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IINNFFLLUUEENNCCEE  OOFF  RREESSTTRRAAIINNTT  SSTTRREESSSS  OONN  EENNDDOOGGEENNOOUUSS  CCEENNTTRRAALL  
HHIISSTTAAMMIINNEE--IINNDDUUCCEEDD  AANNTTIINNOOCCIICCEEPPTTIIVVEE  EEFFFFEECCTT  IINN  RRAATTSS::  SSTTUUDDIIEESS  WWIITTHH  

HHIISSTTAAMMIINNEE  NN--MMEETTHHYYLLTTRRAANNSSFFEERRAASSEE  IINNHHIIBBIITTOORR  SSKKFF  9911448888

JJEERRZZYY JJOOCCHHEEMM,,  BBAARRBBAARRAA RRYYBBUUSS--KKAALLIINNOOWWSSKKAA,,  KKRRYYSSTTYYNNAA ŻŻWWIIRRSSKKAA--KKOORRCCZZAALLAA
Department of Physiology, Medical University of Silesia, Zabrze, Poland

AA bb ss tt rr aa cc tt
Histamine as a neurotransmitter participates in modulation of pain transmission within the central nervous system.

Exogenous histamine administered intracerebroventricularly (icv) as well as endogenous histamine, after blockage of its
catabolism by histamine N-methyltransferase (HNMT) inhibitors, which leads to an increase in endogenous histamine
concentrations, produce an antinociceptive effect. On the other hand, there is an activation of the histaminergic system,
with the increase in histamine turnover and/or release from neurones, in response to potentially dangerous stimuli dis-
turbing homeostasis, including changes in blood pressure, dehydration and nociceptive stimuli. Therefore, the aim of the
present study was to examine the influence of prior restraint immobilisation stress on HNMT inhibitor SKF 91488-indu-
ced antinociceptive effect in rats. 

SKF 91488 (100 μg icv) produced an increase in endogenous histamine concentrations 15 min after treatment in the
cerebral cortex (1.09 ± 0.11 vs. 0.61 ± 0.22 nmol/g; p < 0.01), hypothalamus (5.67 ± 0.64 vs. 4.11 ± 0.49 nmol/g; p <
0.01) and medulla oblongata (0.53 ± 0.19 vs. 0.32 ± 0.08 nmol/g; p < 0.05) in comparison to saline-treated group. The
effect was accompanied by a dose-dependent (50-100 μg icv) analgesic action both in tail-flick test and paw pressure test
(Randall-Selitto test). Prior restraint stress increased SKF 91488-induced effect, however, it did not change central his-
tamine concentrations. The restraint stress alone did not influence central histamine concentrations as well as nocicep-
tive responses.

The study confirms that SKF 91488 is an effective in vivo inhibitor of HNMT activity which increases endogenous
central histamine concentrations, and thus produces an antinociceptive action. Moreover, prior restraint stress increa-
ses endogenous histamine-induced influence on pain transmission, possibly as a result of the activation of the histami-
nergic system. 

KK ee yy   ww oo rr dd ss: endogenous histamine, pain perception, restraint stress, rat

IINNTTRROODDUUCCTTIIOONN

Histaminergic neurones which are concentrated mainly in the tuberomammillary nucleus of
the posterior hypothalamus send innervation, via ascending and descending fibres, to almost all
parts of the brain and, as postulated, may thus regulate brain activities (1, 2). Indeed, the hista-
minergic system influences various functions of the central nervous system, such as arousal
mechanisms, fluid balance, food intake, temperature regulation, learning, cardiovascular regula-
tion and pain perception (1, 3). The histaminergic system is especially associated with response
to adverse or potentially dangerous stimuli, including dehydration, changes in blood pressure,
nociceptive stimuli and other kinds of stress (1). In these conditions, there is an increase in tur-
nover and/or release of neuronal histamine, leading to the activation of compensatory mecha-
nisms, such as the increase in the sympathetic nervous system activity, the secretion of arginine
vasopressin and proopiomelanocortin-derived peptides, including adrenocorticotrophic hormone
(ACTH), β-endorphin, β-lipotropin and α-melanocyte stimulating hormone (α-MSH) (1). The role of
these compensatory mechanisms is the maintenance of homeostasis, for example the increase in
blood pressure and respiratory rate, or suppression of pain, which is necessary for survival (1, 4).

Previous studies demonstrate that the histaminergic system may directly influence the trans-
mission of information from nociceptors (1, 3). Exogenous histamine administered into the brain
lateral ventricle (icv) (5), the dorsal raphe nucleus or in the periaqueductal gray region in rats (6)
evokes a dose-related antinociceptive action. Similar effects of endogenous histamine are obser-
ved after injections of metoprine, BW 301U and SKF 91488 – inhibitors of histamine N-methyl-
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transferase (HNMT), the enzyme catabolising histamine within neurones (7, 8). Moreover, loading
with histamine precursor L-histidine, which increases central histamine concentrations, also
evokes an antinociceptive effect in rats (7). 

Since the histaminergic system is activated in response to adverse or potentially dangerous
stimuli (1), the aim of the present study was to examine the influence of prior restraint immobi-
lisation stress on SKF-91488-induced antinociceptive effect in male rats. Furthermore, the con-
centrations of endogenous histamine in the cerebral cortex, hypothalamus and medulla oblon-
gata were measured to confirm the role of the histaminergic system activation in the antinoci-
ceptive effect. 

MMEETTHHOODDSS

Male Wistar rats weighing 230-250 g (5-6 months old) were used in all experiments. The ani-
mals were housed five per cage, under controlled conditions of temperature (20-22°C), humidity
(60-70%), lighting (12 h light/dark cycle) and provided with food and water ad libitum. All pro-
cedures were carried out according to EU directives and reviewed by local ethics committee. For
icv treatment rats were prepared 5-7 days before the experiment by stereotaxic implantation,
under ketamine/xylazine (60 mg/kg + 10 mg/kg intraperitoneally) anaesthesia, of polyethylene
cannula into the right brain lateral ventricle as described previously (4). All icv injections were
given in 5.0 μl of saline vehicle. 

The antinociceptive activity was quantified using tail-flick test (9) and paw pressure test (Ran-
dall-Selitto test) (10). In the tail-flick test, the thermal stimulus from analgesimeter (Porfex, Bia-
łystok, Poland) was adjusted in preliminary studies to produce a tail-flick response in control
rats within 4-6 s. Animals with higher control values were excluded. A cut-off time of 15 s was
used to avoid blistering. Three tail-flick latencies, at 60 s intervals, were taken and the mean
value was recorded. Paw pressure thresholds (Randall-Selitto test) were determined for the left
hind paw of rats using an automated analgesimeter (Ugo Basile Biological Research Apparatus,
Comerio – Varese, Italy). Rats scoring below 50 g or over 70 g before treatment were rejected. An
arbitrary cut-off value of 200 g was adopted.

For the induction of immobilisation stress, the animals were restrained individually by put-
ting them in a cylindrical cage for 30 min to allow only a limited degree of movement. Despite
the limited movement, all the animals appeared to be in good physical condition after the restra-
int. 

The rats were icv treated with SKF 91488 or saline (5 μl). Since SKF 91488 (4-[N,N-dimethy-
lamino]butylisothiourea dihydrochloride) does not cross the blood-brain barrier, it was adminis-
tered centrally. In order to measure the influence of restraint stress on pain perception, the ani-
mals were stressed in separate groups for 30 min before SKF 91488 or saline injection. The anti-
nociceptive activities were measured before treatment and at 15, 30, 45, 60 and 120 min after
icv administration of SKF 91488 or saline. In addition, in stressed rats, the measurements were
made before the immobilisation period. All the experiments were performed between 8.00. and
12.00 a. m. 

Endogenous histamine concentrations were measured 15 min after SKF 91488 or saline treat-
ment, since at that time the antinociceptive activities were most pronounced. After decapitation of
rats, the brains were rapidly removed and the cerebral cortex, hypothalamus and medulla oblonga-
ta were quickly dissected on a glass plate chilled on ice, according to the procedure by Glowinski
and Iversen (11). The samples were homogenised – the hypothalamus in 0.3 ml, the cerebral cortex
and medulla oblongata in 10 volumes (w/v) of ice-cold 0.9% NaCl. After centrifugation, 100 μl of the
supernatant was used for measurement of histamine concentration by commercially available enzy-
me immunoassay (Immunotech, France) without modifications. The sensitivity of the method was
0.2 nmol/l. The mean recovery of standard histamine was 92% (ranging from 87 to 111%).

The following drugs were used: SKF 91488, xylazine (Research Biochemicals Incorporated,
USA), ketamine (Gedeon Richter, Hungary). All drug solutions were prepared fresh on the day of
the experiment.
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All data are given as means ± S.E.M. with p < 0.05 considered as the level of significance. Dif-
ferences between groups were analysed using a one-way analysis of variance. Significance of dif-
ferences within groups over time was tested with a Student’s t-test. 

