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Deficiency of Klotho protein

as a cause of linked angina in
young patients with thoracalgic
phenotype of gastroesophageal
reflux disease

Gastroesophageal reflux disease (GERD) is one of the most common diagnoses in
therapeutic practice. Different manifestations of GERD represent different phenotypes
of the disease with unique predisposing cofactors and individual pathophysiology. In
the continuum of the proposed paradigm, chest pain syndrome in patients with gas-
troesophageal reflux stands out as a separate phenotype of GERD. Traditionally it was
believed that the chest pain in young patients with GERD was not angina.

Objective — to study the levels of Klotho protein and nitric oxide in the blood serum of
patients with GERD and chest pain (thoracalgic phenotype of GERD).

Materials and methods. 64 patients with GERD were prospectively examined,
including 27 patients with the thoracalgic phenotype of GERD. The Klotho protein
was determined in blood serum by the enzyme immunoassay, the metabolism of
NO in the blood plasma was assessed by the Griess test. All patients underwent
video esophagogastroscopy, transthoracic echocardiography and 24Hour Holter
electrocardiographic monitoring. Descriptive and nonparametric statistics methods
were used in the study.

Results. An evaluation of the chest pain syndrome in young patients with GERD
revealed a high incidence of linked angina — 25.9 %. A decrease in the Klotho protein
and NO levels in the blood of patients with GERD and linked angina was observed
compared to patients with uncomplicated GERD with pseudocoronary pain. The
obtained result showed a direct relationship between the concentrations of Klotho
protein and NO. Low levels of these parameters in patients with GERD and linked
angina reflect endothelial dysfunction and lead to coronary artery spasm mediated
by reflux.

Conclusions. Linked angina occurs in a quarter of young patients with the thoracalgic
phenotype of GERD. The basis of this phenomenon is a decrease in NO synthesis due to
endothelial dysfunction, which develops against the background of the Klotho protein
deficiency.

Keywords:
gastroesophageal reflux disease, linked angina, Klotho protein, nitric oxide,

endothelial dysfunction.

oday gastroesophageal reflux disease (GERD) is one of the most common

diagnoses in therapeutic practice. Prevalence of GERD in Western
countries varies from 10 % to 20 % [3]. In the United States, 30 % of people
have at least 1 symptom of GERD in a week [10].

From the generally accepted pathophysiological point of view, GERD is
considered as a failure of the antireflux barrier in the esophageal-gastric junc-
tion: the more pronounced this incompetence, the more severe the disease.
However, it is becoming more and more obvious that different manifestations
of GERD represent different phenotypes of the disease with unique predispos-
ing cofactors and a special, highly individual pathophysiology [15, 32]. In the
continuum of the proposed paradigm, chest pain syndrome in patients with
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gastroesophageal reflux stands out as a separate
phenotype of GERD [16]. Chest pain is the most
frequent extra-esophageal manifestations of GERD
[11]. In the large study by A. Pasta et al. (6211
patients with GERD), 24 % of patients suffered from
daily chest pain. It had the most significant negative
impact on quality of life in these patients [27].

This symptom complex is heterogeneous and
manifests itself in the form of cardialgia not associ-
ated with heart disease («pseudo-coronary» pain);
arrhythmias and heart block; arterial hyperten-
sion. The cause of pain in the chest can be: peptic
aggression of refluctate with irritation of esophageal
receptors, esophageal motility disorders, esophageal
spasm, increased pressure in the lower esophageal
sphincter, stretching of the esophageal walls, neu-
roendocrine disorders of the esophagus (hyperplasia
of esophageal endothelin-1-producing cells, reflex
spasm of the coronary arteries [6, 7, 13, 18].

