/ml. In our measurements, 
three different concentrations of surfactant (0.5, 1 and 2 mg PLs/ml) were exposed to 
three concentrations of meconium (1.0, 5.0 and 10.0 mg/ml). At each of the surfactant 
concentrations, increasing meconium concentrations gradually reduced the time of cap-
illary patency. However, no clear relationship between increasing surfactant concentra-
tion and duration of capillary patency was found. Similarly, addition of meconium to 
surfactant increased values of initial pressure, but no concentration-dependent rela-
tionship was observed. Interesting is also the finding of the most pronounced negative 
effect of meconium at the highest surfactant concentration. It is possible that discrep-
ancy between our results and the above-mentioned studies (18-20) may be caused by 
different type of exogenous surfactant used for analysis and/or by assessment method. 
Moses et al. (18) and Sun et al. (19) used pulsating bubble surfactometer, while we used 
capillary surfactometer for analysis. Furthermore, we may speculate that absence of 
additional improvement in surfactant function with its increasing concentration may be 
related to biophysical limitations of the transport of highly-concentrated sample through 
the narrow part of the capillary, i.e. to increased viscosity of the sample. Similar results 
(i.e. shorter capillary patency in mixture of surfactant, meconium and dextran in high 
concentrations) were found also in the previous study made in our laboratory (21). 
Moreover, there have been big inter-individual differences in the measured samples (ex-
pressed as standard error of the mean, SEM) found, that indicate the necessity to have 
a number of measurements higher than 5 in each combination. 
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In conclusion, meconium acts as a potent inhibitor of surfactant function also in a 
model of the terminal airways. Capillary surfactometer was shown as fast and effective 
tool for evaluation of changes in the surfactant surface activity in the conducting air-
ways. In addition, with this method, capillary patency was shown to be more sensitive 
and valuable parameter than initial pressure.
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Is Flow Cytometry (alone) sufficient for diagnosis of 
Bernard – Soulier syndrome: a case report
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Abstract
This case-report relates the medical story of a 45 years-old woman (B.Mk) with familial haemorrhagic feature, 
thrombocytopenia and presence of large size platelets. These findings evocate a Bernard-Soulier Syndrome. 
CD42b, measured by flow cytometry, was absent. This laboratory method seems to confirm the diagnosis and 
permitted to examine the other family members: two brothers (B.B and B.M) and two sisters (B.S and B.F). So, 
is this method enough for the diagnosis of platelet dysfunction related to glycoprotein defects ?

Key words: familial haemorrhage, thrombocytopenia, platelets large size, flow cytometry, Bernard Soulier syndrome

INTRODUCTION

Bernard-Soulier Syndrome (BSS), also known as Hemorrhagiparous Thrombocytic 
Dystrophy, is a hereditary bleeding disorder affecting the megacaryocyte/platelet lineage 
and characterized by bleeding tendency, giant blood platelets and low platelet counts (1).

This syndrome is extremely rare: only about 100 cases have been reported in the lit-
erature. The first case has been reported by Jean Bernard and Jean Pierre Soulier, two 
French haematologists, in 1948 (2). 

The syndrome is transmitted as an autosomal recessive disorder. The underlying de-
fect is a deficiency or dysfunction of the glycoprotein GPIb-V-IX complex a platelet-re-
stricted multisubunit receptor required for normal primary haemostasis (3). Diagnosis 
method are usually (4): skin bleeding time moderately to severely prolonged, presence of 
small number of very large size platelets, platelet count from 20 to 100 x109/l, isolated 
defect in Ristocetin-induced aggregation.The diagnosis is confirmed by flow cytometry 
analysis using specific monoclonal antibodies (CD42a-d). We report case of the BSS 
family determined by flow cytometry alone .

MATERIAL AND METHODS

1.)	Clinical findings
A 45 years – old woman (B.Mk) presented since many years severe bleeding symptoms, 

essentially menorrhagia, with secondary anaemia. She received corticoid, hormonal 
drugs and iron therapy. Two brothers of this woman died in childhood of haemorrhage. 
Two others (B.B and B.M) are alive, and one of them (B.B) presents a mild haemorrhagic 
syndrome (epistaxis). Two sisters (B.S and B.F) are alive and present mild menorrhagia.

2.)	Laboratory tests
Microcytic and hypochromic anaemia:

–– Haemoglobin: 11g/dl; MCV:78fl; MCHC: 0,30 
Thrombocytopenia:

–– Platelet count: 20 x109/l
–– Presence of very large size platelet (Fig. 1):
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Fig. 1. A very large size platelet in blood film

–– Prothrombin time (PT): 12 s (control plasma: 12 s)
–– Activated Partial Thromboplastin Time (aPTT): 32s (control plasma: 30s)
–– von Willebrand factor activity: 120%
–– von Willebrand factor antigen: 130%

3.)	Flow cytometry results
GPIb glycoprotein test (CD42b), in the family members, is absent or present with a 

lower expression (Figures 2, 3, 4).

Fig. 5 summarizes the family investigation .
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DISCUSSION

Since platelets were first identified, there has been continuous and recently accel-
erating progress in our basic understanding of platelet function. Many clinical tests 
of platelet function exist: platelet aggregometry, plasma assays for platelet factor 4, b-
thromboglobulin, and soluble P-selectin, plasma and urine assays for thromboxane A2 
metabolites, etc. Recently, there have been an increasing number of published studies 
that have attempted to use whole blood flow cytometry as a platelet function method in 
clinical settings (5): platelets in suspension are labelled with a fluorescent conjugated 
monoclonal antibody (like CD42b) which is linked to glycoprotein complex Ib-V-IX).

In the flow cytometer, the suspended cells pass through a flow chamber and, at a rate 
of 1,000 to 10,000 cells per minute, through the focus of laser; the emitted fluorescence 
of each cell can be measured; it is proportional to the amount of GPIb-V-IX (6).

In this family, the patient B.Mk presents severe haemorrhagic findings, and flow cy-
tometry demonstrates that she is homozygote for the disease (10% of CD42b emitted 
fluorescence). Her brother B.B is also homozygote (5% of CD42b emitted fluorescence), 
but he presents only mild haemorrhagic findings: It seems that there is no correlation 
between the degree of deficiency of GPIb glycoprotein and severity of haemorrhage.

In the literature, the same observance is reported by F.Lanza (7): “as for other defi-
ciencies, it is difficult to correlate genetic defects with propensity to bleed and severity 
of bleeding”.

B.M is normal (93% of CD42b emitted fluorescence), B.S and B.F present a heterozy-
gote form of the disease (48% and 52% of CD42b emitted fluorescence). So, this method 
has the advantage to lead rapidly to sure diagnosis and to clasify the patient as homozy-
gote or heterozygote.

