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ABSTRACT

Hyperuricemia is a pathologically increased
concentration of uric acid in the blood and is a
risk factor for gout and the development of other
diseases. The prevalence of hyperuricemia has in-
creased due to the increasing average age of the
population, more frequent kidney diseases, in-
creasing prevalence of obesity, changes in dietary
habits, excessive use of diuretics or the influence of
genetic factors. The study aims to analyse the the-
rapy of hyperuricemia and gouty arthritis (arthri-
tis uratica), joint involvement, and comorbidities
in the patients. Of the patients with hyperurice-
mia (n = 14), most were male (79 %) and over 41
years old (64 %). Up to 50 % of patients reported
involvement of the ankle joints and knee joints,

35 % involvement of the metatarsophalangeal
joints and elbow joints, and 28 % of patients in-
volvement of the metacarpophalangeal joints.
Eight patients (57 %) reported a blood family his-
tory of rheumatological diseases. Seven patients
(50 %) suffered from a gout attack once a year,
three patients (21 %) had two episodes, one pa-
tient (7 %) had pain attacks three times, one pa-
tient (7 %) had more than three gout attacks, and
two patients (14 %) did not report a single gout
attack. Twenty-eight percent of patients sufferred
from arterial hypertension, 21 % had hyper-
cholesterolemia, 14 % were treated for DM type
II, and one patient (7 %) sufferred from venous
thrombosis. All patients were treated with allopu-
rinol, and uricemia targets were achieved in 43 %
of patients.



Key words: allopurinol; arthritis uratica; comor-
bidities; gout; gout flares; hyperuricemia

INTRODUCTION

Hyperuricemia is a pathologically increased con-
centration of uric acid in the blood. It can lead to
the formation and deposition of sodium urate micro-
crystals in tissues, mainly in cartilage and ligaments,
where they may not cause any clinical symptoms for
some time (George and Minter, 2022).

A serum uric acid concentration greater than 420
pmol.L?t in men and greater than 360 pmol.L? in
women is defined as hyperuricemia. In more than
one-quarter of persons with hyperuricemia, gout will
be developed over a more extended period depend-
ing on the presence of local tissue factors that support
crystal growth (Nian and You, 2022). A characteristic
feature of gout is an acute recurrent attack of mono-
articular arthritis (gout attack, gout flare), which most
often affects the first metatarsophalangeal joint (Tay-
lor et al., 2015). A critical role in the crystal-induced
inflammatory response plays the cytoplasmic nucleo-
tide-binding domain, leucine-rich-containing family,
pyrin domain-containing-3 (NLRP3) inflammasome
with released IL-1p, promoting neutrophil influx into
the synovial membrane and joint fluid, a pathologi-
cal hallmark of acute inflammatory attacks (So and
Martinon, 2017). The period between gouty flares is
called the inter-critical period. The deposition of urate
salts in the structures of the musculoskeletal system
causes destructive changes in the joint, which we re-
fer to as chronic tophaceous gout.

The prevalence of goutis3—6 % in menand 1 -2
% in women (Xia et al., 2020). The latest data show a
significant increase in the prevalence of gout (Dehlin
et al., 2020).

Among the most frequent causes for the rising
prevalence of hyperuricemia is the increasing average
age of the population, more frequent kidney diseases,
increasing prevalence of obesity, changes in eating
habits, excessive use of diuretics or the influence of
genetic factors (Rai et al., 2017; Némec, 2020).

Uric acid is the end product of purine metabolism
and is formed by the oxidation of xanthine and hy-
poxanthine, which is catalysed by xanthine oxidase.
It is composed mainly in the liver and in the small in-
testine, and its concentration in the serum is the result
of a balance between the intake of purines by food,
their de novo synthesis and degradation in the body,
and the rate of excretion of uric acid from the body,
mainly by the kidneys (Némec, 2020).

Diet is a source of exogenous purines. Food with
a high content of nucleic acids, such as the liver or
kidneys, significantly affects uricemia.

Purine biosynthesis de novo takes place in the liver.
A congenital disorder of enzyme catalysing purine
synthesis leads to increased purine synthesis, such
as increased phosphoribosyl diphosphate (PRPP)-
synthase activity or X-linked hypoxanthine-guanine-
phosphoribosyltransferase (HPRT) deficiency.

Other enzyme disorders associated with hyper-
uricemia and gout are a regulatory mutation of hepa-
tic AMP deaminase and the overproduction of ribose-
5-phosphate (Nian and You, 2022).

Pathological conditions such as cytostatic drug
treatment, extensive hemolysis or rhabdomyolysis,
which are accompanied by rapid cell turnover, proli-
feration or cell death, lead to accelerated metabolism
of endogenous nucleotides and thus to overproduc-
tion of uric acid and gout.

It has been shown that two-thirds of uric acid in
the human body is excreted from the kidneys, and
one-third from the intestines, where bacteria break
it down into ammonia and carbon dioxide (Jackuliak
and Payer, 2019). In the kidney, uric acid is complete-
ly filtered by the glomerulus, and 98 % is reabsorbed
in the proximal renal tubule. It is then secreted in the
distal parts into the lumen of the tubules and finally
only partially reabsorbed. Disruption of these four
processes can reduce uric acid elimination and hyper-
uricemia.

The cause of hyperuricemia is either increased uric
acid production, reduced excretion by urine, or a
combination of both processes.

Up to 75 — 90 % of gout cases are associated with



reduced excretion of uric acid from the kidneys as a
result of a decrease in kidney function due to their
chronic damage or as a result of congenital disorders
of urate transporters in the kidneys (Némec, 2020;
Nian and You, 2022).

Almost all diuretics, low doses of acetylsalicylic
acid, pyrazinamide, cyclosporine, ethambutol, niacin,
ketone bodies, lactate, and chronic lead-induced ne-
phropathy decrease uric acid clearance.

A combination of both mechanisms can also cause
hyperuricemia in glucose-6-phosphatase deficiency,
hereditary fructose intolerance, or excessive alcohol
intake (Nian and You, 2022).

Urate-lowering therapy (ULT) involves a variety
of strategies to reduce urate levels, typically pharma-
cological agents that reduce purine breakdown (e. g.
xanthine oxidase inhibitors — XOls, allopurinol and
febuxostat) or increase urinary excretion of uric acid
due to a decrease in its tubular reabsorption in the
proximal tubule by inhibiting the transport proteins
URAT1, URATvV1/Glut9, OAT10 (e. g. uricosuric
agents, lesinurad, benzbromarone, probenecid) (Ota-
ni et al., 2020). Uricosurics are recommended, alone
or in combination with xanthine oxidase inhibitors.
Uricosurics are suitable for treating patients with re-
duced excretion of uric acid from the kidneys. Their
use is not recommended for patients with urolithiasis
and severe kidney function disorders.

In patients with severe debilitating chronic topha-
ceous gout in whom the serum uric acid target can-
not be reached with any other available drug at the
maximal dosage (including combinations), pegylated
uricase (pegloticase) is indicated. Uricase is an en-
zyme that catalyses the oxidation of uric acid into
allantoin, a more soluble end product (Rybar, 2014;
Némec, 2020).

Recommended first-line options for acute gout at-
tacks are colchicine, and/or NSAIDs, and biological
drugs if necessary (Richette et al., 2017). However,
despite the knowledge of the pathogenesis and clini-
cal picture of the disease and effective treatments,
gout is often misdiagnosed, and its management still
needs to be improved (Roman, 2022; Spragg et al.,

2023).

This study deals with the therapy of hyperuricemia
and gouty arthritis, clinical symptoms (joint involve-
ment) and occurrence of comorbidities in outpatients
treated.

MATERIAL AND METHODS

We performed a retrospective analysis of the medi-
cal records of 14 patients diagnosed with hyperurice-
mia and gouty arthritis (arthritis uratica) at the ge-
neral practitioner’s clinic for adults in 2021 in Slo-
vakia.

From the medical records, the following data were
collected: age and gender, pharmacotherapy, frequen-
cy of acute gout attack per year and joint involved,
comorbidities of the patients and rheumatic diseases
in blood family members.

The Personal Data Protection Act depersonalised
all data obtained. The obtained data were processed
using MS Excel (2016).

RESULTS AND DISCUSSION

Our study showed that out of 14 patients with hy-
peruricemia, 11 (79 %) were male, and three (21 %)
were female. According to Novakova Tkadleckova
and Gajdosova (2020), hyperuricemia affects men
three times more frequently than women. Grassi et al.
(2013) compared data from the United States Natio-
nal Health Surveys (NHANES) and found that hyper-
uricemia currently occurs in 21 % of men and almost
5 % of women.

Our studied sample were patients with gout aged
between 20 and 80 years (see Tab. 1). Nine patients
(64 %) were between the ages of 41 and 70 years old.
The results of other studies indicate that hyperurice-
mia can occur in all age groups (Olejarova, 2011;
Dukat et al., 2016); but the prevalence increases with
increasing age of the population, which is observed
throughout life in men and especially after meno-
pause in women probably due to the uricosuric effect
of estrogen. In Canada, the prevalence of gout in men



Tab. 1: The distribution of patients by age

Age group Number of patients N %
20-30 1(7.1 %)
31-40 2 (14.3%)
41 -50 3(21.4 %)
51-60 3(21.4 %)
61-70 3(21.4 %)
71-80 2 (14.3%)

and women aged 70 — 79 in 2012 was 11.8 %, com-
pared with 5.1 % in men and women aged 50 — 59
years and < 1 % in < 30 years (Rai et al., 2017).

The basic principle of successful treatment of hy-
peruricemia is educating the patient about the patho-
physiology of the disease, the existence of effective
therapies, associated comorbidities and the principles
of managing acute attacks and eliminating urate
crystals through the lifelong lowering of serum uric
acid below a target level (Richette et al., 2017). Mo-
reover, an observational study showed that complete
patient education increased adherence to urate-lowe-
ring therapy, leading to a high rate (92 %) of effecti-
vely treated patients at 12 months (Rees et al., 2013).

According to European League Against Rheuma-
tism (EULAR) recommendations for the manage-
ment of gout for patients on urate-lowering therapy,
serum uric acid should be monitored and maintained
to less than 360 umol.L%, which is below the satu-
ration point for monosodium urate to dissolve all
crystal deposits. A lower serum uric acid target (less
than 300 pumol.L?) to facilitate faster dissolution of
crystals is recommended for patients with severe gout
(tophi, chronic arthropathy, frequent attacks) until to-
tal crystal dissolution and resolution of gout. A serum
uric acid level of less than 300 pumol.L* is not recom-
mended in the long term (Richette et al., 2017).

Allopurinol is the longest-used and most wide-
spread hypouricemic drug (Chen-Xu et al., 2019).
It is a hypoxanthine analogue that reduces uric acid
synthesis by inhibiting xanthine oxidase. The drug

is first converted by xanthine oxidase to alloxanthin,
which is stored in tissues for a long time and is an
effective non-competitive xanthine oxidase inhibitor.
Allopurinol reduces the concentrations of relatively
insoluble urates and uric acid in tissues, plasma and
urine. The drug is given to patients for long-term tre-
atment but worsens inflammation and pain during
acute attacks.

Allopurinol is recommended for first-line urate-
-lowering therapy in patients with normal renal
function, starting at a low dose (100 mg/day) and in-
creasing by 100 mg increments every 2 — 4 weeks, if
required, to reach the uricaemia target. A lower allo-
purinol dose is recommended in patients with chro-
nic kidney disease (Richette et al., 2017). The most
commonly used allopurinol dose of 300 mg/day does
not achieve the serum uric acid target (360 pmol.L?)
in about 30 — 50 % of patients with normal kidney
function. Treatment with allopurinol up to 600 — 800
mg/day had a 75 — 80 % success rate of achieving
serum uric acid levels of less than 360 umol.L* (Rees
etal., 2013).

The maximum dose of allopurinol in patients with
normal renal function is 800 mg/day. Doses over 300
mg/day should be divided into 2 — 4 administrations.

The maximum allopurinol dosage should be ad-
justed to creatinine clearance in patients with renal
impairment. This limitation complicates the effective
treatment of hyperuricemia with allopurinol in pa-
tients with renal diseases.

To the patients in our study, the serum uric acid
(SUA) had been monitored three times in a row every
two months from the first visit to the doctor due to
proven complications.

All patients with hyperuricemia and gouty arthritis
were treated with allopurinol. Seven patients with ini-
tial hyperuricemia (from 436 to 493 pmol.L*) were
treated with allopurinol at 100 mg/day, and six pa-
tients reached the serum uric acid target (lower than
360 pmol.L?).

Allopurinol at a dose of 150 mg/day was prescribed
to three patients with an initial serum uric acid from
538 to 565 pmol.L?, and another three patients with



an initial serum uric acid from 589 to 618 pmol.L*
were prescribed allopurinol at a dose of 300 mg/day.
One patient with serum uric acid of 502 pmol.L* was
prescribed allopurinol at a dose of 200 mg/day. Our
results showed that 43 % of the patients have mana-
ged to reach the uricaemia target. In patients with se-
rum uric acid (SUA) higher than 500 pmol.L?, SUA
measured at two-month intervals gradually decrea-
sed, but the SUA target has not been reached in the
monitored period. In the other patients, it would be
necessary to adjust the drug doses and focus on dieta-
ry (low-purine diet) and general lifestyle advice.

Allopurinol therapy can also have adverse effects.
There are skin and gastrointestinal disorders, increa-
sed liver tests or headaches. Exceptionally, skin hy-
persensitivity reactions may also occur. Patients with
the HLA-B*58:01 allele have a high risk of life-thre-
atening skin reactions (FitzGerald et al., 2020).

There are drug interactions of allopurinol with oral
anticoagulants theophylline and drugs that are meta-
bolised by xanthine oxidase, azathioprine and mer-
captopurine (Némec, 2020). Allopurinol increases the
effect of the cytostatic mercaptopurine, which is inac-
tivated by xanthine oxidase, and also of azathioprine,
which is metabolised to mercaptopurine. Allopurinol
increases the effect of some anticancer drugs, e. g.
cyclophosphamide. It increases the effect of warfarin
as its degradation is inhibited (Ritter et al., 2019).

Another xanthine oxidase inhibitor is febuxostat.
Febuxostat has a similar mechanism of action as al-
lopurinol. It is metabolised in the liver, and renal ex-
cretion is not a major route of elimination. Febuxostat
is recommended in case of ineffective treatment with
allopurinol or in cases where allopurinol is contrain-
dicated. Febuxostat is effective in patients with a very
high initial serum uric acid and patients with redu-
ced renal functions (Gao et al., 2021). Treatment with
febuxostat should be avoided in patients with severe
cardiovascular disease.

Allopurinol is prescribed for prophylaxis (it should
not be started while the patient is asymptomatic), and
uricosuric drugs (probenecid, sulfinpyrazone) are gi-
ven to patients who are allergic to allopurinol. Ras-

buricase is administered intravenously to prevent and
treat acute hyperuricemia (Ritter et al., 2019).

Among the uricosuric drugs that increase uric acid
excretion by directly affecting the renal tubules, ben-
zbromarone is included, but it is not categorised in
Slovakia. The combination of uricosuric medications
(probenecid, sulfinpyrazone, benzbromarone) with
aspirin and salicylates decreased the effect of urico-
suric drugs (Ritter et al., 2019).

In most cases, the first manifestation of gout is acu-
te monoarthritis, which affects the first metatarsopha-
langeal joint in 60 — 80 % of cases. Other affected
joints can be the fingers, wrists, knees, heels, ankles
and small joints of the feet.

In our group of patients, up to 50 % reported invol-
vement of the ankle and knee joints, 35 % reported
involvement of the metatarsophalangeal joints and
elbow joints, and 28 % of patients reported involve-
ment of the metacarpophalangeal joints. A twin study
demonstrated that serum uric acid concentration is 40
% genetically determined and hyperuricemia 60 %
(YYang et al., 2005). While high serum uric acid con-
centration significantly predicts gout development,
hyperuricemia does not always cause gout, sugges-
ting that gout is influenced more by environmental
than genetic factors (Krishan et al., 2012). Eight (57
%) patients reported a blood family history of rheu-
matological diseases.

Among therapeutics for acute gout, we include
non-steroidal anti-inflammatory drugs (NSAIDs), e.
g. ibuprofen and naproxen. Colchicine is administe-
red in cases where NSAIDs are contraindicated. Glu-
cocorticoids, e. g. hydrocortisone (oral, intramuscu-
lar, intra-articular administration), can be given as an
alternative to NSAIDs. In 2013, the European Medi-
cines Agency (EMA) registered the biological drug
canakinumab — a monoclonal antibody against IL-1.
In patients with frequent, poorly controlled flares, in
whom hypouricemic treatment with commonly avai-
lable drugs is ineffective, it represents an alternative
treatment for this disease. Canakinumab is administe-
red in a single dose of 150 mg s. c. at the beginning of
an acute gout attack in patients who have had at least



Tab. 2: Number of gout attacks in patients with
hyperuricemia per year

Number of gout Number of patients
attacks/year N %
0 2 (14.3 %)
1 7 (50 %)
2 3 (21.4 %)
3 1(7.1 %)
More than 3 attacks 1(7.1%)

three recurrences of gout episodes in the last 12 we-
eks. Among the side effects, a higher risk of allergic
and infectious complications is reported (Lingling et
al., 2016).

Acute attacks occur mainly in the early stages of
therapy (probably as a result of physicochemical
changes on the surface of urate crystals, leading to
their dissolution). Thus, allopurinol treatment is not
recommended during acute attacks and is usually
combined with NSAIDs (Ritter et al., 2019).

Since the last EULAR recommendation, peglotica-
se has emerged as a powerful urate-lowering therapy
for refractory gout. It catalyses the oxidation of uric
acid into allantoin, a more soluble end product, and
thus excreted faster. It is registered in Slovakia in an
injectable form (Richette et al., 2017).

In the evaluated group of 14 patients during one
year, only two patients with hyperuricemia did not
report a single gout attack (14 %), up to 7 patients
(50 %) suffered from a gout attack once a year, three
patients had two episodes (21 %). One patient (7 %)
reported suffering from pain attacks three times du-
ring the year, and also one patient (7 %) had more
than three gout attacks during the year (see Tab. 2).

In the monitored group of patients, every patient
with pain was prescribed NSAIDs or colchicine, and
the doctor’s indications were correct. Hyperuricemia
and gout can lead to the development of comorbi-
dities, such as arterial hypertension, cardiovascular
events, chronic renal failure, erectile dysfunction, ve-
nous thromboembolic disease and manifestations of

10

metabolic syndrome (Dehlin et al., 2020; Borghi et
al., 2022).

According to EULAR, every person with gout
should be systematically screened for associated co-
morbidities and cardiovascular risk factors, including
renal impairment, coronary heart disease, heart failu-
re, stroke, peripheral arterial disease, obesity, hyperli-
pidemia, hypertension, diabetes and smoking, which
should be addressed as an integral part of the mana-
gement of gout (Richette et al., 2017).

In our study, out of 14 patients who have taken
urate-lowering therapy, ten patients (70 %) also had
associated diseases, e. g. arterial hypertension, hyper-
cholesterolemia, hypothyroidism, diabetic nephro-
pathy, venous thrombosis, diabetes mellitus type Il
and open-angle glaucoma. The choice of drugs that
polymorbid patients have taken was correct regarding
the interaction of their mutual effects.

The treatment of both asymptomatic and sympto-
matic hyperuricemia must also include dietary me-
asures, regular physical exercise and the use of the
uricosuric effect of medicinal preparations indicated
for the treatment of comorbidities recommended. A
suitable diet for hyperuricemia consists of low-fat da-
iry products, vegetable fats and oils, fresh vegetables
and fruits. It is advised to adjust body weight in over-
weight or obese patients and limit smoking and alco-
hol consumption (especially beer and spirits), sugar-
-sweetened drinks, heavy meals and excessive meat
and seafood intake (Szaboova et al., 2020).

CONCLUSIONS

The study results showed that it is very important to
spread available information and current knowledge
about hyperuricemia and its possible complications
to the public so they can be prevented effectively and
in time. In the case of complications in the patient
with gout, the medical staff must diagnose the disea-
se correctly and set up adequate treatment, which the
patient must support by changing the lifestyle, fol-
lowing the recommended dietary measures and regu-
lar physical exercise.



In the case of undiagnosed hyperuricemia or gout, a
doctor’s consultation is always necessary if warning
symptoms such as sudden pain in the joints that are
swollen and reddened appear. The pain typically be-
gins at night, and its intensity decreases even without
treatment the next day after the onset. In patients with
gout, it is advisable to notify the doctor if the frequen-
cy of gout attacks is higher, if other joints are affected
or if the intensity of the attacks worsens.

Our results confirm a higher prevalence of hyperu-
ricemia and gout in men (79 %) over 41 years. Nine
patients (64 %) were over 41 years and were classi-
fied into three age groups: 41 — 50, 51 — 60, and 61
-70.

It is always necessary to individually assess the
risks and benefits of long-term urate-lowering thera-
py. With proper treatment, it is possible to successfully
reduce the progression of the disease and the number
of acute gout attacks. The pharmacist should recogni-
se the symptoms of gout and recommend the patient
to see a specialist in a timely manner and explain to
patients with the diagnosed disease the necessity of
observing the regimen measures and the correct use
of the prescribed medicines.
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ABSTRACT

The incidence of allergic rhinitis (AR) is increas-
ing worldwide. AR is defined as an IgE antibody-
mediated inflammatory disease and is closely
related to other inflammatory disorders such as
asthma or conjunctivitis. External environmen-
tal factors such as exposition to allergens, air pol-
lution, climate change, ozone, or the presence of
toxicants in combination with genetic factors play
a role in the induction of AR. More recently, epi-
genetic mechanisms have also been found to be
involved in the pathogenesis of AR, thought to
mediate the link between genetic and environmen-
tal factors. In the present work, studies analysing
basic epigenetic mechanisms in AR, such as DNA
methylation, histone modification, and miRNA ex-
pression are presented. The potential of epigenet-
ics for the therapy of AR is also included.

Key words: allergic rhinitis; DNA methylation;
epigenetics; histone acetylation; miRNA
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INTRODUCTION

The incidence of allergic rhinitis (AR) is increasing
worldwide. The symptoms of this disease — sneezing,
watery rhinorrhea, nasal itching, and airflow obstruc-
tion are a consequence of the response to inhaled al-
lergens mediated by IgE antibodies and mucosal in-
flammation realized by type-2 helper T (Th2) cells.
Thus, AR is clinically defined as an IgE antibody-me-
diated, inflammatory disease (Gao et al., 2019). AR is
closely related to other inflammatory diseases which
affect respiratory mucous membranes, such as asthma
and conjunctivitis (Choi et al., 2021). When the or-
ganism first encounters an antigen, specific, so-called
antigen-presenting cells in the mucosa take up the
antigen, thereby activating antigen-specific T cells in
the lymph nodes. At the same time, the activation of
epithelial cells leads to the release of epithelial cy-
tokines, such as I1L-25 and IL-33, and thymic stromal
lymphopoietin (TSLP). This process subsequently
stimulates Th2 lymphoid cells and basophils to re-
lease the cytokines IL-13 and IL-4, resulting in the



Fig. 1: The schematic illustration of AR symptoms

Source: https://e-revapharma.com/blog/61

production of Th2 cells capable of activating B cells
to produce IgE antibodies against the antigen. When
allergens re-encounter the body, they bind to IgE an-
tibodies on the surface of mast cells and circulating
basophils, thereby activating these cells and releas-
ing histamine and leukotrienes. These mediators can
cause the above-mentioned symptoms of AR. Patho-
genesis of AR and other allergic diseases is fairly
complicated whereby a combination of genetic and
environmental factors play a role in their induction.
The external environmental influences include e. g.
exposure to allergens, air pollution, climate change,
ozone, presence of toxic substances, etc. In addition
to hereditary and environmental effects, AR can be
influenced also by epigenetics which, according to
Gao et al. (2019), is hypothesized to mediate a rela-
tionship between heredity and environment. On the
epidemiological as well as molecular levels, allergies
represent a kind of prototypic example of gene-en-
vironment interactions-related disorders, the underly-

ing mechanisms of which involve a variety of epige-
netic mechanisms (Harb et al., 2016; Turner, 2017).

In the following parts, studies that deal with the
analysis of epigenetic mechanisms associated with
AR and related allergic diseases, as well as the pos-
sibilities of epigenetic approaches to their treatment,
will be presented.

Epigenetics of AR

Epigenetic regulation involves changes in gene ex-
pression that are not due to alterations in the DNA
sequences themselves (Pechalrieu et al., 2017). The
mechanisms such as DNA methylation, histone
acetylation, and the action of non-coding RNAs (e.
g. micro RNAs — miRNAs) are instead involved in
the regulation of gene expression. Many studies have
focused on the analysis of epigenetic modifications
of relevant genes that are associated with AR. North
and Ellis (2011) reviewed current literature studying
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the role of epigenetics in the development of AR. The
authors concluded that a growing body of papers sup-
ports the theory that environmental pressures may
have permanent effects on gene regulation and ex-
pression through epigenetic mechanisms. Moreover,
the researchers showed that histone modifications
were associated with bronchial hyper-responsiveness
and corticosteroid resistance in asthma. Furthermore,
they pointed on the role of epigenetics in the differ-
entiation of human T cells and murine studies which
revealed that a maternal diet rich in methyl donors
may enhance susceptibility to allergic inflammation
in the offspring, mediated through increased DNA
methylation. In the following text, several further
studies analysing DNA methylation changes, histone
modifications and altered miRNA expression in AR
will be presented, starting with a brief characteriza-
tion of each epigenetic modification.

Biochemically, DNA methylation represents the
covalent attachment of a methyl group to the fifth
carbon of the cytosine in the dinucleotide sequenc-
es of CpG. This reaction is catalysed by the specific
enzymes, DNA methyltransferases (DNMTSs). Sev-
eral CpG sites sometimes form so-called CpG islands
which represent sites of condensed occurrence of
CpG dinucleotides. CpG islands are mostly located
in regulatory regions of genes such as promoters and
enhancers. DNA methylation plays an important role
in the regulation of gene expression. Increased met-
hylation of regulatory sequences of some genes inhi-
bits their expression, and conversely, hypomethyla-
tion of regulatory regions promotes the expression
of the corresponding genes. DNA methylation is not
stable and the methylation status of the genome is the
result of the interaction of genetic, epigenetic, and en-
vironmental factors (Dhar et al., 2021). Undesirable
changes in the genome methylation patterning can
have pathological consequences and result in the in-
duction of various diseases. Stefanowicz et al. (2012)
characterized DNA methylation patterns of AEC (air-
way epithelial cells) and PBMCs (peripheral blood
mononuclear cells) in children from four groups:
atopic, atopic asthmatic, non-atopic asthmatic, and
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healthy. They identified a set of differentially methy-
lated CpG sites in AECs when compared to PBMCs,
from which 13 were specific to healthy controls, 8
sites were only found in atopics and 6 sites were
unique to asthmatics. No differences in the meth-
ylation status of PBMCs among disease phenotypes
were detected. Li et al. (2015) studied methylation
of the IL-13 gene in 60 patients with HDM (house
dust mite)-sensitized AR in comparison with 65 con-
trol healthy individuals and they revealed hypomet-
hylation and increased expression of the gene which
may be associated with increased risk of AR from
HDM sensitization. Sarnowski et al. (2016) aimed
to identify novel risk loci for AR and asthma taking
into account parent-of-origin effect. The researchers
identified a differentially methylated CpG site within
the MTNR1A (melatonin receptor 1A) gene which
mediates the effect of a paternally transmitted genetic
variant on the comorbidity of asthma and AR. North
et al. (2017) analysed DNA methylation in PBMCs
of a group of 38 AR patients and a healthy group (8
individuals) exposed to grass pollen for 3 hours on
two consecutive days. They revealed 42 methyla-
tion sites in samples of AR patients which undergone
significant DNA methylation changes. Moreover,
the SLFN12 (schlafen 12) gene methylation signifi-
cantly correlated with symptoms, and baseline DNA
methylation pattern was identified as predictive of
symptoms severity upon grass allergen exposure. The
authors studied also DNA methylation and expres-
sion of MUC4 (murcin 4) gene in nasal brushing of
the further group of patients exposed to birch pollen
and they revealed a decrease in methylation and an
increase in MUC4 gene expression. Gao et al. (2019)
provide new insights into the molecular mechanism
of DNA methylation in AR by identification of one
multiple differential module, and seventeen signifi-
cant pathways mapped by the module, which were
found as important factors in AR. There was shown
that DNA methylation at only three nasal CpG sites
enabled classification of allergic diseases in Dutch
children aged sixteen years and also detected allergic
multi-morbidity and symptomatic IgE sensitization



Fig. 2: The schematic illustration of DNA methylation and histone modification

Source: abclinics.com/2018/11/08/role-dna-methylation-disease/?lang=en

(van Breugel, 2022).

The most known histone modifications which con-
tribute to epigenetic modulation of gene expression
include acetylation, methylation, phosphorylation,
and ubiquitination. The acetylation status of histones
is controlled by two groups of enzymes with op-
posing functions: histone acetyltransferases (HATS)
and histone deacetylases (HDACs). HATs catalyse
the transfer of an acetyl group from the molecule of
acetyl-CoA to the terminal amino group of lysine in
the histone tails. Since acetyl groups are negatively
charged, their addition to the amino groups of histone
proteins neutralizes a positive charge of histones. This
weakens the interaction between histones and nega-
tively charged phosphate groups of the DNA making
the chromatin less condensed and more accessible to
the transcription machinery. By contrast, the removal
of acetyl groups from lysine residues of histones cata-
lysed by HDACS restores a positive charge on his-
tones thereby increasing the strength of the interac-
tion between histones and DNA. The consequence is
higher chromatin condensation, which is associated
with the inhibition of gene expression (Potaczek et al.,
2021). There was shown that expression of HDAC1

was increased in the nasal epithelia of AR patients
compared to healthy persons (Wang et al., 2015).
Jiang etal. (2015) revealed that the level of the TREK1
(TWIK-related potassium channel 1) gene, which has
an important role in the epithelial barrier regulation
in the nasal mucosa, was significantly lower in pa-
tients and rats with AR than in healthy individuals.
Moreover, IL-4 (interleukin 4) suppressed the expres-
sion of TREKL1 in the nasal mucosa via up-regulation
of HDACI. Seumois et al. (2014) identified increased
methylation of histone H3 at lysine 4 (H3K4me2) in
around 200 gene regions in naive Thl and Th2 cells
of asthmatic compared to non-asthmatic patients.
The miRNAs represent the post-transcriptional con-
trol elements which contribute to the epigenetic regu-
lation of gene expression. They cleave and silence the
target transcripts and inhibit the post-transcriptional
process (Choi et al., 2021). The miRNAs are around
20 — 25 nucleotides long non-coding RNA molecules
of high abundance, e. g. in humans; 2,500 miRNAs
were identified. The miRNAs are transcribed from
double-stranded DNA by the enzyme RNA polyme-
rase Il and then the immature primary transcript
undergoes processing by the action of two RNAse
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Fig. 3: The biogenesis of mMiRNA

Source: https://www.ncbi.nlm.nih.gov/books/NBK373371/figure/figl3 1/

I1l-type enzymes called Drosha and Dicer. Subse-
quently, only one strand of mature miRNA is incor-
porated into the so-called RNA-induced silencing
complex, and the role of the miRNA in this complex
is to recognize and interact with the corresponding
MRNA whose degradation is controlled by this com-
plex (Potaczek et al., 2021). Decreased expression
of miR-21 and miR-126 was shown to be associated
with AR by Chen et al. (2010). Liu et al. (2016) found
that in childhood, miR-181a levels may be a predic-
tor of AR severity. Panganiban et al. (2016) identified
30 differentially expressed miRNAs among healthy,
allergic, and asthmatic individuals, from which cir-
culating miR-125b, miR-16, miR-299-5p, miR-126,
miR-206, and miR-133b levels were confirmed as the
most predictive for allergy and asthma. The inflam-
matory cells, cytokines, and miRNAs were analysed
during the non-pollen season in nasal biopsies of
117 middle-aged men suffering from allergic asthma
around 20 years, and also in a group of 33 healthy
individuals by Suojalehto et al. (2014). They ob-
served down-regulation of miR-18a, miR-126, let-7e,
miR-155, and miR-224 and upregulation of miR-498,
miR187, miR-874, miR-143, and miR-886-3p in asth-
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matic patients compared to controls. The differences
in MiRNA expression were similar in asthmatics with
and without AR and asthma severity had only minor
impact on miRNA expression. There was found that
miR-29a is highly expressed in the nasal mucosa of
AR patients, and that it can suppress apoptosis of the
nasal epithelial cells (NECs) and support AR by inhi-
bition of FOS expression (proto-oncogene; regulator
of cell proliferation and differentiation; acting in cell
apoptosis) (Fan et al., 2021). Specjalski et al. (2022)
revealed that in the AR group, miR-136, miR-208,
and miR-190 were upregulated and after 6 months
of the subcutaneous immunotherapy (SCIT) some of
the pro-inflammatory miRNAs were down-regulated,
and some miRNAs which regulate the balance be-
tween Thl and Th2 immune cells were up-regulated.
The authors concluded that miRNAs probably play
a regulatory role in SCIT which may lead to the in-
duction of tolerance. Tuncer et al. (2022) showed
that levels of miRNA expressions were different in
a group of 20 healthy children, 20 patients with sea-
sonal AR (SAR), 20 non-atopic asthmatics (NA-A),
and 12 patients with perennial allergic rhinitis (PAR).
Moreover, the authors pointed out that miR-181a and



miR-125b can be candidate biomarkers for SAR and
miR-206 for NA-A, and PAR.

Treatment of AR: a potential of epigenetics

Currently, nasal antihistamines, nasal cortico-
steroids, anti-cholinergics, leukotriene antagonists,
anti-lIgE monoclonal antibodies, and mast cells stabi-
lizers are mainly used for the treatment of AR (Choi
et al., 2021). However, these drugs only suppress the
symptoms of AR, their effect is short-lived and the
symptoms reappear when the patient stops taking the
medication. Another method of current treatment,
which is characterised by a relatively long therapeu-
tic effect, is the repeated subcutaneous or sublingual
administration of a specific antigen; however, with
this therapy, the first results do not appear until after
two years. Currently, it is necessary to look for other
effective ways of treating AR with a long-lasting ef-
fect. Epigenetic mechanisms have been proven to
contribute significantly to the development, clinical
manifestation, and heterogeneity of AR by mediat-
ing the environmental influences and by taking part
in the physiology and pathophysiology of cells which
play an important role in AR. Those cells include T
cells involved in the adaptive immune response and
cells of the affected organs as AEC or smooth mus-
cle cells (SMC). Based on the above, influencing
cytokines produced by epithelial cells that regulate
T cell activity in allergic reactions, as well as acting
on T cells themselves, appear to be potentially use-
ful in AR therapy today. In this regard, epigenetic
studies analysing the processes that control cytokine
production and T cell proliferation have been per-
formed (Potazcek et al., 2017). Also, the antigen-spe-
cific regulatory T cells (the FOXP3+ CD4+ CD25+
T cells — Tregs) should be produced which would
induce and maintain tolerance to specific antigens.
In this regard, demethylation of the Treg-specific de-
methylated region (TSDR) in the FOXP3 (forkhead
box P3; transcription factor) gene is essential to keep
the inhibitory properties of Tregs (Toker et al., 2013).
According to Choi et al. (2021), the demethylation of

FOXP3 may be a promising marker for the induction
of tolerance and also for predicting the response to
immunotherapy. Drugs that target histone modifica-
tions, such as inhibitors of HDACs (HDACIs), also
have the potential for the treatment of AR. For exam-
ple, the broad-spectrum HDACis JNJ-26481585 re-
stored the integrity of ex vivo cultured nasal epithelial
cells (NECs) isolated from AR patients (Steelant et
al., 2019). Wang et al. (2016) investigated the thera-
peutic effect of the further HDACis — NaB (sodium
butyrate) on mice with AR. They revealed that the in-
tranasal application of NaB inhibited the expression
of HDAC1, HDACS3, and TSLP while H3 acetylation
at lysine 9 (H3K9Ac) was increased. Moreover, NaB
decreased an increased level of ovalbumin-specific
IgE and improved clinical symptoms and nasal mu-
cosa epithelial morphology in the AR mouse model.
These findings indicate that NaB has the potential
for the treatment of AR. In further work, Wang et al.
(2020) studied the preventive effect of NaB on AR
when added to the diet of newly weaned mice and
also its effect on the IncRNA (long noncoding RNA)
and mRNA expression profiles in the nasal mucosa.
They revealed that NaB, along with other impacts,
showed a preventive effect in the murine AR model
by inhibition of HDAC1 and HDACS8 expression
and an increase of ovalbumin-induced H3K9Ac. Cho
et al. (2015) revealed that TSA (trichostatin A) has
an anti-allergic effect by reducing the infiltration of
eosinophils and cytokines produced by Th2 cells in
a murine model of AR via regulation of Tregs. There
was found that miR-146a is able to induce production
of Tregs enforcing the ovalbumin-specific immuno-
therapy. This indicates that miR-146a has the poten-
tial for therapy of AR (Liu et al., 2016). Treatment of
the airway smooth muscle cells with BET (bromo and
extra-terminal inhibitors) resulted in the decrease of
inflammatory cytokines (Clifford et al., 2015). Also,
prenatal treatment with fish oil induced histone acety-
lation changes in the promoter region of the PKC({
(protein kinase C zeta) of the CB (cord blood) CD4+
T cells, indicating the anti-allergic effect of this diet
supplement (Harb et al., 2017). There was revealed
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that histone acetylation changes occur in promoters
of the allergy-related immune genes in the placentas
of women from a prospective birth cohort study that
ingested fish or olive oil during pregnancy (Acevedo
et al., 2019). The anti-allergic effect of the cowshed
bacterium A. lvoffii and unprocessed cow’s milk was
also presented, which was related to the ability to
modify histone acetylation (Brand et al., 2011; Ab-
bring et al., 2019). The effect of the DNA methylation
inhibitor 5-azacytidine on the increased methylation
of the IFNG (interferon gamma) gene promoter in the
CD4+ T cells, resulting in the beneficial mouse asth-
ma phenotypes was reported by Brand et al. (2012).

