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CHRONIC OBSTRUCTIVE PULMONARY DISEASE AND NUTRITION

·TEFAN KUJANÍK
Department of Physiology, Medical Faculty of P. J. ·afárik University, Ko‰ice, 

Slovak Republic

A b s t r a c t
This short review article deals with the relation between chronic obstructive pulmonary disease and some dietary

factors. Chronic airway obstruction is associated with decreased pulmonary function and an indicator of that decrease
is the forced expiratory volume in one second. Nutrition seems to be an important factor of the development of bronchi-
al obstruction and related diseases as well. The antioxidant vitamins, magnesium, fruit and vegetables, and ω-3 fatty
acids were found to have protective effects against bronchial obstruction or respiratory diseases. That effect is usually
more expressive in cigarette smokers.    

Supplementation by vitamins, some minerals and compounds with antioxidant activity is recommended in conditi-
ons due to inappropriate nutrition, exercise, stress, smoking, after loses due to vomiting and diarrhoe, during pregnan-
cy or lactation, in elderly. To increase the daily consumption of fresh fruits and vegetables, antioxidant vitamins such as
C, E and beta carotene, ω-3 fatty acids, stop smoking cigarettes, and minimize the environmental and occupational expo-
sure to pollutants and other agents that support respiratory diseases can be useful. 

K e y  w o r d s :  chronic obstructive pulmonary disease, sodium, magnesium, antioxidants, polyunsaturated fatty acids 

INTRODUCTION

Chronic obstructive pulmonary disease (COPD)  is a severe civilization disease. According to
the World Health Organisation approximately 1% of the total world population and 15-20% of
smokers suffer from COPD. It is a disease with very frequent occurrence of cardiac arrhythmias
(1, 2). Reduced pulmonary function and indicators of airway obstruction have been shown to be
strong predictors of mortality in those patients (3). Even mild reductions of pulmonary function
in nonsmokers have been linked to increased mortality (4). Smoking seems to be the major risk
factor for COPD but only a part of smokers develop the COPD. The negative effects resulting from
exposure to oxidants (cigarette smoke or air pollutants) and the defense by antioxidants has
been suggested to play a role in both the pathogenesis of airway obstruction and the link
between reduced pulmonary function and mortality (5). Studies of COPD patients show that they
with adequate nutrition intake or supplemental nutritional support have fewer hospitalizations
and a lower mortality rate than those with poor nutrition. The role of antioxidant vitamins and
other nutritional factors in protection against lung diseases such as COPD, emphysema and
bronchial asthma attracts considerable clinical interest. This review article highlights the mech-
anisms of affection of bronchial obstruction by dietary factors. 

1. CHRONIC AIRWAY OBSTRUCTION 

Chronic airway obstruction is associated with decreased pulmonary function and an indica-
tor of that decrease is the forced expiratory volume in one second (FEV1). COPD is an all-inclu-
sive and nonspecific term that refers to a defined set of breathing-related symptoms (chronic
cough, expectoration, exertional dyspnea) and is characterized by the presence of airflow
obstruction with a slow progressive decrease in FEV1. 

Emphysema is an abnormal permanent enlargement of the airspaces distal to the terminal
bronchioles, accompanied by destruction of their wallswithout fibrosis. Bronchial asthma is a
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chronic inflammatory airway disease in which various cells and cellular elements play a role.
That inflammation causes recurrent episodes of wheezing, breathlessness, chest tightness, and
cough. These episodes are usually associated with widespread but variable airflow obstruction,
often reversible. The inflammation also causes an associated increase of the existing bronchial
hyperresponsiveness to a variety of stimuli. There is an increasing evidence that inflammatory
processes play also a significant role in conditions summarized as COPD now (6). 

The use of outcomes such as COPD, bronchial asthma or chronic nonspecific lung disease in
epidemiological investigations is problematic because of the inconsistency in the criteria for def-
inition of those diseases (7, 8). 

2. INFLUENCE OF ELECTROLYTES ON COPD

a) Sodium
Sodium is important in many aspects of the regulation of smooth muscle tone. A diet with a

high salt content could predispose toward the development of airway disease, particularly airway
hyperreactivity (9). Sodium intake by food is able to act by changing the levels of endogenous
steroid or catecholamine release (10). Data from the study First National Health and Nutrition
Examination Survey (NHANES I) showed a positive association between the ratio of dietary sodi-
um to dietary potassium and the prevalence of self-reported bronchitis among adults. This asso-
ciation persisted after adjustment for intake of other nutrients, including serum vitamin C (11). 

b) Magnesium
Magnesium is involved in maintaining electric potential across cell membranes and may pro-

duce airway dilation (12). In the study conducted on 2,633 adults aged 18-70 years (13) it was
found that a 100-mg/day higher magnesium intake was associated with a higher FEV1. Age, sex,
height, atopy, calcium, vitamin C, and total energy intake did not modify this result substan-
tially. Magnesium was shown to relax airway smooth muscle in vitro, to bronchodilate asthma-
tic airways in vivo, to inhibit cholinergic neuromuscular transmission, to stabilize mast cells and
T lymphocytes, and to stimulate the generation of nitric oxide and prostacycline (13). A diet low
in magnesium could therefore be a risk factor for airway diseases. When chronic primary mag-
nesium deficiency coexists with obstructive bronchial disorders, it constitutes a decompensato-
ry factor. Atoxic nutritional magnesium therapy may palliate this coexistent magnesium defi-
ciency. Pharmacological magnesium treatment for obstructive pulmonary diseases is not very
efficient with low safety (14). 

3. INFLUENCE OF ANTIOXIDANTS ON COPD

Antioxidants are the first line of defense against oxygen - free radicals which are capable of
damaging cellular components. They are differently distributed in extra- and intracellular space.
The major antioxidant system available to cells during oxidative stress is that of free-radical-
scavenging agents. They are present in the intracellular and extracellular spaces and they act by
either eliminating oxidants or preventing their conversion to more toxic compounds (15, 16).
Antioxidants may act at different levels in the oxidation process – by scavenging initiating radi-
cals, binding metal ions, by scavenging peroxyl radicals or by removing oxidatively damaged bio-
molecules. Antioxidant defenses in the lungs are provided by endogenous enzyme systems and
nonenzymatic antioxidant compounds. The major enzymatic antioxidants are superoxide dis-
mutase which degrades superoxide anion, and catalase and the glutathione redox system inac-
tivating hydrogen peroxide (17). 

