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Abstract. Emphysematous cystitis (EC) is a very rare urinary tract infectious disease
that can be fatal if not treated. In general, it frequently occurs in diabetic women and
is thought to be associated with gas-producing bacteria. Type 2 diabetes mellitus,
immunosuppression, drugs (mostly steroids), neurogenic bladder and instrumentation
are the major risk factors of this type of infection.

We present a case of emphysematous cystitis in a 53-year-old male, in which the
patient does not have any classical risk factors associated with EC other than alcohol
consumption. To the best of our knowledge, the only case in the literature where this
type of infection develops without a classical risk factor and negative urine culture. It is
also one of the rare EC cases that may be associated with alcohol use.

Keywords: emphysematous cystitis, alcohol, infection, infectious disease, urinary
tract.
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A. Canui, E. Aiinor, M.C. KapaoypyHn, E. Cioep

Bunanok ankoroJibHOro emgizeMaTo3Horo HUCTUTY
Menuunuii pakynbTeT yHiBepCUTETY AHKApU

Pesiome. Emgpizemamosnuit yucmum (EL]) ¢ piokicnum iHpeKyiliiHum 3aX80pI0AHHAM Ce406020 MIXypa, sKe
Mooice npuzgecmu 0o remanvHoeo eunadky. E1l wacmo diaenocmyemocs y acinok 3 diabemom. Llyxkpoeuii diabem dpyeo-
20 muny, iMyHocynpecis, AiKapcoki 3acobu (nepeeajicHo cmepoiou), HelipoeeHHUI ce408uill MiXyp ma iHCmpyMeHmanvHi

Mauinyaauyii € ocHoeHumu gpakmopamu pusuxy Ell.

Mu npedcmasasemo eunadok em@izemamosnozo yucmumy y 53-piunoeo 40106iKa, y K020 HEMAE KAACUMHUX
gaxmopie puzuky EII, kpim éxcusanns askoeonro. Hackinoku Ham eidomo, ye nepuiuii onucanuil y HayKositi aimepamypi
8uNnadok, 6e3 HAsA6HOCMI KAACUMHUX PAKMOPI8 pU3UKy ma He2amueHUuM KyabmyparbHum docaioxcennam ceui. Ha nawy
OyMKY, ye odun 3 piokicHux eunaokie ELI, skuil moxce 6ymu noe 3aHuil i3 8ICUBAHHIM ANK020I0.

Kio4oBi cioBa: emgizemamosnuii yucmum, aiko2onsy, iHghexuyis, ceuo8usioOHi WASXU.

Introduction. Emphysematous cystitis (EC) is a
rare urinary tract infection that typically presents with
an air-fluid level in bladder resulting from air accumu-
lation in the bladder wall and lumen [1]. This type of
infection is most common among over 65 age in the
geriatric population although it can affect people all of
the ages. Type 2 diabetes mellitus, immunosuppression,
drugs (mostly steroids), neurogenic bladder and instru-
mentation are the major risk factors of this type of in-
fection [2]. The clinical presentation varies from being
asymptomatic to having painful urination, dysuria, he-
maturia, fever, abdominal pain, urosepsis and, unfortu-
nately, it can be fatal if not treated. The most common
isolated pathogens are gas-forming bacteria such as
Escherichia coli, Enterobacter aerogenes, Proteus mira-
bilis, Klebsiella pneumoniae, Streptococci, and Staphylo-
coccus aureus [3, 4]. The first imaging modality for EC
diagnosis is urinary system ultrasonography (USG). As
a diagnostic tool, a computed tomography (CT) of the
abdomen is superior to plain USG and urinary system
graphy because it clarifies the extent and location of the
gas collection and diagnoses other pathologies that may
coexist [4, 5].

The purpose of the work was to report a rare medi-
cal case to increase clinical awareness.

Methods. This article is a case report and the data
used are reviewed retrospectively. In our case, the pa-
tient was 53 years old male. He was a chronic alcohol
user and his only comorbidity was hypertension. The
patient was admitted to our polyclinic with painful uri-
nation with the sudden occurrence and no other symp-

Adem Sanci
dr.adem88@hotmail.com

toms.: The patient had no pathological sign on physical
examination. The laboratory tests: his serum biochemi-
cal parameters were normal, the Prostate-specific an-
tigen level was 0,78 and urinalysis was positive for red
blood cells and nitrite. Urine culture was negative for
bacteria and fungi. Post voiding residual urine and peak
flow were 58 and 24 respectively. Urinary system USG:
there was a clear image of intramural and intraluminal
gas (Fig.1).

Fig. 1. USG Scan of the patients: intramural and intraluminal
gas in the bladder.

The patient had no urological operation for any
symptom and had no risk factors for this type of infec-
tion. His previous urine cultures were negative twice
before being admitted to our hospital.

An abdominopelvic computed tomography was
performed in order not to miss any coexisting pathology
as the patient had no risk factors for this type of infec-
tion. Abdominopelvic computed tomography reported
as the patient had only EC, and no other abdominal
pathology such as bowel perforation, enterovesical fis-
tulas, diverticulosis, Crohn disease or rectosigmoid co-
lonic carcinoma (Fig. 2).

4 BrnaAKM 3 KAIHIYHOT NpAKTHKK

YKPAIHCBbKMIN XYPHOA HEPROAOTIT Ta Aianizy N21 (65) 2020



Ukrainian Journal of Nephrology and Dialysis, 1 (65)2020

Clinical case reports

RN

2.a
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Fig. 2. The bladder CT: Gas surrounding the bladder (2a); Air-Fluid level (2b).

The patient was consulted on infectious diseases
and immunology departments. The suggestion was not
to use antibiotics as urine culture was negative. The
patient was treated symptomatically, prescribed an an-
timuscarinic agent and 550 mg oral naproxen sodium
once per day. A single dose of 40 mg intramuscular
prednisolone injection was used to cease the progres-
sion of inflammation. We advised the patient not to take
alcohol during the rest of the treatment.

Results. After 1 week of medical treatment, the
patient came to our polyclinic for control. His lower
urinary tract symptoms have resolved. He was appoint-
ed for another control for radiological evaluation.

After 2 months of medical treatment, the patient
came to our polyclinic for his second control. We per-
formed urinary system ultrasonography and found that
the patient had a complete recovery of gas accumula-
tion as an air-fluid level in the bladder lumen and wall
were absent. The only remaining radiological pathology
was minimal bladder wall thickening (Fig. 3).

Fig. 3. The control USG in 2 months of treatment.

Discussion. EC is an uncommon urinary tract in-
fection that was first reported in a human body in 1961
[6] and characterized as the presence of gas in the blad-
der wall or bladder lumen. EC is common in especially
>65 age population, other known risk factors are female
gender and type 2 diabetes mellitus in patients [S]. Most
of the time, gas-forming bacteria like E. coli or K. pneu-
monia are isolated in the urine cultures. According to
Yoshimatsu et al; among their patients with EC, 52.2
% of the patients were male with the average age of 76.3
years [7]. Among them, there were 88.2 % of patients

with positive urine cultures (in 47.8 % of samples E. coli
was isolated) [7]. 87 % of these patients had type 2 dia-
betes mellitus and other urological disorders [7].

Rarely EC can occur after prostate biopsy, renal
transplant, hysterectomy, colectomy, hemodialysis,
rectum resection, chemotherapy [8]. EC symptoms and
signs are similar to classical cystitis without emphysema
which includes irritative voiding symptoms, abdominal
pain, hematuria, fever, nausea, vomiting, pneumatu-
ria, painful urination, urinary retention, and urosepsis
(4, 8].

In our case, the patient was a non-diabetic mid-
dle-aged man with none of the risk factors mentioned
above and had overall good health status. We could not
clearly identify the etiology of the infection in this pa-
tient because he had no gas-producing bacteria in the
urine culture and there were no known risk factors but
alcohol consumption.

A single dose of intramuscular prednol, followed
by a daily NSAID tablet and antimuscarinic has re-
solved his symptoms in one week, and all radiological
evidence was absent in two months. Since the only eti-
ological factor of this patient is alcohol consumption,
this suggests that removal of this single risk factor might
have improved the prognosis.

To the best of our knowledge, the only case in the
literature where this type of infection develops without a
classical risk factor and negative urine culture is this one
[9]. It is also one of the rare EC cases that may be as-
sociated with alcohol use. Alcohol metabolism is known
to modulate the cellular response to LPS in the liver and
independently generate endogenous inflammatory in-
ducers. Thus, both alcohol and LPS act simultaneously
to influence the inflammatory response in the liver and
other organs, including bladder [10, 11]. Aasems Ja-
cob et al. and M. Al-Assiri et al. identified the alcohol-
related EC in a patient with pancreatitis. In their study,
the simultaneous effect of alcohol on multiple organs
was observed [12, 13].

Conclusions. We suggest that EC can occur in the
absence of gas-producing bacteria, without any classi-
cal risk factors, and may initially manifest itself as mild
lower urinary tract symptoms such as painful urination
in our case.
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On clinical approach, even if there are no other
known risk factors for EC in patients with chronic al-
cohol consumption and suddenly occurring irritative
lower urinary tract symptoms, EC is one of the most
important diseases that should be kept in mind as it can
be fatal if not treated early and properly.

Conflicts of interest. The authors declare no con-
flict of interests.
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Abstract. lllicit penile augmentation is thought to be a common practice in Southeast
Asia. This article aimed to explore the demographics of the patient who had illicit penile
augmentation, its complications, surgical methods employed for removal as well as the
long-term outcome following treatment, specifically on sexual satisfaction.

Method. Records of patients with a penile foreign body to the Reconstructive Science Unit
were retrieved. Demographics, presenting symptoms, surgical methods and outcomes
were recorded and analyzed.

Results. A total of 14 patients was identified. The median age at implantation and
duration is 36 years old and 48 months respectively. The penile subdermal injection was
the sole method utilized with the use of liquid silicone in 7 patients. Constant pain, painful
erection, and discomfort were common symptoms (42.8%). All patients underwent surgical
excision followed with either native (penile skin) full-thickness skin graft (FTSG), distant
donor FTSG or primary closure. Five out of 7 patients report improved sexual satisfaction
poSt-surgery.
Conclusion. This report demonstrated two groups of men with distinct age, duration
of implant and possibly differing motivation for penile augmentation. The various
Article history: complications presented stem from inflammation and scarring. Distant FTSG donor has
Received December 23, 2019 a superior take rate compared to native FTSG. Long term outcome following treatment
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He3akoHHe 30i1blI€HHS] CTATEBOr0 YJIEHY: I0CBi OJHOrO IEHTPY
JlikapHg ta lllkona MenMYHUX HayK YHiBepcuteTy Maaiisii

Pe3tome. Bsaxcacmucs, wjo HezakoHHe 30inblUeHHS cmamesoeo 4aeHa € 36UMaiiHo npakmukoio ¢ IlisdenHo-
Cxionii Azii. 1la cmamms mana Ha memi usuumu demoepaghiuti NOKA3HUKYU NAYIEHMIE 3 He3AKOHHUM 30i1bUeHHM
cmamegoeo 4aeHy, 020 YCKAAOHeHHs, XipypeiuHi Memoou, siKi 8UKOPUCMOBYBAAUCH 045 GUOANEHHS, 4 MAKO}C 00820~
CcmpoKo08i pe3yabmamu AiKY8aHHs, 30KPeMa w000 CeKcyanbHo20 3a00804€HHS.

Memoou. Jlo docnidncenns éxaroueno meduuHy dokymenmauyiro 14 nauienmie 3 uyxcopionum misom cmameeoeo
YneHa, aKi nepebyeanu Ha NiKy8aHHi y 8i00ineHHI peKoOHCmpyKmueHoi xipypeii. lemoepaghiuni nokaznuxu, KAiHiuHi cumn-
momu, xXipypeiuni memoou AiKyeanHs ma tiozo pesyavmamu, 6yau nPoaHaniz08aHi.

Pesynomamu. Cepeoniil éix nauiecnHmie Ha Momenm imnaanmayii ckaaeé 36 pokie, mpueasicms HOCMIMAAGHMA-
yitinoeo nepiody cmarnosuna 48 micayis. Iliowkipna in’ekyisn cunixony 6ysa suxopucmana y 7 nayieumie, 6 nayieHmis
He oceidomaeHi, aKuil mamepian 0ye imnaaumosanuil. Juckomgpopm, nocmiiinuil 6ine ma 60ar04UcMb N0 Hac epekuii
Oyau 3aeanvHumu cumnmomamu 'y 42,8% nayienmis. Ycim nayienmam 6ya0 npogedeHo xipypeiune @UciyeHHs 3 HACMYN-
HOM0 HAMUBHOI0 (WKIpa cmamesozo UaeHa) abo HeHamueHo MPAHCNAGHMAYIEI WKIpU, nep8uHHUM 3axpummsm. Ilicas
onepauii 5/7 nayichmie nogidomuau npo NOKPAUWEHHHS CeKCcyaabHe 3a0080AeHHS.

Bucnosku. Y ybomy nogidomaeHHi npodemMoHCmpo8aro 08i epynu 40406iKi6 Pi3H020 8iK, MPUBANICMI0 ROCIIMA-
AAHMayilinoeo nepiody ma, MoOXNCAUE0, Pi3HOI Momugayicto 0o 30inbuienHs cmamegozo yaeHa. Onucati ycKAadHeHHs €
Hacniokom 3ananenns ma pyouie. /logeocmpokoguil pe3yabmam nicas AIKY8aHHs CMamegozo camonovymms 0y8 3a0o-
ginonum. Hezaxonne 30inbuients cmamegoeo uneny, Ak Npaguao, Hebe3neuHo, 00HaK 0451 GCIMAHO0BACHHS NOWUPEHOCI

yiei npakmuku nompioHi macuimaoHi 00CAi0NCeHHS.

Ki1040Bi ciioBa: 36inbuents cmamesoeo unena, 66e0eHHst CUNIKOHY, UYHCOPIOHEe Mino.

Introduction. Despite the general notion that
the practice is common, the actual prevalence of men
who underwent illicit penile augmentation is un-
known. Published prevalence rate are taken mostly
from studies involving a highly specific group of men
[1] (e.g. prisoners, patients in STD clinics, drug abus-
ers), hence does not reflect the population in general.
These men are usually made known to healthcare
when they present with the resultant complications.
Considering the amount of published paper, the prac-
tice appears to dominate in Southeast Asia (90%) [2].
The lack of data concerning illicit penile augmenta-
tion is apparent locally in Malaysia, as the literature
review yielded 4 case reports with a total of 5 patients
[3—6].

The practice varies in its methodology according
to region. More common locally, subdermal injection
of various liquids is performed either to increase the pe-
nile girth or to create a firm irregular surface. It is more
often than not performed by unqualified personnel in a
non-sterile setting, utilizing non-medical grade materi-
als and instruments.

Professor Dr Ahmad Sukari Halim

While there are no reports on the long-term out-
come following surgical treatment for complications
arising from illicit penile augmentation, studies have
demonstrated generally good sexual satisfaction in
adults who have undergone a similar degree of surgical
dissection of the penis in childhood [7]. Numerous en-
couraging factors have been defined in diverse cultures
[2] (e.g. sexual enhancement, bringing luck, group as-
sociation, a symbol of potency), however, none have
been reported in the general Malaysian population.

This article aimed to explore the demographics
of the patient who had illicit penile augmentation, its
complications, surgical methods employed for removal
as well as the long-term outcome following treatment,
specifically on sexual satisfaction.

Methods. Records of all patients presented with a
penile foreign body to the Reconstructive Science Unit,
Hospital Universiti Sains Malaysia from the year 2000
to 2018 was retrieved. Information pertaining to demo-
graphics, as well as the various aspect of augmentation
was recorded in a proforma. Patients were contacted by
telephone, and with explicit verbal consent, were in-
terviewed to assess outcomes following treatment. No
specific tools were used to assess sexual satisfaction; pa-
tients were asked if they were satisfied with their sexual
well-being after implantation and after its removal.

The resulting data were then analyzed using Mi-
crosoft Excel version 16.17.

ashalim@usm.my Results. A total of 14 patients presented with com-
plications following illicit penile augmentation from
the year 2000 to 2018 (Table 1).
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Table 1
Background of patients presenting with complications following penile augmentation
Median (Lowest, Highest) Mean
Age at Presentation, years (min, max) 50 (27,65) 47.5
Age at Implantation, years (min, max) 36 (15,56) 37.0
Duration of Implantation, months 48 (8, 600) 95.7

One patient had a documented long-term follow-
up. Six patients were contactable for an over-the-phone
interview. When the patients are divided into groups
according to the presence or non-presence of co-mor-
bidities, the age distribution follows the expected pat-

tern whereby younger patients tend to be in the healthy
group and older patients tend to be in the morbid group.
However, it is interesting to see that between these 2
groups, the median duration of implantation is mark-
edly different (Table 2).

Table 2
Duration of implantation between healthy and morbid patients
Healthy Patients Morbid Patients
Median Age at Implantation, years
(min, max) 30 (21,56) 48 (15,55)
Median Duration of Implantation, months (min, max) 12 (8,120) 72 (48,600)

All patients in this series had a subdermal injec-

tion of various materials for penile augmentation. In
half of the cases (7 cases), liquid silicone was used

for augmentation. Collagen was used in a single case
and 6 patients did not know what material was used

(Fig. 1).

IMPLANTED MATERIAL

= Silicone
u Collagen

= Unknown

Fig. 1. The material used for penile implantation.

Forty-three percent [6] of the patients complained

of either constant pain, painful erection or discomfort.

scarring each was reported by one patient. Two patients
presented with no symptoms, one seeks removal due to

Ulceration and anatomical distortion were reported in  partner discomfort, and another due to religious view

21% [3] of patients. Migration of injected material and

(Table 3).
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Table 3

Complication Rates

Symptoms Following Implantation % (No. of Cases)
Constant Pain 42.8% (6)
Painful Erection 42.8% (6)
Discomfort 42.8% (6)
Penile Ulceration 21.4% (3)
Anatomical Distortion 21.4% (3)
Extensive Scarring 14.2% (2)
Implant Migration 7.1% (1)
Pain Ejaculation 7.1% (1)
Erect Length shortening 7.1% (1)
Partner Discomfort 7.1% (1)

All patients underwent surgical removal of the of-
fending material. Ten patients had their wound closed

with native (penile) skin full-thickness graft (FTSG)
(Table 4).

Table 4

Surgical Methods and Complication Rates

Excision in combination with:

Post-operative complication

Native skin full-thickness graft (10 patients)

Graft failure in 50% (5)

Distant skin full-thickness graft (2 patients)

Nil

Primary closure (2 patients)

Nil

Two patients had FTSG harvested from a distant
donor site (inguinal region). Remaining 2 patients had
their wound closed primarily. Fifty percent [5] of na-
tive FTSG was complicated with graft failure, of which,
2 patients require repeat surgery with FTSG harvested
from a distant donor site. One patient required repeat
excision of remaining injected material. One patient
developed hematoma following excision requiring sur-
gical exploration.

Eleven patients underwent penile augmentation
with the expectation of having a larger penis. Two pa-
tients underwent augmentation to enhance sexual expe-
rience and in one patient, to reduce wrinkles over penile
skin. Five out of 7 patients claimed improved sexual sat-
isfaction after the excision of the injected material. One
patient complained of erectile dysfunction immediately
following excision, and another reported pre-mature
ejaculation due to allodynia over the grafted area caus-
ing performance anxiety.

Discussion. When sorted into the presence of co-
morbidities or none, the patients in this series form two

very distinct groups of men, especially when a com-
parison is made on the mean duration of implantation.
While it is expected that patients with no co-morbidi-
ties tend to be of a younger age, the mean duration of
implantation is significantly shorter than those in the
middle-aged and older men with co-morbidities. One
explanation for the contrasting duration of implanta-
tion is that, in the background of a conservative culture
and lack of formal sexual education, adventurous young
men may seek penile augmentation out from misper-
ceptions induced via various means. As the outcome of
the augmentation was unsatisfactory, these men seek
early surgical intervention.

While most of the literature [2] including this re-
view described a younger age group at which penile
augmentation was performed, this series also captures
a group of morbid men who had it done in their mid-
dle-age and older; likely due to different reason. As
erectile dysfunction is communal in aging Malaysian
men with co-morbidities [8], these men may have a
certain degree of erectile dysfunction. The avoidance
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to express this concern — a subject of embarrassment,
to their physicians, may have led these men to undergo
illicit penile augmentation with the pretext of “penile
enhancement” to self-treat their condition.

The prevalence of the practice could not be de-
termined in this review as it consists of patients who
presented themselves to the healthcare service and
therefore does not represents the general population.
This review likely only reveals the tip of the iceberg of
men who have had illicit penile augmentation, either
with or without complications. A large-scale screening
program for illicit penile augmentation will not only
gauge the prevalence of the practice accurately, but it
will also open up the possibility to explore the motiva-
tion and concerns of these men while addressing the
concerns and curb this unsafe practice.

The wide range of complications observed in this
series stems from common pathophysiology; inflam-
mation and the scarring that it ensues. While silicone,
the material used in 50% of the patients in this series,
is non-toxic, inert and non-immunogenic, these fea-
tures are only seen in a highly purified form [9]. Addi-
tives in the injected silicone, as well as other materials
used in illicit penile augmentation, triggers an intense
inflammatory response that facilitates its breakdown
and removal from the body. Apart from its cardinal
signs, this intense inflammatory response causes sur-
rounding tissue damage, leading to skin ulcerations.
In its further persistence following acute inflamma-
tion, a dense fibrous capsule is formed by fibroblasts
around the foreign body, causing significant scarring
of the surrounding tissue. This then leads to distortion
and shortening of the penis as well as painful erection.
The role of highly purified, liquid injectable silicone
(LIS) in penile augmentation, however, cannot be dis-
counted. Yacobi et al [10] in 2007 has demonstrated
in 324 subjects, that when performed by trained per-
sonnel, medical-grade LIS can be applied for penile
girth augmentation without any complications in the
first 20 months. It is however by far the only literature
that supports its use, and the long-term outcome has
yet so far remained unknown.

While the placement of incisions and exact tech-
nique of excision varies between patients in this series,
the principles of the surgery remain the same; removal
of the offending material and scar tissue, resurfacing of
ulcerated skin and closure of wound while maintaining
normal penile anatomy. Extensive dissection of scar
tissue and injected materials frequently devitalize the
overlying skin. This devitalized skin is then used as a
full-thickness skin graft (native FTSG) for wound clo-
sure. However, half of the native FTSG in this series
did not take (5 patients). Two of which required sec-
ond surgery with FTSG harvested from a distant donor
site. The poor take rate of native FTSG may be due to
that its normal histology has been distorted by scarring
due to prior inflammatory insult and lost its normal

Related Disciplines

blood supply architecture, preventing it to take by the
means of plasmatic imbibition and capillary inoscula-
tion. It is therefore recommended, from the results of
this study, to harvest a distant FTSG, if required for
wound closure, instead of converting the overlying pe-
nile skin into FTSG which may have been scarred by
chronic inflammation.

Five out of 7 our patients reported satisfactory
outcomes following surgery. This is defined by being
able to perform sexual intercourse satisfactorily, with
adequate erection and free from pain. One patient re-
ported having erectile dysfunction following surgery
— this particular morbid and elderly patient presented
with no symptoms, requesting for excision of the in-
jected material due to religious belief. There is a like-
lihood that in this patient, the perceived penile erec-
tion prior to removal was a result of the augmentation
itself, and that he may have erectile dysfunction long
before the surgery (see discussion on demographics).
A second patient reported allodynia over the grafted
portion of the penis, causing premature c¢jaculation.
This could be treated non-invasively with desensiti-
zation therapy. With further follow-up, the concerns
brought upon by the two dissatisfied patients can po-
tentially be addressed, and therefore surgical removal
of the injected material, followed with wound closure
either primarily or with FTSG harvested from the
distant donor site is recommended for patients who
present with complications following illicit penile
augmentation.

Conclusions. This series demonstrated two
groups of men with distinct age, duration of implant
and possibly differing motivation for penile augmen-
tation. The various complications presented stem
from inflammation and scarring. Distant FTSG do-
nor has a superior take rate as compared to native
FTSG. Long term outcome following treatment on
sexual well-being is generally good. This series adds to
the body of evidence that illicit penile augmentation
is generally unsafe. However, a large-scale screening
study is required to ascertain the prevalence of the
practice.
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Abstract. Pro- and anti-inflammatory cytokines, SLPI and NGAL are involved in anti-
infectious immunity. Studies of these indicators’ role in patients with urinary tract infections
(UTlIs) may determine their significance as diagnostic and prognostic markers in the case of
pyelonephritis and cystitis.

The objective of our study was to investigate plasma and urine cytokines and SLPI levels in
patients with UTIs, determine the features in children and adults.

Materials and methods. ELISA method and related test systems — «Immunotech», «Diaclon»
(France); «DRG» (Germany), «Hycult biotechnology» ((Netherlands) were used to study blood
cytokine levels in 118 adults and 67 children, SLPI levels in the blood and urine in 59 and
58, respectively. NGAL serum levels of 26 adults with acute pyelonephritis (AP) and 30 adults
with chronic pyelonephritis (ChP) were studied using «Human lipocalin-2 / NGAL ELIZA»
(Biovendor, Czech Republik) for NGAL. Comparison groups included 10 healthy donors and
11 patients with acute kidney injury (AKI).

Results. The study showed an increase in pro- (IL-1, -17, -18, -23, TNF-a, MCP- 1) and anti-
inflammatory cytokines (IL-17, TGF-p), SLPI, NGAL in patients with UTI, some features in
the case of chronic cystitis (ChC), AP and ChP. In adults, TNF-a in the blood and urine, IL-17
in the blood was higher in the case of ChC than ChP. The analysis showed a significant increase
in all studied indicators’ levels for AP and ChP in children and adults. The average MCP-1 level
in patients with AP was significantly higher than ChP, whereas TNF-a did not differ. In adults,
IL-18 and IL-23 were highest in the case of AP, and TGF-[3 was the highest in the case of ChP.
MCP-1, IL-23 levels in the blood of adults were higher than in children in the case of AP, and
TNF-a - in the case of ChP. SLPI is involved in the AP pathogenesis and ChP exacerbation.
High SLPI levels have been determined in serum and urine (NGAL in the blood) in patients with
pyelonephritis (NGAL - AP) who can be used, as well as cytokines, as additional diagnostic and
prognostic markers.

Conclusions. High levels of TNF-a, MCP-1, and IL-23 in the blood of adults and children
confirm their important role in both AP and ChP, but MCP-1 can be considered as an AP
predictor/ ChP exacerbation. According to the studied cytokines, adults have a more significant
immune response. The SLPI level is an additional feature for diagnosing and monitoring the
course of pyelonephritis and cystitis.

Keywords: urinary tract infections, pyelonephritis, cytokines, secretory leukocyte protease
inhibitor..
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IIpodins murokiniB i SLPI y aiTeii i nopocux 3 iH(ekiiero ce4oBoi cucTeMu
HepxaBHa yctaHoBa «IHcTUTyT Hedposorii HAMH VYkpainu», M. Kuis, Ykpaina

Pe3stome. IIpo- i npomuzananvui yumoxinu, SLPI i NGAL b6epyms yuacmo 6 npomuingexyiiinomy imynimemi.
Jocaidnucenus poai yux nokasHukie y xeopux Ha ingexyii cenosoi cucmemu (ICC) moxcymo eusHauumu ix 3Ha4eHHs 8
AKocmi 0iaeHOCMUMHUX Ma NPOSHOCMUYHUX MApPKepie y pasi nieaonepumy i yucmumy.

Memoro pobomu 6yn0 docaidumu konyenmpauiro yumoxinie i SLPI y kpogi i ceui nauienmie 3 ICC, suznauumu
ocobausocmeil y dimeii ma 0opocaux.

Mamepiaau i memoou. Imynogpepmenmuuit memod ELISA i 6ionogioni mecm-cucmemu - «Immunotech»,
«Diaclon» (®panyis); «DRG» (Himeuuuna), «Hycult biotechnology» (Hidepaandu) Oyau euxopucmani 04 8UGHeHHS
pienie yumoxinie 6 kposi'y 118 dopocaux i 67 dimeil, pienie SLPI 6 kposi i ceui 6idnosiono, y 59i 58. byau eueueni pieni
NGAL ¢ cuposamui kpoei 26 dopocaux 3 eocmpum (I'Tl) i 30 — xponiunum nieaonegppumom (XII) 3 euxopucmanuam
«Human lipocaline-2 / NGAL ELIZA» (Biovendor, Yexis) oas NGAL, epynu nopisuauna — 10 300posux donopie i 11
nauienmie 3 eocmpum noutkodxcenusm Hupok (I'TIH).

Pesyaomamu. Jocaioncenns nokazano 30invuenus piens npo- (IL-1, -17, -18, -23, TNF-, MCP-1) i npomu-
3ananvuux yumokinie (IL-17, TGF-p), SLPI, NGAL y nauicumig 3 ICC, desiki ocobausocmi y paszi XpoHiuH020 yucmu-
my (XL]), I'll ma XII. ¥ dopocaux TNF-a 6 kpoei i ceui, IL-17 6 kposi 6ye euuie y pazi XL, ninc XI1. Ananiz noxaszas
docmogipHe 30invutents pienie écix eusuenux noxasnukie npu I'll i XIT y dimeii i dopocaux. Cepedniii piseno MCP-1y
nayienmie 3 I'll docmogipro euuie, nine XI1, modi sk TNF-a He giopiznaiomscsa. Y dopocaux IL-18 i IL -23 6yau naileu-
wumu y pasi I'll, a TGF-f - XII. Pieni MCP-1, IL-23 ¢ kpogi y dopocaux 6yau euue, nixc y dimeii y pazi I'll, a TNF-
- XII. SLPI 6epe yuacmo 6 namoeenesi I'll ma 3aeocmpenns XII. Bucokuii pieenv SLPI ecmanoenenuil 6 cuposamui i
ceui (NGAL 6 kposi) y nauiecumie 3 nieaonegppumom (NGAL - I'Tl), sxi moxwcymos 6ymu euxopucmani, K [ Yyumokinu, 6
AKocmi 000amKo8ux diaeHOCMUHHUX | NPOSHOCMUHHUX MapKepie.

Bucnoexu. Bucokuii pieeno TNF-a, MCP-1i IL-23 6 kpogi y dopocaux i dimeii niomeepoicye ix gaxcaugy pons
sk npu AP, mak i npu 1111, ane MCP- 1 moxcna poszeasdamu sk npeduxmop I'll/3aeocmpenns XII. 3a danumu eusuenux
YUMOKiHi8, y 0opocaux ei03Hauerull Oinbut eupaicenuil imyHHy 8ionogios. Pieenv SLPI € dodamkoeoio o3Hakoio 045 dia-

SHOCMUKU | cediceH sl 3a OUHAMIKOR nepebiey nienonegppumy i yucmumy.
KniouoBi ciioBa: inghexyii ceuogoi cucmemu, nicaoneghpum, yumokxinu, cekpemopHuil ineibimop aelikonpomeas.

Background: Cytokines are key factors in the
pathological process, including the urinary system dis-
eases [1-3]. The urinary tract mucous membrane con-
tains numerous protective effector molecules, includ-
ing antimicrobial peptides and protease inhibitors, such
as secretory leukocyte inhibitors (SLPIs), produced by
mucous cells, macrophages and neutrophils, which help
protect against elastases that are secreted by activated
neutrophils and have antibacterial anti-inflammatory
properties [5-6]. Plasma and urine cytokines and SLPI
levels in patients with chronic urinary tract infections,
including cystitis and pyelonephritis, can play a signifi-
cant role in the disease pathogenesis.

Animal tests have shown that NGAL (neutrophil
gelatinase-associated lipocalin) is one of the earliest

Victoria Driianska
victoriadriyanskaya@gmail.com

proteins that are induced in the kidney during ischemic
or nephrotoxic stress. It can take part in antibacterial
protection due to binding to bacterial siderophores.
NGAL is produced by immunocompetent cells, tubule
cells, hepatocytes, etc.

The objective of our study was to investigate the
cytokines and SLPI levels’ features as urinary tract in-
fections’ (UTIs) immunogenesis participants in chil-
dren (average age 7.4 £ 0.6) and adults (average age
36.5 £ 8.2); serum NGAL levels in patients with acute
(AP) and chronic pyelonephritis (ChP) and their cor-
relation with pro-inflammatory TNF-a.

Methods: IL-1pB, -17, -18, -23, TNF-a, MCP-1,
TGF- levels in the peripheral blood of 12 adult pa-
tients with chronic cystitis - group 1 (gr), 55 patients
with chronic pyelonephritis (2 gr) and 51 patients with
acute pyelonephritis (3 gr) were determined by ELISA
using SunRise TouchScreen (“Immunotech”, “Dia-
clon” (France); “DRG” (Germany). Blood and urine
SLPI levels were determined in 12 patients of 1 gr,
30 -2 grand 17 - 3 gr using “Hycult biotechnology” for
Human SLPI (Netherlands).
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MCP-1,IL-23, TNF-aperipheralblood levelswere
evaluated in 35 children with chronic pyelonephritis
(2nd gr) and in 32 children with acute pyelonephritis
(3rd gr). Blood and urine SLPI levels were assessed in
26 children with ChP in remission (group I) and in 12
patients with ChP in the acute stage (group II), as well
as in 20 patients with AP (group III). Normal levels of
cytokines and SLPI were determined by examining 25
healthy adults and 10 children.

There were studied the NGAL levels in the blood
serum of 26 adults with acute (group 1) and 30 with
chronic pyelonephritis (group 2). As the control group
was used 10 healthy donors and 11 patients with acute
kidney injury (AKI) prerenal, renal and postrenal gen-
esis in the oliguric stage and diuresis restoration stage
(polyuric). It was used ELIZA and “Human lipocal-
in-2/NGAL ELIZA” (Biovendor, Czech Republik) for
NGAL. Statistical analysis was performed with SPSS
for windows 11,0 software package.