As early as 1962, K. S. Smith and C. Papp pro-
posed the term «linked angina», which meant that
esophageal dysfunction may be a cause of myocardial
ischemia [28]. In 1993 A. Chauhan et al. demon-
strated a decrease in coronary blood flow caused by
instillation of acid into the human esophagus. It was
concluded that this phenomenon is mediated by an
autonomic reflex and postulated that this is one of
the main causes of syndrome X, which is character-
ized by typical angina pectoris pain despite intact
coronary arteries. [5]. In this regard, H.Teragawa
et al. naturally raises the question «Is Noncardiac
Chest Pain Truly Noncardiac?” [29]. Thus, the pres-
ence of angina pectoris syndrome in patients with
GERD, not mediated by atherosclerotic lesions of
the coronary arteries, was proved.

Normal vascular function is highly dependent
on the physiological responses of endothelial cells
to changes in tissue nutrient requirements and
appropriate responses to stress. The endothelium
generates many factors that regulate vascular tone,
circulating blood cell adhesion, smooth muscle pro-
liferation, and inflammation. Endothelial dysfunc-
tion is one of the most important markers of the risk
of cardiovascular events in the general population [8,
21]. The factors produced by the endothelium also
include the protein Klotho (a-Klotho). Significant
expression of this protein was found in endothelio-
cytes of elastic arteries, arteries of medium caliber
and in the microvasculature of numerous human
tissues, including the coronary basin [8]. In addition,
this polyfunctional protein has a direct cardiopro-
tective effect in ischemic damage to cardiomyocytes
[25, 26]. Furthermore Klotho protein depresses
angiotensin II-induced necroptosis of cardiac cells
[20, 34]. Also, one of the most important functions
of Klotho protein in the endothelium of coronary

arteries is its antiapoptotic effect on endothelial cells
and stimulation of NO production [31]. Moreover,
there is an opinion to consider Klotho protein as
a biomarker of coronary endothelium dependent
microvascular disease [1, 23].

Taking into account the above, as a scientific
hypothesis of this study, it was accepted the position
of a possible change in the level of Klotho protein
in patients with GERD and linked angina pectoris
compared with patients with GERD with pseudo-
coronary pain.

Objective — to study the levels of protein Klotho
and nitric oxide in the blood serum of patients with
gastroesophageal reflux disease with pain in the chest.

Materials and methods

This investigation was conducted in accordance
with the ethical principles WMA Declaration
of Helsinki (1975, 1983). The Kharkiv National
Medical University ethics committee approved
the study design, and all patients signed informed
consent forms.

We examined 64 patients with GERD, includ-
ing 27 patients with GERD with pain in the chest
(thoracalgic phenotype). The patients’ age ranged
from 18 to 32 years, women predominated (35 per-
sons — 54.7 %).

All patients underwent video esophagogastros-
copy, transthoracic echocardiography and 24-hour
Holter electrocardiographic (ECG) monitoring.

GERD was diagnosed based on the criteria of the
Montreal Consensus (2006) and European guidelines
(Gstaad Treatment Guidelines). The exclusion crite-
ria from the study were: the presence of organic heart
disease (including minor anomalies in the develop-
ment of the heart and mitral valve prolapse) and
blood vessels, dyslipidemia, arterial hypertension,
diabetes mellitus, obesity, chronic kidney disease.
All patients underwent a general clinical study, also
studied the content of cholesterol and its fractions
in the blood serum. Common risk factors for GERD
and cardiovascular disease — tobacco smoking and
coffee abuse — were also assessed. The characteristics
of the examined patients are presented in Table 1.

Protein Klotho was determined in blood serum
by the enzyme immunoassay using a commercial test
system manufactured by Elabscience (ELISA, USA)
on an enzyme immunoassay analyzer Labline-90
(Austria) according to the instructions attached
to the kit. The metabolism of nitric oxide (NO) in
blood plasma was assessed by the level of its stable
metabolites — nitrites and nitrates by the spectro-
photometric method in the Gris reaction after reduc-
tion of nitrate to nitrite with zinc dust.