The analysis of platelet by flow cytometry is becoming more common in both research 
and clinical laboratories.The pathogenesis and molecular defects of many primary 
thrombopathies are well known and related to defects in structural or functional glyco-
proteins (8).
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Abstract
Patients with basal cell carcinoma (BCC) of the skin demonstrate considerable clinico-morphological diversity. 
One of the most interesting characteristics of this cancer is a marked variation in the tumors number and locality 
between the individuals. The purpose of the this study was to evaluate a prevalence and pathomorphological 
features of patients with multiple cutaneous BCCs, and to compare them with the patients with diagnosed 
one BCC only. Pathological specimens and clinical data from consecutive 514 patients with BCC were analysed 
retrospectively and cathegorised into two groups. Group A  consisted of patients with only one bioptically 
verified BCC, group B included those with diagnosed 2 and more BCCs. In group A (413 members, 80.3% of 
all cases), female gender predominated (230 women – 55,7%, 183 men – 44.3%). The vast majority of cancers 
were located on the head and neck regions (n = 298, 72.2%), followed by trunk (n = 73, 17.6%), and extremities 
(n = 42, 10.2%). The most commonly affected area was a face. In group B (101 members, 19.7 % of all cases), 
we observed inverse gender ratio (56 men – 55.5%, 45 women – 44.5%). Topographical sites of tumors were 
as follows: head and neck regions (n = 185, 64.2%), trunk (n = 73, 25.4%), and extremities (n = 30, 10.4%). In 
contrast to group A, we generally noted a lower prevalence of cephalic, and higher prevalence of extracephalic 
(especially truncal) localities. Furthermore, there was inverse involvement of the facial and extrafacial areas 
on the head and neck regions, and more frequent affection of the upper than lower extremities. The number of 
tumors per patients ranged from 2 to 13. Individuals with two diagnosed tumors represented the most common 
subset (n = 70) followed by those with three (n = 12), four (n = 9), five (n = 4), six (n = 1), seven (n = 2), eleven 
(n = 1), twelve (n = 1), and thirteen (n = 1) BCCs. Twenty-one individuals manifested themselves by clusters 
presentation. Histologically, the indolent-growth tumor variants generally occurred more commonly than in 
previous group. In conclusion, many patients with BCC have a tendency of developing multiple lesions. Recent 
advances in molecular biology and pathology will help to explain a relationship between BCC carcinogenesis 
and crucial intrinsic and extrinsic etiological factors. A better understanding of why some persons have many 
lesions are needed for identification and selection of such cases and starting adequate preventative strategies.

Key words: basal cell carcinoma, single, multiple, tumor clusters

INTRODUCTION

Basal cell carcinoma (BCC) of the skin is recently the most common malignancy in 
human population. It has very heterogeneous clinical manifestation, histomorphology, 
and biological behaviour. Therefore, BCC patients generally demonstrate considerable 
phenotypic diversity (1, 2, 3, 4). One of the most interesting characteristics of this cancer 
is a marked variation in the tumors number, sites and accrual (number of tumors per 
year from first presentation) between the individuals (5, 6, 7). Some patients have only 
one diagnosed BCC with no impact on their health status. Conversely, the others may 
suffer many BCCs during their life that significantly increases overall morbidity (8, 9). 
A tendency to develop multiple BCCs at an early age is a characteristic feature of some 
rare hereditary disorders, of which Gorlin-Goltz syndrome (10), Bazex syndrome (11) and 
xeroderma pigmentosum (12) are the most important. Multiple BCCs have been also de-
scribed in successive family generations without relationship to any syndrome and with 
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no additional cutaneous or extracutaneous anomalies (13). Regardless whether single or 
multiple, sporadic or hereditary, all patients with once diagnosed BCC are at high risk of 
suffering further ones (8, 9). Mostly a presentation with tumor clusters is associated with 
an predisposition to develop many additional lesions (1). A cluster is defined as a pres-
ence of two and more new, primary BCCs at the same locality. Based on this we distinct 
individuals with a single presentation phenotype (SPP) and multiple cluster presentation 
phenotype (MPP). The former includes those patients, that may have totally more than 
one cancer, but with only single lesion during one clinical manifestation. The latter dem-
onstrates the individuals, that are manifested by large number of tumors at the first or 
further presentation (1, 7). Naturally, depending on different number and topographical 
locations of tumors it can be also expected different histological subtypes preponderance 
in individual persons and thus, distinct biological behaviour and clinical outcome.

The purpose of the present study was to evaluate the prevalence and pathomorpho-
logical features of patients with multiple (2 and more) BCCs of the skin and to compare 
them with the patients with diagnosed one BCC only. 

MATERIAL AND METHODS

Pathological specimens and clinical data from consecutive 514 patients (275 women, 
239 men) with cutaneous BCC diagnozed from January 2007 to October 2010 at the 
Department of Pathology in Faculty Hospital in Zilina were analyzed retrospectively. 
Based on the tumor number the individuals were categorized into two basic groups. 
Group A (single BCC) consisted of 413 patients with only one bioptically verified cutane-
ous BCC present in our complete database program. Group B (multiple BCC) included 
remaining 101 patients who had diagnosed 2 and more BCCs registered in our database 
system. The latter group was further subcategorized according to the total number of 
BCC in individual patients. A distinction between recurrence (BCC in contact or within 
the scar after the removal of previous tumor) and a new primary BCC was made on the 
basis of clinical reports. Cases of primary and corresponding recurrent (including re-
recurrent) carcinomas diagnozed during observed period were considered as one tumor. 
Skin lesions were excised at the several clinical departments (department of surgery, 
dermatology, ophthalmology, and otorhinolaryngology). Cancers were obtained by total 
surgical excision, partial (probatory) excision, punch biopsy, and curretage. A biopsy 
material was fixed in buffered formalin, embedded in paraffin blocks, stained with he-
matoxylin and eosin and slides were reviewed by pathologists in the light microscope. 
Histological BCC types were classified according to WHO classification of skin tumors 
(14) and subcategorized into the aggressive-growth and indolent-growth variants. Ag-
gressive-growth variants included the infiltrative (morpheic) type, micronodular BCC, 
and metatypical carcinoma, whereas indolent-growth variants comprised superficial, 
nodular and BCC with adnexal differentiation (2, 15). Information about patients were 
received from the hospital clinical records, or by consultations with the clinicians. No 
patient suffered from Gorlin-Goltz (multiple basal cells nevus) syndrome. 

RESULTS

Group A – single BCC individuals
Out of all studied cohort members, patients with only one histologically proven BCC 

of the skin (n = 413) represented 80.3 % of cases. They included 230 women (55,7 %) 
and 183 men (44.3 %), thus, female gender predominated (male: female ratio 1: 1.25). 
The age of patients varied from 25 to 97 years (mean age 68.3 years). We confirmed 19 
cases (4.6 %) of tumor reccurrence. Topographically, the vast majority of carcinomas 
were located on head and neck regions (n = 298, 72.2 %) (fig 1), followed by trunk (n = 
73, 17.6 %), and extremities (n = 42, 10.2 %). On the head and neck localities, the most 
commonly affected area was a  face reflecting the ratio between facial and extrafacial 
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regions 1.7: 1. On the trunk, the ratio between posterior (truncal) and anterior part was 
1.9: 1, and finally, the ratio between upper and lower extremities was 1.2: 1. One tumor 
arose on the hand. Histomorphological types of the individual BCCs were as follows: 
40 superficial (9.6 %), 188 nodular (45.5 %), 20 mixed superficial-nodular (4.8 %), 68 
mixed nodular-infiltrative (16.4 %), 37 infiltrative including morpheic (8.9 %), 26 BCCs 
with adnexal differentiation (6.3 %), 9 metatypical (2.1 %), 9 micronodular (2.1 %), and 
other rare types and combination of various subtypes represented remaining 16 cases. 