Serum NGAL levels were studied in 26 adults with
acute (group 1) and 30 with chronic pyelonephritis
(group 2). As a control group, we examined 10 healthy

donors and 11 patients with acute kidney injury (AKI)
of prerenal, renal and postrenal genesis in the oliguria
stage and the diuresis (polyuria) restoration stage. ELI-
ZA and “Human lipocalin-2 / NGAL ELIZA” (Bio-
vendor, Czech Republik) for NGAL were used to deter-
mine NGAL. Statistical analysis was performed using
SPSS for the Windows 11.0 software package.

Results: Patients with chronic UTIs in both groups
showed a high level of cytokines compared to normal
healthy donors (p <0.05). Serum TNF-a levels were
higher in group 1 - 119.6 = 6.5 compared with group
2 - 86.5 = 2.0 pg/ml (p <0.05), urine levels in the Ist
group exceeded levels in the 2nd group in 3 times
(p <0.001). Serum IL-17 levels were also higher in the
Ist group - 145.5 + 2.0 versus 113.7 = 3.1 in the 2nd
group (p <0.05). IL-1, MCP-1, TGF- B did not differ
between group 1 and group 2 (P> 0.05), although they
exceeded normal levels.

When comparing group 2 and group 3, MCP-1 (p
<0.001), IL-18 (p = 0.038) and IL-23 (p = 0.028) were
the highest in the acute process and TGF- - in case of
ChP (p = 0.004) (fig. 1).

-

~

Pg/ml *

&

* - the difference with the norm is significant; * - 2-3 gr difference is significant.

Fig. 1. T Median levels of pro (MCP-1, 1L-18, IL-23) and anti-inflammatory (TGF-) cytokines in the serum
of patients with acute and chronic pyelonephritis.

The individual analysis showed that the MCP-1
level was higher than 350 pg/ml in 74% of patients with
AP, while in 4.8% (p <0.001) of patients with ChP ex-
acerbation.

The difference between group 2 and group 3 in the
IL-1 (p = 0.774), TNF-a (p = 0.269) and IL-17 (p =
0.905) median levels is not significant (Table 1).

Table 1
Median serum cytokine levels in patients and healthy donors
Indication (pg/ml) Healthy donors Patients with AP Patients with ChP P3-2 P4-2 P3-4
1L-1 94.4+8.1 210.2+31.0 124.1+4.4 p<0.001 | p<0.001 |p=0.774
TNF-a 22.4[19.0;24.0] | 56.1[35.3;95.6] 73.9[57.4;92.3] |p<0.001 |p<0.001 |p=0.269
IL-17 68.2137.9;90.9] |121.3[94.2;163.5] | 114.2[89.2;37.9] |p<0.001 |p<0.001 | p=0.905
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In children with AP, MCP-1 significantly exceed-
ed the level with ChP (p = 0.002), whereas for TNF-a
(p = 0.562) and 1L-23 (p = 0.339), this difference was
not significant.

It was important to conduct a comparative analy-
sis of indicators in children and adults, noting that there

were no differences between healthy people of these age
groups. Studies have shown higher levels of MCP-1 (p
<0.001) and IL-23 (p = 0.039) in adults with AP; there
was no significant difference depending on age with ChP
- respectively, p = 0.758 and p = 0.805 (Fig. 2); the mean
values of TNF-a in these groups do not differ (p=0.05).

-~

~

M children

M adults

N

* - AP-ChP differences are significant

Fig. 2. Median serum levels of MCP-1 and IL-23 in children and adults with AP and ChP

The SLPI level in the urine of adults from group 1
was higher (4171 % 225 pg/ml) than in group 2 (1857 %
203) (p <0.05). Serum SLPI levels of group 1 (2052 +
378) and group 2 (2240 + 178) were higher than normal
(1181 % 76) (Fig. 3), but did not differ between groups
(P> 0.05).

The SLPI level was significantly increased in both
forms of pyelonephritis (p <0.001), but these values
in the urine with AP were significantly higher (in 2.5
times, p <0.001) than in the case of ChP; in these pa-
tients’ blood, an upward trend was revealed (p = 0.066)
(Fig. 3).

~

\

Pg/ml

-

*

- The difference with the norm is significant; * - difference 2-3 gr is significant

Fig. 3. Median serum SLPI levels in adults with AP and ChP compared with healthy donors
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Statistically significant differences were noted
between the SLPI concentration in children with AP
(3454.7 [2911.0; 3740.9] in the blood and 150.7 [55.7;
316.0] in the urine) and ChP (3263, 9 [2395, 9; 3483.3]
in the blood and 81.8 [40.0; 194.0] in the urine); and

also when comparing values during exacerbation
(3235.3[2314.8; 3554.9] and 178, 6 [48.8; 449.7]) and
in remission (3397.5 [2677.3; 3421.3] and 81.0 [36.4;
170.7]) in patients with chronic kidney inflammation
(Table 2).

Table 2
Serum and urine SLPI levels (pg/ml) in healthy children and patients of I-1II groups
Groups Mediana (pg/ml) 25% 75% Min. Max.
Igr blood 3397,5* 2677,3 3421,3 2395,9 4012,7
urine 81,0* 36,4 170,7 0,7 4532
Mg blood 3235,3* 2314,8 35549 1099,5 4327,5
urine 178,6* 48,8 449.7 26,8 750,8
I gr blood 3454,7* 2911 3740,9 1099,5 4327,5
urine 150,7* 55,7 316 24,6 750,8
Healthy donors blood 1741 1618 1874 929,6 1966
urine 35,6 23,5 40,8 13,8 45,1

*p<0,05 with N, p1-1I, II-III, I-1II > 0,05

There is a correlation between the SLPI concen-
tration and the number of lymphocytes in the peripher-
al blood (p <0.05) in patients with AP (rK = 0.605) and
with ChP in the acute stage. A correlation was found
between SLPI levels in blood and IL-17, TGF-§ (Tau
= 0.527, p = 0.03) in adults of 2nd group; other rela-
tions in all groups between IL-1B, -18, -23, TNF-a,
MCP-1, as well as in all groups in children between
pro-inflammatory IL-23 and MCP-1 and SLPI were
not significant (p> 0, 05).

The median NGAL level exceeded the norm by 1.5
times in 56 adult patients with kidney infection: 17.8
[14.4; 22.4] and 13.2 [10.7; 18.4] ng / ml (p = 0.032).
In group 3, NGAL was significantly higher than normal
- 21.2 [13.3; 23.8] (p = 0.027), and in the 2nd group
there was only a tendency to increase - 17.6 [14.4; 20.0]
ng / ml (p = 0.072). There was no significant differ-
ence between the two groups (p = 0.223). Compared
to the group with acute kidney injury (AKI), NGAL
levels were lower in comparison with patients not only
from the 2nd group (p = 0.006) but from the 3rd group
(p = 0.010), too. There was no correlation between the
NGAL and TNF-a levels in any group (p> 0.05).

Discussion. It is known that the inflammation pro-
cess is regulated by two types of biologically active sub-
stances, some initiate and support inflammation, others
reduce the severity of the process. In the early inflam-
matory process stages, the cytokine complex provides
a common mechanism of process progression, which
does not depend on the damaging agent nature [1, 4, 7].
Within a few hours after exposure to pathogens, tissue
macrophages trigger the synthesis of pro-inflammatory
cytokines (IL-1, TNF-a, etc.) in the focus of inflam-
mation. They are the cause of many local and systemic
changes in the acute inflammatory response develop-

ment. A complex of local protective responses is acti-
vated under their action, involving almost all types of
inflammatory effector cells to eliminate the pathogen
and restore the damaged tissue integrity [7]. Therefore,
the results of pro (IL-1, TNF-a, MCP-1 IL-17, and
IL-23) and anti-inflammatory (TGF-B, IL-17) cyto-
kine analysis are of scientific and practical interest.

Our studies showed that TNF-a in the blood and
urine, IL-17 in the blood was higher in patients with
chronic cystitis compared with patients with kidney
inflammation. High levels of SLPI (> 3200 pg/ml) in
urine were detected in the presence of cystitis. That is,
cytokines and SLPIs play an important role in the blad-
der mucosa immunity and antibacterial immunity while
the urinary system chronic infections.

We showed a significant increase in the median
levels of pro-inflammatory cytokines TNF-a, MCP-1
and IL-23 in the blood of patients with AP and ChP,
both adults and children. The MCP-1 (also 1L-23 in
adults) level with AP is significantly higher than with
ChP, while TNF-a is not different.

This can be explained by the known MCP-1 bio-
logical effects and its role in inflammation. So, MCP-1
is one of the key chemokines that regulate monocyte/
macrophage migration and infiltration. It is produced
by many types of cells, including, in addition to mono-
cytes and macrophages, mast cells, T and B lympho-
cytes, osteo- and fibroblasts, astro- and melanocytes,
stellate liver cells, endothelial cells, renal epithelium,
mesangial cells, etc. MCP-1 synthesis is induced by
lipopolysaccharides, interleukins (-1, -4, -6), TNF-a,
IFN-y [8]. High production of MCP-1, as well as other
pro-inflammatory mediators, promotes the develop-
ment of cell apoptosis, necrosis and the inflammation
progression [9].
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High levels of TNF-a, MCP-1 and IL-23 in the
blood in adults and children confirm their important
role in both AP and ChP, but MCP-1 can be consid-
ered as an indicator of acute / exacerbation of chronic
pyelonephritis [10, 11].

High production of pro-inflammatory mediators is
a normal immune system response to bacterial antigens,
but the investigated cytokines can exacerbate the patho-
genic effect by stimulating the profibrogenic TGF-p se-
cretion (this growth factor was highest in patients with
ChP). Nephrosclerosis development is influenced by
cell apoptosis, which can be an additional risk factor for
immunodeficiency development, as well as renal failure
in chronic inflammation [5, 7, 9]. According to the in-
vestigated cytokines, a more evident immune response
is observed in adults.

The study showed that serum SLPIs were higher in
patients compared to normal and the highest in group
3, with a significant difference from patients in group 1
and group 2, whose indications were above normal but
not different from each other (P > 0.05). Patient uri-
nary SLPI was also higher than normal. High levels of
SLPI in the urine confirm the diagnosis of cystitis and
play an important role in the bladder mucosa immune
response.

In recent years, it has been of interest to study
such an indicator as NGAL, an increase in which in the
blood and urine correlates with early renal dysfunction.
NGAL is produced by immunocompetent cells, hepa-
tocytes, renal tubule cells, and others with ischemic or

References:

nephrotoxic stress, and can also participate in protec-
tion against bacterial infections by interacting with mi-
crobial siderophores [12].

Conclusions. Our investigation showed that serum
NGAL levels were highest in patients with AP. This fact
may confirm that renal dysfunction is more severe in
acute kidney inflammation (not associated with high
levels of TNF-a). Despite lower serum NGAL levels
compared with acute renal failure, these data can be
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verity in patients with pyelonephritis.

Disclosure Statement. The authors declare no
conflict of interest

Authors contributions.

M. Kolesnyk: management of the research.

V. Driianska: analyzed and interpreted the im-
munologic data, was a major contributor in writing the
manuscript.

N. Stepanova: analyzed and interpreted the data
of patients.

0. Lavrenchuk: analyzed and interpreted the im-
munological data of children.

1. Bagdasarova: analyzed and interpreted the
clinical data of children.

T. Poroshina: performed the immunological
examination (SLPI, NGAL) in the blood samples.

V. Holod: performed the immunological examina-
tion (cytokines) in the blood samples.

1. Korenkov D.G., Paviov A.L. Cytokines in the diag- 5. Spencer JD, Schwaderer AL, Becknell B, Watson
nosis of the severity of the active phase of chronic J, Hains DS. The innate immune response during
pyelonephritis. Herald Urology. 2017; 5(3): 14-21. urinary tract infection and pyelonephritis. Pediatr
[In Russian]. DOI:10.21886/2306-6424-2017-5-3- Nephrol.  2014;29(7):1139-49. doi: 10.1007/
14-21. s00467-013-2513-9.

2. Nurtudinova G.M. Urovni provospalitel’nykh tsi- 6. Scherberich J.E., Hartinger A. Impact of Toll-
tokinov u bol’nykh khronicheskim pielonefritom i like receptor signalling on urinary tract infec-
ikh izmeneniya pri kompleksnoi terapii s primen- tion. Int J Antimicrob Agents. 2008;31(1):9—14.
eniem immunomodulyatora likopida [dissertation]. doi:10.1016/j.ijantimicag.2007.07.032.

Ufa; 2004. [In Russian]. Available from: http:// 7. Sereprennikova S. The influence of cytokines on the
medical-diss.com/medicina/urovni-provospalitel- cells of the focus of inflammation. Problems and
nyh-tsitokinov-u-bolnyh-hronicheskim-pielonef- Prospects of Modern Science. 2009;2(1):1-4. [In
ritom-i-ih-izmeneniya-pri-kompleksnoy-terapii- Russian]. http://tele-conf.ru/sborniki-nauchnyih-
s-primenen#ixzz5gNptUhal. trudov/sbornik-nauchnyih-trudov-problemyi-i-

3. Kudryasheva I.P., Ospel’nikova T.P., Ershov F.I. perspektivyi-sovremennoy-nauki-2009-god-tom-
Dinamika pokazatelei tsitokinovogo profilya pri 2-vyipusk-1.html.
khronicheskom pielonefrite. Klinicheskaya ne- 8 Schekorova A. Monocytic chemotattractant pro-
frologiya. 2012. 4: 39-41. [In Russian]. Available tein-1, phagocytosis, markers of endothelial dys-
from: https://lib.medvestnik.ru/articles/ function and fibrosis in chronic hepatitis and liver
Dinamika-pokazatelei-citokinovogo-profilya-pri- cirrhosis. Modern problems of science and educa-
hronicheskom-pielonefrite.html. tion. 2011;5:17-23. [In Russian].

4. Nickavar A., Safaeian B., Valavi E. Evaluation and 9 peshmane SL, Kremlev S, Amini S, Sawaya BE.
Comparison of Urinary Cytokines for the Diagnosis Monocyte chemoattractant protein-1 (MCP-
of Acute Pyelonephritis. Arch Pediatr Infect Dis. 1): an overview. J Interferon Cytokine Res. 2009
2016. 4(4): 1-4. DOI:10.5812/pedinfect.38877. Jun;29(6):313-26. doi: 10.1089/jir.2008.0027.

18 OpUriHOABHI HOYKOBI POBOTU YKPAIHCBbKMIN XYPHOA HEPROAOTIT Ta Aianizy N21 (65) 2020


https://cyberleninka.ru/article/n/tsitokiny-v-opredelenii-tyazhesti-aktivnoy-fazy-hronicheskogo-pielonefrita/viewer
https://cyberleninka.ru/article/n/tsitokiny-v-opredelenii-tyazhesti-aktivnoy-fazy-hronicheskogo-pielonefrita/viewer
https://cyberleninka.ru/article/n/tsitokiny-v-opredelenii-tyazhesti-aktivnoy-fazy-hronicheskogo-pielonefrita/viewer
https://cyberleninka.ru/article/n/tsitokiny-v-opredelenii-tyazhesti-aktivnoy-fazy-hronicheskogo-pielonefrita/viewer
https://cyberleninka.ru/article/n/tsitokiny-v-opredelenii-tyazhesti-aktivnoy-fazy-hronicheskogo-pielonefrita/viewer
http://pedinfect.com/en/articles/20324.html
http://pedinfect.com/en/articles/20324.html
http://pedinfect.com/en/articles/20324.html
http://pedinfect.com/en/articles/20324.html
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3800267/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3800267/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3800267/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3800267/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3800267/
https://www.sciencedirect.com/science/article/abs/pii/S0924857907003809?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0924857907003809?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0924857907003809?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0924857907003809?via%3Dihub
http://tele-conf.ru/sborniki-nauchnyih-trudov/sbornik-nauchnyih-trudov-problemyi-i-perspektivyi-sovremennoy-nauki-2009-god-tom-2-vyipusk-1.html
http://tele-conf.ru/sborniki-nauchnyih-trudov/sbornik-nauchnyih-trudov-problemyi-i-perspektivyi-sovremennoy-nauki-2009-god-tom-2-vyipusk-1.html
http://tele-conf.ru/sborniki-nauchnyih-trudov/sbornik-nauchnyih-trudov-problemyi-i-perspektivyi-sovremennoy-nauki-2009-god-tom-2-vyipusk-1.html
http://tele-conf.ru/sborniki-nauchnyih-trudov/sbornik-nauchnyih-trudov-problemyi-i-perspektivyi-sovremennoy-nauki-2009-god-tom-2-vyipusk-1.html
http://tele-conf.ru/sborniki-nauchnyih-trudov/sbornik-nauchnyih-trudov-problemyi-i-perspektivyi-sovremennoy-nauki-2009-god-tom-2-vyipusk-1.html
http://tele-conf.ru/sborniki-nauchnyih-trudov/sbornik-nauchnyih-trudov-problemyi-i-perspektivyi-sovremennoy-nauki-2009-god-tom-2-vyipusk-1.html
http://tele-conf.ru/sborniki-nauchnyih-trudov/sbornik-nauchnyih-trudov-problemyi-i-perspektivyi-sovremennoy-nauki-2009-god-tom-2-vyipusk-1.html
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2755091/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2755091/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2755091/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2755091/

Ukrainian Journal of Nephrology and Dialysis, 1 (65)2020

Original Papers

10. Gaiseniuk FZ, Driianskaia VE, Drannik GN,

11.

Rudenko M1u, Lavrenchuk OV, Stepanova NM, et al.
Proinflammatory cytokines in patients with pyelo-
nephritis. Lik Sprava. 2013;(6):32-7. [In Russian].
Stepanova NM, Driianska VE, Korol LV, Mihal
LYa, Savchenko VS. The effects of gut indig-
enous microbiota on intensity of oxidative
stress and the cytokine immunity in women

12.

with recurrent pyelonephritis. Medicni
pektivi.  2018;18(XXIII/1;partl):129-135.
10.26641/2307-0404.2018.1(part 1).127251.
Velkov V. NGAL (Lipokalin-2) - “renal troponin”,
an early marker of acute kidney damage: impor-
tance for nephrology and cardiac surgery. Lab. di-
agnostics. 2012;1(59):42-57. [In Russian].

pers-
doi.:

YKPATHCBKUIN XXYPHOA HEPPOAOTT TO Aiaaidy N21 (65) 2020

OpUriHOABHI HOYKOBI POBOTU 19


https://www.ncbi.nlm.nih.gov/pubmed/25510086
https://www.ncbi.nlm.nih.gov/pubmed/25510086
https://www.ncbi.nlm.nih.gov/pubmed/25510086
https://www.ncbi.nlm.nih.gov/pubmed/25510086
http://medpers.dsma.dp.ua/issues/2018/N1part1/129-135.pdf
http://medpers.dsma.dp.ua/issues/2018/N1part1/129-135.pdf
http://medpers.dsma.dp.ua/issues/2018/N1part1/129-135.pdf
http://medpers.dsma.dp.ua/issues/2018/N1part1/129-135.pdf
http://medpers.dsma.dp.ua/issues/2018/N1part1/129-135.pdf
http://medpers.dsma.dp.ua/issues/2018/N1part1/129-135.pdf
http://medpers.dsma.dp.ua/issues/2018/N1part1/129-135.pdf

Original Papers

Ukrainian Journal of Nephrology and Dialysis, 1 (65)2020

Related Disciplines

~alan
\é’b\“‘ JO(/,
S

\e\)

Ukrainian Journal of Nephrology and Dialysis
Scientific and Practical, Medical Journal

= 0 Founders:

© \1 $ .. . :

'%, 3 + State Institution «Institute of Nephrology NAMS of Ukraine»

o,
/°gy and » National Kidney Foundation of Ukraine
ISSN 2304-0238;
eISSN 2616-7352 Journal homepage: https://ukrjnd.com.ua
Research Article M. Kuru', Z. Talat?, M. S. Sager®, C. Demirdag®

doi: 10.31450/ukrjnd.1(65).2020.04

Technetium-99m-MIBI-SPECT for prostate cancer diagnosis

"Yeditepe University Medical Faculty Hospital, Department of Urology, Istanbul,
Turkey

*Gayrettepe Florence Nightingale Hospital, Istanbul, Turkey

3Istanbul University Cerrahpasa Medical Faculty, Istanbul, Turkey

Citation:

Article history:

Received December 27, 2019

Received in revised form
January 07, 2020

Accepted January 24, 2020

Kuru M, Talat Z, Sager MS, Demirdag C. Technetium-99m-MIBI-SPECT for
prostate cancer diagnosis. Ukr J Nephr Dial. 2020;1(65):20-28. doi: 10.31450/
ukrind.1(65).2020.04

Abstract. The gold standard method for prostate cancer diagnosis is a transrectal
ultrasonography-guided prostate biopsy. The detection rate of prostate cancer using the
biopsy is approximately 25-30%. A non-invasive method Technetium-99m methoxy-
isobutyl-isonitrile single-photon emission computed tomography (technetium-99m-MIBI-
SPECT) could be used in prostate cancer detected.
The study aimed to try to show that Tc99m-MIBI-SPECT, which is performed as a non-
invasive method before biopsy in patients with prostate biopsy indication, may prevent
unnecessary biopsy among these patients.
Methods. Fifty-six patients who were admitted to our clinic for any lower urinary tract
symptoms or routine control and who had a digital rectal examination or PSA value
indication for prostate biopsy were included in this retrospective study. Technetium-99m-
MIBI-SPECT our patients before the biopsy was performed, radiopharmaceutical uptake
by the intensity and localization of the prostate was detected. Technetium-99m-MIBI-
SPECT localization and intensity of involvement by prostate biopsy results were evaluated
by nuclear medicine specialists.
Results. The patients’ age and PSA level were 62.8 (31-78) years and 11.3 (2.5-100) ng/
ml, respectively. Prostate cancer was detected in 27/56 (48.2%) patients. The suspicious
diagnosis in technetium-99m-MIBI-SPECT images was observed in 36/56 (64.3%)
patients, but prostate cancer was detected in 20 of them only. The sensitivity and specificity
of technetium-99m-MIBI-SPECT were 74% and 45%, respectively. The positive and
negative predictive values were 55% and 45% respectively. The diagnostic value of
technetium-99m-MIBI-SPECT methods was considered as 58%.
Conclusion: The technetium-99m-MIBI-SPECT method in this study had low sensitivity
and specificity for prostate cancer diagnosis. Therefore, we came to the conclusion that
technetium-99m-MIBI-SPECT cannot be an alternative diagnostic method.
Key words: diagnostic method, prostate cancer, technetium-99m-MIBI-SPECT, prostate
biopsy.
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Onnodgortonna emiciiftHa KoM’ 1oTepHa ToMorpadis y giarHocTuii paky
nepeaMixypoBoi 3271031
'"Mennunmnii pakysneTeT yHiBepcureTy €nitene, kadeapa yposorii, Ctamoyn, Typeuyunna
2@nopenc Haitrinreiin Taiiperrene xiinika, Ctamoyn, TypedyunHa
SMemnunnii dpakyiasrer CtamMOybCcbKoro yHiBepcuteTy Ceppaxiiamia, TypeqyunHa

Pestome. 3010mum cmandapmuum diaeHocmuku paky nepeomixypoeoi 3a103u 86aNCAEMbC MPAHCPEKMANbHA
obioncis npocmamu. Yacmoma diaeHocmuku paky nepeomixypoeoi 3a103u 3a 0onomoeor bioncii cmanosums npuOAU3HO
25-30%. Oonogpomonna emiciiina komn romepua momoepagis (ODPEKT) 6ynra 3anpononosana y skocmi anbmepHamug-
Ho20 Memody diaeHOCMUKU.

Memoio docnidncenns 6yno eusnavumu diaenocmuyry 3nauyuwicmo ODPEKT y nayienmis i3 nokazannsamu 0o 6io-
ncii npocmamu.

Memoou. Jlo yboeo pempocnekmuerozo docaiddiceHHs 0YA0 BKAOYEHO n’amdecam wicmb NAYIEHMIE 3 CUMAMO-
MaMUu HUMCHIX ce408UBIOHUX wiasxie abo nidsuuennsm PSA, wo 6ys0 nokaszannsm do 6ioncii npocmamu. ODPEKT 3
surxopucmannam Texueyiro-99m nposoduau do dioncii npocmamu. DPaxieui A0epHoi MeOuUUHU OYIHIOBANU NOKANIZAUIIO
padio ghapmnpenapamy ma iHmMeHCUBHICMb 3ANYUeHHS.

Pesynvmamu. Bix nayienmie ma pisenvs PSA cknanu 62,8 (31-78) pokie ma 11,3 (2,5-100) ne/ma, 6ionogio-
Ho. Pak nepedmixypoeoi 3anr03u 6ye euseaenuii y 27/56 (48,2%) nayienmis. 3a donomoeoro ODPEKT diaenos paxy 6ys
ecmanogaenuil y 36/56 (64,3%) nauicumie, npome niomeepoxcenuii auwe y 20 3 nux. Yymausicms ma cneyugivnicms
ODEKT cknanu 74% ma 45%, eionogiono. Ilozumuena ma Heeamuera npoeHOCMUMHA 3HAYYUICIb CKAAAU 8ION0GIOHO

55% ma 45%. diaenocmuuna yinnicms OPEKT y diaenocmuui paxky npocmamu ckaana 58%.
Bucnoexu. ODPEKT npodemoncmpyeas Hu3bKy 0iaeHOCHMUYHY 3HAYYWICMb Ma He MoJice OYmu anbmepHAMUSHUM

Memodom diaeHOCMUKU paKy nedemixypoeoi 3a103u.

Kiro4o0Bi ciioBa: pax nepeomixypoeoi 3anro3u, diaznocmuxa, 00HOOMOHHA eMiCiliHa KOoMN 1omepHa momoepa-

¢his, Gioncis npocmamu.

Introduction. According to the United States data,
prostate cancer is the first in the male population with a
rate of 29% among new cases of cancer each year. It is
the second most common cause of cancer deaths after
lung cancer with 9%. The lifetime risk of prostate can-
cer is high with 16.8% [1]. The incidence in Turkey was
reported to be 19 per 100,000 according to 2009 data
[2]. The incidence of prostate cancer has risen by about
1.7% since 1995, while the mortality rate has continued
to decline by 4% per year since 1994. This situation is
attributed to the increase in early diagnosis and treat-
ment [3].

The risk of having prostate cancer is 30-50% in au-
topsy studies of men over 50 who die for any reason and
reaches 80% over 80 years of age [4].

Geographical factors are an important reason for
the emergence and progression of prostate cancer.
The difference in the region of residence changes the

Murat Kuru
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risk significantly. In addition, the presence of prostate
cancer in first-degree relatives causes the incidence
to be higher than other types of cancer (such as lung,
colorectal, breast) [5].

The diagnosis of prostate cancer generally presents
with 5 different clinical conditions: 1) during the mass
screening studies, 2) as a result of an examination, 3) bi-
opsies performed on patients who go to the doctor for any
urinary complaints (manifest prostate cancer), 4) in case
of incidental detection of TUR-P operation due to BPH
(incidental prostate cancer), 5) as a result of investigating
the primary tumor of patients with metastatic cancer and
in the case of autopsy in latent subjects [6].

Today, digital rectal examination (DRE), serum
prostate-specific antigen (PSA) level, transrectal ul-
trasonography (TRUS) and biopsy (TRUS-Bx) are the
main tools to detect prostate cancer in the early period.
However, because of their low specificity, the search
for more specific imaging techniques in the diagnosis
of prostate cancer continues. The exact uptake mecha-
nism of Tc99m-MIBI (2-methoxy isobutyl isonitrile)
is unknown, but Tc99m-MIBI passes through cellular
and mitochondrial membranes with passive diffusion
depending on the electronegative membrane potential
and lipophilicity. Therefore, it can only accumulate in
the intact cell [7, 8].
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Tc99m-MIBI-SPECT has previously been studied
especially in lung cancer and endocrine cancers (thy-
roid, parathyroid). However, it has found its place in
studies on coronary artery diseases.

The success rate of prostate biopsy is about 25-30%
in different studies. Therefore, a prostate biopsy is neg-
ative in approximately 70% of patients.

The study aimed to try to show that Tc99m-MIBI-
SPECT, which is performed as a non-invasive method
before biopsy in patients with prostate biopsy indica-
tion, may prevent unnecessary biopsy among these pa-
tients.

Methods. This retrospective study performed af-
ter obtaining Istanbul University Cerrahpasa Medical
Faculty Clinical Research Ethics Committee approval.
Informed written consent was taken from all included
patients.

Fifty-six patients who were admitted to our clinic
for any lower urinary tract symptoms or routine con-
trol and who had a digital rectal examination or PSA
value indication for prostate biopsy were included in the
study. None of the patients had been previously diag-
nosed with prostate cancer.

Before the biopsy, Tc99m-MIBI-SPECT was per-
formed to determine the involvement and localization
of the radiopharmaceutical agent by the prostate. The
severity of involvement was determined by scoring be-
tween 0-4 (Table 1).

Table 1
Tc99m-MIBI uptake severity

The scores Definitions
0 No involvement
1 Very Low
2 Low
3 Medium
4 High

Tc99m-MIBI-SPECT images were evaluated
for the right, left and bilateral prostate gland in terms
of localization of involvement. Technetium-99m me-
thoxy-isobutyl isonitrile (Tc-99m MIBI, Sestamibi) is
a lipophilic monovalent cation used primarily in myo-
cardial perfusion studies. Due to the negative and lipid
structure of membrane potentials, it passes through the
plasma and mitochondrial membranes by passive dif-
fusion and is kept in the mitochondria significantly
within the cell. Tc-99m MIBI is not metabolized in
vivo and 27% is excreted in the urinary tract in 24 hours
and 37% in the fecal route in 48 hours. In our study,
radiopharmaceuticals labeled with the Tc-99m-linked
MIBI kit, which can also be used as a tumor agent, were
used. Although it varies according to weight, an aver-
age of 20 mCi Tc-99m MIBI was given intravenously.
Early SPECT imaging was performed after 15 minutes

and late SPECT imaging was performed in 120 minutes.
SPECT imaging was obtained using the POSITRON
branded Nucline SPRIT MODEL DH (Dual Head)
gamma camera.

It is programmed in 64 * 64 * 16 matrix size and
LEHR (Low Energy High Resolution) collimator is
used. The zoom factor is set to full field. SPECT images
were taken with 128 images and 20 seconds per frame
and 3600 rotations in the bladder region. Images were
performed when the bladder was full in the 15th min-
ute and the bladder was empty in the 120th minute. The
same shooting parameters were used for the 15th min-
ute and 120th-minute images.

The images were processed using the interview XP
program. First of all, SPECT images were checked in
terms of motion artifact with the help of a sonogram.
The projection data were reconstructed by applying
the back-projection method. During this process, the
MOSEM MAMMA subfilter was applied to the raw im-
ages in order to improve the image quality and mini-
mize the noise artifacts. The cut off value was 0.25 and
the order value was 10. The images obtained as a result
of the process were examined in 3D and evaluated com-
paratively in transverse, sagittal and coronal sections.

Urine culture was performed before the biopsy
and the patients with positive urine culture were given
appropriate antibiotic treatment according to culture
antibiogram. TRUS-guided prostate biopsy was per-
formed in patients with a sterile control urine culture.
Ciprofloxacin prophylaxis was started in patients who
had a negative urine culture 1 day before biopsy.

Patients receiving any of the antiaggregant/anti-
thrombotic treatments that increased the tendency to
bleed for cardiovascular or neurological reasons were
consulted with the necessary clinic. Antiaggregant /
antithrombotic therapy was discontinued and alterna-
tively, low molecular weight heparin was given. Pro-
thrombin time, aPTT and INR were followed up and
biopsies were performed for patients who were not at
risk for bleeding.

Transrectal ultrasound with a biplanar 7.5MHz
probe was used. The patients were examined in the left
lateral decubitus position, while the knees and hips
were bent at 90 degrees and the prostate gland was ex-
amined in the sagittal and transverse axis. Total prostate
volume (PV) was calculated in all cases with prostate
ellipse formula (volum = 0.52 * length * width * height).
Local anesthesia was provided to the periprostatic area
by transrectal ultrasound-guided lidocaine injection be-
fore the biopsy.

The patients underwent transrectal ultrasound-
guided prostate biopsy. The biopsy was taken from 12
foci as standard in 32 patients with prostate volume be-
low 40 cc, and 13-20 biopsies were taken from 9 pa-
tients with prostate volume above 40 cc. Twenty-eight
saturation biopsies, including the transitional zone,
were obtained from 12 patients who had previously un-
dergone prostate biopsy and had no evidence of prostate
cancer. Six focal biopsies were obtained from 3 patients
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with total PSA values above 15 ng/mL and with stiffness
or nodules in the digital rectal examination.

Rectal examination, prostate biopsy results and
Tc99Im-MIBI-SPECT results were evaluated together.
Length, localization, number of foci and Gleason score
of the foci diagnosed with prostate cancer were record-
ed. In Tc99m-MIBI-SPECT, localization and severity
of involvement of the radiopharmaceutical agent by the
prostate gland were evaluated.

After the examination, the patients were divided
into three groups according to PSA values. The first
group consisted of patients with PSA values of 4 ng/ml
and below, the second group consisted of patients with
PSA values between 4-10 ng/ml, and the third group
consisted of patients with PSA values above 10 ng/ml.

Related Disciplines

For the statistical analysis, we used the nonpara-
metric Mann-Whitney test and ROC analysis. Cat-
egorical variables were expressed as proportions, and,
chi-square tests were used for comparison of 2 groups.
McNemar’s test was used for paired nominal data.