Statistical processing of the obtained results was
carried out using the computer program Statistica

34
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Table 1. Clinical characteristics of patients

Parameters Thoracalgic phenotype of GERD (n=27) GERD without chest pain (n=37)
Age, years 22.10+0.86 21.90+£0.79
Male 12 (44.4 %) 17 (45.9%)

Social status
Students

22 (81.5%)

31 (83.8%)

Working youth 5(18.5%) 6 (16.2%)
Body mass index, kg/m? 21.8+0.37 21.7+0.34
Smoking 4 (14.8%) 5(13.5%)
Abuse of coffee (> 6 cups per day) 2(7.4%) 2 (5.4%)
Total cholesterol, mmol/l 4.34+£0.05 4.390 +0.046
Low-density lipoprotein cholesterol, mmol/l 2.770+0.031 2.780+0.023
Triglycerides, mmol/| 1.340+0.023 1.330+0.022

Note. Categorical variables are presented as the number of cases and percentage, while quantitative indicators are presented as M = m.

12.0. Descriptive statistics methods were used (the
arithmetic mean (M) and the error of the mean (m)
were calculated) and nonparametric methods (Mann-
Whitney U-test). The nonparametric coefficient of
rank correlation t-Kendall was calculated using the
online calculator GIGA Calculator [12]. The choice of
nonparametric statistical methods was due to the small
number of patients in the main group. In addition, the
1-Kendall coefficient is considered by many authors to
be more practical than another nonparametric correla-
tion coefficient, Spearman [2]. The significance level
p was taken equal to 0.05.

Results

When assessing the internal structure of the
pain syndrome behind the sternum and in the
left half of the chest in young patients with the
thoracalgic phenotype of GERD, an unexpectedly
high frequency of linked angina pectoris should be
noted — 25.9 %, which, apparently, is explained by
excessive autonomic reactivity among young people.
The correctness of this assumption is evidenced by
the fact that in this type of angina pectoris, the effect
of acid on the esophageal mucosa and a decrease
in the pressure of the lower esophageal sphincter
naturally activates the autonomic nervous system,
which leads to impaired myocardial perfusion as
a result of coronary spasm [5]. In addition, many
visceral pain receptors are polymodal and sensitive
to both acid and mechanical strain. Cardiac and
esophageal afferent sensory nerves entering the
spinal cord can overlap, and thus stimulation of the
esophagus or heart can be perceived and summed
up at loci corresponding to any of these organs [6].
Thus, it has been proven that myocardial ischemia
can aggravate the clinical course of GERD, causing
impaired esophageal motility and / or pathological
relaxation of the lower esophageal sphincter [5, 19].

Video esophagogastroscopy (SonoScape EG-500
endoscope, China) and 24-hour Holter ECG moni-
toring (BI6600-12 apparatus, Heaco, UK) were
performed. The Los Angeles classification system
of GERD was used in patients with GERD with
endoscopically identifiable lesions. The results are
presented in Table 2.

All patients underwent transthoracic echocar-
diography according to the standard technique using
the Mindray DC-60 Exp apparatus (China). The
results are presented in Table 3.

Ischemic ECG changes were considered horizon-
tal or oblique ascending ST segment depression by
1.0—1.5 mm or more at a distance of 0.08 s from point
j for 30 s or more, ST segment elevation by 2 mm, tran-
sient T wave inversion. With a combination of classic
symptoms GERD (heartburn, dysphagia) with pain
in the chest and specific ishemic changes on the ECG,
it was concluded that there was linked angina — the
painful clinical equivalent of myocardial ischemia.

Table 2. Results of esophagogastroscopy of patients
with GERD

Thoracalgic Without chest

GERD phenotype (n=27) pain (n=37)

Endoscopically normal

13 (48.1 %)
mucous membrane

18 (48.6 %)

Endoscopically identifiable

lesions, including 14 (51.9%)

19 (51.4 %)

LA-A 6 (42.9%) 7 (36.8%)
LA-B 5 (35.7 %) 8 (42.1%)
LA-C 2(14.3%) 3(15.8%)
LA-D 1(7.1%) 1(5.3%)

Note. LA — Los Angeles classification system of GERD;
A, B, C, D — grades of severity by Los Angeles classification
system of GERD.
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Table 3. Results of echocardiography of patients (M +m)

Parameters Thoracalgic phenotype of GERD (n=27) GERD without chest pain (n=37)
LV posterior wall, cm 0.830+0.176 0.830+0.087
Interventricular septum, cm 0.810+0.134 0.820+0.093
LV end diastolic diameter, cm 5.250+0.499 5.240+0.378
LV end systolic diameter, cm 3.600+0.415 3.570+0.296
LV end diastolic volume, ml 132.60+4.27 131.70+3.11
LV end systolic volume, ml 54.20+2.01 53.40+1.71
Ejection fraction, % 58.90+2.13 59.50+1.42

Note. LV — left ventricular.