RREESSUULLTTSS

SKF 91488 produced an increase in endogenous histamine concentrations 15 min after tre-
atment in the cerebral cortex (1.09 ± 0.11 vs. 0.61 ± 0.22 nmol/g; p < 0.01), hypothalamus (5.67
± 0.64 vs. 4.11 ± 0.49 nmol/g; p < 0.01) and medulla oblongata (0.53 ± 0.19 vs. 0.32 ± 0.08
nmol/g; p < 0.05) in comparison to the saline-treated group (Fig. 1).
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FFiigg..  11.. Concentrations of histamine in the
cerebral cortex, hypothalamus and medulla
oblongata of the control (       ) and SKF 91488-
treated (       ) rats 15 min after icv injection;
n=6; * p<0.05 and ** p<0.01 vs. the correspon-
ding value in the control saline-treated group

Group Pressure (g) 

Time after icv treatment

15 min 30 min 45 min 60 min 120 min

Saline 62.4 ± 6.6 61.6 ± 5.1 64.5 ± 4.9 63.2 ± 3.3 64.3 ± 4.1
(5 μl icv)

SKF 91488 132.6 ± 6.8* 127.4 ± 7.4* 108.9 ± 7.6* 77.6 ± 5.8* 61.3 ± 3.9
(50 μg icv)

SKF 91488 159.3 ± 4.4* 141.5 ± 8.5* 123.1 ± 7.4* 92.4 ± 5.1* 64.8 ± 5.2
(100 μg icv)

Restraint stress 61.2 ± 4.9 63.2 ± 4,1 62.2 ± 3.1 61.4 ± 3.8 63.9 ± 4.2
+ saline (5 μl icv)

Restraint stress 143.3 ± 5.9* # 138.6 ± 5.5* # 112.7 ± 6.1* 74.9 ± 6.2* 63.5 ± 4.7
+ SKF 91488 
(50 μg icv)

TTaabbllee  11.. Effects of SKF 91488 and restraint stress on the pain threshold in the rat paw pressure test (Randall-Selitto
test); 6 to 9 animals per group; initial threshold pressure 63.6 ± 4.8 g; * p<0.05 vs. the pre-treatment value; in the rats

❏
❏



There were no differences between the groups in initial nociceptive responses. The increase
in endogenous central histamine concentrations, after inhibition of HNMT activity, was accom-
panied by a dose-dependent analgesic effect both in tail-flick test and Randall-Selitto test which
were measured at 15, 30 and 45 min after treatment (Table 1, 2).

Restrain immobilisation stress did not influence histamine concentrations in comparison to
non-stressed animals in the cerebral cortex (0.51 ± 0.11 vs. 0.60 ± 0.16 nmol/g), hypothalamus
(4.37 ± 0.54 vs. 4.21 ± 0.59 nmol/g) and medulla oblongata (0.33 ± 0.14 vs. 0.28 ± 0.09 nmol/g).
Moreover, it did not influence nociceptive responses (Table 1, 2). On the other hand, restrain
stress potentiated SKF 91488-induced antinociceptive effect (Table 1, 2), however, without chan-
ges in central histamine concentrations 15 min after treatment in comparison to SKF 91488-tre-
ated group, the values being 1.13 ± 0.14 nmol/g in the cerebral cortex, 5.55 ± 0.79 nmol/g in
the hypothalamus and 0.67 ± 0.29 nmol/g in the medulla oblongata.

DDIISSCCUUSSSSIIOONN

The present study confirms the antinociceptive effect of endogenous histamine and the influ-
ence of the histaminergic system activation, resulting from restraint immobilisation stress, on
the perception of pain. Thus the results are in agreement with the hypothesis that the central
histaminergic system plays an important role in the activation of compensatory mechanisms,
such as inhibition of pain transmission, in response to the action of adverse or potentially dan-
gerous stimuli which disturb homeostasis.

The study confirms that SKF 91488 is an effective in vivo inhibitor of histamine N-methylt-
ransferase and produces, after icv administration, an increase in central histamine concentrati-
ons. Similar effects of SKF 91488 on central histamine levels were demonstrated in the previous
studies concerning the role of histamine in the central cardiovascular regulation (12, 13, 14).

The present results show that SKF 91488-induced increase in central endogenous histamine
concentrations is associated with an antinociceptive effect measured in tests using two different
kinds of noxious stimuli: thermal (tail-flick test) and mechanical (Randall-Selitto test). Similar
results demonstrating antinociceptive action of endogenous histamine were obtained by Malm-
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TTaabbllee  22.. Effects of SKF 91488 and restraint stress on the pain threshold in the rat tail-flick test; 6 to 9 animals per
group; initial time latency 5.3 ± 0.4 s; * p < 0.05 vs. the pre-treatment value; in the rats subjected for restraint stress #

p < 0.05 vs. corresponding value in SKF 91488-treated group

Group Tail-flick response (s) 

Time after icv treatment

15 min 30 min 45 min 60 min 120 min

Saline 4.9 ± 0.7 5.3 ± 0.6 5.4 ± 0.5 5.3 ± 0.6 5.2 ± 0.4
(5 μl icv)

SKF 91488 8.6 ± 1.1* 9.7 ± 1.4* 8.4 ± 0.7* 7.7 ± 0.8* 5.0 ± 0.9
(50 μg icv)

SKF 91488 15.0 ± 0.0*  12.2 ± 0.5* 9.9 ± 1.7* 8.4 ± 1.5* 4.8 ± 1.5
(100 μg icv)

Restraint stress 5.3 ± 0.4 4.7 ± 0.4 5.5 ± 0.3 5.1 ± 0.3 4.6 ± 0.7
+ saline (5 μl icv)

Restraint stress 12.3 ± 1.9* # 10.1 ± 1.5* 8.6 ± 0.6* 7.4 ± 0.7* 5.3 ± 0.8
+ SKF 91488 
(50 μg icv)



berg-Aiello at al. in the hot plate test and the abdominal constriction test in mice and the paw
pressure in rats in the studies with three HNMT inhibitors metoprine, SKF 91488 and BW
301U (7, 8).

Studies of recent years concerning the physiological role of the histaminergic system suggest
that it may be an important neuronal system involved in the recovery of disturbed homeostasis
(1). Indeed, there is a general agreement that severe hypovolaemia, as a state of disturbed cir-
culatory homeostasis, is accompanied by an activation of opioid and non-opioid (histaminergic,
cholecystokoninergic, thyreoliberininergic) neuronal systems (15, 16, 17). Fundamental findings
by Philippu et al. (18) demonstrate that the decrease in blood pressure after an intravenous injection
of sodium nitroprusside or haemorrhage in cats is associated with the rise in the release of endo-
genous histamine from the posterior hypothalamus. Moreover, studies by Itoh et al. (19) show
the increase in the brain level of a predominant metabolite of brain histamine tele-methylhistamine,
however, without changes in histamine concentrations, resulting from different kinds of stress,
including the exposure to tail pinch in rats and tail pinch, placing on a hot plate or subjecting
to acetic acid-induced writhing in mice. Therefore, histamine turnover is altered under stress
conditions, which leads to the mobilisation of the complex of compensatory mechanisms, inclu-
ding the increase in β-endorphin, ACTH and corticosterone secretion in stressed rats (1, 20). Ear-
lier studies from our laboratory demonstrate that in critical haemorrhagic hypotension both exo-
genous histamine administered icv and endogenous histamine, after inhibition of HNMT activi-
ty, produce a dose-dependent long-lasting pressor effect accompanied by an increase in the sur-
vival rate (4, 14, 21, 22, 23). Interestingly, the pressor effects of histamine in rats subjected to
critical haemorrhagic hypotension are two to three times higher compared to those in normo-
tensive animals (4, 14), which demonstrates an important role of the histaminergic system in the
maintenance of circulatory homeostasis in critical hypovolaemia. 

The present study reveals, in tail-flick and Randall-Selitto tests, that restraint immobilisati-
on stress, although it does not produce the increase in central histamine concentrations, influ-
ences pain transmission after SKF 91488 injection. The possible explanation of the effect is that
restraint stress may produce a rise in endogenous histamine release, and may thus increase SKF
91488-induced endogenous histamine analgesic action. The results are in agreement with pre-
vious findings concerning the involvement of histamine in stress-induced antinociceptive action,
since it has been shown that blockage of central histamine H2 receptors inhibits footshock-indu-
ced antinociception in rats (24) and restraint-induced antinociception in female mice (25). The-
refore, the present study supports the evidence on the role of the histaminergic system in the
transmission of information from nociceptors in stress, which is of essential importance, especi-
ally in the critical stress.

In conclusion, the study confirms that SKF 91488 is an effective in vivo inhibitor of HNMT
which increases central histamine concentrations and thus produces an antinociceptive action.
Moreover, prior restraint immobilisation stress increases endogenous histamine-induced influ-
ence on pain transmission, which is in accordance with the hypothesis that the activation of the
histaminergic system in situations of disturbed homeostasis mobilises compensatory mecha-
nisms, including inhibition of information transmission from nociceptors, which is essential for
escape and survival. 
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SSUURRFFAACCTTAANNTT  LLUUNNGG  LLAAVVAAGGEE  IINN  RRAABBBBIITTSS  WWIITTHH  MMEECCOONNIIUUMM  AASSPPIIRRAATTIIOONN  ––
AA PPIILLOOTT  SSTTUUDDYY

DDAANNIIEELLAA ŠŠEEVVEECCOOVVÁÁ11,,  AANNDDRREEAA ČČAALLKKOOVVSSKKÁÁ11,,  AANNNNAA DDRRGGOOVVÁÁ22,,  KKAAMMIILL JJAAVVOORRKKAA11

Department of Physiology1 and Department of Medical Biochemistry2, Comenius University, 
Jessenius Faculty of Medicine, Martin, Slovakia

AA bb ss tt rr aa cc tt
BBaacckkggrroouunndd  aanndd  aaiimm:: Lung lavage with exogenous surfactant can improve an outcome of rabbits with meconium

aspiration. We evaluated the effects of surfactant lavage on gas exchange, right-to-left pulmonary shunts, dynamic lung
compliance and ventilatory parameters, as well as on the removal of meconium.