Results. Tc99m-MIBI-SPECT was performed in
59 patients with prostate biopsy indication. However,
56 patients underwent prostate biopsy as planned. The
remaining 3 patients could not undergo prostate biopsy
due to patient-related reasons and these patients were
excluded from the study. Mean patient age and PSA
values were 62.8 and 11.3 ng/ml, respectively. Pros-
tate biopsy revealed prostate cancer in 27 of 56 patients
and Tc99m-MIBI-SPECT was positive in 36 patients
(Table 2).

Table 2

Demographic characteristics of the patients

Total number of patients 56
Number of patients with prostate cancer 27
Tc99m-MIBI-SPECT (+) number of patients 36

Average age

62.8 years (31-78 years)

PSA level

11.3 ng / ml (2.5-> 100)

The number of biopsy focuses

15.8 (6-28)

Of the 27 patients with prostate cancer, 9 were in
the low, 15 were in the middle and 3 were in the high-
risk group. Patient risk groups are defined as follows.

Low-risk group; T1-T2a, Gleason score 2-6 and
PSA <10 patients Moderate risk group; Patients with
T2b-T2c or Gleason score 7 or PSA 10-20 High-risk

group; T3 or Gleason score was accepted as 8-10 or
PSA> 20 patients.

Tc99Im-MIBI-SPECT results were positive in 20 of
27 patients with prostate cancer. Radical prostatectomy
(RP) was performed in 11 of 27 patients with prostate
cancer (Table 3).

Table 3

Characteristics of Patients with Prostate Cancer

Low-Risk Group Medium Risk Group High-Risk Group

Number of patients 9 15 3
Average PSA 5.32 (3.5-6.9) ng/ml 9.68 (3-18.5) ng/ml > 73 (19.9-> 100) ng/ml

Number of patients 7 12 1
(+)Tc99m-MIBI SPECT
Number of patients s 6 0
undergoing RP
Average age 64.6 (51-76) 64.4 (54-78) 64 (58-70)

Tc99m- MIBI-SPECT results were positive in 9 of
11 patients with RP. Two of the patients with prostate
cancer have refused treatment, and one patient is not
available, so it is not known what the condition is. Of
the remaining 13 patients, 6 received primary radio-
therapy (RT), 3 received hormonotherapy (HT) + RT
and 4 received Active Surveillance.

Twenty-seven patients with prostate cancer were
divided into two groups as low-risk and medium-high-
risk groups, since the high-risk group was low. Tc99m-
MIBI-SPECT results were compared for these two
groups and it was found to be statistically significantly
low compatible in the low-risk group (p =0.011). There
was no statistically significant accordance in the mod-
erate-high risk group (p = 0.273).
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The characteristics of Tc99m-MIBI-SPECT (+) patients and their distribution according to risk groups are

summarized in Table 4.

Table 4
Characteristics of Tc99m-MIBI-SPECT (+) Patients
Low-Risk Group Medium Risk Group High-Risk Group Adenoma
Number of Patients 7 12 1 16
Mean PSA 4.9 (3,5-6) 10,8 (4-18,5) >100 7,99 (3-34)
Mean Age 63,8 (51-76) 64,6 (54-78) 70 62,6 (49-75)

There was no statistically significant difference
between the mean age of the risk groups for this study
group (p = 0.705).

Patients’ Tc99m-MIBI-SPECT and TRUS-Bx
were recorded separately for right, left and bilateral

prostate gland involvement localization. Cases with
negative results in both methods were recorded as ‘no
features’. According to Mc-Nemar test which is one of
the statistical analysis methods, the results are as in the
table (Table-5).

Table 5
The results of Tc99m-MIBI-SPECT and TRUS-Bx methods according to the localization
TRUS-Bx Localization
- ] Total
No Features Right Left Bilaterally
No Features 13 1 1 5 20
Right 10 4 1 4 19
Tc99m-M.IBIiSPECT Left 5 0 6 5 10
localization

Bilaterally 4 2 0 1 7
Total 29 7 8 12 56

Statistical analysis: In this study, the p-value was
statistically significantly different from ‘0 (p = 0.005).
There was also low accordance between the two tests
(kappa value = 0.207).

Mann-Whitney U test was applied statistically
in Tc99m-MIBI- SPECT positive and negative cases
according to PSA values and there was no significant
difference (p: 0.527). TRUS-Bx and Tc99m-MIBI-
SPECT test results were found to be statistically sig-

nificant (p = 0.029) low compatible (Kappa value =
0.219) in the group with PSA 4 <PSA<10. In the other
two groups, the accordance of TRUS-Bx and Tc99m-
MIBI-SPECT test results was statistically insignificant.
PSA values of Tc99m-MIBI-SPECT positive and nega-
tive cases and the distribution and statistical results of
the patients according to the specified groups are pre-
sented in two separate tables (Table 6, 7).

Table 6
PSA Values of Cases with Positive and Negative Tc99m-MIBI-SPECT
Tc99m-MIBI-SPECT N Mean Rank Sum of Ranks
,00 20 26,65 533,00
PSA level 1,00 36 29,53 1063,00
Total 56
Table 7
Distribution of Patients by PSA Groups
TRUS-Bx-Localization
PSA Groups Total
No Features Right Left Bilaterally
No Features 2 0 1 3
- Right 1 0 1
Tc99m—MIBI—$PECT—_4 Left 0 1 | 5
localization
Bilaterally 2 0 0 2
Total 5 1 2 8
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Table 7 continuation

TRUS-Bx-Localization
PSA Groups Total
No Features Right Left Bilaterally
No Features 9 1 1 2 13
Tc99m-MIBI-SPECT Right s A 0 2 14
c99m- - -

>4-<10 localization Left 2 0 3 0 >
Bilaterally 1 1 0 0 2
Total 20 6 4 4 34
No Features 2 0 0 2 4

Right 1 0 1 2
Tc99m—MIBI.—S}?ECT— Left 0 0 ) 1 3

>10 localization -

Bilaterally 1 1 0 1 3
Total 4 1 3 6 14

According to Tc99m-MIBI-SPECT technique, there was no statistically significant difference between focal
length (p = 0.758) and tumor length (p = 0.161) (Table 8).

Table 8
Tc99m-MIBI-SPECT Results by Tumor and Focal Lengths
Tc99m-MIBI SPECT N Mean Rank Sum of Ranks
,00 20 29,40 588,00
Length of Focus 1,00 36 28,00 1008,00
Total 56
,00 20 24,70 494,00
Length of Tumor 1,00 36 30,61 1102,00
Total 56

The sensitivity of the Tc99m-MIBI-SPECT method was 74% and the specificity was 45% according to the
data of this study group, which was evaluated as the gold standard of TRUS- Bx. Positive predictive value was 55% and

negative predictive value was 45% (Table 9).

Table 9

Tc99m-MIBI-SPECT and TRUS-Bx results

TRUS- Bx (+) TRUS-Bx. (-) Total
SPECT (+) 20 16 36
SPECT (-) 7 13 20

Total 27 29 56

The correct diagnosis rate of Tc99m-MIBI-
SPECT method was 58%.

There was low accordance (Kappa value = 0.187)
between the two tests, but this accordance was statisti-
cally insignificant (p = 0.140).

Discussion. In our study, we tried to find an al-
ternative to prostate biopsy and a less invasive method
compared to biopsy in order to detect prostate cancer
and reduce recurrent biopsies. For this purpose, we
used the Tc99m-MIBI-SPECT method. When we look
at the studies in the literature, we see that this issue has
been popular especially in the last 5 years. Most of the
studies have been performed on the staging of prostate
cancer and the evaluation of metastases.

In a study on SPECT/CT, Aparici et al compared
SPECT/MDCT (16 sections) and SPECT/CT (low
dose) methods for prostate cancer staging using the
111In-capromab pendetide agent targeting the intra-
cellular epitope of prostate-specific membrane antigen
(PSMA). 38 patients with prostate cancer were included
in the study and 21 of these patients underwent SPECT/
MDCT and 17 of them underwent SPECT/CT. Lymph
node positivity rates of SPECT/MDCT and SPECT/
CT methods which were proved by lymph node pathol-
ogy were as follows; 38.1% and 11.8%, respectively.
Accordingly, for the purpose of staging prostate cancer,
SPECT/MDCT was significantly more useful without
changing the result [9].
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Another study with Tc99m-MIBI Wakasugi et al.,
which included 99 patients in different cancer types
with bone metastases, compared the conventional bone
scans and Tc99m-MIBI scans [10]. Eleven patients
with prostate cancer were included in this study. A total
of 373 lesions were detected by both methods in all pa-
tients. In order to confirm these lesions, at least one of
the plain X-ray, MRI, and bone marrow cytological ex-
amination methods were used except Tc99m- HMDP
and Tc99m-MIBI methods. In addition, long-term fol-
low-up of Tc99m-HMDP and progressive lesions were
evaluated by confirmation methods [10]. Thus, 334 of
373 lesions were accepted as positive. Tc99m-MIBI de-
tected 284 lesions and its sensitivity was calculated as
85%. Tc99m-HMDP detected 218 lesions and its sen-
sitivity was 65.3%. Tc99m-MIBI had higher sensitivity
and specificity in evaluating bone and marrow metasta-
sis compared to Tc99m-HMDP [10].

By Shen G et al; Meta-analysis of twenty-seven
studies using C-PET, MR, bone SPECT, and bone
scintigraphy methods was performed to evaluate bone
metastases in patients with prostate cancer. The results
of the analysis were evaluated in two different ways: pa-
tient and lesion based. According to this, the sensitivity
of MRI was higher than other methods in the patient-
based study (97%). However, in the lesion-based study,
it can be said that Choline- PET/CT is more useful in
the evaluation of metastasis than other methods [11].

Most of the studies on Tc99m-MIBI-SPECT, as
mentioned before, constitute the evaluation of bone
or lymph node metastases in prostate cancer. A re-
lated case has also been reported in the literature. The
81-year-old male patient was admitted to the hospital
with bilateral cervical painful lymphadenopathy. A case
reported from Japan was screened with Tc99m-MIBI
and mediastinal, hilar LAP was detected. Biopsy of me-
diastinal LAP revealed prostate cancer [12].

In order to make the diagnosis of prostate cancer,
in other words, malignant-benign tissue distinction in
the prostate gland is a major part of the studies per-
formed by MR techniques. For this purpose, PET/CT
and SPECT/CT with different radiopharmaceuticals
were used, but as in our study, no other studies applied
the SPECT method using the Tc99m-MIBI agent.

Watanabe H et al in his study 11 C-PET, 18 FDG-
PET and Gadolinium MRI methods were compared
in order to diagnose prostate cancer [13]. The study
included 43 patients with suspected prostate cancer.
Twenty-six patients were diagnosed as prostate cancer
histopathologically. Imaging methods were applied to
each patient. The images were evaluated retrospectively
by the nuclear medicine specialist and the genitourinary
radiologist.

As a result, the sensitivity of MR, C-PET and
FDG-PET methods was 88%, 73%, and 31%, respec-
tively; their accuracy was 88%, 67%, and 53%. Accord-
ing to the results of this study, we can say that MRI is
more useful for differentiating malignant-benign tissue
in the prostate gland [13].

In a study conducted at Ufuk University in 2011,
the efficacy of perfusion CT to differentiate benign-
malignant tissue in bladder and prostate cancer patients
was investigated. In this study, permeability (PS), blood
volume (BV), blood flow (BF) and mean transit time
(MTT) of malignant pathologies and normal tissues
of the prostate and bladder were obtained as perfusion
parameters. BF, BV, and PS values were higher in be-
nign and malignant tissues than normal tissues. When
the mean perfusion values of the malignant and benign
tissues were compared; perfusion values were signifi-
cantly higher in patients with malignant masses except
for MTT. This result suggests that perfusion parameters
can be used to differentiate benign- malignant prostate
and bladder except mean transit time [14].

In the study conducted at Firat University in 2010;
the patients underwent pelvic dynamic contrast-en-
hanced MRI and diffusion-weighted MRI (DWI) with
a preliminary diagnosis of prostate cancer. The aim of
this study was to investigate the contribution of DWI
to the diagnosis of malignant-benign differentiation of
pathological lesions detected in these patients. Tran-
srectal ultrasonography (TRUS) guided biopsy revealed
normal prostate tissue in 11 cases, prostatitis in 9 cases
and prostate adenocarcinoma in 30 cases and imaging
results of these 3 groups were compared. ADC (Appar-
ent Diffusion Coefficient) values of the patients with
prostatitis were higher than the ADC values of the pa-
tients with prostate cancer and the difference was sta-
tistically significant (p = 0.002). No statistically signifi-
cant difference was observed between the ADC values
of the tissues with prostatitis and the ADC values of the
normal prostate tissue (p = 0.919). As a result; diffusion
MRI can provide significant contributions in the differ-
entiation of cancerous tissue from benign prostate tis-
sue and prostatitis in the prostate gland as a functional
imaging method [15].

In a similar study from Atatiirk University; dif-
fusion MR findings and prostate biopsy results were
compared between benign and malignant lesions of
the prostate gland. Forty-four patients with suspected
prostate cancer who were scheduled for TRUS-Bx
were included in the study and 14 focal biopsies in-
cluding the transitional zone were taken. According
to biopsy results, 508 (82.5%) benign and 108 (17.5%)
malignant out of 616 foci were reported. The sensitiv-
ity, specificity and positive predictive value of diffu-
sion-weighted pelvic MRI were 91.7%, 86.6%, 60%,
and 97.7%, respectively. When the areas outside of
ADC mapping are ignored, we can say that diffusion-
weighted pelvic MRI is an effective method to dif-
ferentiate malignant lesions of the prostate with high
sensitivity and specificity [16].

In a study conducted by Hildo et al. 8 patients
diagnosed with prostate cancer by biopsy received
99mTechnetium-HYNIC  (tricine/TPPTS) -Aca-
Bombesin (7-14) (99mTc-HABBN) scintigraphy and
SPECT/CT. In this study; high-affinity binding of
bombesin peptide to high secreted gastrin-releasing
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peptide receptor (GRPR) was utilized in patients with
prostate cancer. GRPR was found to be sufficiently
high in 8 patients [17].

In another study conducted before; In patients
with prostate cancer, the 99mTc-HABBN agent had
high metabolic stability in vitro but low metabolic sta-
bility in vivo. Therefore, 9mTc-HABBN SPECT/CT
and scintigraphy could not obtain significant images in
detecting prostate cancer [18].

In our study, the Tc99m-MIBI-SPECT method
was used to detect prostate cancer. Tc99m-MIBI-
SPECT results and prostate biopsy results of 56 patients
who were scheduled for prostate biopsy were compared.
Prostate biopsy was accepted as the gold standard.
Tc99m-MIBI-SPECT has a sensitivity of 74%, a speci-
ficity of 45%, a positive predictive value of 55% and a
negative predictive value of 45%. The diagnosis rate of
Tc99m-MIBI-SPECT method was 58%.

There was a weak correlation between TRUS-Bx
and Tc99m-MIBI-SPECT (Kappa Value 0.187),
but this correlation was insignificant statistically. (p =
0.140) However, when the positive results of prostate
biopsy and Tc99m-MIBI-SPECT were classified as
right, left, bilateral and evaluated with negative results
of both tests, the p-value was found to be statistically
different from ‘0’ (p = 0.005). There was low accor-
dance between the two tests (Kappa value = 0.207).

However, in the group with 4 <PSA<10, TRUS-
Bx and Tc99m-MIBI-SPECT test results were found to
be statistically significantly low concordant (p = 0.029)
(Kappa value = 0.219).

Also TRUS-Bx. and Tc99m-MIBI-SPECT results
were statistically significant in the low-risk group, but
both tests were found to be low concordant (p = 0.011).

As a result of all these studies, we can say that the
Tc99m-MIBI agent is associated with the diagnosis and
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staging of prostate cancer. The fact that Tc99m-MIBI-
SPECT is not an alternative to TRUS-Bx according to
our study, current studies and information. However,
Tc99m-MIBI- SPECT can be promising in selected
patients, — especially 4<PSA<10 — who are clinically
suspected of prostate cancer and require re-biopsy, al-
though the prostate biopsy result is negative. For this
purpose, controlled studies involving more patient
numbers and applying combined techniques such as
adding MDCT to Tc99m-MIBI-SPECT are needed in
light of the above studies.

Conclusion. The Tc99m-MIBI-SPECT technique
is not a substitute for prostate biopsy, although there is
low concordance between Tc99Im-MIBI-SPECT and
TRUS-Bx. The sensitivity and specificity of Tc99m-
MIBI-SPECT method were 74% and 45%, respectively.
The positive predictive value was 55% and the negative
predictive value was 45%. The correct diagnosis rate of
Tc99m-MIBI-SPECT method was 58%.

More beneficial results can be achieved by increas-
ing the number of patients and applying combined
techniques.
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Abstract. The current study aimed to evaluate whether serum uric acid (SUA) level is associated
with the risk of kidney failure in primary glomerulonephritis patients (PGN) with nephrotic
syndrome.

Methods. During 2019, 38 patients with newly-diagnosed PGN and the nephrotic syndrome were
prospectively considered for the study which is a fragment of the ongoing study “To evaluate the
effect of oxalates and urates metabolism on the evolution of renal diseases”.

In addition to routine clinical and laboratory examination, the concentration of serum (SUA) and
urine uric acid was determined. According to the CKD-EPI formula, the glomerular filtration rate
(GFR) was calculated. Hyperuricemia was considered to be a uric acid concentration >420 ymol /
1 (7 mg/dl) in men and >360 umol / 1 (6 mg/dl) in women.

All patients enrolled in the study underwent a lifetime renal biopsy under ultrasound.

Results. There were 26/38 (68.4%) men and 12/38 (31.6%) women. The patients’ age ranged from
1810 69 years and averaged 37 [28-48] years. The CKD duration at the time of hospitalization and
carrying out the kidney biopsy was 11.0[5,2-37,4] months.

Hyperuricemia was defined in 14/38 (37%) patients. SUA had an inverse correlation with the
Article history: patients’ GFR (r = -0.44; p = 0.003). Uraturia level was associated with the chronic changes’
: grade on the kidney biopsy specimens (r = 0.66; p < 0.00013).

Received D ecef"ber .04’ 2019 4 multivariate logistic analysis (adjustment for albumin, serum creatinine, total blood protein,
Received in revised form  daily proteinuria, patient age, and hypertension) SUA had an effect on the GFR level (OR 19.2
December 29, 2019 (95% CJ 1.8; 209.5), * = 8.4; p = 0.003).

Accepted January 03, 2020 copcpysions, Hyperuricemia was observed in 37% of PGN patients with nephrotic syndrome

and was an independent risk factor for CKD progression. Recruitment of patients continues to
complete the statistical analysis and confirm our hypothesis. Patient recruitment is still ongoing
to finalize the statistical analyses and to confirm our hypothesis.

Keywords: glomerulonephritis, nephrotic syndrome, serum uric acid, glomerular filtration rate,
progression..
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M. Konecnuk, H.Crenanosa, JI. Cuicap, JI. JIe6iap, B. Hemomusmmii, C. CaBueHKO

CeuyoBa KHCJIOTA Ta PU3UK NOPYIIEHHA (DYHKIIiT HUPOK Y XBOPHX HA
rJIoMepyJoHe(ppuT 3 He(PPOTHYHUM CHHAPOMOM: NMONEPEaHI pe3yIbTaTH
MOTOYHOI0 OJHOIEHTPOBOI0 MPOCIHEKTUBHOIO I0CIiIKEHHS
JepxaBHa yctaHoBa «IHcTutyT Hedponorii HAMH Ykpainu», m. KuiB, Ykpaina

Pestome. Memoro docaioxcenns Oya0 ouinumu, yu acoyiiioeana KOHUEHMpayis ce4o8oi KUCAOMU CUPOBAMKU
KpO8i 3 pusuKoMm 3HUMNCeHHs weuokocmi kaybouxoeoi ginempauii (ILIK®D) xeopux na enomepynonedppum (I'H) 3 negppo-
MUYHUM CUHOPOMOM.

Tayienmu ma memoodu. Mamepianrom oas uiei nyonixauii cmanu pezyrvmamu oocmedxcents 38 nauienmie 3 enep-
we diaenocmoganum I'H ma neppomuunum cunopomom, sxi 6yau 3aryueni 0o obcepsayiiiHoco NPOCNeKmMuHo20 00Ci-
docennsi npomseom 2019 poky i € ppaemenmom nomouHoeo docaiodcenHs «Busuumu enaue cmany ooMiny okcasamis i
ypamie Ha e8oAIUII0 YPadceHb HUPOK PiZHOI emionoeii».

OKpim pymuHHO20 KAIHIKO-1A00pamopHo20 00CMeNCceH s 8 YCIX NAYICHMI8 GU3HAYAAU KOHUESHMPAUII0 ce4080i
kucaomu (CK) y kposi ma ceui, 3a gpopmyaoro CKD-EPI pospaxoeysanu LHIKD (ma/xe/1,73 m?). Tinepypuxemicio 66a-
acanu KoHyenmpauiro cenogoi kucaomu =420 mxmonas/a (7 me/on) y uonogixie ma =360 mxmonv/n (6 me/0n) y HCiHOK.

Kpim moeo, ycim exkarouenum y 0ocaioxncerHs nayicHmam 0yn0 UKOHAHO NPUNCUMMEBY NYHKUILIHY 0iONCil0 HUPKU

nio konmponem Y3/1.

Pesyavmamu. Ceped exarouenux y docaioxcenns nayicimis 6ys0 26/38 (68,4%) wonosixie ma 12/38 (31,6%)
acinok. Bix xeopux xoausascs 6id 18 do 69 pokie ma y cepednvomy cmarnosue 37 [28-48] poxie. Cepedns mpusanicmo
XXH na uac eocnimanizayii ma npogedenHs nynkuyitinoi 6ioncii Hupxu ckaana 11,0 [5,2-37,4] micauie.

T'inepypuxemisn susnauena 'y 14/38 (37 %) nauyicumis. Konuenmpauis CK cuposamu mana 360pomuuii Kopens-
yiiunuil 36’330k 31 IIK® nauienmie (r = -0,44; p = 0,003). Pieenv ypamypii docmogipHo 3aiexcas 8i0 CmyneHio XpoHiu-
HUX 3MiH 3a pe3yabmamamu eicmonoeiunoi ouinku 6ionmamis Hupok (r = 0,66, p < 0,00013).

baecamodhaxmopnuil aocicmuunuii ananiz, 00 K020 OyAuU 6KAKOUEHI | KAaCU4Hi haKmopu pusuKy npoepecy8anHs
XXH y xeopux na I'H (arvbymin ma kpeamuHin cupogamiu, 3a2arvHull 0in0K Kpoei, pieeHb 000060i npomeinypii, 8ix
nayieumie i apmepianvHa einepmen3is) niomeepous 0oCmMogipHiCMb OMPUMAHUX Pe3yAbmamia, a came: cinepypurKemis
He3anexcHo acoyitoganacs 3 npoepecyeanusm XXH (BIII 19,2 (95% 1 1,8; 209,5), x° = 8,4; p = 0,003).

Bucnosxku. Tinepypuxemis cnocmepieacmoca y 37 % xeopux na T'H 3 neppomuunum cunopomom ma € nezanexnc-
Hum pakmopom pusuxky npoepecyeants XXH. Habip nayichmie mpueac 045 3a6epuieHHs CMamucmu4Ho2o aHanizy ma

niomeepoxcenHs Hauloi einomesu.

Kimouosi ciioBa: aromepynonedppum, neppomuunuii cunopom, ceuoéa Kucioma Kposi, wmeuoxkicmos kayboukoeor

ginompauii, npoepecysaHus.

Bceryn. CeuvoBa kucinota (CK) € KiHLIEBUM MpO-
JYKTOM KaTaboJli3My eK30TeHHUX (IiETUYHMX) Ta €H-
JOTeHHUX (HYKJIETHOBMX KMCJIOT) IypUHIB, SIKi CKJIa-
JIAlTh IBi TPETUHU Bin 3araiabHoi KigbkocTi CK B op-
ranismi [1, 2]. 3arajgoM B opraHisMi 310pOBOI JIOAUHU
mictutbes 6au3pko 1100 mr CK, 2/3 sikoi BUBOAUTHCS
3 cevero [1-3]. DiziosoriyHoo BBaXkaOThL KOHLEHTpA-
mito CK y cuposatii kpoBi 270—420 MKMOJb/A s
4yoJ10BiKiB Ta 180—340 MxMOJb/1 I XiHOK [1, 2, 4].

B opranismi momunu CK BUKOHYe IBi OCHOBHi
(yHKii: pa3oMm 3 amiakoM i ceuoBrHoI0 CK Bimirpae Bax-
JIMBY pOJib Y BUBEIEHHI a30THCTHX crioiyk [1, 2, 4] 1a €
MOTY>KHUM aHTUOKCUIAHTOM, SIKWI 3a0e3reuye HelTpa-
Jli3aliio OiJibllle MOJOBMHU BUIBHUX paauKalliB CUpOBaT-
KU KpoBi [4]. PazoM 3 TMM, He3BaXXaro4u Ha CBOI KOPUCHI

Crenanosa Harana MuxaiitiBHa
nmstep@ukr.net

(yHK11ii, rinepypukeMis acolliiioBaHa 3 3anajeHHIM, €H-
JIOTeJTiaIbHOIO TUC(YHKIIEIO TA OKCUIATUBHUM CTPECOM,
10 MOX€ OyTM IPUUYMHOK HECHPUSTIUBUX KIIiHIYHUX
MOMil y MallieHTIB 3 XpOHIYHOIO XBOp0oO0I0 HUPOK (XXH)
[5]. Kpucramu CK MaroTh rpo3sanaibHi BJIaCTUBOCTI i MO-
JKYTb CIIPUSTH TIEPCUCTEHLIiT XPOHIYHOTO 3aMaJIeHHS, SIKE
€ CKJIaJI0BOIO IporpecyBanHa XXH [6, 7].

3B’s130K MiX migBuieHoro KoHueHTpauieio CK cu-
pOBAaTKM KPOBi Ta CeplIeBO-CYTMHHUMMU 3aXBOPIOBAHHSIMU
(CC3) 6yB nponeMOHCTPOBAHUM YMCICHHUMH eITiAeMio-
JIOTIYHUMU Ta KJTiHIYHUMU gociimkeHHsMu [8-13]. Binb-
11I€ TOrO, Y HAYKOBIl JIiTepaTypi aKTUBHO OOTOBOPIOETHCS
pOJIb TiMepypyUKeMii y pO3BUTKY Ta mporpecyBaHHi XXH
[14-18]. 1, xo4a 3HaYHA KiIBKICTh JOCIIXEHD CBIIYUTD,
o migBuieHHs1 CK cupoBatku mamienTiB 3 XXH, 110-
HaMMEHIIIE, aCOLIFOETHCS 31 3HMKEHHSIM LIIBUAKOCTI KITy-
6oukoBoi ¢insrpauii (IIK®) [14, 17], iHwi pobotn He
MPOAEMOHCTPYBaIX BIUIMBY TillepypUKeMil Ha Iporpecy-
BanHg XXH [15, 19]. KpiM Toro, icHye Jiniie KijJbKa 10-
CJTiIKeHb, TIPUCBSIYEHUX BITIMBY TillepyprKeMii Ha (yHK-
1[il0 HUPOK y TalieHTiB 3 rnomepyiaoHedpurom (I'H),
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OLTBLIICTB 3 IKUX MPUCBIYEHA iIMyHOTT00YTiH A (IgA) He-
¢dpomarii [18, 20, 21].

To6T0, Ha CbOTOAHI HE iICHYE EAMHOI IYMKU 111010
poJi rinepypukeMii y mporpecyBanHi XXH 3arajiom Ta
I'H, 30kpeMa. 3anuniaeTbCs BiIKpUTUM MUTAHHS: YU €
rinepypukeMist HacigkoMm 3HmxkeHHsT [ITK® a6o x € i
(haxTopoM pu3MKy nporpecyBaHHsi XXH 3anexxHo Bif
cTaaii xpopoou?

MeTtor0 gochiakeHHs OYJIO OL[IHUTH YU acOLiii0-
BaHa KoHleHTpallis CK cupoBaTKu KpOBi 3 pU3UKOM
sHkeHHs HIK® y xsopux Ha I'H 3 HedpornuHum
CUHJPOMOM.

ITamienTn Ta MeTomu. MaTtepianoM i L€l my6-
JiKauii cTtaau pe3yabTaTu OOCTeXeHHs 38 malieH-
TiB 3 Brepiue AiarHoctoBaHuM ['H Ta HedpoTUUHUM
CUHIPOMOM, $IKi OyJu 3ajydyeHi g0 oOcepBalliliHOTO
MPOCNEKTUBHOTO AOCHiIKEeHHS npoTtiroM 2019 poky
i € (hparMeHTOM MOTOYHOTO NOCiIXeHHS «BuBuuTHU
BIUIMB CTaHy OOMiHY OKCaJaTiB i ypaTiB Ha €BOJIOLLIO
ypaxeHb HUPOK Pi3HOI eTiosiorii». Yci mauieHTu Ha-
Jlai MUCbMOBY iH(OpMaIIiliHYy 3roly Ha y4acTh y 1O~
ciimxeHHi. [TpoTokos mociigkeHHs OyB CXBajleHUIA
JIOKaJIbHOIO eTUYHOI0 KoMicieto 1Y «IHcTUuTyT Hedpo-
Joriit HAMH VYkpainn».

Konuentpaiito CK y KpoBi Ta ceui naiieHTiB BU-
3HAYQJIM CTaHAAPTHUM METOAOM 3a JOMOMOrolo 0io-
ximiyHoro aHanizatopy «Flexorjunior» (Higepnanau).
lNnepypukemielo BBaxaau KOHUEHTpALil0 CEYOBOi
Kucnotu >420 mxmoib/n (7 Mr/min) y 4YOJOBiKiB Ta
>360 MKMOJIb/J1 (6 MT/IUT) Y KiHOK.

KD (ma/xB/1,73 M?) Oyna po3paxoBaHa 3a
dopmynoro Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) [22].

PyTtuHO, B yciX MallieHTiB BU3HAYalud BMICT TeMO-
m1o6iHy (Hb), riokos3u, anboymiHy, e1eKTpOIiTiB CUPO-
Batku (Ca, K, Na, P), C-peakTUBHOIO IMpOTEiHYy KpPOBi
(CPII), napaTtropMoHy, reMOorJIo0iHy Ta JIiIigZHOrO CIeK-
TPy KpoBi: 3aranbHuUii xonectepuH (3XC), xonecTepuH
qinonporeiniB Hu3bkoi (XC JITTHIIL) i Bucokoi (XC
JITIBII) urineHOcCTi, Tpurniuepunu (TT); po3paxoByBa-
JIA TIOKa3HUKU XOJIECTEPUHY JIIMOMPOTEiAiB JyXe HU3b-
koi mrieHocTi (XC JITTHI) (TT X 2,22 / 5) Ta ingexc
ateporeHHocTi (IA) (3XC-XC JITIBII / XC JITIBILI).

Y cedi mailieHTiB JOCTIAXYBaJM KOHILIEHTpAaIllii
0iNKy, CEUOBMHM, KpeaTUHiHY Ta Kajbllito. Yci 6ioxi-
MiYHi MOKA3HUKU BU3HAYAIU 3a TOMOMOIOI0 aBTOMa-
TU4YHoOro aHanizaropa «Flexor junior» (Himepnanau).
TI'emaTtosoriyHi NOKa3HUKY KPOBi JOCTiAXKYBAJIU 3a 10-
nomoroio “ABX Micros-60” (®panuis). BuiiezasHa-
YeHi JOCIiI)KeHHSI BAKOHYBAJMCh Y KJIiHiKO-/IiarHOC-
TUYHi 1adopatopii Y «IHctutyt Hedposorii HAMH
Ykpainu».

YciM BKIIIOUEHUM Y AOCTIIKEHHS NallieHTaM 0ysio
BUKOHAHO TPWXUTTEBY NYyHKIIAHY OiOmcilo HUPKU
ning koHTposieM Y3]I. IicTosoriuyHy OLliHKY MTpOBOAUB
OAuH MatoMopdoJor, IKOMY OYJIM HEBiIOMIi KITiHIYHI
JIaHi MalieHTiB.

CratuctTuuHy OOpPOOKY OTPUMAHUX PpE3YJbTaTiB
MpOBeAEHO 3a Aoromoroio nporpamu «MedCale» [23] 3

YpaxyBaHHSIM TMEPEBipKU MOKA3HUKIB HA HOPMAaJbHUI
pO3MOJiT 3 BUKOPUCTAaHHSIM Kputepito Komamoroposa-
CwmipHoBa (dK-S). 3a yMOB HOpPMaJIbHOTO PO3MOILTY
OLIIHIOBAJIM CE€peIHi 3HaUeHHs1 moKa3HUKiB (M) Ta cepen-
HE KBaapaTuuHe BimxwieHHs (SD); mid iX NOpiBHSIHHS
BUKopucToBYBaTU Kputepiii Ct’roaeHTa (kS). 3a HeBia-
MOBIAHOCTi 3aKOHY HOPMAaJbHOTO PO3MOILTY /I OIUCY
03HaKM 3aCTOCOBYBIM MeniaHy (Me) Ta iHTepKBapTiib-
HU po3max [Q25-Q75]; nj1st MOPiBHSIBHOTO aHAMi3y 3a-
cTocoByBaM HemapamerpuuHuii (U-kputepiit) MaHHa-
ViTHi abo TecT Kpyckana-Baniica.