Fig. 1 Single BCC localized on the left temporal region

Group B – multiple BCCs individuals
Patients with multiple cutaneous BCCs constituted 19.7 % of all studied members and 

represented a total of 288 tumors. Mean age of individuals at the time of the last diag-
nosed BCC was 71.6 years. There was observed inverse gender ratio in comparison with 
group A, because this set consisted of 56 men (55.5 %) and 45 women (44,5 %) (male: fe-
male ratio 1.24: 1). We diagnosed 18 cases (6.25 %) of tumor reccurrence. Topographical 
sites of cancers were as follows: 185 on the head and neck regions (64.2 %), 73 on the 
trunk (25.4 %), and 30 on the extremities (10.4 %) (Table 1). Although the most common 
anatomical sites were also head and neck regions, in contrast to group A, we generally 
noted a lower prevalence of cephalic, and higher prevalence of extracephalic (especially 
truncal) localities. Furthermore, on the head and neck regions, there was inverse af-
fection of the facial and extrafacial areas (the ratio between facial and extrafacial parts 
was 1: 1.6). Although percentual involvement of the extremities was nearly equal in both 
groups, we showed much more frequent affection of the upper than lower extremities 
(ratio between upper and lower extremities 4: 1). No BCC was found on the hands. 
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Table 1. Differences in the prevalence, gender and topographic localisation of BCCs in both groups. Group 
A – single BCC individuals, Group B – multiple BCCs individuals

Group A Group B

Prevalence
–– number of patients
–– number of tumors 

413 (80.3 %) 
total of 413

101 (19.7 %)
total of 288 

Gender 
–– males
–– females

183 (44.3 %)
230 (55.7 %)

56 (55.5 %)
45 (45.5 %)

Locality
•	 head and neck

–– facial regions
–– extrafacial regions

•	 trunk
–– anterior parts
–– posterior parts

•	 extremities
–– upper
–– lower

298 (72.2 %)
190
108

(17.6 %)
25
48 

(10.2 %)
23
19

185 (64.2 %)
70
115

(25.4 %)
25
48

(10.4 %)
24
6

The number of tumors per patients ranged from 2 to 13, thus, we could classify them 
into nine subsets – individuals with 2, 3, 4, 5, 6, 7, 11, 12, and 13 BCCs. Mean number 
of lesions per patients was 2.8. As expected, individuals with two diagnosed tumors 
represented the most common subset (70 cases) followed by those with three (12 cases), 
four (9 cases), five (4 cases), six (1 case), seven (2 cases), eleven (1 case), twelve (1 case), 
and thirteen (1 case) BCCs. Among them, twenty-one individuals (12 men, 9 women) 
manifested themselves by clusters presentation characterised by two (18 cases), three 
(2 cases) (Fig. 2), and four (one case) cancers growing simultaneously at the same local-
ity during one clinical manifestation (Table 2). They were associated with extracephalic 
sites (66.6 %) and tumors in clusters mostly exhibited identical histological type (71.1 
%), of which superficial type was the most common. In the remaining patients (SPP in-
dividuals), all tumors grew successively after a certain time interval. 

Fig 2. Cluster of three superficial BCCs localised on the upper part of the trunk.
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Tab 2. Number of tumors and prevalence of the individual subsets of patients with multiple BCCs of the skin.

Number of tumors Number of patients Male Female

2 BCCs 70 (69.30 %) 39 31

3 BCCs 12 (11.88 %) 8 4

4 BCCs 9 (8.91 %) 2 7

5 BCCs 4 (3.96 %) 2 2

6 BCCs 1 (0.99 %) 1 0

7 BCCs 2 (1.98 %) 2 0

11 BCCs 1 (0.98 %) 1 0

12 BCCs 1 (0.99 %) 0 1

13 BCCs 1 (0.99 %) 1 0

total 101 56 45

As for microscopical picture, we revealed distinct ratio in some BCC types in contrast 
to group A. There was marked higher prevalence of superficial (n = 70, 24.3 %) (Fig. 3), 
and partially even mixed superfical-nodular (n = 22, 7.6 %) type. On the contrary, we 
diagnosed only two micronodular (0.7 %), no metatypical carcinoma, and less frequency 
was also noted in mixed nodular-infiltrative (n = 31, 10.8 %) BCC. The other histological 
types generally exhibited similar prevalence. When we summarized percentage rate, the 
indolent-growth variants generally occurred more commonly than in previous group. 
Histomorphological varietes of tumors in both groups are summarized in Table 3.

Fig 3. Superficial BCC is characterised by proliferation of well circumscribed small nests of
atypical basaloid cells that remain in contact with epidermis (H&E, 200x)

Tab 3. Comparision of the histomorphological types and percentage of BCCs in both groups.

Histomorphological type Group A (number of cases) Group B (number of cases)

superficial type 40 (9.6 %) 70 (24.3 %)

nodular type 188 (45.5 %) 105 (36.5 %)

superficial-nodular type 20 (4.8 %) 22 (7.6 %)

infiltrative type 37 (8.9 %) 29 (10.0 %)

nodular-infiltrative type 68 (16.4 %) 31 (10.8 %)

metatypical type 9 (2.1 %) 0 (0 %)

micronodular type 9 (2.1 %) 2 (0.7 %)

BCC with adnexal differentation 26 (6.3 %) 21 (7.6 %)

other (mixed) types 16 (3.8 %) 7 (2.5 %)
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DISCUSSION

Biological mechanisms that determine development and number of BCCs of the skin 
in individual persons are relatively poorly understood (8). Popular belief is that this neo-
plasia is caused by cumulative life exposure to ultraviolet (UV) radiation (9, 16). However, 
a relationship between dose exposure and risk of BCCs development is complex, and 
the exact etiologic factors responsible for the topographical distribution and number of 
tumors are obscure (5, 6, 8, 16, 17, 18). Although the sun-exposed areas are more prone 
to the occurrence of BCC in contrast to sun-protected sites, up to one third of BCC oc-
cur in normally protected areas. On the other hand, BCCs develop extremely rarely on 
the dorsum of the hands despite significant lifetime solar radiation in the vast majority 
of people (17), as it was demonstrated also in our study. It has been suggested (19, 20), 
that lesions occuring on these different areas can have a fundamentally distinct biologi-
cal characteristics. This phenotypic heterogeneity is probably not the result of differences 
in UV exposure alone, but reflects the presence of subgroups of patients with individual 
host characteristics, of which some are associated with susceptibility to multiple BCCs 
(5, 6, 16). Individual response to UV-induced intracellular oxidative stress and effective-
ness of DNA reparative mechanisms modify a process of BCC carcinogenesis (5, 16). 
Some authors suggest (6, 7) that a rate of tumors appearance is mediated by efficiency of 
local immune surveillance in recognising preexisting micro-tumours, and interaction be-
tween various host (intrinsic) and environmental (extrinsic) factors determines whether 
they become clinically evident. One of the crucial factor seems to be an imunological sta-
tus, because immunocompromised patients have a higher propensity to develop multiple 
BCCs in contrast to immunocompetent individuals (21). Moreover, some authors showed 
(4), tissue microenvironment of BCC displayed a strong predominance of Th2-lymfocyte 
related cytokines. Thus, a local immunosuppression may have a significant effect on the 
growth of BCC. Even role of HPV infection of the skin in development of multiple BCCs 
have been discussed (22). There is also well-known an influence of some carcinogen-
metabolizing enzymes polymorphisms on susceptibility to this cancer. For example, it 
has been demonstrated a relationship between glutathione S-transferase (GSTM1) null 
genotype (1, 5, 23) or cytochrome P450 polymorphism and number and accrual of BCCs 
in individual patients (1, 5). Furthermore, an association between HLA DR4 (24) or HLA-
DR1 (25) and multiple BCCs presentation was confirmed two decades ago. 