MMeetthhooddss:: Adult rabbits were anesthetized, tracheotomized, paralyzed and connected to the ventilator (f. 30/min, Ti
60%). Suspension of human meconium was instilled into the tracheal cannula to induce respiratory failure. Subsequ-
ently, lung lavage was performed three times either with diluted surfactant (Surf group) or saline (Sal group). Animals
were further conventionally ventilated (Ti 60%, PEEP 0.5 kPa) for additional one hour. Laboratory and lung function
parameters were evaluated throughout the experiment.

RReessuullttss:: Administration of surfactant lavage significantly improved PaO2/FiO2 and oxygenation index (p<0.01 and
p<0.05, respectively), decreased right-to-left pulmonary shunts 30 and 60 min after the lavage (p<0.05) and slightly
improved PaCO2 and dynamic compliance, but both not significantly different to Sal group. Amelioration in outcome after
the surfactant lavage was followed by the significant decrease in ventilatory pressures. Slightly higher amount of meco-
nium was removed by surfactant lavage, however, in comparison to Sal group the difference was not significant.

CCoonncclluussiioonn:: We conclude that lavage with diluted surfactant improved an outcome and reduced requirements for
ventilation in animals with meconium aspiration syndrome (MAS).

KK ee yy   ww oo rr dd ss::  meconium aspiration, exogenous surfactant, lung lavage, rabbit

IINNTTRROODDUUCCTTIIOONN

Respiratory failure after meconium aspiration in neonates due to obstruction of the airways
and ventilation-perfusion mismatch (1) is potentiated by inflammation (2) and inactivation of
pulmonary surfactant (3, 4). 

The inactivation of pulmonary surfactant by meconium and leaking plasma proteins can be
to a high extent overcome by administration of exogenous surfactant. Applied exogenous sur-
factant replaces the functional losts of endogenous surfactant and increases the ratio surfac-
tant:inhibitors (5). In addition, surfactant protects the lungs against edema and diminishes the
inflammatory response. On the other hand, stabilization of the wall of alveoli and small airways
by surfactant provides more homogenous distribution of ventilation followed by the reduction of
right-to-left shunts, resulting in significant improvement in oxygenation (6), lung functions (7)
and in better patient’s outcome as well.

Nevertheless, application of the bolus of exogenous surfactant led in some patients to unex-
pected complications requiring administration of additional doses of the surfactant (8, 9). Expe-
rimental studies have demonstrated that administration of surfactant by lavage in acute lung
injury can result in a better lung distribution and lower consumption of surfactant, because the
material is uniformly distributed in the lungs (10, 11, 12). For this reason, administration of
diluted surfactant by the lavage seems to be more suitable than the bolus application. 

The clinical experience indicates that long lasting effects cannot be expected without the
removal of significant portion of meconium from the airways. Meconium is extremely tenacious
material with very low transportability (13). However, exogenous surfactant stimulates the muco-
ciliary transport (14) and due to its surface properties surfactant works as an effective detergent
that may facilitate the removal of meconium from the airways. 
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Several recent studies have shown that lung lavage with diluted exogenous surfactant is able
to improve oxygenation (15, 16, 17) and enhance the removal of meconium from the lungs (15,
16). Therefore, this study was mainly concentrated to the changes in right-to-left pulmonary
shunts, dynamic lung-thorax compliance and requirements on ventilation after the surfactant
lavage in adult rabbits with meconium aspiration, which have not been sufficiently elaborated yet. 

MMEETTHHOODDSS

MMeeccoonniiuumm:: Human meconium was collected from 30 healthy term neonates. The samples
were pooled, lyophilized and stored at -20 C. Before use, meconium was suspended in 0.9 %
NaCl at a concentration of 25 mg/ml.

SSuurrffaaccttaanntt:: Porcine modified surfactant (Curosurf, Chiesi, Italy) was suspended in 0.9 %
NaCl at a phospholipid concentration of 100 mg/kg, 10 mg/ml.

GGeenneerraall  ddeessiiggnn  ooff  tthhee  eexxppeerriimmeennttss::
Adult rabbits were anesthetized by an intramuscular administration of ketamine (Narkamon,

Spofa, Czech Republic) at a dose of 20 mg/kg b.w. and xylazine (Rometar, Spofa, Czech Republic)
at a dose of 5 mg/kg b.w. followed by continuous intravenous infusion of ketamine at a dose of
20 mg/kg/hour. A tracheotomy was performed and an endotracheal tube was inserted into the
trachea. The femoral artery was cannulated for sampling arterial blood and monitoring blood pre-
sure, the femoral vein for administration of drugs and anesthetics. The catheter in the right atri-
um, inserted through the jugular vein, was used for sampling mixed venous blood. To avoid spon-
taneous breathing, animals were paralyzed with pipecuronium bromide (Arduan, Gedeon Richter
A.G., Hungary) at a dose of 0.3 mg/kg/30 min i.v. Animals were subjected to the pressure-con-
trolled mechanical ventilator Beat-2 (Chirana, Slovakia) with the following ventilatory settings: fre-
quency of 30 cycles/min, inspiration time (Ti) 60 %, fraction of inspired oxygen (FiO2) of 0.21, tidal
volume (VT) of 8-10 ml/kg, positive end-expiratory pressure (PEEP)=0. After 15 min of stabilizati-
on, blood samples were taken for an analysis of partial pressures of O2, CO2 and pH by blood gas
analyser (Radiometer, Denmark), hemoglobin by Specol 11 (Carl Zeiss, Germany) and ventilatory
parameters: VT, peak inspiratory pressure (PIP), PEEP were recorded. Tidal volume was measured
by a heated Fleisch head connected to the pneumotachograph (UMMT SAV, Slovakia), airway
pressure was registered via a pneumatic catheter placed in the trachea and connected to the elect-
romanometer LDP 165 (Tesla, Czech Republic). Signals were transferred through the integrator
unit to a multi-channel recorder 6 NEK 4 (RFT, Germany). Dynamic lung-thorax compliance was
derived from the formula: Cdyn=VT adjusted per kg b.w./(PIP-PEEP), oxygenation index (OI) from:
OI=MAPxFiO2/PaO2, where the mean airway pressure (MAP) was defined as PIP+PEEP/2. Right-
to-left pulmonary shunts (RLS) were calculated by a computer program by Fick equation, using
measured values of partial pressures of O2, CO2 in the blood, FiO2 and barometric pressure.

The model of meconium aspiration syndrome was described elsewhere (18). Briefly, a suspen-
sion of the human meconium in saline at a dose of 4 ml/kg b.w. was instilled into the tracheal
cannula in the right and left lateral positions. FiO2 was increased to 1.0, PEEP to 0.3 kPa and PIP
was raised to maintain tidal volume of 8-10 ml/kg. After this, 4.2 % sodium bicarbonate (Braun,
Germany) at a dose of 5 ml was administered to keep normal blood pH and furosemide (Furose-
mid, Hoechst-Biotika, Slovakia) at a dose of 5 mg/kg b.w. to promote diuresis. Within 30 min after
the meconium administration, respiratory failure developed defined as > 30 % decrease in dyna-
mic lung-thorax compliance (Cdyn) and PaO2<10 kPa at FiO2 1.0. Blood sample analysis was done
and lung function parameters were measured 30 min after the meconium administration. 

Subsequently, PEEP was increased to 0.5 kPa and lung lavage was performed either with
diluted surfactant (Curosurf, 100 mg phospholipids/kg, 10 mg/ml; Surf group) or normal sali-
ne (Sal group). Total dose of lavage solution (10 ml/kg) was divided into 3 portions. One third of
the solution was instilled by the syringe into the tracheal cannula proportionally into the right
and left lung during positioning and was suctioned after 1 and 5 min by the suction pump with
negative pressure of 60 kPa. The whole procedure was repeated twice under the same conditi-
ons and volume of recovered liquid was determined. Animals were further ventilated (Ti 60%,
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TTaabbllee  11.. Values of PaO2/FiO2, oxygenation index (OI), PaCO2 and right-to-left pulmonary shunts (RLS) during experi-
ments in animals with saline lavage (Sal group) and surfactant lavage (Surf group).

Parameters Before M After M 10 min Th 30 min Th 60 min

PaO2/FiO2-Sal (kPa) 46.8 (35.5-48.0) 8.1 (6.7-9.8) 9.2 (7.5-11.3) 8.9 (7.5-14.4) 7.9 (7.6-14.5)
PaO2/FiO2-Surf (kPa) 48.3 (39.7-57.9) 9.0 (6.8-9.7) 17.1 (12.8-21.6)**   24.2 (12.5-41.3)* 29.8 (17.7-34.6)**  

OI-Sal 0.8 (0.6-1.0) 11.6 (8.2-13.5) 10.9 (9.7-14.7) 12.3 (7.0-14.6) 13.9 (6.9-15.4)
OI-Surf 0.8 (0.5-0.8) 11.7 (8.3-13.2) 5.3 (3.7-7.1)**        3.7 (2.2-8.0)*       2.9 (2.7-6.2)**       

PaCO2 -Sal (kPa) 3.0 (2.5-3.8) 5.6 (3.1-7.1) 5.2 (4.4-8.7) 5.3 (3.5-7.9) 6.3 (3.4-7.0)
PaCO2 -Surf  (kPa) 3.1 (2.7-3.9) 5.2 (3.8-7.2) 4.7 (3.1-6.3) 4.3 (2.9-5.4) 5.0 (3.6-5.7) 

RLS-Sal  (%) 9.8 (6.6-20.0) 37.5 (30.3-50.0) 40.0 (31.6-50.6) 40.6 (32.9-47.5) 46.6 (35.9-51.9)
RLS-Surf  (%) 6.6 (5.9-11.4) 44.3 (33.9-53.0) 34.9 (33.2-44.8) 32.5 (21.9-37.2)*  28.3 (26.9-36.6)*   

Values are expressed as median (interquartile range). Before, After M – before and after administration of meconium  10,
30, 60 min Th – minutes of ventilation therapy after lavage  PaO2, PaCO2 – partial pressures of oxygen and carbon dioxi-
de in arterial blood  FiO2 – fraction of inspired oxygen   OI – oxygenation index  RLS – right-to-left pulmonary shunts.
*p < 0.05,   **p < 0.01 for between-group comparisons.