CONCLUSION

Epigenetic mechanisms represent promising targets
for new diagnostic methods and therapies not only
for AR but also for all other allergic diseases. In the
future, further studies of epigenetic regulation of al-
lergy-related genes will be necessary to identify new
possible targets for the action of potential epigenetic
drugs based on DNMT, HDAC, HAT, and other epi-
genetic-related enzyme inhibitors as well as miRNA.
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ABSTRAKT

Psoriaza je dedi¢ne podmienené, chronické, re-
cidivujuce ochorenie na imunitnom podklade, pre
ktoré je charakteristické neuplné dozrievanie a di-
ferenciacia buniek pokozky. Psoriaza sa moze ob-
javit’ v ktoromkol’vek vekovom obdobi. Vyskytuje
sa v rovnakom percente u Zien ako aj u muZov.
V terapii ochorenia sa vyuZiva predovSetkym lo-
kalna terapia pomocou glukokortikoidov, kerato-
lytik, emoliencii a antipsoriatik ako cignolin, deri-
vaty vitaminu D a retinoidy. V terapii psoridzy ma
opodstatnenie aj fototerapia a systémova terapia.

Ciel’om Studie bolo vyhodnotit’ a porovnat’ na
zaklade preskripcie receptov farmakoterapiu
pacientov s diagn6zou L40.0 Psoriasis vulgaris v
dvoch verejnych lekarnach. Vysledky boli ziskané
z preskripénych zaznamov (PZ) pocas 1. polroka
roku 2021. V prvej lekarni s nazvom Galenos bolo
za dané obdobie predpisanych 473 PZ pre 111 pa-

cientov. V druhej verejnej lekarni TaJ bolo zazna-
menanych 108 receptov pre 45 pacientov. V ramci
charakteristiky pacientov zo sledovanych PZ vy-
plyva, Ze psoridza sa CastejSie vyskytovala u Zien,
v priemere 60 % v obidvoch lekarnach. Pacienti
sa najcastejSie vyskytovali vo vekovej skupine 41
— 50 rokov a 61 — 70 rokov. Vysledky analyzy pre-
skripcie PZ poukazuju na to, Ze farmakoterapia
psoriazy v obidvoch lekarnach sa vyrazne neliSi-
la. Z vyhodnotenych vysledkov vyplyva, Ze v obi-
dvoch lekarnach prevladala preskripcia lokalnej
terapie psoriazy, ktora bola v lekarni Galenos na
arovni 95,14 % a v lekarni TaJ 88,88 %. Z lokal-
nej terapie boli v obidvoch lekdriiach najcéastejSie
predpisované hlavne lokalne kortikoidy, emolien-
cia a individualne pripravované lieky.

Krlucové slova: farmakoterapia; lokalne korti-
koidy; psoriaza
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ABSTRACT

Psoriasis is a hereditary, chronic, relapsing im-
mune-based disease characterized by incomplete
maturation and differentiation of skin cells. Pso-
riasis can appear at any age. It occurs in the same
percentage in women and in men. In the treatment
of the disease, local therapy using glucocorticoids,
keratolytics, emollients and antipsoriatics such
as cignolin, vitamin D derivatives and retinoids
is used. In the therapy of psoriasis, phototherapy
and systemic therapy are also justified.

The aim of the study was to evaluate and com-
pare the pharmacotherapy of patients diagnosed
with L40.0 Psoriasis vulgaris in two public phar-
macies based on prescriptions. The results were
obtained from prescription records (PZ) during
the first half of 2021. In the first pharmacy called
Galenos, 473 PZs were prescribed for 111 patients
during the given period. In the second TaJ public
pharmacy, 108 prescriptions for 45 patients were
recorded. Within the characteristics of the pa-
tients, it follows from the observed PZs that pso-
riasis occurred more often in women, in an avera-
ge of 60 % in both pharmacies. Patients were most
often found in the age group of 41 — 50 years and
61 — 70 years. The results of the analysis of the PZ
prescription showed that the pharmacotherapy of
psoriasis in both pharmacies did not differ signi-
ficantly. The evaluated results showed that local
psoriasis therapy prevailed in both pharmacies,
which was at the level of 95.14 % in the Galenos
pharmacy and 88.88 % in the TaJ pharmacy. Lo-
cal corticoids, emollients and individually prepa-
red medicines were the most frequently prescribed
local therapy in both pharmacies.

Key words: local corticoids; pharmacotherapy;
psoriasis

24

UvoD

Psoriaza je definovand ako chronické zapalové
kozné ochorenie s epidermalnou proliferaciou, ¢o
sa prejavuje v podobe zapalovych lozisk pokrytych
striebornymi Supinami (Vaskt, 2020). Klinicka mani-
festacia je vysledkom zlozitej suhry imunologickych
pochodov u jedincov s genetickou predispoziciou
(Tichy, 2011). Celosvetovo toto ochorenie postihu-
je 2 % populacie. Morbidita sa vSak 1isi podla geo-
grafickych a etnografickych podmienok (Rendon a
Schikel, 2019). Psoriaza sa moze prejavit’ v ktorom-
kol'vek veku. V detskom obdobi sa objavuje skor
u dievcat (Gkalpakiotis a kol., 2020). V dospelosti sa
vyskyt medzi pohlaviami nelisi (Drozenova, 2008).
Zvyc€ajne sa objavuje v dvoch maximach, prvé me-
dzi 15. — 20. rokom a druhé medzi 57. — 60. rokom
(Jusko, 2016). U vacsiny pacientov ma chronicky
priebeh s astymi recidivami. Az u 30 % chorych sa
moze vyvinut' psoriaticka artropatia rozneho stupia
(Obstova, 2016). Existuju tri stupne zavaznosti pso-
ridzy: mierna, stredne tazka a tazka forma. Stupen
zavaznosti sa urcuje podla intenzity tvorby Supin,
zacervenania, infiltracie koze a tiez podla percenta
postihnutia povrchu tela (Drozenova, 2008). Psoria-
za moze byt spojend s celym radom komorbidit ako
metabolicky syndrom, obezita, diabetes, dyslipidé-
mia, nealkoholicka steat6za pecene, kardiovaskular-
ne ochorenia, ulcer6zna kolitida a Crohnova choroba,
chronicka obstrukéna choroba plic a psychiatrické
ochorenia (Gkalpakiotis a kol., 2020).

Na liecbu psoriazy je k dispozicii lokalna terapia,
fototerapia a systémova terapia (Benakova, 2005).
Spektrum lokalnej terapie psoriazy je velmi rozma-
nité. Pocas poslednych rokov sa lokalna liecba po-
sunula od dechtu a ditranolu k ¢innej$im a prijatel-
nejsim moznostiam ako su lokalne kortikosteroidy,
¢i analégy vitaminu D3 (Baranova, 2018). Ddlezitou
sucast’'ou terapie psoriazy su aj emoliencia a kerato-
lytika. Pre uspech liecby nestaci iba spravna volba
lieku lekarom a jeho pravidelna aplikacia pacientom,
ale aj preskripcia dostatocného mnozstva vzhl'adom
k rozsahu postihnutia a spotrebe (Vachatové, 2019).



O fototerapii zvycajne uvazujeme v pripadoch pso-
ridzy nedostatocne reagujucich na zvolenu lokalnu
liecbu (Bendkova, 2012). Bolo dokazané, Ze ultra-
fialové ziarenie (UV) ma na kozu imunomodulacné,
antiproliferativne a protizapalové ucinky. V pripade
psoridzy je najucinnejsie uzkopasmové UVB Ziarenie
o vlnovej dizke 311 nm (Racz, 2011; Obstova, 2016).
Fotochemoterapia PUVA [kombinacia UVA Zziarenia
(315 —400 nm) so psoralénmi] sa v dnesnej dobe pre
liecbu psoriazy vzhl'adom k vedl'ajsim t€¢inkom vyu-
ziva minimalne (Obstova, 2016).

Pri nedostato¢nom efekte intenzivnej lokalnej tera-
pie ¢i fototerapie sa v dalsom kroku odportca poda-
vanie systémovej liecby. Kazda systémova liecba so
sebou nesie urcité rizikd v zmysle obmedzeni, ktory-
mi su neziaduce ucinky, kontraindikacie, ¢i primarna
(maximalna davka lieku je neucinna) alebo sekun-
darna (maximalna davka lieku je uc¢inna, ale nie je
mozna kvoli neziaducim uc¢inkom) neucinnost’ lieku
(Imlejova, 2020). Podava sa vo forme tabliet alebo
injekcii (Navratilovd a Miklikova, 2011). Pri vybere
konkrétneho lieku je potrebné zohl'adnit’ fenotyp (for-
ma, klinicky obraz a lokalizicia psoridzy) a zavaz-
nost’ ochorenia, vek a pohlavie pacienta, komorbidity
a sposob ich liecby, pripadne planovanie tehotenstva.
Vzhl'adom k moznej toxicite systémovo podavanych
antipsoriatik, s v priebehu liecby nutné pravidelné
laboratorne aj klinické kontroly (Gkalpakiotis a kol.,
2020).

V poslednych rokoch je systémova lieCba psoriazy
a psoriatickej artritidy obohatena o biologicku liec-
bu, tzv. biologika (Simaljakova, 2008). Z pohladu
mechanizmu G¢inku ich m6zeme zaradit’ do skupiny
selektivnych imunosupresiv (Svihovec a kol., 2018).
Vychadzaji z novych poznatkov patogenézy psoriazy
a preto posobia selektivne na kl'acové body rozvoja
zapalovych zmien (Szép, 2005). Z tohto dovodu st
ovela efektivnejSie ako Standardné antipsoriatické
systémové lieky. Ide o preparaty pdsobiace selek-
tivne proti interleukinom (IL) 12/23 (ustekinumab),
resp. IL 17 (sekukinumab), alebo s ti¢inkom proti tu-
mor-nekrotizujucemu faktoru a (TNFa) (etarnecept,
infliximab, adalimumab) (Drlik, 2016; Jusko, 2016).

Dal3ou skupinou su lie¢iva blokujuce aktivaciu T-
-lymfocytov (efalizumab, alefacept). Pocas biologic-
kej liecby je najCastej$§im neziaducim ucinkom a za-
roven najvacsim rizikom Castejsi vyskyt virusovych,
bakterialnych, ¢i mykotickych infekcii (aj oportin-
nych). Preto pred zaCatim lieCby a aj pocas lieCby sa
realizuju vysSetrenia na vylicenie pritomnosti infekcii
ako tuberkuldza a hepatitida B. Okrem infekcii méze
byt’ pri biologickej liecbe vyssie riziko rozvoja na-
dorovych ochoreni, vyvolania iného autoimunitného
ochorenia, ¢i hypersenzitivnych reakcii (Brazdilova
a kol., 2017).

Ciel'om studie bolo vyhodnotenie a porovnanie far-
makoterapie pacientov s diagnézou L40.0 Psoriasis
vulgaris pocas 1. polroka roku 2021 v dvoch verej-
nych lekariach v Presove.

METODIKA PRACE

Vysledky z preskripcie liec¢iv indikovanych u pa-
cientov s diagnézou L40.0 Psoriasis vulgaris boli
ziskané z preskripcnych zaznamov (PZ) z dvoch ve-
rejnych lekarni v PreSove pocas 1. polroka 2021 (1.
1.2021 —30. 6. 2021). Prva verejna lekéren s nazvom
Galenos je situovana pri dermatovenerologickej am-
bulancii, kde bolo za dané obdobie zaznamenanych
473 PZ pre 111 pacientov. Druha verejna lekaren TalJ
sa nachadza na sidlisku SekCov v Presove, kde bolo
za dané obdobie predpisanych 108 receptov pre 45
pacientov. Obidve lekdrne pripravuju Siroké spek-
trum individualne pripravovanych liekov (IPL).

Vysledky boli spracované pomocou programu
Microsoft Excel 2016. Pri ziskavani a spracovani vy-
sledkov bol dodrzany zakon 18/2018 Z. z. o ochrane

osobnych tdajov.

VYSLEDKY

Charakteristika pacientov
Pohlavie pacientov

V lekarni Galenos bolo zaznamenanych 111 pa-
cientov s diagnozou L40.0 Psoriasis vulgaris, z kto-
rych 43,24 % (48) boli muzi a 56,76 % (63) boli zeny.
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Graf 1: Porovnanie zastiipenia muZov a Zien v lekarni Galenos (n = 111) a v lekarni TaJ (n = 45)
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V lekarni TaJ bol pomer muzov a zien podobny. Zo
45 pacientov bolo 42,22 % (19) muzov a 57,78 %
(26) zien (vid’ graf 1).

Vek pacientov

Pacienti boli rozdeleni do 8 vekovych skupin. Naj-

vyssie percentualne zastipenie mala vekova skupina

26

61 — 70 rokov v lekarni Galenos (27,93 %); kym v
lekarni TaJ to bola vekova skupina 41 — 50 rokov
(26,67 %) (vid’ graf 2). Celkovo najmladsi pacient

mal 15 rokov a najstarsi 88 rokov.

Vekova krivka pacientov

Taktiez bola vyhodnotena vekova krivka pacientov,



Graf 3: Vekova krivka pacientov
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Graf 4: Porovnanie lokalnej, systémovej a doplnkovej terapie
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ktort znazornuje graf 3. V lekarni Galenos boli po-
zorované dva vrcholy, kde boli zaznamenani pacienti
so psoriazou hlavne vo veku 20 — 30 rokov a vo veku
cca 50 — 70 rokov, kym v lekarni TaJ bol zaznamena-
ny jeden vrchol s najvacsim vyskytom pacientov vo

vekovej skupine v priemere 40 — 50 rokov.

Porovnanie lokdlnej, systémovej a doplnkovej te-
rapie

V ramci farmakoterapie psoriazy prevazoval
vydaj lokalnych liekov v obidvoch lekarnach, ktora
v lekarni Galenos bola predpisovana na urovni 95,14

% a v lekarni TaJ na urovni 88,88 % (vid’ graf 4).
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Graf 5: Analyza lokalnej farmakoterapie
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Analyza lokalnej farmakoterapie
V ramci lokalnej terapie boli v obidvoch lekarnach

najviac predpisované lokalne glukokortikoidy, emo-
liencia a individualne pripravené lieky (IPL priprav-
ky). Glukokortikoidy tvorili v lekéarni Galenos 35,1
% a v lekarni TaJ 37,96 %; emoliencia v lekarni Gale-
nos 25,79 % av lekarni TaJ 19,44 %; a IPL v lekarni
Galenos 23,68 % a v lekarni TaJ 25 % (27) (vid’ graf
5).
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Preskripcia lokalnych glukokortikoidov

Z lokalnych glukokortikoidov bol v obidvoch le-
karnach najcastejSie predpisovany silne G¢inny beta-
metazon, a to v 19,87 % v lekarni Galenos a v 17,59
% v lekarni TaJ. Ostatné kortikoidy boli predpisované

menej Casto, ako znazornuje graf 6.

Preskripcia emoliencii
Z emoliencii boli najCastejSie predpisované pri-



Graf 7: Analyza preskripcie emoliencii
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pravky obsahujuce mocovinu, ktoré v lekarni Gale-
nos tvorili 15,01 % a tiez pripravky s vazelinou a tuk-
mi v obidvoch lekariach (vid’ graf 7).

Preskripcia individudlne pripravovanych liekov
Zo vsetkych predpisanych receptov tvorili IPL
23,68 % v lekarni Galenos a 25 % v lekarni TaJ. Naj-
CastejSie predpisovanym IPL lieckom v obidvoch le-
karfiach bol 5 % ureovy krém (Galenos — 9,73 %;
TaJ — 11,1 %). Druhym najcastejSie predpisovanym

IPL bola 5 % salicylova mast’ (Galenos — 7,40 %; TaJ
—9,26 %). Ostatné IPL boli predpisované menej ¢asto
(vid’ graf 8).

Preskripcia ostatnych lokalnych lieciv

V pripade ostatnych lokalnych lie¢iv sa najcastejSie
predpisovali lokalne antipsoriatika kacipotriol v obi-
dvoch lekarnach a takalcitol v lekarni Tal (vid’ graf
9).
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Graf 9: Preskripcia ostatnych lokalnych lieciv v terapii psoriazy
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Graf 10: Preskripcia systémovej terapie
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Analyza systémovej terapie Analyza doplnkovej terapie
Systémova terapia psoridzy bola predpisovana me- V ramci doplnkovej terapie, ktora bola na nizkej

nej ¢asto. V lekarni Galenos tvorila 3,59 % a v lekdrni ~ rovni, bol predpisovany desloratadin v 0,85 % v le-
Tal 9,26 %. Z toho boli najcastejsie predpisované lie-  ké&rni Galenos a v 0,93 % v lekarni TaJ, a kyselina
¢iva apremilast (2,78 %) a cyklosporin (3,7 %), hlav-  listova v 0,42 % v lekarni Galenos a 0,93 % v lekarni
ne v lekarni TaJ (vid’ graf 10). Tal.

30



DISKUSIA

Vysledky S$tadie, ktord porovnavala preskripciu
antipsortiatik v dvoch verejnych lekarnach v meste
Presov poukazali na to, Ze zaznamenana preskripcia
lieiv v terapii psoriazy bola ve'mi podobna. Vyraz-
ny rozdiel bol vSak zaznamenany v pocte pacientov
so psoriazou za sledované obdobie v danych dvoch
lekarnach. V lekarni Galenos bolo zaznamenanych
pocas sledovaného obdobia 111 pacientov a v lekarni
TaJ 48 pacientov so psoriazou. Vyssi pocet pacien-
tov v lekarni Galenos moze byt spdsobeny tym, Ze
sa nachadza v blizkosti dermatovenerologickej am-
bulancie. Lekaren Tal je situovana uprostred sidliska,
kde sa sice nenachadzaji ziadne ambulancie, avsak
pacienti si vyberaju predpisané recepty prostrednic-
tvom elektronickej preskripcie.

Percentualny podiel muzov a Zien bol v obidvoch
lekarnach vel’'mi podobny, v priemere cca 40 % mu-
zov a 60 % zien. Podl'a Drozenovej (2008) toto ocho-
renie postihuje rovnako muzov aj zeny. Avsak vyssie
percento zastipenia zien v naSom pripade moze byt
zapric¢inené aj vysSou senzitivnostou zien na kozné
problémy aj z estetického hl'adiska. Vekové rozpitie
pacientov moze byt ovplyvnené lokalizaciou lekarni.
Kym v TalJ lekarni uprostred sidliska prevladali mlad-
$i pacienti, ktori tam byvaju, s najCastejSim vekovym
rozpétim 41 — 50 rokov, v lekarni Galenos bola naj-
CastejSie zastiipenou vekova skupina 61 — 70 rokov.
V lekarni Galenos bolo zaznamenané SirSie spektrum
pacientov z jednej dermatovenerologickej ambulan-
cie, a tak v tejto lekarni vznika ucelenejsi pohl'ad na
pacientov trpiacich psoridzou. Graf prezentujuci ve-
kovu krivku pacientov v lekéarni Galenos potvrdzu-
je skutocnost’, ze psoriaza prichadza v dvoch vinach,
a to medzi 15. — 20. rokom a druha medzi 57. — 60.
rokom zivota (Jusko, 2016).

V ramci farmakoterapie prevladala preskripcia
lokalnej terapie, ktora sa pohybovala v priemere na
arovni 92 % v obidvoch lekarnach. Mohlo to byt
spdsobené tym, ze pacienti mali diagnostikované I'ah-
Sie, pripadne stredne t'azké formy psoridzy. Az 80 %

psoriatikov ma I'ahké, popripade stredné postihnutie,

ktoré je zvladnuteI'né lokalnou terapiou (Urbancek,
2014). Lokalne aplikované pripravky v spojeni so
spravnou zivotospravou mozu byt v pripade vonkaj-
Sej terapie postacujuce. Nevyhodou lokalnej terapie
je Casova a aplikacna narocnost’ a vyhodou su mini-
malne vedl'ajSie ucinky v porovnani so systémovou
terapiou (Obstova, 2016).

Z lokélnej terapie boli v obidvoch lekarnach najcas-
tejSie predpisované lokalne glukokortikoidy (Galenos
35,1 % a TaJ 37,96 %); z ktorych bol najcastejSie
predpisovany silne a dlhodobo uc¢inny betametazon.
Glukokortikoidy maji nezastupite'né miesto v terapii
inverznej psoriazy (prejavy v slabinach a podpazi), a
tiez pri postihnuti koze Stice a nechtov. Predpisuju
sa kvoli imunosupresivnemu, antiproliferativnemu
a protizapalovému ucinku. Indikuju sa vzdy v pocia-
tocnej terapii, pretoze maju rychly nastup ucinku a tak
prispievaju aj k psychickému upokojeniu pacienta,
ktory je potom ochotny dodrziavat’ terapiu. AvSak
remisie st kratke a psoriatické lézie sa moézu pri mo-
noterapii glukokortikoidmi skoro objavit. Preto sa
postupne prechadza na kombinaciu, napr. s analogmi
vitaminu D3 (kalcipotriol, kalcitriol, takalcitol). Glu-
kokortikoidy sa maximalne pouZzivaju v monoterapii
2 — 4 tyzdne. Navyse dlhodobé pouzivanie gluko-
kortikoidov m6ze mat’ neziaduce ucinky ako atrofia
koze, strie, angiektazie alebo hypopigmentacia (Obs-
tova, 2016). Preskripcia emoliencii v lekarni Galenos
bola o viac ako 6 % vyssia, ¢o mohlo byt spdsobe-
né vyssim vekovym priemerom pacientov v lekarni
Galenos, ktori maji vyraznejsiu spotrebu emoliencii.
Emoliencia a zvlacnujtce pripravky su dolezitou su-
Cast'ou starostlivosti o psoriaticki kozu. Emoliencia
vytvorenim okluzivnej vrstvy obmedzuju transepi-
dermalne odparovanie vody a prispievaju tak k obno-
ve ochrannej funkcie koznej bariéry (Jusko, 2016).
Zaroven zmiernuju svrbenie a znizuji nutnost’ Cas-
tejSej aplikacie roznych lokalnych lieciv vratane glu-
kokortikoidov (Obstova, 2016). V pripade emoliencii
bol najéastejSie predpisovany pripravok s obsahom
mocoviny, hlavne v lekarni Galenos (15,01 %); alebo
pripravky s vazelinou a tukmi s podobnou preskrip-
ciou v obidvoch lekarnach v priemere na tirovni 7,6
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%. Tretou najcastejSie predpisovanou skupinou lie-
¢iv v obidvoch lekarnach boli IPL lieciva (v prieme-
re 24,3 %); z ktorych boli najcastejSie pripravované
5 % ureovy krém a 5 % salicylova mast’ v obidvoch
lekarnach. Tieto u¢inné latky patria medzi keratoly-
tika, ktoré pomahaji na zaciatku lieCby odstranovat’
Supiny, aby mohli Gi¢inné latky indikované v ramci te-
rapie psoriazy lepsie penetrovat’ do koze. Keratolyti-
ka sa najcastejSie pouzivaji v kombinécii s analdgmi
vitaminu D3, glukokortikoidmi alebo antimikrobial-
nymi latkami (Obstova, 2016). V mensom mnozstve
boli v obidvoch lekariiach pripravované ichtamolova
a dechtova mast,, ktoré maji svoje miesto v lieCbe
psoriazy pre svoje antipurigiozne, antiflogistické a an-
tiproliferativne u¢inky (Simaljakova, 2008). Vyhoda
IPL je v moznosti predpisat’ rozne koncentracie latok
a celkové mnozstvo pripravku podla individualnych
potrieb pacienta (Obstové, 2016). Dalsou nezanedba-
telnou zlozkou v liecbe psoriazy su antipsoriatika, a
to analégy vitaminu D. V lekarni Galenos bol naj-
viac vydavany kalcipotriol (80,03 %) a v lekarni Tal
takalcitol (4,63 %). Tieto analogy vitaminu D maju
antiproliferativny a imunomodula¢ny ucinok a upra-
vuju diferenciaciu buniek. Véacsinou sa kombinuji
s glukokortikoidmi alebo ich aplikacia nadvézuje na
uvodnt terapiu rychlo pdsobiacimi glukokortikoidmi
(Obstova, 2016). Ich vyhodou oproti lokdlnym glu-
kokortikoidom je, ze sa mozu pouzivat’ dlhodobo bez
zavaznych vedl'ajsich €inkov (Baranova, 2018). Os-
tatné ucinné latky ako mupirocin (Galenos 0,85 %);
sulfadiazin (Galenos 0,63 %); ciklopirox (Galenos
0,42 %) a klotrimazol (Galenos 0,64 %) boli predpi-
sované zvycajne len jednorazovo, a to pri bakterialnej
¢i plesnovej komplikacii psoriazy.

Systémova terapia nebola casto indikovana u pa-
cientov so psoriazou. Systémova terapia sa zvazuje
pri nedostato¢nom ucinku lokalnych pripravkov ale-
bo fototerapie. Indikuje sa v pripade vel'kého psoria-
tického postihnutia koze, psoriatickej erytrodermii,
pustuloznej a artropatickej psoridzy (Obstova, 2016).
Castokrat su tito pacienti s tazSou formou psoriazy
hospitalizovani. Medzi najCastejSie pouzivané lieci-

va systémovej terapie patri cyklosporin, metotrexat
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a acitretin. V ramci biologickej lieCby psoridazy sa
v sucasnosti mézu pouzivat’ aj lie¢iva blokujuce tu-
mor nekrotizujuci faktor — TNFa (etarnecept, inflixi-
mab, adalibumab) (Jusko, 2016). Podobna preskrip-
cia lieCiv bola zaznamenana aj v lekarni Galenos,
kde bol najcastejSie predpisovany acitretin (2,11 %);
potom cyklosporin (1,06 %) a metotrexat (0,42 %).
V lekarni TaJ bol prave najvyraznejsi cyklosporin
(3,70 %); potom apremilast (2,78 %); adalimumab
(1,85 %) a metotrexat (0,93 %). Aj ked’ tato systémo-
va terapia je pre pacienta pohodlnejsia, nevyhodou st
jej vedlajsie ucinky.

Ako doplnkova terapia sa v lekariiach najcastejSie
vyskytovala kyselina listova pri lieCbe metotrexatom
a v pripade nadmerného svrbenia antihistaminikum

desloratadin.

ZAVER

Z vyhodnotenych vysledkov preskripcie receptov
u pacientov s diagnézou L40.0 Psoriasis vulgaris
v dvoch verejnych lekdrnach v PreSove vyplyva, ze
percentualny podiel muzov a zien bol v obidvoch
leké&rnach podobny, a to na Grovni v priemere 40 %
muzov a 60 % zien. Najc¢astejsi vyskyt ochorenia bol
zaznamenany u pacientov vo vekovej skupine 41 — 50
rokov v lekérni TaJ a u pacientov vo vekovej skupine
61 — 70 rokov v lekarni Galenos. Whodnotena veko-
va krivka pacientov navstevujucich lekaren Galenos
potvrdila, Ze psoriaza prichadza v dvoch vilnach, a to
medzi 15. — 20. rokom a druha medzi 57. — 60. rokom
zivota. Vysledky analyzy preskripcie receptov ukazu-
ju, ze farmakoterapia psoriazy v obidvoch lekariiach
sa vyrazne neliSila. V obidvoch lekarfiach prevladala
lokalna terapia, a to najmé lokalne kortikoidy, emo-
liencia a IPL. Systémova terapia je v lieCbe psoria-
zy vel'mi délezita, no v nasom pripade nebola Casto
predpisovand, co mohlo byt’ spdsobené prevazne pa-
cientmi trpiacimi l'ahkou, ¢i stredne tazkou formou
psoriazy, ked’ze psoriaza patri medzi recidivujuce
ochorenia, vyvolava pocity menejcennosti a ovplyv-
nuje kvalitu zivota. Preto jej terapia vyzaduje tzku

spolupracu a trpezlivost’ zo strany pacienta aj lekéara.
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ABSTRAKT

CielPom S$tadie bolo testovanie cytotoxického a
antiproliferativneho u¢inku jedu hada druhu Cro-
talus adamanteus v koncentraciach 0,0114 — 1,14
Hg.ult na zdravej epitelovej bunkovej linii obli¢iek
opice (VERO) a bunkovej linii plicneho karcino-
mu (A549) pomocou 2 in vitro testov. Schopnost’
proliferacie buniek bola hodnotend po 48-hodi-
novom posobeni jedu BrdU testom, kde sme pri
vysSich koncentraciach zaznamenali pokles schop-
nosti buniek novosyntetizovat’ DNA v porovnani
s kontrolnymi bunkami bez oSetrenia (P < 0,05).
Naopak, pri nizSich koncentraciach bola proli-
feracia vysSSia alebo porovnatel’na s kontrolou u
obidvoch bunkovych linii (P < 0,05). Cytotoxicita
jedu bola hodnotena LDH testom, kde sme pozo-
rovali narast uvoliovania laktatdehydrogenazy
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so stupajucou koncentraciou jedu. Vyssia koncen-
tracia jedu spésobila cytotoxicitu u buniek VERO,
zatial’ o nizSia koncentracia jedu bola toxickejsia
pre nadorové bunky A549. OdliSna reakcia buniek
moZe byt sposobena Specificitou mechanizmov
zodpovednych za cytotoxicitu u odliSnych typov
buniek. Tato skuto¢nost’ diva predpoklad k selek-
tivnemu vyuZivaniu cytotoxickych zloZiek hadieho
jedu v protinddorovej terapii.

Kracové slova: bunkova kultira; cytotoxicita;
jed; metabolicka aktivita

ABSTRACT
The aim of the study was evaluation of cytoto-

xic and antiproliferative effect of Crotalus ada-
manteus snake venom in concentrations of 0,0114



—1,14 pg.ul* on renal epithelial cell line from mon-
key (VERO) and human lung carcinoma cell line
(A549) using 2 in vitro assays. Cell proliferation
was evaluated after 48 hours of cell treatment. In
higher concentrations, decline in cell proliferation
was recorded (P <0,05). On the other side, in lower
concentrations the proliferation was higher or
comparable with control cells without treatment.
Cytotoxicity was evaluated using LDH test; lea-
kage of lactatedehydrogenase rose with the rising
concentration of venom. The higher concetration
of venom caused higher cytotoxicity in VERO
cells, whereas the lower concentration was more
toxic for carcinoma A549 cells. The different cell
response may be due to the specificity of the me-
chanisms responsible for cytotoxicity in different
cell types. This fact provides a prerequisite for the
selective use of cytotoxic component of snake ve-
noms in antitumor therapy.

Key words: cytotoxicity; cell culture; metabolic
activity; venom

UvoD

Vo svete je identifikovanych viac ako 100 000 dru-
hov jedovatych zvierat. Na zaklade tvorby toxinov
rozdel'ujeme jedovaté Zivocichy na primarne jedovaté
(toxin v zivo¢isnom organe vznika primarnymi fyzio-
logickymi procesmi) a sekundarne jedovaté (toxicku
latku ziskavaju zivocichy z okolitého prostredia naj-
mé potravou). Nie kazdy Zivocich, ktorého telo obsa-
huje jed dokaze tento jed produkovat’, niekedy sa jed
v organizme nachadza v dosledku prijimanej potravy.
Napriklad toxicita ziab rodu Dentrobates je ovplyv-
nena prijimanou potravou, tieto zaby toxické latky
nesyntetizuju a jedince chované v zajati jedovaté nie
su. Kazdy z tychto druhov je schopny produkovat
jedy, ktoré Casto obsahuju az 100 r6znych molekul.
Zivodisne jedy sa efektivne vyuZivaju na obranu a
predaciu. Hadi jed sa syntetizuje v jedovych zl'azach
jedovatych hadov. Hadi jed sa lisi sa medzi roznymi

druhmi aj v rdmci toho istého druhu v zavislosti od

veku hada, biotopu a klimy. Asi 90 — 95 % suchej
hmotnosti hadieho jedu tvoria bielkoviny, ktoré su
zodpovedné za hlavné biologické Gcinky. Jed ma dve
hlavné funkcie: spdsobuje paralyzu a spusta traviaci
proces. Jed je klasifikovany podl'a spdsobu jeho Gcin-
ku do 4 skupin: cytotoxin, neurotoxin, kardiotoxin a
hemotoxin. Obsahuje niekol’ko bioaktivnych zloziek,
ktoré maju rozne farmakologické aktivity (Moga a
kol., 2018; Nassar a kol., 2021). Existuju Styri druhy
jedu podla jeho ucinkov. Hemotoxické jedy posko-
dzuju kardiovaskularny systém a sposobuju zraZanie
krvi, cytotoxické jedy primdrne ni¢ia bunky a svaly
a toxické jedy blokuju a poskodzuju vsetky Zivotne
dolezité systémy (Yang a kol., 1996).

Hadie jedy sa pouzivaju uz tisice rokov, najmi v
tradi¢nej Cinskej medicine. Okrem schvalenych lie-
kov je teraz mnoho d’alSich zloziek hadieho jedu
zapojenych do predklinickych alebo klinickych tes-
tov na rozne terapeutické aplikacie. Vyskum hadich
jedov priniesol vysledky v podobe latok ovplyviiu-
jucich kardiovaskularny systém a hemoregulaciu.
Cytotoxické hadie jedy sa zameriavaju na Specifické
bunkové miesta. Cytotoxiny mozu interagovat’ s lipo-
proteinmi pritomnymi v plazmatickej membrane bu-
niek a mézu sposobit’ zmrstenie. Cytotoxické ucinky
zloziek hadieho jedu maju teda potencial degradovat’
nadorové bunky. Vzhl'adom na cytotoxicky charakter
jedov niektorych druhov hadov sa vedecka pozornost’
upriamuje na moznosti vyuzitia zloziek hadich jedov
v terapii nadorovych ochoreni. Niekol’ko studii zisti-
lo, Ze hadie jedy obsahuju potencialne terapeutické
latky, ktoré mozno pouzit’ ako protirakovinové latky
(Ullah a kol., 2018). Hlavnym problémom, ktorému
celia lekari v boji proti nddorovym ochoreniam st
rozne lieky a chemoterapeutika, ktoré nedokdzu roz-
lisit’ nadorové bunky od zdravych buniek, ¢o sposo-
buje neziaduce vedl'ajsie ucinky, ktoré nieckedy vedu
k smrti. Toxiny pochadzajice z jedu posobia iba na
urcité typy buniek a vykazuju rozdielnu lyticka akti-
vitu proti réznym bunkovym liniam a subcelularnym
organelam (Leon a kol., 2011, Calderon a kol., 2014).

Strkage rodu Crotalus patria do Gelade Viperidae
a pochadzaju z rozliénych oblasti Severnej a Juznej
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Ameriky. Na ucely nasho experimentu sme zvolili jed
hada druhu Crotalus adamanteus. Na testovanie cy-
totoxickych a antiproliferativnych uc¢inkov jedu boli
vyuzité in vitro testy. Nenadorova bunkova linia epi-
telovych buniek obli¢iek opice (VERO) a nadorova
bunkova linia plicneho karcinomu l'udi (A549) boli
vystavené ucinkom hadieho jedu vo vybranych kon-
centraciach. Nasledne bola po 48 h posobeni hodno-
tend zmena v proliferacii buniek pomocou merania
schopnosti novosyntetizovat’' DNA (BrdU test), a po-
mocou merania mnozstva uvolnenej laktatdehydro-
genazy z poSkodenych buniek bola vyjadrena miera
poskodenia buniek (LDH test).