KopensuiiiHuii 3B’5130K KiJIbKiCHUX TTOKAa3HUKiB
PiBHIB LIUTOKIiHiB, 32 YMOB iIX HOPMaJbHOIO PO3MOiNY,
BuU3Havanu 3a MetogoM Ilipcona (r). KopensuiiitHuii
aHauti3 3a CriipMeHoM (p) Ta/abo Kenamiom (t) BUKO-
PUCTOBYBaJIU Yy pa3i BiICyTHOCTI HOPMAaJbHOTO PO3IO-
JIiTy TIOKa3HMKIB.

BigMiHHICTh 4aCTOT y rpynax MOpPiBHIOBAJIU 32 10-
MOMOTO0I0 KpuTepito 2. BigHocHuit pusuk (BP) Ta Bia-
HomeHHs 1radciB (BIL) i 95% nosipui intepBanu (1)
PO3paxoBYBAJIM 3 BUKOPUCTAHHSM JIOTICTUYHOT perpe-
cii. 3aJIeXHICTh OMHOTO MOKAa3HUKA BiJl 3HAYEHb iHIIUX
BU3HAYAJIU 32 JOTIOMOTOI0 OJJHO(MAKTOPHOTO perpeciii-
HOTro aHami3y. ISl OLiHKY 3HAYyLIOCTi piBHSIHHS per-
pecii BukopuctoByBanu F-tect @imrepa (F).

Pe3syabTatn. Cepen BKIIOYEHHUX Yy TOCIHTiIXEH-
H$ maLieHTiB 0yno 26/38 (68,4%) yonosikiB Ta 12/38
(31,6%) xinok. Bik xBopux KonuBaBcs Bia 18 mo 69
POKiB Ta y cepenHbOoMy cTaHOBUB 37 [28-48] pokiB.
CepenHs tpuBajiicte XXH Ha vac rocmitanizauii Ta
MpoOBeAeHHS MYyHKIiHO1 Oiomncii HUpku ckinana 11,0
[5,2-37,4] micauiB. KiliHiYHYy XapaKTepUCTUKY XBOPUX
NpoJaHo y Tabmuili 1.

Tabauus 1
XapakTepucTHKA BKJIIOYEHUX
Y AOCJIiKeHH: NALi€HTIB

Youaosiku (%)

68,4

Kinku (%)

31,6

Bik (pokxmn)

37 [28-48]

Tpusanicte XXH (micsi)

11,0 [5,2-37,4]

Cucroniynmii AT (MM.pT.CT.)

122,5 [120-130]

Hiacromiunmii AT (MM.pT.CT.)

80 [70-82]

JloGoBa nporeinypis (r/.1) 5,03 [3,6-8,07]
IMT (xr/m2) 22,95120,04-37,4]
Hiype3 (M) 1501+897

Hb (/1) 105 [99-121]
IIK® (mi/x8/1,73m?) 66,71+29,1
3arasbnuii 610K Kposi (r/1) 50,8 [43,3-60]
Xosrecrepun (MMOJIb/JT) 8,5[6,1-11,8]
AmbGymin (r/71) 37,2 25,7-35,9]
Imoko3a (r/u) 5,7 [5,1-6,8]
JlikyBauns (%):
IJIOKOKOPTHKOCTEPOi IH 44.7%
TAIID 50%
Iuxnodochamin / 56,2%
IMKJIOCTIOPHH A
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Haituacrimoo Mopdonoriunowo ¢opmoro T'H
OyB (oKalbHMII CErMEeHTAapHUI TJIOMEPYIOCKIEPO3
(®CI'C), sikmit miarHoctoBaHo y 18/38 (47,4%)
MAalli€HTIB, HedpomaTio MiHiMaJabHUX 3MiH
(HM3) BusHaueno y 8/38 (21%) xBopux,
MemOpaHonpoJideparuBauii T'H — y 6/38 (15,8%)
nauieHTiB, MeMOpaHO3HY Hedpomartiio — y 6/38
(15,8%) xBopux Ha 'H.

l'inepypukemis BuszHaueHa y 14/38 (37%) na-
LIIEHTIB Ta CTaTUCTUYHO 3HAUYYIIO BiApi3HsJach 3a
yacTtoToro 3ajexHo Bia ctaaii XXH (p = 0,01). Tak,
miasumeHy kKonHueHTpauito CK npiarHocToBaHO Yy
100% xBopux Ha XXH V, y 75% nauienTis 3 XXH 1V,
40% 3 XXH III ta y 15 % xBopux Ha XXH II cranii

(puc. 1).
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Puc. 2. Kopensuiitanii 38’130k Mixx LLHIK® Ta
koHueHTpauieo CK cupoBatku xBopux Ha ['H.
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Cragii XXH

Puc. 1. YacToTa BU3HaUY€HHS TinepypuKeMil 3a1eXHO Bif
cranii XXH (p = 0,01 Kruskal-Wallis test).

Kpim Toro, koHuentpauiss CK cupoBaTku mana
3BOPOTHUM KOpesIiiHmit 3B’ 130K 3i IIIK® maiieHTiB
(puc. 2).

IIK® xBopux 3 rimepypukeMmi€r Ha yac Jia-
rHoctuku I'H cknana 37 £ 19,8 ma/xs/1,73m2, Toni
K y TALI€EHTIB 3 HOpMaabHOWO KoHIeHTpaniero CK
cupoBaTku — 79,2 + 25,2 mn/x8/1,73m2 (p < 0,0001)
(puc 3).

MaudieHTn MaudieHTn
6e3 rinepypukemii 3 rinepypukemieto

Puc. 3. IHIK® xBopux Ha 'H 3 HeppOTUIHUM CHHAPOMOM
Ha yac BUKOHAHHS Oioncii HUPKY 3aJIe3KHO BiJ HasiBHOCTI
rinepypukemii.

Hamm He BcraHoBiIeHO B3aemMo3B’ 13Ky CK cupo-
BaTKU 3 1000BoIO TpoTteinypieto (r = 0,23; p = 0,17).
IIporte, rinepypukemis y xsopux Ha I'H, gk i y 3aranb-
Hill momysii, acoliloBaJach 3 OXKUPIiHHAM, TUCIiITi-
IeMi€lo, MIBUIEHHSIM apTepialbHOTO TUCKY Ta ¢oc-
¢dopoMm cupoBaTku (Tad. 2).

Tab; 2
B3aemo3B’ 130k konnenTpaiii CK kpoBi Ta cedi 3 KJIiHiK0-/1a00paTOPHAUMH NOKA3HUKAMHI XBOPUX ﬂaal“/ll;”ﬂ
IToka3Huk Vpukemis (MKMOJIb/ 1) y?;lf/);’)iﬂ
Bara (kr) pr== (g) ”g (? 4
CAT (MM pT cT) Ir) z (())”?)62
JAT (MM pT CT) pr== 8, ’32 ;zz_(()):gg
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IIpooosxcenns mabauyi 2

IToka3Huk Ypukemist (MKMOJIB /1) YpuKkypist (Mr/m)
r=20,33
Hb (r/mn) p=0.03
r=0.49
ACT (MMonb/JT) p=0.001
CTyniHb XpOHIYHUX 3MiH 3a pe3yJibTaTaMu =-0,71
TiCTOJIOTIYHOI OL[IHKU 0iONTAaTiB HUPOK p <0,0001
r=0,38
P cupoBatku (MMoOJIb/JT) p=0,001
. . r=041
TpuBamictes XXH (Mic.) p=0,009
3arajbHUN XOJIECTEPUH r=20,31 r=-0,46
(MMOJIB/IT) p=0,05 p =0,0007
. r=0,47
Tpurnitepuau (MMOJIb/J) p=0,008
r=0,65
JITIIHIILL (Mmonb /i) p=0,005

ITpumitku:

IMT — innexc Macu tina, CAT — cucrosiiunuit aprepianbHuii Tuck, AT — miacroniyHuii apTepialbHUR TUCK,

Hb — remorno6in, ACT — acrmapraramiHoTpaHncdepasa, P — docdop, JITIAHILL — nmimonpoTeinu myke HU3bKOL

LLIJTBHOCTI.

YuM BUIIOIO OyJ1a eKCKpPELLisd ypaTy 3 ce4ero, TUM
HUXYUM OyB AiaCTOJiIYHUIA TUCK MALIiEHTIB, X0JeCTe-
PWH KPOBI Ta CTYyMiHb XPOHIYHUX 3MiH 3a pe3yjbTaTa-
MU TiCTOJIOTiYHOI OUiHKM OionTaty HUpOK. [Tpsamuii
KOpPEeJSAiiiHUI 3B’S130K YPUKYPii BUZHAYEHO 3 TEMO-
ro6iHOM KpoBi Ta TpuBaiicTio XXH.

10 |-

8

Ban XpoHiYHUX 3MiH

binblie TOoro, 3a MaHWUMHU PETPECITHOTO aHami3y
BCTaHOBJIEHO, 110 PiBEHb YpaTypii JOCTOBIPHO 3aj1€XKaB
BiJ iHAEKCY XpOHi3allii riCTOJOriYHMX 3MiH HUPKOBOTO
6ionraty (puc. 3).

y =5.604 + -0.00562 x
n = 38; r = 0.66; P < 0.001

400

600

Ypartypisa (mr/a)

Puc. 3. PerpeciliHa 3ajiexXHicTb ypaTypii Bill 6a1y XpOHiYHMX 3MiH 3a pe3ybTaTaMu
riCTOJIOTiYHOI OLIIHKY HUPKOBOTO OioMNTAaTYy.

Pesynbratt omHOMAKTOPHOTO JIOTICTHYHOTO perpe-
CITHOTO aHai3y IMPOICMOHCTPYBAIN CTATUCTIIHO 3HAYY-
LM BIUIUB rinepypukeMii Ha 3HvkeHHs [ITK® < 60 v/
xB/1,73m? y xBopux Ha 'H 3 He(pOTUUHUM CUHAPOMOM:
BILI 24,0 (95% M1 2,4; 242,3), y>=11,2; p=0,0009.

bararodakTopHuii TOriCTUMHUI aHali3, 10 SIKOTO
OyJIM BKITIOUEHI i KITaCUYHi (paKTOpH pU3UKY ITPOTIPeECy-

BanHs XXH y xBopux Ha I'H (anp0byMiH Ta KpeaTHHIiH
CUPOBATKM, 3arajbHUil OiJIOK KPOBi, piBeHb T00OBOI
MIPOTEIHypil, BiK MAILi€HTIB i apTepiaJibHAa TillepTeH3is)
NiATBEPAUB JOCTOBIpHICTh OTPUMAHUX pE3yJIbTaTiB, a
caMe: TirepypuKeMist He3aJIeXKHO acolliloBaiach 3 Mpo-
rpecyBanHs XXH (BIII 19,2 (95% A1 1,8; 209,5), x> =
8,4; p=0,003).
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Oo6roBopenns. Tinoresa moxmsoro BumBy CK Ha
nporpecyBaHHs1 XXH Oyna 3anponoHoBaHa Maifxe CTo-
piuust ToMy, ane Oyna 3aHAATO MOCMHIIIHO BiIXWJIEHA Ha
MOYATKy BOCBMUIECATHX poKiB [24, 25]. OcraHHIM ya-
CcoM OysiM mpoBefieHi G6aratouncesbHi eKCrepuMeHTaIbHi
Ta KJiHIYHI JocimkeHp moao poii CK y BUHUKHEHHi Ta
nporpecysanni XXH [1, 3, 16, 24-26]. Tum He MeHI,
TMPUYUHHO-HACIIKOBUI 3B’I30K MiX KOHIeHTpauiero CK
Ta nporpecyBaHHsIM XXH 3anuinaeTbest AMCKYCiiHUM.

Haure nocnigkeHHsS cQOKYCOBaHO Ha Malli€HTax 3
nepBuHHUM ['H Ta HedpoTtnuHuM cuHapomom. OcHO-
BHUM IUTaHHAM JOCJiI)KEHHS OYJIO UM € Tinepypuke-
Misl He3aIeXXHUM (pakTopoM pusuky 3HmkeHHs1 [TTKD
3a HasIBHOCTi He(hpOTUYHOro cuHapomy? OTpumaHi
pe3yabTaTu MiATBEPXKYIOTh HU3KY MOMEpPEeaHiX IOo-
CIiIXKeHb LIOA0 acoliallii rinepypukemMii 3 pusuKoMm
nporpecyBanust XXH [14, 17] ta cynepeyatb npoTu-
nexxHuM BucHoBkaMm [15, 19]. Caig Haroaocutu, 1o
yCi 3a3Ha4yeHi JOCiAKEeHHs TPOBEeAeHi 3a yJacTIo 3a-
rajabHoi nomnyasnii xsopux Ha XXH i nuine mooauHoKi
poOOTH MPUCBSIYEHI BIUTUBY TillepypuKeMil Ha mporpe-
cyBanHsa XXH y xsopux Ha I'H [27].

Hackinbku HaM BiioMo, 1ie Meplie JOCTiIKEHHS,
y SKOMY MPOJAEMOHCTPOBAHO, IO MiABUIIEHA KOHIIEH-
tpauisi CK cupoBaTku € He3anexkHUM (haKTOPOM PU3BU-
Ky 3HxeHHs1 LIIK® < 60 mi/xB/1,73 M? 3a HasiBHOCTI
He(POTUYHOIO CUHIAPOMY. ¥ NOCHiIXyBaHiil KOTropTi
MU BU3HAYWIM, 1O Trinepypukemis marixe y 20 pasiB
MiaBuUIlye pu3uK nporpecyBaHHss XXH, HaBiTh micis
MOMpPaBKU Ha albOyMiHEMil0, KpeaTUHIHEMIIO, 3arajib-
HY NIpOTeiHeMil0, 10OOBY MPOTEiHYPil0, BiK MAaIli€HTIB
Ta apTepiajbHy TiMepTeH3iI0.

Y Haimomy mociigkeHi rinepypukemis Oyna Bu-
3HaveHa y 37% mali€eHTiB, 110 MOBHICTIO Y3TOXKYEThCS
3 nanumu Shulei Fan 3i cniBaBTOpamu, siKi BUSHAUM-
qu ninBuineHHst CK kposi y 38% xsopux Ha ['H [27].
binbmie Toro, aBTopamMm MNPOAEMOHCTPOBAHO AaCOlli-
alito Mix rinepypukemiero y xsopux Ha I'H Ta cer-
MEHTapHUM [JIOMEepPYJIOCKJIepO30M 3a AaHUMU Oiorcii
Hupku [27]. IneHTHYHI pe3ynbTaT OyIM OTpUMaHi i
3a HallUMU MOMEepeIHIiMU JaHUMU, a caMe 3BOPOTHIl
3B’s130K ekckpelii CK 3 cedero 3i cTyneHeM XpOHiUHUX
3MiH 3a pe3yJibTaTaMU TiCTOJOriYHO1 OLIHKY HUPKOBO-
ro Oiontaty. Ciia 3a3HayuTH, o podota Shulei Fan
[27] € enMHUM Ha CHOTOMHI OIMYGIIKOBAHUM HOCTi-
JUKEHHSIM 1IOJ0 poJii rinepypukemii y xsopux Ha T'H,
sIKe BKJII0YaJIo He TUIbKU XBOopuX Ha IgA HedpomarTiro.

Jlitepatypa (References):

Y cBoeEMy peTpOCHEKTUBHOMY MMOB3I0BXHBOMY
nocimkeHi 3a ydyactio 739 maiientiB 3 XXH pi3zHoi
etiosiorii, Ching-Wei Tsai 3i cniBaBTOpamu Ipoje-
MOHCTPYBaJI OUJIbIII BATOMUIA BIUTUB TiNepypUKeMii Ha
PU3UK 3HUXEHHS (PYHKIII HUPOK Y XBOpUX 0e3 Mpo-
TeiHypii, MOPiBHSIHO 3 MAalLliEHTAaMU 3 MPOTEIHYpi€I0
[14]. Ha Binminy Bim nanux Ching-Wei Tsai, Hamu He
BU3HAUYEHO B3a€EMO3B’S3KYy MiX KoHUeHTpauismu CK
CUPOBATKM Ta MPOTEIHYPI€lO, 1110 MOXe OyTU 0OYMOB-
JIEHO HE3HAYHOIO BUOiIpKOIO MAIliEHTIB.

Hame npocmigkeHHS Mae TMEBHI OOMEXEHHS.
Ilepu 3a Bce, yepe3 Maty KiTbKiCTb 3aTy4Y€HUX 10 aHa-
JIi3y Malli€eHTIB OTPUMAaHi pe3yabTaTU CJiJ TPaKTyBaTU
00epexHo. AleKBaTHa KiJbKiCTh MaLi€HTIB Ta MO310-
BXHE CIHOCTEPEXKEHHS 32 HUMU MOXKE HaaaTu OuTbII
SIKiCHY HayKoBy iHdopmanito. KpiM Toro, mocmimxke-
Ha Koroprta 0yja HEOAHOPIAHOIO Ta BKIKOYAIa XBOPUX
3 XXH I-V craniit Ha yac giarHoctuku ['H. Tum He
MEHIII, OTPUMaHi HaMU pPe3yJbTaTh HaJal0Th KOPUCHY
iH¢OopMallito IJ1s1 MOJATbIINX KOHTPOJbOBAHUX AOCTi-
JUKEHb 100 BU3HAYEHHS BIUIMBY TillepypukeMii Ha
nporpecyBaHHs XXH y xBopux Ha 'H 3 HeppoTuuHUM
CUHJPOMOM.

BucHoBku. TlinepypukeMist crocTepira€rbcsi y
37% xBopux Ha I'H 3 HEpPOTMUHMM CHHIAPOMOM Ta
€ He3alexXHUM (HaKTOpOM pPU3UKY MPOrpecyBaHHS
XXH. OTpuMaHi HaMu [aHi HAOAOTh MOMEPEAHI 10-
Ka3u TOro, 110 rinepypukemis y nauieHris 3 I'H Ta He-
(GPOTUYHUM CUHAPOMOM MOXKe OYTU MOTEHLiAHOIO Te-
paneBTUYHOIO LIiJUTIO MepBUHHOI mpodinakTuku XXH.

Habip nmauieHTiB TpUBa€ AJIs1 3aBEPIIEHHS CTaTUC-
TUYHOTO aHaJi3y Ta MiATBEPAXKEHHS HAIIOI TiMOTE3U.
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Abstract. Current scientific studies’ results have shown the relationship between the epiphysis
functional state and the kidneys function. However, the impaired of the epiphysis melatonin-forming
function (MFE) in patients with chronic kidney disease (CKD) undergoing hemodialysis (HD) is a
poorly understood issue.

Methods. 130 HD patients (50% of men) were examined in this study. Based on the melatonin level,
the patients were allocated into 2 groups: group I included 110 HD patients with impaired MFE and
group 11 consisted of 20 HD patients with preserved MFE. 20 healthy individuals were included in
the control group.

Results. The melatonin level was significantly lower in HD patients compared to the control group
at daytime and night (p <0.001). MFE disorder were diagnosed in 84.6% HD patients. The group [
patients had significantly higher BMI (p = 0.01), waist volume (p = 0.04), duration of HD treatment
(p = 0.01) and arterial pressure (p <0.001) compared with the second group. Moreover, the increased
level of C-reactive protein (p <0.001), total cholesterol (p < 0.05), triglycerides (p <0.05) and a lower
serum albumin level (p <0.01) were observed in the patients of group I compared with the second
one. The melatonin levels at daytime and night were significantly correlated with the patients’ age (r
=-0.42; p <0.001 and r = -0.40; p <0.001), HD treatment duration (r = -0.64; p <0.001 and r =
-0.65; p <0.001), BMI (r = -0.22; p = 0.006 and r = -0.33; p <0.001) and arterial pressure (r =
-0.66; p <0.001 and r = -0.84; p <0.001). In addition, albumin, hemoglobin and serum uric acid
concentration were associated with the melatonin level.

Conclusions. The violation of MFE was diagnosed in 84.6% of HD patients and determined by the
duration of the dialysis treatment, the blood pressure, body weight, hemoglobin level, the degree of
impaired protein and purine metabolism.

Key words: melatonin, melatonin-forming function, chronic kidney disease, hemodialysis.

Conflict of interest statement: the authors declared no competing interests.
© Kondratiuk V., Petrova A., 2020.

Correspondence should be addressed to Anna Petrova: anna2311doc@ukr.net

) IR

36

OpUriHOABHI HOYKOBI POBOTU YKPAIHCBbKMIN XYPHOA HEPROAOTIT Ta Aianizy N21 (65) 2020


https://creativecommons.org/licenses/by-sa/4.0/deed.uk
https://ukrjnd.com.ua/index.php/journal
https://ukrjnd.com.ua/index.php/journal
http://inephrology.kiev.ua/
https://ukrjnd.com.ua/
https://orcid.org/0000-0002-4891-2338
https://nmuofficial.com/en/zagalni-vidomosti/fakultety/fakultet-pidgotovky-inozemnyh-gromadyan/obshhaya-ynformatsyya/
http://ukma.edu.ua/

Ukrainian Journal of Nephrology and Dialysis, 1 (65)2020 Original Papers

© Kongpatiok B. €., [Tetposa A. C., 2020
VIK: 616.61-085.38—073.27—053—-037

B.€. Konapatiok, A.C. Ilerposa

XapakTepucTHKA NOPYyIIEeHb MEJATOHIHYTBOPIOBAJIbHOI (QYHKILiI emigizy
Y XBOpPHX HA XPOHIYHY XBOPOOY HMPOK V cTafii, sKi JiKyloTbCSl METOAOM
reMoaiajidy 3aj1e2KHO BiJl KJIiHIKO-aeMOorpagiyHuX NoKa3HUKIB

Hauionansuuit Mennunuii yHiBepcuteT iMeHi O. O. boromonbist, M. Kuis, Ykpaina

Pestome. Pesysvmamu Haykosux 00caioncenb 0eMOHCMPYIOMb HAAGHICMb 83AEMO38 I3KY MINC (DYHKUIOHANbHUM
cmanom enighizy ma @pyukuiero Hupok. Ilpome, nopywenns meaamorinymeoproéanvroi gyukuii enigizy (M®PE) y x60-
pUX Ha XpoHiuHy xeopody Hupox (XXH), ski aikyrombscs memodom eemodianizy (I']) € marosueuenum numaHHsm.

Mema: docaioumu MDE y xeopux na XXH V I cmadii: I']] 3aaexucro i0 Kainiko — demoepapiuHux nOKA3HUKIE.

Memoou. O6cmesceno 130 TJ] nayienmie (50 % uonosixis). Ha niocmasi konyenmpayii MeaamoHiny y cauHi,
nauienmu 6yau poznodineni na 06i epynu: epyna I — 110 xeéopux 3 nopywenoro M®DE, epyna II — 20 nauienmie 3 Hop-
manvhoro M®DE. Koumpoavhy epyny ckaanu 20 300posux ocio.

Pesyaomamu. Y I/l nayicumie, y nopieHAHHI 3 epynor0 KOHMPONI0, PiGeHb MEAAMOHIHY 0Y8 00CMOGIPHO HUMNCHUM
AK Y Oennuil, mak i 6invui 3naurno y Hivnuii nepioou (p <0,001). Iopywenns MDE suseéneno y 84,6% I/l nauienmis. Y
nayieumie I epynu diaenocmoeano cmamucmuyro 3uavyuio euwi IMT (p < 0,01), 06°em maaii (p = 0,04), mpusasicmo
aikysanns T/ (p < 0,01), ma apmepiaavruii muck (p < 0,001). B pezyavmamax aabopamopHux 00caidxicens nayicHmie
3 nopyutenoro M®@FE 3eepmac ysaey nideuwena konyenmpayis C- peakmugroeo binky kposi (p < 0,001), 3aeanrvhoeo
xonecmepuny (p < 0,05), mpueniuepudie (p < 0,05) ma nuxcuuil picensv arvoyminy (p < 0,01) y nopieusanui 3 xeopumu 6e3
nopyuwenus MOE.

Bemanosneno kopeasuyiiinuil 36 430K 0eHHO20 ma HIMHO20 PiGHS MeAAMOHIHY 3 8iKom nayienmie (r = -0,40; p <
0,001 ma r =-0,42; p < 0,001), mpusanicmio aixysanus Il (r = -0,64; p < 0,001 ma r = -0,65; p < 0,001, IMT (r =
-0,22; p= 0,006 ma r = -0,33; p < 0,001) ma apmepianvrhum muckom (r = -0,66; p < 0,001 ma r =-0,84; p < 0,001).

Kpim moeo, pieenv mesamouiny acouito8ascs 3 arbOyMiHOM, 2eM02A00IHOM MaA Ce408010 KUCAOMO CUPOBAMKL.
Bucnosku. Jlna Il nauiecumis npumamanne wacme nopyuienns M®OE (84,6 %), saxe € Oinbut UpanceHuM y HiuHUil
yac ma demepminyemocs mpueanicmio I'Jl, pisnem apmepianbHo2o mucky, mMacoro mina, pieHem eemoen00iHy, cmyneHem

nopyuieHHs 0inK08020 ma NYpuUH08020 0OMIHIE.

KimouoBi ciioBa: meramonin, mesamoninymeopiosanvha QyHKyis enighizy, XpoHiuHa xeopoda HUpoK, 2emodidnis.

Beryn. 3a octanHi 10 pokiB y CBiTi clTocTepira€Th-
cs1 30UTBIIIEHHS KUTBKICTh XBOPUX, SIKi JIIKYIOThCSI Mé-
ToAaMU HUPKOBO-3aMicHoI Tepamii (H3T) na 70% [1].
Po3BUTOK Ta mporpecyBaHHS XpOHIYHOI XBOPOOU HU-
pok (XXH) yacTo acoLil0€ThCS 3 MOTipLUIEHHSIM IKOCTi
XUTTA (A2K) Ta CynmpoBOIKY€ETbCSI HECHPUSITIUBUMU
3MiHAMU Yy TCHUXOJIOTiIYHil, (i3WuHili Ta coliaJbHili
chepax KUTTS MaLi€HTIB. 3aJy4eHHs Oijbll JOCKO-
Hanux TexHosorii H3T nae MOXIUBICTh MOAOBXUTHU
TPUBAJICTh XUTTS XBOPUX 3 TEPMiHAIBHOIO CTaJi€lo
XXH [2]. [IpoTe mouIyk HOBUX CIOCOGIB JIIKyBaHHS,
noginmeHHs A2K i mpornosy xBopux Ha XXH 3anuia-
€ThCS aKTYaJTbHUM MUTAHHSIM CYy4acHO1 HE(POJIOTii.

CphorofHi Bce Oinblily yBary HayKOBIIiB IpUBEp-
TalOTh MOCHIIXKEHHS MPUCBSYEHI PETYJSITOPHIN poJi
menaToHiHy (MT) y GionoriyHuX (yHKIISIX XBOPUX i3
pisHolo marosorieio [3, 4]. Kiouosa poiabr MT Bu-
3HAYAETHCS TUM, IO pUTMaM HOro MpoaykKliiii miamno-
PSIIKOBaHi BCi €HAOT€HHI pUTMU OpraHizmMy. €IUHUM

ITeTpoBa AHHa
anna2311doc@ukr.net

mxepeaoM MT y mioneit, 110 BUKOHYE pojib (poTope-
TYJSITOpa LUPKagAHUX OiOpUTMIB YChOTO OpraHi3My, €
emidis [5, 6]. MT € ropmoHOM ermidi3y, 110 BUKOHYE
HEHPOEHIOKPUHHO-IMyHHY KOOpPAMHAIll0 CUTHaJIiB
0i0JIOTIYHUX MPOLIECiB B OpraHi3Mi Ha MOJIEKYISIPHOMY
piBHi. JloBenaeHO, 110 (i3i0J0TriYHUMU BIACTUBOCTSIMU
MT € aHTMOKCUAAHTHUI, iIMyHOMOAENIOOYNIA, aHTU-
CTPECOPHUIA Ta aHTUTINIEPTeH3UBHUI epekTH [7, 8].

VY nauientiB Ha XXH, Tak K i y iHIIWX XpOHIYHUX
MAalli€HTIB CIOCTEPIra€eThCS CE30HHA Ta 10OOBa Mepio-
JUYHICTh KJIiHIYHOT CHMIITOMATUKM, 110 MPeACTaBAEHO
MOPYIIEHHSIM CHY, OiIbIII YaCTUM CEYOBUITYCKAHHSIM B
paHilllHi TOAWHU, HiKTypi€to. Bce Bullle mepepaxoBaHe
MOX€ CBIIUMTHU MPO B3aEMO3B’A30K (PYHKIIIOHATBHUX
3MiH emidi3zy 3 (GopMyBaHHSIM Ta MNPOTPECYBaHHSIM
XXH. bioputmMu peHanbHUX (YHKLIINA € BigoOpa-
XXKEHHSIM €TamiB pO3BUTKY MATOJOTiYHUX MPOIIECiB B
HUpPKax, YUM TJIUOII MOPYIIEHHSI XPOHOPUTMIB, TUM
CWJIBHILIMIA MPOSIB MATOJIOTIYHUX ITpoLecis [9].

®akropamu, 1110 BIUIMBAIOTh HAa cuHTe3 MT mpu
XXH, BBaxaloTb MOpPYIIEHHS OeTa-aapeHpeLenTop-
HOOTOCPEIKOBAHOI PEaKTUBHOCTI, 1110 iHTiOye po31ie-
wieHHst N-acetyltransferase (NAT) ta npu3BoIUTH 10
30inpmeHHs cuHTe3y MT. IlocTiiiHa ypeMist XBopux 3
TePMiHAIbHOIO HUPKOBOIO HETOCTATHICTIO IETEPMiHY€E
PO3BUTOK JE€HHOI COHJIMBOCTI, 1110 MPU3BOJUTH A0 ITO-
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PYLIEHHS PUTMY COH— HECITaHHS1, Ta MA€ HECTIPUSTIU -
puit BB Ha cuHTe3 MT [10, 11]. PesyabTaT exc-
MEPUMEHTAIIBHUX 1 KJIIHIYHUX HAYKOBUX MOCHiIXKEHb
JIOBEJIU, 1110 BBeIEeHHSI ek3oreHHoro MT mpusBoauTh
JIO 3HVKEHHSI OCMOJISIPHOCTI ceui, KOHLIEHTpallil iOHiB
HaTpilo, Kajlito, 30i/IblIeHHIO IIBUAKOCTI KITyOOUKOBOL
dinprpanii (IIK®). Amxe min BniuBoM MT BinOyBa-
€ThCS 3MEHIIEHHS TMOIIKOIKEHHS MapeHXiMaTO3HUX
KJIiTUH Ta (ibpo3y, MPOCTEXYEThCI 3HUXKEHHS PiBHS
npoteinypii [12-15].

ITpoTe Ha ChOroiHi icHye 6araTo HEBUPILIEHUX
MUTaHb OA0 ocobnuBocTeil cuHTesy MT y xBOpux
Ha remogaianisi (I') 3asexHo Bix yacy 100y, TpUUYUHU
XXH, TpuBanocti remofianisy, Biky Ta CTaTi Halli€HTIB,
1110 6€3CYMHiBHO, ITOTPeOYE MOAATBIIOI0 TOCTiIXKEHHS
Ta OOrOBOPEHHS.

MeTta poOOTH: [OCTIIUTH MeEIATOHIHYTBOPIO-
BasibHY QyHKIIio emnipizy (MDPE) y xBopux Ha XXH
V]I cT., 5Ki JiKylOTbCSI METOJIOM TeMojiiani3y 3aJeXXHO
BiZl KJTiHiKO-aeMoTpadiyHUX MOKA3HUKIB.

Marepian Ta MeToaAM. 3 MeTOIO KJIiHIYHOT OLIiH-
kn M®DE o6¢ctexxeno 130 '/l mamieHTiB (40JI0BIKiB —
65, XiHOK — 65), sIKi 3HaXOIUIUCS Ha TIKyBaHHI B yMO-
BaX KOMYHAaJbHOTO HEKOMEpPILIAHOIro MiANpueMCTBA
«KuiBchkuil MiChbKUil LIeHTp HedpoJorii Ta miamizy».
CepenHs TpPUBAJICTb Iiali3HOTO JiKyBaHHSI CTAaHOBUJIa
11 [6; 13] pokiB. IlIBUAKiCTh TOTOKY KPOBi CTAHOBU-
ma 250-300 mi1/XB., IIBUOKICTh MOTOKY miaiizaty — 500
MJI/XB. JIJIsT aHTUKOATYJISIIii 3aCTOCOBYBaJIM TeTIapyH,
SIKUW BBOAWIU B €KCTPAKOPIMOpPAIbHUI KOHTYp (103a
HaBaHTaxkeHHS 25-50 MO/kr, minTpumyBanbHa 10-25
MO/kr/ron.) Yci ceaHcu reMojianizy BUKOHaHO Ha
apTepioBeHO3Hii (ictyni, gianizHuiA yac ckinagaB 12
TOJI/THXICHD.

20 mpakTu4yHO 300poBuUX ocid (10 yonosikiB Ta 10
JKiHOK) CKJIaJIU KOHTPOJIbHY I'PYITY.

KputepisiMu BUKTIOUEHHS 3 TOCTiXKEHHS OyJIN: BiK
moJjoaiie 18 pokiB, TpuBasictb H3T MeHIe 3 MicsliiB,
rOCTpi MOPYUIEHHS MO3KOBOTO Ta KOPOHAPHOIO KpO-
BOOOIry B aHaMHe3i, XpOHiuHa cepleBa HeAOCTaTHICTb
ITI-1V ¢yHKuioHanbHOrO Kjacy (3a  Kiacudikauiero
NYHA), pisers remorno6iny < 70 r/71, rocTpi iHbeKIIiii-
Hi mpoliecu Oyab-SIKOi €TioJIOrii, JiarHOCTOBAaHi yNpo-
JIOBXX OCTaHHiX 3 MicCs11iB, OHKOJIOTiYHi 3aXBOPIOBAHHSI,
TpPaHCIUIAHTALlisl HUPKU B aHaMHE3i, TOCTpa Ta XpOHiuHa
MEeYiHKOBA HEIOCTATHICTh, HE3ro/1a MAIliEHTA HA Y4acThb B
JTOCJTiKeHH1, TOPYILIEHHS TMICUXiYHOTO CTaHY.