PEEP 0.5 kPa) for additional 1 hour. Blood samples were analyzed and lung function parameters
were recorded 10, 30 and 60 min after the lavage. At the end of experiment, animals were killed
by an overdose of anesthetics. Amount of meconium removed by the lavage was quantified by
the spectrophotometric method according to Cochrane and co-workers (19).

SSttaattiissttiiccss:: The statistical software package SYSTAT 6.0.1 For Windows (SPSS Inc., 1996) was
used for data analysis. Data are expressed as median (interquartile range or IQR), because Kol-
mogorov-Smirnov one sample-test showed non-parametric distribution. Mann-Whitney U test for
between-group comparisons and Wilcoxon signed ranks test for within-group comparisons were
applied. A p-value < 0.05 was considered statistically significant.

Experiments were in concordance with basic ethical norms and Declaration of Helsinki.

RREESSUULLTTSS

Ten rabbits were used for data analysis, n=5 in each group. There were no significant diffe-
rences between groups neither in gender rate nor in the body weight [2.3 kg (1.7-2.4) in Sal vs.
2.3 kg (1.6-2.5)] in Surf group .

Instillation of meconium seriously impaired the gas exchange and caused a respiratory failu-
re with hypoxemia, acidosis and hypercarbia in both groups. Administration of surfactant lava-
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FFiigguurree  11.. Values of PaO2/FiO2 in Sal
group and Surf group during experi-
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Values are expressed as median. Before,
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on of meconium  10, 30, 60 min – 10, 30,
60 min of ventilation therapy after lava-
ge;  PaO2 – partial pressure of oxygen in
arterial blood  FiO2 – fraction of inspired
oxygen; *p < 0.05, **p < 0.01.
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ge led to the significant improvement in oxygenation (expressed as PaO2/FiO2 in Fig.1 and Table
1, and OI in Table 1). After the surfactant lavage slightly increased CO2 elimination was found,
but without statistically significant difference between groups (Table 1). 

Instillation of meconium caused the significant increase in right-to-left pulmonary shunts in
both groups. Surfactant lavage reduced the shunting 30 and 60 min after the lavage procedure
(Table 1). 

The decrease in dynamic lung-thorax compliance (Cdyn) after the meconium administration
was similar in both groups 44.4 % (35.6-54.7) in Sal group vs. 48.4% (39.2-50.3) in Surf group.
Cdyn increased after surfactant lavage, however, the difference was not significant (Table 2).

Animals of both groups were ventilated with comparable VT, PIP, PEEP and MAP before and
after meconium administration. After the lavage procedure, ventilatory pressures were signifi-
cantly lower in Surf group. Values of ventilatory parameters during the experiment in both
groups are shown in Table 2.

Recovery of lavage fluid was similar in both groups [63.0% (52.1-79.6) in Sal group vs. 66.8%
(53.8-83.8) in Surf group]. Percentual recovery of meconium evaluated spectrophotometrically
showed slight increase in Surf group [13.0% (7.8-14.1) vs. 9.5% (9.3-12.1) in Sal group]. Howe-
ver, two samples from Sal group had to be excluded due to blood contamination of lavage fluid
and thus the final number of samples was too small for data analysis.

DDIISSCCUUSSSSIIOONN

Aspiration of meconium triggers a cascade of events leading to the deterioration of gas
exchange and respiratory failure. Lung lavage with exogenous surfactant can partially aleviate
inactivation of pulmonary surfactant and release the airway obstruction that may finally ameli-
orate an outcome.

Surfactant lung lavage in our study significantly improved oxygenation and showed the trend
to increase elimination of CO2 and lung compliance. Moreover, significant improvement was
demonstrated also in right-to-left pulmonary shunts and ventilatory requirements. Slightly hig-
her removal of meconium was found by the surfactant lavage, but the difference to saline group
was not significant.
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TTaabbllee  22.. Values of ventilatory parameters and dynamic lung-thorax compliance (Cdyn) during experiments in animals with
saline lavage (Sal group) and surfactant lavage (Surf group).

Parameters Before M After M 10 min Th 30 min Th 60 min Th

VT -Sal  (ml/kg) 9.4 (8.0-9.8) 9.4 (8.4-9.8) 9.2 (8.9-9.8) 9.4 (8.4-9.9) 9.4 (8.4-10.0)
VT -Surf  (ml/kg) 8.8 (8.4-9.4) 9.4 (8.0-9.6) 8.8 (8.0-9.4) 9.4 (8.0-9.7) 9.2 (8.0-9.7)

PIP-Sal  (kPa) 0.6 (0.5-0.9) 1.5 (1.3-1.7) 1.6 (1.4-1.8) 1.6 (1.4-1.8) 1.6 (1.4-1.9)
PIP-Surf  (kPa) 0.7 (0.5-0.7) 1.4 (1.3-1.8) 1.4 (1.2-1.5)*  1.4 (1.3-1.5)*  1.4 (1.3-1.6)*  

PEEP-Sal  (kPa) 0 0.3 (0) 0.5 (0.4-0.5) 0.5 (0.4-0.5) 0.5 (0)
PEEP-Surf  (kPa) 0 0.3 (0) 0.4 (0.3-0.5) 0.4 (0.4-0.5) 0.4 (0.3-0.5)

MAP-Sal  (kPa) 0.3 (0.3-0.5) 0.9 (0.8-1.0) 1.1 (1.0-1.1) 1.1 (1.0-1.2) 1.1 (1.0-1.2)
MAP-Surf  (kPa) 0.4 (0.3-0.4) 0.9 (0.8-1.1) 0.9 (0.8-1.0)**  0.9 (0.9-1.0)*  0.9 (0.8-1.1)*  

Cdyn -Sal 13.3 7.4 8.1 8.4 7.6
(ml/kg/kPa) (10.4-19.6) (6.7-9.8) (6.7-10.9) (6.7-11.0) (6.7-10.9)

Cdyn -Surf 12.6 7.5 8.8 9.4 9.2
(ml/kg/kPa) (12.0-18.8) (6.4-9.4) (7.9-10.4) (7.5-10.8) (7.5-10.8)

Values are expressed as median (interquartile range). Before M, After M – before and after administration of meconium
10, 30, 60 min Th – minutes of ventilation therapy after lavage  PIP – peak inspiratory pressure  PEEP – positive end-expi-
ratory pressure  MAP – mean airway pressure  Cdyn – dynamic lung-thorax compliance.  *p < 0.05,   **p < 0.01 for bet-
ween-group comparisons.



More homogenous distribution of ventilation after the surfactant lavage even to the parts of
lungs that were previously collapsed behind the occlusion results in decreased ventilation-perfu-
sion mismatch and finally in elevation of oxygenation. Better oxygenation found by recent studi-
es (15, 16, 17) fully confirmed these postulates. Similarly, our study showed significant increase
in oxygenation starting immediately after surfactant lavage and lasting for the rest of experiment. 

Diminishing of ventilation-perfusion mismatch due to reduction of the airway obstruction
leads to better CO2 elimination. Significantly lower PaCO2 after the surfactant lavage was shown
in the previous studies (17, 20) and the present study also demonstrated decrease in PaCO2, but
not significant to the saline group. 

Percentage of right-to-left pulmonary shunts calculated by Fick equation is a valuable para-
meter describing the degree of ventilation-perfusion mismatch. This study demonstrated a signi-
ficant drop in RLS 30 and 60 min after the surfactant lavage, probably related to a shifting of
blood flow from poorly to better ventilated regions of the lungs. The study by Krause et al. (21) is
only known, evaluating the right-to-left pulmonary shunts in MAS model, however, authors did
not perform surfactant lung lavage. 

Better aeration and reduction of the liquid and protein leak into the alveoli after the bolus of
the surfactant may enhance the lung compliance, which was previously demonstrated by Sun and
co-workers (6). Similar results were exhibited also by Ogawa et al. (22), who presented significant
elevation in static lung compliance after the surfactant lavage and this effect was further poten-
tiated by the bolus resuplementation after the surfactant lavage. We found improvement in dyna-
mic lung-thorax compliance, however, the difference to the saline group was not significant.

Improvement in blood gases and lung function parameters showed above after the surfactant
lavage caused that ventilatory pressures could be reduced. Sun et al. (7) also showed decreased
requirements on ventilation in rats with meconium aspiration, however, the surfactant was
administered in the bolus form, not as a lavage. Decreased ventilatory requirements minimize
the negative adverse effects of artificial ventilation on diseased lungs. Especially in MAS the
reduction of shear forces due to large pressure amplitudes is of high importance. 

Recent experimental studies (15, 16, 19) showed improvement in histological and radiologi-
cal appearance of the lungs after surfactant lavage in comparison to the saline lavaged or bolus
surfactant-treated animals. Diluted surfactant effectively washed out meconium (20) and this
effect might be dose-dependent (15). We performed the lavage with rather concentrated surfac-
tant suspension, nevertheless, we were not able to exhibit obviously higher removal of meconi-
um to the control group, probably due to small number of samples included for final data ana-
lysis. However, significant difference in removal of meconium between groups evaluated spec-
trophotometrically was not found either by Cochrane et al. (19) probably due to different lavage
procedure and/or the evaluation method of meconium removal.