Lung function among adults is related to intake of antioxidants, particularly vitamin C.
Numerous studies dealt with consumption of fresh fruit or juice (18) and consumption of antiox-
idants using dietary questionnaires (11, 19), dietary interviews (20), or blood levels of antioxi-
dants (21). Several studies conducted on adults reported that vitamin C intake had a protective
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effect against decline in lung function (18, 21). In a study of 1,502 lifelong smokers and 1,357
current smokers (22) FEV1 was by 78 ml lower among subjects who did not take any fruit juice
or who ate fresh fruit less than once a week during the winter. However, total vitamin C intake
was not measured in that study. Both FEV1 and forced vital capacity were significantly related
to subjects` mean daily intakes of vitamin C and vitamin E (23). An increased vitamin C intake
of 40 mg/day was related to a 25-ml higher FEV1 and a 23.3-ml higher forced vital capacity. An
increase in vitamin E intake of 2.2 mg/day was associated with a 20.1-ml higher FEV1 and a
23.1-ml higher forced vital capacity. These results persisted after adjustment for age, sex, height,
mean allergen skinwheal diameter, and pack-years of smoking. The effect of vitamin C intake on
lung functions was slightly higher among current smokers and ex-smokers (23). The similar pos-
itive association between FEV1 and antioxidant vitamins (vitamin E, vitamin C, and some
carotenoids) were proved also by other studies. 

4. INFLUENCE OF POLYUNSATURATED FATTY ACIDS (PUFA, ωω-3 AND ωω-6 FATTY ACIDS)
ON COPD

The hypothesis that dietary fish intake may reduce the susceptibility to chronic airway dis-
eases is based on the observation that Inuit (Eskimo) populations had a very low prevalence of
asthma (24), whereas in most other populations asthma rates were increasing. While there are
many factors that distinguish traditional Inuit populations from a society with a Western
lifestyle, the effect of dietary fish intake, particularly intake of oily fish with a high ω-3 fatty acid
content, attract much interest. Some recent studies showed the impact of increased ω-3 fatty
acid and reduced ω-6 fatty acid in the diets of asthmatics (in more detailed in the review 9). The
decrease in the consumption ratio of ω-3:ω-6 fatty acids in the developed countries could be
related to an increase in allergic diseases (25). Nevertheless, no associations were found by sev-
eral authors between fish consumption and wheezing, chest tightness, or onset of asthma. 

Studies among children found a protective effect of fish intake on asthma incidence (review
article 9). Fish oil may exert its beneficial effect by reducing consumers` risk for allergic sensiti-
zation rather than by directly affecting their asthma. Most of the nonexperimental studies that
used fish intake did not account for other dietary sources of ω-3 fatty acids, such as canola and
flaxseed oils or that fish may be a source of potentially important nutrients other than ω-3 fatty
acids (9). 

Table 1.Criteria for causal inference of the influence of some studied factors (according to 29 – modified). 

CRITERIA

1. Temporal relation

2. Strength of the evidence (study design)

3. Magnitude of the effect

4. Dose-response relation

5. A priori hypothesis testing (was the study, at least in part, designed to investigate this hypothesis?)

6. Small number of hypotheses explored (how many hypotheses are investigated in each article and in related 
articles?)

7. Consistency across studies

8. Indirect evidence

9. Have other plausible competing hypotheses been ruled out? 



5. OTHER INFLUENCES ON COPD

Too many calories can cause excessive carbon dioxide production. High fat diets have been
advocated for patients with pulmonary disease, but fat may suppress the immune system and
have other harmful effects. Fortunately, several enteral manufacturers now have formulas avail-
able which have been specifically designed for persons with pulmonary disease. These formulas
are available for use as either a tube feeding or as an oral supplement. Each patient has differ-
ent needs and different risk factors. Determining the most appropriate nutritional support
requires a clear understanding of nutrition and of the connection between nutrition and breath-
ing. Nutrition acts at the cellular level. 

Enteral feeding is better than parenteral (advantages in cost, accessibility, safety, and main-
tenance of gut mucosal integrity and immune function), therefore it is necessary to provide it in
parenterally feeded patients as early as possible. It is necessary also to avoid overfeeding which
may lead to hypercapnia, fluid and electrolyte imbalances, acid-base problems, hyperglycemia,
cardiovascular overload and fatty infiltration of the liver. Avoiding cigarette smoking in the future
may help to slow the progression of COPD. 

Table 2. Examples of natural antioxidants and their division (15 – modified).

Groups Antioxidant molecules

A. Enzymatic antioxidants Cytochromoxidase, Superoxiddismutase, Catalase, 
Glutathionperoxidase, Peroxidases

B. Nonenzymatic high-molecule antioxidants Coeruloplasmin, Albumin, Ferritin

C. Low-molecule hydrophilic antioxidants Glutathion, Ascorbic acid, Ureic acid, Thiols (cystein),
Bilirubin (bound to proteins)

D. Low-molecule lipophilic antioxidants Tocoferols, Carotenoids, Ubichinol

Table 3. Daily required amounts of some antioxidants (according to several authors). IU – international units. 

Antioxidants Daily required amount Higher doses according to
according to several authors ëuraãková (15)

Vitamin C 50-100 mg in children 250-1,000 mg
60 mg in adult nonsmokers
100 mg in adults smokers 

Vitamin E 5-12 mg in children 100-400 IU
12-16 mg in adults

Beta-carotene 4.8-6 mg 10-30 IU

Selenium 20 mg in smaller children 80 µg for adult men
50-70 mg in adults 57 µg for adult women

CONCLUSIONS

Nutrition seems to be an important factor of the development of bronchial obstruction and
related diseases. The antioxidant vitamins, fruit and vegetables were found to have protective
effects on bronchial obstruction, although data are still rare. There is a space for further
research in this topic including infants and children to determine the impact of early nutrition
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on the respiratory function. A recommendation to the general population to consume more veg-
etables and fruits containing antioxidants is useful, because of lack of significant side effects.
Whether there is a benefit of slower decrease in pulmonary function from high vegetable, fruit,
or vitamin C intake also needs to be determined from longitudinal studies. On the other hand,
there are some studies on adverse effects of supplemental vitamins C and E intake (26, 27). 