In our study we found that nearly 20 % of all BCC patients had suffered from two or 
more tumors during their life. This incidence is somewhat lower in comparison with the 
results of Kiiski et al. (26) and Mantese et al. (27) who described that 31.1 % and 26.0 % 
of BCC individuals had multiple lesions, respectively. In spite the fact, the overwhelming 
majority of BCC are usually located on the face, we could show that BCCs, among pa-
tients who developed multiple lesions, appeared more frequently on the trunk and upper 
extremities than on the face, compared to the individuals with a single tumor only. We 
also noted association between male gender and multiple occurrence of this neoplasia. 
Although patients with diagnosed BCC are generally at high risk of further BCCs devel-
opment, the rate of the occurrence of new cancers after the first manifestation is highly 
variable (8). It has been estimated that among individuals with at least one previous BCC, 
the 1-, 3-, and 5-year risk of a new BCC is 17 %, 33 %, and 41 %, respectively (28). More 
detailed observations showed (8), that 5-year risk of further BCC development in relation 
to number of prior BCC is rising as follows: 27 % in 1 BCC, 49 % in 2 BCCs, 68 % in 3 
BCCs, 73 % in 4-5 BCCs, 78 % in 6-9 BCCs, and 90 % risk in 10 or more BCCs. A prob-
ability of the appearence of new tumors during lifetime also depends on other factors, of 
which localization, age, and tumor clusters presentation are the most important. It has 
been shown that the individuals who were relatively young at the time of their first BCC 
diagnosis (26, 29), and with tumors on the trunk (6, 8, 16) or on the upper extremities (26) 
had a higher relative risk of developing multiple lesions. According to Ramachandran et 
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al. (1, 7) especially a finding of tumor clusters is a critical event that is followed by mark-
edly increased accrual of further tumors and it probably suggests a reduced immune 
surveillance. MPP is not the consequence of excessive UV exposure alone, but reflects the 
presence of genetically distinct tumor subgroups (1, 7). Indeed, results of recent genetic 
studies demonstrated (30), that BCCs in patients with multiple lesions are probably poly-
clonal and multiple tumors at topographically different body sites may not arise from the 
same progenitor cell. In our observations over 20 % of patients manifested themselves by 
clusters presentation with simultaneous growth of two, three, or four carcinomas located 
mostly on the extracephalic sites. In the vast majority, tumors within one cluster exhibited 
the same histomorphology, preponderantly indolent-growth features. Even a higher inci-
dence of superficial type found in our multiple BCC patients corresponded with a more 
common appearence of tumors in the extracephalic localities, because this type tends to 
occur more frequently on the trunk (4, 27, 31). From a practical point of view it should 
be noted, that simultaneous or consecutive developing of new BCCs leads to the more 
adverse prognosis and has a negative impact on clinical outcome. Wilson et al. (32) found 
that removal of multiple BCCs during one surgical procedure had been significantly as-
sociated with incomplete resection of lesions. Especially accumulation of multiple tumors 
in close proximity to one another results in difficulty of their total surgical excision. What 
is also important, consistent evidences indicate that patients with personal history of 
BCCs have an elevated risk of developing other primary cutaneous and non-cutaneous 
malignancies (33, 34). This can suggest a generalized role of some carcinogenic factors 
not only in the BCC pathogenic pathways, but even in another tumors (29). Therefore, an 
association between BCCs and increased probability for subsequent appearence of other 
cancers determine the necessity of adequate monitoring these individuals. 

In conclusion, many patients with diagnosed BCC of the skin have a tendency of devel-
oping further new lesions. The exact reason of this prognostically unfavorable feature is 
unclear, but recent advances in molecular biology and pathology will help to explain a rela-
tionship between BCC carcinogenesis and crucial intrinsic and extrinsic etiological factors. 
It is evident that besides UV radiation even local immunosuppression, different skin micro-
environment and genetic factors play important role in this process. A better understand-
ing of why some persons have many lesions are needed for identification and selection of 
such cases at the first presentation and starting adequate preventative strategies.
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Abstract
Mycotoxins are known as causal agents of many serious diseases. This group of substances as products 
of ubiquitous genera of microscopic fungi can occur normally, though often in sublimit but detectable 
concentrations on almost all levels of the food chain, including the first food of human. 
Ochratoxin A as one of the most frequent mycotoxins produced by representatives of the genus Aspergillus 
and Penicillium can be produced under a wide range of temperature and humidity conditions and is able to 
penetrate from nursing mother’s organism to breast milk. We review recent information on the xenobiotics 
with emphasis on ochratoxin A and focus on circumstances when the national food control authorities cannot 
control these contaminants in food.

Key words: health risks – mycotoxins – ochratoxin A – nutrition – breast milk 

INTRODUCTION

The current population is continuously exposed to many risk factors which include 
a variety of substances contaminating the environment and entering the food chain, 
whether as a result of human activity or as a result of biological processes in the body. 
And just such agents are also secondary metabolites of microscopic filamentous fungi 
– mycotoxins. Increasingly wider information about the conditions, under which micro-
scopic fungi with ability to produce mycotoxins can grow and reproduce, gets in public 
awareness through Public Health activities. However, due to underestimation of the 
problem or unrecognation of the risk of possible contamination of food by microscopic 
fungi at not quite appropriate handling, then such food becomes a suitable substrate 
for mould settlement and thus for the production of toxins. In this case not only a direct 
consumer is in a risk, but through breast milk also one of the most vulnerable popula-
tion, infants.

1. ENVIRONMENTAL RISK FACTORS OF POPULATION 

Public health is the result of complex factors – genetics, economic and social situation, 
availability of adequate medical care, lifestyle and the environment and nutrition. The 
quality of the environment, as well as eating habits are crucial factors affecting health.

For several decades the more apparent adverse environmental changes are known. 
The role of Public Health is to define all relevant risk factors. In addition to physical risk 
factors, an increasing number of hazardous chemicals contaminating water and food, 
indoor and outdoor air is a major reason of environment-related diseases.

Because of the fact that many contaminants harmful to human health has been clear-
ly demonstrated, it is necessary to effectively monitor the incidence and dynamics of 
accumulation of these substances in the environment and to assess the health state 
of exposed populations through health monitoring, systematic data collection, analysis 
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and dissemination of information on health, diagnosis of health problems and risks. In-
formation obtained in this step is used for awareness and education of the population, 
mobilization of public interest in the development of health policies at local, regional and 
national level [1].

Since 1992 information on the status and trends of various environmental compo-
nents of the Slovak Republic has been the objective of the Information system of envi-
ronmental monitoring. The subjects to the monitoring have become the air, water, soil, 
fauna and flora, forests, geological factors, wastes, contaminants in food and feed, me-
teorology, climatology and radioactivity [2].

Processes of improving of environmental health in the countries of Europe started af-
ter the International Forum on Environment and Health in Helsinki in 1994, where an 
important document the Action Plan for Environment and Health for Europe was adopted. 
The Slovak Republic as one of the first countries developed the National Action Plan 
(NEHAP), which was adopted in 1997. Most of the tasks was to develop and adopt codes 
and standards compatible with the legislation of the European Union (EU). In 2000 the 
Government approved the update NEHAP II, where the main goal was to minimize the 
impact of environmental risks and to keep it at such a state that does not damage and 
does not endanger human health. 