VYciM mauieHTaM BU3HAYaJIM PiBEHb KPEaTUHIHY
qutst po3paxyHky HTK®, cupoBaTKOBi piBHi 3arajbHOTO

Kanbliito, ¢ocdopy, remMorsiodbiHy KpoBi, aabOyMiHy,
3arajJibHOro 0Oijika, 3araJbHOTO XOJIECTEPUHY, TPUTJi-
LEPUIB, JIMOMPOTEINiB BUCOKOI LIiILHOCTI, JiMOIMpPO-
TeiliB HU3bKOI LIIJILHOCTI, TapaTrTOPMOHY, 3araibHOTO
3aiza, peputuHy, TpaHchepuny, %TSAT, piBeHb Ha-
Tpilo, KaJito, ceuoBoi KUCAOTH, C-peaKTUBHOTO OiIKY
Ta IeHHU# i HiYHUH piBHI MT.

Konuentpanito MT BuzHauanu iMyHodep-
MEHTHUM METOJOM 3 BUKOPUCTAaHHSIM  Ha0o-
py Human MS (Melatonin Sulfate) ELISA Kit,
Elabscience. 3abip mpoBoaAuad Yy AEHHUM Ta HiYHUM
yac, TepeBaXXHO Y BECHSIHO-JIITHil mepion, 3 MiHi-
MaibHUM ocBiTIeHHsIM 30 1x. BukopucroByBanu He-
CTUMYJIbOBAHY CJIMHY, SIKy 30Upaii y Karcyay TUILY
Eninmopd y o6’emi 1 mi, 110 HeraifHO 3aMOpOXKyBa-
Jlach Ta 30epirajach 3a Temmepatypu -20 °C.

OdicHe BUMiproBaHHS apTepiaibHOro TUCKY (AT)
MPOBOJAMIIM, 10, BIIPOAOBXK Ta Micias ceaHcy '/l 3 aHa-
qizom cuctoiiyHoro AT (CAT), miactoniyHoro AT
(IAT), nynscoBoro AT (ITAT). 3a uinboBuil piBeHb
apTepiaIbHOTO TUCKY TipuiiManu cepeaHiii AT <135/85
MM. PT. CT. BpaHIli i BBeYepi MPOTSIroM 6 Hemiali3HUX
JHiB y IBOTUXHEBU MEpiof.

KoxHoMy mauieHTy BU3Hayalud JBOXITYJOBUIA
Kt/V 3a Daugirdas (DPVV Kt/V), mo cknagas 1,44
[1,42; 1,46].

Yci xBOpi OTpUMYBaM CTaHAAPTHY aHTUTIINEp-
TEH3UBHY Teparlilo.

ITpoTsiroM BUKOHaHHSI pOOOTU AOTPUMAHI MPUH-
LIMITK 0i0ETUKM Ta 3aKOHOAABYMX HOPM i BUMOT LIOA0
MPOBECHHS OioMeAUYHUX [ocHigkeHb. [IpoTokon
JIOCTIIKEHHS CXBaJIEHUIA KOMICi€l0 3 MUTaHb 0ioeTUY-
HOI €KCIepTU3U Ta €TUKU HAyKOBUX NOCIIIXKEHb MPU
HMY imeni O.0. boromoubig.

CraTUCTUYHY OOpOOKY OTpMMaHUX pe3yJbTaTiB
MMPOBEICHO 3a JOIIOMOroIo mporpamu Microsoft Office
Excel 2010 Ta IBM Statistics Spss 22. HenepepBHi naHi
MpeICcTaBIeHI MeAiaHOI0 Ta MiXXKBapTUJIbHUM pO3Ma-
xoM (Me [Q25 - Q75]), kateropiaibHi — BUpaXeHi y
BifcoTkax (%). st mopiBHAHHS HOPMaJTbHO PO3MOIi-
JICHUX TaHUX BUKOPUCTOBYBaiu Kputepiit CT’1ofeHTa,
3a HEBIAMOBIMHOCTI 3aKOHY HOPMAJIbHOTO PO3MOJi-
Jly 3acTocoByBaiu HemapamerpuuyHuil (U-kpurtepiit)
ManHna-YitHi. KopensuiiiHuii 38’530K BU3HAYaAIU 3a
Metogamu Ilipcona (r) Ta CriipMeHa 3aexHO Bil po3-
MOJiy TOKA3HUKIB.

HemorpadiuHi faHi Ta KJIiHiYHA XapaKTEPUCTUKA
BKJIFOUEHUX Y JOCTIIKEHHS XBOPUX MPOJEMOHCTPOBA-
Hiy Tabauui 1.

Tabauys 1

Kniniuna Ta nemorpadiuna xapakrepuctuka I'/l mamienris

IToka3nuk IManiean (n=130)

Bik, poku 58,5 [43; 66]

IMT, kr/m? 21,3 [20,1; 22,3]
O0’eM Tarii, cM 88 [79; 92]

OdicHnii cepenniit CAT, MM pT CcT

150 [140; 160]
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IToka3nuk IManienn (n=130)
Odicuuii cepenniit JIAT, MM pT cT 90 [80; 92]
Temorno6iH, t/n 85[77; 92]

DeputnH, HT /M

311,4 [172,6; 505,4]

Carypallisg TpaHchepuny, %

32 [22,8; 36,3]

3X, MMOJIb/JT

4,31[2,93; 5,62]

TT, MmMoJb/1

1,52 [1,24; 1,77]

CPBb (r/n) 17 [8; 23]
CeuoBa KHMCJIOTa, MMOJIb/JI 399 [372; 428]

Anp0yMiH (T/71) 35[32; 37]
ilITI (ir/mur) 530 [313; 614]

P (Mmonb/m)

1,88 [1,55;2,03]

Ca2+ (MMoJb/1)

2,12 [1,98; 2,25]

Ckopouennsi: IMT-ingekc macu Tiia, CAT-cucroniyHuii aprepiaabHuii TucK, JTAT-miacToNiYHMiA apTepiaabHU TUCK,

3X — 3aranpHuit xonectepuH, CPb - C-peaktuBHuii 6in10k, P — docdop, Ca2+ — kanpuiid, ill TT-iHTakTHMIA

MapaTropMoH.

Cepen o0CTeXXeHUX MallieHTiB, nMpesamoBan (39%)

MAaL[iEHTH CEpeIHbOro BiKY (44-60 poKu ), 4acTKa NallieH-
TiB paHHBOT'O MEPIOLY CTAPOCTi a00 MOXMJIOro BiKy (60-75
poku) ckiaia 32%, HaliMEeHIIy YMCeIbHICTh CKJIaIaIM I1a-

LIIEHTH aKTUBHOTO 200 MOJIOAOTO BiKY (25-44 pokn) 29%.

Pesyabratu. ¥V I'/l naitieHTiB, y TOpPIiBHSIHHI 3

MPAaKTUYHO 3I0POBMMHU OCOOAMM, BMUSIBJIEHO CTATHUC-
TMYHO 3Hauylle 3HmkeHHss M®PE, 1o npencrabiieHO
y Tabaui 2.

Tabauys 2
IMupkamHi puTMH MeJATOHIHY 00CTEKEHIX TPyl
PiBenb MesaToHiHY, Tr/mMI L H?n)gigloi Thjem: IIpakTuuno 310poBi ocoou ( n=20) p
JeHHuit yac 1,911,5;2,9] 3,85(3,55; 4,15] <0,001
Hiunwit yac 20,1[18,2;37,5] 126,85 [102,15;135,85] <0,001

OTtpuMaHi JaHi cHiBOagaloTh 3 pe3yjbTaTaMM iH-

WX KJIiHIYHUX JOCHiIKEeHb, B SIKMX MPOIEMOHCTPO-
BaHO HEraTMBHUWI BIUIMB ITOPYIIEHHS HUPOK Ha M®DE

OkpiMm M®PE maiieHT 000X Tpyn AOCTOBIpHO

[16, 17]. CPBb, ceuoBoi kucinoru, ansdoyminy, illITI, docbhopy
Ta i0OHiI30BaHOTIO KaJjbllilo KpoBi (TadJ. 3).
Tabauus 3
Kriniko-nemorpagiuna xapakTepucTHKa BKIIOYEHUX Y TOCTiZKEHHS 0Ci0
IToka3Huk I'/I naniean (n=130) I'pyna kouTpomo (n=20) p
Bik, poku 58,5 [43; 66] 56 [45; 63] 0,6
IMT, kr/m? 21,3 20,1; 22,3] 22,5120,42; 23,86] 0,1
006’eM Tajii, cM 88179; 92] 80[77,5; 88] 0,02
Odicuuii CAT, MM pT. CT. 150 [140; 160] 120 [116; 128] <0,001
OdicHuii IAT, MM PT. CT. 90 [80; 92] 80 [73; 80] <0,001
Iemorno6iH, r/n 85[77; 92] 134 [129; 136] <0,001
DeputrH 311,4[172,6; 505,4] 73,25 [62,85; 112,4] <0,001
Carypaiiist TpaHchepuny, % 32 [22,8; 36,3] 38,92 [34,6; 44,1] <0,001
3X, MMOJIb/JT 4,31[2,93; 5,62] 4,2513,85; 4,65] 0,9
TT, MMomb/IT 1,52 [1,24; 1,77] 1,16 [0,89; 1,25] <0,001
CPBb (r/n) 17 [8; 23] 513;6,5] <0,001
CedoBa KHCIIOTa, MMOJIB/JT 399 [372; 428] 282.5 [246; 298] <0,001
AnbOyMiH (T/11) 35[32; 37] 40 [38,5; 42,5] <0,001

BimpisHsuca 3a cepenHiMu 3HayeHHsIMu CAT, AT,
reMoryio0iHy, epuTuHy, caTypauii TpaHchepuny, TT,
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IToka3Huk I'I nanientu (n=130) I'pyna koutpomo (n=20) p
illTT (ir/mur) 530 [313; 614] 32,5 [21; 44] <0,001
P (Mmoub/m) 1,88 [1,55; 2,03] 1,03 10,93; 1,14] <0,001
Ca2+ (MMOJB/1) 2,121,98; 2,25] 2,412,3; 2,4] <0,001

He3Baxarouu Ha MeHII BUpaxXeHi MOPYIIEHHS
MO®E, piBenb MT y KOHTpOJIBHOI TpyIli MaB 3BOPOT-
Hill KopensuiiiHuii 3B’s30K 3 BikoM (r = -0,58; p <
0,05), 110 CBiAYUTH MPO BiK-3aJEKHUI XapaKTep Mopy-
menb M®E. Anani3 HiuHoro piBHsa MT BusIBUB fioro
3BOPOTHIl KOpesaUiiHU 3B’SI30K 3 piBHEM CEYOBOiL

remoniobinoM (r = 0,59; p < 0,05), 110 MATBEPIKYE
HayKoOBi JaHi o0 BiactuBocTeid MT.

Cepen HozoJsioriuHoi ocHoBU XXH momiHyBamu
riaoMepyaoHepUT Ta TilepTeH3MBHA HedpomaTis.
3arajJbHUII HO30JIOTIYHUNA PO3MOAiN YCiX 0OCTEXEHUX
MalLi€HTiB MpeacTaBieHU Ha puc. 1.

kucjoru (r = -0,67; p < 0,05) Ta npssMuil — 3 piBHEM
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Puc. 1. Po3mogin o6cTeskeHMX MAaIli€HTIB 32 HO30JIOTiYHOI0 0cHOBOIO XXH.

cepeIHbOro Ta Ioxwioro (abo paHHi mepiox cTapo-
cTi) BiKy (puc. 2. ).

Posmnonin xBopux Ha H3T 3a BikoM mpoBoauBcs
3rigHo 3 Knacudikaliero AMEpUKaHChKOI acoliallii re-
ponTosoriB. Cepes Malli€eHTIB MepeBaXkalu Iali€HTH

PAHHI MEPIOL CTAPOCTI

CEPE[QHIV BIK

AKTVBHWI BIK

0% 5%

10%

15% 20% 25% 30% 35% 40% 45%

Puc. 2. Posnoain I'/] xsopux 3a Bikom

40 OpUriHOABHI HOYKOBI POBOTH YKPQIHCBKUM XKYPHOA HEGPOAOTIT Ta piaaizy N21 (65) 2020



Ukrainian Journal of Nephrology and Dialysis, 1 (65)2020 Original Papers

3a 1060BMM TipodiseM MenaTOHiHY BUSIBIIEHO, OiJbIl BUpaXeHW y HiuHUi mepion (Ha 82,4%), Hix
110 XBOPi OCHOBHOI TPYITU MOPiBHSHO 3 XBOPUMMU Ipy- v AeHHUI (Ha 41,9 %), 1110 HaBeJeHO Y Tabaulli 4.
nu Il manu noctoBipHO HUXUUii piBeHb MT y ciuHi:

Tabauys 4
IMupkagHi puTMH MeJIATOHIHY Y 00CTEKEHHX IPynax XBOPHX
. Pedepentni O nuauni _ _
Pisens MT N . II rpyna (n = 20) I rpyna, (n=110) p
JenHui <4,9 r/Mi 3,11[2,6; 3,5] 1,8 [1,5;2,5] <0,001
Hiuynmit 52,3 —149 IIT/MJT 111,0[97,3;130] 19,5[17,8;29,7] <0,001

XBopi 3 nopyiieHoro M®E nopiBHsHO 3 xBopumu 11 rpynu Manu moctoBipHo Ginbimuit IMT (p < 0,01) i
00’em Tadii (p = 0,04), xo4a 11i MOKa3HUKHU 3HAXOAWIMCH Y MeXXaX HOPMaJIbHUX 3HaUYeHb. XBopi I rpynu 3 manu
oinpiry TpuBaiicth JikyBaHHS [ (p < 0,01) Ta Bummii pieHb CAT (p < 0,001) i JAT (p < 0,001). Pesynbratn
J1abopaTopHOTO 00CTeXXeHH 3acBimumnm Buiuii piseHb CPB (p < 0,001), 3X (p <0,05), TT (p < 0,05) Ta HIXK-
yuii piBeHb anpoyMiny (p < 0,01) y mauienris I rpynu (Ta6a. 5).

Tabauya 5
Kniniko-aemorpadiuna xapakrepuctuka I'/l mamienTiB a
IToka3nuk I rpyna, (n=110) II rpyna (n = 20)

Cratb 4, abc¢., (%) 57 (52%) 8 (40%) 0,04

Bik, poku 59 [43; 67] 54 148,5; 61,5] 0,13

Tpusamicts nikyBanus I'J1, poku 11,5 [6; 14] 7,51[4,5; 11] 0,01
Crax AT 14,5 [8; 17] 10 [6; 14] 0,04

eKt/V 1,44 [1,42; 1,46] 1,42 [1,42; 1,44] 0,04

IMT, xr/m2 21,43 [20,3; 22,8] 20[19,84; 21,21] 0,01

006’eM Tanii, cM 89 [80; 93] 80[77,5; 90] 0,04

«Cyxa» Bara, KT 66,5 [58; 75] 57 [53,5; 68,5] 0,04

MixnianizHa nmpubaBKa Baru, Kr 312,7; 3,2] 3,1[2,85; 3,25] 0,19
OdicHuii cepenniit CAT, MM pT CT 158 [142; 162] 134 [130; 137] <0,001
OdicHmii cepenniit JAT, MM pT CcT 90 [80; 96] 80 [70; 87] <0,001

Iemorno6iH, /1 85 [76; 92] 85,5 [80,5; 94] 0,3

Carypaiiist TpaHchepuHy, % 32 [22,6; 36,3] 32,35127,94; 36,05] 0,9

3araJlbHUI X0JIECTEPUH, MMOJIb/JT 4,4 13,11; 5,7] 3,37 [2,37; 5,26] 0,05

Tpurnitnepuau, MMoJib/ 1 1,56 [1,25; 1,78] 1,3[1,2; 1,4] 0,05
CPB (r/n) 18 [12; 24] 5,5 [4,5; 8] <0,001

CeuoBa KKCII0Ta, MMOJIB/JT 400 [357; 427] 399 [388; 434] 0,96
ANBOYMiH (r/11) 34 [32; 37] 36 [35; 37] 0,006

ilITT (ir/mut) 550 [325; 621] 510 [243; 581] 0,26

P (Mmmodb/m) 1,88 [1,57;2,03] 1,78 [1,46; 2,11] 0,46

Ca2+ (MMosb/1) 2,12 [1,98; 2,23] 2,17 [2,04; 2,29] 0,4

Kaiit mo miaimi3y (MMOJIb/JT) 5,11[4.8; 5,4] 5,05 [4,85; 5,25] 0,55

IMopiBHsLIbHMIT aHAII3 MOKA3HUKIB Kallilo, Kajlb-
ito, ¢pocdopy, mapaTropMoHy, catypaliii TpaHchepu-
HY Ta IIyPUHOBOTO OOMiHY Yy IBOX Ipymnax JOCTOBIpHUX
po30ixKHOCTE HE BUSIBUB.

Cepen etionoriunux npuunH XXH mnamieHTis
I rpynu mnpeBamoBanu rinepTeH3WBHA HedpomaTis
Ta IJIOMepyloHeppUT, Yy MeHIIii Mipi ITOJiKicTO3 Ta

ceyokaM’siHa XBOpo0a, 110 IIPeACTaBIeHO Ha puc. 3.
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[ TinepreHsuBHa Hedpponaris B Monikuctos
nomepynoHedput B Ceuokam'ana xBopo6a
B MoparpnyHa HedponaTist B Ty6ynoiHTepcTuLiiiHMi HedpuT

Puc. 3. Po3noain xBopux I rpynu 3a Ho30J10TiYHOI0 ocHOBOKO XXH.

Haiisumi piBHi HiuHoro MT crioctepiranucs y maifieHTiB Ha TiioMepyiaoHedpuT (TabJ. 6).

Tabauys 6
Hupxagni purMu MT nanienTtiB 0CHOBHOI IPYNM 3aJI€2KHO Bil HO30J10Ti1
Ho3zoJoriss XXH — i HBYMIT " —

Jlennuii piBeHs, nr/mi Hiunmnii piBeHb, nr/mia

lNnepreH3nBHA Hedpomarist 1,6[1,3;1,8] *# 17,95 [17,1;19,4] #

ImomepynoHedpur 2,711,9;3,2] $& 29,8 [19,3; 37,51 $
IMogarpuyHa Hedpomnarist 1,65[1,3;2,4] 20,1 [19,3; 30,8]
IMomikicTo3 1,9[1,6;2,1] 19,2 119,2; 32,2]
CeuokaM’siHa XBOpoOa 1,3[1,2;1,7] 18,4 [17,3;20,6]
TyGynoiHTepcTULiiiHMil HEDPUT 1,9[1,8;2,5] 19,5[17,3;29,7]

TMpumitku: 1. * — p<0,05 y mOpiBHSIHHI 3 XBOPUMU Ha TYOYJIOIHTEPCTUIIITHUI HeDPUT;
2. # —p<0,05 y nopiBHSIHHI 3 XBOPMMHM Ha IJIOMEPYJIOHE(DPUT;
3. $ — p<0,05 y mopiBHSHHI 3 XBOPUMU Ha CEYOKaM’sTHY XBOPOOY;
4. & — p<0,05 y mopiBHSIHHI 3 XBOpMMU Ha MOAArpuyHy Hedporariio.

Ilig gac anamizy mopymenb M®E 3amexkHo Bim cTaTi BUSBICHI HAWHIIKYI PiBHI JeHHOTO Ta TCHIOCHIIIS 10
3HMKEHHS HigHoTO piBHA MT y XXiHOK, y TOpiBHAHHI 3 yosioBikaMu (p < 0,05 Ta p = 0,06 BignosinHo) (Tabi1. 7).

Tabauys 7
ITupkagHi puTMH MeJIATOHIHY OCHOBHOI IPYNH 3aJ1€XKHO Bil cTaTi
IToka3Huk YouoBiku (n=57) XKinku (n=53) p
JeHHMI piBeHb, IIT/MJI 1,9[1,5;2,9] 1,7 [1,4;2,1] 0,03
Hiynwuii piBeHb, IT/MJI 20,1 [18.4; 32,8] 19,3 [17,3; 21,3] 0,06

HactynuuMm etanom po6oTu € aHani3 mopyimeHHss M®E y XxBoprx OCHOBHOI TpyIHy 3aJIeXXHO Bin Biky. Bu-
SIBJICHO, 1[0 XBOPi MTOXUJIOTO BiKy MOPiBHSHO 3 TPYIOIO MALliEHTIB aKTUBHOIO BiKy MalOTh BipOTiAHO HUXYi TTO-
Ka3HUKU piBHSA MT, gK y HiUHMIA, TaK i B AeHHUI yac (TadJ. §).

Tabauysa §
Iupkanni puTMH MeIATOHIHY OCHOBHOI IPYNH 3aJI€3KHO BiJ BIKY
PiBHi MesaToHIHY AKTHBHMIA BIK, (n=34) Cepenniii Bik, (n=36) Pamnniii nepion crapocri, (n=40)
JenHwuit, r/mn 2,25[1,7; 3,2] 1,85[1,55;2,9] * 1,55]1,3; 1,9] * #
Hiunawit, nr/mn 28,751 19,3; 37,5] 20,1[17,1; 31,2] * 18,7 [17,4;19,5] * #

Mpumitku: 1.* —p < 0,05 y nmopiBHAHHI 3 XBOPUMU aKTUBHOTIO BiKY;
2. #—p<0,01 y mopiBHSIHHi 3 XBOPUMU CEPEIHBOTO BiKY.
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Crnin 3a3HayuTH, 1O Y NMALiEHTIB 3 IPynu piBeHb
neHHoro MT y ciuHi HUX4YUi 32 MOTO piBEHb Y iHIIUX
rpymnax. [TopiBHSIbHUI aHaMi3 pe3yabTaTiB piBHiB MT
mix I ta Il rpynamMu mpomeMOHCTpYyBaB AOCTOBIpHO
BUILI piBHi TOpMOHY 1-i rpynu, SIK y NI€HHUI TaK i y
HiYHU yac, 10 MpeacTaBJeHo y TabauLi 9.

JI1st momanblloro aHajli3y 3aJIeXKHO BijJl CTaxy Jia-
JII3HOTO JIiKyBaHHS, NMaLli€HTiB 0yJIO po3MOAiJeHO Ha 3
Tpynu:

1 rpyna (n = 24) - nikyBanus '] Bix 1 5o 5 p.,

2 rpyna (n = 20) - nikyBanns I'J] Bin 5 no 10 p.,

3 rpyna (n = 66) - nikyBanus I'/] 6inbiue 10 p.

Tabauys 9
upkanni putvu MT ocHOBHOI rpynu 3asexHo Big TpuBajocti I/l nikyBanns

PiBHi MeJaTOHIHY

1 rpyna (n = 24)

2 rpyna (n = 20)

3 rpyna (n = 66)

HeHHuit piBeHb, TIT/MIT

3,15 [2,8; 3,45]

2,111,8;2,65] *

1,55[1,3; 1,8] * #

Hiunwii piBeHb, TiT/MIT

33,35 [30,6; 38,2]

28,75 [19,15; 36,2] *

18,4 [17,2; 19,5] * #

ITpumitku (TyT i B Ta61. 10) -

1. *—p<0,05 y nopiBHsIHHi 3 xBopumHu I rpynu;

2. # —p<0,05 y nopiBusHHi 3 xBopumu I rpymu;

Kpim Toro, aHani3 3anexHo Bifg TpuBamocTi I'I]
BU3HAYMB JOCTOBIpHY Pi3HMIIIO MiX IpylamMu 3a cTa-
xeM AT no mouatky I'/l n1ikyBaHHS, piBHSIMU OicHO-

ro CAT, remorno6iny, 3X, TT', ceyoBo10 KMCIOTOIO Ta

docdhopom, 1110 nipeacTaBaeHo y Tadauii 10.

Tabauys 10
Kuniniyna xapakTepiucTHKa XBOpPHX 3aJe3KHO Bix TpuBasocti H3T
ITokazuuk I rpyna, (n = 24) L Tyﬂa’ 111 rpyna, (n = 66)
(n=20)
Crax AT, poxu 61[5; 6] 9,5[8;11]* 16 [15;17] * #

eKt/V 1,43 [1,42; 1,46] 1,44 [1,42; 1,46] 1,44 [1,42; 1,46]
IMT, kr/m2 21,3 [20,42; 21,79] 20,8 [19.9; 22.4] 21,52 [20,48; 25.,39]
OdicHuii cepenHiit . ) . "
T 141 [138; 148] 140 [139; 160] 160 [158;166] * #
Odpicunid cepenniit AT, 90 [89; 90] 90 [80; 90] 90 [90; 98]
MM PT CT
TeMOrI06iH, T/ 89 [79,5; 92] 87 [77,5; 93,5] 82,5 [75; 89] *

Carypauist
Tpa"chepuny, %

28,84 [23,3; 35,77]

33,2[27,8; 37,2]

31,96 [21,7; 36,23]

3X, MMOJIb/JT

3,65 [2,86; 5,55]

3,32 2,86; 5,12] *

4,88 [3,38;5,8] * #

TT, MMomb/IT

1,47 [1,16; 1,7]

1,35[1,2; 1,58] *

1,58 [1,35;1,93] #

CPB (/) 15[7; 21,5] 17,5[10,5; 21] 19 [14; 24]
CeyoBa KMCJIOTa, 393,5[344,5; 403,5] 398 [330; 408,5] 408,5 [381; 472] *
MMOJIb/J
AnbGymi (r/1) 35[33,3; 38] 34 [31,5; 36,5] 34 [31; 36]
i (mr/wm) 568,2 [285,6; 756,6] 545,5 [414; 704,6] 532,5[290,8; 593]
P (Mmosth/m) 2[1,85;2,33] 1,85 [1,52; 2,07] * L8711,53 1,981 *
Ca2+ (MmoTb/1) 2,12[1,72;2,33] 2,15[1,99;2,34] 2,1212;2,21]
Kanii no giarisy 5,25[5,05; 5,63] 5,1[4,65;5,41] 5,1[4,6;5.4]
(MMoOJITB/IT)

3 MeTOoI0 OiJIblll IeTaJbHOTO PO3TJISIAY MEXaHi3MiB
nopyuieHHs M®E y I'Jl xBopux, HaMK1 TPOBEACHUIA
aHaJi3 B3a€EMO3B’13Ky piBHSI MT ciauHM 3 KIIiHIKO-1€e-
MorpadiyHUMM MoKa3HUKaMu. Bu3HaueHo, 1110 piBeHb

MT y cnuHi 3HMKYETBCS 3 BIKOM MALli€HTIB, IK y Hiu-
Huit (r =-0,42; p < 0,001), Tak i AeHHUI1 Iepion KOOU

(r=-0,40; p <0,001) (puc. 4.).
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Puc. 4. Kopensuiiinuii 3B s130K Mixk MT ciMHM y HiYUHUI niepio Ta BIKOM XBOPHX.

BcraHoBneHo, 1o TpuBajiicTh JikyBaHHS ['I]
MAa€ 3BOPOTHIN KOpPENSUiiHUI 3B’SI30K 3 PiBHAMU
MT y nennuii (r = -0,64; p < 0,001) Ta y HiuYHUIi nIe-

piog (r = -0,65; p < 0,001 ), wo BimoGpaxkae morip-
meHHd M®E 3i 36inpmieHHsamM «craxy» '/l xBopux
(puc. 5.).
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Puc. 5. Kopenguiitauii 38’130k MixX piBHeM MT y HiuHuii iepion ta craxkem ['J1.

KopensuiitHuii aHai3 MiATBEPAXKYE, IO 30iab-
meHHs IMT Ta 06’eM Ttanii y I'Jl XBOpUX MOENHYETH-
¢ 3i 3MeHIIeHHsAM piBHSA MT y Hiunwmii (r = -0,33;
p < 0,001) ta geuwuit yac (r = -0,22; p= 0,006). Ie
Moxe OyTH moB’si3aHO 3 BIJIMBOM MT Ha LIMKJ COH-
HeclaHHs 3 MOoJabLIMM 30iJbIICHHSIM MacHy Tijlia Ha
TJIi 3MEHIIEeHHs TpuBajocTi cHy. KpiM Toro, Bu3Ha-

YeHO TMpSIMUI KopensuiiHuii 3B’s30k MT ciauHu y
JNeHHUI Ta HIYHUM Mepiogu 3 albOyMiHOM CUPOBATKU
(r=20,23; p=0,02 Tar=0,30; p=0,02), remorio06i-
HoM KpoBi (r = 0,19; p = 0,02 Ta r = 0,28; p = 0,02)
Ta 3BOPOTHil KopessuiiiHuii 3B’130K 3 piBHeM CAT
y neHHuit (r = -0,66; p < 0,001) Ta HiyHMI nepion
(r=-0,84; p<0,001), o mogaHo Ha puc. 6.
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Puc. 6. KopenswiitHuii 3B 130K MixK piBHEM MeJaTOHIHY y Hivnuii nmepion ta CAT I'/] mawieHTiB.

BcTaHoBIeHII 3BOPOTHI KOpENSLiifHIIA 3B’ 130K
Mix piBHeM MT Ta ce4oBOIO KUCJIOTOIO CHUPOBATKHU
(menp r = -0,18; p = 0,005; wix r = -0,31; p < 0,001)
MOXHAa IMTOSICHUTA HETaTUBHUM BIUIMBOM TillepypHKe-
Mii Ha OKMCIIOBaJIbHUI CTpPEC i MPOTEKTOPHY BJIACTU-
Bicte MT [7].

OO0roBopeHns. PesynbpraTi IpoBeIeHOrO TOCITI-
IKEHHSI TeMOHCTPYIOTh HasgBHICTh mopymeHHs M®E
y mnepeBaxHoi OinbinocTi 'l xBopux, SKi ITOCSramTh
CBOT'O MAaKCUMYMY 3i 3pOCTaHHSIM TPUBAJIOCTI JIIKyBaH-
Hg H3T. Hamu Bu3HaueHi 3B’13Ku MixX piBHeM MT Ta
IMT, Bikom mamieHTiB, TpuBaiicTio JikyBaHHsa H3T i
apTepiajbHOIO TillEPTEH3i€10, piBHEM CEYOBOI KUCIIO-
TH, aJIb,OYMiHY Ta TeMOIJIO0iHY.

Bugsnennii B3aemo3B’s130k MT 3 IMT I'l mari-
€HTIB 3HAXOIWTh CBOE BimOOpaxkeHHS B pe3ybTarax
IHIIMX KJITHIYHUX AOCTiIKEHb, 1110 IEMOHCTPYIOTh HE-
TaTUBHUI BILUIMB 3MCHIIICHHS TPUBAJIOCTI CHY Ha pO3-
BUTOK oxupinus [18, 19]. PesyapTatn BKIIIOUanu gaHi
30 mocaimxeHb B IKUX Opayio yyactb 634 511 oci6. Pu-
3MK OXXMPIHHS ITiJ] Yac KOPOTKOI TPUBAJIOCTI CHY CKJIaB
1,55 (95% 11 1,43-1,68); p < 0,0001). Perpeciitnuit
aHali3 MiATBEpAMB, IO CKOPOYEHHSI TPUBAJIOCTI CHY
y IOpOCIUX Ha 1 TOAMHY MPU3BOAUTD A0 30UIbIIEHHS
IMT ua 0,35 xr/m? [18, 19].

BcraHoBneHuii HaMu 3BOPOTHIM KOpeSLiMnHUN
3B’g930K Mixk MT Ta piBHeM CAT miarBepIKyeThCs
€KCIIePUMEHTAIBHIMH JOCITIIKEHHIMHU, Y SIKUX IiHE-
aJIEKTOMisl IPU3BOAUTH OO CTiliKoro miaBuieHHsT AT,
PiBEHB SIKOTO 3HIKYETHCS 10 HOPMAJIBHUX IIUMP ITiCIs
ek3oreHHoro BBegeHHs MT [19]. PesyiabTat HU3KU
TOCTIIKEHb TEMOHCTPYIOTh, IO HEIOCTATHICTh CHH-
Te3y MT cynpoBOIXYEThCS aKTUBALII€ID PEHiH-aHTi-
OTCH3WH-aJIbIOCTEPOHOBOI CHUCTEMH, 3MEHIICHHIM
(GiOpMHOMITUYHOI aKTUBHICTb KPOBi, ITIIABUIIECHHSIM

CYIMHHOTO TOHYCY, IO CIIpHsie (DOpMyBaHHIO KapIio-
BACKYJISIpPHUX ycKJagHeHsb [17].