MATERIALA METODY

Pre ucely tejto experimentalnej $tidie bol pouzity
jed strkaca rodu Crotalus (Crotalus adamanteus) zis-
kany z chovného zariadenia VIPERAFARM, spol. s.
r. 0. (Ltd.). Pri odbere bolo vypudenie hadieho jedu z
jedovych zubov iniciované zahryznutim hada do celo-
fanového krytu odbernej nadoby. Po odbere bol hadi
jed zmrazeny a skladovany pri teplote — 80 °C, aby sa
zabranilo degradacii zloziek a strate biologickej ak-
tivity. Pred pouzitim bol jed rozmrazeny a nasledne
sa odvazila hmotnost’ 170 pl jedu (194 mg) a dalej
sa jed riedil fosfatovym pufrom na zasobné koncen-
tracie E-2 az E-5 (11,4; 1,14; 0,114 a 0,0114 pg.ul?).
Dalsie pouzité materialy a extrakty boli: zdrava linia
epitelovych buniek obliciek opice VERO (ATCC-
-CRL 1586) a nadorova linia z 'udského karcinomu
plaic A549 (ATCC® CCL-185™), kultivované v in-
kubatore pri konstantnej teplote 37 °C, atmosfére 5
% s obsahom CO, v kompletnom kultivatnom médiu
Minimum Essential Medium Eagle (MEM) s obsa-
hom 10 % fetélneho bovinného séra (FBS), glukozy,
antimykotik a antibiotik (Sigma Aldrich, Nemecko).

In vitro testy

Na hodnotenie cytotoxickych t¢inkov jedu u zdra-
vej a nadorovej bunkovej linie boli pouzité 2 testy.
Pri obidvoch testoch boli bunky nasadené do dvoch

96-jamkovych platnic¢iek (Greiner Bio One, Nemec-
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ko) s hustotou 16 500 buniek A549 na jamku a pri
bunkach VERO 20 000 buniek na jamku. Po 24-ho-
dinovej kultivacii boli k bunkdm pridané zasobné
koncentracie hadieho jedu (1 : 10 s médiom), aby
vysledna koncentracia jedu v jamke bola E-3 az E-6
(1,14 - 0,0114 pg.pl?). Testy boli vykonavané po 48
hodinach pdsobenia jedu. Absorbancia bola merana
pomocou Apollo 11 LB 913 ELISA Reader (Berthold
Technologies, Nemecko) pri vinovej dizke 450 nm.

BrduU test

BrdU proliferacny test (BrDU Cell proliferation
ELISA kit, Abcam, Cambridge, UK) je elisa kit vy-
uzivany na detekciu inkorporacie BrdU do novosyn-
tetizovanej DNA v aktivne proliferujiicich bunkach.
Test bol vykonany po 48 hodinach od oSetrenia bu-
niek podl'a protokolu poskytovaného vyrobcom. Ako
kontrola slizili bunky bez vystavenia i¢inkom jedu a
ich proliferacia bola povazovana za 100 %. Hodnoty
optickej denzity (OD) boli nasledne vyjadrené ako %
proliferacnej aktivity (% PA) pomocou vzorca % PA
= (OD vzorka / OD kontrola) x 100.

LDH test

LDH je enzym pritomny v cytozole buniek Siroké-
ho spektra organizmov a po poskodeni plazmatickej
membrany dochadza k jeho masivnemu uvolnova-
niu. Pretoze LDH je pomerne stabilny enzym, Siro-
ko sa pouziva na hodnotenie pritomnosti poskodenia
a toxicity tkaniva a buniek. Kvantifikdcia LDH ma
Siroké spektrum aplikacii. Test bol rovnako ako pri
BrdU teste vykonany podla instrukcii vyrobcu a vy-
sledky boli prepocitané na % cytotoxicity (C) podla
vzorca: % C = Abs. vzorky — Abs. LC/ Abs. HC — Abs.
LC ) x 100, kde LC (low control) znamena OD bu-
niek v médiu, HC (high control) vyjadruje maximal-
nu mieru poskodenia buniek s pridavkom 1 % tritonu
do media.

Statistické spracovanie vysledkov

Experimenty boli vykonané v triplikdtoch pomo-
cou programu Excel, kde boli stanovené Standardné
odchylky (+ sd) a nasledne boli vysledky spracované



Graf 1: Porovnanie proliferacnej aktivity buniek VERO a A549 oSetrenych hadim jedom
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Koncentrécie jedu: E-3 — 1,14 pg.pl?; E-4 - 0,114 pg.ul; E-5 - 0,0114 pg.pl; E-6 —
0,00114 pg.pul?. Statisticky vyznamny rozdiel * — P < 0.05 a *** — P < 0,001

Statistickym programom Graph Pad Prism 8.3 (Gra-
phPad Software, San Diego, CA, USA) jednocest-
nou Anovou, Dunettovym porovnavacim testom. Za
signifikantny rozdiel bola povazovand hodnota P <
0,05.

VYSLEDKY A DISKUSIA

Cytotoxické ucinky, ktoré jedy vykazuju, su sl'ub-
nym spdsobom vyuzitia jedu alebo aspon jeho jed-
notlivych zloziek v protinddorovej terapii. V pred-
beznych testoch klinickych stadii boli zistené proti-
nadorové ucinky jedu a z neho izolovanych enzymov.
Cytotoxicita toxinov hadieho jedu je spojena s ich
$pecifickost’ou a afinitou k bunkam a tkanivam. Ur¢i-
té proteiny alebo peptidy odvodené z hadich jedov su
schopné viazat’ sa na membrany naddorovych buniek
a tato schopnost’ ovplyviiuje aj migraciu a prolifera-
ciu tychto buniek. Niekol'ko studii jedov ziskanych z
druhov kobry zistilo, Ze existuji izolované cytotoxi-
ny, ktoré I'ahko prenikaji do buniek I'udského adeno-

karcinému pl'uc (A549) a hromadia sa v lyzozomoch
(El-Aziz a kol., 2019).

V priebehu poslednych desatroc¢i sa pozornost
upriamuje na disintegriny pritomné v hadich jedoch
vzhl'adom na ich potencidlne vyuzitie v terapii na-
dorovych ochoreni. Tieto molekuly su schopné in-
teragovat’ s niektorymi rakovinovymi integrinmi a
mozu tak zasahovat’ do délezitych procesov karcino-
genézy. Non-RGD disintegrin izolovany z jedu hada
druhu Crotalus durissus collilineatus indukuje nizku
cytotoxicitu a inhibuje migraciu 'udskych buniek ra-
koviny prsnika (MDA-MB-231) (Vyas a kol., 2013).

V nasej Studii sa sledovali bunkové zmeny, ktoré
nastali po oSetreni, vplyvom t¢inku jedu hada dru-
hu Crotalus adamanteus na modelovych zdravych a
narodovych bunkovych linidch. Pre porovnanie sme
si zvolili 2 in vitro testy s odliSnymi principmi. Pri
porovnani zdravej] VERO a nadorovej A549 bunko-
vej linie sme zistili, Ze s klesajiicou koncentraciou
jedu réstla schopnost” buniek proliferovat’, pricom
koncentracie E-5 a E-6 preukazali hodnoty vyssie (P
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Graf 2: Porovnanie cytotoxicity buniek VERO a A549 oSetrenych hadim jedom

Koncentrécie jedu: E-3 — 1,14 pg.pl?; E-4 - 0,114 pg.ul*; E-5 - 0,0114 pg.ul; E-6 -
0,00114 pg.pul. Statisticky vyznamny rozdiel *** — P < 0,001

Graf 3: Porovnanie antiproliferativneho a cytotoxického ¢inku jedu hada druhu Crotalus adamanteus

Koncentracie jedu: E-3 — 1,14 pug.ul?; E-4 — 0,114 pg.pl?; E-5 - 0,0114 pg.pl?; E-6

—0,00114 pg.ult.

< 0,001) alebo porovnatel'né (P > 0,05) s kontrolou
bez osetrenia. Vyssie koncentracie E-3 a E-4 sposo-
bili signifikantny pokles proliferacie (P < 0,001). Z
nasich zisteni vyplyva, ze uc¢inok jedu bol sice vy-

razny, ale porovnatel'ny medzi zdravou a nadorovou
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bunkovou liniou, okrem koncentracie E-3, ktora spo-
sobila signifikantne vyssi pokles proliferacie u buniek
VERO (vid’ graf 1).

Ako druhy z testov na hodnotenie uc¢inkov jedu bol
zvoleny cytotoxicky LDH test. Vysledky su zazna-



menané v grafe 2. K vyraznejSiemu poskodeniu doslo
u buniek pri pésobeni koncentracii E-3, E-4 a E-5.
Vyznamny rozdiel medzi G¢inkami jedu na bunky
zdravé a nadorové bol zaznamenany pri koncentra-
ciach E-3 a E-5. Koncentracia E-3 spdsobila vyssie
poskodenie buniek VERO a naopak nizsia koncentra-
cia E-5 vyssie poskodenie nadorovych buniek A549.
Najnizsia testovana koncentracia E-6 nespdsobila
signifikantny narast uvolfiovania LDH v porovnani s
kontrolou (P > 0,05).

Porovnanie ucinkov jedu na obidvoch bunkovych
liniach je znazornené v grafe 3. Zatial’ ¢o proliferacia
buniek rastla so znizujicou sa koncentraciou, cytoto-
xicita naopak klesala. Z tohto javu je zrejmé, Ze toxi-
cita jedu je zavisla na jeho koncentracii.

Prakticky vSetky hadie jedy st schopné vyvolat
cytotoxicitu, ktora sposobuje bunkovu nekrozu alebo
apoptozu v roznych stupiioch. Cytotoxicita hadieho
jedu sa klinicky prejavuje ako lokalna nekréza, he-
molyza, kardiotoxicita, myonekr6za, poskodenie ob-
li¢iek, bud’ priamym mechanizmom alebo v kombina-
cii s inymi patogénnymi aktivitami jedu. Cytotoxické
latky hadich jedov su pre hada rovnako uzitocné ako
pre modernt medicinu. Specifickost’ posobenia tych-
to toxinov méze byt vyuzita na lieCbu mnohych zivot
ohrozujtcich chordb. Protirakovinovy potencial ha-
dieho jedu bol popisany mnohymi Stadiami. Rakovi-
na je stale vel'kou vyzvou pre nasu spoloc¢nost, ako
aj protinadorova terapia. Preto je skiimanie pouzitia
proteinov, peptidov a enzymov pochadzajucich zo
zvierat roznych druhov na terapeutické tcéely v po-
slednom case vyznamnym predmetom vedeckého za-
ujmu (Moga a kol., 2018; Ullah a kol., 2018).

ZAVER

V poslednych rokoch sa Coraz vicsia pozornost
upriamuje na pochopenie mechanizmu ucinku kom-
plexného hadieho jedu v suvislosti s vyvojom novych
lieciv na terapiu najmé kardiovaskularnych a nadoro-
vych ochoreni. Ciel'om nasej Stidie bolo porovnanie
cytotoxického a antiproliferativneho ucinku jedu
hada druhu Crotalus adamanteus na zdravej epite-

lovej bunkovej linii obli¢iek opice a bunkovej linii
plicneho karcinomu. Z naSich zisteni vyplyva, Ze so
zvysujucou sa koncentraciou jedu klesala proliferacia
buniek a naopak stipala miera poskodenia buniek a
mnozstvo uvolneného LDH. Uginok jedu bol sice vy-
razny, ale porovnatelny medzi zdravou a nadorovou
bunkovou liniou, pri¢om t¢inky jedu boli zavislé od

jeho koncentracie.
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ABSTRACT

Level of attention being paid to the importance
of drug interactions is constantly increasing, from
both healthcare professionals and general public
point of view. Drug interactions can be considered
significant complications of pharmacotherapy, yet
they are very difficult to recognize and unsuffi-
ciently recorded, especially when it comes to drug-
food interactions. In practice, drug interactions
are often mistaken for complications resulting
from the process of pathophysiological condition
treatment.

Aim of the study was to create an overview of
interactions between cardiovascular drugs, which
are ranked among the most prescribed drugs in
Slovakia every year, and selected types of cit-
rus fruits — grapefruit, sweet orange, and bitter
orange. We have recorded 21 interacting drugs,
one third of which were calcium channel block-
ers. Another goal was to evaluate the occurrence
of these interactions through drug counseling con-

sultations with patients. Up to 89 % of participat-
ing patients regularly used at least 1 cardiovascu-
lar drug with the potential to interact with citrus
fruits. The most common interaction was between
the hypolipidemic drug atorvastatin and grape-
fruit.

Data on drug interactions from available sour-
ces often diverge, so it is challenging for a pharma-
cist to analyze these sources and constantly obtain
up-to-date knowledge. Nevertheless, contribution
of the pharmacist in the process of educating the
patient on drug interactions is irreplaceable in
clinical practice.

Key words: cardiovascular drugs; Citrus L.; in-
teractions

INTRODUCTION

Important complications in pharmacotherapy cur-
rently include drug interactions. Interactions rank
among the adverse effects of drugs and great caution
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is needed to interpret them. The clinical significance
of drug interactions can vary widely, and therefore
they are on the one hand underestimated or on the
other hand generally considered as a contraindication
for a given drug — or food — in general (Lékové inter-
akce, 2022; Solutio, 2022).

The pharmacy is the last and easily accessible link
in health care, and the pharmacist often has insight
not only into the patient’s pharmacotherapy from
various physicians, but also into the patient’s self-
medication. Therefore, the pharmacy can catch and
eliminate these problems, which can prevent health
complications of the patient and thus reduce the over-
all cost of treatment in the society (Vicek et al., 2010).

MATERIAL AND METHODS

Information on interactions between citrus fruits
and cardiovascular drugs were collected from the fol-
lowing information sources: the “Check drug inter-
actions” module of the Drug Interactions Database
from DrugAgency, Inc. (Lékoveé interakce, 2022); the
“Drug Interaction Checker” module on the Medscape
portal (Medscape, 2022); the Drugs interactions
checker on the www.drugs.com (Drugs.com, 2022);
the publication Fytofarmaké a potraviny — klinicky
vyznamné interakcie (Czigle and Toth, 2016); the
publications Stockley’s Herbal Medicines Interac-
tions (Baxter, Driver, Williamson, 2013); Stockley’s
Drug Interactions — 8th edition (Baxter et al., 2008)
and SPCs (Summaries of Product Characteristics)
of medicines containing the relevant drugs (SUKL,
2022).

Examples of drug interactions within this study
were obtained via the Medicines Consultation Form.
A total of 28 patients participated in the drug coun-
seling, 10 females and 18 males. All drug counseling
consultations were conducted face-to-face with pa-
tients for one hour, in the consultation room of a pub-
lic pharmacy. The consultations took place between
September 2021 and March 2022. The selection of
consultations was not filtered and was not targeted to
patients with cardiovascular medications. The main
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focus of the study was the analysis of the cardio-
vascular drugs that were listed in the sources of this
work for the risk of interaction with selected species
of fruits of the genus Citrus L.

RESULTS

The potential occurrence of interaction with se-
lected types of fruits of plants of the genus Citrus L.
was recorded for a total of 21 cardiovascular drugs
that are found among the drugs registered in the Slo-
vak Republic. These are drugs included in 6 out of 9
subgroups in the main ATC group C — drugs of the
cardiovascular system. The most represented were
Calcium channel blockers (C08) in the number of 7
(33 %) and Cardiac (C01) in the number of 5 (24 %).
The list of drugs that have the potential to interact
with citrus fruits — grapefruit, sweet orange and bitter
orange can be found in the Table 1.

Other citrus fruits interacting with cardiovascular
drugs were sweet orange (Citrus sinensis L.) and bit-
ter orange (Citrus aurantium L.). In the case of sweet
orange, 4 drugs — atenolol, felodipine, aliskiren and
pravastatin — had the potential for interaction. Only 1
drug (aliskiren) also had this information listed in the
SPC (SPC, 2022). Bitter orange represents a food at
risk for possible interaction for 3 drugs —amiodarone,
felodipine and diltiazem. None of these drugs has in-
formation on the possible occurrence of an interac-
tion listed in the relevant SPC. The only drug that had
DI with all 3 citrus species was felodipine, with the
SPC listing only grapefruit.

In one of the sources (Drug Interactions, 2022);
we noted possible interactions with 2 cardiovascular
drugs with two other types of citrus fruits (Drug Inter-
actions not listed in SPC):

1) with pomelo (Citrus maxima) — with the drugs

felodipine and verapamil

2) with lemon (Citrus limon) — with the drug

felodipine.

In the case of pomelo, “severe” clinical severity is
indicated for both drugs, and it is recommended to
avoid consumption of these fruits and juices made



Table 1: Interactions of cardiovascular drugs with selected citrus fruits

GRAPEFRUIT ORANGE, bitter
Citrus paradisi Macf. Citrus aurantium L.
ATC DRUG ATC DRUG ATC DRUG
C01B amiodarone’® co8cC nitrendipine®248 C01B amiodarone*
dronedarone?3%8 lacidipine!2® cosc felodipine#S
propafenone?® Co08D diltiazem?®48 C08D diltiazem*
CO1E ranolazine®3® verapamilt® ORANGE, sweet
ivabradine'235¢ | C09C losartan®3# Citrus sinensis L.
Co2K riociguat? C09X aliskirent3® ATC DRUG
CO7A carvedilol* C10A atorvastatin® CO7A atenolol*3
co8cC amlodipine!2346 lovastatin®® cosc felodipinet
felodipinet® pravastatin®® C09X aliskirent*®
nimodipine® simvastatin-® C10A pravastatin#

1 - Lékové interakce, 2022; 2 — Medscape, 2022; 3 — Drugs.com, 2022; 4 — Czigle and Toth, 2016;
5 — Baxter, Driver, Williamson, 2013/Baxter et al., 2008; 6 — SUKL, 2022

Graph 1: Overview of recorded cardiovascular drugs interacting with citrus fruits
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from them during the entire therapy. The conse-
guence of this interaction may be an increase in the
area under the curve (AUC) and the maximum drug
concentration (Cmax) of felodipine and verapamil,
which may lead to an increased risk of adverse drug
reactions. With lemon, the interaction is reported as

“minor”, but it is recommended to avoid direct in-
gestion of the drug containing felodipine with lemon
juice (Guo et al., 2007; Agel et al., 2011).

Out of the total number of 28 patients, up to 26
(93 %) patients regularly used at least 1 drug that
contained a drug from ATC group C — Drugs of the
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cardiovascular system. Of these 26 patients, whose
total therapy included at least one medicinal product
with a cardiovascular effect, 25 patients used at least
1 medicinal product that had the potential to cause an
interaction in combination with one of the selected
species of fruits of the genus Citrus L. It follows that
in the medicinal record of 89 % of all patients, there
was a potential risk of at least one interaction between
the medicinal product of the cardiovascular system
and the citrus fruit.

The most common potential interaction (18 X)
reported among patients was between the hypolipi-
demic drug atorvastatin and grapefruit, accounting
for nearly half (49 %) of all interactions. The second
most common interaction (6 x) was that of grapefruit
with the selective calcium channel blocker, amlodi-
pine. An overview of the prevalence of cardiovascular
drugs interacting with citrus fruits is given in Graph
1. Up to 88 % of the recorded drugs interacting with
grapefruit also had information about the interaction
mentioned in the SPC of the respective drug — except
for the drug losartan.

DISCUSSION

Drug interactions, as an important aspect of phar-
macotherapy, can undoubtedly lead to clinically
significant risks, especially with insufficient patient
management. In clinical practice, in most cases, it is
a combination of two or more drugs, while the num-
ber of described drug interactions of cardiovascular
drugs currently exceeds 10.000 (Rudolf and Maly,
2010).

Based on the officially available information from
the National Health Information Centre (NCZI), the
most prescribed drugs in 2021 were those contain-
ing drugs intended for the treatment of cardiovas-
cular diseases, and the consumption of these drugs
tends to grow year-on-year. The most frequently pre-
scribed drug in this group was Agen (Zentiva, Czech
Republic) containing the drug amlodipine (NCZI,
2022); which we noted for a possible interaction with
grapefruit. This interaction was mentioned in up to
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5 of the 6 sources of this work (Lékové interakce,
2022; Drugs.com, 2022; Medscape, 2022; Czigle and
Téth, 2016; SUKL, 2022); as well as in the SPC of
the respective drug. However, the sources disagree on
whether the interaction causes an increase or decrease
in plasma levels of the drug. In practice, pharmacists
currently do not have sufficient auxiliary dispens-
ing materials that address the topic of cardiovascular
drug interactions. The results of this study may serve
as one aid to the pharmacist to ensure optimal phar-
macotherapy for the patient. However, it is always
necessary to think comprehensively and to consider
other risk factors that may influence a given interac-
tion.

The majority (64 %) of drug consultations were
attended by men. The most common age group was
the 70 — 79 year old group (39 %). One male aged 35
years who was taking a higher number of medications
(12) also participated in the consultation, including a
drug containing atorvastatin, which has the potential
to interact with grapefruit. The potential for at least
one interaction between a cardiovascular drug and a
Citrus L. fruit was observed in up to 25 patients out
of a total of 28 consultations (89 %).

Grapefruit was clearly the most frequent fruit of
the Citrus L. genus interacting with drugs intended
for the therapy of cardiovascular diseases, which was
recorded for 95 % of the drugs. The latter appears to
be the citrus with the greatest potential for interac-
tion, based on both general awareness and the num-
ber of publications focusing on grapefruit specifically
and exclusively. The results of the study showed that
the most numerous potential interactions among the
drug counseling consultations performed was the in-
teraction of grapefruit with the hypolipidemic drug
atorvastatin. This was also a serious interaction with
a very good documentation rate, with rhabdomyoly-
sis to acute kidney failure cited as the most serious
risk (Lékové interakce, 2022). Although the manufac-
turer does not recommend the simultaneous ingestion
of large amounts of grapefruit juice and atorvastatin
in the SPC of the drug in question (SPC, 2022); re-
search suggests that CYP3A4 inhibition also occurs



when consuming normal amounts (2 dcl per day) of
grapefruit juice, and given the cumulative inhibition
of intestinal CYP3A4, we are inclined to just exclude
it altogether (Ainslie et al., 2014).

CONCLUSIONS

Drug interactions represent one of the most sig-
nificant complications of pharmacotherapy with a
relatively frequent occurrence. Fruits and fruit juices
contain a large number of phytochemicals that, when
combined with certain drugs, can also cause clinically
significant interactions and lead to adverse effects.

We recorded 21 potential interactions between car-
diovascular drugs registered in Slovakia and selected
species of Citrus L. Drug interactions with grapefruit
and grapefruit juice are among the most clinically
documented drug-food interactions. This may also
be the reason that the most interactions described in
the literature have been with grapefruit. Information
on the interaction with grapefruit was provided in the
SPCs of the respective medicines for 16 (80 %) of
the cardiovascular medicines registered in Slovakia.
Aliskiren was the only drug that also had information
on interaction with a citrus fruit other than grapefruit
in the SPC. This was an interaction with sweet or-
ange.

Pharmacists should clearly know the significant in-
teractions not only of drugs with each other, but also
of drugs with food. The suitability and unsuitability
of different foods and beverages when taking medi-
cines simultaneously is an area in which the pharma-
cist has an important role, especially in patient edu-
cation. It is practically impossible to control all drug
interactions. However, cardiovascular drugs were the
most frequently prescribed group of drugs in 2021,
and therefore it would be appropriate to place consid-
erable emphasis on interactions with them.
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ABSTRAKT

Tento ¢lanok opisuje problematiku ochorenia
a farmakoterapie hyperprolaktinémie. Hyper-
prolaktinémia je charakterizovana zvySenou hla-
dinou hormoénu prolaktinu v krvi. V organizme
vyvolava rozne klinické priznaky. Priciny jej vzni-
ku su fyziologické, patologické a farmakologické.
Clanok je zamerany na vedecké a odborné po-
znatky o prolaktine a o samotnej charakteristike
ochorenia. V ramci réznych linii jej liecby je naj-
dolezitejSou farmakoterapia dopaminergickymi
agonistami, a to bromokriptinom, karbegolinom
a chinagolidom. Z farmaceutického pohladu je
vel’'mi zaujimavy manaZment terapie farmakami
navodenej hyperprolaktinémie. Sucastou Studie
su kazuistiky z praxe endokrinologickej ambulan-
cie, ktoré su praktickym prikladom teoretickych
poznatkov. VSetky kazuistiky potvrdzuju dobru
ucinnost’ dopaminergickych agonistov pri liecbe.

Liekom vol’by ostava karbegolin. V kazdej kazuis-
tike doslo k zamene lie¢iva najmé kvoli vyskytu ne-
Ziaducich ucinkov. Stratégia liecby pri hyperpro-
laktinémii vyvolanej liekmi je odliSna a vyZaduje
si dobr1 spolupracu endokrinoléga a iného odbor-
ného lekara. V kazuistikach ide najmaé o spolupra-
cu s psychiatrom, nakol’ko hyperprolaktinémia
u tychto pacientov vznikla ako neZziaduci u¢inok
pri terapii psychofarmakami. PriloZené pripady
z praxe pomahaju vytvorit’ si obraz o pricinach,
priebehu a farmakoterapii hyperprolaktinémie.

KrPucové slova: bromokriptin; dopamin; hyper-
prolaktinémia; chinagolid; karbegolin; neurolep-
tika

ABSTRACT

This article describes the issue of the disease
and pharmacoterapy of hyperprolactinemia. Hy-
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perprolactinemia is characterized by an increased
level of hormon prolactin in the blood. It causes
various clinical symptoms in the body. The cau-
ses of its occurrence are physiological, pathologi-
cal and pharmacological. The article is focused on
scientific and professional knowledge about pro-
lactin and the characteristics of the disease itself.
Within the various lines of its treatment, the most
important is pharmacotherapy with dopaminer-
gic agonists, namely bromocriptine, carbegoline
and quinagolide. From a pharmaceutical point
of view, the management of drug-induced hyper-
prolactinemia therapy is very interesting. Part of
the article are case studies from the endocrinolo-
gy outpatient clinic, which are a practical exam-
ple of theoretical knowledge. All case studies con-
firm good effectiveness of dopaminergic agonists
in the treatment. Carbegoline remains the drug of
choice. In each case report, the medicine was chan-
ged, mainly due to the occurrence of undesirable
effects. The treatment strategy for drug-indu-
ced hyperprolactinemia is different and requires
good cooperation between the endocrinologist and
other medical specialists. In the case report, it is
mainly a collaboration with a psychiatrist, as hy-
perprolactinemia in these patients arose as a side
effects of psychotropic drug therapy. The attached
cases from practice help to create pictures of the
causes, course and pharmacotherapy of hyperpro-
lactinemia.

Key words: bromocriptine; cabergoline; dopa-
mine; hyperprolactinemia; neuroleptics; quina-
golide

UvoD

Prolaktin je hypofyzarny hormoén. Regulacia sek-
récie prolaktinu je zlozity proces a ovplyviiuje ho via-
cero faktorov. KI'icové postavenie ma dopamin, kto-
ry je hlavnym inhibi¢nym faktorom sekrécie prolak-
tinu. V organizme ma prolaktin vela réznych funkcii

s ohl'adom na pohlavie. Zohrava déleziti ulohu pri
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laktacii, v reprodukénom systéme, v tukovom tkani-
ve, v imunitnom systéme, v metabolizme kosti a pri
inych procesoch.

Hyperprolaktinémia je charakterizovana zvySenou
hladinou horménu prolaktinu v krvi. Pri¢iny vzniku
hyperprolaktinémie rozdelujeme na fyziologicke,
patologickeé a farmakologické. Medzi fyziologické
pri¢iny patri napr. tehotenstvo, laktacia, pohlavny
styk, stres, jedlo. Z patologickych vyvolavajucich
pric¢in st v popredi poruchy hypotfyzy, hypotalamu,
poranenia a niektoré systémoveé ochorenia (Allahba-
dia a kol., 2020). Medzi lie¢iva, ktoré maju potencial
zvySovat’ koncentraciu prolaktinu, patria predovset-
kym latky zasahujuce do metabolizmu dopaminu
v nervovom systéme. NajCastejSie ide o neuroleptika,
z ktorych maju najvyssi potencial tieto lieciva: halo-
peridol, amisulprid, risperidon a olanzapin. Naopak,
medzi PRL-Setriace neuroleptikd patria: aripirazol,
klozapin, kvetiapin a ziprasidon. Hyperprolaktinémiu
mozu vyvolat’ aj iné skupiny lie¢iv ako napr. niektoré
antidepresiva, opiaty, estrogény, prokinetika ¢i nie-
ktoré starsie antihypertenziva (Gonzalez-Rodriguez a
kol., 2020).

Hyperprolaktinémia sa prejavuje roznymi klinicky-
mi priznakmi u muzov a zien. Bezprostredné ucinky
sa prejavuju na pohlavnych a sexudlnych funkciach
a na prsiach. Hyperprolaktinémia u zien spdsobuje
predovsetkym galaktoreu, poruchy menstruacného
cyklu s vyslednou poruchou fertility. Podobne sa
u muzov vyskytuje galaktorea, gynekomastia, erek-
tilna dysfunkcia a infertilita. Z dlhodobého hl'adiska
ma ochorenie aj iné prejavy, napriklad na kostiach,
v ramci metabolizmu, v imunitnom systéme, v nervo-
vom systéme a v kardio-vaskularnom systéme (Casa-
nueva a kol., 2018).

Manazment terapie je zaujimavy a ovplyviiuje ho
vyvolavajica pricina. Hlavnou liniou lie¢by je far-
makoterapia. Predstavuju ju dopaminergicki agonisti,
z ktorych sa vyuzivaju predovsetkym bromokriptin,
karbegolin a chinagolid. Terapia je medzinarodne od-
poricana a dlhodobad (Auriemma a kol., 2019). Ich
cielom je znizenie hladiny prolaktinu a ustup klinic-

kych priznakov. Aj napriek tomu, ze mechanizmus



ich uc¢inku je takmer rovnaky, existujii medzi nimi
rozdiely v znasanlivosti, vo frekvencii neziaducich
ucinkov, v davkovacich schémach, a teda aj vo vy-
slednej compliance pacientov.

Bromokriptin sa v praxi pouziva najdlhsie. Nezia-
duce ucinky, najmé gastrointestinalne, vyvolava vel-
mi Casto. Obvykla denna davka je 2,5 mg. Karbegolin
je vSeobecne lepsie tolerovany a uziva sa vacsinou
raz tyzdenne 0,5 mg. Chinagolid je uréeny na denné
pouzivanie v davke 0,075 mg (Akter a kol., 2018).
V pripade prolaktindmov je d’alSou liniou liecCby chi-
rurgicky zakrok, rddioterapia a chemoterapia (Maiter,
2019).

Tato $tadia sa zameriava na vytvorenie suhrnu od-
bornych udajov o problematike hyperprolaktinémie
s komplexnym opisom farmakoterapie. V spracova-
nych kazuistikach z endokrinologickej ambulancie su
zachytené roznorodé priciny vzniku ochorenia, vrata-
ne liekmi vyvolanej hyperprolaktinémie. Kazuistiky
su zamerané na priebeh farmakoterapie u vybranych
pacientov. Prakticka cast’ nielen verifikuje poznatky
z odbornych publikacii, ale zaroven otvara aj nové
témy.

METODIKA PRACE A METODY SKUMA-
NIA

Metodika tejto prace spocivala v zbere a spracova-
vani odbornych poznatkov o hyperprolaktinémii a jej
farmakoterapii. Pri ich vyhl'addvani boli vyuzité pre-
vazne zahrani¢né vedecké clanky dostupné v online
databazach. Vsetky zdroje, ktoré boli pouzité, su uve-
dené v zozname literatury.

Kazuistiky boli vypracované na zéklade poskyt-
nutej dokumentacie od MUDr. Danusi Maskuliko-
vej, ktora je lekarkou v endokrinologickej ambulan-
cii. Dokumentécia bola Uplne anonymizovand, bez
akychkol'vek osobnych udajov a v stlade so zdkonom
¢. 18/2018 Z. z. o ochrane osobnych udajov a o zme-
ne a doplneni niektorych zédkonov. Bolo vybratych
celkovo 5 pacientov, z ktorych bol jeden muz a Styri
zeny. Vsetci pacienti mali stanovenu diagnozu E22.1
— Hyperprolaktinémia.

Predmetom zadujmu bolo pohlavie a vek, rodinna
a osobna anamnéza, liekova anamnéza, priebeh ocho-
renia a farmakoterapie. Ziskané informacie sme spra-
covali a vyhodnocovali pomocou poznatkov z odbor-
nych publikacii.

VYSLEDKY

Kazuistika 1: Muz so zhorSenou hyperprolaktiné-
miou pri terapii risperidonom

V kazuistike i$lo 0 47-ro¢ného muza s hyperprolak-
tinémiou s prejavom gynekomastie. V zaciatku liecby
mu bola indikovand terapia bromokriptinom, pocas
ktorej sa u neho prejavili typické dyspeptické nezZia-
duce ucinky. Terapia bola zmenena na chinagolid.
K vyraznému vzostupu hladiny PRL v krvi doslo pri
lieCbe risperidonom. Na odportac¢anie endokrinologa
mu psychiater zmenil farmakoterapiu z risperidénu
na aripiprazol, ¢o prinieslo zelany efekt z pohl'adu
PRL. Muz ostava pravidelne kontrolovany v endokri-

nologickej ambulancii.

Kazuistika 2: Zena s hyperprolaktinémiou vyvola-
nou cystickym prolaktinomom

Pacientkou v tejto kazuistike bola mlada 24-rocna
zena, ktora mala vaznejSie poruchy menstruacného
cyklu so zaciatkom po autohavarii. Bola jej diag-
nostikovana hyperprolaktinémia, ktorej pri¢inu od-
halilo MRI mozgu, a to cysticky prolaktinom. Kvo-
li r6znym neziaducim ucinkom vystriedala viaceré
DA. Pacientka bola poucend o nutnosti pravidelnych
kontrolnych endokrinologickych vySetreni aj kontrol-
nych MRI mozgu.

Kazuistika 3: Zena s hyperprolaktinémiou, mik-
roprolaktinomom a neZiaducimi ucinkami pri te-
rapii DA

V tretej kazuistike i8lo o zenu s hyperprolaktiné-
miou, u ktorej MRI mozgu odhalilo mikroprolakti-
ném. Bola jej indikovand terapia bromokriptinom,
neskor presla na chinagolid a kvoli nedostatocnému
efektu lieCby bola terapia zmenend na karbegolin

s vyssSiou davkovacou schémou. Pacientka ochorela
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na depresiu, u ktorej je vysoky predpoklad, ze ju vy-
volala prave liecba DA. Zena ostava pod dohl'adom
endokrinoldga.

Kazuistika 4: Zena s poliekovou hyperprolaktiné-
miou

Zena vo veku 36 rokov mala detskii mozgovi obr-
nu a psychické poruchy, preto sa dlhodobo liecila u
psychiatra a uzivala rézne psychofarmaka. Boli jej
zaznamenané zvysené hladiny PRL ako vysledok po-
liekovej hyperprolaktinémie. Ked’Ze sa u nej vyskytli
aj prejavy HPRL, bola jej indikovana terapia bromok-
riptinom. Po hospitalizacii na psychiatrickom odde-
leni a po zaradeni olanzapinu do liecby sa jej HPRL
vyrazne zhorsila. Pomohla jej az uprava davkovania
olanzapinu psychiatrom. Pacientka bola poucena o
dolezitosti spoluprace medzi endokrinolégom a psy-
chiatrom.

Kazuistika 5: Zena s fyziologickymi, patologicky-
mi a farmakologickymi pri¢inami hyperprolakti-
némie

V kazuistike tejto 48-ro¢nej Zeny s hyperprolak-
tinémiou sa vyskytli viaceré mozné priciny vzniku
tohto ochorenia, a to fyziologické (stres), patologické
(chronicka nefritida, hypotyredza) a farmakologické
(hlavne psychofarmakd). Terapiu HPRL zacala bro-
mokriptinom a kvoli nedostato¢nému efektu jej bola
neskor zmenend na karbegolin. Prejavilo sa u nej aj
vSeobecné riziko vzniku osteopordzy pri tejto diag-
noze. Zena ostava nad’alej pravidelne kontrolovana a

liecena v endokrinologickej ambulancii.
DISKUSIA

Kazuistika 1

Standardny princip lie¢by hyperprolaktinémie je
medikamentdzna terapia dopaminovymi agonistami,
z ktorych sa v praxi najdlhSie pouziva bromokrip-
tin. Neziaduce ucinky bromokriptinu sa objavuji az
u 50 —=70 % pacientov. Ide najcastejSie o GIT potiaze,
slabost’, mdloby, cerebralne bolesti (Ozery, Wadha,
2021). U pacienta sa zmenila terapia z bromokriptinu
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na chinagolid prave kvoli neziaducim u¢inkom. Tera-
pia dosahovala zelany efekt, ale po svojvol'nom vysa-
deni liecby sa u pacienta opét’ objavili tazkosti. Non-
-compliance je zndmy a Casto podceniovany problém
farmakoterapie. Pacient bol pouc¢eny o nutnosti do-
drziavania predpisanej terapie. Zlom v priebehu jeho
liecby nastal, ked’ sa zacal liecit’ v psychiatrickej am-
bulancii a zacal uzivat’ okrem iného aj risperidéon 1mg
1-0-1. Ten spdsobil vyrazné zvysenie hladiny PRL
s klinickymi d6sledkami. Endokrinolég mu odporucil
poradit’ sa s psychiatrom o uprave davkovania, resp.
liecby. Ak je hyperprolaktinémia vyvolana liekom
a stav pacienta to dovoluje, liecCba sa ma zastavit'.
To zvy¢ajne mozné nie je. V opa¢nom pripade by sa
malo znizit' davkovanie, pripadne zvazit' prechod na
iné liecivo s mensim ucinkom na hladinu prolaktinu
(Aldahmani a kol., 2020). Psychiater pacientovi zme-
nil lieCbu z risperidonu na aripiprazol 15 mg 1-0-0,
¢o sa prejavilo v znizeni hladiny PRL. Aripiprazol
predstavuje terapeutickii moznost’ na znizenie hladi-
ny PRL pri liekmi indukovanej hyperprolaktinémii.
Mozno ho pouzit’ ako doplnok k uz prebiehajucej
lieCbe, alebo nim nahradit’ doterajsiu liecbu (Gonza-
lez-Rodrigez a kol., 2020).