One of a priority area has become the safety of food, soil, free air, provision of drinking 
water, housing, health services and education in environmental health. Since 2005 this 
area has been enlarged to eliminate the effect of risk factors on child health [3]. The risk 
factors of growing interest are often substances capable of accumulation in plant and 
animal tissues, which are characterized by their resistance to degradation and by their 
acute and chronic toxicity. The groups of substances listed below do not have similar 
health effect but we can generally include them in the group of xenobiotics. In connec-
tion with the assessment of health risks most countries have legislation limiting their 
maximum levels in parts of the food chain and in food commodities of risk.

Undoubtedly, medically significant xenobiotics that have received attention are par-
ticularly compounds of the type of persistent organic pollutants (POPs) such as dioxins, 
polychlorinated biphenyls (PCBs) and DDT insecticide. Also toxic minerals, which in-
clude radioactive materials, metals, metalloids and other inorganic compounds, have a 
similar meaning in terms of health impact. The substances get into components of the 
environment from various sources, particularly in relation to human activities.

In addition to those contaminants, another important group of xenobiotics causes se-
rious health problem, many of which are characterized by carcinogenic and mutagenic 
activities and a high toxic potential. They may occur through a chemical conversion of 
natural ingredients of raw food, food itself or feed during processing and storage, but 
also through the activity of microorganisms at improper practices or mishandling. Tox-
ins excreted by pathogenic bacteria and microscopic filamentous fungi have been the 
cause of many serious diseases.

2. NUTRITION AS A POTENTIAL RISK FACTOR

Health of the population is closely linked to the field of nutrition. Good nutrition is es-
sential for healthy human development.

Human food is chemically very complicated material. According to a rough estimate, 
about five hundred thousand different chemical compounds have been found in fresh 
food. A much higher number of compounds has occurred by enzymatic and nonenzy-
matic reactions during storage and processing up to finished dishes. The most impor-
tant components of food are nutrients – proteins, lipids, carbohydrates, vitamins and 
minerals that determine its energy and nutritional value. In addition to nutrients also 
other substances are normally found there, usually only with sensory significance. As 
a part of food there can also be some antinutritional substances, with their negative 
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impact on nutritional availability. However, many foodstuffs contain as their natural 
components various substances that are toxic to some or all subjects [4]. According to 
the Codex Alimentarius, it is allowed at food production to use preservatives, antioxi-
dants, colorants, sweeteners and other additives which are utilized to improve food shelf 
life, conditions of production, processing, treatment and transport. [5]. Under certain 
conditions agents endangering human health can be formed in the food or can be pen-
etrated there from outside. Council Regulation No 315/93 EEC considers these contami-
nants any substance added not intentionally to food but which arises due to improper 
processing, treatment, packing, transport and storage or as a result of environmental 
contamination [6].

There is a potential risk of serious health consequences for human from each sub-
stance that does not occur naturally in food. In Slovakia, the conditions of food produc-
tion and handling, as well as management of the food supervision are provided in Act No 
152/1995 Coll. on food, as amended. Other adopted legislation enables state authorities 
to control and regulate the contaminants. The legislation determines maximum con-
tents of selected risk factors for defined commodities. National food control authorities 
have carried out systematic monitoring of additives and contaminants in food. One of 
the advantages of the present is the connection to the Rapid Alert System for Food and 
Feed (RASFF), where it is possible to receive and send information about incidence of 
unsafe food. The RASFF serves either to report on food and feed of risk in order to avoid 
putting them into circulation or as means to withdrawing such food from the European 
market. Reports of the European warning system have brought information about fre-
quent hits of chemical as well as microbiological contamination of food and feed. The 
highest number of warnings, however, has been for natural metabolites of toxinogenic 
strains of molds – mycotoxins.

Mycotoxins are toxins of various risk categories, of various composition and toxic-
ity, which are able to contaminate food and feed. It is difficult to eliminate them from 
contaminated food. Many of them are not affected by cooking procedures due to their 
resistance to high temperatures used in processing and preparing food. Especially food 
and feed of plant origin can be the most contaminated commodities. The raw materials 
may be attacked by microscopic filamentous fungi during vegetation, but particularly in 
their processing or storage. Cereal derivatives, maize, nuts, roasted coffee, wine, beer, 
vine fruits and fruit juice are considered to be the most risky final products.

Mycotoxins may occur also in food of animal origin – liver, kidney, muscle, blood, 
resulting from the ingestion of contaminated feedstuffs. These xenobiotics are able to 
penetrate into animal tissues and depot fat, to remain and accumulate there because 
they are mostly fat soluble and not readily excreted [7]. Animal products can also be 
significantly contaminated during the production process and storage.

In 2008 RASFF received from a total of 3099 reports up to 931 reports of limit-ex-
ceeding concentrations of mycotoxins, a majority of which related to aflatoxins. In other 
cases the most frequent identified risk was for ochratoxin A in the number of twenty 
reports, four reports of deoxynivalenol, three of patulin and both fumonisins as well as 
zearalenone in the number of two reports. This issue does not have a downward trend, 
in 2007 from a total of 2976 up to 754 reports related to mycotoxins, which included 
the leadership of aflatoxins and the second of the order was again ochratoxin A. [8], [9]

Because of the fact that these substances have a highly negative impact on the human 
body, many countries have adopted legislation to regulate them. The SR has in force 
the general European legislation establishing the maximum levels of xenobiotics in the 
individual commodities of risk. The maximum levels of mycotoxins in such commodities 
are set in the Commission Regulation (EC) No 1881/2006. The patulin content is limited 
in fruit products, particularly in juice, fruit compote, puree and baby food based on ap-
ple. It can occur as a result of bad manufacturing practices when mouldy raw material 
was used. Other mycotoxins – aflatoxins, ochratoxin A, zearalenone, fumonisins and 
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trichothecenes such as deoxynivalenol and T-2 toxin are limited especially in maize, ce-
reals and cereal derivatives. In addition to these food the maximum levels of aflatoxins 
are also set for dried fruit, milk, spices, nuts and groundnuts. The Commission Regu-
lation (EC) No 165/2010 amends the maximum levels of aflatoxins for other oilseeds, 
such as sunflower seeds [10], [11]. As to ochratoxin A, the Commission Regulation (EC) 
No 1881/2006 establishes the maximum value for both corn and maize, but also for a 
special group of dried fruits – raisins as well as other commodities at risk – grape juice, 
wine and coffee – roasted, and instant. The Commission Regulation (EC) No 105/2010 
amends the maximum value in spices. According to the recommendations in this regula-
tion, it is appropriate to keep on monitoring of the ochratoxin A levels in food for which 
the maximum of ochratoxin A has not been set yet, but in case of repeated findings of 
elevated levels the setting should be considered [10], [12]. To the food which are expected 
to have a higher incidence of the contaminant belong cocoa and cocoa products, grapes 
and grape products, beer, dried fruits, both raisins and figs, legumes, green tea, but also 
pork, pork blood and guts [13], [14]. Potatoes in terms of ochratoxin A are at low risk [15].