IIneiioTponHa ¢iszionoriyna niss MT BriuBae Ha
yuclieHHI TaTodi3iojoriyHi MexaHi3MHu TIOB’SI3aHi 3
XXH [16]. ITpotsroM ocTaHHIX poKiB OyJa 3amporo-
HOBaHa TilOTe3a IIOA0 B3aEMO3B’SI3KY IHUCPETYIISIIil
meTabomismy MT 3 gedimToM eHIOTeHHOTO €pUTPO-
MOCTUHY, IO MOXE MOSICHIOBATH 3B’SI30K IOPYIICH-
Hg9 M®E 3i 3HIXeHHSIM PiBHIO TeMOIJIO0iHY Ta pPo3-
BUTKOM aHeMii y xBopux Ha H3T. Joseneno, mo MT
BOJIOHI€ AHTHUTINIEPTCH3WBHUMHU, HPOTU3ATATIBHIMH
Ta AHTHAIIONTAYHUMHU BJIACTUBOCTAMU X. Y eKcCIe-
PUMEHTAIBHUX IOCIIIXKCHHAX IIPOAESMOHCTPOBAHUI
BB MT Ha 3MeHIIIeHHST OKMCTIOBAJIbHOTO HaBaHTA-
JKEeHHSI, 3MEHIIICHHS XpPOHIYHOTO 3aMaJeHHs Ta IIBHUI-
KocTi amorrrosy kiitud [7, 20-23]. i edpexru ticHO
OB’ s13aHi 31 3HMKEHHSIM IPOTEIHYPii Ta MOIIKOMXKEH-
HSIM MapeHXiMaTO3HUX KJIiTUH. Y xBopux Ha XXH xpo-
HobOionoriuHa aisgs MT 3HMXKye OKMCIIOBaJIbHE HaBaH-
TaXXEHHS Ta IMOKpallye meTaboii3zM 3amiza. B iHmmx
poboTax IPOXEMOHCTPOBAHUI pETYIIOIOUNII BIUIMB
prumBy MT wma IIIK® [20, 21].

O1iHIOIYN B3a€EMO3B’SI3KU  KJIiHIKO-JIeMOoIpa-
(iuHMX MTOKa3HUKIB i3 piBHEM MT B opraHi3Mi, MOX-
Ha MPUIIYCTUTH, IO HOTO KOPEKIIisI MOXe BIUTMBATH
Ha nokpaueHHs AXK I'/l nanieHTiB Ta BUMarae Oiiblil
IEeTATLHOTO TIOHAJBIIOTO BHBYCHHS I OKPEMOTO
aHai3zy.

BucnoBku. /[lng 'l xBopux mpuTaMaHHE 4acTe
MOPYIIEHHS MeJIaTOHIHYTBOPIOBAJIbHOI (DYHKIIII eITi-
dizy (84,6 %), sike € Ginbll BUPaXXeHUM y HiYHUI 4ac
Ta IeTePMiHYETHCSI TPUBAJIICTIO JIiKyBaHHS TeMOIiali-
30M, piBHEM apTepialbHOTO TUCKY, MAcolo Tiia, piB-
HeM T'eMOIVIOOiIHY, CTyIeHeM IOpYyIIeHHS OiJIKOBOTO
Ta IIypUHOBOI'O OOMiHiB.
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Summary. The review article analyzes the results of studies of the bi-directional relationship of
the intestinal microbiota and kidneys, the so-called colorenal interactive axis of interaction. The
intestinal microbiota is considered as a kind of organ that influences the brain, cardiovascular
and immune systems, as well as the kidneys of the “host”. Short-chain fatty acids (SCFA)
formed in the colon as the result of microbial metabolism from plant components of dietary fiber
and acting as ligands for the olfactory receptor, paired G-proteins in the kidneys are recognized
as the markers of this symbiosis. With the help of modern omix technologies, the development
of dysbiosis taking into account patients with chronic kidney disease (CKD) has been proved,
which leads to the accumulation of precursors of uremic toxins, a decrease in the production of
SCFA, which have nephroprotective properties and play a key role in energy homeostasis.

Changes in the composition of the intestinal microbiota in CKD, an increase in the content
of uremic toxins in the intestinal lumen contribute to the appearance of the “leaky ” intestinal
barrier syndrome, the movement of bacteria from the intestine into the general circulation,
the development of systemic inflammation, oxidative stress, comorbidity, the progression of
CKD, and an increase in mortality. Diets with restriction of protein and potassium quotas,
violation of nutritional status lead to the development of dysbiosis in CKD. A decrease in the
diet of vegetables and fruit causes the expansion of bacteria producing uricase and urease,
which are enzymes in the formation of uremic toxins and reduce the number and variety of
bacteria producing short-chain fatty acids. Potential targeted effects on the axis of “intestinal
microbiota - chronic kidney disease” are being discussed: the use of a diet enriched in plant
fibers, heat-treated, then chilled potatoes and rice as prebiotics (sources of resistant starch),
nuts, plant seeds, and pro-, pre-, synbiotics, fecal transplantation. Most of the proposed
interventions in the structure and functions of the microbiota are not dangerous, side effects
are minimal.

Keywords: intestinal microbiota, dysbiosis, kidneys, uremic toxins, bi-directional interaction,
targeted therapy.

Conflict of interest statement: the author declared no competing interest.
© Semydotska Zh., Chernyakova I. Avdeyeva O., 2020.

Correspondence should be addressed to Zhanna Semydotska: vade mecum2001@yahoo.com

ec) T

48 LLIkona Hedpoaora

YKPAIHCBbKMIN XYPHOA HEPROAOTIT Ta Aianizy N21 (65) 2020


mailto:sofwmaks%40gmail.com%20?subject=
https://creativecommons.org/licenses/by-sa/4.0/deed.uk
https://ukrjnd.com.ua/index.php/journal
https://ukrjnd.com.ua/index.php/journal
http://inephrology.kiev.ua/
https://ukrjnd.com.ua/
https://orcid.org/0000-0002-0402-9463
https://orcid.org/0000-0002-3591-0720
doi: 10.31450/ukrjnd.1(65).2020.07
http://www.knmu.kharkov.ua

Ukrainian Journal of Nephrology and Dialysis, 1 (65)2020 Nephrology School

© Cemuponkas K. /1., Yepusixosa U. A., Apneena E. B., 2020
VIK: 616.61:616.34-008.87

K. Cemunonkas, V1.A.Yepusakosa, E.B.ApneeBa

ITouku u MUKpOOMOTA
XapBKOBCKI/Iﬁ HaHI/IOHaJTBHblﬁ MCI[I/I]_[I/IHCKI/Iﬁ YHUBCPCUTET, praI/IHa

Pe3iome. B 0630proii cmambe anaiuzupyromes pesyasmamol UCCAe008AHULL 08VHANDPABACHHOU C853U KUUEHHOU
MUKPOOUOMBL U NOYeK, M.H. KOAOPEHAAbHOI UHMepaKkmueHoll ocu 83aumodeticmeaus. Kuweunas mukpobuoma paccma-
mpueaemcs KaKk c80eobpasHulil opean, 83aumo0eicmeyruull ¢ M0320M, cepoeuHo - cOCYOUCMOU, UMMYHHOU cucme-
Mamu, HOYKAMU «X03UHA». B Kauecmee mapkepoé 3moeo cumobuo3a npusHaHvl KOPOMKOYEenoueuHsle JICUpHsle KUcao-
mot (KL[2KK), o6pasytowuecs 6 moacmom KuleuHuke 6 pe3yabmame MUKPOOH020 Memaboau3ma u3 pacmumensHolx
KOMNOHEHMO08 NUULeBbIX B0A0KOH U BbICHYNAlOWUe 8 Kavecmee AUueando8 045 0AbQaKmMOpPHORO peyenmopa, NapHbiX
G-npomeuros 6 noukax. C nNOMOULbI0 COBPEMEHHBIX «OMUKC» - MEXHOA02ULl DOKA3AHO pa3zsumue oucouo3a y nayuenmos,
cmpadarouwux XBII, umo npueodum k Haxonaenuro npeKypcopos ypemuyeckux mokcurnos (YT), ymenvuienuro npooyk-
yuu KI[KK, komopsie obaadarom HehponpomeKmugHuIMU CEOUCMBAMU, USPAIOM KAIOUEBYI0 PONb 8 IHEPeMUHecKom
eomeocmase.

H3zmenenus cocmasa kuweyroii muxpoouomst npu XbBII, yeeauuenue codeprcanus YT 6 npoceeme KuuieyHuka
CnOCOOCMBYIOM NOSIBACHUI0 CUHOPOMA «NPOMEKauje20» KuueuHozo 6apsepa, nepemeujeHuro baKmepuil u3z Kuue4Huka
6 00uee KposoobpauleHue, pa3zeumuro CUCMeMH020 80CNANEHUS, OKCUOAMUBHO20 cmpecca, KOMOPOUOHOCMU, Npoepeccu-
posanuio XBII, yeeauuenuro cmepmuocmu. K pazeumuro ducouosza npu XBII npuseodsm duemot ¢ oepanuteruem K8omol
npomeuHos8 u Kaaus, HapyuleHue HympumueHo2o cmamyca. Ymenvuienue 6 nuuje60om payuore o8owell u hpyKmos vi-
3blgaem dKCnaucuto 6akmepuil, NPOOYYUPYIOWUX YPUKA3Y U Ypeasy, KOMopble A6ASI0MCS IH3UMAMU NPU 00pa308aHUU
YT u ymenvwarom xoauuecmeo u paznooodpasue baxmepuii, npodyuupyrouwux KIIXKK. Obcyxcdaromes nomenyuanvHoie
B803MOJICHOCIU MAP2eMHO20 BAUAHUSL HA 0Cb «KuuleuHas mukpoouoma- XBID»: ucnoav3oeanue duemoi, 060eauiéHHol
PACMUMENbHbIMU BOA0KHAMU, MePMUUECKU 00padOMAaHHbIX, 3ameM 0X1axiCcOEHHbIX Kapmogens U puca 8 kavecmae npe-
OuomuK08 (UCMOHHUKU Pe3UCMEeHMH020 KPaXmana), 0pexos, CeMsaH pacmeHull, npo- npe- CUHOUOMUKO8, (eKanbHas
mpaucnaanmayus. boavwuncmeo npedsaeaemvix emeuiamenscme 6 CMpyKmypy U QYHKUUU MUKpPOOUOMbL He ONACHbL,

nobouuvie I¢hgexmol MUHUMANBHDL.

KnioueBble ciioBa: xuueynas muxpobuoma, oucouos, nouKu, ypemuecKue moKCuHbl, O8YHANpasieHHoe 83au-

Modeiicmeue, mapeemuas mepanus.

B nocnenHue naTh JIET U3yYeHUE MUKPOOMOTHI,
CBSI3€M ATOro CBOEOOPA3ZHOIO CaMOCTOSITEJIBHOIO Op-
raHa XXMBBIX OPTaHU3MOB CO BCEMU OpTaHaMM, CHUCTE-
MaMU «X03MHa», y9aCTHE MUKPOOUOTHI B IIaTOTeHEe3¢e,
Pa3BUTUH, IIPOTPECCUPOBAHUM PA3TUYHBIX OOJIE3HEMU
CTaJI0 MEMHCTPUMOM COBPEMEHHBIX HAyK O XXU3HM.

IMosiBneHue HOBOI MapagurMbl OOYCIOBIEHO I0-
CTHKCHHUSIMUA COBPEMEHHBIX OMOTEXHOJOTHMI: CEeKBe-
HUpPOBaHME TeHOMa, (POPMHUPOBAHUE «OMUKC» — TEX-
HOJIOTMI — TeHOMMKM, METareHOMUKH, METa00JIOMHU-
KW, TIPOTEOMUKH, MHTEPAKTOMUKU. Kcmonb3oBaHUE
HOBEMIIIMX BBIYMCIUTEIbHBIX TEXHOJIOTUM, OMOWH-
dopmaTnku, Teopun OGe3MacIITAOHBIX CeTeil M U3-
YU4EeHUSI OTPOMHOTO MacCHUBa OMOJOTNYSCKMX JaHHBIX,
ITOJIyYEHHBIX C IIOMOIIBIO 3TUX JOCTUKEHUM, TIPUBEIN
K BOBHUKHOBEHMIO CUCTEMHOI OMOJIOTMH, CMEHBI ITa-
pagurMbl B MEAULIMHE OT PEAYKIIMOHM3MA K XOJIU3MY.

[Tonxy4yeHsI HOBBIE CBEIEHHUS O KUBBIX CYIIIECTBAX,
MHKPOOTaHM3MaX, KOTOPBIC IPOILIM C YEJIOBEKOM
CJIOXKHBIN JJINTETbHBIN ITyTh KOYBOIIOIMH, CTAIN BaX-
HeHmuM (aKTOpOM, OTNIPEACIISIIONINE CYIIIEeCTBOBAHUE

Cemunoukas 2Kanna /ImutpreBHa
vade_mecum2001@yahoo.com

yeJloBeYecTBa U ero oyayiiee kak suaa [1]. Mukpoop-
raHMW3Mbl B OMOJIOTMYECKUX CUCTEMAX OOIIAIOTCS U KO-
OpPAMHUPYIOT CBOE MOBEAECHUE C TTOMOIIbIO CEKPELINU
CUTHAJIbHBIX MOJIEKYI: ojuronentuaoB y I'p+ Gakre-
puii, N-aleTUIroMocepuHoB y I'p- MUKpoOpraHus-
MOB, KOTOpbI€ BBICTYMAIOT B KAUYECTBE «CJIOB» B S3bIKE
GakTepHuii, T.H. «4yBCTBO KBOpyMa», QS [2, 3].

OOCyXImarTcsd BO3MOXHOCTHA HMCIIOJIb30BaHUS
MOJIEKYJISIPHBIX MEXaHU3MOB QS UIST TApreTHOM aHTH-
MUKPOOHOI Tepamuu, pa3pabaTbIBalOTCS CTpaTeruu,
HaImpaBJIeHHble Ha mogaBieHrne QS maToreHHBIX Oak-
tepuii [4, 5].

Mukpob6uroTa BBINOJHSIET BaxHeIle s X0351-
WHa (PYHKUIMU: 3alIAIIAET OT ITAaTOTEHOB, YyJ4acTBYET B
MMMYHHBIX U METa0OJIMUECKUX peaklusiX, o0ecreum-
BAa€T BCACbIBAHUE MUTATEIbHBIX BELIECTB, TEYUEHOUHO-
KMIIEeYHBIII KPYTOBOPOT IIOJOBBIX TOPMOHOB, COJICH,
XKEMUYHBIX KMCJIOT, yYaCTBYET B META00JIM3ME JTUTNUIOB,
3CCEHIMATbHBIX KUCJIOT, 00ECNEeUYnBAET XO35IMHA MO~
HaMU JBYXBaJE€HTHOTIO XeJjie3a, KalbliMeM, BUTAMUHA-
mu B, D, K, nHaKTUBUpPYET TOKCUYECKUE TPOAYKTHI.
buduno- n nakrobakrepum GopMUpyIOT aHTHUOAKTE-
pUabHBI MOTEHLMAA, CEKPETUPYS KMCJIOTHI, CITUP-
Thbl, TU30LIUM, MHTUOUPYIOT META00IU3M MATOTEHOB U
BblICJIEHUE MMU TOKCUHOB. Pe3yabTraToM aHTaroHu-
CTUYECKUX OTHOIIEHUI HOpMaJbHON MUKPODIOPHI C
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MaToTeHAMU SIBJISIETCST aHTUMH(MEKIIMOHHBIN Oapbep-
HbI 3 deKT.

JInHaMHUYecKoe MHOTOBUI0BOE COODIIECTBO OaK-
TEepUii, BUPYCOB, TPUOOB, apXeeB, MPOCTEUIIINX, Ha3bI-
BaeMoOe MUKPOOMOTOI, BHOCUT B OPraHU3M 4esloBeKa
KOJIOCCAJIbHOE KOJIMYECTBO KJIETOK M T€HOB, 3HA4M-
TEJTbHO 0OJiee MHOTOUMCIIEHHBIX, YeM pacliojaraer
XO35IMH, U OKa3blBaeT MHTEHCUBHOE BO3MEUCTBUE HA
rOMeOCTa3 X03s1MHa, HE0OXOIMMOe IS TIOAIEePKaHUS
ero 310poBbsi [6]. JucOmo3 CrocoOGCTBYET pa3BUTUIO
WHQEKIWA, peaKyii TUITepYyYBCTBUTSILHOCTH, ayTO-
WMMYHHBIX TIPOIIECCOB, XPOHMYECKOTO BOCIAJIEHUS,
paka. OOGcyxaaeTcsl pojib 0OCOOEHHOCTElN MUTaHUS U
MMPUMEHEHUS] aHTHOMOTUKOB B BO3HUKHOBEHUM IHC-
01o03a, TOTEeHIMaJbHble BO3MOXHOCTH 3YOMOTUKOB
711 BOCCTAaHOBJICHUSI 9y0n03a.

COBOKYITHOCTh T€HOB MMKPOOPTaHU3MOB HOCUT
Ha3BaHUE «MUKPOOMOM», COBOKYITHOCTh TEHOMOB BU-
pycoB, I'pubOB, MPOCTEUIIMX TpeayiaraeTcsi 0003Ha-
4aTh TEPMUHAMU «BUPOM», «(PYHTOM», «ITPOTO30MHBII
reHoM». COBOKYITHOCTb KJIETOK XO3siTMHA 1 MUKPOOMO-
THI MpeIaraeTcss UMEHOBaTh X0JI00MOHTOM [7], a co-
BOKYITHOCTb MX F€HOB Ha3bIBATb «XOJIOreHOMOM» [8].
XO0JIOTEHOM paccMaTpUBaeTCsl KaK <«eAMHUIA €cCTe-
CTBEHHOT0 OTOOpa MpU 3BOJIOLUH». DTU MOHSTUS
OTIPENEIIIOT COBPEMEHHOE pa3BUTHE WHTETPATUBHOMN
XOJINCTUYECKON MEeTUIIMHBEI. MUKpPOOHUOTAa KUIICUHU -
Ka IEMOHCTPUPYET HEe TOJTLKO OTPOMHOE BUIOBOE pa3-
HOOOpa3ue, HO U B3aUMHBIIf CUHEPTU3M C OPTaHU3MOM
X035IMHAa, 3aBUCUMOCTb OT €T0 Te€HETHWKM, MoJia, BO3-
pacta, UMMYHHOW CHUCTEMbI, aHTPOIIOMETPUU, MECTa
oOuTaHUsI, 0COOEHHOCTEN TTUTAHUSI, COCTOSTHUSI 310-
pPOBbsI B 1IeJIOM, JiedeHUsI U TIp. B HacTosiee BpeMst
OTMCAHBI TECHBIE CBSI3U («OCU») MEXITY MUKPOOUOTOM
¥ TOJIOBHBIM MO3IOM, KOCTHBIM MO3TOM, ITOYKAMH XO-
3sIMHA, y9aCTUE MUKPOOUOTHI B PETYJISIIIMY apTepUab-
Horo gaBieHus (AJl) xo3ssMHa, COBMeCTHOE (DYHKIINO-
HUPOBaHNE MUKPOOMOTHI U 3TUX OPTaHOB KaK eAUMHOTO
uesoro, xonobuonTa [9]. [okazaHa pojib MUKPOOHO-
Tl B OTMOJIOTMM W TMaTOTeHe3€ OXWPEHUs, KOJIUTa,
BOCTIJINTENIBHBIX OOJIe3HEei, MeTabOJUYEeCKOTO CUH-
npoma, Al', 6os1e3Hel meueHu 1 Mmoyvek.

NHTeHCMBHO M3y4aeTcsl pojib MUKPOOUOTH B pe-
ryasiuuu AJl B KOHTEKCTE BO3MOXHOTO TepareBTUYe-
ckoro BiausiHusi npo6uotukos [10, 11], neuenust AT
(bexanbHOI TpaHcIaHTaluMei. [lepcreKTuBbl 3TOTO
MOAX0Aa HYXIaloTcs B maibHeimeMm usydeHun [12].
MexaHu3M BAMSTHUSI MUKPOOMOTHI KUIIeYHMKA Ha AT
CBSI3BIBAETCSI C TEM, UTO MUKPOOMOTA SIBJISIETCS 1I€H-
TPaJIbHBIM Y3JIOM B3aMMOJEMCTBUSI ¢ MHOTOUYUCIIEH-
HBIMU OpraHaMu MaKpoOMOHTa, KOTOpbIE COEMUHSI-
JOTCS C Y3JI0M «OCSIMU» B3amMojaeicTBHs. OCHOBHYIO
pPOJIb IPU 3TOM UTPAET OCh «KUIIIEUHUK — MO3T - KOCT-
HbI MO3D» [13].

O6cyxnalTcsl pa3iduyHble 3BEHbSI BIMSHUS MU-
KpobuoTsl Ha AJl. OTHUM 13 OCHOBHBIX KOMIIOHEHTOB
9TOU CJIOKHOUW CETH SIBJISIIOTCS KOPOTKOILIETIOUEeUHbIe
xupHbie kKuciaorsl (KL2KK), Short-Chain fatty acids
(SCFA), npenenbHble OIHOOCHOBHbIE KapOOHOBBIE

KUCJIOTHI, UMelole He Gosiee 6 aTOMOB yriaepoaa u
00pasylolnmecs B TOJCTOM KMUIIIEUHUKE B pPe3yJibTare
MUKpOOHOro Merabonusma [14, 15]. Mukpobuora B
TOJICTOM KUIIEYHUKE (HEePMEHTUPYET PaCTUTETbHbBIE
MUILEeBblE BOJOKHA, Mpu 3ToM obpasytorcs KIIKK
(OyTtupar, mponuvoHarT, aleTaT), KOTOpble MOBBIIIAIOT
CUHTE3 MPOCTArJIaHAMHOB, BIUSIOT Ha TOHYC TJaji-
KO MYCKYNaTypbl M CITOCOOCTBYIOT CHUXeHUI0 AJl.
KKK npusHaroTcsi B KauecTBe MapKepoB cCUMOK03a
MMKpPOOMOTHI, HACEJISIONIEN TOJCTYIO KHWIIKY, U Ma-
KpPOOMOHTA - XO3sIMHA, SIBJISTIOTCS JIMTAHIAMU TSI pe-
LIEMITOPOB, COMPSIKEHHBIX ¢ MapHbIMU G-TIpOTeMHAMU
(Gpr43 u4l) u nns onbHakTOPHOTO pelenTopa B mou-
Kax.

B pasmmuHBIX CTPYKTYpHO-(YHKIMOHATBHBIX
oTIesax MovYeK OoOHapyXKeHa IKCIPecCcHs Kak CaMMX
«OOOHSITEILHBIX» PELIETITOPOB, TaK M KOMIIOHEHTOB
OOOHSTEIbHO-CUTHAJILHON  CHUCTEMBI: «OOOHSTENb-
Hasl» aJeHUIaT-INKIa3a U «000HSITENbHbIN» G- 6e10K
[16]. B mouke skcnpeccupytorcs 13 reHOB pa3anyHbIX
«00oHATeNBHBIX» petienTopoB (Olfr 78, Gprdl, Gpr43,
ORSIE1, OR11H7u ap), urparoiire pojb B peryJsi-
uvu AJl yepes cekpenuio peHuHa, BiusiHus Ha CK®
B oTBeT Ha udMeHeHus cogepxanus KKK B kposu,
KOTOpBIE TIPONyIUpPYIOTCS MUKpoouroToii. Olfr78 Haxo-
JIATCS HA PA3BETBJICHUSIX IOYEYHON apTEPUU U IPUHO-
caieit aprepuotie FOT'A, a Takke B IJIaAKOMBbIILIEYHBIX
KJIeTKax nepudepudeckux COCYIOB, €ro aKTUBAaIUS
CIOCOOCTBYET BBICBOOOXKIeHWIO peHuHa [17], moBbI-
mweHuto AJl. ITapusie Gprdl u Gpr 43 nokanusyoTcs
B OHIIOTEJINU MaJbIX PE3UCTUBHBIX COCYIOB, MPOINO-
HATHBIN JIMTaH UHAYIMPYET Ba30AMIATAIINIO 3TUX CO-
cynoB u cHikeHue AJl. [IpoTUBOIOIOXHOE BIUSIHUE
aKTUBAIUM TUX PELENTOPOB Ha YpoBeHb A/l BhIsIBIIE-
HO B 9KCITEPUMEHTAIbHBIX UCCIEAOBAHUSIX HAa MBITIIaX.
Olfr 78 obHapyXeH TaKKe B CKEJIETHON MYyCKynaType,
B KOXe U B fuadparme.

B toscToit xuike BHICBOOOXKIAIOTCS IPYTUe MU-
KpOOHbIE METabOJMUTHI, O0JaJaI0IIME KapaAUOBaCKY-
JspHbIMU 3¢ dexTamu, B yacTHocT, 111Hydrogen
sulphide, BbI3bIBalOIIMi BazoaAWAATALUIO U TUITOTEH-
3U10, MHIOJ U CHIBOPOTOUYHBINH WHIOKCUI — CYyJIb(ar,
accouuupyoiuecs ¢ 6oyie3HsIMU cocynoB. [ToyueHsl
JTaHHBIE O TOM, uTO penernTop Olfr1393 yyacTtByer B pe-
abcopOLUU III0KO3bl MPOKCUMaJbHBIMUA KaHATbLIAMU
MOYeK B KaUeCTBE MOIYISITOPA (PYHKIIMIA KOTpAHCTIOP-
T€pa HAaTpUSI — TJIIOKO3bl B TIOYEUYHOM MPOKCUMAJThb-
HoM KaHaJible Sgtcl. OOCyXaaoTcsl TUTIOTE3bl O CBSI-
31 JIe(PEeKTOB «OOOHSITENIBHBIX» CUTHAJBHBIX CHCTEM
C pa3BUTHEM TATOJIOTUYECKUX CUHIPOMOB «IIOYKU U
nuavonatum» — cuHapomoB bapne-bunns, XKybepa,
Mexkxkednst, cuHapoma @aHKOHM, aCCOLIMMPOBAHHOTO C
npueMoM BajbnpocTa. M3ydarorcss BO3MOXHOCTH Tap-
TeTHOTO BO3IEMCTBUS Ha 3TU AedeKThl, (hopMUpyeTcs
WHTEPAKTUBHAS OCh «KUIICYHNK — MOYKH - CEPIAEUHO-
cocyaucrasg cuctema [18, 19]. OrmedeHs! accoLaLys
CBIBOPOTOYHOTO MHIOKCUII-CYJibhaTa ¢ MPOrpeccupo-
BaHWEeM IMoYeyHou HemocTarouHoctu [20] u yBenu-
YEHUEM CMEPTHOCTM TIPU XPOHUUYECKOW 0OJIE3HU TI0-
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yek (XBIT) [21], BiussHUe MUKPOOMOTHI KMIIIEYHUKA
Ha OCJIOXKHEHUS MMOCje TpaHCIUTAHTAIlMU oYKy [22],
«MEePEeKPECTHBIN pa3roBop» KuUIlleyHas: MUKPOOUO-
Ta — MOYKHU MPU OCTPOM TOBpexaeHUN rouek u XbII
[23]. OGHapyxeHO yMeHbleHre npoaykunn KIIKK
KMIIEeYHOU MUKPOOUOTOMI MpU MPOrpaMMHOM TeMOA -
anusze [24].

C moMOIIIbI0O COBPEMEHHBIX METOJOB UCCIEI0BA-
HUSI, «<OMUKC»-T€XHOJIOTUI TOJydeHbl YOeaAUTEAbHbIE
JIOKa3aTebCTBA PA3BUTUSL NUCOMO3a Yy MALMEHTOB,
crpanatoniux XBIT [25, 26]. M3yueHune sKkojoruyve-
CKOro pa3zHooOpa3usi MUKPOOHOTrO cOOOLIeCTBa, CO-
rmacHo MHIeKcaMm ajbga-pazHoobpasus IlleHHOHa,
MoKa3ajo, YTO MO CPAaBHEHUIO CO 3[IOPOBBIMU JUIIA-
mu, ipu XBII Ha ypoBHE THUITa YyBETUYEHO KOJIUYECTBO
MpoTeo0aKTepuil, CHUXKEHO KOJIUYECTBO (DUPMUKYT
U aKTUHOOAKTepUil, Ha YPOBHE CeMEICTBa OTMEUYEHO
YBEJIMYEHUE DHTEPO-U KOPUHOOAKTEpPUI, Ha YPOBHE
pola BO3pacTaeT KOJMYECTBO IHTEPOKOKKOB U KJIO-
crpuauit. Ilpu XBII mokazaH TMOBBILIEHHBI PUCK
MPOTrpeCCUPOBaHUS 0O0NE3HU NPU CHUXKEHUU 3IKC-
MPECCUU FE€HOB, CBSI3aHHBIX C METaDOIU3MOM XOJIMHA,
O0ertaumHa, L—kapHuTHHA, TpuMeTuaaMmuHa—N-okcuaa
(TMAO) [27].

Hakorutenue ypemudeckux TokcuHOB (YT),
TMAO, p-cresil sulphate (PCS), indoxil sulphate (IS),
Indole-3-acetic acid (IAA) siBisieTcsl pe3yJibTaTOM I10-
BBIIIICHHOTO TOCTYIUICHUSI B KUIICYHUK HYTPUEHTOB,
MOAU(ULIMPYIOLIMX MUKPOOUOTY, MOBBIIIAIOIINX KO-
JINYECTBO OakTepuil, KOTOpbIE y4acTBYIOT B MPOIY-
uupoBaHuu YT. OCHOBHOW NETEPMUHAHTOU YPOBHS
TMAO gBnsieTcs noyeuHasi QYHKIIMSI, OAHAKO, HE Bbl-
SIBJICHO Pa3JU4ynil B COCTaBe MUKPOOUOTHI TPU HU3KOM
u BbicokoM ypoBHe CK®. JIncb6mo3 mpuBOAUT K aHO-
MajausiM MeTaboiu3Ma XoJuHa, OetaumHa, L—kapHu-
TUMHA U 3HAYUTEJbHOMY TOBbIIIEHUIO YpoBHS TMAO,
KOTOPBI CITOCOOCTBYET Pa3BUTUIO TyOYJOMHTEPCTU-
LIMaabHOTO (UOpPO3a, HAKOTJIEHUIO YPEMUYECKUX TOK-
CUHOB B KPOBM IMAalIMEHTOB C TEPMMHAJIbHOW CTaauei
XBIT [28].

CrabunbHas U pa3zHOOOpa3zHasi MUKpoOUOTa He-
obxoguma JJ1 MOMAEpXKaHUS TOMeOocTa3a XO3SWHa,
WMMYHHBIX (DYHKIOWI CIU3UCTOM KuimeuyHuka. Ilpe-
BOTEJUJIBI, pPO3€0YypUM, PYMUHOKOKKHU, KOMPOKOKKU
npuHaajiexamue K Guio@yHKIUOHAILHOMY SIAPY KU~
1eyHoit Mukpoouotsl, npoayuupyotr KKK, oyTu-
pat, KOTOpbie MOANEPXUBAIOT KUIIIEUHbIE OapbepHbIE
(YHKIIMU, CHUXAIOT BOCHAJIEHUE, YIy4YIllIaloT MOTOPU-
Ky TOJICTON KUIIKU. [IMeThl ¢ OorpaHUYEeHUEM Kaus,
MPOTEUHOB y NUATTU3HBIX OOJBHBIX CIIOCOOCTBYIOT pa3-
BUTHUIO TUCOMO3a.

IToukn BBICTYMAIOT B KayecTBe oOpraHa-Mullle-
HU MpU MATOJOTMM KHUIIEYHHWKA BOCIAIUTEIbHOTO
reHesa, (YHKUMOHAJbHBIX HapylIeHUsIX (CUHAPOM
pa3apaXx€HHOro KUILEYHUKA), MPU 3TOM Yy YacTu Ma-
LIMEHTOB Auapes MPpeKpallaeTcs Mocjae TpaHCIIaHTa-
11U peKaTbHbIX Macc 340poBoro uenoneka. [lokazaHa
reHeTUYecKasi B3aMMOCBSI3b MATOJOTMU KUILIEYHUKA U
XBII, Hanuyue oOIIMUX MATOreHETUUYECKUX MeXaHU3-

MOB: TIOSIBJIeHME AUCcOMO03a, MOMYJSAIUs WMMYHHO-
rO ¥ BOCHAJIMTEJIbHOTO OTBeTa, oOMeHa BUTaMuHa D
u np. C BocnaJMTeNIbHBIMU OOJIE3HSIMU KUIIIEUHUKA
CBSI3BIBAETCSI TIATOTEHE3 aMWJIONI03a, TyOyI0-UHTEp-
CTUIIMATBLHOTO HeprTa, MHPEKIIUY MOUYEBBIBOISIIINX
nyteit [29]. [TokasaHa posib AMCOMO3a KUIIEUHUKA B
pPa3BUTUM JUAPEY TIOCIEe TPAHCIIAHTAIIUY TTOYKH, TIPU
3TOM OOHapyXeHO YMEHbIIIEHNE pa3HO00pa3ns v Ync-
JeHHocTU 13 pomoB koMmeHcanoB (Ruminococcus,
Coprococcus, Bacteroides). Otu 6akTepuu paciienis-
10T CJIOXHBIE YIJIEBOIBI (TI0KO3Y, GPYKTO3Y, NEKTHH),
BoipabartbiBatoT KII2KK, HeoOxoauMble a5t HOpMasib-
HOTO (YHKIIMOHUPOBAHMST TOJICTOTO KWIIIEYHWKA U
npuHUMalolue yyactue B peryisiiuu All. Umerorcs
HaOJIOIeHUST O TIPEeKpallleHUU Auapen Iocje TpaHC-
TUTAHTAIlUM TIOYKM TIPU WCIIOJb30BAaHUU (heKaTbHbBIX
Macc 3I0pOBOro YeaoBeKa.