Kazuistika 2

V case prvého endokrinologického vySetrenia pa-
cientka uz pol roka nemala spontannu menstruaciu.
Viaceri autori uvadzaju urazy hlavy ako moznu prici-
nu hyperprolaktinémie (Akter a kol., 2018). Labora-
torne vysetrenie krvi ukdzalo vel'mi zvySenu hladinu
PRL, a to 200 ng.I* (norma do 26). Hodnoty prolak-
tinu od 100 — 200 ng.I"t zvy¢ajne zodpovedaju mikro-
prolaktindmu a je potrebné urobit’ d’alSie vySetrenia.
Pacientka bola odosland na MRI mozgu, kde bolo
popisané balonovito rozsirené turecké sedlo s cys-
tickou expanziou intraselarne. Cystické prolaktiné-
my su prolaktinomy, ktoré obsahuju cystické oblasti.
Chirurgicky zakrok treba zvazit' v pripade rezistencie
na terapiu dopaminergickymi agonistami, resp. into-
lerancie na dlhodobu terapiu (Nakhleh a kol., 2018).
Terapia hyperprolaktinémie zacala bromokriptinom
v sile 2,5 mg s davkovanim prvé $tyri dni 0-0-1/2 a na-



sledne 0-0-1. Po troch mesiacoch liecby sa pacientke
ustalila menstruacia a hodnoty prolaktinu klesli (33,7
ng.I"t; 30,1 pug.I"t). Menstruaény cyklus sa spravidla
upravi po troch az Siestich mesiacoch liecby DA (Naz
a kol., 2020). Kontrolné MRI po pol roku potvrdilo
stacionarny nalez cystoidnej 1ézie bez patologického
sytenia vnutornych Struktir a bez porusenia optickej
chiazmy. Kvoli gastrointestindlnym t'azkostiam bola
terapia zmenena na chinagolid s titracnym balenim,
prvé tri dni 25 pg denne, dalsie tri dni 50 pg denne
a nasledne 75 pg denne. Pacientka kvéli doasnym
vypadkom liekov na trhu presla ¢asom na karbegolin
0,5 mg dva dni v tyzdni. Vypadky liekov na trhu sa
relativne bezné a maju celosvetovy rozmer. V pripa-
de nedostupnosti adekvatnej nahrady lekar musi zvo-
lit' iny, dostupny liek. Ked’ze ide o mladu, bezdetnu
zenu, je nutné pravidelne kontrolovat’ nalez na MRI
a hladiny prolaktinu aj z hladiska planovania teho-
tenstva, nakol'’ko neliecena hyperprolaktinémia moze

byt pri¢inou infertility.

Kazuistika 3

Pacientkou bola 42-ro¢na Zena, ktora mala dve deti.
Na endokrinologickej ambulancii bola dlhodobo po-
zorovana kvoli cystickej degeneracii Stitnej zl'azy.
Zacala mat’ problémy s menstruaciou, potenim a nad-
mernym vypadadvanim vlasov. Na pokozke hlavy
bol detekovany aj prolaktin a prolaktinovy receptor.
Mechanizmus PRL regulacie rastu vlasov je spojeny
s jeho inhibi¢nym vplyvom na predlZzovanie vlaso-
vych svolov a pred¢asnou indukciou katagénnej fazy.
Pravdepodobne PRL inhibuje aktivitu 5-a-reduktazy
(Grymovicz a kol., 2020). Stidia viak ukazala, Ze iba
vysoké hodnoty PRL majt inhibi¢ny vplyv na foliku-
ly, zatial’ ¢o len mierne zvysSené hladiny mozno zane-
dbat’ (Bhat a kol., 2020). Pri¢inou vypadavania vlasov
moze byt okrem hormonov aj zapal v tele, genetika
a aj vplyv prostredia. Pri kontroldch mala opakova-
ne zvy$ené hladiny PRL (823,42 mIU.I*%; norma do
628,53); preto bola zacata terapia bromokriptinom so
zaciatocnym davkovanim 1,25 mg vecer. Uz v tivode
lieCby sa u nej prejavili neziaduce ucinky, a to bo-

lesti hlavy a nevolnost’. Bromokriptin bol nahrade-

ny chinagolidom s obvyklou davkovacou schémou.
Hladina PRL bola na viacerych kontrolach zvySena
(29 ng.ml*; 26,2 ng.ml*— norma do 13,4). Pacientka
bola odoslana na MRI mozgu, ktoré odhalilo loZisko
v hypofyze charakteru mikroadenému 5 x 5 mm. Pri
mikroprolaktinémoch st odporuc¢ané kontroly MRI
kazdy rok (Vestnik MZ, 2020). Nalez z kontrolnych
MRI bol viackrat stacionarny, no napriek tomu, ze
sa mikroprolaktindm nemenil, boli hodnoty PRL pri
liecbe opakovane vysoké. Pre nedostatocny efekt bol
chinagolid zameneny za karbegolin s davkovanim
0,5 mg dvakrat tyzdenne. Ani tato zmena neprinies-
la ziadany efekt, preto bolo davkovanie karbegolinu
zvysené na 0,5 mg trikrat do tyzdia. Toto davkovanie
sa zdalo efektivne, pretoze sa hodnoty PRL sa konec-
ne znizili (10,1 ng.ml'). Pacientka sa zacala lieCit
u psychiatra a mozno predpokladat’, ze zhorSenie psy-
chického stavu vyvolali vyssie davky DA. Hromadné
dokazy vSak naznacuju, Ze vyskyt tychto neziaducich
ucinkov je Casty aj u pacientov s HPRL a prolaktino-
mom (Davies, 2022). V kazdom pripade musi byt aj
psychiater upovedomeny o tom, ze pacient ma hyper-
prolaktinémiu, resp. prolaktindm a tomu prispdsobit’
medikaciu. Na druhej strane je potrebna aj zvysSena
informovanost medzi endokrinolégmi o moznych

psychickych neziaducich uc¢inkoch tejto liecby.

Kazuistika 4

Na endokrinologické vySetrenie pacientku odoslal
gynekolog kvoli zvacSovaniu a bolestivosti jedného
prsnika pri menstrudcii. Hodnota PRL bola zvysena
[30,5 ng.I* (do 29,2)]. U pacientov so zvySenou hla-
dinou PRL je dolezité poznat’ ich lieckovi anamnézu.
KedZe uziva aj psychofarmakd, mozno predpokla-
dat’, ze ide o liekmi indukovant hyperprolaktinémiu.
Hlavne klomipramin, ktory pacientka uzivala v davke
25 mg denne, moze zvysit hodnotu PRL. Aj ked’ tri-
cyklické antidepresiva nezvysuji hodnotu PRL vyraz-
ne, HPRL spdsobena klomipraminom sa poklada za
bezni (Wattegama a kol., 2017). Pokial’ ide o liekmi
indukovania HPRL s asymptomatickym priebehom,
farmakoterapia nie je nutna (Gonzalez-Rodrigues a
kol., 2020). Ked’ze sa u pacientky vyskytovala bolest
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a zvacSovanie prsnika poCas menstrudcie, zacala sa
u nej terapia bromokriptinom s niz§im davkovanim,
a to 1,25 mg denne. Pacientka bola hospitalizovana
na psychiatrickom oddeleni s diagnézou psychozy
a bola jej zmenena farmakoterapia na citalopram 20
mg rano, klozapin 25 mg dvakrat denne a olanzapin s
davkovanim 5 mg rano a 10 mg vecer. Hodnota PRL
bola vyrazne zvySena na 105 ng.ml* (do 13,4); preto
jej bola zmenend aj davka bromokriptinu na 2,5 mg
vecer. Pri lieckmi vyvolanej HPRL je hladina PRL od
25do 100 ng.ml* (Casanueva akol., 2018). Olanzapin
patri medzi atypické antipsychotikd a va¢sina autorov
potvrdila, ze zvysuje hladinu PRL v zavislosti od dav-
ky (Yang a kol., 2018). Bolo nutné poucit’ pacientku
o moznom vplyve jej psychiatrickej lieCby na hladinu
PRL. Liecba lickmi indukovanej HPRL spociva vo
vysadeni lieku, ktory ju vyvolal, ¢o vo vécSine pripa-
dov nie je mozné. Nasledné moznosti su: uprava dav-
ky antipsychotika, vymena antipsychotika, pridanie
aripiprazolu a pridanie DA (Gonzalez- Rodriguez a
kol., 2020). Pacientkin psychiater sa rozhodol upravit
davkovanie olanzapinu na 10 mg vecer a u pacientky
sa znova obnovil menstruac¢ny cyklus. Kvéli jeho ne-
pravidelnosti bolo nutné davku este znizit, a to na 5
mg vecer, ¢o prinieslo celkom uspokojivy vysledok
na jej cyklus. Hodnoty PRL boli dlhodobo zvysené
z dovodu liekmi navodenej hyperprolaktinémie (49,
33, 40 ng.ml?), ale uz bez prejavov.

Kazuistika 5

Pacientka bola evidovana v kardiologickej, angio-
logickej, neurologickej, alergologickej ambulancii a
dlhodobo vedena na endokrinoldgii a psychiatrickej
ambulancii. Uziva viacer¢ lieky vratane roznych psy-
chofarmak, ktoré sa pomerne casto obmienaju, ked’ze
pacientka bola viackrat hospitalizovana na psychiat-
rickom oddeleni. Prejavili sa u nej typické priznaky
pre hyperprolaktinémiu, a to poruchy menstruacného
cyklu a galaktorea. Aj laboratérne sa potvrdila zvyse-
na hladina PRL (15,6 ng.ml*) a zacala sa lie¢ba bro-
mokriptinom 1,25 mg denne. Po Styroch mesiacoch
liecby sa upravil cyklus a galaktorea sa zlepsila. Vy-
soké hodnoty PRL boli zaznamenané po jej hospitali-
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zacii na psychiatrickom oddeleni (700 ulU.ml?). Ide
o typicky priklad poliekovej HPRL. Na druhej strane
sa pacientka st'azuje na dlhodobu zat'az a stres v stk-
romnom zivote. Medzi potencidlnu patologicku prici-
nu pacientkinej HPRL mézeme oznacit’ jej chronicku
tubulointersticialnu nefritidu aj hypotyre6zu. HPRL
sa moze vyskytnut' az u 30 % pacientov s chronic-
kym ochorenim obli¢iek. S najvac¢Sou pravdepodob-
nost'ou je to sposobené znizenym klirensom PRL ale-
bo zhorSenim regula¢ného G¢inku dopaminu (Sharif
a kol., 2021). Pacientka uzivala viaceré lieky, ktoré
maja vplyv na PRL. Ide predovsetkym o psychofar-
maka zo skupiny antidepresiv, a to: venlafaxin zo
skupiny SNRI, paroxetin zo skupiny SSRI, trazodon
zo skupiny SARI. Neskor bol venlafaxin nahradeny
escitalopramom. Okrem tychto liekov uzivala den-
ne verapamil 40 mg 1-0-1, ktory posobuje zniZenie
produkcie dopaminu v hypotalame. HPRL pri uzivani
verapamilu sa vyskytuje priblizne u 8,5 % pacientov.
Vo vicsine pripadov sa hladina PRL po vysadeni vrati
do normalu (Tritos a kol., 2019). Pacientka bola kvoli
pretrvavajucim bolestiam chrbtice a kibov odoslana
na denzitometrické vySetrenie, ktoré¢ odhalilo oste-
oporozu. Riziko vzniku osteopordzy je problémom
u vsetkych pacientov s hyperprolaktinémiou. Vysoké
hladiny PRL prostrednictvom ich u¢inku na gonado-
tropiny znizuji hodnoty estrogénov, ¢im sa hustota
kosti znizuje a riziko osteopordzy narasta. Toto riziko
sa pri medikamentoznej lieCbe dopaminovymi ago-
nistami znizuje (Kalsi a kol., 2020). Pacientka mala
aj iné predispozicie na vznik osteoporozy, a to vek,
vypadky menstruaéného cyklu a narusenie funkcie
Stitnej zlazy. Po d’alSej hospitalizacii na psychiatrii
vyrazne stipli hladiny PRL, ktoré¢ boli aj pri nasled-
nych viacerych kontrolach zvysené. Pre nedostatocnu
odpoved’ organizmu na lie¢bu bromokriptinom bola
terapia zmenena na karbegolin 0,5 mg dvakrat tyz-
denne.

ZAVER

V nasej studii sme vypracovali zhrnutie doterajsich
odbornych poznatkov o hyperprolaktinémii. Detailne



sme opisali farmakoterapiu tohto ochorenia. Predme-
tom nasho zaujmu bolo spracovanie piatich kazuistik
pacientov, ktori boli lieeni v endokrinologickej am-
bulancii.

V stadii sme dospeli k tymto zaverom:

* Hyperprolaktinémia je Castou endokrinopatiou.
Pacienti st pod dohladom endokrinoloégov.
Ochorenie ma Siroké spektrum klinickych preja-
vov, ¢o sme zachytili aj v naSich kazuistikach.
U zien i$lo o poruchy menstrua¢ného cyklu, ga-
laktoreu, vypadavanie vlasov, osteopordzu.
U muza bola zistend gynekomastia a bolestivost’
prsnych Zliaz.

» Pri zachyteni vys$sich plazmatickych koncentra-
cii prolaktinu je nevyhnutné pacienta dokladne
vysetrit. Cielom je zistit' vyvolavajicu pri¢inu,
aby sa mohla indikovat’ ¢o najvhodnejsia terapia.
V ramci toho nemozno zabudat’ na zistenie lie-
kovej anamnézy. Existuji skupiny lieciv, ktoré
neziaduco ovplyviuji hladinu prolaktinu. Naj-
CastejSie poliekovi hyperprolaktinémiu vyvo-
lavaju neuroleptikd. V naSich kazuistikach sme
opisali terapiu muza s hyperprolaktinémiou
priuzivani risperidonu a zeny pri uzivani olanza-
pinu. V pripade muza pomohla zdmena za aripi-
prazol a u Zeny uprava davkovania olanzapinu.
Aj iné skupiny lieiv maji potencial zvysit’ pro-
laktinémiu, ¢oho prikladom bola zena s hyper-
prolaktinémiou liecend venlafaxinom a verapa-
milom.

» Terapia zavisi od vyvolavajucej pri¢iny a kli-
nickych priznakov. Liecba nie je potrebna pri fy-
ziologickych pri¢inach, pri asymptomatickych
mikroprolaktindmoch a pri asymptomaticke;j
poliekovej hyperprolaktinémii. Hlavna liniu
lieCby tohto ochorenia predstavuje farmakotera-
pia dopaminergickymi agonistami. Pouziva sa
bromokriptin, karbegolin a chinagolid. Ani jeden
z naSich pacientov sa neliecil len jednym lieci-
vom pocas celej doby jeho terapie. K zamenam
doslo hlavne kvoli neziaducim t¢inkom a nedo-
statoénému efektu liecby. V tejto indikacii je
k dispozicii relativne maly pocet lickov, preto aj

vypadky lieku na trhu spdsobuji nutnost’ vyme-
ny lieciva.

* Vo farmakoterapii hyperprolaktinémie je lie-
kom vol'by karbegolin. Takmer u vsetkych pa-
cientov z naSich kazuistik sa prejavili dyspep-
tické tazkosti po liecbe bromokriptinom. Nezia-
duce ucinky dopaminergickych agonistov
ovplyvitujuce psychiku sa vyskytli v pripade
jednej zZeny. Pri dlhSie trvajucej lieCbe sa u nej
rozvinuli priznaky depresie a uzkosti.

* Na zaklade kazuistik sme skonstatovali, Ze pre
efektivhu terapiu tejto diagndzy je potrebna
sucinnost’ endokrinoldga s ostatnymi oSetrujici-
mi lekarmi. PredovSetkym s psychiatrom pri
farmakami navodenej hyperprolaktinémii, gyne-
kolégom pri poruchéach cyklu a plodnosti a pri
prolaktinomoch aj s neurolégom, prip. oftalmo-
l6gom.

» Kazuistiky nam potvrdili dobri ucinnost’ far-
makoterapie dopaminergickymi agonistami pri
lietbe hyperprolaktinémie. Upravou hladiny
prolaktinu v krvi sa vyraznou mierou znizili ale-

bo odstranili klinické prejavy tohto ochorenia.
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ABSTRACT

Metronidazole (MTZ) is one of the basic medi-
cations used in the therapy of anaerobic and mi-
croaerophilic bacterial infections and a mainstay
drug in protozoal infections. MTZ was initially
used only against parasites. Later was found excel-
lent benefit against anaerobic bacteria. Nowadays,
MTZ is a generally accepted and widely used as
an antimicrobial in the therapy of a wide range
of infections extending from amoebiasis to bacte-
rial septicaemia. Nitroimidazoles, one of which is
metronidazole, have been known for their large
spectrum of activity as well as their low incidence
of resistance for already more than 55 years. How-
ever, as with nearly all antibacterial drugs, resis-
tances are on the rise and susceptibility testing is
of special interest. MTZ is a bactericidal drug that
works via a four-step process that finally leads
to the death of the microorganism by damaging
the host cell’s DNA. Furthermore, there are com-
mon resistant strains depicted in this paper and
the mechanism behind the resistance is then dis-
cussed. Clinical indications are illustrated, using

dosing regimens and examples, to give clear advice
on when and how to use metronidazole. MTZs use
in Helicobacter pylori eradication and Clostridium
difficile infections is nowadays still considered es-
sential even though other possibilities do exist. Be-
sides the bacterial indications, MTZ is also used
in protozoal infections by Trichomonas vaginalis,
Giardia lamblia and Entamoeba histolytica.

Key words: clinical indications; metronidazole;
mechanism of action; resistance; side effects

INTRODUCTION

This review describes the basic information about
metronidazole. It discusses the highly specific phar-
macokinetic and pharmacodynamic properties of this
antimicrobial. Furthermore, the mechanism of action,
the side effect profile, the main drug-drug interactions
between metronidazole and concomitantly adminis-
tered drugs are depicted. Despite MTZ’s effective
use for many decades, resistances against the drug
are generally low but often underestimated. Yet the
general incidence of resistance is low, even though
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Fig. 1: Chemical structure of metronidazole and related compounds azomycin and tinidazole

Source: adapted from Dingsdag and Hunter, 2018

some organisms such as aerobic bacteria are naturally
resistant to the nitroimidazole. Here we also describe
specific mechanisms resulting in resistance against
metronidazole. Moreover, the main indications for
metronidazole will be portrayed and different treat-
ment options reviewed.

HISTORY AND CHARACTERISTICS OF
METRONIDAZOLE

Metronidazole is a synthetic derivate of the an-
tiparasite nitroimidazole called azomycin, which was
primarily isolated in 1955 from a Streptomyces spe-
cies in Rhone-Poulenc laboratories in France. Met-
ronidazole was introduced to medicine in 1959 and
used initially for the treatment of protozoal infections
due to its powerful trichomonicidal activity. Due to
its widespread utilization against parasitic infections,
many resistances against metronidazole have devel-
oped, especially in areas where parasitic infections
are a major problem (Kumar, 2017).

The treatment of anaerobic bacterial infections was
approved in 1981 after discovering that a patient treat-
ed for vaginal trichomoniasis also improved her con-
comitant symptoms of an acute necrotizing ulcerative
gingivitis in 1962. Metronidazole’s microbiological
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spectrum against microaerophilic and strict anaerobic
microorganisms was soon after that described, but not
regularly used until the 1970s (Kumar, 2017).

Metronidazole’s molecular formula is C,H,N,O,
(see Fig. 1) (Kumar, 2017) and is also known under
the IUPAC name 2-(2-methyl-5-nitroimidazole-1-yl)
ethanol. Tinidazole and ornidazole belong to the same
chemical class as metronidazole. As shown in Figure
1, the imidazole derivate was substituted at C1, C2,
and C5 with a 2-hydroxyethyl, a methyl, and a ni-
tro group respectively (https://pubchem.ncbi.nlm.nih.
gov/compound/Metronidazol).

Metronidazole is a prodrug that gets activated by
enzymatic reduction of its nitro subgroup allowing its
bactericidal action as the active form in susceptible
organisms (Kumar, 2017).

PHARMACOKINETICS

Metronidazole is available as oral (p. o.; capsule/
tablet), topical or intravenous (i. v.) formulation
(Dingsdag and Hunter, 2018). Oral formulations,
except for the extended-release forms, may be com-
bined with food to reduce some of the gastrointestinal
side effects such as stomach discomfort. According to
Weir and Le (2018, 2020), the extended-release forms



Tab. 1: A four-step manner metronidazole’s mechanism of action

Step one includes the passive diffusion of metronidazole through the cell membrane of aerobic
and anaerobic microorganisms, but its effects are limited to anaerobic and facultative anaerobic

The second step is characterised by the reductive activation of metronidazole’s nitro group via
the intracellular transport protein pyruvate: ferredoxin oxidoreductase, altering its chemical

This reductive step creates a concentration gradient of metronidazole which increases the cell’s
uptake of the drug and leads to a cytotoxic build-up of free radicals (Weir and Le, 2020).

Step three is DNA damage by the cytotoxic particles. Protonated one electron nitro radical anion
(named nitroso free-radical) oxidize the DNA of the host cell leading to DNA strand breakage
and therefore to the final damage of the DNA helix (Kumar, 2017; Weir and Le, 2020).

Breakdown of the cytotoxic compounds occurs during the fourth and last step of the bactericidal

step 1
pathogens (Weir and Le, 2020).
step 2
structure.
step 3
step 4
process of metronidazole (Weir and Le, 2020).

should always be administered on an empty stomach
either 1 hour prior to or 2 hours after the food. Ad-
ditionally, the destruction of the extended-release
forms, by splitting or crushing has to be avoided, as
the coating that is responsible for the prolonged re-
lease then gets destroyed.

For intravenous forms, a standard preparation of 5
mg.ml* in 100 ml is routinely available. It is neces-
sary to avoid the contact of metronidazole-hydrochlo-
ride with aluminium (e. g. in needles) as one study
suggested that this leads to the precipitation in the so-
lution and change in colour and pH to more alkaline.
MTZ infusion bags should be administered over 30
to 60 minutes reasonably to avoid side effects such as
nausea, vomiting, and neurotoxicity by fast accumu-
lation (Weir and Le, 2020).

The topical application occurs mostly vaginally and
a gel with 0,75 % and 37,5 mg per applicator is also
available (Weir and Le, 2020).

After its rapid absorption, metronidazole distributes
well into fluids and tissues and shows a good cellular
penetration. Organs and tissues that possessed larger
amount of metronidazole after oral or intravenous ad-
ministration in mice and rats were the liver, bladder,
kidneys, vagina and gastrointestinal tract (Dingsdag
and Hunter, 2018).

It is a lipid-soluble drug that significantly pene-

trates into the CNS. Metabolism of the drug depends
on hepatic oxidation of the metronidazole side chain
by mixed-function oxidase, followed by glucuronida-
tion. Therefore, concomitant treatment with inducers
of the cytochrome P450, such as phenobarbital, en-
hances the rate of metabolism, and inhibitors, such as
cimetidine, prolong the plasma half-life of metroni-
dazole. The drug accumulates in patients with severe
hepatic disease. The parent drug and its metabolites
are excreted in the urine (Martin, 2015).

PHARMACODYNAMICS

Mechanism of action and indications
Metronidazole’s mechanism of action occurs in a
four-step manner (see Tab. 1). After diffusing into the
organism and reduction of the nitro-group, it interacts
with the DNA, causing a strand breakage and loss of
its helical structure. This leads to inhibition of the pro-
tein biosynthesis and results in the death of suscepti-
ble cells (Kumar, 2017; Weir, 2020). Metronidazole
belongs to the concentration-dependent rather than to
the time-dependent antimicrobials (Kumar, 2017).
The above mentioned four-step process is valid
only for purely anaerobic organisms. Cytotoxic ef-
fects of metronidazole do also occur in facultative
anaerobes such as Gardnerella vaginalis and Helico-
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bacter pylori but the exact mechanism, how metro-
nidazole works there, is not completely understood
(Weir, 2020).

Metronidazole has an excellent CNS penetration.
Therefore, it is mainly indicated in CNS and abdomi-
nal infections by obligate anaerobic bacteria. Addi-
tionally, it is used against bacterial vaginosis as well
as H. pylori and C. difficile infections, but also ob-
ligate anaerobic pathogens often seen in association
with dental problems such as periodontitis and acute
gingivitis (e. g. Bacteroides spp., Porphyromonas
spp., Prevotella spp., Fusobacterium spp., Pepto-
streptococcus spp. and Clostridium spp.) (Kumar,
2017).

Metronidazole also exhibits action against human
parasites such as Entamoeba histolytica, Balantidium
coli, Blastocystis hominis and Giardia intestinalis
(Miljkovic, 2014).

Some of the anaerobic bacteria (A. actinomycetem-
comitans, E. corrodens, Actinomyces and Propioni-
bacterium) have already gained resistance to metro-
nidazole (Miljkovic, 2014).

Antibacterial use
Clostridioides (Clostridium) difficile infection (CDI)

and is one of the most common ethiologic factors of
nosocomial-acquired diarrhea (Ma, 2017). Paediat-
ric patients show shorter duration and faster onset of
CDI. However, regarding surgical interventions and
hospitalisations, they are not as frequently affected by
complications as adults. Children are more frequently
involved in a community-acquired type of CDI (Mc-
Farland, 2016).

The two toxins of C. difficile induce an inflammato-
ry response in the colon leading to diarrhea, mucosal
erosion and the development of pseudomembranes
(Gerding, 2018). Perforations of the colon, toxic
megacolon and ileus belong to severe complications
of CDI (Herold, 2017).

Risk factors for developing a C. difficile infection are:
- recent admissions to hospital or other health care
centres

- high age or severe underlying diseases

- immunosuppression

- abdominal surgeries

- inhibition of gastric acid provided by PPIs (Herold,
2017).

Diagnosis of CDI is criteria-based and either one or

Clostridioides difficile infection (CDI), is accord-
ing to Ma and Dubberke (2019), the most common
cause of health-care-associated infectious diarrhea
in the developed world (Ma, 2017). Infections with
C. difficile, mostly preceded by antibiotic therapy,
such as lincosamides, are leading to acute diarrhea
with colitis in its mild form up to the life-threaten-
ing pseudomembranous colitis, in severe cases with
leucocytosis and fever (Herold, 2017). CDI is a no-
socomial infection and its transmission occurs often
due to poor hand hygiene of the health care workers.
Its spore-forming ability in the aerobic environment
makes it difficult for common disinfection processes
to destroy the pathogen. Special care is needed to re-
move the spores after contact with an infected indi-
vidual (Herold, 2017; Gerding, 2018). From an epide-
miologic point of view, C. difficile is responsible for
nearly 10 — 35 % of all antibiotic-associated diarrheas
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more of the following criteria must be fulfilled to suc-
cessfully diagnose CDI:

— clinical features of diarrhea or toxic megacolon

— serologic evidence of toxin presence in stool

— endoscopic evidence of pseudomembranous colitis
— histopathologic evidence of CDI (Herold, 2017).

Treatment of Clostridium difficile infections most-
ly starts with withdrawal of antibiotic causing the
infection; strict isolation of patient must occur to
stop transmission of the infection to other patients.
Antibiotic therapy should be initiated with orally
administered metronidazole (500 mg, 3 x/d) for 10
days (Herold, 2017). For severe cases, such as toxic
megacolon, in patients with leucocytosis or increased
creatinine concentration, oral vancomycin (125 mg)
may be used and can be combined with intravenous
metronidazole. A drug of reserve is fidaxomicin. An-



Tab. 2: Treatment recommendations and classification of C. difficile infection

Classification Criteria

Treatment recommendations

1+ episode, non-severe leucocytosis
(< 15000 cells/mL)

serum creatinine

oral vancomycin (125 mg, 4 x/d for 10 days) or oral
fidaxomicin (200 mg, 2 x/d for 10 days);
if neither available: metronidazole
(500 mg, 3 x/d for 10 days)

1% episode, severe leucocytosis
(> 15000 cells/mL)
serum creatinine

(> 1,5 mg.dL*?

oral vancomycin (125 mg, 4 x/d for 10 days) or oral
fidaxomicin (200 mg, 2 x/d for 10 days)

fulminant episode hypotension or signs of

shock
ileus, megacolon

early surgical consultation and vancomycin (500 mg, 4 x/d)
If gut motility |, then administer vancomycin per rectum

(retention enema with 500 mg in 100 mL saline every
6 hours) and metronidazole i. v. (500 mg every 8 hours)

st
1% recurrence symptoms within 8 weeks

after finishing the initial
treatment period

if initial treatment with metronidazole, then use oral
vancomycin (125 mg, 4 x/d for 10 days)
if initial treatment with vancomycin, then use prolonged
pulse-tapered vancomycin or fidaxomicin
(200 mg, 2 x/d, for 10 days)

2" or subsequent
recurrence

(400 mg, 3 x/d, for 20 days) or faecal microbiota transplant

pulse-tapered vancomycin or fidaxomicin
(200 mg, 2 x/d, for 10 days) or oral vancomycin
125 mg, 4 x/d, for 10 days) and then oral rifaximin
g y

Source: adapted and modified from Ma and Dubberke, 2017

other treatment option for recurrent infection is a fae-
cal microbiota transplant (Herold, 2017; Gerding,
2018). Table 2 provides pharmaceutical treatment op-
tions according to the severity of the CDI, laboratory
values and clinical picture. According to McFarland
et al. (2016), paediatric patients with CDI respond
to metronidazole marginally better, whereas adults
show slightly higher response rate to the treatment
with vancomycin (McFarland, 2016).

Prevention of CDI is one of the key responsibilities
and may be achieved by restricted use of antibiotics.
Probiotics may show a prophylactic effect if used di-
rectly after initiation of the antibiotic therapy, howev-
er according to the newest guidelines, there is a lack
of sufficient data and therefore the administration of
probiotics as a primary prevention is not recommend-
ed (McDonald, 2018). Screening of all patients pre-
senting with diarrhea should be performed directly on

admission to the hospital to achieve adequate and im-
mediate isolation (Herold, 2017). There are a few new
preventive approaches currently undergoing clinical
review such as vaccinations to stimulate antibodies
to the toxins of C. difficile or the use of monoclonal
antibodies for passive immunisation. Living bacterial
organisms (biotherapeutics), for instance nontoxige-
nic C. difficile spores or faecal microbiota transplan-
tation may be helpful as well (Gerding, 2017). Toxoid
vaccines used for C. difficile prophylaxis have shown
to be relatively safe and well-tolerated, inducing a
substantial immune response after administering a
series of vaccinations to healthy adults. Immunisation
neutralizes the exotoxins but is unable to prevent the
colonisation of the Gl tract, nor prevent the cytoto-
xicity of C. difficile. Toxoid vaccination seems to be
very promising, but needs further research and clini-
cal trials to compare this type of immunisation with
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the use of monoclonal antibodies, that have shown
longer half-life in vivo or vaccines directed against
cell wall components (Henderson, 2017).

Helicobacter pylori eradication

Helicobacter pylori is a gram-negative spirally-
shaped rod with some distinct features such as the
inability to oxidize or ferment carbohydrates and mi-
croaerophilic growth requirements.

Faecal-oral, oral-oral, gastro-oral transmission
or their combination may be conceivable due to the
cultivation of H. pylori in faeces, saliva and vomited
stomach content (Fischbach, 2016). The infection is
thought to persist life-long if no specific treatment
is used. Over the past several decades, a decline in
H. pylori infection was seen in developed countries
(Cover, 2017). Fischbach et al. (2016) account that
even though there has been a decline in H. pylori
prevalence. HHj, more than 50 % of the world popu-

lation in the adult age (> 40 years) are still affected
(Fischbach, 2016).

Infection with H. pylori remains asymptomatic in
most colonised persons. The pathogen is furthermore
known as a carcinogen for gastric mucosa-associat-
ed lymphoid tissue (MALT) B-cell lymphomas and
for gastric adenocarcinomas. On the other hand, it is
thought to protect from gastroesophageal reflux di-
sease and adenocarcinomas of the lower oesophagus
and gastric cardia (Cover and Blaser, 2017).

The treatment of infections with H. pylori is not
recommended as long as the patient remains asymp-
tomatic and preventive measures are not commonly
utilized in practice (Cover, 2017). Therefore, treat-
ment is initiated after a clear indication and the evi-
dence of the infection. Metronidazole has a unique
role in the H. pylori eradication in symptomatic pa-
tients. It is a part of different types of treatment op-
tions, but options that do not contain metronidazole
in their treatment regimen are not further discussed
here.

Standard triple therapy is the first-line choice in
areas with a low-clarithromycin resistance. This pat-
tern is administered for 10 — 14 days and thereby
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achieves an eradication rate of 81,9 % (Fischbach,
2016; Buensalido, 2018). It consists of the following
components — proton pump inhibitor, clarithromycin
or metronidazole and, amoxicillin or metronidazole
(if not already used as the second component) (Fisch-
bach, 2016; see also Tab. 3; Buensalido, 2018).

Another first-line option is the non-bismuth quad-
ruple concomitant therapy, where a combination of
drugs is used for 10 — 14 days. The eradication rate
in non-bismuth quadruple concomitant therapy is
more than 90 % and therefore is considered superior
to the triple therapy. Following medications are used
in this regimen — proton pump inhibitors, amoxicil-
lin, clarithromycin and metronidazole (Buensalido,
2018).

In areas with high MTZ and high clarithromycin
resistance, bismuth-based therapy is another first-line
choice for eradication. It is administered for 10 — 14
days with an eradication rate up to 97,1% in 14 days
duration. Other first-line therapy options exist (pro-
ton pump inhibitor or H, receptor antagonist, bismuth
subsalicylate, metronidazole and, tetracycline), but as
they do not contain metronidazole in their treatment
regimen, they are not further discussed here (Buensa-
lido, 2018).

Levofloxacin-containing triple therapy or bismuth-
based therapy is a non-metronidazole containing pat-
tern that can be used as a second-line treatment if not
used previously (Buensalido, 2018).

Third-line therapies or “rescue” therapies exist and
should always start with a microbiologic culture and
antibiotic susceptibility testing of a sample obtained
by biopsy. Choosing a treatment regimen not previ-
ously used is essential and may contain a bismuth-
based quadruple therapy with a slightly changed an-
tibiotic pattern. As an example, the combination of
a proton pump inhibitor, bismuth potassium citrate,
metronidazole, furazolidone or tetracycline (if not
previously used) and tetracycline or amoxicillin may
provide a third-line strategy for H. pylori eradication
(Buensalido, 2018).

If the patient has already received the bismuth-
based quadruple therapy as a first-line treatment



Tab. 3: Treatment recommendations for H. pylori eradication according to Fischbach et al.

Name Line Scheme Dosage Duration
Standard-triple 1t line PPI 1-0-1 7-14d
therapy Clarithromycin (250 — 500 mg) 1-0-1
(Italian) Metronidazole (400 — 500 mg) 1-0-1
Standard-triple 1 line PPI 1-0-1 7-14d
therapy Clarithromycin (250 — 500 mg) 1-0-1
(French) Amoxicillin (1000 mg) 1-0-1
Bismuth-based 1% line or PPI 1-0-1 10d
quadruple 2" line after Bismuth-potassium-salt (140 mg) 1-1-1-1
therapy standard Tetracycline (125 mg) 1-1-1-1
therapy Metronidazole (125 mg) 1-1-1-1
Non-bismuth PPI 1-0-1 7d
containing 1t line Clarithromycin (500 mg) 1-0-1
quadruple therapy Amoxicillin (1000 mg) 1-0-1
therapy Metronidazole (400 — 500 mg) 1-0-1
PPI 1-0-1 10d
Fluoroquinolone- 2" line Levofloxacin (500 mg) or
triple therapy therapy Moxifloxacin (400 mg) 1x1
Amoxicillin (1000 mg) 1-0-1

This table provides a slightly different drug combination and therefore represents another option to the previous described

treatment regimens.