Based on the comparison of the results of Holter
monitoring with the clinical manifestations of
GERD, 7 patients with the presence of linked angina
were identified among the examined patients (main
group). 20 patients with pseudo-coronary pain
made up the comparison group. The control group
consisted of 37 patients with GERD without chest
pain. The groups of the examined persons were
comparable with each other in terms of sex, age,
duration of GERD.

When assessing the content of Klotho protein in
the blood serum of patients of the examined groups,
the following results were obtained (Fig. 1).

In patients with GERD and linked angina pectoris,
there was a statistically significant decrease in the
serum level of Klotho protein compared to the same
indicator in patients with GERD with pseudocoro-
nary pain (U=33.5; Z=-1.992; p=0.046) and in
patients with isolated GERD (U =36.5; Z = —2.637;
p=0.008). There were no differences in the concen-
tration of Klotho protein between the patients of the
comparison group and the control group (p>0.05).

When evaluating the products of nitric oxide
metabolism, unidirectional changes with the level
of Klotho protein were revealed (Fig. 2).

The lowest plasma nitrite content was observed in
patients of the main group, statistically significantly

0,62 = 0,01
0,60 = 0,02

0,54 £ 0,02
Main group Comparison group  Control group
(n=7) (n=20) (n=37)

different from the analogous indicators of the com-
parison group (U=231.5; Z=-2.102; p=0.036) and
the control group (U =57.5; Z=-2.238; p=0.025).
There were no differences in the level of nitrites
between patients in the comparison group and those
in the control group (p>0.05).

Taking into account the assumed relationship
between the levels of Klotho's protein and NO, in
patients of the main group, a correlation analysis was
performed between these parameters with the calcula-
tion of the correlation coefficient t-Kendall (Fig. 3).

The obtained result t=+0.551 reliably (p=0.017)
testified to the existence of a direct relationship of
average strength between the concentrations of
Klotho'’s protein and NO. The probability of concor-
dance of changes in the above parameters, calculated
on the basis of the value of the coefficient t, is 3.45
times higher than the probability of discordance.

Discussion

The problem of the frequency of occurrence and
the internal structure of the clinical phenomenon
«chest pain» in patients with GERD has been
relevant for a long time. T. V.K. Herregods et al.
report a high frequency of induction of chest pain
by reflux — in 40 % of patients with GERD [14].
Unfortunately, ECG monitoring was not carried

31,70 £0,95 33,11 £ 1,11

27,14 +1,83

Control group
(n=237)

Main group
(n=7)

Comparison group
(n=20)

Figure 1. Klotho protein level in the blood serum
of the examined patients, ng/L

Figure 2. Nitrite content in blood plasma of patients of
the examined groups, pmol/L
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Figure 3. Rank correlation between the levels of NO and
Klotho protein in the blood of patients of the main group

out in this study, which did not make it possible to
single out a group of patients with angina.

Backin 1996, A. J. Mehta et al. made simultaneous
24-h ambulatory oesophageal pH, 7-lead ECG moni-
toring in 24 patients with comorbidity GERD and
coronary artery disease. Of 41 chest pain episodes,
20 were related to reflux (angina — 8 cases, heart-
burn — 12 cases), while 8 coincided with both reflux
and ishemic ST-depression together (angina — 5
cases, heartburn — 3 cases). In addition to these 8
episodes, coincidence of ST depression with gastro-
esophageal reflux occurred on else 9 asymptomatic
occasions. Thus, we see 17 (41.5 %) episodes of ECG-
confirmed myocardial ischemia, which was induced
by gastroesophageal reflux. Although the study
included people with proven CAD and mean age 59
years, which differs from our contingent, its results
indicate a robust causal relationship between reflux
and ishemic phenomena in the myocardium [22].