B mocnenHue gecsaTuiieTdsl ¢ TIOMOIIBIO MeToAa
METareHOMHOTO CEKBeHUPOBaHUS (peKanii MOJTydeHbI
JIaHHBIE, CBUIETEJILCTBYIOIIE O TOM, YTO MUKPOOUOTA
WTPAeT Pellaronlyo pojib B OAIEPXKaHUKM TOMeOocTas3a
XO3sIMHA TTYTEM MOIYJISIIIMA UMMYHUTETA Yepe3 CUHTE3
BUTAMUHOB, OMOTpaHCHOPMAIINI0O KOHBIOTUPOBAHHBIX
KETYHBIX KUCJIOT, NeTpafalvio MUIIEBbIX OKCATaTOB.
I'ennl OakTepuil BOBIEKAIOTCSI B SHEPTETUUECKUI Me-
TabOJIN3M, CUHTE3 MPOTEVHOB, M3BJIEYEHUE IHEPTUU
13 HeyCcBOsieMbIX X03ssuHoM yriaesoaos [30, 31]. Kpo-
Me€ TOTO, BIMSIHNE MUKPOOMOTH HA UMMYHHYIO CUCTE-
My OCYIIECTBJISIETCSl Uyepe3 yBeJIMYeHWEe SKCIPEeCCUu
IgA B neitepoBbix 6asimkax [32] u yuactue KIIKK B
nuddepernurposannu T-kmerok [33].

VYrieBonbl U 6€IKU B KUILIEUHUKE COCTABJISIIOT OC-
HOBHBIE TIUTATEJIbHBIE PECYPCHI, KOTOPBIE MOCTYMAIOT
B KUIIEYHUK O3 TpeaBapUTEbHOTO MeTaboiu3ma,
Mpu 3TOM (hepMEHTAIIUSI ATUX UHTPEANEHTOB SIBJISIETCS
OCHOBHBIM CITOCOOOM TOJTYYEHUS SHEPTUU OaKTepusi-
mu. KuiieyHslit MUKPOOHBIN NIMKOOMOM BaXeH IS
KOIMpoBaHUs crieruduieckux GhepMeHTOB, MeTabo-
JIU3UPYIONINX HEYCBOSIEMbIE YIJIEBOABI (PE3UCTEHT-
HBII, «ycTONMYMBBI» KpaxMan, RS), reHepupoBaHus
TOJIE3HBIX MPOAYKTOB 32 CUET YBETMUESHUS KOJTMIECTBA
KLXKK, v mojsydeHust «X03iMHOM» OOJIbLIETO KOJInYe-
CTBa BHEpPruu. AlleTar, MPONMUOHAT, OyTUPAT SIBJISTIOT-
Csl BTOPUYHBIMU TIPOJYKTaMM YTJIEBOAHOU (hepMeHTa-
1M1, KOTOPBIE UTPAIOT KJIOYEBYIO POJIb B SHEPreTHIE-
CKOM TOMeO0CTa3e, B 9KCIIEPUMEHTE 3alIUINAI0T IOYKHU
OT TOBpPEXIEHUsI, 00JaNalT MPOTUBOBOCTIATUTEb-
HBIM JEWCTBUEM, TIPEOTBPAIAIOT Pa3BUTHE ayTOUM-
MYHHOTO OTBeTa. MeTaboJu3M HEeyCBOSIEMBIX XO3STH-
HOM 0€JIKOB MUKPOOUOTOM MPUBOAUT K 00pa30BaHUIO
MOTEHIIUAJIBHO TOKCUYHBIX KOHEYHBIX MIPOAYKTOB, aM-
MUaKa, TUOJIOB, (DEHOJIOB, MHIOJIOB.

[MoBeilIeHUe comepkaHWsI MOUEBUHBI U MOUYEBOI
KHCJIOTHI B TIPOCBETE KUIIIEYHUKA CITOCOOCTBYET yBeE-
JIMYEHUWIO BUIOB OaKTepHWii, CKIIOHHBIX K 00Opa3oBa-
HUIO YpeMUYECKUX TOKCUHOB, B OCHOBHOM, CEMeCTBa
Pseudomonaceae, mpu 3TOM MOBBIIIAETCS BHYTPU-
npocBeTHHIN pH, pa3BuBaeTcst AucOaaHC KUIIIEYHOTO
rOMeocTa3a, KUIIIeYHbIe PACCTPOUCTBA. YpeMuiuecKre
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TOKCHUHBI CIIOCOOCTBYIOT Pa3BUTUIO KaJIbLIMHO3a, HU-
OpO3UPYIOIIUX MPOILIECCOB B MOYKAX, aHEMUU, TUC-
(byHKIIMY agUTIOLMTOB C pa3BUTUEM WHCYIUHODPE3U-
CTEHTHOCTH, YTHETEHUIO UMMYHHOU CUCTEMBI.

KnuHuueckue uccienoBaHuss 0OHAPYXWIU BO3-
HUKHOBEHUE pebuo3a MpU HCIOJb30BAHUU TIpe- U
MpoOMOTUKOB, dHTepocopbeHToB [34, 35]. B mocien-
Hee BpeMsI CBs3b MEXJ1y TOYKaMU 1 MUKPOOUOTOM Ha-
3bIBAIOT KOJOPEHAIbHOM oCchio [36].

HM3MmeHeHUs cocTaBa KUIIEYHOUW MUKPOOUO-
ol ipu XBII mpuBoguT K ycuneHuto ¢hepMeHTauuun
KMIIEYHBIX OEJIKOB MO p-Kpe3os cyabdaTa U WHIOK-
cui-cynbdaTa, pasBUTUIO CUHApPOMA <«IIPOTEKaolle-
ro» KWIIEYHOro Oapbepa, MEpeMElIeHUI0 OaKTepuii
M3 MpOoCBeTa KUIlleYHUKA B 001Iee KpoBOOOpallleHue,
Pa3BUTHUIO CUCTEMHOTO BocniasieHus1. UHIoOKCcuiI-cyib-
dar mocne BcacklBaHUSI AOCTABISIETCS MEPEHOCUU-
KOM OpPraHWYeCKHUX KaTUOHOB M3 KPOBM B DITUTEJIUN
MPOKCUMAJIBHBIX KAHAJBLIEB TOYEK, YCYIyOssss uX
MOBpEXIeHUEe, TOBBIIIAET 3KcIpeccuto reHa PAI-1,
WHTUOUTOpA aKTUBATOPA IJIA3MUHOTE€HA, YyCKOPSIOIIIe-
ro nporpeccupoBanue XITH [37]. P-kpe3on mpespa-
1aeTcsl B KUIIEYHUKE B KPE30JI, Wi (PEHOJ, ypOBEHb
€ro CHUXAETCs Ha Majo0eJKOBOW AMETe B JOJUATU3-
HOM Tepuoie. Y O0JbHBIX Ha T€eMOJUATU3E BHICOKUIA
YPOBEHb P-Kpe30Jia CIYXUT MPEAUKTOPOM Pa3BUTHUS
U MPOTrPEecCCUPOBAHUSL CEPAEYHO-COCYAUCTBIX 00Je3-
Hell, yBeaudeHue JetaibHocTh oT XBI1. Mukpobuora
YCUJIEHHO MPOIYLUPYET P-KPe30J MPpU JEYEHUU aHTU-
OMOTUKAMM, ICUXOMUMETUKAMU, HEKOTOPBIMU TPABSI-
HBIMU COOpaMu, MIPU KYPEeHUU, YTO CBUIETEIHCTBYET
O Pa3BUTUU IMCOMO3a TOJ BIWSIHUEM 3TUX M MHOTHMX
JIpyrux pakTopoB.

Hapyiienue pazHooOpa3ust MUKPOOUOTHI, TUCOU-
03, BIUSIET Ha ITUPOKUIA CTIEKTP BHEKJIETOUHBIX OCITOX-
HeHuii pu XBII 1 cBgI3aH ¢ 4acTOTON BO3ZHUKHOBE-
HUS BOCMTAJIMTEbHBIX 3a007I€BAaHUI Yepe3 HapylIeHre
MeTabosM3Ma TKaHel, PyHKIUA UMMYHHON CUCTEMBI,
KUIIIEYHWKA, MO3ra, TIe4YeHU U TOoYeK. YpeMudecKue
TOKCHHBI, OOpasymooliuecss B KHUIIEYHUKE, UTPaioT
KJIIOUEBYIO POJIb B PA3BUTUU CUCTEMHOTO BOCITAJIEHUS,
OKCHUJIATUBHOTIO CTpecca, MPOrpecCupoBaHUU OOJIE3HU
U CMEPTHOCTHU MAaLIMEHTOB ¢ KOHeuHoi craaueit XBIT,
MOJIy4alox TMporpaMMHBIN TeMoauanus. Teparnus
TeMOAUAIN30M COMPOBOXIANACh CHUXEHUEM YPOBHS
CPb y 46% nauyeHTOB, 3HAYUTEIbHBIM MOBBILIEHUEM
npotuBoBocnanutesbHoro IL—10 (y 71%), cHuXeHU-
eMm IL-2 (y 27%), IL-17 (y 15%), 1S (y 30), p-CS (y
50% nmauuenToB) [38]. MccaenoBaHue KayecTBa XKU3-
HU C IOMOIIBIO MEXIYHAPOIHOIO OOIIEro ONMPOCHUKA
SF-36 moka3zajo 3HaYUTETbHOE YIydIllleHHe MCUXodu-
3UYECKOr0 COCTOSIHUS 0OC/IeOBAaHHBIX MallMeHTOB. B
JBOMHOM OCJIEIUIEHHOM ILUIale00-KOHTPOJIUPYEMOM
PaHIOMU3UPOBAHHOM WCCJIEAOBAHUU HE BBISIBJIEHO
BJIUSIHUSI TPOOMOTHUKA HAa yPEMUUYECKUE TOKCUHBI IS,
p-cresil sulphate, mokasareju OKCUIATUBHOIO CTpecC-
ca, BbicokouyBcTBUTebHOTO CPB [39].

Ponb kumeyHoit MUKPOOMOTHI B Pa3BUTHUM ype-
MMYECKOTO CUHJIpOMa MHTEHCUBHO u3ydaeTcst ¢ 70-X

roaoB npouraoro Beka. Jucouos npu XbII conpoBo-
XKIAETCS Pa3BUTHMEM TMOYEYHOTO TMOBPEXIECHUS, CIIO-
COOCTBYET Pa3BUTUIO CEPACYHO-COCYIUCTHIX 3abosie-
BaHWI, PE3UCTEHTHOCTU K WHCYJIUHY, MPOTPECCUPO-
BaHuio Al [40]. Pesynbraramu aucbuo3a MOTYT OBITh
JIOKJIbHBIE U CUCTEMHBIE TTOPaKEHUS TTOYEK.

Ilpu nucobumosze oOpa3yeTcs MOBBIIIEHHOE KO-
JIMYECTBO P-Kpe30Jia, YTO CIMOCOOCTBYET MpPOrpeccu-
poBanuto XITH. TlokazaHO CHUXXEHUE COAepXaHUe
p-Kpe3oJia B KPOBU MPU JE€YEHUU MPOOUOTUKAMU, a
Takxe B mpouecce remonuanusa (I'’l). C tokcuueckum
BJIIUSIHUEM P-Kpe30Ja CBI3bIBAETCSI BO3HUKHOBEHUE
KUIIIEYHBIX PACCTPOWCTB, 3yAa KOXHU, MOJUHEHpomna-
THM.

B pesynbrate M30BITOYHOTO KOJIMYECTBA U YBEIU-
YEHUS TUTOLIAAN PacCeNeHUs MOMyIIMU MUKPOOOB B
KKT npu ypeMuu, U30bITOUHOTO YITOTPEOIEHUS X035~
WHOM HEKOTOPBIX TUTATETbHBIX BELIECTB, 00Pa3yI0TCs
cneurduueckue ypeMuyeckue TOKCUHbI ¢ He(POTOK-
CUYECKMM TMOTEHUMAIOM, YyCUJIUBAeTCs 00pa3oBaHUeE
13 XOJIMHA aTu(paTUYeCKUX aMUHOB — TUMETUIaMUHA
(AMA) utpumetunamuna (TMA), a Takke UX Mpeiiie-
CTBEHHUKOB, B YaCTHOCTHU, N-OKCUA-TPUMETUIAMUHA
(TMAO). Ilocne TpaHCIIIaHTALIUY TOYKU COAEpXKaHUE
MOJMaMUHOB B CHIBOPOTKE KPOBU YMEHbIIIaeTcs B 3-5
pa3 [37]. DkcrepuMeHTaIbHble U KJIMHUYECKUE KC-
CJiel0BaHUS, TECHOMHbIE U HETEHOMHbIE, TOATBEPAUIU
pasButue aucouosa npu XbI1 [27]. Cneundudeckue
ypemuueckre TokcuHbl (TMAO, p-kpe3on cynbdar
(PCS), p-kpe3on rmokoHus (PCG), MHIOKCUII-CYIb-
dar (IS), unnon-3 aueroykcycHoit kuciaotsl (IA), BUT.
K u np), KoTopble SBISIOTCS PE3yJbTaTOM IESTEIbHO-
CTU MUKPOOUOTHI, CIIOCOOCTBYIOT MPOrPECCUPOBAHUIO
XbII. HakoruteHue ypeMUYeCKNX TOKCUHOB paccMma-
TpUBaeTC KaK KJIIOUeBOI (hakTop, BAUSIONIMAN HA TTO-
caencteus XBIT mpu CK® menee 60 mia/mun/1,73m2.
YpoBeHb UPKYJIUPYIOIINX SHIOTOKCUHOB, MTPOAYLIU-
pyeMmbix ['p-0akTeprsiMu, KOPPETUPYET C BEIPAKEHHO-
cTblo cucteMHoro BocriasieHus npu XbII B oTcyTcTBUE
VHGbEKIUU.

PCS cuHTe3upyercs KUIIEYHBIMU aHA3POOHBIMU
0aKkTepUsIMU U3 aMUHO-allUA-TUPO3UHA U peHunana-
HUHA, B HOPME B3KCKPETUPYETCS MYTEM TYyOyJIsIpHOU
CEeKpeILMU C MTOMOIIBIO CTIEIMAbHBIX TPAHCITOPTEPOB
¢ MOYOIi1, HakanauBaeTcs B KpoBu npu XBII, obnanaer
npoBocnauTeIbHbBIMU 3 dekTamu. P-kpe3on acco-
LIMUPYETCI C YBEJIUYEHUEM CMEPTHOCTU, CEPAECYHO-
COCYIMCTBIMU 3a00JI€EBAHUSIMU U TPOTPECCUPOBAHUEM
XbII, BbI3bIBaET (HUOPO3, BOCMATICHUE, CHUXAET CO-
JiepxkaHvue HepOoNnpPOTEKTUBHBIX (DAKTOPOB, CUHTE3U-
pPYyEMbIX MUKPOOUOTOIA.

PCG cHuxaeT GyHKIMIO MEMOpPAHHOTO TpaHC-
noptépa (MRPU) kjeToK MpoKCUMalbHBIX KaHasb-
1eB, obyamaet npodudbpoTuueckum apdekrom. bak-
TepUaibHasl TpUNTo(aHa3a B KULIEYHUKE KOHBEPTU-
pyeT nuilieBoi TpuntodaH B UHAOJ, KOTOPHII B reue-
HU MeTabOoJIU3UPYETCS B MOJIEKYJIBI, IKCKPETUPYEMbIE
MPOKCUMAIbHBIMU KaHAJIbLIAMU TI0YeK. [S Hampsamyto
B3aUMOJENUCTBYET ¢ MakpodaraMu M 3HIOTEIUATb-
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HBIMU KJIETKAMU, YCKOPSIET pa3BUTHUE aTepOCKIIEpO3a,
aKTUBUPYET HyKJIeapHbIil daktop, 6enok NF-kB, no-
BpeXIaeT MOAOLMTHI, MOBBIIIAET IKCIPECCUIO TEHOB,
BBI3BIBAIOIIUX TYOyJO-UHTEPCTULMABHBINA (HUOPO3,
KaJIbIIMHO3 COCYNIOB, SHIOTEIUAIBHYIO TUCPYHKIUIO,
CHUXXaeT MNpOAyKIUIO 3puTpomnostuHa. [A cmocob-
ctByeT mnporpeccupoBaHuio XITH, BbI3bIBas riome-
pPYJOCKJIEpO3, TYyOyJO-UHTEPCTULIMATBHBIN (GUOpPO3,
OKCUJATUBHBIN CTpeccC.

PCS, IS u IA sgBasiorcss MaJlbiIMU MOJIEKYJIaMU,
JUISI KOTOPBIX XapaKTePHO BBICOKOE CBSI3bIBAHUE C OEJI-
KOoM. 90-95% 3TuX ypeMHUYECKUX TOKCUHOB HAXOASTCS
B KPOBOTOKE B BUJE MPOTEUH — CBSI3aHHBIX MOJIEKYJ
(PBUTs), koTopble y4acTBYIOT B Pa3BUTUM MHOTOUYUC-
JIEHHBIX nTaTtoniornyeckux 3¢ dexktoB npu XbII u mioxo
YIAJISTIOTCST BO BpeMsl MpOorpaMMHOTo remoaunanusa [41,
42, 43]. dna ynanenuss PBUTS u3 0o011ero KpoBOoToKa
npeiaraeTcsd Mpeauaau3Hoe BBEACHUE B apTepuasb-
HBIIl CETMEHT Auainu3aTopa KOHKYPEHTa CBSI3bIBAHUS
anbbymMuHa — uOynpodeHa, a TakxKe JJIUTEbHOE UC-
noJyib30BaHue B auete Tpurnrtogana. IIpu s3Tom oOHa-
PYX€HO 3HauuTesnbHOEe cHUXeHue ypoBHeil IS, PCS B
CBIBOPOTKE KPOBHU, YBEJIUYEHUE UX KIIUPEHCA, COIEp-
>)XaHWE€ MOYEBUHBI U KPEaTUHWUHA HE U3MEHSLIOCH.

TMAO, oauH u3 BaxHeHIIUXx (HakTOPOB pHUCKa
Pa3BUTUSL CEPACYHO-COCYIUCTBIX 3a00JIeBaHUU MpU
XBII, cuiabHbBI MPOrHOCTUUYECKUIT MapKep Hebyaro-
MPUSTHBIX CEPAECYHO-COCYAUCTBIX COOBITUI, MOJTOXU-
TEJIbHO KOPPEJIUPYET C PUCKOM CMEPTHOCTH, BhI3bIBA-
€T TyOyJI0-UHTEePCTULIMATBbHBIN (UOPO3. YPOBEHB 3TO-
T0 ypeMUYECKOro TOKCUHA, BbIpa0aThIBa€Mblii MUKPO-
6uoroii, nmossiiieH npu XbIT.

ITonmaMuHbBl CUHTE3UPYIOTCS MUKPOOMOTOU U3
WX OpeKypcopa — aMUHOKUCIOT. [TofraMuHbI Urpa-
10T PEryJITOPHYIO POJb B KJIETOYHOU NUCHYHKIUU U
pocTe, UHTUOUPYIOT PUTPOIOITUH, CHUXKAIOT OTBET
OpraHu3Ma Ha TOPMOHBI.

OrpaHuyeHue B MUIIEBOM PAallMOHE OBOIIEH U
(GpPYKTOB y MAIMEHTOB HA MPOTPAMMHOM TE€MOIUAAIIU -
3€ C LEJbI0 MPEeayNpPeXIeHUsI TUMTePKATUEMUN BbI3bI-
BAaeT AMCOMO3, 3HAYUTEJIbHYIO SKCIAHCUIO OaKTepuit,
coiepXalux ypukaszy U ypea3y, KOTOpbIE SIBJISIIOTCS
SH3MMaMM TIpU OOpa30BaHUU pP-Kpe3oJja, WHIOJA,
YMEHbIIIeHWE KOJIMUYECTBA U pa3HOOOpa3ust bakTepuid,
nponyuupytommx KIKK. ObcyxnaroTcs HOBbIE TO-
TeHLMAJbHbIE TEepPareBTUYECKHUE BO3MOXHOCTU Tap-
TEeTHOTO BJIMSIHUSI HAa OCh KHILIEYHAsT MUKPOOUOTA
— XBII ueneHanpaB/ieHHBIMUA TWETAPHBIMU BO3Eii-
CTBUSIMU, MOIUDULIMPOBAHUEM MUKPOOUOTHI KUIIIEY-
HUKa MYTEM YBEJIUYEHUS KOJIUYECTBA OAKTEPUii, BbI-
pa6atbiBatomux KKK, nmogaBieHreM pocta MUKPO-
60B, 00pa3yloIIKNX ypemMudeckue ToKCuHbl [44]. Bytu-
pat, npoayuupyembiii aHaspobamu XKKT, sBnsercs
MOIIIHBIM UCTOYHUKOM 3HEPTUU UISI SMUTETUOLIUTOB
KUIlIeYHNW KA X035iuHa. [IpeBeHTUBHOTO NeCTBUS MTPO-
OMOTUKOB TMPU 3TOM He oOHapyxkeHo. [TokazaHo, 4TO
CUHOMOTUKU CHUXKAIOT ypoBeHb PCS 1 He BIUSIOT Ha
npoaykiuoo IS. TlonyyeHbl maHHBIE O MOJIOXUTEIb-
HOM BJIMSIHUU HA OKCUJATUBHBIN CTpecC, BOCTIaJIeHUE

npu XBIT nuetsi, oOorami€HHON pacTUTEIbHBIMUA BO-
nokHamu [45, 46]. Ilpemnaraercss MCIIOIb30BaHUE
Lubiprostone, CUHTETMYECKOTrO MPOU3BOJAHOIO IpPO-
CTarJlaHIMHOB, KOTOPHIII aKTUBUPYET XJIOPUCTHIE Ka-
HaJIbl B KMILIEYHUKE, cCHUXas coaepxanue IS, TMAO.
B xpacHoM BuMHE, OJTMBKOBOM Macjie, ceMeHax BUHO-
rpana odHapyxeH MHruoutop TMAQO, cTpyKTypHBIiA
AHAJIOT XOJIMHA.

IMonumanue crneuudUIecKUX U3MEHEHUN MU-
kpobuoTel nipu XbBII, ¢dakTopoB, KOTOpbiE MOTYT
BJIUSITh HA 3TU U3MEHEHUsI, MOTYT MOMOYb B pa3pa-
0OTKe HOBBIX HAIlPAaBJICHHBIX BMEIIATEILCTB, BOCCTA-
HaBJIMBalOIKX 3y0M03 U objagarolux Hedpomnpo-
TEKTOPHBIMU BIUSIHUSIMU. B TlocieqHue roasl oTMe-
YeHBI CePhE3HBIE U3MEHEHMS B MUILEBIX TTPEATIOUTE -
HUSIX HaceJeHUs («BECTEepHU3ALUS»). PACTUTEIbHbIE
BOJIOKHA, (DPYKTHI W OBOLIU 3aMEHSIOTCS XUpPaMU,
JIETKO YCBOSIEMBIMU YTJIEBOIAMU, UTO HETATUBHO OT-
paxaetrcsi Ha (QYHKIIMOHUPOBAHUM MUKPOOUOTHI.
Jnst npouIaKTUKKU AUCOKMO03a MpeaaraeTcs yBeau-
YeHUEe KBOTHI 3€JEHBIX OBOIIE B MUIIE, UCTIOIb30-
BaHMe L-KapHUTMHA, CHUXXEHHE THUIIEBBIX MPEKyp-
COpOB HE(MPOTOKCUYECKUX TOKCUHOB, TOBBIIIEHUE
KoJimuecTBa OakTepuit, BeipadaTbiBamoux KKK B
KayecTBe HedpomnpoTekTopoB. Mccnenyercss Takxe
KayeCTBEHHOE U KOJMYECTBEHHOE MOIMMUIIMpOBa-
HUE MUKPOOUOTHI Mpe- U Mpo-cuHOMoTuKamu. M3-
YUYaroTCs BO3MOXHOCTYU TeHETUUECKUX MAHUTTYJISIIINIA
C KMIIEeYHOU MuKpobuortoil. [TokazaHO HeraTuBHOE
BJIMSTHAE Ha MUKPOOMOTY HU3KOIIPOTEUHOBOM JUETHI
C 9CCEHIMATbHBIMU aMUHOKUCIOTAMU Y KETOKUCIIO-
Tamu. OOCYyxXaroTCs MEepCHeKTUBbI UCMOJIb30BAHUS
B OMeTe T.H. pe3ucTeHTHoro kpaxmaia (PK, RS),
YCTOMYMBOTO K TpolieccaM MUIIeBapeHUs B TOHKOM
kuieyHuke. Ob6orameénHas PK nuera cnmocoOGcTBYeT
MMPOHUKHOBEHUIO PACTUTENbHBIX TOJIMCAaXapuiaoB B
MUCTATbHBIN KUNIEYHUK W Pa3pylICHUIO PEe3UIEHT-
HBIMU CaxapoJIMTUIECKUMU OaKTepusiMu ¢ obpa3oBa-
HueM KIZ2KK, urpamoiiux Kiaio4yeBylo pojb B 9HEpre-
TUYECKOM rOMEOCTa3e, B COXPAaHEHUH 3M0POBbS X035 -
WHAa, a TAKXe YMEHBIIEHUIO TTPOAYKTOB THUEHUS TIPU
depmeHTaLIMK 6ETKOB, B TPOMUIAKTUKE CUCTEMHOTO
U JIOKAJIbHOTO BocnajieHus. OnpeaeaeHHOe 3HAUEHUE
NpUAAETCs CPEeaU3eMHOMOPCKON auete, oboramieH-
HOI (dpyKTamMu, OBOILIAMHU, LEIbHBIMUA 3€PHOBBIMU,
pbi6oii [40], pekOMeHayIOTCS OpeXu, CEMEHa pacTe-
HUIt, 0MBKOBOE Macao. Tepmuuecku oopadboTaHHbIE
U 3aTeM OXJaXIE€HHBbIE KapTodenb U pUcC SBISIOTCS
npednoTuKamMu Kak UCToYHUKU PK, GpyKThl U sro-
bl — KaK MCTOYHWKU PACTUTETbHBIX BOJOKOH IS
nmutanus 90% OGakTepuadbHbIX KieToK. KuimeuHas
MukpobuoTta npeppaiaer PK B KIIKK [47]. BoisiB-
JIeHWe U3MEeHEHW MUKPOOHBIX COOOIIECTB, BHI3BAH-
HBIX DPA3IUYUSIMU KOHEUYHBIX TMPOIYKTOB (epMeH-
TalMM Kpaxmaja, pacCMaTpUBaeTcsl Kak KII0UYeBOM
1Iar Ha MyTH K pallMoHaIbHOMY AU3aliHy MPOIYKTOB,
coaepxamux PK. CTpykTtypa KpaxmajaoB BAUSET Ha
CTPYKTYpHO-(YHKIIMOHATbHBIE OTHOUIIEHUS U 2KO-
JIOTUYECKYIO MOCIEA0BATEIbHOCTh MUKPOOUOMA.
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VY nuanu3HbIX MalUEeHTOB UCIOJb30BAHUE AUY-
PEeTUKOB, arpeCCUBHON YIbTpaUIbTPAIIUU BhI3bIBA-
€T WIIEeMUI0 KUIIeYHWKa W TIOBBIIIEHUE MpOHUIlae-
MOCTU MHTECTUHAJIBHOIO SMUTEIUATBHOTO Oapbepa,
YTO CIIOCOOCTBYET MPOHUKHOBEHUIO 3HAOTOKCUHOB,
MUKPOOHBIX (ParMeHTOB M JPYrux TPOAYKTOB B
CUCTeMHBIN KpoBOTOK [45]. ¥V nuanusHbiX U Heaua-
JIM3HBIX MaLMEeHTOB ¢ TepMuHaibHolt XITH BrisiBIE-
HbI HapyuieHus QS, a Takxe AedeKTbl BPOXIEHHO-
r0 UMMYHHOTO OTBeTa KUILIEYHOW MUKPOOMOTHI MPU
e€ moBpexaeHun. [lenTuaoTarKaHbI, €CTECTBEHHbIE
KOMIIOHEHTHI OaKTepuaabHOW CTEHKU, SIBJISIIOTCS T10-
TEeHUMAJTbHBIMU MOMAYJISITOPAMU WMMYHHOU (YyHK-
1IMU, B OMpPENeSEHHON CTeTIeHU BIUSIIOT Ha MCXOIbI
TpaHciuianTanuu [48].

TakuM o0pa3oM, 3KCHEepUMEHTaJbHbIE U K-
HUYECKUE MCCIIeOBaHUSI, TEHOMHbBIE 1 HETEHOMHBIE,
MOJATBEPXIAIOT CBSI3b AaHOMAJIBHOW KOMITO3ULIMU MHU-
Kpoouotsl ¢ XBIT, npuuém, 3Ta CBsI3b MpEeACTaBSIETCS
JIBYHarpaBjieHHOM’. JIlucOno3 KUIIeYHO MUKPOOUOTHI
MPUBOJIUT K CHVXEHUIO TPOAYKIMU TOTEHIIMATbHO
HedponpoTekTopHbIXx MeTaboauTOB (KKK, BUT. K 1
IIp.), TIOBBIIIAET MTPOHUIIAEMOCTh KUIIIEYHON CTEHKU U
MPOAYKIINIO HEPPOTOKCUUECKUX YPEMUUECKUX TOKCH -
HOB, UTO coIpoBoxaaetcs nporpeccupoBaHueM XbII.
B Toxe Bpems, nueTuueckue orpaHUYEHUs], aCCOIM-
upoBaHHble ¢ XBII, HU3KOMPOTEMHOBBIE TUETHI C 3C-
CEHIIMAJIbHBIMU aMUHOKUCJIOTaMU, KETOKUCJIOTaMU,
OrpaHUYEHUE Kalusl, HATWYME B IUETE MPEKYPCOPOB
VYT cnocoOCTBYIOT pa3BUTUIO U TMPOTPECCUPOBAHUIO
nucouosa. HapylieHrue HyTpUTUBHOTO cTaTyca oOHa-
pyxeHo Gosiee, yeM y 50% MalMeHTOB, CTPaJarOLIUX
XBII V]I craguu, KOTOpble JieyaTcs MOCTOSIHHBIM
aMOy/IaTOPHBIM TUATU30M, COCTOSIHUE MUTAHUS pac-
CMaTpUBAETCS KaK OAWH U3 HE3aBUCUMBIX TTPOTHOCTU-
yecKux (haKTopoB 00J1e3HU, KOMOPOUIHOCTU U CMEPT-
Hoctu. [49, 50]. OGcyxnaloTcsi MepCreKTUBbI HC-
MOJIb30BaHUS NMPEOUOTUKA, PE3UCTEHTHOTO Kpaxmara,
KOTOPBI MOXET ObITh MCIOJb30BaH B KAUECTBE NMeE-
TUYECKOW CTpaTeTuy ISl YMEHBIIEHWSI aKTUBHOCTHU
BOCITAJICHUSI, BBIPAXXEHHOCTU OKCUAATUBHOIO cTpecca
U CHUXXEHUS YPOBHS UHAOJ-CYJib(haTa B IJ1a3Me KPOBU
[39].

Pa3zpabaTeiBaeTcsi «MUKPOOMOM-1LIEHTPpUYECKAS
teopusi XbBII», cornacHo KOTOpoi aganTUBHbBIE W3-
MEHEHMST KUIEYHOW MUKPOOUOTHI SIBISTIOTCST TIPUYU-
HOW OcJIoXHeHUt Ha mo3aHux ctanusx XBIT [31]. B
MOJIOCTU PTa U KUILIEYHUKE HAWIEHBI «OJISIIKO-acCco-
LIMMPOBaHHbIe» OakTepuu. IloBbIIIEHUE YPOBHS WH-
Jon-cyiabdara B CBIBOPOTKE KPOBU CIIOCOOCTBYET pa3-
BUTHUIO AOPTaJbHBIX KaJbLIM(DPUKATOB U YBEINUECHUIO
cmepTtHOcTU Tipu XBIT.

CrabunbHas U pa3zHOOOpa3Hasi MUKpoOuoTa He-
obxoauMa mist obecrneyeHUs1 GU3UOJIOTUYECKUX TIPO-
1IECCOB OpraHU3Ma X03sMHa U COXPAHHOCTU HOPMaJib-
HBIX MMMYHHBIX (DYHKIIUA CIU3UCTON KUIIEYHUKA.
MMMmyHHast cuctema XO03siIMHA [OJKHA COXPaHSTh
TOJIEPAHTHOCTh K KOMMEHCAJIbHOI MUKpodIope U
pearupoBaTh Ha MATOTEHHYIO. 300pOBasi MUKPOOUO-

Ta — HEOTheMJIEMAsl YaCcTh «BOCIIUTAHUS» UMMYHHOM
CHUCTEMBI XO35IMHA.

BmemartenbcTBa B CTPYKTYpPY, (DYHKIIMU MUKPO-
OUOTHI OYAYT pa3BUBAThCS B OJIMKaillIMe roabl, BaX-
HO, YTOOBI OHU HE OBbUIM Pa3pyLIMTEIbHBIMU. YHU-
KaJIbHOCTb MUKPOOUOTHI B TOM, YTO OOJIBIIMHCTBO MO-
TEHLIMAJIbHBIX BMEIIATEIbCTB HE OMTACHBI, a TOOOYHBIE
ux 3@dekTl MUHUMAIbHBI. OCb «MO3r-KUIIEYHUK-
MOYKW» CBS3bIBAET MO3T U CUTHAIBI OT KUIIEYHUKA U
MOYEeK Yepe3 UMMYHHYIO CUCTEMY U MUKPOOHBIE Me-
TaboauThl. [loTeHLManbHON TepanmeBTUYECKOW CTpa-
terueit nmpu XbBII B KauecTBe TapreTHOM MUILIEHU MO-
KET UCIOJb30BaThCI MUKPOOUOTA MYTEM BKIIIOUECHUS
JUETUYECKOU MHTEPBEHIUU, TIPO-, MPe-CUHOUOTUKHU,
TOM u mopynsauuio Mmetaboausma [51, 52], a Takxke
BJIMSIHYE€ Ha MUKPOOUMOTY uepe3 Quorum sensing.