Under some circumstances, magnesium, antioxidant vitamins and ω-3 fatty acids are able to
protect the lung against the development of COPD and that effect is usually more expressive in
cigarette smokers. Supplementation by vitamins, minerals and compounds with antioxidant
activity is recommended for conditions caused by inappropriate nutrition, exercise, stress, smok-
ing, loses by vomiting or diarrhea, during pregnancy or lactation, and in elderly. Daily intake of
antioxidants from natural resources is the best solution. To increase the daily consumption of
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OXIDANT EXPOSURE
(Cigarette smoke, environmental noxious substances and air pollution, systemic oxidants)

THE LUNGS
Inflammation, Infection
and Cytokine release

Direct effects
• Lipid peroxidation
• Cell Membrane Sulfhydryl

Group Oxidation
• Arachidonic Acid Release

Antioxidant
Deficiency

Inactivation of 
Antiproteases

Depletion of
Antioxidants

Oxidative Stress

LUNG INJURY
IMPAIRED LUNG GROWTH AND FUNCTION

Figure 1. Mechanisms of oxidative stress-induced lung injury. Oxidant exposure from various sources can induce
numerous reactions that lead to antioxidant depletion followed by oxidative stress, lung injury and impaired lung
function (modified figure of 29). 



fresh fruits and vegetables, to stop smoking cigarettes, and to minimize the environmental and
occupational exposure to pollutants and other agents that cause respiratory disease (9) can be
useful. The dietary factors can not only influence COPD but some patients with COPD may have
alterations in taste that are associated with weight status and/or biochemical status (28). 
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INVOLVEMENT OF 5-HT1A RECEPTORS IN THE CENTRAL
CARDIOVASCULAR REGULATION IN NORMOTENSION AND DURING

CONTROLLED, STEPWISE HAEMORRHAGIC HYPOTENSION IN RATS –
STUDIES WITH NAN-190

JERZY JOCHEM, GRZEGORZ TELEGA, KRYSTYNA ˚WIRSKA-KORCZALA, ANNA SITKIEWICZ
Department of Physiology, Medical University of Silesia, Zabrze, Poland

A b s t r a c t
Background and aim: The serotoninergic system is involved in the central cardiovascular regulation in haemorrha-

gic hypotension. Recent studies demonstrate that it may belong to mechanisms initiating the sympathoinhibitory phase
of cardiovascular responce in haemorrhagic shock. The study was undertaken to determine the role of 5-HT1A receptors
in cardiovascular regulation in normotension and in a model of blood volume/blood pressure-controlled haemorrhagic
hypotension in rats.

Methods: Studies were performed in normovolaemic ethylurethane-anaesthetised male Wistar rats treated intrace-
rebroventricularly (icv) with 5-HT1A receptor antagonist NAN-190 (5-15 µg) or saline (10 µl). In separate groups of rats,
after treatment with NAN-190 (15 µg; icv) or saline, blood was withdrawn from the right femoral vein to stepwise reduce
mean arterial pressure (MAP) to 60, 40 and 20 mmHg. Each bleeding period lasted for 5 min, and at the end of that peri-
od the bleeding volume was determined.

Results: In normovolaemic animals, NAN-190 did not produce significant changes in MAP, heart rate (HR) and renal,
hindquarters and mesenteric blood flows. In contrast, NAN-190 (15 µg; icv) increased blood volumes necessary to indu-
ce hypotension of 40 and 20 mmHg, without influence on HR. 

Conclusion: The study demonstrates that the serotoninergic system may influence the central cardiovascular regu-
lation during pronounced haemorrhagic hypotension, via 5-HT1A receptors, probably as a result of compensatory
mechanisms inhibition.

K e y  w o r d s : NAN-190, serotoninergic system, cardiovascular regulation, hypotension, rats 

INTRODUCTION

There are two phases of integrated neural and humoral response to acute blood loss in
mammals (1, 2). An initial phase, so-called sympathoexcitatory phase, results from a reflex reac-
tion from arterial baroreceptors of systemic circulation and/or low-pressure cardiopulmonary
receptors. There is an increase in heart rate (HR) and vascular resistance of musculocutaneous
and splanchnic vascular beds in this phase, due to an activation of the sympathetic system (1).
After a loss of 20-35% of total blood volume and critical reduction of central blood volume, the
second phase, so-called sympathoinhibitory phase, develops (2). Despite an activation of
humoral compensatory mechanisms, such as the release of arginine vasopressin (AVP) and
adrenaline as well as the activation of the renin-angiotensin system, there is a fall in mean arte-
rial pressure (MAP) due to a decrease in total peripheral resistance in this phase (1, 2). This effect
is due to a rapid decrease in the sympathetic system activity (1).

The function of the cardiovascular centre neurons during critical hypotension depends on a
balance between opioidergic and non-opioidergic systems in the central nervous system (3-5).
Endogenous opioid peptides, acting via δ1 receptor, inhibit an acivity of the cardiovascular cen-
tre neurones (3). In contrast, many non-opioid neurotransmitters, including ACTH and many
ACTH-fragments (6), CCK peptides (7), thyrotropin-releasing hormone (8) and histamine (9-10),
at doses that show little or no activity under normal conditions, demonstrate a resuscitating
action. Moreover, it is suggested that the serotoninergic system may contribute to the develop-
ment of the sympathoinhibitory phase of regulation in haemorrhagic shock, since methysergide,
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the 5-HT1/5-HT2 receptor antagonist, prevents the sympathoinhibitory phase of the response to
simulated haemorrhage in conscious rabbits (11).

The present paper, a continuation of previous studies on cardiovascular regulation in haem-
orrhagic shock (12-13), demonstrating an involvement of 5-HT1A receptors in the central cardio-
vascular regulation in normotension and during stepwise haemorrhagic hypotension in rats.

METHODS

Male Wistar rats each weighing 230-250 g (5-6 months old) were used in all experiments.
Animals were housed five per cage, in controlled conditions of temperature (20-22°C), humidity
(60-70%), lighting (12 h light/dark cycle) and they were provided with food and water ad libitum.
The Ethical Committee of the Silesian Medical University approved all procedures. 

For icv treatment, rats were prepared 5-7 days before an experiment by implantation of poly-
ethylene cannula into the brain right lateral ventricle (9) under ketamine/xylazine (100
mg/kg/10 mg/kg; ip) anaesthesia. Animals were then kept in individual cages until the time of
an experiment. All icv injections were peformed in a volume of 10 µl over 60s period and the cor-
rectness of injections was verified as described previously (9). 

In the day of an experiment, after induction of general anaesthesia with ethylurethane (1.25
g/kg; ip), rats were implanted with catheters filled with heparinized saline (300 IU/ml) into the
right carotid artery and the right jugular vein. 

MAP and HR were recorded by the pressure transducer RMN-201 (Temed, Zabrze, Poland)
and an electrocardiograph Diascope 2 (Unitra Biazet, Bia∏ystok, Poland), respectively.
Electromagnetic probes (Type 1RB2006, Hugo Sachs Elektronik, March-Hugstetten, Germany)
were implanted around right renal and superior mesenteric arteries to monitor renal (RBF) and
mesenteric (MBF) blood flow, and around the distal abdominal aorta, below the level of the ileo-
caecal artery, to monitor perfusion of the hindquarters (HBF) using Transit Time Flowmeter Type
700 (Hugo Sachs Elektronik, March-Hugstetten, Germany) (12-13). All measurements of blood
flow were started after a 30 min adaptation period to avoid influences of probe implantation. 