Thus, the young age of the examined patients, the
absence of dyslipidemias, the connection between the
angina attack with ECG changes (on the one hand)
and the symptoms of GERD (on the other hand)
testified in favor of the reflex cause of coronary spasm.

To date, there is a lot of evidence that the deficien-
cy of the Klotho protein correlates with the devel-
opment of CAD, atherosclerosis, left ventricular
myocardial hypertrophy, and general cardiovascular

risk [31]. G. Corsetti et al. found that the Klotho
protein is expressed in the myocardium, and proved
the relationship of its deficiency with the preva-
lence of cardiovascular diseases and cardiovascular
mortality [9]. Therefore, it is of practical interest to
study the content of this protein in young people in
order to properly control the entire cardiovascular
continuum.

Discussing the effect of Klotho protein on the
cardiovascular system, it should be noted that a low
level of Klotho protein is a predictor of atherogenesis
and is associated with a high level of cardiovascular
risk [24, 33]. N. Keles et al. at study of 50 healthy
young volunteers (mean age 32 years) revealed
arelationship between low levels of this protein with
thickening of the carotid intima-media complex,
increased epicardial fat thickness, and decreased
flow-mediated dilatation of the brachial artery [17].
In turn, the latter reflects the production of NO and
is a marker of endothelial dysfunction [4].

Our data on the endothelioprotective effect of
the Klotho protein and its relationship with NO
production correspond to the earlier experiments by
Y. Yao et al. on the model of damage to the human
umbilical vein endothelium. Endothelial cells were
treated with various concentrations of the recombi-
nant human protein Klotho and oxidized low density
lipoprotein, a recognized pro-inflammatory and ath-
erogenic factor. It was found that the Klotho protein
improves ox-LDL-induced endothelial dysfunction
by activating the PI3K/Akt/eNOS signaling path-
way with a subsequent increase in eNOS activity
and NO production [33].

Thus, low levels of Klotho protein and NO
metabolites detected in the blood of patients of
the main group reflect endothelial dysfunction and
may cause reflux-related spasm of the coronary
arteries. It can also be assumed that this group of
patients is potentially a cohort of individuals with an
increased risk of developing Prinzmetall’s angina. In
this regard, it is worth mentioning that GERD was
observed in 20 % of patients with vasospastic angina
in history [30]. Based on this, young patients with
GERD and angina syndrome can be considered as
persons at increased risk of developing functional
(vasospastic angina) and organic (CAD) cardiovas-
cular pathology.

Study limitations. Because of the low incidence of
linked angina in young people, the sample size of this
study was small. Also we did not perform acid perfu-
sion tests and coronary angiography in the patients.

Conclusions

A quarter of young patients with GERD compli-
cated by pain in the chest have linked angina. The
angina syndrome in these patients is most likely
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the result of reflux-mediated spasm of the coronary
arteries. The etiopathogenetic basis of this complica-
tion is a decrease in the synthesis of nitric oxide due
to endothelial dysfunction, which develops against
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the background of a deficiency of the Klotho pro-
tein. These patients should be considered as a group
of individuals with an increased risk of developing
cardiovascular diseases.
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A.A. 3asppaBHoB, T. M. NMaciewsini, J1. M. Naciewsini, H. M. XXenesHskoBa

XapKiBCbKUI HAIlIOHAJIBHUN MeIUYHNN yHIBEepCUTET

Hediumt Binka Knoto gk npuymHa pedonekTopHOi CTEHOKAPAIi B MOMOAMX NMaLieHTIB
i3 TopakanriYHM PEHOTUMOM racTpoe3odrareanbHOl PEdTFOKCHOI XBOPOOU