Source: translated and modified from Fischbach et al., 2016

regimen, then a levofloxacin or clarithromycin-con-

taining “rescue” regimen is favoured. Levofloxacin

therapy may be used sequentially with this therapeu-

tic scheme:

* (1) proton pump inhibitor coupled with (2) amoxi-
cillin for 7 days followed by the pattern of a

* (1) proton pump inhibitor with (2) metronidazole

and (3) levofloxacin for additional 7 days.

Antiprotozoal use

Trichomonas vaginalis
Trichomoniasis, caused by the parasite Trichomonas

vaginalis, is the most widespread non-viral sexual
transmitted infection (STI) seen in women world-
wide. Usually, metronidazole is used to treat tricho-
moniasis, however, as already discussed, resistant
strains are present and therefore the number of refrac-
tory cases is increasing (Schwebke, 2016).

Kissinger et al. (2018) compared the efficacy of a
2 g single dose with a 7-day regimen (500 mg b. i.
d. — bis in die/two times a day) of metronidazole in a
randomised, controlled, open-label trial for HIV neg-
ative, nonpregnant women with trichomoniasis. The
7-day administration of MTZ showed better results
as it leads to 45 % fewer TOC (test of curve, patients
cured of disease proven by a test) positive results
when compared to the single oral dose. However, the
rate of repeated infections in the 7-day MTZ group
was still of concern (rate of repeated infections 10,9
%) (Kissinger, 2018).

Systemic treatment, which may be carried out in an
outpatient setting, is essential as multiple sites may
be affected by T. vaginalis (Schwebke, 2016; Smith,
2020). There are four different treatment options cur-
rently available (Smith, 2020): a single, oral dose of
metronidazole (2 g), a single, oral dose of tinidazole
(2 g), 7-day regimen of metronidazole, 500 mg b. i.
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d., or 7-day regimen of metronidazole, 400 mg t. i. d.
(tres in die-three times a day).

Entamoeba histolytica (intestinal amoebiasis, liver
amoebiasis)

Amoebiasis is an infectious disease caused by the
protozoan Entamoeba histolytica. About 90 % of ca-
ses are asymptomatic, whereas the other 10 % show
either intestinal (amoebic dysentery), or extraintesti-
nal symptoms. Despite the high number of asympto-
matic cases, it is still a common factor for mortality
and morbidity in many countries. One of the more
common extraintestinal manifestations is the amoe-
bic liver abscess (ALA) due to E. histolytica’s abil-
ity to invade the tissue and form the liver amoebiasis
(Schmiedel, 2018).

Due to MTZ’s excellent tissue penetration and
therefore great success, with clinical response as high
as 90 % in patients with mild-moderate amoebic co-
litis, it is considered as the gold standard. Amoebic
liver abscesses with a size of less than 5 cm may be
treated only with metronidazole. Abscesses that do
not respond to pharmacologic treatment, larger than 5
cm or located in the left liver lobe should be drained
additionally by surgery (Dhawan, 2019). Luminal
agents such as paromomycin or diloxanide furoate,
which are poorly absorbed by the human gastroin-
testinal tract, should be added to stop the intestinal
invasion and spreading by the faecal-oral route as the
nitroimidazoles do not affect the intraluminal para-
sites which are present in the cyst form. Additional
antibacterial therapy should be initiated as the clinical
and radiologic signs of a bacterial liver abscess and E.

histolytica liver abscess is not always clearly defined
and bacterial superinfection of the liver abscess may
occur (Schmiedel, 2018; Dhawan, 2019).

Giardia lamblia (giardiasis)

Giardia lamblia is a protozoan parasite that causes
the common human disease giardiasis. This parasite
is transmitted by the faecal-oral route via the inges-
tion of cysts causing diarrhea and abdominal discom-
fort which may turn into a chronic form leading to the
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malabsorption syndrome and significant weight loss
(Hill and Nash, 2017).

The drug of choice for giardiasis is metronidazole,
but the patient’s noncompliance, side effects and re-
sistant strains of Giardia lamblia may limit its ap-
plication. 250 mg t. i. d. of MTZ is administered for
5 — 7 days but its application is not FDA approved.
Alternatively, albendazole 400 mg g. d. for 5 days has
shown to have similar effectiveness and has simul-
taneously less side effects when compared to metro-
nidazole. MTZ-resistant giardiasis may make up to
20 % of cases, and therefore needs proper treatment
with other compounds. Tinidazole (2 g, single dose)
a long-acting nitroimidazole derivative, nitazoxanide
(500 mb b. i. d. for 3 days) or furazolidone (100 mg g.
i. d. for 7 — 10 days) are possible alternatives among
others.

Situational indication
Crohn’s disease

Nitroimidazoles do diminish the postoperative
disease recurrence after an ileocolonic resection but
their application is restricted due to their side effect
profile which worsens with an increased, continuous
dose (Wehkampo, 2016).

CNS infections (meningitis, brain abscess)
Metronidazole has an excellent penetration to the
cerebrospinal fluid (CSF) and therefore is used in
the treatment of anaerobic bacterial meningitis and
brain abscesses. Anaerobic bacterial meningitis is a
rare condition in adults and additionally is often un-
derdiagnosed, because anaerobic examinations of the
CSF are sometimes not routinely ordered. Most of the
anaerobic bacteria (Fusobacterium, Prevotella spp.)
that were found to be responsible, were susceptible
to penicillin, however, the Bacteroides fragilis strain

was just susceptible to MTZ. In general, treating a
suspected meningitis case should not be delayed by
waiting for imaging or laboratory results. Nowadays,
the empiric therapy does not often include metroni-
dazole, as other antibiotics have shown to be more
effective, however, after susceptibility testing, met-



ronidazole may possess benefits (Lee, 2018). A case
report by de A. Silva et al. (2019) describes a rare
neonatal anaerobic meningitis caused by B. fragilis.
The child was successfully treated with a combina-
tion of metronidazole and carbapenems for 14 days
which is also the recommended choice of antibiotic
therapy in this diagnosis (case) (de A. Silva, 2020).

Surgical prophylaxis in colorectal surgeries

Utilization of antibiotics before a colorectal sur-
gery is performed for more than three decades to pre-
vent surgical site and wound infections. Giske et al.
(2017) described the possibility of using an oral dose
of doxycycline (400 mg) with metronidazole (1200
mg), 2 hours before an elective gastrointestinal sur-
gery. By measuring the serum concentrations of MTZ
before surgery initiation (time of incision) and at the
point of wound closure, they found out that epide-
miologic cut-off values (ECOFF) were achieved in
103 out of 104 patients for relevant anaerobic species
(Bacteroides fragilis, Clostridium spp.) treated with
metronidazole (2 mg.I"). Nonetheless, doxycycline
just achieved the ECOFF of 4 mg.I* in 58/104 pa-
tients for Enterobacteriaceae spp. A single, oral dose
of 1200 mg MTZ leads to a serum concentration of
18,88 mg.I"* at the time of incision and 15,56 mg.I*
at the time of closure and therefore is sufficient as a
prophylactic agent (Giske, 2017).

According to Dellinger and Wu et al. (2020) the
combination of cefazolin (2 g), or another cephalo-
sporin in addition to MTZ (500 mg or 1 g) is one of

the most effective and inexpensive choices in pre-
venting infections at surgical site (Dellinger, 2018;
Dellinger, 2020). This combination (cephalosporin
+ metronidazole) is commonly used and also recom-
mended by the multi-society guidelines from 2013
(cephalosporin + metronidazole) (Dellinger, 2020).
Another important indication for metronidazole as
a prophylactic agent is in case of hysterectomies, as
many of the isolated organisms are anaerobic. Till et
al. (2017) compared cefazolin + metronidazole with
the existing standard of cefazolin alone or 2" gen-
eration cephalosporins alone. Here the combination

of cefazolin along with metronidazole ensue in a re-
duced rate of surgical site infections after hysterec-
tomy compared to the existing recommendation (Till,
2017).

CONTRAINDICATIONS OF METRONIDA-
ZOLE

Concomitant intake of alcohol or propylene glycol-
containing products is not recommended for the next
three days after cessation of the drug due to metroni-
dazole’s known disulfiram-like effect. Additionally, a
recent disulfiram use during the past two weeks also
contraindicates its use (Weir, 2020).

MTZ should be avoided during the first trimester
of pregnancy, due to its potential risk of causing birth
defects, by its mechanism of action, inhibiting DNA
synthesis in anaerobic bacteria. However, there is no
evidence that it may be linked to preterm deliveries,
abnormal fetal weight, or congenital anomalies. MTZ
is therefore classified as pregnancy category B by the
FDA (Kumar, 2017; Weir, 2020).

Patients with pre-existing neurological disorders
should highly consider the intake of metronidazole
as the symptoms might become increased due to the
side effect profile of metronidazole, which contains
peripheral neuropathy.

Infections that are caused solely by aerobic bacte-
ria cannot be treated with metronidazole. Moreover,
MTZ is contraindicated in patients suffering from vi-
ral of fungal infections as it is just not active against
these pathogens (Kumar, 2017). In suspected mixed
infections of aerobic and anaerobic bacteria, MTZ
must be combined with an antibacterial agent active
against aerobic bacteria. Yet, it might be more sophis-
ticated to use a drug active against aerobic or anaero-
bic infections rather than initiating double antibacte-
rial therapy. However, every case must be assessed
individually.

ADVERSE DRUG EFFECTS

Adverse drug reactions vary from simple gastro-
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intestinal to more severe neurotoxic effects (Alonzo,
2019).

Minor adverse reactions

Metronidazole’s gastrointestinal side effects are
comprised of nausea, vomiting, xerostomia, abdomi-
nal cramping, diarrhea and epigastric distress (Ku-
mar, 2017; Agarwal, 2016). The compound may also
create an unpleasant, metallic taste. Additionally, oral
moniliasis (yeast infections) were reported. A red-
brown to dark discolouration of the urine as well as a
skin rash, gynecomastia and vaginal or urethral burn-
ing sensation may be observed in some patients (Ku-
mar, 2017).

It is recommended to perform a differential leuko-
cyte count before initiating and after completing the
treatment with metronidazole as it may lead to revers-
ible neutropenia (Kumar, 2017).

More severe neurotoxic effects

The neurotoxic side effects of metronidazole in-
clude dizziness, numbness, paraesthesia, visual im-
pairment, damage to the cochlear and vestibular
apparatus, dysarthria, ataxic gait, encephalopathies
and seizures (Agarwal, 2016; Roy, 2016). Peripheral
neuropathies are rarely reported and are classified as
major adverse reactions, but are mostly of concern
when high doses are used for a long period of time.
More severe signs of CNS toxicity include seizures,
cerebellar dysfunction, mental confusion, depression,
and subacute progressive encephalopathy. These are
rarely reported and mostly in association with pro-
longed use of high MTZ doses (Kumar, 2017).

Among the very serious but rare adverse drug re-
action is the metronidazole-induced encephalopathy
— MIE (see also Fig. 2). Most patients with MIE pre-
sent with cerebellar dysfunction (75 %), whereas an
altered mental status accounts for 33 % and seizures
for 13 % of symptoms among patients with MIE. Ce-
rebellar toxicity presents with nystagmus, dysarthria,
dysmetria and ataxia (Roy, 2016).

The pathologic mechanisms of MIE are still not
known but a few proposals state that metronidazole
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might interact with RNA and DNA of neuronal cells.
Moreover, oxidation of catecholamine derivatives
(norepinephrine, dopamine) results in semiquinone
and nitro anion radicals. These are known for their
reduction of tissue oxygen and generation of the su-
peroxide radical that causes axonal swelling (Roy,
2016). MIE may involve the dentate nucleus, brain-
stem (midbrain with the periaqueductal region, dorsal
pons and medulla), inferior colliculus, basal ganglia,
thalamus, subcortical white matter and splenium of
the corpus callosum. At these locations, FLAIR and
T2W hyperintensities with minimal T1W hypoin-
tense areas appear and do not show any mass effect or
contrast enhancement (Agarwal, 2016; Roy, 2016).

A frequent observation was the diffusion restriction
to the above-mentioned brain areas but the apparent
diffusion coefficient (ADC) was varying from low
to high values. ADC is commonly calculated using
the MRI DWI (diffusion-weighted imaging) and de-
scribes the diffusion of water molecules within tis-
sues. Normal or high ADC values tend to be seen in
axonal swelling (vasogenic oedema) whereas low
ADC values describe a cytotoxic (true) oedema seen
in ischaemic processes (Roy, 2016). In the corpus cal-
losum lesions, diffusion restrictions and a low ADC
are sometimes seen which indicate a poor outcome
due to the underlying pathophysiologic mechanism of
a cytotoxic oedema. MRI DWI findings of diffusion
restrictions with a low ADC have also been noticed
in Wernicke’s encephalopathy (metabolic encepha-
lopathy) and maple syrup urine disease which are
differential diagnosis among others. If the previously
described lesions appear due to a metronidazole in-
toxication, their resolution and therefore clinical
improvement is likely as soon as the metronidazole
therapy is ceased (Roy, 2016).

Metronidazole-induced pancreatitis and liver in-
jury

Metronidazole-induced pancreatitis is one of the
more rare but severe side effects, often occurring
upon large doses. It is characterised by an elevation
of alkaline phosphatase (ALP), amylase, lipase, liver



Fig. 2: Metronidazole-induced encephalopathy

69 year-old, male patient with a 2 mg/day metronidazole treatment regimen for amoebic abscess of
the liver. He developed encephalopathy 7 days after treatment initiation. One week after cessation
of metronidazole all symptoms completely resolved.

a) splenium hyperintensities in T2W MRI (black, thin arrow) which correspond with FLAIR se-

guence

b) pale dentate hyperintensities in FLAIR (black, bold arrow) and inferior colliculi hyperintensities

(white, thin arrows)

c) diffusion restriction in the splenium with low ADC value in DWI

Source: adapted from Roy et al., 2016

dehydrogenase and triglycerides. However, it is often
self-limiting and reversible upon discontinuation of
the drug (Kumar, 2017).

Disulfiram-like reaction

Metronidazole inhibits the hepatic enzyme acetal-
dehyde dehydrogenase which is an essential enzyme
in the metabolism of alcohol. It converts the toxic ac-
etaldehyde, produced by the alcohol dehydrogenase,
into acetic acid. The cytotoxic acetaldehyde is respon-

sible for a lot of the direct and aftereffect symptoms
of alcohol consumption. Therefore, inhibition of the
enzyme acetaldehyde dehydrogenase leads to nausea,
vomiting, abdominal pain, flushing, cardiac palpita-
tions, headache, and syncope. Severe complications
may result in respiratory depression, the collapse of
the cardiovascular system, convulsions, arrhythmias
and even death (Kumar, 2017; Alonzo, 2019).

65



Fig. 3: Overview of mechanism of action of metronidazole and possible ways of resistance

1) metronidazole’s mechanism of action

2) efflux of the drug by the efflux pump BmeRABCS

3) nim gene-mediated resistance

4) overexpression of RecA protein — DNA repair processes
5) reduced ferrous iron transport and decreased levels of iron

Source: adapted from Ghotaslou, 2018

DRUG-DRUG INTERACTION

Certain drugs show a cumulative impact regard-
ing the side effect profile of metronidazole when
concomitantly taken in (e. g. medications producing
peripheral neuropathy). Lithium levels may get in-
creased when combined with the drug. When metro-
nidazole is combined with phenytoin, which is known
as an inducer of the hepatic isoenzyme CYP450 2C9,
the plasma levels may be significantly altered. On the
other hand, MTZ decreases phenytoin’s body clear-
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ance and increases the blood warfarin levels by in-
terfering with the metabolism of warfarin in the liver.
Faster uptake of metronidazole is achieved by com-
bining it with amoxicillin as seen with Aggregatibac-
ter actinomycetemcomitans (Kumar, 2017).

RESISTANCE TO METRONIDAZOLE
The resistance of bacteria and protozoa to metro-

nidazole is emerging but often not readily noted due
to the lack of susceptibility testing. Due to metroni-



dazole’s wide distribution and utilisation in medical
practice, the increasing number of resistances is of
great concern (Smith, 2018).

Resistance of Bacteroides fragilis
A metronidazole resistant Bacteroides fragilis is

rarely seen but was first described 18 years after met-
ronidazole’s introduction, in a patient with Crohn’s
disease who received metronidazole as a treatment
for more than 3 years. The resistance of Bacteroides
species to metronidazole is of great interest as it is
an opportunistic pathogen which may possess more
resistances to other antimicrobials such as -lactams,
tetracyclines and imipenem among others. Resistant
strains show a specific genetic determinant (nim gene)
which is either plasmid born or directly on the chro-
mosome and thus transferable by a conjugation-like
process. Ten isoforms of this gene have been demon-
strated (nimA to niml) that show the same mechanism
and 60 — 70 % homology (Ghotaslou, 2018).

Resistance of Clostridium difficile

Metronidazole together with vancomycin and fida-
xomicin are mainstay drugs utilised in the therapy of
Clostridium difficile. Yet, some strains of C. difficile
have gained resistance to MTZ via the exchange of
mobile genetic elements leading to modified re-
dox-active proteins and an improved DNA repair
among others. Specifically, the endurance of some
strains to MTZ is mostly caused by an altered me-
tabolic pathway, DNA repair and the formation of a
biofilm (see Fig. 3). Susceptibility testing should be
performed as the number of resistant strains is rising
during the last decade. However, the isolation and cor-
rectness of C. difficile susceptibility testing is highly
dependent on proper anaerobic sampling, anaerobic
growth environment and quality of the used medium
(Peng, 2017). If the tested strain shows resistance to
metronidazole, another antimicrobial agent that is
active against C. difficile should be used, as the in-
fection often results from a microbial imbalance pre-
viously triggered by an antibiotic agent.

METRONIDAZOLE AND PREGNANCY

Metronidazole is a highly lipid-soluble drug and
therefore penetrates the placenta well and is moreo-
ver found in the breast milk (Moreta, 2018). Its ad-
ministration during the early phase of the pregnancy
is affiliated with an increased risk of spontaneous
abortions, which occurs most likely due to DNA dam-
age by reactive intermediates (Muanda, 2020). Most
studies that were investigating the malformations
associated with metronidazole intake, did not show
any harmful side effects (Kallén, 2019). However, as
MTZ affects DNA synthesis, the possibility of caus-
ing birth defects is still present. According to Kumar
(2017), metronidazole’s risk of causing congenital
abnormalities, low birth weight or preterm delivery
is low and its FDA pregnancy classification is B (Ku-
mar, 2017).

SUMMARY

The reason for writing this review was that met-
ronidazole is a drug used for many indications that
are described in different parts of medical discus-
sions in medical literature and published papers. So
this review gives a summary information regarding
metronidazole’s (MTZ) pharmacokinetics and phar-
macodynamics as well as the basic chemical charac-
teristics. The mechanism of action is described, and
the adverse drug reactions are given together with a
detailed overview concerning the drug-drug interac-
tions between MTZ and other currently known drugs.
Furthermore, its application and pharmacokinetic
changes of metronidazole in high-risk patient groups
are provided here.

Finally, it is difficult to predict metronidazole’s fu-
ture, as like with every other antimicrobial drug, the
development of resistant strains is of special concern.
However, MTZ is successfully used long time and
only a limited number of resistant strains have oc-
curred.

Here are also provided some mechanisms of re-
sistance of currently resistant strains of bacteria and
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protozoa. Nevertheless, restricted use of all antimi-
crobials, including metronidazole, should always be
considered, but, in case of clear indications, MTZ
provides a great choice in treating anaerobic bacterial
and protozoal infections.
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ABSTRAKT

PodPa najnovsich poznatkov multipotentné me-
zenchymové kmenové bunky (MSC) ovplyviiuju
mnohé patologické stavy vratane ochoreni a de-
fektov nervového systému, ¢im predstavuji vhod-
nych kandidatov pre bunkovi terapiu. Ich presna
uloha a mechanizmus, akym pésobia na viabilitu a
neuroprotekciu buniek vSak eSte nie st uplne ob-
jasnené. MSC sprostredkuvaju svoju funkciu naj-
mé prostrednictvom parakrinného ucinku, ktory
je zabezpeceny uvol’nenim réznych bioaktivnych
molekul do kultivaéného média, tzv. sekretomu.
Experimentélne skdmanie interakcie sekretomu
MSC s modelovymi bunkovymi liniami méZe po-
skytnut’ vysledky, ktoré su kI’'icové pre testovanie
novej generacie lie¢iv na baze buniek v pripade
klinickych skiiSok s naslednym prenesenim do
klinickej praxe. V tejto Studii sme izolovali MSC z
Pudského pupocnika, z Whartonovho rosolu (WJ-

-MSC), ktoré sme nasledne charakterizovali pod-
Pa kritérii Medzinarodnej spolo¢nosti pre bunko-
vu terapiu (ISSCR). Ziskané MSC sme pouzili na
pripravu sekretomu, ktorého parakrinné ucinky
sme testovali na Pudskej bunkovej linii SH-SYSY
s neurogénnym charakterom. Na vyhodnotenie
viability a prolifera¢ného cinku sekretému WJ-
-MSC (WJ-MSC CM) na bunky SH-SY5Y sme
pouzili Standardny MTT test a xCELLigence sys-
tém (RTCA — Real-Time Cell Analysis) na analyzu
buniek v redlnom case.

WJ-MSC CM vyznamne zvysilo viabilitu a in-
dukovalo proliferaciu SH-SY5Y, ¢o naznacuje, Ze
s podrobnejsimi §tidiami a klinickym skriningom
by terapia sekretémom MSC mohla byt’ alterna-

tivnou liecbou ochoreni nervového systému.

Kracové slova: multipotentné mezenchymo-
vé kmernové bunky; nervovy systém; sekretom;
Whartonov rosol
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ABSTRACT

According to the latest findings, multipotent me-
senchymal stem cells (MSC) affect many patho-
logical conditions, including diseases and defects
of the nervous system, thus representing suitable
candidates for cell therapy. However, their exact
role and the mechanism by which they affect cell
viability and neuroprotection are not yet fully
understood. MSC mediate their function main-
ly through a paracrine effect, which is ensured
by the release of various bioactive molecules into
the culture medium, the so-called secretome. Ex-
perimental investigation of the interaction of the
MSC secretome with model cell lines can provide
results that are crucial for testing a new genera-
tion of cell-based drugs in the case of clinical trials
with subsequent translation into clinical practice.
In this study, we isolated MSC from the human
umbilical cord, from Wharton’s jelly (WJ-MSC),
which we subsequently characterized according
to the criteria of the International Society for Cell
Therapy (ISSCR). We used the obtained MSC to
prepare the secretome, whose paracrine effects
we tested on the human cell line SH-SY5Y with a
neurogenic character. We used standard MTT
assay and XCELLigence RTCA (Real-Time Cell
Analysis) real-time cell analysis to evaluate the
viability and proliferative effect of WJ-MSC secre-
tome (WJ-MSC CM) on SH-SY5Y cells; WJ-MSC
CM significantly increased the viability and in-
duced proliferation of SH-SY5Y, suggesting that
with more detailed studies and clinical screening,
MSC secretome therapy could be an alternative
treatment for nervous system diseases.

Key words: multipotent mesenchymal stem
cells; nervous system; secretome; Wharton’s jelly

UvoD

Mezenchymové stromalne kmenové bunky (MSC)
su podskupinou heterogénnych nehematopoetickych
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buniek, ktoré dokazeme ziskat’ z r6znych tkaniv. Hoci
sa za zlaty Standard zdroja MSC povazuje kostna dreii
(BM), perinatalne tkaniva, napriklad pupo¢nikova krv
(UCB) alebo Whartonov rosol (WJ), sa povazuji za
atraktivne zdroje MSC, pretoze ich mozno ziskat’ me-
nej invazivnymi metodami bez poskodenia donorov.
Podla ISSCR musia MSC spiiiat’ minimalne kritéria,
a to mat’ schopnost’ pril'nat’ k plastovym kultivaénym
miskam, ako aj triliniovy diferencia¢ny potencial (os-
teogénny, adipogénny a chondrogénny); a musia ex-
primovat’ povrchové markery CD29, CD90, CD105
a CD73 a nesmu exprimovat antigény bunkového
povrchu CD45, CD34, CD14 alebo CD11b, CD79a
alebo CD19 a HLA-DR (Dominici a kol., 2006).

Najnovsie Studie si zamerané na bioaktivne mo-
lekuly produkované MSC, vseobecne oznacované
ako sekretom (kondiciované médium, CM). Medzi
tieto subory faktorov/molekul produkovanych MSC
moézeme zaradit’ rozpustné proteiny (napr. cytokiny,
chemokiny a rastové faktory), lipidy a extracelularne
vezikuly, ktoré st zname svojou schopnost'ou podpo-
rovat’ prezivanie buniek, ich proliferaciu a diferen-
ciaciu, ale aj chranit’ bunky pred oxidacnym stresom
alebo dokonca regulovat’ zapalové procesy (Mendes-
-Pinheiro a kol., 2019). Sekretém ziskany z MSC
(kondiciované médium, MSC CM) ako subor bioak-
tivnych latok a molekul, ktoré tieto bunky vylucuju
do extracelularneho priestoru, je moznym nastrojom
v acelularnej terapii centralneho nervového systému
(CNS) (Drago a kol., 2013). Uginok MSC CM in vivo
bol sledovany hned’ v niekolkych §tadiach, ktoré
ukazali, ze transplantované MSC (z r6znych zdrojov)
boli schopné vylucovat’ ddlezité troficke faktory, ako
je epidermalny rastovy faktor (EGF), vaskularny en-
dotelovy rastovy faktor (VEGF), neurotrofin-3, fib-
roblastovy rastovy faktor-2 (FGF-2), rastovy faktor
hepatocytov (HGF), mozgovy neurotroficky faktor
(BDNF), stromalny faktor 1, gliovy neurotroficky
faktor (GDNF) (Drago a kol., 2013; Teixeira a kol.,
2016).

Vzhl'adom na skutocnost’, ze MSC maju na zakla-
de sekrécie tychto trofickych a neurotrofickych fak-
torov sl'ubny potencial v terapii ré6znych ochoreni,



je teda dolezité skamat’ interakciu a funkény t€inok
vylucovanych faktorov na cielovych bunkach. Pre-
to sme sa v naSej experimentalnej Stadii zamerali na
analyzu 0¢inku sekretomu WJ-MSC na bunkovu li-
niu 'udského neuroblastomu SH-SYSY, bezne pou-
zivani ako modelovt bunkovu liniu s vlastnostami

Pudskych neuronov.
MATERIALA METODY

Izolacia WJ-MSC

Vyskum prebiehal v spolupraci s Nemocnicou
AGEL Kosice-Saca, a. s. Pacienti poskytli informo-
vany pisomny sthlas s pouzitim tkaniva pupoc¢nika
na vyskumné ucely (schvalené etickou komisiou
Nemocnice AGEL Kogice-Saca, a. s.). Humanne
tkanivo pupocnika bolo ziskané za sterilnych asep-
tickych podmienok po pérode placenty donosené¢ho
plodu v tretom trimestri cisarskym rezom. Pupo¢nik
bol dvakrat premyty pufrovanym fosfatom (PBS,
Sigma Aldrich, USA) s obsahom antibiotika (Peni-
cilin, Streptomycin, Sigma Aldrich, USA). Tkanivo
bolo rozdelené na mensie kusky (5 — 10 mm?®) a po
odstraneni ciev a izolacii Whartonovho résolu sme
explantaty vlozili do kultivaénych Petriho misiek,
kde sa kultivovali v podmienkach 5 % CO, a 37 °C
v kultivacnom médiu DMEM F12 (Dulbecco’s Mo-
dified Eagle Medium/Nutrient Mixture F12 — Sigma
Aldrich, USA), s obsahom 10 % fetalneho bovinného
séra, 2 % antibiotik (Penicilin, Streptomycin, Sigma
Aldrich, USA), kym bunky nemigrovali z explanta-
tov. Bunky boli pasazované po dosiahnuti 70 — 80 %
konfluencie a ich charakterizacia prebichala v tretej

pasazi.

Trojliniova diferenciacia

Pre dokazanie chondrogénnej, osteogénnej a adi-
pogénnej diferenciacie sa WJ-MSC kultivovali v
STEMPRO® (STEMPRO, Life Technologies, USA)
diferenciacnych médiach s diferenciacnymi suple-
mentmi podl'a pokynov vyrobcu kitu. Testované bun-
ky boli kultivované v 24-jamkovych platnickach a
boli nasadené v koncentracii 30 x 10° buniek na jam-

ku. Média boli vymenené za Cerstvé kazdé 2 — 3 dni.
Diferenciacia prebiehala po dobu 21 dni, nasledne
sme bunky fixovali v 4 % paraformaldehyde a farbili
Alizarinovou ¢ervenou (Specifické farbivo pre osteo-
cyty), Alcianovou modrou (chondrocyty) a Oil red O

(adipocyty).

Povrchové CD markery

Cistota a homogenita MSC bola overena pouzitim
fluorescencne oznacenych protilatok na prietoko-
vom cytometri BD FACSCanto™ (Becton Dickinson
Biosciences, USA), kde sme izolované bunky v tretej
pasazi najskor po premyti kultivovali s fluorescenc-
ne znaenymi protilaitkami CD29 (PE), CD44 (PE)
a CD90 (PE) voci antigénom Specifickym pre MSC.
Pritomnost’ povrchovych markerov bola hodnotena
pomocou prietokového cytometra BD FACSCanto™,
analyza dat prebehla pomocou softvéru BD FACS
DivaTM (Becton Dickinson Biosciences, USA).

Priprava sekretomu

Bunky v tretej pasazi sme kultivovali do 90 % kon-
fluencie v Standardnom kultivaénom médiu, ktoré
sme potom nahradili médiom bez séra zloZzenym z
DMEM F12 s pridavkom 2 % antibiotik (Penicilin/
Streptomycin). Bunky sme inkubovali pri 37 °C a
5 % CO,. Po 30 hodinach bolo médium zozbierané
a oznacené, nasledne centrifugované pri 2700 rpm.
Takto pripravené médium sme oznacili ako MSC CM

a uskladnili pri — 80 °C az do pouzitia v experimente.

Kultivacia SH-SY5Y

Humaénna SH-SY5Y
bola poskytnuta Neuroimunologickym tstavom Slo-
venskej akadémie vied (NIU SAV, zakupené z ATCC
CRL-2266). Bunkovt kultaru sme udrziavali za Stan-
dardnych podmienok pri 37 °C a 5 % CO,, v médiu
DMEM High glucose (Dulbecco’s Modified Eagle’s
Medium High glucose, Sigma Aldrich, USA) s obsa-
hom 10 % FBS a 2 % antibiotik. V naSich predcha-

dzajucich experimentalnych studiach sme s pouzitim

neuroblastomova linia

Standardizovanych protokolov dokazali indukovat’ li-
niu SH-SY5Y do neurénov. Linia je citliva na pritom-
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Obr. 1: Disekcia humanneho pupoc¢nika

Mierka 1 cm

Obr. 2: Kultivacia MSC explantatovou metodou

A: migracia MSC z tkaniva WJ den kultivacie (day in vitro, DIV) 7. B: rozpadanie

explantatu DIV 9. Mierka 50 pm.

nost’ FBS, ktoré pri 10 % zabezpecuje podporu rastu
buniek pri kultivécii, pretoze obsahuje rastové fak-
tory, proteiny, elektrolyty, lipidy, hormony, enzymy
a dalSie zlozky. Preto sme sa rozhodli v nasej stadii
znizit’ koncentraciu na 3 % a sledovat’, ¢i nami ziska-
ny sekretdm dokaze simulovat funkciu séra, ked'ze
obsahuje rastové faktory, proteiny a r6zne enzymy.

MTT test

Na stanovenie viability sme pouzili kolorimetricky
MTT kit (Invitrogen, USA). Bunky SH-SY5Y boli
nanesené na 96-jamkové platni¢ky, hustota 2 x 103
buniek/jamku a kultivované v $tandardnom kultivac-
nom médiu (DMEM High Glucose + 10 % FBS + 2
% antibiotik) pri 37 °C a 5 % CO,. Po 24 hodinach
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sme médium nahradili 100 pl Cerstvého kultivaéného
média. Bunky v Standardnom médiu boli pouzité ako
negativna kontrola, jamky so Standardnym médiom
bez buniek boli povazované za blank. V d’alsom kro-
ku sa do kazdej jamky pridalo 10 pl 12 mM zasobné-
ho roztoku MTT a inkubovalo sa pri 37 °C pocas 4
hodin. Na konci inkuba¢ného ¢asu sme pridali 100 pl
roztoku DMSO (dimetylsulfoxid), premiesali a inku-
bovali. Po 12 hodinach bol obsah kazdej jamky opa-
trne premie$any a absorbancia bola merana pri 572
nm pomocou spektrofotometra Synergy HT (Biotek,
Winooski, VT, USA). Statistické analyzy boli spraco-
vané pomocou t-testu, rozdiel p < 0,05 bol povaZzova-
ny za Statisticky vyznamny.

XCELLigence (Acea Bioscience, Inc., San Diego,



Obr. 3: Morfolégia MSC

A: morfoldgia izolovanych humannych WJ-MSC, bunky maju tvar podobny fibroblas-
tom, pasaz 2 (P2) DIV 2, konfluencia 30 %. B: WJ-MSC P2, DIV 5, 80 % konfluencia

buniek. Mierka 50 pm.

Obr. 4: Imunofenotypizacia WJ-MSC

Vysledky analyzy prietokovou cytometriou ukazali, ze WJ-MSC v tretej pasazi boli pozitivne na MSC markery
CD29, CD44 a CD90. Negativna kontrola predstavuje neznacené bunky.

CA, USA) je mikrofluidny systém navrhnuty tak,
aby umozioval nepretrzité monitorovanie bunko-
vej adherencie v in vitro systéme pomocou merania
impedancie v podobe tzv. bunkového indexu, ktory
predstavuje bunkova adhéziu v jamkach. Data sme
ziskali pouzitim softvéfu xCELLigence verzie 1.2.1.
Po kalibracii pristroja sme SH-SY5Y bunky nasadili
v denzite 2x10° buniek na jamku a 16-jamkové e-
-platne (Acea Bioscience, Inc. San Diego, CA, USA)
sme vlozili do xCELLigence systému po dobu 130
hodin.

VYSLEDKY
Izolacia WJ-MSC

LCudsky pupocnik je perinatalne tkanivo obsahujuce
dve tepny a jednu zilu ako aj dve zoény: povrchovy

epitel a WJ (résolovity material obklopujtci krvné

cievy vo vnutri povrazca) (vid obr. 1).

V nasich experimentoch sme izolovali mezenchy-
mové kmenové bunky z tkaniva WJ pomocou explan-
tatovej metody. Adherentné bunky boli pozorované
po 7 — 8 diloch kultivacie W explantatov, rast buniek
z explantatov je znazorneny na obr. 2. Tieto bunky
boli povazované za P1. Ked’ boli bunky P1 subkul-
tivované, vykazovali morfoldgiu podobnt fibroblas-
tom.

Charakterizacia WJ-MSC

Na potvrdenie identity buniek sme in vitro cha-
rakterizovali MSC izolované z Whartonovho résolu
podla minimalnych kritérii navrhnutych ISSCR. Po
izolacii bunky adherovali na povrch kultivacnej fTase
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Obr. 5: Multiliniova diferenciacia WJ-MSC

A: farbenie alizarinovou ¢ervenou dokazalo, ze vo WJ-MSC sa po 3 tyzdnoch osteogénnej indukcie
vytvorili kalciové depozity (indikované Sipkami). B: po 3 tyzdnoch chondrogénnej indukcie boli bunky
farbené alcianovou modrou; pozitivne (modro sfarbené) kyslé proteoglykany ($ipky) indikovali tvorbu
buniek podobnych chondrocytom. C: intracelularne farbenie Oil red O ukazalo mensiu tvorbu lipido-
vych vakuol (znazornené Sipkami) typickych pre adipocyty po 3 tyzdinoch adipogénnej indukcie. Kon-
troly (K1, K2, K3) predstavuju bunky bez indukcie, mierka: 50 pm.

Obr. 6: Bunkova linia SH-SYSY

Kultivované bunky SH-SY5Y v pasazi 16, DIV 2. Obrazok A‘ zobrazuje detail A. B znazoriuje DIC (diferencialny inter-
ferencny kontrast) fotografiu tychto buniek. Mierka 50 pm (A, B), 20 pm (A°).

a vykazali morfologiu podobnu fibroblastom S$peci-
ficka pre MSC (vid’ obr. 3).