To study cardiovascular effects of the central 5-HT1A receptors, NAN-190 (5-15 µg; icv) was
injected in three groups of normotensive rats, and MAP and HR changes were monitored within
1 h after treatment.

To produce standardised haemorrhagic hypotension, according to the method of Sándor et al.
(14), blood was withdrawn from the right femoral vein into the calibrated cannula to stepwise
reduce MAP to 60, 40 and 20 mmHg. Each bleeding period lasted 5 min and MAP was kept con-
stant at the predetermined level by taking more blood away or reinfusing some. At the end of
each period, the bleeding volume was determined with an accuracy of 0.1 ml. Five minutes
before beginning of bleeding, rats were injected with NAN-190 (15 µg; icv) or saline.

Body temperature was monitored by a rectal thermometer and maintained at 36.5-37.5°C
using the heating lamp throughout an experiment. All experiments were performed between 8
a.m. and 2 p.m.

Following drugs were used: NAN-190 [1-(2-methoxyphenyl)-4-(4-phthalimidobutyl)piper-
azine], xylazine hydrochloride (Research Biochemicals Inc., Natick, MA, USA), ethylurethane
(Riedel-de Haën, Seelze, Germany), ketamine (Gedeon Richter, Budapest, Hungary) and heparin
(Polfa, Warszawa, Poland). All drug solutions were prepared fresh at the day of an experiment.

All data are presented as means ± SD with P < 0.05 considered as the level of significance.
Statistical evaluation was performed by one-way analysis of variance (ANOVA) followed by
Student-Newman-Keuls test.

RESULTS

Pre-haemorrhage MAP and HR values in the saline-treated control group were 85.3 ± 4.8
mmHg and 322 ± 15 beats/min, respectively. Initial RBF, HBF and MBF in the saline-treated
control group were 6.68 ± 1.03 ml/min, 8.53 ± 1.23 ml/min and 7.46 ± 1.22 ml/min, respec-
tively. There were no differences in initial MAP, HR and regional blood flows between all groups.
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Cardiovascular effects of NAN-190 in normotensive rats
In normotensive anaesthetised rats, NAN-190 (5-15 µg; icv) did not influence MAP, HR and

regional blood flows (data not shown).

Influence of NAN-190 on bleeding volumes necessary for stabilisation of graded hypotension of
60, 40 and 20 mmHg

Table 1 presents bleeding volumes necessary to induce hypotension of 60, 40 and 20 mmHg
after NAN-190 and saline injections.

In the control icv saline-treated group, bleeding volumes required to reduce MAP to 60, 40
and 20 mmHg were 0.61 ± 0.21, 1.23 ± 0.25 and 2.48 ± 0.24 ml/100 g body weight, respective-
ly. A dosage of 15 µg of NAN-190 significantly increased bleeding volumes necessary to induce
hypotension of 40 (P < 0.05 vs. the control group) and 20 mmHg (P < 0.01 vs. the control group),
while it did not influence the bleeding volume required to reach hypotension of 60 mmHg. 

HR changes associated with induction of graded hypotension after treatment with NAN-190
and saline

In the control group, the consecutive bleeding periods were associated with the decrease in
HR, values were 16.4 ± 5.7%, 26.9 ± 7.3% and 42.1 ± 14.3%, respectively. Treatment with NAN-
190 did not produce any significant differences in HR in comparison to the control group (data
not given).

Table 1. Effects of NAN-190 on bleeding volumes required to reduce MAP to 60, 40 and 20 mmHg in rats. Data are
represented as mean ± SD, six animals per group. * P < 0.05, ** P < 0.01 vs. the saline-treated group

Blood volume (ml per 100g of body weight)

Treatment 60 mmHg 40 mmHg 20 mmHg

Saline (10 µl; icv) 0.61 ± 0.21 1.23 ± 0.24 2.48 ± 0.26

NAN-190 (5 µg; icv) 0.53 ± 0.22 1.53 ± 0.19* 2.91 ± 0.24**

DISCUSSION

Results of the present study reveal that NAN-190, a selective 5-HT1A receptor antagonist, does
not influence MAP and HR in normotensive anaesthetised rats. In contrast, studies based on the
blood volume/blood pressure-controlled model of stepwise haemorrhagic hypotension demon-
strate that NAN-190 produces an increase in blood volumes required to induce hypotension of
40 and 20 mmHg.

Administration of exogenous serotonin, its precursors, receptor agonists/antagonists and
agents depleting brain serotonin are generally accepted pharmacological methods used to study
biological effects of the serotoninergic system. Serotonin does not cross the blood-brain barrier
and thus its brain content depends on de novo synthesis within neurones. The precursor, L-tryp-
tophan, is converted by tryptophan hydroxylase to 5-hydroxytryptophan which is metabolised to
5-HT by ubiquitous L-aromatic aminoacid decarboxylase.

Stimulation of 5-HT1A receptors with selective agonists 8-OH-DPAT and MDL 73005EF leads
to hypotension and bradycardia in normotensive and critically hypotensive rats (15). The central
8-OH-DPAT-induced depressor effect may occur from diminished central sympathetic outflow
(16), activation of postsynaptic receptors in the ventrolateral medulla (17) or activation of 5-HT1A
receptors in the dorsal raphe nucleus (18). On the other hand, after peripheral administration of
NAN-190, there is a decrease in MAP, which is a result of antagonism of vascular α1-adrenocep-
tors (19).

Our results demonstrate that central administration of NAN-190 does not influence cardio-
vascular parameters in normovolaemia, however, there is a decrease in blood volumes necessary
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to induce hypotension of 40 and 20 mmHg. Therefore, these results suggest that in conditions
of disturbed circulatory homeostasis, 5-HT1A receptors are involved in the central cardiovascular
regulation.

On the other hand, previous results from our laboratory demonstrate that stimulation of 5-
HT1B receptors with CGS-12066A administered icv produces a dose-dependent decrease in MAP
and HR in normotensive anaesthetised rats (20). The mechanism of the depressor effect of CGS-
12066A is associated with the decrease in renal hindquarters and mesenteric vascular resist-
ance and increase in RBF, HBF and MBF. Effects of 5-HT1B receptor stimulation are similar to
those obtained after 5-HT1A receptor agonists stimulation that are suggested to be involved in the
initiation of the sympathoinhibitory phase of regulation in hypovolaemia (1). Moreover, our
results demonstrate that in a rat model in which the blood pressure – blood volume relationship
can be assessed, CGS-12066A evokes a decrease in volumes of blood required to induce
hypotension of 40 and 20 mmHg. Therefore, it is suggested that serotonin, acting via 5-HT1B
receptors, decrease the stability of the cardiovascular system and it may participate in the initi-
ation of the sympathoinhibitory phase of response to blood loss.