Tactpoesodareanbha peduiokcia xgopoba (I'EPX) — oauH i3 HaiimommpeHimmx [AiarHo3iB y TepaneBTUYHIN IPaKTHUIILi.
Icnye nymxka, mo pisni Bussu EPX npezcrasisiors pisui dheHOTHIIN 3aXBOPIOBAHHS 3 iHAUBIAyaIbHOIO TTaTodizioorieo.
Y KOHTHHYYMI L€l napagurMu CMHAPOM OGOJIIO B IPYAHIN KJIITII y XBOPUX Ha racTpoesodarealbHuii pedIoKe BULLISIOTH
gk okpemuil dpenorun FTEPX. TpaauuiiiHo BBaxkasocs, mo y xpopux Ha TEPX mosozoro Biky 6ijb y TpyAHINA KIITII He
€ CTEHOKAP/IIEIO.

Mera — BuBunTH piBenb Gika Klotho ta okcumy asory B cuposartiii kposi xBopux Ha TEPX Mosozoro BiKy i3 cuHAPOMOM
60110 B TpyAHIN kit (Topakaariunmii perorun TEPX).

Marepiamu ta metoau. [IpocnektusrHo obcresxeno 64 xpopux Ha TEPX, sokpema 27 naliieHTiB i3 TopakajibHUM (eHOTH-
nom T'EPX. ¥ cuposatiii kposi BusHauasm pisenb Oinka Klotho imynodepmentaum merogom, Metabosism NO B masmi
KpOBi — 3a peakiieio I picca. Ycim matienTaM MPOBOAMIIN Bile0e30(aroracTpocKoIIiio, TpaHCTOpaKaIbHy exoKapaiorpadio
Ta 24-TOAMHHWI XOJITEPiBCHKUI esleKTpoKapAiorpadivHIil MOHITOPHUHT. Y [IOCTI/’KEeHHI BHKOPHUCTOBYBAJN METO/U OIINCO-
BOi Ta HeTTAPaMeTPUYHOI CTATHCTHKL.

Pesyasratu. [Ipu ominui cuaapomy rpyaHoro 6ot B nanienTis i3 TEPX M0J1010T0 BiKy BUSIBJIEHO BUCOKY 4acToOTy ped-
JIEKTOPHOI creHokapaii — 25,9 %. YcraHosieno smennients Bmicty 6iika Klotho ta NO B kposi naiientis i3 TEPX Ta
pedIeKTOPHOIO CTEHOKap/Iiero nopiBHsHO 3 nanientamu 3 [EPX i3 nceBpokoponapHum 6osieM Ta Heyckaaanenowo TEPX.
BusiB/ieHO HasIBHICTb IPSAMOTO KOPEJISLIHOTO 3B8'13Ky Mixk KoHueHTpauismu 6inka Klotho ta NO. Husbki pisai nux mezi-
atopis y nanienTis i3 [EPX ta pediekTOpHOIO CTEHOKAPIEO CBiTYaTh PO eHI0TeTanbHy UCHYHKIIIO Ta TPU3BOJISTH 10
CIasMy KOPOHapHUX apTepil, ormocepeIKoBaHOTO PedIIOKCOM.

BucnoBku. PediiekTopHa cTeHOKap/is TPANISETbCS y UBEPTi MOJIOANX HAIli€HTIB i3 TopakairiyanM deHoruniom 'EPX.
B ocHOBI 11b0TO SABUIINA JIEKUTD 3HMKEHHST cuHTe3y NO BHaCJIiIOK eHoTesiaibHOoi ANCcYHKIL, SKa PO3BUBAETHCS HA TJI
nedinuty 6inka Klotho.

KirouoBi cioBa: racrpoesodareanbta pediiokcHa xBopoba, pediiekropra crenokapist, 6isok Klotho, okenp azory, eno-
TestiasbHa TUCHYHKILIS.
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Penaxuiss neknapye norpumanusi Hopm COPE
(Committee on Publication Ethics) ta pexomenpaiiii
WAME (World Association of Medical Editors).