In conclusion, this study showed that surfactant lung lavage significantly improved oxygena-
tion and right-to-left shunts and slightly increased CO2 elimination and dynamic lung-thorax
compliance. According to the improved outcome ventilatory pressures could be reduced. Our
results, as well as the results of other experimental and pilot studies performed on neonates with
MAS (22, 23) indicate that surfactant lavage can take part in the treatment of MAS.
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TTHHEE  RREESSPPIIRRAATTOORRYY  AADDVVEERRSSEE  EEFFFFEECCTTSS  OOFF  EENNAALLAAPPRRIILL  
AANNDD  IINNHHAALLEEDD  FFUURROOSSEEMMIIDDEE

SSOOŇŇAA FFRRAAŇŇOOVVÁÁ,,  GGAABBRRIIEELLAA NNOOSSÁÁĽĽOOVVÁÁ
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AA bb ss tt rr aa cc tt
The chronic, dry cough is the most frequently occuring adverse effect of angiotensin converting enzyme (ACE) inhi-

bitors therapy. The mechanism of this respiratory adverse effect is related to the inhibition of ACE and the accumulati-
on of bradykinin, substance P, prostanoids and other inflammatory neuropeptides in the airways. 

The aim of this study was to follow the relationship between 15-days enalapril administration and the sensitivity of
the cough reflex in experimental animals and possibility of the pharmacological restriction with inhaled furosemide.

The sensitivity of the cough reflex was investigated by the method of the mechanical stimulation of the laryngopha-
ryngeal and tracheobronchial area of the airways in conscious cats. The enalapril was administered for 15-days in the
dosage of 5 mg/kg b.w. p.o., inhaled furosemide for 15-days in the dosage 10 mg/kg b.w.

The results suggested that long-lasting administration of enalapril resulted in a significant increase in number of
efforts of mechanically induced cough. However, inhalation of furosemide in enalapril treated animals significantly decre-
ased the enalapril induced cough.

The results showed the protective effect of inhaled furosemide against the respiratory adverse effects induced by 
ACE-inhibitors administration.

KK ee yy   ww oo rr dd ss : cough, enalapril, inhaled furosemide

IINNTTRROODDUUCCTTIIOONN

The inhibitors of angiotensin – converting enzyme (ACE) are the drugs of choice for the tre-
atment of hypertension and congestive heart disease. However, it has been reported that in some
patients ACE-inhibitors induce a dry, non-productive cough, with a frequency of occurrence bet-
ween 0,2 – 37 %. Other airway reactions following ACE-inhibitor therapy, dyspnoe and wheezing,
occur less frequently (1). 

The therapeutic effectiveness of this pharmacological group is connected with the inhibition
of enzyme angiotensin – convertase (kininase II), which plays a pivotal role in regulation of
renin – angiotensin and kinin – kallikreine system. The mechanism of the respiratory adverse
effects is unrelated to the inhibition of renin – angiotensin system, since treatment with angio-
tensin receptor blockers did not cause similar problems (2, 3). The negative effects of ACE -inhi-
bitors on defence reflexes of the airways are linked with the metabolism of kinins and tachyki-
nins and consequent accumulation of bradykinin (4), and substance P, neurokinin A and B in
the respiratory tract (5). Additional factors, which enhanced the respiratory side effects of ACE
–inhibitors, are the stimulation of phospholipase A2 and the induction of mastocyte degranu-
lation by bradykinine and substance P (6).

The above-mentioned pro-inflammatory mediators (bradykinin, substance-P, histamine, pro-
staglandins), whose level shows an increase in the airways after treatment with ACE-inhibitors,
stimulate the rapidly adapting receptors myelinated vagal fibres (7) and unmyelinated C-fibres
(8), and consequently provoke the cough reflex. 

Clinical trials and experimental studies dealing with ACE – inhibitors treatment have been
currently aimed at managing the cough induced by applying the above mentioned group of sub-
stances. According to our opinion, it is necessary to begin with a detailed knowledge of patho-
mechanism of the origin of the afore-mentioned adverse respiratory effects in order to select the
substances capable to minimize or eliminate the side effects of the ACE-inhibitors in the respi-
ratory tract. The basic condition that should be kept if the cough is to be eliminated by means
of the pharmacological intervention consists in maintaining the primary pharmacological effica-
cy of ACE-inhibitors, thanks to which they are so widely used in clinical practice. 
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The aim of this study was to investigate the effect of the long-lasting administration of ena-
lapril on the sensitivity of the cough reflex induced by the mechanical irritation of the laryngo-
pharyngeal and tracheobronchial mucous membrane in the non-anaesthetized cats. The second
phase of the study was to follow the possible effect of inhaled furosemide on the respiratory
adverse effects of the enalapril.

MMEETTHHOODDSS

A method of the mechanical stimulation of the laryngopharyngeal and tracheobronchial area
of the airways of non-anaesthetized cats of both sexes weighing 1500-2500 g was used in the
experiment (9). After several days of quarantine, a tracheal cannula was surgically implanted
into the animals, which served for the mechanical stimulation of the airways with nylon fibre
0.35 mm in diameter, as well as for recording the side tracheal pressure. The number of cough
efforts /NE/, induced by repeated insertion (5 times) of the nylon fibre, was evaluated on the
basis of the pressure values recorded during the experiment from both laryngopharyngeal (LPh)
and tracheobronchial (TB) area of the airways. The values of the cough parameters measured
before the application of the substances, represented the control values. During the experiment,
enalapril and inhaled furosemide were applied 1 hour after induction of the cough. Enalapril was
administered perorally as a saline solution in the dose 5 mg/kg b.w. to the first group of experi-
mental animals (n = 12). The second group of animals (n = 12) was treated for 15 days with ena-
lapril (dose 5 mg/kg b.w. perorally) and furosemide (dose 10 mg/kg b.w. by inhalation). Furose-
mide was administered by Pari Boy nebuliser with baby mask, approximately 15 minutes. The
effect of enalapril and simultaneous administration of enalapril with furosemide on the cough
parameters was monitored in the intervals 3, 5, 8, 10, 12, 15 days. 

The results of this experiment were evaluated by Wilcoxon and Wilcox (10) method. 

RREESSUULLTTSS

During 15-days enalapril administration (5 mg/kg/day) the sensitivity of the cough reflex
was investigated by the method of a mechanical stimulation of the airways in non-anaesthetized
cats. Based on the results, in 3, 5, 8, 10, 12, 15 day of enalapril administration it was found that
a statistically significant increase of the number of cough efforts (NE) occured from laryngopha-
ryngeal and tracheobronchial mucous membrane of the airways (Fig. 1).

Simultaneous 15-days applications of the enalapril with inhaled furosemide (10 mg/kg/day),
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FFiigg..  11.. Changes in the number
of cough efforts (NE) from laryn-
gopharyngeal (LPh) and  tracheo-
bronchial (TB) area of the air-
ways of the non-anaesthetized
cats before enalapril administra-
tion (Control) and during 15-
days enalapril  administration.
The columns represent average
values, the dispersion is mean
error of average. Statistical sig-
nificance was calculated accor-
ding to Wilcoxon – Wilcox   test
( *p < 0,05, **p < 0,01).
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FFiigg..  22.  Changes in the number
of cough efforts (NE) from laryn-
gopharyngeal (LPh) and  tracheo-
bronchial (TB) area of the air-
ways before drug administration
(Control) and during 15-days
administration of  enalapril +
inhaled furosemide.
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FFiigg..  33.. The comparison of the
number of cough efforts from
laryngopharyngeal (LPh) and
tracheobronchial (TB) area of
the airways before drug admi-
nistration (Control), after 15-
days enalapril administration
and after 15-days administrati-
on of enalapril with inhaled
furosemide.
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in comparison to enalapril monotherapy resulted in the significant decrease of the number of the
cough from the laryngopharyngeal and tracheobronchial area of the airways (Fig.2). 

Fig 3. compares the changes in the number of cough efforts from laryngopharyngeal and
tracheobronchial region of the airways, during 15-days enalapril monotherapy, and during 
combined therapy enalapril with inhaled furosemide.

DDIISSCCUUSSSSIIOONN

In our experimental conditions, the 15 days application of enalapril in the dose of 5
mg/kg/day induced statistically significant increase in the parameters of a mechanically provo-
ked cough from laryngopharyngeal and tracheobronchial area of the airways. This negative influ-
ence on the respiratory tract, evoked by enalapril administration, was suppressed after the appli-
cation of enalapril with inhaled furosemide.

Taking into consideration the basic goal of applied ACE-inhibitors and in order to struggle for
elimination of their adverse effect to the respiratory system, our attention has been aimed at the
inhaled furosemide. Furosemide is a loop diuretic which alters ionic flux in other epithelial cells
and in other neuronal tissue by inhibiting the Na+2Cl-K+ co-transport (11). Furosemide has
a beneficial effect on modulation of the defence reflexes of the airways, and one of them has the
inhibitory effect on the cough response induced by the wide range of the stimuli. In experimen-
tal conditions, furosemide inhibited the cough induced by inhalation of low-chloride-content
solutions in guinea pigs (12). It has been suggested that furosemide may be acting indirectly,
perhaps by changing the concentration of Cl- - ions in pericilliary liquid and in this way is capa-
ble to alter the sensitivity of the cough receptors – RARs (rapidly adapting receptors) of the mye-
linated fibres and the endings of the unmyelinated C-fibres (13). In addition, furosemide inhibits
the cholinergic and noncholinergic-nonadrenergic transmission in the airways. Inhalation of
furosemide has been shown to be effective in preventing bronchoconstriction induced by several
stimuli such as exercise, allergens, bradykinin (14), cold air, metabisulphite, adenosine (15, 16),
leukotriene LTD4 (17). Bronchodilatory effect of furosemide could participate in the cough supp-
ressing activity of this substance. 