Recent study by Pelaez et al. demonstrates that a severe haemorrhage (40-50% of total blood
volume) which leads to hypotension and profound bradycardia, is associated with an activation
of serotonergic neurones within the subependymal parapyramidal nucleus of the medulla oblon-
gata (21). It is suggested that a reduced sympathoexcitatory drive from the rostral ventrolateral
medulla may contribute to haemorrhage-induced sympathoihibition. Moreover, haemorrhage
leads to an increase in 5-HT and its metabolite 5-hydroxyindoleacetic acid release in the region
of the subfornical organ. Thus, serotonergic pathways leading from the dorsal raphe nucleus to
the subfornical organ may relay an activation of the peripheral baroreceptors to the subfornical
organ neurones, which results in enhanced excitability, indicating an involvement of these path-
ways in the regulation of cardiovascular function in hypotension (22). 

In summary, present results demonstrate that inhibition of 5-HT1A receptors in anaesthetised
rats produces an increase in blood volumes required to induce hypotension of 40 and 20 mmHg.
These results indicate an involvement of 5-HT1A receptors in the maintenance of cardiovascular
system stability in haemorrhagic shock. 
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A b s t r a c t
To affect an increased platelet activation is nowadays an attractive therapeutic objective in the treatment of arterial

hypertension with an aim to stop the progression of atherosclerotic process, enable its regression and prevent a rise of
secondary complications of hypertension.

In the article, we evaluate a relevance of platelet function measurement using platelet markers in patients with
essential hypertension (EH). The β-thromboglobulin (BTG) plasma level was significantly increased in patients with EH.
BTG level was increasing according to the EH stage. Also other factors can participate in the increased plasma BTG level
in patients with EH, e.g. impaired  BTG elimination  in patients with renal dysfunction. The increased level of platelet
factor 4 (PF4) in relation to the stage of hypertension was less expressed. A considerable elevation of the PF4 plasma level
was detected only in patients with EH stage III. On the basis of these results, we can assume an increased platelet acti-
vation in patients with EH. The effect of essential hypertension on the platelet activation can be evaluated by measuring
the increased release of both BTG and PF4 from platelet a granules.

K e y  w o r d s : Essential hypertension (EH), platelet markers, β-thromboglobulin (BTG), 
platelet factor 4 (PF4)

INTRODUCTION

Cardiovascular diseases are currently one of the most serious health care problems, since
they participate in a great extent in a temporary and permanent invalidity and overall  mortali-
ty as well (1). High blood pressure plays an important role in pathogenesis of vascular cerebral
episodes and contributes to the complications of ischemic heart disease (2). Nowadays, it is well
known that the majority of cardiovascular diseases is connected with an increased platelet activ-
ity (3, 4, 5).

Platelet markers are molecules, mostly proteins, that are released into the circulation
during platelet activation and they belong to the so called molecular markers of hemostasis. They
are detected by enzyme-linked immunoassay (ELISA). Introduction of the molecular markers of
hemostasis among examination methods represents an important progress in the knowledge of
physiology and pathophysiology of hemostasis. At the same time, it enables to  evaluate the  acti-
vation of  platelets in different diseases (6, 7).

In our article we evaluate the activity of platelets using the platelet markers in patients with
arterial hypertension. The objective is to point out their diagnostic significance and bring an
interpretation of the results toward to the clinical practice.

MATERIAL AND  METHODS

Venous blood samples were drawn in resting and fasting conditions into DIATUBE H, con-
taining 0.109 M solution of sodium citrate, citric acid and mixture of platelet aggregation
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inhibitors (dipyridamol, adenosine, theophylline). The samples were centrifuged (5 minutes at
3000 G) and tested immediately or stored at -70°C until assayed. All platelet markers were meas-
ured by ELISA using commercial kits (Asserachrom, Asnieres, Diagnostica Stago). All study
activities performed were in consistency with ethical norms and Helsinki Declaration (1975, revi-
sion 1983).

Statistical analysis: Medians and the 25th and 75th percentiles were calculated for all the
measurements in each group. The non-parametric Mann-Whitney test was used for comparisons
between the two groups. Analysis of variance (ANOVA) was used to compare more than two
groups of data. Significance was defined as p<0.05.

RESULTS

Tab. 1.  Platelet markers in controls and patients with essential hypertension 

Platelet markers (BTG, PF4) in a control group of healthy individuals

N Median Range

BTG (ng/ml) 20 37.6 (28.3-49.5)

PF4 (ng/ml) 20 4.5 (3.2-6.3)

Platelet markers (BTG a PF4) in patients with EH WHO I.             

N Median Range

BTG (ng/ml) 20 83.4 (31.2-139.0)

PF4 (ng/ml) 20 29.3 (8.7-51.8)

Platelet markers (BTG a PF4) in patients with EH WHO II.

N Median Range

BTG (ng/ml) 29 101.8 (60.2-143.6)

PF4 (ng/ml) 29 41.5 (17.3-95.1)

Platelet markers (BTG a PF4) in patients with EH WHO III.

N Median Range

BTG (ng/ml) 51 157.2 (91.4-223.8)

PF4 (ng/ml) 51 84.0 (26.8-172.6)

Abbreviations: N – number of patients, BTG – β (beta) thromboglobulin, PF4 – platelet factor 4; Range = values
between 25th and 75th percentiles

Notes: Analysis of the platelet markers values (BTG a PF4) in patients with EH WHO I, II, III and in a control
group of healthy individuals:

1. Significantly increased  BTG values in patients with EH WHO I compared to a control group (p < 0.05).
2. Significantly increased BTG level in patients with EH WHO II compared to a control group (p < 0.01).
3. Significantly increased BTG values in patients with EH WHO III EH compared to WHO II patients (p < 0.01),

also compared to EH WHO I patients  (p < 0.005) and mainly in comparison with a control group (p < 0.00001).
4. Significantly increased PF4 values in patients with EH WHO III compared to EH WHO I patients (p < 0.05) and

in comparison with a control group (p < 0.001).
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DISCUSSION

Platelet activity is a result of stimulation and inhibition by active substances, occurring  in
blood circulation or produced locally by a vascular endothelium (8, 9, 10).

In the last 20 years were gathered many pieces of information that point to the key role of
platelets in an origine and development of atherosclerosis (3, 7). This is the reason for our pres-
ent increased interest in platelet dysfunction as one of the possible causes of cardiovascular
morbidity in hypertensive individuals.

BTG and PF4 are proteins of platelet a granules, released into the surroundings during the
platelet activation. BTG and PF4 plasma levels measurement is hence a suitable indicator of the
platelet activity assessment in vivo. BTG together with PF4 are considered as the most specific
markers of an intravascular activation and release reaction of platelets (3, 9, 11).