It has been found that the representatives of microscopic filamentous fungi especially 
from the ubiquitously occurring genera Aspergillus, Penicillium and Fusarium are my-
cotoxin-producing strains. For their enzymatic equipment they can adapt to almost any 
substrate. However, in general they are not phytopathogens, so it is not characteristic for 
them to colonize plants at the stage of vegetation, with the exception of some plant, and 
their presence in healthy fruits before harvest is not typical. Most of them are found in 
such food products which do not comply with proper processing procedures for collecting, 
processing, drying, storage or transport. Although significant progress has been made 
in many countries in making food safer, it is impossible to provide adequate protection 
to the consumer by mere inspection at the final stage and rejection of a hazardous final 
product. Better sense makes the introduction of preventive measures to minimize risks 
at all stages of food production and distribution chain, when unsuitable products can be 
identified earlier. Such an approach includes the system of hazard analysis and method 
critical control points (HACCP) which was developed for the National Air and Space Agen-
cy (NASA) in the USA in the sixties of the last century to ensure the protection of all food 
and nutritional products for astronauts against mechanical damage, toxic, chemical or 
physical contamination. Since 1992, HACCP has become a global standard and has been 
incorporated into EU legislation. The Council Directive 93/43/EEC on the hygiene of 
foodstuffs was the base for implementation of the system for our conditions as it is done 
in the Codex Alimentarius SR [16]. The criteria used for observation of mycotoxins include 
temperature, time, humidity, pH and sensory parameters such as appearance.

In terms of food safety, specific attention is paid to food products for infants and young 
children, as a particularly vulnerable group of population. Absorption, distribution, me-
tabolism and excretion of xenobiotics in their organism are different from the adults. 
Key factors in their diverse operation are other sensitivity of receptors, maturation of 
tissues, gastrointestinal motility, immaturity of the biotransformation processes, the 
composition of intestinal microflora, and also the membrane permeability and renal 
processes. Furthermore, with regard to body weight, children receive more food than the 
adults [17]. Exposure to contaminants and thus to the mycotoxins can disrupt their nor-
mal development and cause them permanent damage. The aim of adoption of the Slovak 
and European legislation is to minimize the impact of these risk factors on children‘s 
health through strict requirements on the composition and levels of contaminants in 
products for infants and young children.

The Health State Authority of SR (UVZ SR) issued data of monitoring of mycotoxin 
content in food for infants and young children, collected from 2005 to 2007, where from 
a total of 1001 of samples 28 ones were with positive evidence of aflatoxin B1, from a 
total of 1018 of samples 81 ones were with positive evidence of patulin where even in 2 
samples the content was limit-exceeding . As to ochratoxin A, from 133 samples of food 
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for infants and young children 43 were with detectable evidence of the mycotoxin [18]. 
[19]. [20]. Although these levels, with exception the limit-exceeding concentrations of 
patulin, were not high at all and the method of high performance liquid chromatography 
with a great sensitivity was employed for measures that enabled to find also very low 
concentrations of the xenobiotics, the presence of the mycotoxins itself confirmed the 
fact of possibility to receive repeated intake of low doses of the toxic substances.

The food control system does not concern with harmlessness of such foodstuffs of plant 
or animal origin which individuals produce on their own. It also does not concern with 
food after purchase from commercial network, which is stored at home in various man-
ners. The lack of knowledge about microorganisms action and failure to keep the food at 
the right conditions can lead to the mycotoxin contamination. What is more, not everyone 
is aware that mycotoxins can migrate deep into the substrate so they can be found in high 
concentrations also in such parts of affected food which seem to be healthy. And due to 
the ability of mycotoxins to transfer into breast milk, in such a manner not only the health 
of a direct consumer himself is endangered but also a breastfed infant. This group of sub-
stances can occur normally, though often in sublimit but detectable concentrations on 
almost all levels of the food chain, including the first food of human – breast milk.

The risk of mycotoxins in breast milk
Breast milk is the first child nutrition providing an easily digestible form of optimally 

balanced composition of substances essential for child‘s healthy growth. It is species-
specific and all substitute feeding preparations differ considerably from it, making breast 
milk uniquely superior for infant feeding [21]. Its medical importance is strongly evident, 
particularly for children under the age of the first six months of life. Numerous stud-
ies have reached the results that breastfeeding decreases the incidence and severity of 
a wide range of infectious diseases, allergies, asthma, arthritis, diabetes, cardiovascular 
diseases, obesity, the risk of various types of cancer, whether in childhood of breastfed 
infants or later in adulthood, compared with the non-breastfed. The studies have also 
shown a reduction of likelihood of Sudden Infant Death Syndrome (SIDS) during the 
first year of life. Breastfed infants have an increased immunity that is provided through 
substances contained in milk of nursing mothers [21], [22]. 

During lactation nursing mother‘s diet itself does not significantly affect the represen-
tation of essential nutrients in breast milk because they keep their optimal ratio even if 
the food of the mother is not ideal. Changes in the composition would occur only in the 
case of strong malnutrition of the nursing woman [23]. Significantly, however, the diet 
influences both the content of vitamins and minerals, but also the risk of occurrence 
of contaminants that have been many times proven and determinated in measurable 
concentrations in breast milk. Then the essential food can become a serious health risk 
factor for breastfed infants.

 It is necessary for nursing mothers to consume only safe food. The results of our 
questionnaire survey where we addressed about 100 mothers of the newborns suggest 
that information on the issue of mycotoxins are still not sufficient for public. Despite an 
effort of many mothers to take good regimen, the risk of consumption of contaminated 
food and thus possibility of mycotoxin transition into breast milk still continues.

Although the ubiquitous presence of toxinogenic mould spores is a common phenom-
enon, there is only low probability of a direct danger from an income of their toxins by 
consumption of visibly moldy food. The risk of acute toxicity of such disgusting products 
is in fact minimal. However, a cause of worry is the risk of repeated low doses of toxic 
mycotoxins. The multiple intake of low doses of these secondary metabolites may occur 
especially in the first days of the growth of toxin-producing moulds when they are too 
small to be seen with the naked eye and it is unable to recognize their occurrence with-
out an expertise. So a nursing mother can consume some contaminated food, although 
macroscopically intact, without any evidence of presence of microscopic fungi.
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As to mycotoxin content in the organic food, that is recommended to pregnant women 
and nursing mothers as healthy one, the question is the subject of intense discussions 
because it has been shown that it also is not totally free of contaminants. Although com-
pared with products of conventional agriculture the organically grown food is expected 
to have a lower content of substances derived from synthetic agrochemicals such as 
pesticide residues, heavy metals and nitrates, in certain circumstances it can contain 
higher levels of natural toxins. Under adverse weather conditions or when there is a 
mechanical damage or insect infestation of organic food, more intense microbial con-
tamination is more probable in comparison with the chemically treated products, which 
can lead to an increased content of toxic secondary metabolites of filamentous fungi, 
capable of transfer into breast milk [24].

At the present the high current issue is the quality of food which could be in contact 
with floodwater, mud and sludge. The Ministry of Health SR on its website has issued 
the basic sanitary requirements for health protection after the floods explaining also the 
handling of food and agricultural products. Following the instructions it was necessary 
the flooded food considered unhealthy, with the exception of those that had remained 
sealed [25]. The problem is the consumption of food that do not show any signs of dam-
age or changes in its external appearance, but the hermetic packaging is in dispute. In 
addition to bacterial contamination, such food may also be affected by toxin-producing 
microscopic fungi and endanger the health of the population consuming this food di-
rectly, as well as a nursing infant through breast milk contaminated in mother‘s body.