Imunofenotypizacia

Izolované bunky v druhej pasazi boli charakterizo-
vané na expresiu povrchovych markerov MSC bu-
niek pomocou prietokovej cytometrie. WJ-MSC boli
pozitivne na CD29, CD44 a CD90 (typické povrcho-
vé markery pre humanne MSC), percenta expresie
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tychto markerov boli 94,6 % pre CD29; 92,4 % pre
CD44 a 60,0 % pre CD90, negativna kontrola vyka-
zovala 2,9 % (vid’ obr. 4).

Multiliniovy diferencia¢ny potencial

Na dokazanie multiliniového diferenciacného po-
tencialu boli WJ-MSC bunky v druhej pasazi induko-
vané smerom k adipogénnej, chondrogénnej a oste-

ogénnej linii pomocou komeréného diferenciacného



Obr. 7: Vysledky MTT testu
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Graf predstavuje vysledky porovnania viability SH-SY5Y po 48 hodinach inkubacie v
WJ-MSC CM (WJ-MSC CM, 3 % FBS, 2% ATB) a v kontrolnom médiu (DMEM HG,
3 % FBS, 2 % ATB). Statisticky vyznamny rozdiel — hodnota P <0.01 (**).

Obr. 8: XCELLigence — RTCA analyza

xCELLigence RTCA analyza. Vysledky RTCA analyzy, kde boli SH-SY5Y bunky 130 hodin (vymena
média po 48 a 120 hodinach) kultivované v WJ-MSC CM (WJ-MSC CM, 3 % FBS, 2 % ATB) a v kon-
trolnom médiu (DMEM HG, 3 % FBS, 2 % ATB) ukazuju, ze v skupine WJ-MSC CM bola proliferacia
vyrazne vyssia. Uz od tretej hodiny od zaciatku experimentu sme zaznamenali zvySenie proliferacie v
skupine buniek kultivovanych vo WJ-MSC CM oproti kontrole, v priemere vykazovala tato skupina
priblizne 5,44-nasobny narast pocas celej doby monitorovania.
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kitu (StemPro). Populacia WJ-MSC sa tispesne dife-
rencovala smerom k chondrogénnej a osteogénnej li-
nii, ¢o bolo identifikované farbenim alizarinovou Cer-
venou reagujucou s depozitmi vapnika (vid’ obr. SA)
a farbenim alcianovou modrou interagujlicou s pro-
teoglykanmi typickymi pre zrelé chondrocyty (vid’
obr. 5B). Bunky vykazovali slabsi potencial diferen-
covat’ sa smerom k adipogénnej linii, ¢o bolo doka-
zané farbenim olejovou cervenou O identifikujucou
tvorbu lipidovych vakuol (vid’ obr. 5C). Celkovo tie-
to vysledky naznacuju, ze kultivované WJ-MSC mali
potencial diferencovat’ sa na mezodermalne linie, ¢o

patri k charakteristickym ¢rtam MSC.

MTT

Vplyv WIJ-MSC CM na viabilitu bunkovej linie
SH-SYS5Y (vid obr. 6) sme urcili pomocou MTT testu
po 48 hodinéch. Z obr. 7 vyplyva, ze kultivacia bu-
niek vo WJ-MSC CM signifikantne zvysila preziva-
nie buniek SH-SYS5Y, pricom viabilita a proliferacia v
skupine WJ-MSC CM bola 1,88-nasobne vyssia ako
pri negativnej kontrole (DMEM, FBS, ATB).

RTCA (XCELLigence Real-Time Cell Analysis)

Hodnoty bunkového indexu (CI) ziskané pomocou
systému xCELLigence RTCA pocas 130 hodin uka-
zali, ze WJ-MSC CM vyznamne zvySilo proliferaciu
neuroblastomovej bunkovej linie. Obr. 8 znazoriuje
fakt, ze proliferacia SH-SYSY buniek bola signifi-
kantne zvySena oproti kontrole.

DISKUSIA

Najnovsie pokroky vo vyskume kmenovych buniek
nielen zlepsili pochopenie zékladnych vyvojovych
procesov, ale tiez otvaraju dvere vyuzitiu kmefo-
vych buniek v biotechnologii, farmaceutickych od-
vetviach, v bunkovej terapii, regeneracnej medicine
a tkanivovom inzinierstve (Beeravolu a kol., 2017).

Mezenchymové stromalne perivaskularne bunky
(MSC) patria medzi hlavné typy buniek pouzivané v
regeneracnej medicine a predstavuju sl'ubny terape-

uticky nastroj pre mnohé v sucasnosti nevylieCitel’-
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né ochorenia. MSC, ktoré boli prvykrat izolované z
kostnej drene, je mozné izolovat’ z takmer akéhokol-
vek dospelého tkaniva, vratane tuku, periférnej krvi,
svalov, koze a zubov, okrem toho tiez z neonatalnych
tkaniv, ako je pupo¢nik (Whartonov résol a pupoc-
nikova krv), amnion a placenta (Friedenstein a kol.,
1970; Soares a kol., 2022). MSC predstavuji hetero-
génnu populaciu multipotentnych samoobnovujicich
sa buniek podobnych fibroblastom. Napriek spoloc-
nym charakteristikim MSC buniek ur¢enym ISSCR
st medzi MSC izolovanymi z r6znych zdrojov roz-
diely, ktoré ovplyviujt ich pouzitelnost’. V sucasnos-
ti je kostna dren (BM) v klinickych stidiach najvyu-
zivanej$im zdrojom MSC, po nej nasleduje pupocna
$nura (UC) a tukové tkanivo (AT).

V nasej studii sme ako zdroj pre primarnu kulta-
ru MSC vyuzili huménne perinatalne (extraembryo-
nalne) tkanivo Whartonovho rosolu (WJ). Pupo¢nik
spajajuci plod s placentou je pomerne velky organ
s odlisnymi anatomickymi Castami, vratane dvoch
tepien, zily, WJ (tkanivo obklopujice krvné cievy) a
povrchového epitelu (Beeravolu a kol., 2017). Tka-
nivo pupocnika je bohatym zdrojom cytokinov a ras-
tovych faktorov, ako su bFGF, dostickovy rastovy
faktor (PDGF), EGF, transformujuci rastovy faktor
B (TGF-B) a inzulinovy rastovy faktor 1 (IGF-1) s
najvyssou koncentraciou (takmer 350 ng na 1 g WJ).
TGF-B, o-FGF a B-FGF sa objavuji v desiatkach
nanogramov, ich mnozstvo je oproti IGF-1 vyrazne
nizsie. PDGF a EGF boli namerané¢ v pikogramo-
vych koncentraciach (Hendijani, 2017). Niekol'ko
stidii uvadza izolaciu MSC z celého pupocnika, WJ
alebo z placenty s variabilnym proliferacnym a dife-
renciaénym potencidlom pomocou metédy enzyma-
tickej digescie (enzymatickd metdda), explantatovej
metody alebo kombinovanej metddy (enzymatickej
a explantatovej) (Beeravolu a kol., 2017; Hendijani,
2017). V nasej studii sme pouzili explantatovii meto-
du. Tymto spdsobom izolované MSC vykazuju podla
autorov podobné charakteristiky ako tie, ktoré st zis-
kané enzymatickym Stiepenim. Metdda pouzivajiuca
explantaty ma vSak v porovnani s pouzitim enzymov

niekol’ko vyhod. Pri izolacii explantatov neposobi na



bunky proteolyticky stres a bunky st v uzkom kon-
takte s inymi bunkami pdvodného tkaniva, o zvy-
Suje pravdepodobnost’ uspesnej izolacie primarnej
kultiry s vysokym vytazkom. NizSia cena a mensie
riziko biologickej kontaminécie st d’alsimi vyhoda-
mi, ktoré potvrdzuja, ze vyber explantatovej metody
izolacie MSC vo vyskume a klinickom prostredi je v
porovnani s enzymatickou metédou dobrou volbou
(El Omar a kol., 2014; Beeravolu a kol., 2017; Hen-
dijani, 2017). Pozorovali sme, ze disekcia tkaniva WJ
na priblizne 10 mm kusky bola optimalna pre izolaciu
buniek, pricom bunky v tvare fibroblastov sa objavili
7 — 8 dni po izolacii. Bunky migrovali z explantatu do
okolitého prostredia s pomerne vysokym vytazkom
izolacie a dobrou prolifera¢nou kapacitou.
Standardom pre charakterizaciu MSC je preukaza-
nie schopnosti buniek prilnat’ k plastu, morfologia
podobna fibroblastom a diferenciacia do viacerych
linii (Dominici a kol., 2006). V nasej studii boli WJ-
-MSC morfologicky podobné fibroblastom, adherent-
né ku povrchu kultivaénych plastov a exprimovali
mezenchymové povrchové markery CD29, CD44 a
CD90 (94,6 % pre CD29; 92,4 % pre CD44 a 60,0 %
pre CD90, negativna kontrola 2,9 %). Tieto vysledky
su v stlade s predchadzajucimi stadiami UC-MSC
a WJ-MSC. Nizka pozitivita CD 90 (THY-1) mdze
byt sposobena vysokou expresiou CD44 (Campioni a
kol., 2009). Studie tiez popisali stratu CD90 ako pro-
ces, ktory moze zvysit' diferenciany potencial MSC
(Humenik a kol., 2022). Expresia povrchovych mar-
kerov, ako aj multiliniovy a proliferacny potencial za-
visi od zdroja izolacie MSC a pasaze buniek (Maleki
a kol., 2014; Humenik a kol., 2022). Tiez je zname,
ze ako marker dospelych kmetiovych buniek je CD90
spojeny s imunomodula¢nou funkciou a diferenci-
aciou na adipogénnu a osteogénnu bunkovi liniu.
Absencia alebo nizka pozitivita CD90 v pripade WJ-
-MSC méze byt spojena s nizkymi imunosupresiv-
nymi vlastnostami MSC (Maleki a kol., 2014). Vd’a-
ka svojim imunosupresivhym vlastnostiam sa MSC
pouzivaju na lie¢bu akutnej fazy choroby Stepu proti
hostitel'ovi (GvHD), taktiez sa skiima ich uc¢innost’ v
klinickych skriningoch v terapii d’alSich autoimunit-

nych ochoreni (Crohnova choroba, ALS) (Harman a
kol., 2021).

Nami izolované WJ-MSC vykazovali trojliniovy
diferencia¢ny potencial (t. j. smerom k adipogénnej,
chondrogénnej a osteogénnej linii), aj ked diferen-
ciacny potencial na adipocyty bol slaby. To koreluje s
pracami niektorych autorov popisujucich stvis s niz-
kou expresiou CD90 (Humenik a kol., 2022). Nizky
diferenciacny potencial k adipogénne;j linii moze su-
visiet' s vysokym poctom CD29 pozitivnych buniek
v populacii, pretoze publikacie uvadzaju, ze zvyse-
na expresia CD29 ma vplyv na znizenu adipogénnu
diferenciaciu (Humenik a kol., 2022). Okrem toho
treba spomenut’ aj bioaktivne molekuly sprostredku-
juce osteogenézu a potlacajice adipogenézu, ako st
Wnt10b, RhoA a Runx2 ( Kozlowska a kol., 2019;
Humenik a kol., 2022).

MSC maju sl'ubny terapeuticky potencial v lieCbe
mnohych ochoreni. Terapeuticky potencial MSC sa
pripisuje ich schopnosti migrovat’ na miesto posko-
denia, viacliniovej diferencidcii a najmd parakrin-
nej funkcii. MSC mézu migrovat do poskodenych
tkaniv a diferencovat’ sa na niektoré funkcné bunky.
Namiesto nahrady poskodenych buniek vsak MSC
prispievaji k reparacii tkaniva hlavne parakrinnym
posobenim ich sekretomu, ktory obsahuje Siroku $ka-
lu imunomodula¢nych, angiogénnych, antiapoptotic-
kych a rastovych faktorov, ktoré podporuju prezitie
buniek a regeneraciu tkaniva. Tieto vlastnosti MSC
z nich robia sl'ubnych kandidatov na liecbu neurolo-
gickych ochoreni prave modulaciou zapalového mik-
roprostredia poraneného/degenerujuceho nervového
tkaniva (Soares a kol., 2022).

V stcasnosti je globalne zaregistrovanych viac ako
1 000 klinickych studii s MSC, ktoré¢ umoziuju sku-
mat’ bezpecnost’ aplikacie SC. Pochopenie zakladné-
ho molekularneho mechanizmu MSC v réznych pa-
tologickych stavoch je pre dosiahnutie optimalneho
kratkodobého a dlhodobého terapeutického prinosu
klucové (Harman a kol., 2021). Fakt, ze faktory vy-
lu¢ované MSC st zodpovedné za pozitivne GcCinky
MSC pri oprave tkaniv polozil zaklad pre skimanie
nového typu terapie pomocou MSC, ktora ale nevy-
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zaduje podanie samotnych buniek, ¢im sa predchadza
negativnym imunitnym reakciam alebo neziaducej
tumorogenicite.

Sekretom buniek je zmesou rozpustnych faktorov,
molekul, extracelularnych vezikul, lipidovych Castic
roznej velkosti, ako aj proteinov a nukleovych ky-
selin uvolfovanych bunkami do extracelularneho
priestoru. Rozpustné faktory, ako su nukleové ky-
seliny, proteiny a lipidy, mozno detegovat’ v bunko-
vom sekretdme pri r6znych koncentraciach a urov-
niach aktivity ur€enych typom bunky a prostredim.
Sekretdm humannych MSC nie je vynimkou a bol
charakterizovany ako zmes extracelularnych vezikul
(EV), mnozstva regula¢nych nekédujucich RNA ako
aj mnozstva proteinov vratane rastovych faktorov,
cytokinov, peptidov, hormoénov a lipidovych me-
diatorov (Harman a kol., 2021). U¢innost’ sekretomu
MSC in vivo bola skiimana v niekolkych stadiach,
ktoré ukazali, ze podané MSC (z rdéznych zdrojov)
boli schopné vylucovat’ délezité trofické faktory, ako
je EGF, VEGF, neurotrofin-3, FGF-2, HGF, BDNF,
stromalny faktor 1, GDNF, IGF-1, TGF-f1, PGF,
stromalny rastovy faktor (SDF-1/CXCL12), mono-
cytovy chemoatraktant protein-1 (MCP-1/CCL2),
interleukiny IL-6, IL-8, IL-10 a IL-13. Sekretom zis-
kany z roznych bunkovych populacii je heterogénny.
Uvadza sa, ze MSC izolované z tukového tkaniva
maju vyssiu mRNA expresiu VEGF-D, IGF-1 a IL-8,
zatial' ¢o bunky z dermalnej papily vylucuju vyssie
koncentracie CCL2 a leptinu. Okrem toho Du a kol.
zistili zvySené hladiny expresie HGF (hepatocytovy
rastovy faktor), bFGF, IL-6, IL-8, IL-1a a IL-1B v
placentarnych MSC, mnozstvo VEGF-A, NGF vsak
bolo najvyssie u buniek z kostnej drene (Du a kol.,
2016). MSC teda vyluc¢uji mnozstvo faktorov, kto-
ré by mohli podporovat’ angiogenézu a neurogenézu,
predchadzat’ apoptoze a modulovat’ zapalové reakcie.
Sekretom MSC ma preto velky potencidl v regene-
racnej terapii ochoreni, ako su amyotroficka lateralna
skler6za, roztrisena sklerdza, traumatické poranenie
mozgu, mozgova prihoda, poranenie miechy, Alzhei-
merova choroba, Parkinsonova choroba a Huntingto-
nova choroba (Harman a kol., 2021).
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MSC vylucuju mnozstvo trofickych faktorov, vrata-
ne neurotrofickych faktorov, ktoré ovplyviuju viabili-
tu, proliferaciu, diferenciaciu, prezivanie, reparaciu a
bunkovu smrt’ neuralnych (neurénov a gliovych) bu-
niek (Soares a kol., 2022). V nasej $tadii sme funkc-
nymi analyzami potvrdili ti¢inok sekretomu ziskané-
ho z WJ-MSC (WJ-MSC CM) na viabilitu bunkovej
linie SH-SY5Y. Bunkové linie I'udského neuroblasto-
mu, ako je SH-SYS5Y, su Siroko pouzivanym modelo-
vym systémom in Vitro a vyuzivaju sa v neurovedach
na mnozstvo aplikacii vratane testov viability buniek,
skiimanie ultrastruktiry neurénov, $tidium neurofy-
zioldgie a testovanie farmakologickych pripravkov
(Strother a kol., 2021). Praca s liniami neuronalnych
buniek je oproti pouzitiu primarnej kultiry neuréonov
vyhodna hned’ v niekol’kych aspektoch. Okrem faktu,
ze v pripade bunkovych linii odpadaju etické problé-
my, ktoré nastavaju pri izolacii primarnych neuréonov
zo zvierat, hlavnou vyhodou prace s bunkami SH-
-SYSY je ich ludsky povod. Exprimuju teda l'udska
formu proteinov relevantnych pre ochorenie na poza-
di I'udskej proteinovej a génovej expresie. Mo6Zu sa
tiez kultivovat’ vo vel’kych mnozstvach, ¢o je vyhod-
né pre biochemickl manipulaciu aj analyzu (Strother
a kol., 2021).

V nasej praci sme na analyzu viability SH-SYS5Y
v roznych podmienkach pouzili Standardny MTT test
ako aj xCELLigence systém, aby sme ziskané vy-
sledky potvrdili viacerymi analyzami a sledovali, ¢i
vysledky koreluju, ked'ze MTT patri k zlatym Stan-
dardom v §tidiu testovania viability buniek. Nami na-
merané data z MTT proliferacného testu po 48-hodi-
novej inkubdacii ukazali, ze WJ-MSC CM (WJ-MSC
CM, 3 % FBS, 2 % ATB) signifikantne (p < 0,05)
zvysilo viabilitu SH-SYSY buniek v porovnani s kon-
trolnou skupinou kultivovanou v DMEM (DMEM
HG, 3 % FBS, 2 % ATB). Tieto vysledky sme po-
tvrdili aj skiimanim viability a proliferacnej kapacity
WIJ-MSC CM v redlnom ¢ase na RTCA analyze, kde
sme neuroblastomy kultivovali po dobu 130 hodin v
WIJ-MSC CM, 3 % FBS a 2 % ATB, s tym, Ze mé-
dium bolo menené po 48 a 120-tich hodinach. Zazna-

menavanim bunkového indexu sme zistili, ze pouzitie



WIJ-MSC CM signifikantne (p < 0,0001) zvysilo ad-
herenciu a proliferaciu buniek SH-SY5Y v porovnani
s kontrolou kultivovanou v rovnakych podmienkach
v kultivaénom médiu DMEM (DMEM HG, 3 % FBS,
2 % ATB). Nase vysledky podporuju rozne in vitro
a in vivo stadie. Sart a kolegovia (2014) pozorova-
li, ze sekretom z l'udskych BM-MSC bol schopny
zvysit' viabilitu, proliferaciu, migraciu a prerastanie
neuritov neurdlnych progenitorovych buniek. Hoci
mechanizmy, ktorymi sekretom MSC moduluje spra-
vanie neuralnych progenitorov, zostavaju stale nejas-
né, z molekularneho hl'adiska Stadie predpokladaju,
ze viabilitu, proliferaciu a diferenciaciu neuralnych
progenitorov riadi siet’ viacerych signalnych drah a
transkripénych regulacnych mechanizmov (Teixe-
ira a kol., 2016). Signalna draha Notch je jednou z
drah schopnych regulovat’ prezivanie, proliferaciu a
diferencidciu neuralnych kmenovych buniek. Okrem
toho sa aktivacia Notch signalizacie podiela aj na
dozrievani neurénov, indukcii prerastania neuritov
a prevencii apoptézy (Wang a kol., 2009; Teixeira a
kol., 2016). Podl'a Eleuteri a Fierabracci (2019) MSC
modulujt tiez syntazu oxidu dusnatého (NOS), ktora
produkuje oxid dusnaty (NO), ten je schopny inhi-
bovat’ bunkovy cyklus prostrednictvom drahy JAK-
-STAT (Janus kindza/modulatory signalu a aktivatory
transkripcie); okrem toho moduluje aktivitu MAPK
(mitogénom aktivovana proteinkinaza). Autori uva-
dzaju, ze signalna draha MAPK sa podiela na re-
gulacii viability, bunkovej proliferacie, prezivania a
diferencidcie v embryonalnom vyvoji a Studuje sa jej
uloha pri neurodegenerativnych ochoreniach (Jiao a
kol., 2017; Eleuteri, a Fierabracci, 2019). Experimen-
ty in vivo ukazali, Ze aplikacia sekretomu z BM-MSC
bola schopna zvysit bunkovu viabilitu a proliferaciu
u hlodavcov 7 dni po ich injekcii, podl'a hodnotenia
poctu Ki-67 pozitivnych buniek. Podobné data boli
namerané aj (s BrdU pozitivnymi bunkami) v inych
pracach, kde sa porovnavalo injekéné podanie MSC
izolovanych z tkaniva pupoc¢nika alebo ich sekretomu
hlodavcom (Teixeira a kol., 2016). Pre lepSiu predsta-
vu, ktoré faktory pritomné v sekretome MSC st dole-

zité pre viabilitu, prezivanie, neuroproliferaciu, neu-

ronalnu diferenciaciu a neuroregeneraciu, intenzivne
a cielene sa Studuje proteomické zlozenie sekretomu
MSC. Proteomicka analyza dokazala, ze MSC vylu-
cuju aktivne molekuly a trofické faktory vplyvajuce
na neuralne bunky ako napriklad VEGF, BDNF, IL-6,
neurotrofin-3 a GDNF (Teixeira a kol., 2016). Udaje
vsak naznacuju, ze stimulacia neurogenézy in Vitro aj
in vivo nezavisi od pritomnosti jedného sekretované-
ho faktora, ale kombinacie nickol’kych faktorov su-
casne (Teixeira a kol., 2016). Vysledky nasej in vitro
studie koreluju s tymito Stadiami, ¢o len dokazuje, ze
skimanie a ziskavanie novych poznatkov o sekrécii
a vzajomnej interakcii tychto rozpustnych faktorov
a ich neurogénnych ucinkoch, moze viest k navrhu
novych terapeutickych stratégii pri lieCbe neurologic-
kych poruch alebo neurodegenerativnych ochoreni.

ZAVER

Nasa stadia je zamerand na hodnotenie ucinku WJ-
-MSC sekretomu na SH-SY5Y bunkach. 1zolovali
sme WJ-MSC bunky z ludského pupocného pov-
razca, ktoré sme nasledne charakterizovali pomocou
kritérii ISSCR a dokazali sme schopnost’ adherencie,
expresie vybranych povrchovych markerov a schop-
nost’ trojliniovej diferenciacie in vitro. Nasledne sme
z naSich buniek ziskali sekretom, ktorym sme ovplyv-
novali rast SH-SYSY buniek. MTT analyza ako aj
xCELLigence RTCA analyza ukazali, Zze sekretom z
WI-MSC buniek vyznamne zvysuje in vitro viabilitu
a proliferaciu neuroblastomove;j linie.

Celkovo nase vysledky naznacuju, ze pouZitie sek-
retomu WJ-MSC moze byt inovativhym nastrojom
na lie¢bu ochoreni nervového systému, pretoze sek-
retom je schopny modulovat’ viabilitu a proliferaciu
bunkovej linie I'udského neuroblastomu. Efektivita
sekretomu MSC je popisand v mnoZstve in vitro ako
aj in vivo studii, ¢o potvrdzuje potencial sekretomu
ako inovativnej formy liecby. Na potvrdenie dat zis-
kanych stadiami in vitro a in vivo st vSak potrebné
rozsiahle klinické stadie, ktoré by umoznili preniest
ziskané poznatky do klinickej praxe.
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ABSTRAKT

CielPom kratkodobej, dvojtyZdiiovej Stidie bolo
vyhodnotenie metabolickej reakcie na konzuma-
ciu 150 ml vina ,,Tokajsky vyber 4-putiiovy* po-
¢as vecere u zdravych dospelych muZov a ako tato
konzumaicia ovplyvnila ich biochemicky profil
krvi. Reprezentativhu vzorku tvorili zdravi, do-
speli muzi (n = 10), vo veku od 21 do 29 rokov.
Probandi boli nefajéiari alebo faj¢ili do pit’ ciga-
riet denne, neuzivali lieky, vyZivové doplnky, do-
drziavali abstinenciu, nemenili stravovacie navy-
ky, denne vypiiiali nutri¢ny protokol a vykonavali
bezné Cinnosti. V krvnej plazme probandov sme
merali biochemické parametre, ktoré s konzuma-
ciou alkoholu najviac ovplyviiované. Merali sme
hladinu glukézy (GLU), aspartataminotransfera-
zy (AST), alaninaminotransferazy (ALP), gama-
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-glutamyltransferazy (GMT), alkalick( fosfatazu
(ALP), celkovy cholesterol (TC), HDL-cholesterol
(HDL-C), LDL-cholesterol (LDL-C), triacylglyce-
roly (TAG) a vysoko senzitivny C-reaktivny pro-
tein (hsCRP). Namerané hodnoty sme porovnali s
referencnymi hodnotami pre zdravych, dospelych
muzov. Z vysledkov kratkodobej, dvojtyZdiiovej
Studie vyplynulo, Ze konzumacia 150 ml vina ,,To-
kajsky vyber 4-putiiovy“ pocas vecere nevyvolala
metabolicku reakciu, ktora by vyrazne ovplyvni-
la biochemické parametre krvi. Konzumacia vina
mierne zvySovala alebo zniZovala hodnoty GLU,
AST, ALP, ALT, GMT, TC, TG, HDL-choleste-
rolu, LDL-cholesterolu a hsCRP oproti kontrole,
avSak priemerné hodnoty zostavali v rozsahu re-
ferencnych hodnot pre zdravych, dospelych mu-
Zov. VysSie hladiny TG nad referen¢ni hodnotu
sme zaznamenali pri probandovi 7 (z 0,91 na 1,91



mmol.I*) a probandovi 10 (z 1,04 na 1,95 mmol.I?).
Medzi aktivitami enzymov AST a ALT sme zazna-
menali vysoki vziajomnu koreliciu. Z hPadiska
zachovania zdravia a dynamickej rovnovahy or-
ganizmu je vel’mi dolezité zistenie, Ze kratkodo-
b4 umiernena konzumacia vina ,,Tokajsky vyber
4-putiiovy* spolu s jedlom vyrazne neovplyviiuje
biochemické parametre v krvi.

KrPucové slova: biochémia krvi; metabolicky
vplyv; probandi; tokajské vino

ABSTRACT

The aim of the short-term, two-week study was
to evaluate the metabolic response to the consump-
tion of 150 ml of “Tokaj Selection 4-Putna” wine
during dinner in healthy adult males and how it
affected their blood biochemical profile. The rep-
resentative sample consisted of healthy, adult
males (n = 10), aged between 21 and 29 years. The
probands were nonsmokers or smoked up to five
cigarettes per day, did not take medications or nu-
tritional supplements, maintained abstinence, did
not change their dietary habits, completed a dai-
ly nutritional log, and performed normal activi-
ties. We measured biochemical parameters in the
blood plasma of probands that are most affected
by alcohol consumption. We measured glucose
(GLU), aspartate aminotransferase (AST), alanine
aminotransferase (ALP), gamma-glutamyltrans-
ferase (GMT), alkaline phosphatase (ALP), total
cholesterol (TC), high-density lipoprotein cho-
lesterol [HDL-cholesterol (HDL-C)], low-density
lipoprotein cholesterol [LDL-cholesterol (LDL-
C)], triacylglycerols (TAG), and high-sensitivity
C-reactive protein (hsCRP). The measured values
were compared with reference values for healthy,
adult males. The results of a short-term, two-
week study showed that consumption of 150 ml of
“Tokaj Selection 4-Putna” wine during dinner did
not induce a metabolic response that would signifi-
cantly affect blood biochemical parameters. Wine

consumption slightly increased or decreased GLU,
AST, ALP, ALT, GMT, TC, TG, HDL-cholesterol,
LDL-cholesterol and hsCRP values compared to
the control, but the mean values remained within
the reference range for healthy adult males. High-
er TG levels above the reference value were ob-
served in Proband 7 (from 0.91 to 1.91 mmol.I?)
and Proband 10 (from 1.04 to 1.95 mmol.I); we
observed a high correlation between AST and
ALT enzyme activities. From the point of view of
preserving the health and dynamic balance of the
organism, the finding that short-term moderate
consumption of “Tokaj Selection 4-Putna” wine
together with food does not significantly affect the
biochemical parameters in the blood is very im-
portant.

Key words: blood biochemistry; metabolic influ-
ence; probands; tokaj wine

UvoD

Alkoholické napoje sa pouzivali v rdéznych kul-
tarach ako doélezita zlozka mediciny (Kang a kol.,
2023). Vino je prirodny, viaczlozkovy, priebezne
zrejuci alkoholicky napoj vyrobeny z hrozna a jeho
kvalitu a charakter ovplyviiuje odroda, pdda, priebeh
pocasia, agrotechnika, technologia spracovania hroz-
na, vyroba vina a samotné uskladnenie (Eftimova,
Z.,2019). V ostatnom obdobi rastie zaujem vedcov o
vino ako biologicky napoj a bioaktivne zlozky, ktoré
ovplyviuju zdravie ¢loveka (Haseeb a kol., 2019).

Vyroba vina z hroznového mustu je naro¢ny bioche-
micky proces vzajomnych interakcii medzi kvasinka-
mi, baktériami kyseliny mliecnej a baktériami kyse-
liny octovej. Cinnostou mikroorganizmov dochadza
k uvol'novaniu réznych metabolitov, ktoré vytvaraju
buket a kvalitu vin (Swiegers a kol., 2005). Okrem
vody, etanolu, cukrov, organickych kyselin, meta-
nolu, vyssich alkoholov sl vo vine pritomné fenoly,
ktoré vykazuju antioxida¢nli a biologicku aktivitu
(Véazquez-Agell a kol., 2007). Polyfenoly, flavonoi-
dy, triesloviny, stilbény, vitaminy, mineralne latky vo
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vine pdsobia na zdravie Cloveka pozitivne a metanol,
vyssie alkoholy, glycerin, biogénne aminy, SO,, Al,
Fe negativne (Rohdly, Mészaros, Nagymarosy, 2003).
Protektivny i¢inok na zdravie I'udi maju flavonoidy,
ktoré v spojitosti s alkoholom vykazuju antioxidacny,
antitromboticky, kardioprotektivny, antikarcinogén-
ny a iné¢ u€inky (Kostalova a kol., 2012).

Na polyfenoly su bohaté aj botrytické tokajské vina
(Hartman, 2009; Magyar, Toth, 2011; Eftimova, Z.,
2019). Zakladom pre vyrobu Tokajskych vyberovych
3 az 6-putnovych vin vyberovej esencie a samorod-
ného sladkého vina st cibéby, ktoré sa vytvaraju v
klimaticky priaznivych rocnikoch na neskoro dozrie-
vajucich odrodach Muskat zIty, Lipovina a Furmint.
Cibéby sa tvoria za teplého, suchého, jesenného poca-
sia s rannymi hmlami a v Case infekcie plesiiou sivou,
anamorfa: Botrytis cinerea (Pers. et Fries.); hrozno
musi mat’ cukornatost’ najmenej 21 °NM. Mycélium
huby prerasta do vnutra bobule, vyvolava biochemic-
ké a morfologické zmeny, voda sa odparuje a tvoria
sa cibéby (Kakas, 2002; Eftimova, J., 2010; Eftimova
Z.,2019) (URLI). V 3. vydani Viedenského liekopi-
su (1909) bolo zapisané ,,Tokajské vino 3-putiiové*
(13 — 18 % alkoholu a 9 g suchého vytazku na liter)
ako ,,Vinum tokajense passum*. V 4. a 5 vydani Phar-
macopea Hungarika bolo tokajské vino zapisané ako
oficialne liec¢ivo a tonikum pri ré6znych ochoreniach
(Molnér a kol., 2001; Chlebo a kol., 2011).

Ciel'om kratkodobej, dvojtyzdiovej stadie bolo vy-
hodnotenie metabolickej reakcie na konzuméaciu 150
ml vina ,, Tokajsky vyber 4-putiovy“ pocas vecere
na zdravych dospelych muzov a ako ovplyvnila ich
biochemicky profil krvi. Stidiu je nutné povazovat
za pilotny (predbezny) navrh. Za ucelom urcovania
Statistickej signifikancie jednotlivych pozorovanych

zmien by bolo potrebné subor rozsirit’.
MATERIALA METODY

Pocas dvoch tyzdnov sme vyhodnocovali bioche-
micky profil krvi reprezentativnej vzorky proban-
dov, ktori konzumovali 150 ml vina ,, Tokajsky vyber
4-putnovy* pocas vecere.
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Material

»lokajsky vyber 4-putiiovy* je vino s chranenym
oznacenim povodu a do experimentu nam ho dodala
firma ,,TOKAJ & CO%, Mala Tta.

Charakteristika vina ,,Tokajsky vyber 4-putiiovy*

Tokajské vino — vyber sa ziskava alkoholovym kva-
senim mustu s cukornatostou > 21 °NM alebo vina
rovnakej kvality a rovnakého ro¢nika pochddzajuce-
ho z kvalifikovanych honov, ktorym sa zalievaju ci-
béby. Podl'a mnozstva pridanych cibéb sa ¢leni tokaj-
sky vyber na 3 az 6-putiiovy. Vybery vyzrievaju tri
roky, z toho dva roky v drevenom sude a az potom sa

mozu uviest’ na trh.

Analytické vlastnosti:

skuto¢ny obsah alkoholu najmenej 9 % obj.

obsah zvyskového cukru 4-putiiovy najmenej
90 g.I*

bezcukorny extrakt najmenej 4-putiiovy najmene;j
30g.1*

obsah titrovateInych kyselin najmenej 6 g.I*

celkovy obsah oxidu siri¢itého najviac 400 mg.I*

celkovy obsah prchavych kyselin najviac 2,1 g.I'.

Organoleptické vlastnosti:

Farba: 7Ita az hlboko jantarova

Vona: vyrazna, tokajského charakteru — medovin-
ka, prezreté ovocie, orechy

Chut’: tokajské chlebovinka, medovéa az karamelo-
va, prezreté ovocie (URL1, 2022).

Do dvojtyzdnovej stadie (7 dni v tyzdni) boli za-
radeni 10 muzi (n = 10) vo veku od 21 do 29 rokov.
Reprezentativnu vzorku tvorili zdravi, dospeli, muzi,
nefajciari alebo fajcili do pét’ cigariet denne, neuzi-
vali lieky, vyzivové doplnky, nemenili stravovacie
navyky, dodrziavali abstinenciu a vykonavali bezné
¢innosti. V priebehu stidie probandi pravidelne po-
¢as vecere konzumovali nami odporucanu davku 150
ml vina ,,Tokajsky vyber 4-putiovy“. Pre dosledné
monitorovanie, vyhodnotenie metabolickej reakcie

na biochemické parametre krvi a elimindciu moz-



nych inych vplyvov antioxida¢ne pdsobiacich latok
pritomnych v konzumovanej strave, probandi denne
vypliali nutriény protokol.

Pred zahijenim S$tadie sme probandom urobili
vstupny kontrolny test, pozostavajici z odmerania
krvného tlaku, odobratia a analyzy krvi. Dalsie odbe-
ry krvi, ako aj meranie krvného tlaku sa uskutoc¢nili

eSte dvakrat pocas dvoch tyzdnov trvania vyskumu.

Odber krvi a vybrané biochemické parametre v
krvnej plazme

Pred zacatim konzumadcie vina sa uskutoc¢nil prvy
odber venodznej krvi (V1 = K), ktory sluzil ako kon-
trolna vzorka. Po tyzdiiovej konzumacii vina sa usku-
to¢nil druhy odber (V2) a treti odber (V3) po ukonceni
dvojtyzdiovej konzumacie vina. Odbery sa realizo-
vali rano, nalacno, za Standardizovanych podmienok
(dent pred odberom lahké strava s vylucenim prijmu
zivocisnych tukov a odporucalo sa 12 az 14-hodinové
la¢nenie). Probandi mohli uzit’ iba vodu alebo bezka-
lorické tekutiny. Zilova krv sa odoberala z kubitélnej
jamky pomocou ihly v mnozstve 10 ml do sterilnych
S-Monovette skimaviek. Krvné vzorky sa nasledne
pri izbovej teplote centrifugovali. Sérum sa oddelilo
od sedimentu a nasledne sa vykonala analyza.

V krvnej plazme probandov sme stanovili vybrané
biochemické ukazovatele, ktoré¢ mézu byt konzuma-
ciou alkoholu najviac ovplyvilované. Ziskané vzorky
krvi sme skladovali pri teplote — 20 °C a nasledne
po rozmrazeni sme stanovili hladinu glukézy (GLU),
aspartataminotransferazy (AST), alaninaminotrans-
ferazy (ALP), gama-glutamyltransferazy (GMT),
alkalicku fosfatazu (ALP), celkovy cholesterol (TC),
HDL-cholesterol (HDL-C), LDL- cholesterol (LDL-
-C), triacylglyceroly (TAG), vysoko senzitivny C-re-
aktivny protein (hsCRP). Hodnoty sme porovnali s
referenénymi hodnotami pre optimalne biochemické
parametre pre zdravych, dospelych muzov (SYN-
LAB laboratérium, Nitra, SR).