Increased BTG and PF4 levels in hypertensives depend on the stage of hypertension (12).
Elevated platelet activity can be related to an increased sympathoadrenal activity. It is possible
that the sympathetic nervous system activation in hyperadrenergic hypertensive individuals
results in high levels of endogenous catecholamines and may lead to the increased platelet activi-
tion and more profound release reaction (12). Elevated activation of platelets already in early
stages of hypertension was sustained by several authors (5, 12, 13).

The above mentioned facts were also confirmed by the results of examined levels of the
platelet markers in our patient groups. We proved increased BTG levels in all groups of patients
with EH, classified according to WHO into patients with EH WHO I, II, III. The elevation of BTG
levels was closely related to the stage of hypertension. BTG level increased simultaneously with
an increasing stage of hypertension. Differences in PF4 levels in patients with essential hyper-
tension were less expressed. We detected a considerable increase of PF4 levels only in patients
with essential hypertension WHO III.
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SHOULD THE PATIENTS WITH ALLERGIES, ASTHMA AND OTHER
RESPIRATORY CONDITIONS BE PROTECTED BY PREVENTIVE

VACCINATION AGAINST INFLUENZA AND PNEUMOCOCCAL INFECTIONS?
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A b s t r a c t
Vaccination against infectious diseases ranks among the most efficient and cost benefit achievements of medicine of

the recent centuries. The authors carried out the survey with the aim to ascertain the vaccination coverage with the flu
and pneumococcal vaccines among the patients with selected risk factors (65 years of age and more, chronic disease of
respiratory, cardiovascular or uropoietic system, metabolic disorders including diabetes mellitus, disorders of immunity
including asplenia) predisposing them to increased probability of invasive infections. Anonymous questionnaire data
were collected during the first week of November 2003 from patients of the Outpatient Department of Immunology and
Allergology of the Martin Faculty Hospital. The sample consisted of 113 patients of whom 94 (83.2%) had in their histo-
ry at least one risk factor. An overwhelming majority of them - 89 (94.7%) have never received influenza nor pneumoco-
ccal vaccine in the past. There were 3 patients (3.2%) with the history of previous vaccination against influenza and 2
patients (2.1%) were vaccinated with both flu and pneumococcal vaccines in the past. None of the patients received sole-
ly pneumococcal vaccine.

Both pneumococcal and influenza vaccines are well tolerated, effective and for the above mentioned risk groups the
vaccination is covered by health insurance. In order to decrease morbidity and mortality caused by respective infections,
they should be strongly recommended to all chronically ill and elderly individuals. 

K e y  w o r d s : pneumococcus, influenza, vaccination, allergy, asthma, prevention

INTRODUCTION

Vaccination against infectious diseases ranks among the most efficient and cost benefit
achievements of medicine of the recent centuries. Thanks to it some diseases are now complete-
ly eradicated (smallpox) and some are, in the countries with high vaccination coverage, liquidat-
ed (e.g. diphtheria, tetanus, whooping cough, measles, rubella etc.) or on the way to eradication
(poliomyelitis) (1).

Slovakia belongs to the countries with the highest vaccination coverage of children in the
world and, thanks to it, it ranks among the countries with the lowest incidence of vaccination-
preventable infectious diseases.

The list of available vaccines is being constantly enriched by new vaccines e.g. against
Haemophilus influenzae – Hib, Hepatitis B virus – HBV, Hepatitis A virus – HAV, Pneumococcus
(23 most important strains), Meningococcus (A, C, Y, W-135 strains), Influenza virus (2).

Simultaneous vaccination reduces the number of necessary shots, however, it, at the same
time, emerges concerns about the overload of immune system and possible complications (3). On
the other hand, however, similarly as in other developed countries, the number of immunocom-
promised patients is constantly growing (polyvalent allergies, malignancies, autoimmune dis-
eases, babies with low birth weight, primary and secondary immunodeficiencies), which requires
special vaccination approach.

In addition to general contraindications listed in official guidelines of ACIP (Advisory
Committee for Immunization Practices) (4), in special cases the decision whether to vaccinate or
not lies in the hands of the physician in charge of vaccination who should weigh the risk of possible
post vaccination complications against the risk of non-vaccination (3). The organism of an aller-
gic patient is under the higher risk of intercurrent infections and their complications than are
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the risks of the lege artis vaccination. However, in our experiences and in consonance with other
authors, allergics should be vaccinated in stabilized condition (without the signs of bronchial
obstruction, eczema, rhinitis etc.), if possible outside their “allergic season” when the worsening
of their condition after vaccination need not necessarily be in causal association with vaccina-
tion (e.g. when the patient after vaccination visits the environment full of his/her allergens). In
allergics it is recommendable to administer antihistaminics before and after vaccination, in
selected cases also oral corticosteroids (antiallergic praparations).

The authors carried out the survey with the aim to ascertain the vaccination coverage with
the flu and pneumococcal vaccines among the patients with selected risk factors predisposing
them to increased probability of developing life-threatening invasive infections. That can result
into death or severe illness requiring intense in-patient high-cost treatment (5-12). However,
despite that, invasive infections carry high case-fatality rate reaching 40-60% (13).  

PATIENTS AND METHODS

In the first week of November 2003, anonymous questionnaire data were collected from
patients of the Outpatient Department of Immunology and Allergology of the Martin Faculty
Hospital. Included were all the patients that were examined at the above mentioned department
during the selected week. Questionnaire consisted of 10 questions regarding vaccination against
flu and pneumococcal infections as well as the history of the risk factors indicating them for vac-
cination (65 years of age and more, chronic disease of respiratory, cardiovascular or uropoietic
system, metabolic disorders including diabetes mellitus, disorders of immunity including asple-
nia). Questionnaires were filled in directly at the Department and supervised by the nurse.

The obtained data were processed by Microsoft Excel. Percentage together with 95% confi-
dence intervals were calculated. Statistical tests for difference were determined by comparing the
range of 95% confidence intervals for each estimate, at the p=0.05 level.

RESULTS

The sample consisted of 113 patients of whom 94 (83.2%) had in their history at least one
risk factor. An overwhelming majority of them - 89 (94.7%; 95% CI 90.2-99.2%) have never
received influenza nor pneumococcal vaccine in the past. There were 3 patients (3.2%; 95% CI
0.0-6.8%) with the history of previous vaccination against influenza and 2 patients (2.1%; 95%
CI 0.0-5.0%) were vaccinated with both flu and pneumococcal vaccines in the past. None of the
patients received solely pneumococcal vaccine.

Neither of 19 patients (16.8%) without any of the followed risk factors was ever vaccinated
agains influenza or pneumococcal infection in the past. 