CTATT mae MicTUTI HOBI HAYKOBI IaHi (JJIsT OTJISAMIB) Ta
HOBI HAyKOBi pe3yJibTaTy (717151 OPUTiHATIbHUX JIOCITIJIZKEHD ).

CTPYKTYPA ocHOBHOrO TEKCTY CTATTi Ma€ Bi/lIOBi/1a-
TH 3araJbHOIPUHHATIN CTPYKTYPI [/1s1 HAYKOBUX cTaTell.

Taxk, cTaTTi, 1110 MiCTSTh PE3YJIBTATU eKCIIEPUMEHTAIb-
HUX JOCTiKeHb, 30KpeMa MUCepPTaIiiHNuX, i pO3MileHi
i1 pyOpuKoio « OpUTiHAIBHI JOCIIIPKEHHST>, CKITAAI0THCST
3 TakuX posfiniB: «Beryn», «Mera poboru», «MaTepiaau
Ta MeTo/in», «Pedyisraru Ta 06roBopeHHsi», « BUCHOBKI».
I1i my6rikanii MatoTh BRIIOYATH TaKi HEOOXI/IHI €leMEHTH:
MOCTAHOBKA IPOOJIEMH Y 3araIbHOMY BUTJISII Ta i 3B'130K
i3 BAKJIMBUMU HAYKOBUMU 200 TIPAKTHYHUMU 3aBIAHHSAMU;
aHaJi3 OCTAHHIX JOCTI/IKEHb 1 yOITiKalliii, B IKUX 3a10-
YaTKOBAHO PO3B’sI3aHHsI 1€l 11po6IeMHM i Ha SIKI CIIMPAEThCS
aBTOP, BUJIIJIEHHST HEPO3B SI3aHNX PaHillle YaCTHH 3aTaIbHO1
npo6JieMd, KOTPUM MPUCBIYYETHCA 3a3HauyeHa CTaTTH;
(hopmymoBaHHS 11iJIe# CTATTi; BUKJIA OCHOBHOTIO MaTepi-
ATy IOCJIIKEHHS 3 TOBHUM OOTPYHTYBAHHSIM OTPUMAHUX
HAYKOBUX Pe3YJBTaTiB; BUCHOBKH 3 I[bOTO MOCIiIZKEHHS
1 TepCIeKTUBY TOAJIBIIINX PO3BIIOK Y IbOMY HAIPSIM.

Y pozuini «Matepianu ta MeTOM», KPIM OCHOBHUX
JIOCTIIHUIIBKAX METO/iB, 0OOB’SI3KOBO CJIi/I 3a3HAUYUTH
METOIM CTaTHCTHYHOI 06pobKu. HaBomstum pesysbraTi
JIOCJIJDKeH ST, He cJiii Ay6ioBaTu Jani Tabuilh i pUcyH-
KiB, BAPTO OOMEKUTHUCS HABAKIMBILIMMU BiJOMOCTSIMU.

PE3IOME 1O CTATT]I, B sikiii yOJIiKyIOThCS PE3YJib-
TaTH eKCIIePUMEHTAJIBbHUX JIOCIII/IKeHb, TIOBUHHO MATH TY
camy CTPYKTYPY, 1O i CTaTTs, i MiCTUTH Ti cami pyOpuKH.
O6cesir pestome — He Mentie 1800 3HakiB (3 ypaxyBaHHIM
npoOLIB i KITIOYOBUX CJIB).

Tammi craTTi (KAiHIYHI cCIOCTepeKeHHS, JIEKITii, OTJISIH,
CTaTTi 3 iCTOPIi MEIUIITUHU TOIIO) MOKYTb ODOPMIIATUCS
iHaKIIe.

JITATPAMMU ta TPADTKU BcTaBasIOTH Y TEKCT PA3OM 3
BUXITHUMM JAHUMM, SIKi BUKOPUCTOBYBAJIU JIJIst TOOYI0BH.