Vsetci probandi sa zucastnili na vyskume dobro-
volne, boli obozndmeni s podmienkami a priebe-
hom vyskumu a podpisali informovany suhlas so

zaradenim do $tudie. Stadia bola schvéalena Etickou

komisiou pri Specializovanej nemocnici sv. Svorada
Zobor, n. o. , Klastorska 134, 949 88 Nitra (protokol
u autora). Biochemické analyzy sme zabezpecili v la-
boratoériu Katedry vyzivy l'udi na SPU v Nitre.

VYSLEDKY A DISKUSIA

Pocas kratkodobej stadie (14 dni) sme vyhodnoco-
vali, aki metabolicku reakciu vyvolava konzumécia
150 ml prirodne sladkého, alkoholického vina (To-
kajsky vyber 4- putiiovy) s vecerou a ako ovplyviiuje
hodnoty biochemickych parametrov v krvnej plazme
zdravych, dospelych muzov. Stanovili sme hladinu
glukézy (GLU), aspartataminotransferazy (AST),
alaninaminotransferazy (ALP), gama-glutamyltrans-
ferazy (GMT), fosfatazu alkalicka (ALP), celkovy
cholesterol (TC), HDL-cholesterol (HDL-C), LDL-
-cholesterol (LDL-C), triacylglyceroly (TAG) a vy-
soko senzitivny C-reaktivny protein (hsCRP).

Hodnoty hladin biochemickych parametrov z troch
odberov krvi sme zaznamenali do tabul’ky a graficky
spracovali do obrazkov 1 az 8 (vid’ obr.1 — 8). Vstup-
ny odber vzorky krvi (V1) pred konzumaciou vina
absolvovalo 10 probandov a tieto udaje nam slazili
ako kontrola (K). Namerané hodnoty biochemickych
parametrov sme porovnavali s referenénymi hodnota-
mi pre optimalne parametre zdravych, dospelych mu-
zov. Po tyzdinovej konzumacii vina ,,Tokajsky vyber
4-putiiovy“ musel pre zdravotné komplikacie Stadiu
ukoncit’ proband 8.

KedZze vino ,,Tokajsky vyber 4-putiovy“ patri
k vinam s vy$§im podielom cukru ( > 90 g.I? zvy-
Skového cukru, 30 g.I't bezcukorného extraktu, 9 %
alkoholu), zaujimalo nas, ako bude konzumacia 150
ml vina ovplyviiovat’ metabolizmus glukézy. Vplyv
vecernej konzumacie stravy a 150 ml tokajského vina
sme sledovali meranim hladin gluk6zy (GLU) v krv-
nej plazme probandov. Vysledky nameranych hodndt
hladin GLU z troch merani sme graficky zaznamenali
na obrazku 1 (vid’ obr. 1). Namerané hodnoty sme po-
rovnavali s referen¢nymi hodnotami pre optimalnu
hladinu glukézy zdravych, dospelych muzov, ktoré
sa pohybuji od 4,4 — 5,5 mmol.I"%
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Obr. 1: Porovnanie hodnot hladin GLU (mmol.l*) v krvi probandov
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GLU-01 — kontrola, pred konzumaciou vina; GLU-02 — po 1-tyzdiiovej konzumacii vina;
GLU-03 — po ukonceni 2-tyzdnovej konzumacie vina

Po tyzdiovej konzumacii 150 ml vina ,,Tokajsky
vyber 4-putiiovy* sme pri vSetkych probandoch za-
znamenali mierny vzostup hladiny glukézy. Po dvoch
tyzdnoch konzumacie vina doslo k opédtovnému po-
klesu hladiny glukoézy pri Styroch probandoch (6, 7,
9, 10). Pri probandovi 6 sme zaznamenali vyraznej-
$i pokles hladiny glukozy oproti kontrole (z 5,15 na
3,98 mmol.I"Y). Mierny vzostup hladiny glukdzy sme
zaznamenali pri probandoch (1, 2, 3, 5). K vyraz-
nejSiemu vzostupu hladiny glukozy oproti kontrole
doslo pri probandovi 4 (z 3,98 na 5,2 mmol.I') (vid’
obr.1). Priemerna hodnota glukézy (GLU) sa pohy-
bovala pri vSetkych odberoch v rozsahu 4,11 — 4,88
mmol.I"* krvnej plazmy probandov. Zistili sme, ze
pocas experimentu mali hladiny glukézy vzostupnu
alebo klesajucu tendenciu, avsak zostavali v rozsahu
s referencnych hodndt pre optimalnu hladinu glukoézy
pre zdravych dospelych muzov.

K podobnym zaverom dospeli Chlebo, Cizmarova,
Schwarzova (2010). Autori pocas 6- tyzdnovej Studie
sledovali vplyv konzumacie 200 ml ¢erveného vina
»Frankovka modra“ na biochemické parametre v

krvnom sére. Po tyzdiiovej konzumacii zaznamenali
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mierny narast hladiny glukézy v krvi probandov. Po
6 tyzdioch pri probandoch namerali hodnoty glukézy
od 5,1 az 5,5 mmol.I"* glukdzy v krvi. Autori tento
biochemicky parameter povazovali za stabilny, pre-
toze hodnoty glukozy sa pohybovali v rozsahu refe-
ren¢nych hodnot.

Chiva-Blanch a kol. (2013) sledovali vplyv Stvor-
tyzdiiovej miernej konzumadcie alkoholu (Cervené
vino, nealkoholické Cervené vino, gin) na metabo-
lizmus glukézy. Z experimentu vyplynulo, ze mierny
prijem alkoholu (¢ervené vino — alkoholické a neal-
koholické) znizil plazmaticky inzulin a hodnotenie
rezistencie na inzulin v modeli homeostazy. Autori
zistili, Ze Cervené vino zvySovalo citlivost’ na inzulin
a ma protektivny G¢inok na diabetes mellitus 2. Tak-
tiez Da Luz a kol. (2014) uvadzaju v zaveroch experi-
mentélnej Stadie, Ze pravidelni konzumenti Cervené-
ho vina mali v porovnani s abstinentmi nizsiu hladinu
glukozy, ako aj nizsi vyskyt diabetes mellitus 2.

Jedinci, ktori maju sklon k nadmernému pitiu, maju
vyssie riziko alkoholickej steatohepatitidy (Tejero,
Sanchez, Bataller, 2023). Z hepatéalnych ukazovate-
lov sme pri probandoch stanovili hladiny enzymov



Obr. 2: Porovnanie hodnét AST (ukat.l™) v krvi probandov
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AST, ALT, GMT, ktoré¢ mézu poukazovat’ na posko-
denie pecene v suvislosti s konzumaéciou alkoholu.

Enzym aspartataminotransferaza (AST) je pritom-
ny v tkanivach v srdci, kostrovych svaloch, oblickach,
mozgu, peceni a pankrease. K vyplavovaniu AST do
krvi dochadza pri posSkodeni pecene a hodnoty AST
stupaju oproti referenénym hodnotam. Stanovenie
hladiny aspartataminotransferdzy (AST) a alanina-
minotransferazy (ALT) sa vyuziva pri diagnostike a
monitorovani ochoreni pecene, hlavne chorob, ktoré
vedu k destrukcii hepatocytov (Rifai, 2018).

Namerané hodnoty aktivity aspartataminotransfe-
razy (AST) z troch merani (mnozstvo peceniovych
enzymov v krvi) pri vSetkych probandoch sme zazna-
menali na obrazku 2 (vid’ obr. 2).

Namerané hodnoty aktivity AST sme porovnava-
li s referenénymi hodnotami pre optimalnu hladinu,
ktoré s v rozsahu od 0,10 do 0,7 pkat.I* pre zdra-
vych, dospelych muzov. Pocas dvojtyzdnovej konzu-
macie vina ,,Tokajsky vyber 4-putiiovy* sme pri sied-
mych probandoch (1, 2, 3, 4, 6, 7, 9) zaznamenali
pokles hodnét aktivity AST. Pri dvoch probandoch
(5, 10) doslo k miernemu zvySeniu hodnoty aktivity
AST (vid’ obr. 2). Pri probandoch (4, 6, 7) sme zisti-

li vyrazné znizenie hodnoty aktivity AST. Priemerna
hodnota aktivity AST pri vSetkych odberoch sa po-
hybovala v rozsahu od 0,23 — 0,63 pkat.I'* v plazme
probandov a bola v rozsahu s referencnych hodndt
pre optimalnu hladinu zdravych, dospelych muzov.
Enzym alaninaminotransferaza (ALT) je primar-
ne lokalizovany v peceni. Pri vdcSine pecenovych
chorob byvaju zvysené sérové aktivity AST a ALT.
Vynimkou je alkoholické poskodenie pecene a Rey-
ov syndrom, kedy byva aktivita ALT vysSia ako AST.
Pri virusovych hepatitidach a po liekovom toxickom
poskodeni pecene st hodnoty najvyssie (Zima, 2009).
Chronicky prijem alkoholu spdsobuje zvysenie ak-
tivity mitochondrialnej AST v plazme a dosahuje po-
mer AST/ALT > 1,5 (Botros, 2013). Pri alkoholickom
poskodeni pecene je hodnota Ritisovho indexu AST/
ALT > 2.V pripade, ze AST/ALT < 1, potom to pou-
kazuje na virusovt hepatitidu (Vinieskova, 2016).
Namerané hodnoty aktivity alaninaminotransferazy
(ALT) z troch merani, pri vSetkych probandoch sme
zaznamenali na obrazku 3 (vid’ obr. 3).
Priemerna hodnota aktivity ALT pri zdravych, do-
spelych muzoch sa pohybuje v rozsahu od 0,10 do
0,85 pkat.I*. Z nameranych hodnét vyplyva, Ze pri
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Obr. 3: Porovnanie hodnét ALT (ukat.I') v krvi probandov
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Obr. 4: Porovnanie hodnét GMT (ukat.I'?) v krvi probandov
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GMTS3 — po ukonceni 2-tyzdnovej konzumécie vina

vSetkych probandoch sme zaznamenali pokles akti-
vity ALT, okrem 4 probandov (1, 2, 3, 10); kde doslo
k miernemu zvySeniu aktivity (vid’ obr. 3). Vyraznej-

Sie znizenie hodndt aktivity ALT sme zaznamenali
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pri probandovi 6 (z 0,47 — 0,29 pkat.I'*) a 4 (z 0,78
- 0,45 pkat.I"). Pri tychto probandoch sme rovnako
zaznamenali vyrazné zniZenie hodnot aktivity AST.
Naopak, pri probandovi 10 sme zaznamenali nérast



Obr. 5: Porovnanie hodnét (TC) (mmol.l*) v krvi probandov
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AST-01 — kontrola, pred konzumaciou vina; AST-02 — po 1-tyzdiovej konzumacii vina;
AST-03 — po ukonceni 2-tyzdnovej konzumacie vina

hodnét AST (z 0,28 — 0,34 pkat.I), rovnako ako to
bolo pri ALT (z 0,33 -0,44 pkat.I'). Nase vysledky
su v zhode s vysledkami Xia a kol. (2010), ktori uva-
dzaju, ze aktivity enzymov AST a ALT navzajom vy-
soko koreluju. Pri vsetkych odberoch krvi probandov
sa priemerna hodnota ALT pohybovala v rozsahu od
0,15 - 0,61 pkat.I*%; ¢o su stale hodnoty v rozsahu re-
feren¢nych hodnot pre optimalnu hladinu ALT.

KIiacovy, membranovo viazany enzym gama-
-glutamyltransferaza (GMT), sa nachadza v peceni,
zlcovych cestach, hepatocytoch, tkanivach pankrea-
tickych vyvodov. Aktivita GMT stipa s vekom. Hod-
nota GMT je citlivejsi ukazovatel' hepatobiliarneho
ochorenia ako fosfataza alkalicka (ALP). Pri pece-
novych ochoreniach koreluje GMT s hodnotou ALP
(Vlnieskova, 2016).

Hodnoty aktivity enzymu gama-glutamyltransfera-
zy GMT v krvi probandov z troch merani sme zazna-
menali na obrazku 4 (vid’ obr. 4). Ziskané hodnoty
aktivity (GMT) pri vSetkych probandoch sme porov-
navali s referenénymi hodnotami pre optimalnu hod-
notu aktivity GMT u zdravych dospelych muzov v
rozsahu od 0,13 do 1,0 pkat.I™.

Po skonéeni 14-dnovej konzumacie vina ,,Tokaj-
sky vyber 4-putnovy* sme zaznamenali pri Siestich
probandoch (1, 4, 5, 6, 7, 9) pokles hodnoty aktivity
GMT a v troch pripadoch (2, 3, 10) mierne zvySenie
hodnoty (vid’ obr. 4). Pri probandovi 6 sme opit’ za-
znamenali vyraznej$i pokles hodnoty aktivity GMT,
rovnako ako to bolo pri hodnotach AST, ALT (vid’
obr. 2, 3, 4). Priemerna hodnota aktivity GMT sa pri
vSetkych probandoch a odberoch pohybovala od 0,25
- 0,99 pkat.I%, ¢o je v rozsahu referenénych hodnot
pre optimalnu hodnotu GMT zdravych, dospelych
muzov.

Riziko srdcovych ochoreni a cievnej mozgovej
prihody stipa so zvySenym cholesterolom (URL2,
2021). Vacsina kardiovaskularnych ochoreni (KVO)
je sposobena aterosklerozou, degenerativnym proce-
som artérii, ktory je vyvolany oxida¢nym stresom a
chronickym zapalovym stavom. Rizikovymi faktor-
mi tohto ochorenia st okrem iného aj faj¢enie, dia-
betes mellitus, arterialna hypertenzia, abnormality sé-
rovych hladin celkového cholesterolu a jeho frakeii,
nadvaha, obezita, rodinna anamnéza skorého KVO a
fyzicka necinnost’ (Chiva-Blanch a kol., 2013).
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Obr. 6.: Porovnanie hodnot TG (mmol.l?) v krvi probandov
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Systematicka tabulka odhadu koronarneho rizi-
ka pre eurdpske populécie (SCORE) uvadza medzi
rizikové faktory: vek, pohlavie, fajcenie, systolicky
krvny tlak a celkovy cholesterol. Za rozhodujuci fak-
tor sa povazuje vek, ¢o znamena ¢as vystavenia rizi-
kovym faktorom (Smernice ESC/EAS 2019; Mach a
kol., 2020).

Namerané hodnoty hladiny (TC) z troch merani,
pri vsetkych probandoch sme zaznamenali na obraz-
ku 5 (vid’ obr. 5).

Referenc¢né hodnoty pre optimalnu hladinu choles-
terolu sa pohybuju od 3 do 5,2 mmol.I" pre zdravych,
dospelych muzov. Po tyzdiovej konzumacii vina
,»Tokajsky vyber 4-putiiovy* sme zaznamenali mier-
ny vzostup hladin TC (2, 3, 4, 6, 7); okrem proban-
dov 1, 5, 9, pri ktorych doslo k miernemu poklesu. Po
dvojtyzdiovej konzumacii sme zaznamenali pokles
hladiny celkového cholesterolu (TC) pri piatich pro-
bandoch (4, 6, 7, 9, 10). Pri probandoch (1, 2, 5) sme
zaznamenali iba mierny vzostup hladiny celkového
cholesterolu (TC) oproti kontrole. Vyraznejsi vzostup
hladin sme zaznamenali oproti kontrole pri probando-
vi 3 (vid obr. 5). Pri vSetkych odberoch sa priemerna
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hodnota TC v krvi probandov pohybovala od 3,66 —
5,15 mmol.I%, €o je este stale v rozsahu referenénych
hodnét pre optimalnu hladinu pre zdravych dospe-
lych muzov.

K podobnym vysledkom dospeli Chlebo, Cizmaro-
va, Schwarzova (2010), ktori zaznamenali po prvom
tyzdni konzumaécie 200 ml ¢erveného vina (Frankov-
ka modra) s vecerou nepatrny vzostup hladiny TC z
5,66 = 1,12 mmol.lI'* na 5,76 £+ 1,23 mmol.I"* v krvi
probandov. K pozvol'nému poklesu hladin TC v krvi
probandov az na kontrolnu pévodnu hladinu doslo po
3 tyzdnoch. Po dalsich 3 tyzdiioch zaznamenali po-
kles az na hladinu 5,36 + 1,03 mmol.I. Aj ked’ name-
rané hodnoty TC pri probandoch prevySovali hornt
referenént hranicu, dochadzalo k poklesu TC, co je
vel'mi pozitivne z hl'adiska rizika srdcovocievnych
prihod.

Matsumoto a kol. (2014) zistili, Ze konzumaciou
0,33 1 piva alebo 0,15 1 vina alebo 0,03 1 alkoholu
sa znizilo riziko kardiomyopatie, ischemického myo-
kardu a celkovej mortality.

Hodnoty celkového, HDL, LDL-cholesterolu a
TAG ovplyvnuju rizikové faktory ako vek, pohlavie



Obr. 7.: Porovnanie hodndt hsCRP (mg.l"*) v krvi probandov
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(Oravec, 2011). ZvySeny LDL-cholesterol, znizeny
HDL-cholesterol a zvysené TG poukazuji u pacien-
tov na izolovanl alebo kombinovand dyslipidémiu.
Viaceré¢ studie poukézali na to, ze v primarnej a se-
kundarnej prevencii na znizenie kardiovaskularne-
ho rizika st potrebné diétne opatrenia. Zistilo sa, Ze
existuju suvislosti medzi koronarnou umrtnostou a
vysokou mierou konzumacie transmastnych kyselin
(Chevallier, 2021).

Zvysena hladina TG v krvi vypoveda o zvySenej
hladine tukovych latok a niektorych lipoproteinov v
krvi, ktoré mozu posobit’ aterogénne. Samotné¢ TG
nezasahuja do procesu aterogenézy (Chlebo, Cizma-
rova, Schwarzova, 2010).

Namerané hodnoty hladiny triacylglycerolov (TG)
z troch merani, pri vSetkych probandoch sme zazna-
menali na obrazku 6 (vid’ obr. 6). Vysledky sme po-
rovnavali s referencnymi hodnotami hladin TG pre
dospelych, zdravych muzov. Referencné hodnoty pre
optimalnu hladinu triacylglycerolov (TG) sa pohybu-
ji v rozmedzi od 0,45 do 1,7 mmol.l* pre zdravych,
dospelych muzov.

Pri kontrolnom vstupnom merani hladiny TG pri

probandovi 2 sme zaznamenali zvySentl hodnotu TG

(2,42 mmol.I"Y); ktord bola nad najvyssiu pripustni
referen¢nt hodnotu 1,7 mmol.l . Aj ked’” po dvoch
tyzdiioch doslo k nepatrnému poklesu oproti kontro-
le (2,41 mmol.I"), hodnota zostavala nad referen¢na
hodnotu. Pozvolny mierny pokles hladiny TG oproti
kontrole sme zaznamenali pri probandoch (1, 2, 9) a
mierny vzostup pri probandoch (3, 10). Pri proban-
dovi 7 stipla hodnota TG (z 0,91 na 1,91 mmol.I*%)
a probandovi 10 (z 1,04 na 1,95 mmol.I?); ¢o st hod-
noty nad rozsah referencnych hodnét pre optimal-
nu hladinu TG. Po prvom tyzdni konzumacie vina
pri probandoch (5, 6) hodnoty TG najskor stupali a
potom poklesli na hodnotu mierne nad kontrolu. Pri
probandovi 4 po tyzdni doslo k poklesu hodnoty TG
oproti kontrole a po dvoch tyzdnoch sa hodnoty usta-
lili mierne nad kontrolu. Priemerné hodnota TG sa pri
vSetkych odberoch pohybovala od 0,74 — 2,53 mmo-
LIt v krvi (vid’ obr. 6).

Vyhodnotenim nutri¢nych protokolov u probandov
sme dosli k zaveru, ze pokles hladiny TG pri troch
probandoch nebol sposobeny znizenim energetického
prijmu potravy, pretoze probandi pocas kratkodobej
stidie nemenili svoje stravovacie navyky. Predpokla-

dame, zZe tento mierny pokles TG sposobila konzuma-
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Obr. 8: Porovnanie hodnot LDL-cholesterolu (mmol.l"?) v Krvi probandov
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cia vina.

Pri kardiovaskularnych ochoreniach ma hladina
C-reaktivneho proteinu v krvi (CRP) podstatny vy-
znam. Hlavnym patofyziologickym rysom zapalu je
C-reaktivny protein (hsCRP), ktory je uzko spity s
akatnou fazou odpovede (Podracka, 2008).

Namerané hodnoty hladiny C-reaktivneho proteinu
(hsCRP) z troch merani pri vSetkych probandoch sme
zaznamenali na obrazku 7 (vid’ obr. 7).

Za optimalnu hladinu C-reaktivneho proteinu
(hsCRP) v krvi sa povazuje 0 — 5 mg.I'* pre zdra-
vych, dospelych muzov. Pri vSetkych probandoch,
okrem probanda ¢islo 6 (5,43 mg.1"%); doslo k poklesu
hodnoty C-reaktivneho proteinu v krvi (vid’ obr. 7).
Priemerna hodnota hladiny C-reaktivneho proteinu
(hsCRP) pri vsetkych odberoch sa pohybovala od
0,09 — 2,09 mg.I"t v krvi, o je v rozsahu referenénych
hodnot.

Mnohé vedecké a klinické tidaje demonstruji pri-
¢innu suvislost” medzi koncentraciami lipoproteino-
vého cholesterolu s nizkou hustotou (LDL-C) v sére
a kardiovaskularnym ochorenim. Akykol'vek pokles
koncentracii LDL-C v sére je spojeny so znizenym
rizikom KVO. Pokles je porovnatelny so zniZzenim
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LDL-C po medikamentoznej lieCbe a diétnej inter-
vencii (Inada a kol., 2021).

Namerané hodnoty hladiny LDL-cholesterolu z
troch merani, pri v§etkych probandoch sme zazname-
nali na obrazku 8 (vid’ obr. 8).

Referencné hodnoty pre optimalnu hladinu LDL-
-C sa pohybuju menej ako 4 mmol.l* pre zdravych,
dospelych muzov. Vyssie hodnoty hladin predstavuju
zvySené riziko vzniku kardiovaskularnych ochoreni.
Pokles hladiny LDL-cholesterolu sme zaznamenali
pri 5 probandoch (4, 6, 7, 9, 10) a pri 4 probandoch
(1, 2, 3, 4) sa hodnota zvysila (vid’ obr. 8). Priemerna
hodnota LDL-C pri vSetkych odberoch sa pohybovala
od 1,88 — 3,61 mmol.I"* v krvi, ¢o je v rozsahu s refe-
ren¢nou hodnotou pre optimalnu hladinu LDL-cho-
lesterolu.

Chlebo, Cizmarova, Schwarzova (2010) zistili, Ze
kratkodoba 3-tyzdiiova konzumacia Cerveného vina
mala priaznivy vplyv na l'udsky organizmus, hlavne
vo vztahu ku kardiovaskularnym ochoreniam. Pri
probandoch zaznamenali pokles hladiny celkového
cholesterolu, TG a LDL-cholesterolu.

V stcasnej dobe rastie vyznam spolo¢ného rozho-
dovania lekarov a dietologov s pacientmi, ako pri-



Obr. 9: Porovnanie hodnot HDL-cholesterolu (mmol.I'?) v Krvi probandov
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stupovat’ k znizeniu LDL-C tak, aby sa zabezpecilo
spravne dodrziavanie diétnych pristupov (Inada, a
kol. 2021).

Za protektivny faktor z hl'adiska rozvoja kardiovas-
kularnych chordb sa povazuje hladina HDL-choles-
terolu. Nizka hladina HDL-cholesterolu predstavuje
zvys$ené kardiovaskularne riziko bez ohl'adu na hladi-
nu LDL-cholesterolu a pritomnost’ inych rizikovych
faktorov (Sabaka, 2012).

Namerané hodnoty hladiny HDL-cholesterolu z
troch merani, pri v§etkych probandoch sme zazname-
nali na obrazku 9 (vid’ obr. 9).

Referencné hodnoty pre optimalnu hladinu HDL-
-cholesterolu by sa mali pohybovat’ od 1 mmol.I* do
2,7 mmol.I" pre zdravych, dospelych muZov. Po dvoj-
tyzdnovej konzumacii vina ,,Tokajsky vyber 4-put-
novy“ sme zaznamenali iba mierny pokles hladiny
HDL-cholesterolu pri Siestich probandoch (4, 5, 6,
7,9, 10). Pri dvoch probandoch (2, 3) sme zazname-
nali zvysenie hladiny HDL-cholesterolu a v jednom
pripade sa hladina oproti kontrole nezmenila (1,13
mmol.I"Y) (vid’ obr. 9). Narast hladin HDL-choles-
terolu mdzeme pozitivne hodnotit, pretoze inhibuje

procesy aterogenézy. Po dvojtyzdiovej konzumaécii
vina sa hladiny HDL-cholesterolu pri vSetkych odbe-
roch pohybovali v rozsahu 1,06 — 1,70 mmol.I* v krvi
a boli v rozsahu referen¢nych hodnot pre optimalnu
hladinu HDL-cholesterolu.

Rohaly, Mészaros, Nagymarosy (2003) uvadzaju,
ze prijem alkoholu vo vine v primeranych, stried-
mych davkach zvysuje hodnoty HDL, ¢o je vnimané
ako vel'ky benefit pre zdravie. Taktiez Kostalova a
kol. (2012) potvrdzuju pozitivny vplyv vina na pokles
hladiny LDL-cholesterolu a stipanie hladiny HDL-
-cholesterolu, ktory chrani srdce. Polyfenoly vo vine
zvySuju lokalnu produkciu NO, ktory je inhibitorom
dostickovej agregacie, ¢im dochadza k znizeniu zra-
zanlivosti krvi. Flavonoidy v spojitosti s alkoholom
kardio-

protektivny, antikarcinogénny, antiskleroticky a iné

vykazuju antioxidac¢ny, antitromboticky,
ucinky. Inada a kol. (2021) uvadzaju, ze je nedostatok
klinickych $tudii o metabolizme a bioaktivite poly-
fenolov. Autori poukazuju na to, Ze nizka biologic-
ka dostupnost’ nemusi znamenat’ aj nizku biologicku
aktivitu, pretoze neabsorbovana frakcia moze byt
¢revnou mikroflérou metabolizovand na biologicky
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dostupnejsie a aktivnejSie metabolity.

Vicsina epidemiologickych stadii potvrdila, ze pri
konzumacii miernych az strednych davok vina dos-
lo k zvyseniu HDL-cholesterolu, znizila sa agregacia
krvnych dostic¢iek (Haseeb, a kol., 2019).

Vécsina botrytizovanych vin je bohata na polyfe-
noly, ktoré maju vysoku antioxida¢nu kapacitu (Ma-
gyar, Toth, 2011). Polyfenoly zabraiuju tvorbe reak-
tivnych metabolitov (Kostalova a kol., 2012). Efti-
mova, Z. (2019) stanovila obsah celkovych polyfe-
nolov v Tokajskej vyberovej esencii, 6, 5, 4, 3-putiio-
vych vinach, Tokajskom vine samorodnom, suchom
a sladkom a odrodovych vinach (od firmy TOKAJ &
CO, Mala Trna, SR) v rozsahu 176 + 18,8 mgQ.1*
do 509 + 78,0 mgQ.I". V Tokajskom 4-putiiovom
vine stanovila celkové mnozstvo polyfenolov 231,6
+ 33,30 mgQ.1"* a pomocou DPPH metddy antioxi-
da¢nu aktivitu 84,9 + 6,67 umol TEAC.dm?. V to-
kajskych vinach sa zo stilbénov nachadza resveratrol,
ktory existuje ako izomér v trans a cis polohe alebo
v glykozylovanej forme ako di a trimér- resveratrolu
(polydatin, viniferin). V hrozne prevlada ako trans-
resveratrol (Domin a kol., 2017). Tieto zluceniny sa
vyrazne podielaji na zdravotnych ucinkoch hrozna a
vina (Keylor a kol., 2015).

Kostalova a kol., (2012) odporuca striedme pitie
vina najmé v podmienkach oxida¢ného stresu (kalo-
ricka tuéna strava, fajcenie, koronarne ochorenie srd-
ca). Pri prekroceni striedmeho pitia vina sa v organiz-
me vyvola oxida¢ny stres.

Z epidemiologickych a experimentalnych vysku-
mov vyplynulo, Ze 'ahka az mierna konzumaicia al-
koholu bez ohl'adu na druh népoja je spojend so zni-
zenim vyskytu kardiovaskularnych ochoreni a umrt-
nosti. AvSak nadmerna konzumacia alkoholu (> 15
napojov tyzdenne) spdsobuje chronické ochorenia a
mnohé iné zdravotné tazkosti (Kang a kol. 2022).

Vysledky experimentu preukézali, ze dvojtyzdiova
pravidelna konzumacia 150 ml vina ,,Tokajsky vyber
4-putnovy“ pocas vecere nespdsobila metabolick re-
akciu, ktora by vyrazne ovplyvnila biochemické pa-
rametre v krvi. Priemerné hodnoty GLU, AST, ALP,
ALT, GMT, TC, TG, HDL-cholesterolu, LDL-choles-
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terolu a hsCRP oproti kontrole pri probandoch mierne
stupali alebo Kklesali, ale pohybovali sa v rozsahu re-
feren¢nych hodnét, o je z hl'adiska zachovania dyna-

mickej rovnovahy organizmu vel'mi délezité.

ZAVER

Medzi vedeckou komunitou pretrvava znacne roz-
poruplny ndzor na vino a jeho vplyv na zdravie ¢lo-
veka. V mnohych vedeckych a odbornych stadiach
su zdokumentované pozitivne prinosy konzumaicie
¢erveného, bieleho vina, hlavne v spojitosti so srdco-
vocievnymi ochoreniami. Vino znizuje hladinu LDL-
-cholesterolu, zvysSuje hladinu HDL-cholesterolu a
znizuje agregaciu krvnych dosticiek. Polyfenolické
latky v spojitosti s alkoholom vykazuji antioxidacny,
kardioprotektivny antitromboticky, antikarcinogénny
a mnoho d’alSich ucinkov. Z vysledkov kratkodobe;,
dvojtyzdnovej stadie vyplynulo, Ze konzumacia 150
ml vina ,,Tokajsky vyber 4-putnovy“ pocas vece-
re mierne zvySovala alebo znizovala hodnoty GLU,
AST, ALP, ALT, GMT, TC, TG, HDL-cholesterolu,
LDL-cholesterolu a hsCRP oproti kontrole, avSak
hodnoty zostavali stale v rozsahu referenénych hod-
ndt pre zdravych, dospelych muzov. Zistili sme, Ze
aktivity enzymov AST a ALT navzijom vysoko ko-
reluji. Napriek tomu, ze vino patri k prirodne slad-
kym vinam s vy$$im mnozstvom cukru, priemerna
hodnota glukézy sa pohybovala v rozsahu 4,11 — 4,88
mmol.I" v krvi, ¢o je v rozsahu referenénych hod-
nét. Vzhl'adom na tieto benefity moézeme odporucat
miernu konzumaciu (150 ml) vina ,,Tokajsky vyber
4-putnovy* spolu s vecerou ako prevenciu a podpor-
nu terapiu ochoreni vyvolanych oxida¢nym stresom,
hlavne pri srdcovocievnych ochoreniach. Za tcelom
urCovania Statistickej signifikancie jednotlivych po-
zorovanych zmien by bolo potrebné rozsirit’ subor
respondentov.
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ABSTRACT

This article focuses on the aspects of the role of
nutrition during pregnancy. The nutritional re-
quirements differ in comparison to non-pregnant
women. A balanced diet and a sufficient supply
of recommended macronutrients and micronu-
trients have an impact on proper foetal develop-
ment. Balanced maternal nutrition may not only
affect neonatal outcomes, but it may also have a
far-reaching health impact on life of the neonate.
The article primarily summarizes maternal nutri-
tion, then the consequences of overnutrition and
malnutrition, but it also informs about maternal
nutrition during the preconception time and the
influence of paternal nutrition on foetal health.
Restricted vitamin intake by mother can result in
a deficiency, which can have minor, but also sig-
nificant impacts on foetal health. The main focus
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is given to micronutrient importance and the risk
of micronutrient deficiency.

Key words: deficiency; healthy diet; maternal
nutrition; pregnancy; vitamins

INTRODUCTION

During the regular maternal diet, certain nutrients
can be obtained in low or inadequate amounts and
the recommended doses for pregnant women are not
followed. Balanced nutrition during pregnancy is im-
portant for pregnant women, for developing foetuses
and embryos. Nowadays, there are many informative
articles about a balanced diet during pregnancy. In
the following review article, our aim is to sum up the
most important facts about nutrition in pregnancy, es-
sential nutrients in pregnancy, which are significant
for appropriate embryonal and foetal development



and the proper pregnancy proceeding. This review
article informs about the basic facts relating to micro-
nutrients in pregnancy, which can be useful for health
care specialists and patients. Maternal nutritional sta-
tus has an ability to affect the offspring’s health. The
aim of this review article is to provide evidence-based
information about nutritional aspects during physio-
logic pregnancy and to provide an overview and em-
phasize the importance of macro and micronutrients.
The objective is to provide information about micro-
nutrients, recommended allowed daily dosing and
consequences of micronutrient deficiencies. Altered
maternal nutrition during pregnancy can affect foetal
nutritional genomics, foetal development, foetal im-
mune system, and disease development.

MATERIALS AND METHODS

This literature review informs about basic facts
related to maternal nutrition during pregnancy and
macro and micronutrient deficiencies. Articles were
obtained mainly from the source database PubMed.
Websites and books were used as the next source.
A search was performed using the following terms
as key words: pregnancy and nutrition, nutrition re-
quirement during pregnancy, paternal nutrition and
pregnancy, preconception nutrition, overnutrition
during pregnancy, malnutrition during pregnancy,
micronutrients in pregnancy, vitamin deficiency in
pregnancy, macronutrients in pregnancy, pregnancy
nutrition recommendations, trace elements and preg-
nancy, healthy diet during pregnancy, vitamins and
pregnancy. There were no exclusion criteria. Scien-
tific publications covering the period from the year
1989 up to the year 2022 were used for this article.

Composition of macronutrients in diet

The three main macronutrients are carbohydrates,
proteins, and fats, which are considered as essential
macronutrients. Essential macronutrients are neces-
sary for successful pregnancy outcomes (Kominiarek
and Rajan, 2016). Protein intake during pregnancy
should represent 10 % to 25 % of total energy intake

and should be kept at a moderate level. Protein mol-
ecules have a certain function in the structural forma-
tion of keratin and collagen fibres. Proteins also have
functional properties as enzymes, for protein trans-
port and as hormones (Mousa, Naquash, Lim, 2019).
Carbohydrates in the maternal diet should represent
between 45 % to 60 % of the calories (Amezcua-
Prieto et al., 2019). Fats in the maternal diet should
represent between 20 % to 35 % of total energy intake
(Kominiarek and Rajan, 2016). Omega-3 supplemen-
tation can lower the risk of preterm birth, and supple-
mentation with PUFA (polyunsaturated fatty acids)
can improve neonatal outcomes in high-risk pregnan-
cies (Mousa, Naquash, Lim, 2019).

Importance of micronutrients in pregnancy

Vitamins in pregnancy

Vitamin B9 (folic acid) is an important nutrient,
mainly during the period of pregnancy. The key role
of folate during pregnancy is DNA replication. It is
also a substrate for enzymatic reactions, amino acid
metabolism and is important for the appropriate de-
velopment of the foetus (Greenberg et al., 2011).
Recommended daily allowance for pregnant women
is 600 (pg/day) (Kominiarek and Rajan, 2016). De-
ficiency in pregnant women leads to neural tube de-
fects. In adult non-pregnant patients, it was described
that the deficiency can lead to problems with cell di-
vision, and it can decrease elimination of toxic me-
tabolites (Khan and Jialal, 2022).

Vitamin A (retinoid) is necessary for ocular integri-
ty and bone development, it has a protective effect on
skin, mucosa, hair, reproductive organs, epithelial tis-
sue and immune system. Vitamin A has its role in the
normal development of embryos, it plays a key role
in proper foetal ocular health, foetal bone health and
foetal immune system. Vitamin A deficiency is more
common in the last quarter of pregnancy. Vitamin A
deficiency can increase the risk of foetal growth re-
striction and insulin resistance of the offspring in the
future (Maia et al., 2019). Recommended daily allow-
ance for pregnant women is 770 (pg/day) (Komini-
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arek and Rajan, 2016). The deficiency can increase
the risk of maternal anaemia (Hamdy, Aleem, EI-
Shazly, 2013). Despite the fact that vitamin A plays
an important role in normal embryonic development,
higher doses increase the risk of teratogenic effect
and birth defects (Dibley and Jeacocke, 2001). High
doses of vitamin A can represent a teratogenic effect
and high doses in the first quarter of the pregnancy
can lead to congenital malformations up to spontane-
ous abortion (Maia et al., 2019).