DISCUSSION

Information of the general public as well as medical personnel on the possibility of vaccina-
tion against pneumococcal infection is still very poor, which is evidenced by very low vaccination
coverage in the risk groups of patients. The number of vaccinated against influenza is slightly
higher compared to pneumococcal vaccine, however, this difference is not significant. Despite
mild increase in the vaccination coverage against influenza and pneumococcal diseases in recent
years, only a small number of elderly and chronically ill patients is protected by vaccination. This
is despite the fact that, according to the Slovak legislation, they are entitled to protection by
means of vaccination free of charge.

The question arises: How to improve the situation in this field? Considering the results of our
study, we came to the conclusion that to improve the information of the general public as well
as health workers on vaccination against pneumococcal infections and influenza needs first of
all to change the attitude of GPs and hospital medical staff on vaccination in general, and to pri-
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oritize the protection of the risk groups against pneumococcal infections and influenza in par-
ticular. The second step could be to intensify the impact of media in the field of immunisation in
general, and to face effectively the anti-propaganda against vaccination misusing the unbased
arguments against vaccination as such.

Both pneumococcal and influenza vaccines are well tolerated and effective in allergic as well
as asthmatic patients. Both of them contain selected purified antigens of the killed microbes, and
therefore they are safe even when administered to immunocompromised subjects. On the con-
trary, in order to decrease morbidity and mortality, they should be strongly recommended to all
chronically ill and elderly individuals. 

Vaccination proves to be an effective tool in prevention of the infections that often lead to
exacerbation of their atopic and asthmatic conditions. 
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A b s t r a c t
The objective of the study was to ascertain if the estradiol-progesterone substitution used for the preparation of endo-

metrium which has been shown to elicit supraphysiological levels of circulating progesterone may also induce demon-
strable changes in the ultrastructural morphology of human secretory endometrium which is characterised by three pro-
gesteron-dependent structures, the so called postovulatory triad: nuclear or nucleolar channel system, giant mito-
chondria and subnuclear glycogen.

The study was approved by the institutional Ethic Committee and included 24 patients of one IVF centre who sig-
ned informed consent. Two sequentional endometrial biopsy specimens were taken on the 5th and 7th day after ovula-
tion in one natural cycle and on the 5th and 7th day after the initiation of progesterone addition in another substituted
cycles in the same patient. The surface and glandular epithelial cells were examined under transmission electron mic-
roscope (TEM). 

The appearance of nuclear channel system (NCS), giant mitochondria and glycogen was the same in both natural
and substituted cycles, without abnormalities and deformations. Cells with NCS were found, mostly in clusters on disc-
rete parts, in 55 to 70 % of ultrathin sections. The relative number of NCS positive specimens was not statistically dif-
ferent between the cycles or between the day +5 and the day +7 within different type of cycle. Some NCS positivity was
detected more often (in 79 % and 66 %, resp.) in substituted cycles than in spontaneous ones. The percentage of NCS
positive cells was also higher (median 17 % and 12 %, resp.) in substituted cycles but the differences were not statisti-
cally significant.

With some caution regarding the inherent limited reproducibility of the TEM findings we can conclude that the oral
hormonal substitution used in our setting does not markedly alter endometrial ultrastructural morphology. 

K e y  w o r d s : human endometrium, ultrastructure, nuclear channel system, oral estradiol-progesterone substitution

INTRODUCTION

Endometrium undergoes cyclic growth and development with the sole purpose of successful
establishment of pregnancy. Uterine endometrial cells are regulated directly by ovarian steroids
and indirectly by various growth factors and cytokines. The two days’ interval of maximal uter-
ine receptivity which usually occurs around cycle days 20 to 24 is called  nidation or implanta-
tion window (1). This period is characterised by expression of many different endometrial prod-
ucts (2). The receptivity of endometrium is a result of a coordinated hormonal regulation by ovar-
ian steroids. The estrogen and progesterone receptors in the epithelial cells as well as in the stro-
mal cells mediate the effects of  these steroids. Their expression is therefore one of the crucial
factors in this regulation (3,4).

Ultrastructure of surface and glandular epithelial cells of secretory endometrium is charac-
terized by three main progesterone - dependent structures: nuclear channel system (NCS), giant
mitochondria and subnuclear glycogen deposits which are sometimes called the postovulatory
triad (5).

The most unique of these, nuclear channel system (NCS) is a peculiar ultrastructure, which
was so far found only in the epithelial cells of the human secretory endometrium. The structure
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was first found in a close relation to nucleolus and therefore was called „Kanälchen und
Maschenstruktur im Nukleolus“ (6), basket-like nucleolar structure (7), or nucleolar channel
system (8). Now it is known to be situated in the karyoplasm without relation to the nucleolus
and therefore denoted as the nuclear channel system. Last year  Issac (9) called NCS  “intranu-
clear endoplasmatic reticulum”.

Detailed three-dimensional structure and developmental stages (formation and regres-
sion) of NCS were studied in serial sections (10, 11) and by high voltage electron microscopy
(12, 13). 

NCS is a spherical structure, about 1µm in diameter. On the periphery it is formed by several
rows of channels (tubules) with the diameter of 60 - 100 nm, which are arranged in spirals round
an electron lucent centre with a finely granular material. The tubules are formed by invagination
of the inner membrane of the nuclear envelope (14) and thus their lumina communicate with the
perinuclear space. The formation of NCS is dependent on the increased level of progesterone, as
was also demonstrated in vitro (15). 

Giant mitochondria is uncommonly large organelle with the diameter of about 5 µm. They are
often found closed to a single cistern of endoplasmatic reticulum. Their inner surface is often
covered with ribosomal granules and the outer surface is smooth (16). 

Small amount of glycogen was detected in endometrial cells before ovulation (17), but the
highest concentrations are seen during secretory phase during which they progressively increase
(18, 19).

METHODS

The study group included 24 infertile women that had cryopreserved embryos from a previ-
ous IVF cycle in a single infertility center over the three-year interval 2001-2003. All women gave
their written consent to the study, which was approved by the Institutional Review Board of the
Faculty of Medicine, Palack˘ University, Olomouc. 

Women had a history of infertility of more than 12 months, were less than 40 years old, had
regular menstrual cycle, normal basal serum levels of gonadotrophins (FSH<10 IU/l) and pro-
lactin. Infertility evaluation revealed endometriosis, tubal, idiopathic or male factor infertility.
Patients were examined in the course of one spontaneous and one hormonally substituted cycle.

1. Spontaneous cycle: All subjects monitored urinary LH excretion by themselves daily from
the cycle day 10 using commercial kit (Simtech Biores Inc, USA). From the cycle day 11, repeat-
ed vaginal ultrasound examination (Hewlett Packard, vaginal probe 7.5 MHz) and serum LH,
estradiol (E2) and progesterone (P) determination were performed every second day till the ovu-
lation (day 0). Endometrial biopsies were performed on the luteal days +5 and +7 after ovulation
(O+5, O+7). 