3. TOXICITY OF MYCOTOXINS WITH EMPHASIS ON OCHRATOXIN A

Mycotoxins mostly belong to compounds of natural origin, toxic to humans and ani-
mals. Their chemical structures vary considerably, but they all are characterized by 
relatively low molecular weight. They are non-protein products of biochemical reactions 
of microscopic filamentous fungi, which serve neither as an energy source, nor as stock 
agents and therefore are referred as secondary metabolites. Their total number is not 
completely known, so far there has been identified more than 300 mycotoxins. Some 
authors estimate the number of all the secondary metabolites of moulds in the order of 
thousands. Knowledge of other products of these microorganisms, effective as potential 
toxins, is constantly growing. But not all the identified mycotoxins were found to be 
of significant influence on the development of disease in humans or animals. Many of 
them do not occur under natural conditions because they were obtained during labora-
tory experiments with cultures of microscopic filamentous fungi. In terms of toxicity and 
frequency of the findings, there are the greatest risk from aflatoxins, ochratoxin A, patu-
lin, trichothecenes, fumonisins, zearalenone and ergot alkaloids, but also cyclopiazonic 
acid, sterigmatocystine and several others [13], [26]. 

The principal impetus for the development of mycotoxin research was the incident in 
Great Britain in 1960, when there was a series of mass mortalities around 120 000 birds of 
poultry. Investigation showed the relationship with the administration of mouldy food and 
as the agents of intoxication were identified previously not known toxins of microscopic 
fungi [13], [27]. In the period following the outbreak of the disease, induced by the high 
acutely toxic aflatoxins, much information about the xenobiotics have been produced.

Microscopic filamentous fungi are multicellular or unicellular eucaryote organisms 
with heterotrophic nutrition. They obtained nutrients by absorbing from the environ-
ment, what enables them to grow almost anywhere where organic matter is. They are 
mostly saprophytic organisms that have the role as destruents in ecosystems and con-
tribute significantly to the cycle of matter and energy in nature. Only a minor part is 
adapted to parasitism of other organisms, including humans [13]. Until now about 350 
species of toxin-producing moulds are known, many of them can produce more than one 
toxin [27]. The same mycotoxin may also be a secondary metabolite of microscopic fungi 
of other genera or species. Not under all conditions all toxinogenic moulds produce my-
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cotoxins, but all strains of microscopic filamentous fungi which once have been found to 
produce a mycotoxin are considered to be potentially toxinogenic. Mycotoxin formation 
is dependent on the synergy of enzymatic activities in cells. Besides the species of mi-
croscopic fungi the process depends also on the physical, chemical and biological condi-
tions of the substrate and the surrounding area. The most important physical properties 
influencing the mycotoxin formation include humidity and temperature [4], [28].

We can say that all living species could be negatively affected by these toxic substanc-
es. However, the sensitivity and severity of harm depends on several factors such as age, 
sex, physical and nutritional status of the individual, species, concentration levels of 
mycotoxins and extent of exposure as well as possible synergistic effects of other present 
chemicals. Most mycotoxins entering the body mainly by ingestion of infected food or 
feed or less frequently by absorption through the skin. Since mycotoxins were found in 
airborne particles containing mould spores in certain environmnet where some suscep-
tible commodities were handled, also inhalation of the bioaerosol was regarded as a fur-
ther route of exposure. Exposure to mycotoxins can cause wide range of dose-dependent 
acute and chronic diseases in humans and animals, with common name mycotoxicoses.

Despite the fact that mycotoxicoses were observed already in ancient times, mycotox-
ins as the etiological agents were not known for a long time. The first identified myco-
toxicosis was probably ergotism, widespread in the Middle Ages throughout Europe. 
The human disease was caused by eating cereals usually in the form of bread, infected 
with sclerotia of Claviceps purpurea containing ergot alkaloids. Two forms of ergotism 
have been recognized, convulsive and gangrenous. The convulsive ergotism affects the 
central nervous system and is characterized by neurological symptoms such as mental 
disorientation, convulsions, blindness and paralysis, while the gangrenous form due 
to vasoconstrictive activity of ergot alkaloids affects the blood supply to the extremities 
and is charecterized by necrosis and gangrene of the limbs. The disease is also called 
St. Anthony‘s fire because it causes burning symptoms. Over 370 hospitals were built 
in the name of St. Anthony for those suffering from this disease [29].

 Another mycotoxicosis with serious consequences is Alimentary toxic aleukia (ATA) 
which has many forms including leukopenia, necrotic lesions on the oral cavity, sepsis, 
haemorrhagic diathesis and depletion of the bone marrow. The outbreak of the disease 
was recorded in Russia especially during the World War II where it was induced by 
consuming overwintered mouldy grain. The fungi responsible for the disease belong to 
the genera Fusarium and Cladosporium, producing toxic trichotecenes. [30]. The strain 
Penicillium citreoviride as a frequent contaminant of rice producing citreoviridine was 
the causal agent of another disease called Yellow rice poisoning. It is known mainly 
from Japan after World War II when rice had to be imported from various countries. The 
ingestion of ”yellow rice” caused vomiting, convulsions, ascending paralysis and was 
characterized by high mortality [13], [30], [31].

At the present the modern food processing and storage as well as induction of HACCP 
should minimize the risk of outbreaks of the serious acute mycotoxicoses but from 
time to time they occur sporadically among the population with poor level of nutrition. 
However, clinical and veterinary practices know many other pathological manifestations 
connected with repeated intakes of small doses of the xenobiotics through feed and food 
that lead to chronic poisoning often with severe or fatal consequences. Their occurrence 
depends on geographical area, season, climate and dietary habits. Mycotoxins or their 
metabolites have the ability to be accumulated in the body and in the case of presence 
of greater number of contaminants they are capable of synergistic effects. Numerous 
findings of the xenobiotics in human serum, urine and which is extremely serious even 
in breast milk show evidence of the human exposure [21].

In terms of biological effects and target organs of experimental and domestic animals 
affected by exposure to mycotoxins, some of the xenobiotics belong to hepatotoxins as 
it is in the case of aflatoxins or sterigmatocystin, but also to nephrotoxins, represented 
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mainly by ochratoxin A and citrinin. Fumonisins, penitrem A and fumitremorgens have 
neurotoxic effects and trichothecenes affect toxically gastrointestinal tract. The immune 
system can be attacked by aflatoxins, ochratoxin A, patulin and trichothecenes as well. 
Haematotoxic effect has been proven for aflatoxins, ochratoxin A, zearalenone and tri-
chothecenes. When tested on guinea pig skin, several trichotecenes exhibited also der-
matotoxic reaction [13], [26].

Biological effects of mycotoxins may occur also later, since some of them have muta-
genic, embryotoxic and carcinogenic potential. Aflatoxin B1 with its sufficient evidence 
for the carcinogenity is classified by the International Agency for Research on Cancer 
(IARC) as carcinogenic to humans. Ochratoxin A, fumonisin B1 and sterigmatocystin 
are classified as probably carcinogenic to humans [13], [32], [33]. But conclusions of 
animal studies on rats showed that also the others, such as citrinin or patulin, are ca-
pable of inducing deoxyribonucleic acid damage [13], [34].

Overview of the toxic effects of aflatoxin B1 and ochratoxin A on animal species and 
humans are summarized in Table 1 and 2.