In our experiments, focused on the comparison of the number of cough efforts during 15-day
enalapril monotherapy and during 15 day inhalation of furosemide in enalapril treated animals,
we observed the significant decrease of the parameters of a mechanically induced cough after
combined therapy of enalapril with furosemide. This finding showed that inhaled furosemide is
able to suppress the enalapril induced cough. Because the mechanical irritation of the airways
is a relatively selective stimulus for the induction of cough by the rapidly adapting receptors (18),
our results confirmed the participation of RARs either in the production of the cough after ena-
lapril treatment or in the suppression of the cough reflex after furosemide inhalation.

In conclusion, our experimental data provide consistent evidence of negative respiratory effects of
ACE-inhibitors accompanied with increased incidence of mechanically induced cough. Simultaneous
application of inhaled furosemide with perorally administered enalapril showed that furosemide
unambiguously succeeded in the restriction of the respiratory adverse effects of ACE-inhibitors.
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AA bb ss tt rr aa cc tt
BBaacckkggrroouunndd:: Juvenile hyaline fibromatosis (JHF) is a rare autosomal-recessive hereditary disease. The typical clini-

cal features are nodules and tumors growing in the skin and soft tissues as well as hypertrophic gingiva. Most of JHF
patients have stunted growth, suffer from joint disorders, contractures, osteolytic lesions and have positive family his-
tory. This disease is frequent in children but it may be diagnosed in adult age. Only several cases of this disease have
been presented in the literature since Murray (13) described its first case.

PPuurrppoossee:: Complete description of clinical as well as histologic, immunohistologic and electron microscopic picture of
JHF in adult patient followed up for 7 years, presentation of not yet described skin lesions diagnosed in this JHF patient:
mixed panniculitis, clear-cell acanthoma, skin papillomas and fibromas, papillomatosis of the upper lip and rhinophyma.

RReessuullttss:: Clinical, histopathological and electron -microscopic descriptions of JHF case diagnosed in adult age and
followed up for 7 years are in agreement with published data.

Immunohistochemically the tumor cells showed positive immunoreactions for vimentin, alpha-1-antitrypsin, alpha-
1-antichymotrypsin and CD 68. There were negative reactions for lysozyme, actin, desmin and S-100 protein. The pro-
liferative marker PCNA was positive in minimum tumor cells (in less than 1 %).

CCoonncclluussiioonnss:: We describe a very rare disease of children found in an adult man who has been followed-up for 7
years. Dermatoses not previously described in JHF patients are presented. An interdisciplinary approach in treatment
of this patient improved his quality of life.

KK ee yy   ww oo rr dd ss :: juvenile hyaline fibromatosis, clinical picture, histopathology, immunohistochemistry, the quality of life.

CCAASSEE  RREEPPOORRTT

Two months after his birth, the patient developed contractures and he could not raise his
hands and stretch his legs. At the age of 2 he was hospitalized for arthrogryphosis and pro-
nounced hyperplasia of the epithelium around his wings of nose, behind his auricles, gingival
hyperthrophy and perianal fibromas. 

One year later, the patient was again hospitalized for plastic surgery of his gingiva. At the age
of 4 he was admitted to hospital with impetigo and retroauricular dermatitis. In this period due
to contractures of the large joints he was unable to stand or walk. He had plum-size tumors on
his head and chest. There was no sign of his mental retardation.

His parents are healthy, allegedly non-consanguineous persons, but their families come from
the same small village. The patient had one somatically normal sister who died of leukemia at
the age of 13. Two of his cousins were disabled, unable to walk and speak, they died at the age
of 14 (male) and 20 (female). 

PPHHYYSSIICCAALL  EEXXAAMMIINNAATTIIOONN  AANNDD  SSKKIINN  FFIINNDDIINNGGSS  

A 28-year-old male patient, 147 cm tall, weighing 31 kg (examined for the first time at the
Department of Dermatovenerology, JLF UK, Martin Faculty Hospital, in July 1994), was admit-
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ted to the hospital for signs of secondary impetigo on large areas of his trunk, abdomen and for
pachyderma on his limbs. Polymalformation syndrome with dominating signs of stunted growth,
severe arthrogryphosis with immobility, pronounced skeletal deformations, subcutaneous pain-
less tumors on the forhead, auricles, trunk (Fig. 1), knees and elbows, were noted. Only the
tumors in the places exposed to pressure were painful. The size of the lesions was from 2 x 2 to
10 x 5 cm. The tumors were firmly elastic, and in the occipital region they were hairless. There
were gross gingival enlargement with defective dentition, a large head, very fat complexion and
rhinophyma. There were papillomatous foldson the upper lip; the trunk was deformed; severe
scoliosis with osteoporosis of vertebrae was present; upper extremities were thin, with muscular
atrophy; and there were contractures in the arm, elbow and wrist joints. The fingers were defor-
med and thickened, with flexural contractures. There were contractures on the lower extremiti-
es; the upper leg were impressively thin, with pachyderma and pronounced lymphoedema of the
lower leg and feet. The nails were thickened and long. Size of male genital corresponded with the
patient’s age and there was lymphoedema of the scrotum. Smaller papillomatous tumors were
present in the genitofemoral and perianal regions. During hospitalization the patient was febri-
le, and developed painful, firm deposits on the anterior side of the thigh and in the region of the
knee. Mixed septal-lobular panniculitis was histologically confirmed. 

One year prior to his first admission he was on macrobiotic and vegetarian diet. Even though
he never attended school, he was able to read, his handwriting was very neat, and answers to
questions were sensible.

During his following six hospitalizations, growth of typical JHF nodules and tumors was
observed. In surgical removal of cutaneous and subcutaneous tissues, clear-cell acanthoma,
minor skin fibromas and papillomatosis of the upper lip were histologically proven.

EEXXAAMMIINNAATTIIOONNSS

From the complex laboratory and other clinical examinations we are presenting the following
ones: mild-degree anaemia with mild hypochromia, sideropenia and hypocalcemia which were
changed to normal during the first hospitalization. Increased inflammatory activity (FW, ASLO,
CRP, Muko, hypergamaglobulinemia), during the first hospitalization, was put to normal level.
Hepatic tests were normal. Sonographic examinations of the abdominal organs, thyroid gland
and parathyroid glands, lungs and heart did not show any pathological changes. Skin smear:
Staphylococcus aureus and Streptococcus pyogenes were found during the first hospitalization.
Analysis of the amino acids in the urine showed non-specific hyperaminoaciduria, serum glyci-
ne increased to the upper limit. Levels of organic acids and oligosaccharides were normal. Muko-
polysaccharides and creatine levels in urine reached the upper limits. Results of the urine and
blood examinations made in the Department of Hereditary Metabolic Disorders, VFN and 1st

LFUK in Prague did not confirm any disorder in urate metabolism. Normal male caryotype 46,XY
was confirmed in the cytogenetic examination.

Radiographic examination: Numerous tumors with large calcifications and pronounced ske-
letal changes (Fig. 2) as well as osteolytic deposits were observed. Scintigraphy of the whole body
showed centers of increased osteoblastic activities in the regions of big joints and active deposits
of ectopic ossification in the regions of head, trunk and neck.

Brain CT showed small ischemic deposit in the right periventricular aspect, mild brain atrop-
hy and in the right peritemporal and occipital aspects extracranial tumor masses in the soft tis-
sues. Ear examination showed otitis media chronica epitympanica. Eye examination showed
hypermetropia. 

During the patient’s hospitalization his painful and interfering tumors, papilomatous growths
and skin nodules were surgically removed, his teeth were repaired, skin impetiginization and
panniculitis were properly treated generally or locally. The quality of life of the patient was impro-
ved with diet containing meat and milk, through intensive nursing care providing psychic com-
fort, through at least partial improvement of self-care as well as through instructing his parents
how to take care of his skin.
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HHIISSTTOOLLOOGGIICC  FFIINNDDIINNGGSS

Histopathologic findings in numerous specimens from the skin tumors examined during all
the patient’s hospitalizations were similar. The epidermis was normal except from non-specific
inflammatory changes in it. Deep in the dermis, there were observed tumor masses which morp-
hologically showed potential growth and they were infiltrated with collagen. Tumor cells were
embedded in a homogenous eosinophilic substance with well-delimited fibrous elements in depo-
sits. Tumor cells, whose number was different in single excisions, had oval- shaped nuclei con-
taining finely dispersed chromatin. In some cells the nucleolus was quite well-delimited. Multi-
nuclear elements were also observed. The cytoplasm was quite abundant, slightly eosinophilic
and granular. Cytoplasmic membrane in some cells was clearly recognized, in others not. There
were numerous cells in the artificial peripheral halo. The ratio of the cell elements in the ground
substance varied among the single tumor excisions, and even within one tumor. Some parts of
the lesion were rich in cellular deposits, others in ground substance. In general, the older tumors
contained more ground substance. In the younger and newly developed tumors, numerous cells
were embedded in their periphery, while the cell populations in the centers were poor.

Other histologic characteristics included the finding of the amorphous or even osteoid sub-
stances in the margins as well as in the centers of deposits. Dilated blood vessels and non-spe-
cific, mostly chronic, inflammatory infiltrate of various intensity, with neutrophil detritus in
painful lesions, were also observed. Similar findings were obtained from the gingival tumor lesi-
ons, but also with much more severe inflammation present, with a few „cementicles“ and osteo-
id formation in the ground substance.