2. Substituted cycle: Hormonal substitution protocol according to the Jones Institute (20) was
started on the first day of another cycle using progressively increasing dose of estradiol valerate
(2 mg/d from day 1 to 6, then 4 mg/d from day 7 to 10 and 6 mg/d from day 11 to 15). From
day 11 serum levels of E2 and P were measured as in the spontaneous cycle. If on day 15 the
endometrial thickness reached 8 mm or more, 600 mg/d of micronised P was started and the
dose of estradiol valerate was decreased to 4 mg/d. Endometrial biopsies were taken on days +5
and +7 after P addition (P+5, P+7).

Sequential uterine endometrial biopsies were taken from the opposite sides of the anterior
wall and fundus using the Novak curette while patient was under sedation. The tissue was
immediately placed into fixation solution.

Specimens for TEM were prepared as previously described (11). Up to about 10 embedded
pieces of tissue were cut into semithin sections and stained with toluidine blue for examining in
the light microscope. From the selected surface epithelium area the targeted ultrathin sections
were cut. Ultrathin sections of glandular epithelium were prepared only from unsuitably orien-
tated pieces of tissue in which surface epithelium could not be obtained. Samples were exam-
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ined under the TEM microscope Zeiss Opton 109, in 3 000x-10 000x magnification, by a single
operator. Since the endometrium shows variable morphology from one area to the another, the
amount of NCS in all developmental stages (e.g. developing, fully developed and regressing, see
(11)) was counted in all epithelial cells of each ultrathin section (mostly between 50 to 200 cells
in total) to increase the likelihood of a representative observation. The counting of the NCS was
done directly on the fluorescent screen of the TEM.  The percentual proportion of nuclei con-
taining the NCS to all the nuclei in the area of the ultrathin section was calculated. 

Statistical analysis was performed by χ2 test. Probability level of p<0.05 was considered
statistically significant.

RESULTS

In all patients the number of NSC in the endometrial surface epithelial cells and glandular
epithelial cells were counted together. During both cycles, spontaneous and after oral estrogen-
progesterone substitution, ultastructure of NCS was normal, without abnormalities and defor-
mations. One typical fully developed NCS from a substituted cycle is shown in Fig. 1.

Usually a nucleus contains only one, exceptionally two NCS. During early development, full
development and early regression, NCS as an intranuclear structure exists in contact with cyto-
plasm (Fig 2, spontaneous cycle) and nuclear pores are preserved (Fig 2a, detail). 

The comparison of the frequency of NCS positive biopsy specimens in TEM in all
endometrial epithelial cells detected on the day +5 and the day +7 of the spontaneous and estro-
gen-progesterone substituted cycles in the same 24 patients is shown in Table I. 
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Fig 1 Fully developed nuclear channel system situated near the karyoplasm. Invagination of cytoplasm enables com-
munication of NCS electron lucent center with cytoplasmatic space. TEM, patient No 18, substituted cycle, O+7, magni-
fication 40 000x.
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Fig 2 Fully developed NCS in contact with nucleolus.  TEM, patient No 18, natural cycle, O+7, 
magnification 24 000x.

Fig 2A Detail from Fig.2 shows a cross section of some NCS tubules, well preserved nuclear porus and a perinuclear cis-
tern with outer and inner nuclear membrane. TEM, patient No 18, natural cycle, O+7, magnification 100 000x.



In some cases (up to 16 %) the suitable ultrathin section could not be obtained from any
pieces of bioptic specimen. For statistical evaluation χ2 test with adjustments for missing values
was used. The differences between the cycles or between the day +5 and the day +7 in either type
of cycle were not statistically significant. 

The NCS positivity at least in one of the sequential biopsies was detected more often in sub-
stituted cycles than in spontaneous cycles (in 79 % and 66 %, resp.) Cells with NCS were found
in clusters on discrete parts of ultrathin sections. Therefore, it is not surprising that large vari-
ations in the percentage of NCS positive cells were observed in individual patients and samples.
The percentage of NCS positive cells in endometrial epithelium ranged  from 3 to 60 % (median
12 %) in spontaneous cycles and from 1 to 45 % (median 17 %) in substituted cycles. 
In addition, the other two components of the triad, giant mitochondria and glycogen were in sub-
stituted cycles morphologically normal.

DISCUSSION

NCS, giant mitochondria and subnuclear glycogen are specific ultrastructures that appear in
the human endometrial epithelium in the postovulatory period. Their formation is initiated under
the influence of all progestational  steroids with acyl group in 17-β position of the D-ring (21,
22). 

A possible role for the NCS in implantation may be derived from the fact that the emergence
of NCS  coincides with the time of blastocyst attachment to the endometrium. Some authors (9)
speculate that the blastocyst selects clusters of epithelial cells containing NCS to ensure proper
attachment. They found such clusters in only about 5% of all the endometrial epithelial cells in
the secretory endometrium of healthy women.

Estrogen-progestin substitution used for some asisted reproduction procedures may alter the
delicate balance of endogenous ovarian hormones. In a previous study (23) we have shown that
such treatment significantly increases serum P and sex hormone - binding globulin (SHBG) lev-
els, sometimes even into the supraphysiological range. A moderate but significant increase of the
expression of progesterone receptors was also observed (24).

As far as the NCS are concerned we have not observed any significant changes in the occur-
rence and morphological ultrastructural features of NCS between the endometrial epithelial cells
from spontaneous and substituted cycles. With regard to the inherent high variability of the TEM
results we can conclude with due caution that the oral substitution used in our setting does not
negatively alter endometrial receptivity. 

Favourable results of 20 cryoembryotransfers already performed in patients included in our
study (25) also seem to  support this presumption.
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Table 1. Frequency of NCS positive biopsy specimens on the day +5 and the day +7 of the spontaneous and estradiol-
progesterone substituted cycles 

NCS        positive NCS       negative Unsuitable biopsy
biopsy specimens biopsy specimens specimens Total

Spontaneous 12 (50 %) 8 (33.3 %) 4 (16.7 %) 24 (100 %)
cycle day +5   60 % 40 % 20 (100 %)

Spontaneous 15 (62.5 %) 7 (29.2 %) 2 (8.3 %) 24(100 %)
cycle day +7 69 % 31 % 22(100 %)

Substituted 13 (54.2 %) 11 (45.8 %) 0 24(100 %)
cycle day +5 54 % 46 % 24(100 %)

Substituted 13 (54.2 %) 9 (37.5 %) 2 (8.3 %) 24(100 %)
cycle day +7 59 % 41 % 22(100 %)
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