OOTOTPADIT, EXOTPAMMU, Bukonani npodeciiino
Bpyuny MAJIIOHKMU nogaioTh B esleKTPOHHOMY BUTJISI/T
(BizckaHoBaHi 3 poszinbHicTio He MenIe 300 dpi i 36epe-
skeni y popmarax TIFF un JPEG). @otorpadii maiienris
MOAAIOTH 3 IXHBOI MMCbMOBOI 3roiu 60 B TAKOMY BUTJIS,
1106 0cO6Y XBOPOTO HEMOKITUBO GyJ10 BeTaHOBUTH. ( BiraHkK
iHhOpMOBaHOI 3o/ malfieHTa Ha Iy bJriKaliio foro ¢poro-
rpacii MOJKHA 3aBaHTaKUTHU Ha caifTi http://utj.com.ua —
IIpo nac — Ilpo xypuan — 12. [TosiTrKa M010 3aXUCTY
YYACHUKIB JIOCJIi/KEHHSL. )

Hasusaiouu jrikapchKuii mpemnapar, mepeBary HaJjaBaTu
MizkHapo/Hiil HertateHToBaHill Ha3Bi (INN), sAxy nucaTu 3
MaJIol JIiTepH.

CIIMCKN JIITEPATYPU cknamaioTh TiIbKU 3a
asaBiTOM: CIIOYATKY TIpalli KUPUJIUIIEIO, a TIOTIM JIaTH-
nutteto. OdopmiieHHs Mae BifnosigaTu cravgapty NLM
(National Library of Medicine; https://www.ncbinlm.
nih.gov/books/NBK7256/. He anrsomoBHi 6i6miorpa-
diuni mocuaHHs yGIII0I0Th AaHTITHCEKOI0 MOBOIO (Ha3BY
6epyTh 3 aHTJIIHCHKOTO Pe3ioMe) i TI03HAYAIOTH MOBY CTATTI,
Hanpukiay Ukrainian. SIkmio B mepimojskepeni HeMae
AHIJIOMOBHOTO De3IoMe, CJIij 3pobuth KBamidiKoBaHuUii
nepekJaz abo TpaHCJITEpalil0 Ha3BU JATHHCHKUMMU
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A0 BIAOMA ABTOPIB « FOR AUTHORS

JitepaMu. 3 YKpPaiHChKOI MOBU TIPi3BUIIA ABTOMATUYHO
MOJKHA TPaHCJITepyBaTH 3riiHO 3i cranzaproM KMY 2010
(nmacnioptHMit), reorpadiuHi Ha3BU — 3TiHO 31 cTaHZAPTOM
YKIITIT 1996 (criporenwit) 3a nocumanHsaM https://www.
slovnyk.ua/translit.php. Hanpukiniii motpi6Ho BkasyBaTu
yHikagbHUH 1udpoBuii inentudikarop crarri DOI, sximo
takuii €. [lepeBipuTy HasIBHICTB Yy CTATTI ifIeHTUdIKATOPA
DOI wmoxna Ha caiitax http://search.crossref.org un
http://www.citethisforme.com. [/lis orpumants iHdop-
Maiiii mogo DOT morpi6HO BBECTH B TONIYKOBUH PSIIOK
Ha3BY CTaTTi aHTJIICbKOIO MOBOIO.

VYei craTTi, HagicaHi 1 myGUiKaiii y posainzax xKyp-
Hany «OpuriHaabHi JocaimKen s>, «JIlikapcbki 3acobu»,
«Ormsny Ta «Kainiuamnil BUNazioks, miisraoTb peleH-
3yBaHHIO. Penakitis saiuiiae 3a co6010 MpaBo 3MiHIOBATH
CTUJIh OOPMIIEHHS CTATTi. 32 HEOOXITHOCTI CTATTS MOJKE
GyTHU MOBEPHYTA aBTOPAM JIJisl I0OTPAIIOBAHHS Ta Bi/llO-
Bizlell Ha 3aIIUTAaHHS.

Pexnamui matepiasim B KypHasIi BiIIMOBIIHO 10 3aKOHIB
Ykpainu «IIpo meniay, «IIpo pexnamys ineHTHUDIKYIOTBCS
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