Special Histologic Methods
The amorphous ground substance was distincly PAS-positive and resistent to amylase diges-

tion. Alcian blue staining with pH 2.5 and 5.8 of different critical concentration was negative.
Metachromasia was occasionally observed in deposits with toluidine blue. Amyloid was negative
with Congo red and thioflavine T. Van Gieson stained pale orange and Giemsa stained pale pink.
Silver impregnation showed irregular, somewhere absent intertwining reticulum fibres. Elastic
fibres in Lawson method were absent or were very disorganized. Hemosiderin in Pearlson’s met-
hod was absent. With Kossa’s impregnation positive reaction particularly in the gingival excisi-
ons and rarely also in the skin excisions were seen.

Immunohistochemical Examination
Material in formalin and paraffin was processed against a panel of monoclonal and polyclo-

nal antibodies using positive and negative controls. The tumor cell showed positive immunore-
actions for vimentin (VIM) (Fig. 3), alpha-1-antitrypsin (AAT)and alpha-1-antichymotrypsin
(AACT) and CD 68 (Fig. 4) . There were negative reactions for lysozyme, actin, desmin and S-100
protein. The proliferative marker PCNA was positive in minimum tumor cells (in less than 1 %).

Marker p53 was negative. In the dilated capillaries the F-VIII positivity in endothelial cells was
normal. EMA and polyclonal cytokeratines were not detected. Laminin and collagen IV of the
basal membrane antigens were not present in the hyaline matrix. All antigens used, except for
S-100 protein (Biogenex), were produced by the firm DAKO.

Electron Microscopy
Tissue was fixed by immersion in 2 % glutaraldehyde in 0.1 M phosphate buffer at pH 7.2.

After washing in buffer, the tissue was postfixed in Buffered 0.1% OsO4 solution at pH 7.2. After
dehydratation in alcohols, the tissue was embedded in Durcupan (ACM-Fluka). The ultrathin
sections were stained with uranyl acetate and lead citrate.

Elongated fibroblast-like cells were found in the examined lesions. Most nuclei were oval-sha-
ped, with prominent nucleolus and deep nuclear membrane/envelope folds. The nuclear mem-
brane was marked by condensed chromatin. The cytoplasm showed dilated rough endoplasmic
reticulum cisterns and enlarged sacs of Golgi complexes containing amorphous material (Fig. 5).
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FFiigg..  11 Patient with tumorous skin lesions on the
head, auricles, neck and trunk.

FFiigg..  22 Dystrophic ossification in JHF. Right arm –
RTG picture.

FFiigg..  33 Elongated cells in JHF tumor lesion with
positive anti vimentin in the cytoplasm (DAKO).
Vimentin, 280 x.

FFiigg..  44 Round-shaped cells in JHF tumor lesion with
positive alpha-1-chymotrypsin, alpha-1-antichymo-
trypsin and CD 68 in the cytoplasm. CD 68, 280 x.



The cells were embedded in the ground substance. Clusters of collagen fibers went in various
directions. Concentric formations of density similar to calcium were found in the cytoplasm.

DDIISSCCUUSSSSIIOONN

JHF is a disease of connective tissue first described by Murray in 1873. It is also referred to as
puretic syndrome, system hyalinosis, disseminated painful fibromatosis, hyaline numerous juve-
nile fibromatosis (1), mesenchymal dysplasia (14). At present there are about 40 cases of this dise-
ase reported in literature (20) and the term of juvenile hyaline fibromatosis is preferred (6,9,12).

JHF is a disease of younger children. The skin signs start to appear usually between the 2nd

and 5th year of age (14). However, it can be diagnosed also in adult age (20, 3), which is confir-
med by our case. McKee (12) presents the cases of spontaneous regression of subcutaneous
tumors that cannot be confirmed by our case history and clinical observations. On the contra-
ry, during 7 years of our patient’s follow-up, we observed the occurrence of new nodules and
tumors.

This disease is ranked among hereditary diseases (4), which was confirmed also in the case
history of our patient. 

The onset of this disease in our patient is recorded in his case history when he was two
months old (contractures of limbs). At the age of four arthrogryphosis and hyperplasia around
his alae nasi, around postaurical folds and gingival hyperplasia were diagnosed. In spite of the
fact that we have no data from his previous histopathologic diagnosis, we suppose that they were
the first characteristic JHF changes, as stated also in literature (13). Tumors in our patient were
present on his forehead, auricles, scalp, knees, fingers and on his lower leg, i.e. typical locations
stated in literature.

The tumor lesions on the patient’s neck and back were painful which corresponds with their
descriptions by several authors (17). Because other lesions were never reported as painful, we
think that it is a secondary pain resulting from the pressure on the tumor’s tissue. According to
our patient’s information his tumors were inveterated and caused scarring. During our 7-year-
follow-up we did not observe such course of changes. Multiple osteolytic defects (5) reported in
radiological examinations were found in our patients especially in long bones and phalanges.

Hypochromic anemia and hyperproteinemia were reported in JHF by Puretic et al. (15) and
Aldred and Crawford (1), were found also in our patient. Neither hypoglycaemia nor long-lasting
diarrhea were present.
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Repeated infections are reported in patients with JHF. Impetigo and otitis media with fevers
before our patient’s first hospitalization were treated by his family physician with antibiotics.
Large skin impetiginization was probably due to poor hygiene resulting from limited mobility of
the patient. Examination of the renal secretion of calcium and phosphorus excluded hypercal-
curia as the cause of hypokalcemia, secondary hyperparathyreosis in renal failure, as well as
conditions with lower secretion (no effect) of parathyrin as the cause of ectopic calcifications.
JHF is not included among genetic disorders manifested in soft tissue calcifications (11). Histo-
logical findings excluded acquired forms of general, localised ectopic calcifications as well as neo-
plastic heterotopic ossification processes in the soft tissues (16). According to these findings,
our patient probably had dystrophic localised calcification (12). JHF is sometimes reported to
be accompanied by mental retardation (12). Our patient was found to be mentally subnormal
but this condition was ascribed to his social surroundings. This is in agreement with repor-
ted normal mental development in JHF patients which is considered to be a differential dia-
gnostic sign in relation to mucopolysacharidosis (7).

Diagnosis of this case was made in bioptic examination of the tumorous lesions in the sub-
cutis and gingiva. The figure we present corresponds with the descriptions of lesions from seve-
ral authors (9).

Negative alcian blue staining found by means of special methods we used contradicts the
slight positivity in matrix tumor lesions found by Chitala et al. (8) and the positive finding of
Remberger et al. (18). We think that the varied presence of acidic mucopolysacharides in the lesi-
ons depends on their location and age.

We did not find any results of immunohistochemical examinations of JHF tumor cells in the
literature. Remberger et al. (18) examined basal membrane for the presence of antigens. They did
not find positive laminin and collagen IV structures in the hyaline matrix which is in agreement
with our findings. Because of exprimation of vimentine by the cells of tumorous lesion they are
elements of mesenchymal origin. Presence of alpha-1-trypsin, alpha-1-antichymotrypsin and
CD 68, in the cytoplasm is not very important for differential diagnosis of the tumors in soft tis-
sues because they are detectable in various cell of tumor or non-tumor origin and are conside-
red as markers of monocyte-histocyte system (MHS) (19). Presence of AAT and AACT therefore
points to a possible MHS origin of the examined tumor cells. Proliferative activity (PCNA) is mini-
mum. It can be observed only in the cells excised from younger nodules. Our electron-microsco-
pic picture is in agreement with other data in the literature (2).

The other findings on the skin that we observed and diagnosed during 7-year- follow-up study
have not been described so far in the works on JHF we know.

We consider papilomatosis of the upper lip as well as papilomatous and fibromatous changes
in perianal and scroto-femoral regions rather as secondary (reactive) than primary responds to
poor condition of denture and hygiene.

In addition, in JHF it is rather difficult to differ the histologically sclerotizing fibroma from an
older tumor. After surgical removal of these tumors and nodules, they did not recur with proper
hygiene.

At least, clear-cell acanthoma was found by chance. The tumor of 1.5 cm in size was remo-
ved after its regression within JHF was diagnosed. Its histological and histochemical picture sho-
wed a typical epithelial changes (12).

This study was supported by a grant VEGA N. 1/8150/01
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TTUUMMOOUURRSS  OOFF  TTHHEE  BBRRAACCHHIIAALL  PPLLEEXXUUSS

VVIIKKTTOORR MMAATTEEJJČČÍÍKK
Neurosurgical Clinic, Comenius University, Medical Faculty, Bratislava, Slovak Republic

AA bb ss tt rr aa cc tt
SSttaarrttiinngg  ppooiinntt:: We are presenting the results of the operations of 5 patients to whom 5 tumours of the neural sheaths

of the brachial plexus were surgically removed with a micro-technique within a period of 11 years, from 1990 till 2001.
MMeetthhooddss:: 3 neurofibromas and 2 schwannoms were removed in 5 patients. Each tumour was originally from the

lower trunk. All of the three schwannoms had an intra-spinal spread compared to the schwannoms. 
We did not encounter any malignant neural sheaths tumours neither any other tumor, benign or metastatic malig-

nant, that did not have an origin in the neural sheaths, which would press on or infiltrate the plexus. 
We have evaluated the results according to a Donner’s (1) classification of the motoric and sensitive functions.

RReessuullttss:: The motoric functions have improved or remained unchanged in 3 patients (60 %). The results were great
in case of schwannoms. The motoric functions have improved in 2 patients with neurofibromas. 

CCoonncclluussiioonn:: The patients should be surgically treated on time, till the tumours don’t reach a greater volume and till
there is no neurological deficit. This should be performed in a workplace dealing with the problems of peripheral nerves. 