Table 1	 Toxic effects of aflatoxin B1 [13], [14], [26], [32]

Effect
Animal species

Human
Mouse Rat Rabbit Pig Poultry Monkey

Hepatotoxicity + + + + + +

Immunotoxicity + + +

Hepato
carcinogenicity

+ + + +

Reproductive and 
developmental effects

+ + +

Genotoxicity + +
+ (human 

cells)

Table 2	 Toxic effects of ochratoxin A [13], [14], [26], [37]

Effect
Animal species

Human
Mouse Rat Rabbit Pig

Nephrotoxicity + + + +
Association 

with endemic 
nephropathy

Neurotoxicity + + +

Immunotoxicity (+) (+)

Renal carcinogenicity + +
Inadequate 
evidence

Reproductive and 
developmental effects

+ + +

Genotoxicity No clear evidence

+ Evident, (+) Observed in limited studies

Aflatoxin B1, ochratoxin A, and trichothecenes are considered to be the etiological 
factor for some serious diseases from dietary exposure, but from inhalation of contami-
nated bioaerosol as well. It is possible that aflatoxin B1 in addition to hepatocarcinoce-
nic potential is also able to cause tumors in the respiratory tract [13]. The acute renal 
failure of a patient working in the workplace where grain contaminated by Aspergillus 
ochraceus was stored is attributed to inhalation of ochratoxine A. But only little data of 
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a similar type are available so to answer the question about the possible effects of myco-
toxins entering the respiratory system requires further study of this issue [35].

In order to protect public health many international institutions concern with the xe-
nobiotics in their programs. Because of new toxicological knowledge about the harmful 
effects on living organism and also on the dietary exposure recently estimated, the Joint 
FAO/WHO Expert Committee on Food Additives (JECFA) several times reviewed the po-
tential risks associated with mycotoxin contaminated food intake, modified the values of 
the lowest toxic doses (LOAEL) and derived the values of the acceptable daily and weekly 
intake of several mycotoxins, including one of the most wide-spread and the most toxic 
natural toxins, ochratoxin A.

3.1	 Mycotoxins from a group of ochratoxins
Ochratoxins are a group of closely related derivatives of isocoumarin linked to L-phe-

nylalanine and classified according to biosynthetic origin as pentaketides within the 
group of polyketides [31]. They are produced either by biochemical reactions of some 
microscopic filamentous fungi or they occur as a result of the metabolism of thus cre-
ated toxins after entering living organisms

In addition to ochratoxin A, which is excreted by several species of the genus Asper-
gillus in tropical regions and of the genus Penicillium in temperate regions, the group 
consists of other secondary metabolites of the moulds, namely ochratoxin B which is 
the chlorine-free analogue of ochratoxin A, also ochratoxin C, ethyl ester of ochratoxin 
A, and the main metabolite of ochratoxin A which is chlorinated isocoumarin carboxylic 
acid called ochratoxin α and its chlorine-free derivative ochratoxin β [36]. Also other 
products of the metabolism of ochratoxin A integrate the group – 10-hydroxyochratoxin 
A  and two ochratoxins D, which are the epimers 4S-and 4R-hydroxyochratoxin A [13]. 

From a toxicological point of view, the most dominant among the group is ochratoxin 
A because hydroxyochratoxins and ochratoxinu a are of lower toxicity. Ochratoxin B is 
about 16 times less toxic, although according to the European Food Safety Authority 
(EFSA) there is only little data available for this claim. Ochratoxin C is as toxic as ochra-
toxin A, but its occurrence is rare. It has, however, genotoxic effect [37].

3.2	R isk assessment and toxic effects of ochratoxin A
Many authors attributed some of the toxic effects to metabolites of ochratoxin A. How-

ever, the results of subsequent studies have shown that ochratoxin A is the very toxic 
agent that is active at a higher rate than any of its metabolites.

The most serious toxic effect recorded in several animal species exposed to ochratoxin 
A  is nephrotoxicity. Its hepatotoxicity, neurotoxicity, immunotoxicity, teratogenicity and 
probably also mutagenicity have been demonstrated too. The IARC, based on the signifi-
cant correlations between the geographical distribution of Balkan endemic nephropathy 
inducted probably by ochratoxin A and a high incidence of tumors in the urogenital tract in 
patients from these areas, as well as on the basis of the carcinogenic effects on the labora-
tory animals, classified ochratoxin A in group 2B as a possible carcinogen to humans [33].

When studying the mechanism of action of ochratoxin A there have been demonstrated 
the inhibition of protein synthesis, increased lipid peroxidation, damage of carbohydrate 
and calcium metabolism and impaired mitochondrial function. Results of experiments 
show the evidence that phenylalanine as the structural component of ochratoxin A is 
probably responsible for many serious health activities of the compound. The dihydroi-
socoumarin moiety can be responsible for other unexplained yet toxicological processes 
[13]. Some authors stated the hypothesis of the toxic action of chlorine atom substitut-
ing in the aromatic ring [28].

Acute and chronic toxicity is derived from the ability of ochratoxin A to inhibit pro-
tein synthesis by competition with phenylalanine in the reactions catalyzed by pheny-
lalanine-t-RNA synthetase. The phenylalanine part of the molecule is changed by the 
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transfer RNA for phenylalanine. It is, however, bound to the coumarin part of ochratoxin 
A that blockes its binding into a protein chain. Thus the protein synthesis is stopped. 
Ochratoxin A inhibits almost all reactions involving phenylalanine. It is also able to in-
hibit mitochondrial respiration and ATP production. It can be concluded that the acute 
toxicity is not too significant, but chronic and late effects may be serious and must be 
taken into account when assessing the risk exposure of the population [28].

CONCLUSION

From the number of xenobiotics present in the components of the environment and 
food chain, mycotoxins have been a serious public health problem for a long time. Atten-
tion, what many agencies and organizations pay to mycotoxins in their programs is ap-
propriate, because they are a significant group of natural contaminants, many of which 
are characterized by carcinogenic and mutagenic activity and high toxicity. Among those 
deserving special attention is besides aflatoxins, fumonisins, zearalenone, patulin and 
trichothecenes also the secondary metabolite almost everywhere occuring microscopic 
filamentous fungi genera Aspergillus and Penicillium, ochratoxin A. 

Serious health effects of ochratoxin A is related to its high toxic potential, as well as 
the features that enable long-term persistence in the human body. It is a mycotoxin, 
which occurs commonly in food and feed in both cold and tropical zones including in 
the diet which is generally considered to be healthy.

Work was intended to highlight the risks associated to mycotoxins with emphasis on 
mycotoxins ochratoxin A and also to provide an overview of current knowledge related 
to this issue. In Slovakia, the content of mycotoxins and thus also of ochratoxin A in 
selected food commodities and animal feed is routinely monitored within the health 
surveillance but it is impossible to control either the products manufactured under do-
mestic conditions, or those purchased from commercial network that are already stored 
at home. Repeated intake of the low contaminant concentrations contributes to the bur-
den of the population also through improper handling and storage of food at risk often 
due to insufficient knowledge or underestimation of the problem. The occurrence of the 
xenobiotics in human serum, urine and which is extremely serious even in breast milk 
show evidence of the human exposure. Levels of contaminants contained in breast milk 
can be determinated only in the targeted studies with voluntary donors and can not be 
monitored regularly. It is essential that the nursing mother has to consume exclusively 
healthy food. Information available to common people is still insufficient and it is there-
fore necessary to extend education mainly to pregnant women and nursing mothers.
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