Vitamin C (ascorbic acid) is a water-soluble vita-
min having many metabolic functions such as activa-
tions of vitamin B, folic acid and conversion of amino
acids up to antioxidant function (Chambial et al.,
2013). Recommended daily allowance for pregnant
women is 85 mg/day (Kominiarek and Rajan, 2016).
Its deficiency in pregnant women relate to anaemia,
infections, and it may worsen wound healing in se-
vere cases of deficiencys; it can lead to capillary haem-
orrhage (Chambial et al., 2013). Lee et al. (2004)
studied the relationship between maternal serum
levels of ascorbic acid and vitamin E in the second
trimester in relation to birthweight and length. It was
found that sufficient maternal serum concentration
of ascorbic acid and vitamin E in the second trimes-
ter was positively associated with birth weight and
length of newborns (Lee et al., 2004).

Vitamin E is a fat-soluble micronutrient that redu-
ces oxidative damage. Vitamin E can reduce the
risk of pregnancy complications involving oxidative
stress, but the range of beneficial roles of vitamin E
in pregnancy is still a subject of discussions. In the
preclinical studies, it was described that vitamin E
can have a preventive role in the reduction of preec-
lampsia, however, the clinical studies did not confirm
a significant impact on preeclampsia occurrence.
Moreover, deficiency of vitamin E can increase the
risk of female infertility and miscarriage. Vitamin E
and ascorbic acid can reduce the effect of foetal intra-
uterine growth restriction in animals (Siddiqui et al.,
2021). Recommended daily allowance for pregnant
women is 15 mg/day (Kominiarek and Rajan, 2016).

Vitamin D is a steroid vitamin from the group of
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fat-soluble vitamins (American Pregnancy Associa-
tion, 2022). It remains controversial, if the deficiency
of vitamin D in pregnant women can increase risk
of preeclampsia and hypertension. It was found that
maternal vitamin D concentration can positively cor-
relate with birth weight. Vitamin D deficiency can
affect foetal skeletal, lung and immune development
(Lo et al., 2019). Recommended daily allowance for
pregnant women is 15 (pg/day) (Kominiarek and Ra-
jan, 2016).

B-vitamins, such as B, (thiamine), B, (ribofla-
vin), B, (niacin), B, (pyridoxine) and B,, (cyanoco-
balamin), have a role of coenzymes in metabolism,
they are pathways for energy generation and blood
cell formation. Their deficiency can lead to cellular
growth dysfunctions and nerve tissue development
dysfunctions. Each of these vitamins has its specific
role (Mousa, Naquash, Lim, 2019). Recommended
daily allowance for pregnant women for B, (thia-
mine) is 1.4 (mg/day), B, (riboflavin) is 1.4 (mg/day),
B, (niacin) is 18 (mg/day), B, (pyridoxine) is 1.9 (mg/
day) and for B,, (cyanocobalamin) it is 2.6 (ug/day)
(Kominiarek and Rajan, 2016).

Trace elements and minerals in pregnancy
Calcium (Ca), is the most abundant mineral, impor-
tant for muscle activity, bone formation, and endo-
crine activity (Kumar and Kaur, 2017). Recommen-
ded daily allowance in pregnancy is 1,000 (mg/day),
in case of women with low calcium intake (Komini-
arek and Rajan, 2016). Foetal calcium deposition can
be increased in the third trimester up to 350 mg/day
(Hacker, Fung, King, 2012). Calcium deficiency in-
crease risk of hypertension, preterm birth and severe
deficiency of calcium can lead to foetal mortality. Si-
multaneous deficiency of calcium and vitamin D can
result to osteoporosis (Kumar and Kaur, 2017).
lodine is an essential micronutrient for thyroid hor-
mone synthesis (Lee and Pearce, 2015). Recommen-
ded daily allowed dose for pregnant women is ap-
proximately 250 (mcg/day) (Yarrington and Pearce,
2011). The requirement is mainly increased at the be-



ginning of pregnancy because of increased maternal
thyroid hormone production, increased renal iodine
losses and due to transport of iodine to the foetus (Lee
and Pearce, 2015). Deficiency of this essential mi-
cronutrient can lead to maternal and foetal hypothy-
roidism and neurodevelopmental foetal disorders; the
most severe case is cretinism (Zimmermann, 2012).

The importance of Fe (Iron) lies in oxygen trans-
port by red blood cells, further in energy production,
growth and development. Recommended daily allo-
wance for pregnant women is 27 (mg/day) (Komi-
niarek and Rajan, 2016; Brannon and Taylor, 2017).
The foetus is completely dependent on maternal iron
passing via the placenta (Cerami, 2017). Iron is im-
portant for the foetus due to haematopoiesis (Brannon
and Taylor, 2017). Deficiency during pregnancy leads
to maternal illness, low birth weight, prematurity, and
intrauterine growth restriction. Iron deficiency at the
time of conception can increase the risk of autism, and
iron deficiency in the second trimester can increase
the risk of schizophrenia by 30 % in the offspring
(Georgieft, 2020).

Zn (Zinc) has a key role in protein synthesis, cel-
lular division, and nucleic acid metabolism (Chaf-
fee and King, 2012). Recommended daily intake for
pregnant women is 11 (mg/day) (Kominiarek and
Rajan, 2016). Maternal zinc sufficiency is important
for embryonal and foetal growth, development, and
immune function (Shah and Sachdev, 2006; Terrin et
al., 2015). Association was observed between mater-
nal zinc supplementation and a reduction of the risk
of preterm birth, in the meaning of reducing the inci-
dence of maternal infections, which can lower the risk
of preterm birth (Chaffee and King, 2012).

Trace elements are also important during pregnancy
nutrition. Deficiency of these elements leads mainly
to water and electrolyte abnormalities (Wada, 2004).
Between trace elements belong iron (Fe), zinc (Zn),
copper (Cu), selenium (Se), chromium (Cr), cobalt
(Co), iodine (I), manganese (Mn), molybdenum (Mo)
and fluorine (F) (National Academies Press, 1989;
Wada, 2004). Deficiency of these trace elements can
increase the risk of anaemia, hypertension, foetal

growth restriction, preeclampsia and labour compli-
cations. It was observed that the sufficiency of mi-
nerals and trace elements can significantly reduce the
risk of developing preeclampsia and preterm deli-
very. The diet with a lower amount of minerals and
vitamins during pregnancy may increase the risk of
infertility, abortion, placental abruption, premature
rupture of membranes, stillbirths and low birth weight
(Pathak and Kapil, 2004; Spencer, Vanderlelie, Per-
kins, 2015).

Paternal nutrition

Paternal nutrition can have a long-lasting effect
on future neonate’s health, paternal nutrition can
increase the risk of neonate disease development in
the future. According to the study of Dimofski et al.
(2021), paternal consumption of a diet rich in fat in
animal models can have a negative influence on pan-
creatic f-cells in the offspring. Consequently, a pater-
nal diet rich in fat can influence metabolic outcomes
in the offspring, furthermore it can increase the risk
of chronic kidney disease and the risk of development
of a metabolic syndrome in the offspring (Dimofski et
al., 2021).

Maternal nutrition in the preconception time
Appropriate diet during the preconception time can
improve perinatal outcomes and micronutrient de-
ficiencies. According to Stephenson et al. (2018), a
very critical period are weeks around conception; in
this period when fertilization occurs or a developing
embryo is already present, it is sensitive to environ-
mental factors and also to deficiency and availabi-
lity of macro and micronutrients (Stephenson et al.,
2018). For a more severe impact on preconception
health, there is a needed strategy in nutritional atti-
tude as a part of the lifestyle with a focus on the re-
productive ages of women (Stephenson et al., 2018).

Maternal malnutrition and its effect on foetal and
newborn’s health

Disbalance in maternal nutrition very frequently
leads to changes in the birthweight. However, mater-
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nal undernutrition or malnutrition can lead to negative
long-term outcomes for foetal health. Maternal mal-
nutrition usually leads to lower birth weight of neo-
nates (shorter stature, lower cognitive performance).
Subsequently, lower birth weight can increase the
risk of diseases in the future of the infant’s life, such
as higher blood pressure and reduced glucose toler-
ance. Lower birth weight can later negatively impact
a newborn’s immune, cardiovascular, renal or res-
piratory system. Maternal malnutrition can also lead
to the creation of foetal malformations. Insufficient
maternal nutrient intake can lead to higher perinatal
death rates (Tlaskal, 2009; Fall, 2013).

Maternal overnutrition and its effect on newborn’s
health

Maternal overnutrition can lead to different nega-
tive outcomes depending on the critical periods of
embryo and foetus development. High maternal nutri-
ent intake during pregnancy can have negative impact
on foetal organ levels and metabolism, and therefore,
maternal overnutrition is also a determinant of preg-
nancy outcomes. According to the data from animal
studies, the outcomes revealed that maternal high fat
diet in rodents can increase the risk of adiposity, hy-
perglycaemia, insulin resistance, and dyslipidaemia
in the rodent’s offspring. Maternal high-fat diet in ro-
dents can increase the risk of worsening the cognitive
functions of animal offspring (Sarker et al., 2019).

Particular severe deficiencies of nutrients and ef-
fect on foetal and neonatal health

Vitamin deficiency

Folic acid during pregnancy is very important;
folate, also known as vitamin B, is a nutrient essential
for DNA replication involved in amino acid synthesis
and for vitamin metabolism (Greenberg et al., 2011).
Approximately 4 to 6 weeks of folic acid administra-
tion are necessary to ensure adequate levels before
the neurulation begins three weeks after the concep-
tion. Folic acid has an essential role in the prevention
of neural tube defects (Stephenson et al., 2018). Folic
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acid deficiency in periconception time is connected
with an increased risk of preeclampsia, miscarriage,
low birth weight and neonatal mortality (Stephenson
et al., 2018). Consequently, folic acid deficiency re-
lates to maternal peripheral neuropathy and anaemia,
as well as to foetal congenital anomalies (Tlaskal,
2009; Greenberg et al., 2011).

Vitamin D deficiency in pregnant women can be
caused by insufficient dietary intake or supplementa-
tion influenced by the short time spent outdoors, the
season, and the nutrition requirement of the foetus
during development and according to the gestational
age (Chen, Chen, Xu, 2021). VitaminD deficiency can
impact foetal health in the manner of preeclampsia,
low birthweight, neonatal hypocalcaemia, increased
risk of low postnatal growth and bone fragility, but it
can also impair the immune system functioning (Mul-
ligan et al., 2010).

Deficiency of minerals, trace elements and other
nutrients

Iron deficiency during pregnancy can have symp-
toms, such as: fatigue, apathy, headache, palpitation,
hair loss and tinnitus. A mother to be can also have
more severe symptoms, such as: breathing difficul-
ties, fainting, and tiredness. Maternal iron deficiency
can increase the risk of preeclampsia. Severe iron de-
ficiency can increase the risk of intrauterine growth
retardation, prematurity, low birth weight, and other
foetal morbidity risks (Tlaskal, 2009; Abu-Ouf and
Jan, 2015).

Maternal iodine deficiency can affect foetal neu-
rodevelopment, in certain cases with severe maternal
iodine deficiency, it can lead to cretinism (Tlaskal,
2009; Zimmermann, 2012).

Deficiency of omega-3 fatty acids can increase
the risk of intrauterine growth restriction, maternal
depression, preterm birth allergies and asthma later
in the child’s life. Deficiency of omega-3 fatty acids
can increase the risk of worsening the neurocognitive
outcomes later in the neonates’ life (Nordgren et al.,
2017).

Another important nutrient during pregnancy is cal-



cium. Calcium deficiency during pregnancy accord-
ing to the professional literature appears in the cases
of women with hypoparathyroidism and those who
have severe calcium diet deficiency (Almaghamsi,
Almalki, Buhary, 2018). Deficiency in calcium usual-
ly leads to hypertensive disorders, preeclampsia, and
foetal growth complications. Moderate deficiency
can occur, but can differ in manifestations and symp-
toms. Some patients do not have symptoms, but some
patients may experience pain or ache in muscles. Pa-
tients with acute hypocalcaemia have symptoms on
the neuromuscular and cardiac level, but also auto-
nomic symptoms can be present. Chronic hypocal-
caemia can be manifested by dermal, ophthalmologic
and central nervous system complications (Alma-
ghamsi, Almalki, Buhary, 2018).

Additional information in relation to maternal nu-
trition

Mediterranean-style diet can reduce the risk of
preeclampsia by at least 20 % (Minhas et al., 2022,
News Medical Life Sciences; Minhas et al., 2022,
ScienceDaily). Mediterranean-style diet is in ge-
neral mainly composed of vegetables, fruits, legumes,
nuts, olive oil, whole grains and fish, and can dimi-
nish the risk of cardiovascular diseases (Minhas et al.,
2022, ScienceDaily). An inappropriate choice or diet
can increase the health risk of the foetus or embryo
and can even lead to harmful outcomes. Unpasteu-
rized milk, raw and undercooked food, repeatedly de-
frosted meals, or food incorrectly stored, and raw sea-
food should not be consumed during pregnancy (John
Hopkins Medicine, 2022; The British Dietetic Asso-
ciation, 2022). Deficiency in the critical nutrients and
an improperly set diet can cause malformations and
negative health outcomes (Brown and Wright, 2020).
It was described in a study, that women who did not
take daily prenatal vitamins immediately before and
during the first month of pregnancy were almost twice
at risk to have a child with an autistic spectrum disor-
der (University of California — Davis Health System,
2011). Astudy by Braun et al. (2014) described a pro-
tective association between prenatal vitamin intake

and autism spectrum diagnosis; if prenatal vitamin or
folic acid supplements were taken by women precon-
ceptionally or during the first 2 months of pregnancy
than in the next months of pregnancy, they had 40
% reduction in the risk of autism spectrum disorders
(Braun et al., 2014).

On the other hand, the reduced risk of autism was
observed in high-quality observational studies when
there was prenatal vitamin use present, also in the
prospective studies and early pregnancy (Friel et al.,
2021).

CONCLUSION

Nutritional and vitamin requirements are increased
during pregnancy due to gestational age, increased
metabolic rate and other factors relating to pregnancy.
If the balanced maternal nutrition does not remain pre-
served, there can be subsequent vitamin deficiencies,
which can result in negative foetal health outcomes.
Maternal malnutrition, but also maternal overnutri-
tion during pregnancy can result in negative foetal or
neonatal outcomes and can have a far-reaching health
impact, which is highlighted later in the infant’s life.
A balanced diet, healthy unprocessed foods, naturally
occurring abundant range and spectrum of vitamins is
beneficial for maternal and foetal heath. Diversity of
nutrients target the specific vitamin and mineral needs
to support a healthy pregnancy. Prenatal vitamin sup-
plementation can improve perinatal outcomes and
maternal micronutrient deficiencies. A very essential
prenatal vitamin remains the folic acid (Vitamin B,),
which is involved in the DNA replication, and its de-
ficiency leads to neural tube defects. Trace elements
deficiency increases the risk of water and electrolyte
abnormalities and may represent a risk of foetal com-
plications. Mediterranean-style diet is recommended
as a part of the maternal diet.
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POKYNY PRE AUTOROV

ZAMERANIE CASOPISU

Folia Pharmaceutica Cassoviensia je vedecky
Casopis zalozeny v roku 2019 a vydavany Univerzitou
veterinarskeho lekarstva a farmacie v KoSiciach,
SR. Casopis je vydavany $tvrtrone a uverejiiuje
povodné Studie prinasajuce najnovSie poznatky z
farmaceutickej a biomedicinskej oblasti, prehl'adové
clanky a kazuistiky z lekarenskej a z klinickej
praxe. Okrem toho sa v Casopise publikuju aj kratke
oznamenia zamerané na rychle uverejnenie poznatkov
o aktualnych vedeckych problémoch a objavoch vo
farmacii a medicine. Casopis neuverejiiuje spravy
o vedeckych podujatiach a redakciou nevyziadané
recenzie.

Autori st zodpovedni za originalitu zaslanych
prispevkov, spravnost’ ich obsahu a za to, Ze
predkladana praca alebo jej ¢asti neboli publikované
alebo zaslané na publikovanie inde.

Autori zasielaju prispevky elektronicky vo
forméate textového procesora MS Word alebo vo
formate RTF. O zaradeni prispevkov do casopisu
rozhoduje redakénd rada na zaklade posudkov
aspont dvoch anonymnych recenzentov. Prispevky
schvalené na publikovanie sa zasielaji autorovi spolu
s recenznymi posudkami na pripadné¢ doplnenie
alebo prepracovanie. Autor vrati redakcii upraveny
rukopis a pripoji pisomné stanovisko k navrhom a
pripomienkam recenzentov. Rozhodnutie redakcnej
rady o prijati alebo zamietnuti prispevku je konecné.

Za uverejnenie ¢lanku v Casopise sa nevyzaduju

ziadne poplatky.
VSEOBECNE ZASADY

Prispevky sa uverejiiuju v slovenskom, ¢eskom
alebo anglickom jazyku. Ak je prispevok pisany v
inom ako anglickom jazyku, vyZaduje sa nazov prace,

abstrakt a klI'icové slova v anglictine.

Kompletny text rukopisu vratane fotografii,
obrazkov, tabuliek a grafov sa zasiela v elektronicke;j
forme na nasledovn( adresu: folia.pharma@uuvlf.
sk alebo zuzana.holeckova@uvlf.sk. Ak rukopis
nespiita pokyny pre autorov, redakéna rada si

vyhradzuje pravo vratit' rukopis autorom pred jeho
posudenim recenzentmi.

Pri pisani prispevku (v¢itane grafov, tabulick a
pod.) je potrebné zachovavat’ jednotny $tyl a format
prace (Times New Roman, velkost’ pisma 12 bodov,
riadkovanie 1,5, okraje 2,5 cm, zarovnanie podla
okrajov).

Pri zasielani rukopisu autori pripajaji prehlase-
nie, ze ich ¢lanok je povodny, nebol publikovany ani
zaslany na publikaciu inde.

Ak stadia hodnoti
lekarske alebo vedecké zariadenie/pomocku, alebo

iny komer¢ny vyrobok, autori informuju vydavatel’a

farmaceuticky produkt,

dovernym listom o akomkol'vek finanénom
zainteresovani, ktoré existuje v ramci spolocnosti,
ktora

takyto produkt vyraba, alebo pripadnej

konkurencnej spolocnosti.

Pouzivanie jednotiek. V texte sa zdsadne pouziva
medzinarodny systém jednotiek (SI). Iné¢ jednotky je
nevyhnutné vysvetlit’ a definovat’.

Skratky a symboly. Pri volbe fyzikalnych
alebo fyzikalno-chemickych symbolov je zavizny
IUPAC Manual of Symbols and Terminology for
Physicochemical Quantities and Units (Pergamon
Press, Oxford, 1993). Pouzivaji sa len Standardné
skratky. Odportca sa vyhybat’ sa skratkdm v nazve
a v abstrakte. Skratky by sa mali pouzivat len pri
ich castom opakovani. Pri prvom pouziti skratky v
texte sa pripoji jej vysvetlenie v zatvorke, pokial’ sa
nejedna o Standardnu jednotku merania.

Néazvoslovie a terminoldgia. V texte je potrebné
pouzivat’ Standardné slovenské nazvoslovie v zmysle
platnych odporticani [IUPAC. Detailné instrukcie pre
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anglicky pisany text sa nachadzaju v publikaciach
IUPAC Brief Guide to the Nomenclature of Inorga-
nic Chemistry IUPAC 2015, Pure App. Chem.
87, 1039-1049, © IUPAC & De Gruyter 2015
and Nomenclature of Organic Chemistry, IUPAC
Recommendations and Preferred Names 2013, Royal
Society of Chemistry, Cambridge 2014. Je vhodné
vyhnat' sa novym trividlnym nazvom. Nové zluceni-
ny musia byt pomenované systémovym nazvoslo-
vim podl'a [UPAC.

Pri uvadzani latok izolovanych z prirodnych
zdrojov sa latinsky uvedie nazov zdroja (napr. rodovy
a druhovy nazov rastliny) a prislusna ¢el'ad’. Lieciva
sa uvadzaji INN nazvom v slovenskej, ceskej, resp.
v anglickej mutécii a to podla jazyka, v ktorom je
rukopis napisany. Ak je znamy liekopisny nazov, tak

sa uprednostni, resp. pripustné su obidva.

Priklady: paracetamol (nie acetaminofén),
bisfosfonat (nie bifosfonat), adrenalin/liekopis (nie
epinefrin/INN), hydroxykarbamin (nie hydroxyurea),
kromoglykan (nie chromoglykan), cholestyramin
(nie colestyramin, kolestyramin), litium (lithium),
manitol (nie mannitol).

Latinské terminy sa pisu kurzivou.

V texte treba rozliSovat’ pojmy ,,liecivo* a ,,a¢inna
latka“. ,,U¢inna latka® je latka alebo zmes pouzita
ako vstupna surovina pri vyrobe lieku, ktora sa po
skonceni vyrobného procesu lieku stane lie¢ivom.
,LieCivo™ je chemicky jednotnd alebo nejednotna
latka Tudského,

chemického povodu, ktord je nositelom biologického

rastlinného, zivociSneho alebo
ucinku vyuzitelného na ochranu pred chorobami,
na diagnostiku chordb, lieCenie chorob alebo na
ovplyvnovanie fyziologickych funkcii.

Pre lieky sa uvadza firemny nazov a drzitel
registracie, resp. vyrobca a krajina (pri ich prvom
pouziti), Priklad: Panadol Junior (GlaxoSmithKline
Consumer Healthcare Czech Republic s.r.o., Ceska
republika), IMMODIN (IMUNA PHARM, as.,
Slovensko), Azibiot (KRKA, d.d., Novo mesto,
Slovinsko).

Fotografie, obrazky, grafy. Aby sa vyhlo
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pripadnym nepresnostiam ¢i chybam, odporucame
zaslat’ fotografie, obrazky a grafy zvlast’ v osobitne;j
prilohe (aj v pripade, Ze ich uz autori maju v texte) a
uviest’ zdrojovy program, v ktorom boli vypracované
(napr. tabul’ka — MS Word, graf — MS Excel). V texte
sa uvadza odkaz na prislusnu fotografiu, obrazok a

graf, napr. (vid obr. 1). Odkaz sa uvedie aj vtedy, ked’
autor zasle fotografie, obrazky a grafy iba v prilohe,
aby bolo jasne oznacené miesto, kde sa ma prislusna
fotografia, obrazok alebo graf v texte nachadzat.
Fotografie majii mat’ minimalne rozliSenie na urovni
300 dpi a musia byt jasné a ostré. Vzhladom na
technické komplikacie, ku ktorym moze dojst’ pri
konvertovani farebnych obrazkov pre potreby Cierno-
bielej tlace sa odportca zaslat’ obrazky a ilustracie vo
verzii vhodnej pre takto tla¢. V Casopise mézu mat
obrazky a ilustracie Sirku len 8,5 cm a nachadzat’ sa
na strane Sirokej 17,5 cm, preto by velkost’ pismen
v legende mala zodpovedat’ tymto rozmerom (Times
New Roman 10). Obrazky, fotografie a grafy majt
byt oramované, priebezne o¢islované a ma k nim byt
pripojeny prislusny text tykajuci sa obsahu a pripadne
aj zdroja. Cislo a text nema byt su¢astou fotografie/
obrazku/grafu. Cislo a nazov obrazku, fotografie a
grafu sa ma umiestnit’ nad a prislusny text tykajuci sa
obsahu a pripadne aj zdroja (legenda) sa ma umiestnit’
pod nimi. Pri mikrofotografiach text obsahuje aj idaje
o mierke a technike farbenia. Hlavné objekty, zmeny
a zistenia sa v mikrofotografiach oznacuju Sipkou
alebo inym symbolom, ktory je vysvetleny v legende.
Ak sa nejedna o vlastny obrazok/fotografiu, pre
kazdy obrazok/fotografiu sa v legende uvadza zdroj.
Tabul’ky je
komplikaciam potrebné vyhotovit v programe MS

kvoli  pripadnym technickym
Word (nesmt byt do textu vlozené ako obrazok).
Etické popise experimentov

vykonavanych na zvieratich sa uvadza, ¢i boli

aspekty. Pri
schvalené etickou komisiou a ¢i boli dodrzané
prislusné aktualne legislativne opatrenia, ktoré sa
vztahuju na tito oblast’ ako aj &islo povolenia Statnej
veterinarnej a potravinovej spravy SR. Pri klinickych
Stadiach sa uvadza, ¢i boli schvalené prislusnou
etickou komisiou.



Statistika. Pri opise pouzitych Statistickych
metdd sa uvadzaji informacie potrebné na to, aby
si informovany citatel mohol na zéklade pévodnych

vysledkov overit’ ich spravnost.
STRUKTURA PRISPEVKOV

Kazdy prispevok ma byt tematicky kompletny.
Odporucany rozsah pre odborny c¢lanok (pdvodnu
studiu) je 12 stran, pre prehladovy ¢lanok 15 stran a
pre kazuistiku 7 stran.

Hlavny text prispevku sa zacina nazvom
prispevku v slovenskom alebo v ¢eskom jazyku a
nasledne sa uvedie nazov v jazyku anglickom, ktory
ma byt struény a vystizny (vel'ké tucné pismena,
vel'kost’ pisma 14, zarovnanie na stred). Pod ndzvom
sa uvadzaju celé mend autorov (priezvisko, krstné
meno/mena), pod nimi pracovné zaradenie autorov
(institucia) a Stat a nakoniec e-mailova adresa prvého/
korespondujiceho autora (vSetko zarovnané na stred).
Pri empiricky orientovanych stadiach je potrebné
dodrzat’ usporiadanie rukopisu do nasledovnych
asti: ABSTRAKT, UVOD, MATERIAL A
METODY, VYSLEDKY, DISKUSIA, ZAVERY,
(PODAKOVANIE), ZOZNAM LITERATURY.

Kazdy nadpis sa uvadza na osobitnom riadku
(velké tucné pismo, velkost' 12). Nad nim a pod
nim sa vynecha volny riadok. Kazdy odsek zacdina

zarazkou

ABSTRAKT

Vyzaduje sa abstrakt v anglictine (tucné pismo,
velkost 12). Jeho dizka by nemala presiahnut’ 250
slov. Abstrakt strune prezentuje ciel’ a relevantnost’
studie, zakladné postupy, hlavné zistenia a vyvodené
zavery. Zdoraziiuje nové a dolezité aspekty studie a

pozorovani.

Key words: Klacové slova (3—10) sa uvadzaju
v slovenskom resp. ¢eskom a v anglickom jazyku
v abecednom poradi pod abstraktom, od ktorého

st oddelené jednym volnym riadkom. Oddeluju sa

bodkociarkou.

UvoD
Uvadza sa struény prehlad problematiky.
Namiesto podrobného literarneho prehladu je

vhodnejsie sustredit’ sa na striktne relevantné
zdroje bez zahrnutia podrobnych tidajov a zaverov
prezentovanych v tychto zdrojoch. Uvod sa ma

koncit cielom, ktory si autori vytycili.

MATERIAL AMETODY
Prezentuje sa podrobny popis a charakteristika
objektov pozorovania/experimentov, vratane kontrol.
Identifikujii sa pouzité metddy, pristroje (meno a
adresa vyrobcu v zatvorke) a postupy s dostato¢nymi
podrobnostami na to, aby ich bolo mozné
reprodukovat’. Cituju sa zavedené metddy a ich zdroje
a strucne sa opisuji metddy, ktoré boli publikované,
ale nie su vel'mi zname. Poskytuje sa kompletny
opis novych alebo podstatne modifikovanych metod,
dovody ich pouzitia a ich pripadné obmedzenia.
Presne sa identifikuju vSetky pouzité lieCiva a
chemikalie vratane ich generického nazvu, davky a
spbsobu podavania.
Poskytuju sa kompletné informacie o Statistickych

metodach a opatreniach pouzitych vo vyskume.

VYSLEDKY

Pri uvadzani vysledkov sa pouziva medzinarodny
systém jednotiek (SI).

Prezentécia vysledkov ma byt vystizna, s logickou
nadvéznostou a vyuzivanim tabuliek a nazornych
grafov. V tabul'kach a grafoch je potrebné vyhnut
sa duplicite prezentovanych vysledkov. V texte sa
zdoraziuju a sumarizuju len doélezité pozorovania.
Tam, kde je to vhodné/potrebné, tabulky maju
obsahovat’ vysledky Statistickej analyzy (hladiny
vyznamnosti

DISKUSIA

Zdoéraznuju sa nové a dolezité aspekty Stadie,
ktoré vedu ku kone¢nym zaverom. Je potrebné
sa vyhniut podrobnému opakovaniu udajov uz
spomenutych v ¢astiach Uvod a Vysledky. Diskusia

ma obsahovat zhrnutie prezentovanych zisteni,
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relevantné obmedzenia a vyznam tychto zisteni pre
dalsi vyskum. Vysledky stadie st porovndvané s

publikovanymi vysledkami inych autorov.

ZAVERY

Davaju sa do suvislosti zavery s cielom Studie. Je
potrebné sa vyhnut’ nekvalifikovanym vyhlaseniam a
zaverom, ktoré nie su plne podporované ziskanymi
udajmi. Tam, kde je to vhodné, mo6zu sa uvadzat

odportcania.

PODAKOVANIE
(Kurzivou) Ak je to potrebné, uvadza sa
pod’akovanie (grant, Specidlne analyzy, technicka

podpora...).

ZOZNAM LITERATURY

Vsetky zdroje uvedené v zozname musia byt
citované v texte.

Pouzité zdroje sa v zozname uvadzaji v abeced-
nom poradi (podl'a priezviska prvého autora), a kazdy
z nich sa zacina pisat’ na novy riadok s odsadenim.
Zdroje musia obsahovat priezviska a inicialy

vSetkych autorov. Neodporuca sa pouzit nadmerny

pocet citacii na podporu jedného vyhlasenia.
Od
overitePnych a

iba

zdrojov z

autorov sa vyZaduje pouZitie
recenzovanych
celosvetovo akceptovanych vedeckych databaz.

V texte sa cituje/u autor/i priezviskom a rok
publikovania. V slovenskom a ¢eskom jazyku sa
pouzivaju spojky ,,a“ a ,,a kol.”“, ak je rukopis v
anglickom jazyku spojky ,,and“ a ,,etal.”. Viacnasobné

citacie sa uvadzaju v chronologickom poradi (od

najstarSej po najnovsiu).
Pri pisani zdrojov S§tyl a interpunkcia ma

zodpovedat’ prikladom uvedenym nizsie:

v

Casopis
inicidla/y autora /ov. Cely ndzov c¢lanku, ndzov

(vedecky/odborny): Priezvisko/a a
casopisu (kurzivou), rok publikacie, ro¢nik a prislusné
strany. Cislo Casopisu sa uvedie (v zatvorke) len
vtedy, ked’ sa v Casopise neuvadza rocnik. Mozno
uviest’ skrateny nazov ¢asopisu, ak sa takyto nachadza
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v Standardnom ISO zozname skratenych nazvov
Casopisov. ISSN C¢islo sa nevyzaduje:

Bagirova, V. L., Mitkina, L. I.: Determination of
Tartrazine in drugs. Pharm. Chem. J. 2003, 37, 558 —
5509.

Vetulani, J.: Drug addiction, part 11. Neurobiology
of addiction. Pol. J. Pharmacol., 2001, 53 (4), 303 —
317.

Pri zdrojoch v slovenskom alebo ¢eskom jazyku
je potrebné do hranatej zatvorky uviest nazov ¢lanku/
knihy a i.

Zummerova, A., Kolesarovd, M.: Adherencia
pacientov k lie¢be reumatoidne;j artritidy [Adherence
of patients to the therapy of rheumatoid arthritis].
Folia Pharmaceutica Cassoviensia, 2020, 2 (3), 69 —
78.

Kniha (editovana, needitovand):
Mena a inicidly autorov citovanej Casti knihy,

autori/editori knihy, nazov knihy (kurzivou), miesto
vydania, vydavatel’, rok vydania, celkovy pocet stran
alebo citované strany (ISBN sa nevyzaduje):

Choi, C. K., Dong, M. W.: Chapter 5 — Sample
preparation for HPLC analysis of drug products.
In Ahuja, S., Dong, M. W. (Eds.). Handbook of
Pharmaceutical Analysis by HPLC. United Kingdom:
Elsevier, 2005. 123-144.

Podczeck, F., Jones, B. E.. Pharmaceutical
Capsules, 2nd edn., Pharmaceutical Press, 2004. 66—
67.

Zbornik z konferencie: Mend a inicialy autorov.
Cely nazov c¢lanku. Nazov zbornika/konferencie,
miesto a datum konania, rok publikécie, celkovy
pocet stran alebo citované strany:

Canganella, F., Balsamo, R.: Isolation and selection
of probiotic microorganisms with antagonistic activity
against Paenicibacillus larvae and Paenicibacillus
alvei. In Proceedings of the International Probiotic
Conference: Probiotics for the 3rd Millenium, High
Tatras, Slovakia, June 4 — 7, 2008, 28 — 29.

Online ¢asopis:
Simon, J. A., Hudes, E. S.: Relationship of



ascorbic acid to blood lead levels. JAMA 1999, 281,
2289 — 2293. http://url. Accessed July 11, 2009.

Pri zdroji v slovenskom/Ceskom jazyku sa uvadza
[cit. 2021-01-30].

Online website:

King, M. W.: The Medical Biochemistry Page.
http://themedicalbiochemistrypage.org. Updated July
14, 2009. Accessed July 14, 20009.

PREHLADOVE CLANKY

Publikuju sa aj ¢lanky, ktoré prezentuju sthrnné
informacie o vyznamnych aspektoch vo farmacii a
medicine s relevantnou historickou perspektivou.
Odporucana Struktira prehladovych clankov je
nasledovna:

NAZOV/AUTORI - nazov (aj v angli¢tine) ma byt
struény a informativny.

ABSTRAKT (v angli¢tine) —uvadza ciele a vysledky
prehladu s klI'icovymi slovami (3-10).

UVOD - poskytuje informécie o kontexte, indikuje
motivaciu autora/autorov prehl'adu, definuje prislusné
zameranie a otazky pre vyskum a vysvetl'uje Strukturu
textu.

MATERIAL A METODY - opisuje/sumarizuje
metddy pouzité pre lokalizaciu, ziskavanie, selekciu
a syntetizovanie udajov.

Hlavna ¢ast’prehPadového ¢lanku—pre prehl'adnost’
sa pouzivaju relevantné podnadpisy.

ZAVER - Zodpovedanie otazok pre vyskum,
polozenych v tivode.

ZOZNAM LITERATURY - Potvrdzuje prace inych
vedcov — =zabranuje obvineniam z plagiatorstva.
Neodporti¢a sa pouzit' viac ako 100 literarnych

zdrojov.
KAZUISTIKY

Publikuju sa aj ¢lanky, ktoré prezentuju spravy
o vynimo¢nom pripade urcitého lieCiva, resp.
substancie €i zmesi a jej neobvyklého ucinku alebo

opis zaujimavého klinického pripadu, choroby a pod.

Odporucana Struktara kazuistik je nasledovna:
NAZOV/AUTORI — nazov (aj v angli¢tine) méa byt
stru¢ny a informativny:.

ABSTRAKT (v angli¢tine) — skratena verzia celého
textu s kl'a€ovymi slovami (3-10)

UVOD — vysvetluje dovody, pre ktoré bol dany
pripad opisany

OPIS PRIPADU/PRIPADOV -
kazuistiky - uvadza sa priebeh, liecba, prognoza a

hlavna cast’
ukoncenie pripadu

DISKUSIA — zdoraznuji sa zaujimavé aspekty
pripadu

ZAVER - opisujii sa savislosti medzi hlavnymi
zisteniami/pozorovaniami a ciel'om prace
ZOZNAM LITERATURY

RECENZIA

Publikuju sa aj kritické rozbory odborného diela
(napr. knihy, ¢lanku), ktoré obsahuju oddvodnené
hodnotenie. Struktira
nasledovna:

ZAKLADNE INFORMACIE - uvédza sa nazov

knihy (¢lanku, ¢asopisu), mena autorov (priezvisko,

Odportacana recenzie je

inicialy), miesto vydania a nazov vydavatel'stva, rok
vydania, pocet stran, odporucana cena, ISBN
OBSAH KNIHY (CLANKU, CASOPISU) -
opisuji sa dolezité informacie, napr. ¢im kniha
(¢lanok, casopis) recenzenta zaujala/sklamala.
VYZNAM KNIHY (CLANKU, CASOPISU) -

uvadza sa jej vyuzitie pre odbornt verejnost’.

Redakcna rada
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