KK ee yy   ww oo rr dd ss :: brachial plexus, schwannom, neurofibroma. 

IINNTTRROODDUUCCTTIIOONN

Tumours of the neural sheaths of the brachial plexus are not common. There are only few
works concerning the surgical treatment (2, 3). Most neurosurgeons encounter only a few during
a lifelong practise. 

Kline published a first extensive series in 1983 (2). He has described 23 tumours of the brachi-
al plexus, 17 of which had an origin in the neural sheaths. The surgical treatment of these tumours
requires exact and perfect understanding of the pathological variations. Each element of the ple-
xus, which is in a close relation with the tumour, has to be identified. This work is presenting expe-
riences with a surgical treatment of the neural sheaths tumours of the brachial plexus.

MMEETTHHOODDSS

We have surgically treated 5 patients with tumours of the brachial plexus in the Neuro-
surgery Clinics in Bratislava from 1990 till 2001. There were 3 patients with neurofibromas and
2 patients with schwannoms of the brachial plexus. 

Tumours with an intra-spinal origin were not included to this study. All of the patients
were completely neurologically examined; they underwent a pre- and post-operation examinati-
on controlling the presence or absence of spontaneous local or evoked pain, weakness or ting-
ling. The evaluation of the results proceeded according to a five-degree Donner’s (1) classification
of the motoric and sensitive functions from the year 1994 (Table 1).

The tumours were completely removed in all patients using a micro-surgical technique. The
anaesthesia that would use means causing relaxation of muscles was not used and it was the-
refore possible to identify the motoric fascicles using a simple stimulation. A per-operation sti-
mulation and a record of NAP (nerve action potentials) during an EMG provide data that let us
sacrifice the fascicles entering and leaving the tumours when they are not functional. This ena-
bles to remove the whole mass of the tumour entirely.

Schwannoms of the plexus (2) were removed using a front approach – 1 case, or using
a sub-capsular approach. In cases, where a front and a rear approach had to be used – in pati-
ents with neurofibromas – the extra-spinal part of the tumour was removed in a co-operation
with a thoracic surgeon.
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The first step of the operation was an isolation and an identification of the adjacent elements
to prevent a possible damage. A tumour reduction was performed in 2 cases in order to simpli-
fy the dissection. 2 patients underwent a biopsy. 

Imaging examinations – MRI and CT scan – were performed in all patients. 

RREESSUULLTTSS

The characteristic feature of schwannoms in both cases is a poor neurological symptomato-
logy. The results of a surgical removal of schwannoms of the brachial plexus were great, there
was no worsening compared to the pre-operation condition (Table 2). The post-operation condi-
tion has improved in one patient; the condition of the other remained unchanged. 

The results of the operations of the neurofibromas of the plexus were less satisfactory. The
neurological finding has worsened in two cases out of three. 

Pain was present in any case. The Tinnel’s sign was present in patients with neurofibromas. 
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TTaabbllee  22::  Pre and post-operation motoric degree in patients with neural sheaths tumours of the brachial plexus. 

Postoperation Pre-operation motoric degree

motoric degree

5

4

3

2

1

0

TOTAL 1 3 1 - - -

TTaabbllee  11:: Neural sheath tumours of major nerves

Muscle strength and sensory grading system

Grade Evaluation Description

individual muscle grades

0 absent no contraction
1 poor trace contraction
2 fair movement against gravity only
3 moderate movement against gravity and some (mild) resistance
4 good movement against moderate resistance
5 excellent movement against maximal resistance

sensory grades

0 absent no response to touch, pinprick, or pressure
1 bad testing gives hyperesthesia or paresthesia; deep pain 

recovery in autonomous zones
2 poor sensory response sufficient for grip and slow protection; 

sensory stimuli mislocalized with overresponse
3 moderate response to touch and pinprick in autonomous zone; 

sensation mislocalized and not normal with some 
overresponse

4 good response to touch and pinprick in autonomous zones; 
response localized but not normal; no overresponse

5 excellent normal response to touch and pinprick in entire field 
including autonomous zones

5

1

-

-

-

-

-

4

-

2

-

-

1

-

3

-

-

-

-

1

-

2

-

1

-

-

-

-

1

-

-

-

-

-

-

* the number in the denominator means the number of neurofibromas

0

-

-

-

-

-

-

TOTAL

1

1/1

-

0/2

-

-



DDIISSCCUUSSSSIIOONN

The results of the surgical treatment depended on the size and type of the tumour. The results
were better in case of schwannoms and in case of neural sheaths tumours of smaller size. 

We have used a classification according to Russell and Rubinstein (4), which differenti-
ates two basic forms of the neural sheaths tumours: schwannoms and neurofibromas. 

– schwannoms: 1) solitary
2) multiple (Von Recklinghausen’s disease – VRD)
3) malignant

– neurofibromas:  1) solitary
2) multiple (Von Recklinghausen’s disease – VRD)
3) malignant

Schwannoms (neurilemmomas, neurinomas) are benign, soft, slowly growing tumours that do
not adhere to the skin or muscle. The average age of the patients was 43 years. The average size
was 80 mm. The average period since they appeared till the operation was 2 years. 

Neurofibromas of the plexus were oval, whitish-yellow, avascular and fusiform structures.
The average age of the patients was 29 years; the average size was 50 mm. The average period
since they appeared till the operation was 2 years.

First sign was a palpable tumor mass with a small or no neurological deficit. Tumours with
minimal pre-operation symptoms and signs were successfully removed without a greater neuro-
logical deficit. Our results are comparable with the results in the literature (1, 5, 6).

The decision to operate is generally based on an expected improvement of the condition.
Tumours of the neural sheaths have occurred in young and middle age. They were associated
with haemangiomas of the vertebrae of the spine in three cases. 

An EMG examination is able to provide an evidence of a neural lesion if it shows a retardati-
on or a conduction block in the nerve. If there are only few neural fibres impaired, the EMG exa-
mination may be normal (1, 7). 

CT scan and MRI examinations are efficient in the diagnostics of tumours of the plexus and
in the verification of the cystic changes that often accompany these tumours. 

MRI is able to show reliably not only the tumour and its capsule, but also nerves, from which
the tumour grows. 

We have not encountered malignant change or a recurrence. 
CCoonncclluussiioonn::  We have observed better results in case of schwannoms and the probability of

a morphological damage of the surrounding, continually running fascicles in benign schwan-
noms is smaller and they can be treated better with a micro-surgical technique. Neurofibromas
more often originate in the motoric fascicle or fascicles compared to schwannoms, which tend to
grow from the sheaths of sensitive nerves. 

In general, it is possible to say that if neurofibromas are operated early in their development, there
are less fascicles included and the dissection would be easier compared to large and older lesions.

Tumours with minimal pre-operation symptoms and signs were successfully removed without
a greater neurological deficit. 
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IInnssttrruuccttiioonnss  ttoo  aauutthhoorrss  ffoorr  mmaannuussccrriippttss  ssuubbmmiitttteedd  ttoo  
AACCTTAA  MMEEDDIICCAA  MMAARRTTIINNIIAANNAA

Journal Acta Medica Martiniana (AMM)  publishes original papers of high quality from med-
ical and biomedical sciences and from nursery, which have not been published yet, and will not
be submitted for publication elsewhere. The papers are published in English, non-native English
authors are responsible for the translation. The AMM is open access journal in print and online
versions (http://www.jfmed.uniba.sk).

The Editorial Board of AMM requires the treatments of manuscripts in accordance with
uniform requirements of biomedical journal editors (Vancouver, 1978 with the revisions  in
1997 and 2000): Uniform Requirements for Manuscripts Submitted to Biomedical Journals:

http://www.icmje.org./index.html

OOrriiggiinnaall  ppaappeerrss  iinn  eexxtteennssoo should not exceed 15 pages (including  references) and 5 figures
or tables or their combination. The manuscript has to be written double-spaced (30 lines and
maximum 60 keystrokes in a line per page) in the standard structure:

1. The title page (separately) should have the title of the article, full names of the authors, the
name of department(s) or institution(s), full address of the corresponding author (including the
phone, fax number and e-mail, if applicable).

2. Abstract (separately)  in the extent of 1 standard page. Three to five key words are append-
ed at  the end of the abstract page.

3. Introduction should introduce into the problem and state the purpose of the article. 

4. Methods should be complete to allow other workers to reproduce the results. Describe sta-
tistical methods. Indicate whether the procedure followed was in accordance with the ethical
standards and with the Helsinki Declaration from 1975 as revised on 1983.

5. Results: Present your results in logical sequence in the text, tables and illustrations.

6. Discussion: Emphasize the new and important aspects of the study, link the conclusions
with the presented goals of the study, relate the results to other relevant studies with a short
summary of results at the end.

7. References: All publication cited in the text should be presented in references. References
have to be numbered consecutively in the order in which they are first mentioned within the text.
Identify references in the text by Arabic numerals in parantheses. Use abbreviations of the jour-
nals according to Index Medicus (List of Journal Indexed in Index Medicus,
http://www.nlm.nih.gov).

Examples as follow (other examples are included on the web page being mentioned):

Article in Journal: Vega KJ, Puna I, Krevsky B. Heart transplantation is associated with risk
for pancreatobiliary disease. Ann Intern Med 1996? 124 (11): 980-3.

Books and other Monographs: Bond J. Ageing of spy. New York: Churchill Livingstone? 1999.

Chapter in a book: Phillips SJ, Whisnant JP. Hypertension and stroke. In: Laragh JH, Bren-
ner BM, editors. Hypertension: pathophysiology, diagnosis, and management. 2nd ed. New
York: Raven Press? 2001. p. 465-78.
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