BoiBoapl. DxcrnepuMeHTallbHble M KJIMHWYE-
CKME UCCJIeNOBaHUSI, B TOM YUCJIE MHOTOLIEHTPOBbIE
PaHAOMU3UPOBAHHBIE, TE€HOMHBbIE U HETe€HOMHBIE,
MOATBEPXIAIOT HaJIWU4Ue ABYHANpPaBICHHbBIX CBSI3€W
MEXy KUIIEYHOH MUKPOOUOTON U MTOYKAMU, KOJIOpE-
HaJIbHOW OCU B3aUMOJEUCTBUS.

KulieuHslt 1ucOro3 ciaeayeT paccMaTpuBaTh He
TOJIbKO B KaY€CTBE KJIMHUYECKOTO CUHAPOMA, CBSI3aH-
HOTo ¢ JUCOaJaHCOM KHUIIEYHOUW MUKPOMIOPHI, HO
W KakK TMPUYUHHBIA WIM MYCKOBOW (hakTop pa3BUTUS
XPOHUYECKOTO BOCITAJIMTEILHOTO MpOoLecca Y OOTbHBIX
¢ 3a00JIeBaHUSIMU MOYEK.

MukpoOuoOM-1IeHTpUYECKasE TEOpusl Mporpec-
cupoBaHus XbBII, pazsutus OIIII, yrBepxnaer, 4To
aJanTUBHbIE W3MEHEHUS KUILIEYHOW MUKPOOUOTHI
MOTYT SBJSTbCS MPUYUHOU OCJIOXHEHUN B MO3IHUX
cranusx XbII, BosHukHoBeHus1 OIIII, a Takxe OBITH
OTHOW M3 MPUYUH PAa3BUTUS KOMOPOUIHBIX OOJIE3HEN
(AT, UBC, CH, ClI-Tuna 2, o>XXupeHue) U paccMaTpu-
BAaeTCs B KAYeCTBE MOTEHI[UAIIbHOW TapreTHOW MUILIe-
Hu B JeueHun XbBII, a Takke komopobuaHbix ¢ XbII
COCTOSIHUA.

YpeMuueckrie TOKCUHBI, TPOAYLIUPYEMbIE MUKPO-
OUOTOI, aKTUBHO YYACTBYIOT B PA3BUTUU CUCTEMHOIO
BOCTIAJIEHUS, OKCUTATUBHOIO CTpPecca, CIIOCOOCTBYIOT
nporpeccupoBanuio XbII.

HAucbuos, BbI3biBaeMbiii XBII, sBasieTcss oaHo
U3 MNPUYUH Pa3BUTUS KOMOpOUIHBIX Oosne3Heit (AT,
MUBC, CH, CJI Tuna 2, oxxupeHue).

N3noxeHHoOe BbIllle CBUAETEIBCTBYET O HEOO-
XOIMMOCTU YUYUTHIBATh COCTOSIHUE MMKPOOUOLIEHO3a
KUIIEYHWKA B KIMHAYECKOM TE€YEHUU MOYEYHOTO 3a-
OosieBaHUS.

KondaukT nnTepecoB. ABTOpHI 3asIBISIOT 00 OT-
CYTCTBUU KOHMIUKTA UHTEPECOB.

Nudopmanusg o BKiaae Kaxkaoro y4acTHUKA.

Cemuodourkasa 2K./[.: vigess 1 pykoBOICTBO pado-
TOW, 0030p U aHAIU3 JIUTEPATYPHBIX UCTOYHUKOB;

Yepnarxoea HU.A.: 0630p 1 aHAIN3 JTUTEPATYPHBIX
WCTOYHUKOB;

Aedeesa E.B.: 0630p 1 aHaIU3 TUTEPATYPHBIX UC-
TOYHUKOB, 0(DOPMJIEHUE CTaThbU K MyOJUKALIUY;
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Abstract. Since 2011, at the Department of Industrial and Biomedical Electronics,
NTU “KHPI” together with KNPE of KRC “RMCCUN n. a. V. 1. Shapoval” with
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OnTumMabHUii IU3aiiH Ta 320e3ne4eHHs CTa0lJIbHOrO (PYHKI[iIOHYBAHHS
CHCTEeMH BOJOOYMINIEHHS 1151 reMoiajizy/remoaiadiabTpanii

'Kadenpa mpoMuciIoBoi Ta 6ioMeINYHOI eJIEKTPOHIKM, HallioHaIbHOro TeXHIYHOTO YHIBEpCUTETY
«XapKiBCbKUI MOJITEXHIYHUM IHCTUTYT», XapKiB

2KoMyHaJIbHE HEKOMEDPIIiiHE MiANpHEMCTBO XapKiBChKOI 00acHOi paay «O0IacHUI MeIUYHUIA
KJIIHIYHUI LIEHTp yposorii Ta HedpoJorii im. B.1. [Ilanosana, XapkiB

3JlepxxaBHa yctaHoBa «IHCTUTYT Hedpostorii HanioHanbHOT akagemii MeMIUYHUX HayK YKpaiHu», Kuis

Pesiome. 3 2011 poky na kagedpi «[Ipomucnrosa ma biomeduuna eaexmponixa» HTY «XIII» cninvro 3 KHITI XOP
“OMKIIYH im. B.1. Illanosana” 3a ynacmi 1Y «Incmumym negponoeii HAMH Ykpainu» euxonyromocs 00cAi0dceHHs 3
niosuujerts besnexu aikyeanus memodamu eemoodianizy (I'Z]) ma eemodiaginompauyii (I1D). Cneuianvro niocomosara
sKicHa oda abo nepmeam € 8axCAUGUM (AKMOPOM, AKULL BU3HAYUAE HAAeICHY be3neKy AiKy8anHs. [lis 6UKOHAHHS 00-
uiei cecii T'll eumpauaemocs binowe 150 aimpie nepmeamy. Heskicuuii nepmeam modxce 6ymu nputuHoo pisHOMAHIiMHUX
YVCKAQOHeHb [ Hagimb AemanbHuX Hacriokie. Takum uuHom, NOCMIHO 2eApaHMOBAHULl AKICHULL nepmeam € 8aiNCAUB0I0

cKaadosoio bezneynoeo I'/l, a mum binvwe I'7]D.

Kiro040Bi ciioBa: eemodianiz, eemodiaghinempauis, cucmema 800004uUeHHS, 360POMHUIL 0CMOC, nepmeam, CHaH-

dapmu sxocmi, gpirempauis.

BCTYII

Bupo6uuku obnamnanss mis [JI/TA® sk mpa-
BWIO TIPOTOHYIOTh BJAaCHi CHCTEMU BOMOOYUIIEH-
HSI, OMHAK i{HKOJW KOPUCTYIOTHCS TOCITyraMu iHIIUX
kommawiii [1, 2]. Cuctema BOJOOYUILIEHHS MOBMHHA
MPOAYKYBaTU TiepMear, SKUW BiANOBiTa€E pEeKOMEH-
manigMm Association for the Advancement of Medical
Instrumentation (AAMI) [3], eBpormeiicbKoi (apma-
komnei (ph.Eur) [4] cranmaptiB ISO 9000 European
Directorate for Quality of Medicine (EDQM) [5].

HenotpuMaHHS 1MX CTaHAAPTIB MOXe OyTU Tpu-
YUHOI 0araThOX YCKJIAQHEHb i HABITh (haTaIbHUX Ha-
cligkiB. TakuM 4MHOM, rapaHTOBaHe 3a0e3Me4YeHHs
SIKICHUM TI€EpPMEeaTOM y KOXHOMY BilJliJIEHHI € BaXJu-
Bot0 ckJyanoBoto 6e3neuHoro ['J1/TI® nikyBaHHS.

Meta poOOTH: Ha OCHOBI aHaITi3y iICHYIOUMX CTaH-
JlapTiB, HAyKOBUX IyOJIiKaliil Ta OaraTopiyHOi Mpak-
TUYHOI JiSUTBHOCTI 3 pO3pO0KH Ta eKCIUTyaTallii CUCTEM
BopoouunieHHs pist [1/TIdD, 3anmponoHyBaTH peKo-
MeHallil 1oao iX AuM3aliHy NpPOeKTYBaHHS, BUOOpPY
CKJIAIOBUX €KCIUIyaTallii sl 3a0e3neyeHHsT cTadiab-
HOTO OTPUMAaHHS SIKICHOTO TIepMeary.

1. JIu3aiin cucTeMu NPUTOTYBAHHSA BOIM

ans T/ TA®

Ilepen BU3HAUEHHSIM HEOOXiTHUX CKIATOBUX CUC-
TEMU BOAOOYMILIEHHS CJIiJl 0OpaTu BiAMOBiIHE MPUMi-

Tkauyk bornan BoaoaumupoBuy
bog.tkachuk@gmail.com

IIeHHd Mg ii MOHTaxy. O3100110BalbHI MaTepianu
MOBUHHI OyTM MOXexo0e3leYHUMU Ta MpUIaTHUMU
I Oaratopa3oBux AesiHbexiiii. BomormocrauyaHHs,
KaHaJjlizallisl, eJIeKTpOIloCTauYaHHsI, BEHTWJISILISI Ta
MILIHICTh MiXITOBEPXOBOTO MEPEKPUTTS] TTOBUHHI Bil-
noBigatu Bumoram JIbH Ta BupoOGHUKaA cucTeMu BO-
JIOOYHUIIEeHHS. AKicTb BONOIPOBiAHOI BOAY Ma€ BiAIro-
imatu JCanlliH 2.2.4-171-10 [6].

Ilepmear roTyeThcs 3 BOOOIIPOBiIHOI BOAU 3a J10-
IMTOMOTOI0 IeKiJTbKOX ITOCTiZOBHO 3’€MHAHUX €JICMEH-
TiB, SIKi 3aTHi yCyBaTHM IIKiIJWBI peyoBUMHU. Peko-
MEHIOBaHa cXeMa MOOYIOBU CUCTEMHU BOIOOUYUIIICHHS
HaBeAeHa Ha puc. 1.

1. 1. Bxionuii y304. CricteMa BOOJOOYUIIICHHS ST
T/l po3nouynmHa€eTbCs MNCad BXiAHUX BEHTMJIIB BOIO-
npoBoay. MoHTtax ciin BukonyBatu XIIBX tpybamu,
OCKIJIBKM Y IIUX TpyOax HalHUXKYMIA piBeHb POCTY OaK-
Tepiil. Ha ix BHyTpiliHill moBepxHi He HOPMYIOThCSI
MiHepaJibHi BigKJIaaeHHsI, OakTepiajibHa OiorUIiBKa.
HiameTp Tpy6, DiTUHTIB Ta iHIIOI apMaTypu 0OMpPaIOTh
3aJ1€XHO BiJl HOMiHAJIbHOI MPOAYKTUBHOCTiI 3BOPOTHO-
ro ocMocy (3a MpoayKTUBHOCTI MeH1e 1250 i/rox - mi-
ameTp 25 MM, sK1Io 6inbiine — 32 mm) [7]. Kanamnizarist
noBrHHa MOHTyBaTuch [IBX Tpybamu 3 MakcuMaib-
HO MOXJIMBUM AiameTpoM. Ha BBoai 31uMBHOI TpyOu
HEOOXiTHO BCTAHOBUTHM BOISIHUIA 3aTBOpP AJIS 3amo0i-
TraHHS TMOTPAIUISIHHS KaHali3aliifHUX raziB A0 IMpU-
MilmeHHs. KpiMm Toro, mia’eaHaHHS KOXHO1 OJMHUIL
0o0JIalHAHHS 10 APEHAXHOI TPYyOU Ma€e OYTU BUKOHAHE
3 TOTPUMAHHSIM II’SITU CAHTUMETPOBOTO TMOBITPSTHOTO
pPO3pUBY, ISl HEAOIMYILEHHS 3BOPOTHOI OaKTepiaabHOL
KOHTaMiHallil 3 KaHaTi3allii.
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Puc. 1. PekomeHnoBaHa cxema moOyI0BU CUCTEMU BOAOOUYUILIEHHS
ITpumitku: XB, 'B — BoJOTiHHa xosiofHa Ta rapsya Boaa; 3K1,3K2 — 3BopoTHi knananu; T3K — treMnepatypHuii

aMimyBaabHUi KianaH; T — gatuuk Temnepatypu; OK1-OK6 — aBapiiiHi 00xisHi KoHTypu (6aitnacu); ] —
3’€IHAHHS 3 JPEHAXHOI0 MaricTpauiio; M1-M8 — koHTposibHiI MaHOMeTpu; EMK — eekTpoMarHiTHMiA KiianaH;
PH — pezepByap HakonuuyBay; H — Hacocu 3 aBTromaTuko; I1 — moptu B31Ts 1po6; AIl — aBToMaTUYHUIA
oM’ sikiryBad; CP — conpoBumii pesepByap; @1 — kapTpumkauit GinsTp rpyooi ounctku; @2 — aBTOMaTUIHUI
dinerp MexaHiuHol ounctky; M3,d4 — pobGounii Ta MOJIipyI0Ynii aBTOMATUYHi (GiIBETPU 3 aKTUBOBAHUM
ByTiiaM; @S5 — KapTpuIKHWNA QiTETp TOHKOTO ounineHHs; 30 — amapat 3BopoTHoro ocmocy; CTJI — cucrema
TerioBoi AesiHdekuii; KIT — KkoHTyp nepmeaty 3 moptamu sl MiAKIoYeHHs 10 [l MaiiuH.

BinmosinHo 10 cranmapty [8] Ha Bxomi y cucremMy
MOBUHEH OYTY BMOHTOBAaHWI 3BOPOTHUI KTamnaH JIJjis 3a-
XUCTY BOAU Y CUCTEMI BOIOIIOCTAYaHHSI Bil peYOBUH, SIKi
BUKOPHCTOBYIOTBCS JJIsI IIPUTOTYBaHHs mepMeary. He-
OOXiTHUM € BCTAHOBJICHHS JIUMJIbHMKA TSI BUSHAUEHHS
KUJIBKOCTI BOJIU, SIKa IIPOXOAUTD Yepe3 CUCTEMY BOIOOYU -
ILIEHHS Ta MAHOMETP IS KOHTPOJIIO TUCKY Ha BXO/Ii.

V pa3i HasgIBHOCTI y BXiHili BOJIi BEIMKOI KiJTbKOC-
Ti MEXaHiYHUX JOMIIIOK (BEJIMKUX YaCTUHOK ITiCKY,
ipi, OKaJWHM Ta iH.) HeOoOXigHEe BCTAHOBJICHHS Mari-
CTPAILHOTO caMOIpPOMUBHOTO GinbTpy (100-75 MKM),
110 3MEHIIUTh HAaBaHTAaXXEHHsI Ha HACTYNHI CTYyMNEeHi
CUCTEMU BOIOIIArOTOBKHU. Jlajli BCTAHOBIIIOETHCS Ma-
TicTpalbHUN KapTpUIKHUI (inbTp rpydoi OUYMCTKU
3 iopamu 50-20 mxm. DineTp Mae OyTu oGMamHAHUII
aBapiiilHUM OOXiZHMM KOHTypoM (OaiirmacoMm), IS
MOXJITMBOCTI 3aMiHU KapTPUIXKiB 0€3 MPUMUHEHHS TI0-
ctayaHHs Bonu. O0OB’SI3KOBE BCTAHOBJICHHSI KOHTpP-
OJIbHUX MAHOMETPIB J0 i ITicasa GibTPy AJIs BU3HAUCH-
HSI CTaHy 3a0pYAHEHOCTi KapTPUIXKY.

1.2. By3oa naxonuuenns 6éxionoi eéoou. IlpusHa-
YEeHUU IS CTBOPEHHS Pe3epBY HEOUMIIEHOI BOIM 3
aBTOMATUYHUM HaNOBHEHHSIM, iHIMKALIIE€D piBHS,
3axXMCTOM Bill TIepeIIOBHEHHS Ta CIIyCTOIIeHHS. Pesep-
Byap IIJis1 HAKOITMYEHHS BOIU PEKOMEHIYETbCS 00upa-
T 32 HACTYITHUMU KPUTEPisIMU: 00’€MYy HaKOIMUUYEHOL
BOIM IMOBUHHO BMCTayaTH JJISI BUKOHAHHS MiHIMyM
omHiei 3Minu I'/Jl. PesepByap(u) Mmae OyTH BUTOTOBJIEC-
HUM i3 IpUAATHUX 111 30epiraHHs MUTHOI BOAM Ma-
TepialiB, — HeipxKaBilo4oi cTaii abo I1acTuKy, OyTu
CTifikuM 1o ne3iHgikyrodux 3acobiB. Binbip Boau Ha-
COCOM IMOBUHEH 3milficHoBatucsa Ha 20-40 cMm Buiie
IHA pe3epByapy, SKa MOBMHHA MaTU KpaH 3JUBY Y
HaWHWKYii TOUlli. Y HaliBUILIi TOYLIi pe3epByapy CIIi[
3a0€e3MeYynT BUTIK BOAM Y pas3i MOro rnepernoBHEHHS
y apeHax. PesepByap IOBMHEH MaTH TEXHOJOTiUHUI
OTBip 3 KPHUIIKOIO (JIIOKOM) HiaMeTp SKOTO IOBHHEH
oytu He MeHIe 40 cM.

PesepBHuit 0ak ciig o0jgagHATU iHOIMKATOPOM
piBHS BOAM Ta aBTOMAaTHUYHOIO CHCTEMOIO KOHTPOJIIO
HAIlOBHEHHS Ta 3aXMCTY Bia IepenoBHeHHs. baxkaHo
BCTAHOBUTH CUTHaIi3allil0 HU3bKOI'O PiBHS BOIU Y pe-
3epByapi a00 Ha JIiHil BogornocTayaHHs IJis TTomnepe/-
JKEHHS IIEPCOHAILY IIPO HECTauy BOIU.

¥V pasi BUCOKOro BMICTY PO3YMHHUX CIOJYK 3a-
JIi3a y BXimHiii Bomi (Oisbie 1,5 Mr/it), HeoOXigHe BcTa-
HOBJIEHHSI TIPUCTPOIO IUIsI MMAacCUBHOI aepallii Ha Mari-
CcTpaJli mepea HaKONMMYyBaJIbHUM OaKOM.

1.3. Hacoc noda4i Heouuuwernoi éoou 045 nonepe-
onvoi irvmpauii. Hacoc oOMpa€eThesl 3a HACTYITHUMU
KpUTepiAMHU: 1) TOCTaTHSA MPOAYKTUBHICTD (Q,;, M*/TOx):

0,=0 +0Q,+..+0n

ne Q, On — MakcUMajbHE CIIOXMBAaHHA BOIM
npuiagamu 1, 2, ... n;

2) HOMiHaJIBHUI Hamip (M) — BU3HAYAETHCS 3Till-
HO TEXHIYHOI JOKyMEeHTalliil 10 3BOPOTHOTO OCMOCY Ta
IHIIIMX eJIEMEHTIiB TonepeIHbOI inbTparlii.

Hacoc moBuHeH OyTu o0nagHaHWII aBTOMAaTWY-
HUM peJie TUCKY Ta 3aXMCTOM BiJ “cyxoro xomy” —y
pasi moTpanJisiHHsSI TIOBIiTpPsSl Y HAcoCc Ta KPUTUYHOTIO
3HUXKEHHS PiBHS BOIU Y HAKOIIMYIYBaJIbHOMY 0aKy.

1.4. Asmomamuuni girbmpu mexaniunozo ovu-
WeHHs 600U KOAOHHO20 MUMNY.

MexaHiuHi (GinbTpu HeCyThb TOJIOBHE HaBaHTa-
JKEHHS 3 MOIEePEeAHbOr0 OYMIIEHHS BOAW B CUCTEMI 3i
3BOPOTHUM OCMOCOM.

Bona 3 By3ja HaKOMMYEHHS, HACOCOM ITOJAEThCS
10 (PiabTpiB MEXaHIYHOTO OYMUIICHHS, SKi 3aTpUMY-
IOTh YaCTKU po3MipoM 10 20 MKM. Y pa3si 3a0pyaHeHHS
(iabTpy IPOBOAUTHCS OTO MIPOMIUBKA 3BOPOTHUM I10-
TOKOM BoJaM. OuMIIeHHS (iTbTPYIOYOro 3aBaHTaXKEeH-
HsI IPOBOJUTBLCS Yy HEMialdi3HUM 4yac B aBTOMaTUYHOMY
peXUMi KepyroUYuM KJIallaHOM, OCHAIIICHUM eJIeKTPO-
HHUM KOHTPOJIEPOM.

Tun, xiabKicTh Ta KoHirypauiss (inbTpiB Me-
XaHIYHOTO OYMIIEHHSI BM3HAYAlOThCS 3aJIEXKHO Bij ix
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dinpTpytouoi 3mMaTHOCTI 3a0pyIHEHOCTi BOAMU Ta TMO-
TYXKHOCTi CUCTEMU 3BOPOTHOTO OCMOCY.

BinnoBinHO 10 BCTaHOBJEHUX 3a0pydHIOBayiB
obuparoThes BiANMOBiAHI GinbTpytoui 3acunku. Ha cpo-
TFOAHIIIHINM NeHb iCHye 6arato BMIAIB martepiajiB aJs
dinbTpalii: kBapueBuil micok (dpaxuig 0,4-0,8 Mm)
3abe3neyye OUYMIIEHHS Big 4yacTUHOK 10 30 MKM;
dpakuisa 0,8-1,2 mm — go 50 mMxm; dpakuisg 2-4 MM
(rpaBiit) — no 100 MKM), LIEOdIT (A1 BUOAJIEHHS 3a-
Jli3a, aMOHil0, i0OHiB BaXKUX METaJiB, PaliOHYKJIi/IiB,
OpraHiYHUX CHOJYK, COJielt XKOPCTKOCTi, OaKkTepiid, Bi-
pyciB Ta iH.), Filter AG 3paTeH ycyBaTu YaCTUHKU PO3-
mipom 20-40 mxm, Birm Bumansie po3uMHHI CITOJYKU
3aji3a i Maprasifo ta inui. Mix ¢inbTpamMu HEOOXi-
HO BCTAHOBJICHHSI KOHTPOJIbHUX MAHOMETPIB Ta MOPTiB
JUTST B3SITTS 3pas3kiB BoauM Ha aHaji3. DinbTp moBUHEH
OyTh oOnagHaHUU aBapiiHUM OOXiTHUM KOHTYPOM
(Gaiinac), a1 MOXJIMBOCTI MOro 0OCIyroByBaHHS 0e3
MOPYUIEHHS NTOCTaYaHHS BOJU.

1.5. Asmomamuunuii nom’saxuysau.

VY Oararpox perioHax Ykpainum (TepHorriibcbka,
Honenbka, JIyrancbka, JIbBiBcbKa, XapKiBcbKa o0yac-
Ti i T.J.) BOOOIIPOBiTHA BOA MA€ BHUCOKY XKOPCTKiCTh
[9]. Bucoka konuenrpauig Ca?t i Mg?* mBHIKO MpU-
3BOAUTb 0 3HUXEHHSI MNPOAYKTUBHOCTI MeMOpaHu
3BOPOTHOTO OCMOCY i T.4. KiJIbKOCTi mepmeaty. st
YCYHEHH$ TaKOTO TUILY 3a0pyIHEHHS HEOOXiaHEe BCTa-
HOBJICHHSI aBTOMaTUYHOTO ITOM’SIKIITyBaJa, KW BU-
KOPUCTOBYETHCS SIKIIIO KOPCTKICTh BOAOMPOBIAHOL
Boxam nepeBuinye 1 °dH a6o 17,85 ppm, mr/i.

Woro npuHuun Aii monsirae y oOMiHi iOHIB Kallb-
1ito i MarHito Ha ioHU HaTpito. OOMiH BiZOyBa€ThCS Ha
10HOOOMIiHHIi cMOJIi, 1110 SIBJISIE COOOI0 MaJIeHbKi Ipa-
HYJIM NOJIICTUPEHA, Ha IKMX 3HAXOASIThCS iOHU XJIOpU-
ny Hatpito. I'paHyad CMOJU TMPUTATYIOTh MO3UTUBHO
3apsKEeHi iI0HU KaJIblLIilo i MarHilo 3 «KOPCTKOI» BOAU
Ta BiAJAlOTh i0HM HATPilO, Y eKBiBaJIEHTHIl KiJIbKOCTI,
T.4. TIOM’SIKIIYIOYM BOMy. ¥ pasi BUCHAXXEHHSI CMOJIU
HeoOxinHa ii pereHepallisi HICHUIEHUM PO3YMHOM XJIO-
puay HaTpilo, SIKUA YTBOPIOETHCS IMPU KOHTAKTi BOAU
3 TabJIeTOBaHOO XiMiyHO uucTow ciumo. Axkmo ']
BiIAJIEHHSI TIpallO€ y AeKiJbKa 3MiH 0axXaHO MaTu
aBTOMATHUYHUI ITOM SIKITyBa4 AYIUIEKCHOTO (a0o 0e3-
MEPEPBHOTO) TUITY, SIKWAM CKIATAETHCS 3 IBOX OAIOHIB
3 iIOHOOOMiHHOIO CMOJIOI. ¥ Takiii cucTemi, Iig 4yac
pereHepallii oqHOro 0ajJoHy, IHIIWI MpalloE.

TabneroBaHa Cciulb AJ1s1 BUKOPUCTAHHSI Y CUCTE-
MaxX BOMOOYMIIICHHSI ITOBMHHA BilMOBimaTW HACTYII-
HMM BUMOTraMm: OyTU XiMiYHO YMCTOIO 3 BMiCTOM Ha-
Tpito He MeHII 99.8%, MaTu 1IiIbHICTb JOCTATHIO JJIsI
yTpUMaHHS (pOpMHU [0 MOBHOTO ii po3unMHeHHs. Bu-
KOPMCTaHHSI HEsIKicHO1, a00 COJli TUILY «eKCTpa» He
JNIOTIYCKAETBCS.

Jnst HemomylleHHST pOCTy MiKpodJopHu y TOBIII
i0HOOOMIHHOT cMoaM Tiepen (inbTPOM 3 aKTHMBOBA-
HUM BYTUISIM 0a’kaHO BCTaHOBJIIOBATH ITOM SIKIITyBady.
IMicns aBTOMATMYHOrO IIOM’SIKIIyBaya OOOB’SI3KOBO
MOHTYETbLCSI MOPT 3a00py NpoO AJisi BUSHAYEHHS XKOp-
CTKOCTi BOJIM.

1.6. Diavmp 3 akmueosanum gyziiiam

BaxnuBuMm eTtanmoM TomnepenHboi GilbTpallii €
GiIbTp 3 aKTUBOBAaHUM BYTriuIsiM. OcoOJMBO  AKIIO
piBeHb 3arajbHOro XJIOPY BOAOIIPOBIAHOI BOAU BUILE
0.1 mr/n. HeGe3neka xyopy, a came XJIopaMiHiB IMOJIsI-
ra€ B TOMY, 11O IPU B3a€EMOii 3 KUCHEM BOHU PYIHY-
I0Th MEMOpPaHU EPUTPOLIMTIB TOOTO BUKJIMKAIOTh FEMO-
JIi3, IKMi Moxe rornnoiosaTy aHeMiro [10].

YrpaBiiHHS 3 KOHTPOJIIO 3a IIPOAYKTaMU i JliKaMu
CIIA (Food and Drug Administration, FDA) y cucre-
Max IorepeaHbo1 (inbTpallii peKOMEHIYE BUKOPUCTO-
BYBaTH JBa (PiIbTpU 3 aKTUBOBAHUM BYTIJIISIM (po0oO-
YUt Ta TOJIipYIOUMii) 3’€HaHi ITOCTiTOBHO, 1110 JO3BO-
JIsi€ 30UTBIINTU Yac eKCMO3Ullil Ta 3aXUCTUTHU Malli€H-
TiB BiJ TTOTPAIJISSHHS XJIOPY 3a 3HWXKEHHS COpOLiiiHOT
CIIPOMOXKHOCTI Tepiioro (podouoro) oinerpy [11].
KinpKicTh aKTUBOBAHOI'O BYTiJISI Y KOJIOHAX MTOBMHHA
OyTM NOCTAaTHHOO, 1100 IOTJIMHATU XJIOp MPOTATOM
yacy MpOTiKaHHS BOAU Yepe3 HbOro. 3a peKoOMeHIalli-
amu FDA, Boma moBMHHA KOHTaKTyBaTH 3 aKTMBOBa-
HUM BYTiJUISIM TIPOTSITOM 5 XBUJIMH Y KOXHill KOJIOHi.
Yac exkcnosuuii, Binomuii sk Empty bed contact time
(EBCT), 064ncaI010Th 32 AOIIOMOT010 (hOpMYJIU

EBCT=V/0Q,

ne V' — o6’em akTMBOBaHOro Byriuisg (M), Q —
IBUIKICTh MTOTOKY Boau (M3/Tom).

VYV pasi nepeBullleHHS KOHIIEHTpallil 3arajibHO-
TO XJIOpY B BOJi IiC/sl BYTiUIBHOTO (BinbTpy/biabTpiB
6impme 0,1 mr/m, fioro/ix ciim 3aMiHuTH. SKIIo pi-
BEHb 3araJIbHOTO XJIOPY y BOJi MiCJs ABOX KOJOH 3
aKTUBOBaHMM BYTiUIsIM TiepeBuiiye 0,1 mMr/i, To Taka
BOJOIPOBiIHA BOJA HeNpuIaTHa IId aianisy [5]. duas
KOHTPOJTIO PiBHSI XJIOPY y BOMi MiCJIs KOXHOI KOJOHU
BCTaHOBJIIOIOThCS MOPTHU JJIsI 3a00py Mpoo.

ITig yac mpoxoakeHHS BOOU Y aKTUBOBAHOMY BY-
TiJUTi yTBOPIOIOTHCSA CBOEPIAHI TyHENi, IO 3MEHUIYE
ioro GinpTpyroUi BIaCTUBOCTI. ¥ 3B 3Ky 3 LIUM HE00-
XiTHO BCTAHOBUTHU KEPYIOUi KOHTpOsepHu (BiIbTPiB LIS
BUKOHAHHS 3BOPOTHOTIO MPOMUBAHHS, SIKE€ PO3MYIIY-
BaTUMe BYTULIS Ta yCyBaTu ioro 3abpynHeHHs. [Ipo-
MUWBaHHS BUKOHYEThCS Y MiXTiaJIi3HUI NIepiof.

1.7. Diavmp mouxoi ouucmrxu. HactyriHum By3-
JIOM CUCTEeMU MomepeAHbOl BOAOMIATOTOBKM € Mari-
CTpaIbHUM, KapTPUIKHUN (iIbTp TOHKOI OYKUCTKH 3
nmopamMu 1 MkM. DIinbTp TaKOX 0OJATHYETHCSI OOXiI-
HUM KOHTYPOM, IJIsI MOXJIMBOCTI 3aMiHM KapTPUIKY
0e3 IpUIMHEHHS ITOCTaYaHHSI BOIM 10 CUCTEMM 3BO-
poTHOro ocmocy. O00B’13KOBe BCTAHOBIIEHHSI KOHTP-
OJIbHMX MaHOMETPIB J0 i ITicis GiIbTPy AJIs BU3HAUYECH-
HsI piBHS 3a0pyITHEHOCTi KapTPpUIXKY.

1.8. Cucmema 360pomnozo 0cMoOCy MiCTUTE OTHY
a0bo0 KijlbKa HaIliBOPOHUKHUX MeMOpaH, BUKOPUCTaH-
HSI SIKAX TO03BOJISIE OTPUMYBAaTH BOIY BUCOKOTO CTYIIC-
HSI OYMILCHHS, — TIepMear.

Bona mae 6yt ceptudikoBaHOIO IIOAO BimIo-
BiZHOCTI SIK BUpPiO MeauyHOro mnpusHaueHHs. Kpim
TOTO, HE TOITYyCKAEThCS BCTAHOBJICHHST CUCTEM «I100Y-
TOBOTO TUITY», SIKi MalOTh HUXXYY BapTiCTh, ajie AKiCThb
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BOJIM MICJs TaKOTO OYMUILEHHS HEAOCTaTHS i HEMmpu-
JaTHA 1 TPUTOTYBAHHS Aiaji3aTy.

CucTteMa 3BOPOTHOTO OCMOCY TTOBUHHA OyTHU 00-
JJalHaHA iHAWKATOpaMU SIKOCTi TepMmeary (3a KpuTepi-
€M €JIEKTPOMPOBiAHOCTI), IIBUAKOCTI MOTOKY i TUCKY,
a TaKOX MOAYJIeM 3aXUCTY MallieHTa Y pa3i BAHUKHEH-
Hs1 3001B y pOOOTi Ta CBOEYACHOTO MOMEPEAXKEHHS PO
HUX TIEPCOHAIY.

CucTteMa 3BOPOTHOTO OCMOCY 3a CIIOCOOOM pPO3-
MOJIJIEHHS MepMeaTry Moxe OyThU TPSIMOTOYHOI abo
3 0OaKOM-HaKoIuyyBayeM. 3rifHO 3 OCTaHHIMU CBiTO-
BUMM Ta YKPAiHCBKMMM CTaHAapTaMU BCTAHOBJIEHHS
0akiB-HAKOMWYYyBayiB MepMeaTy HE PEKOMEHIYEThCS
yepe3 3arpo3y BUHUKHEHHSI MiKpOOiOJOTiYHOTO 3a-
opynHeHHs [12].

3arpo3o10 € Te, 1110 3a MeBHUX YMOB OaKTepii MO-
XYTh MMPUEAHYBATUCS 10 CTIHOK TPyOU i yTBOPIOBATHU
1ap 0ioMIiBKU, siKa CTa€ HaAiAHUM CXOBUILEM JJISI TIa-
TOTEHHUX MiKPOOPTraHi3MiB Bill BIUIMBY Ne3iH(eKILili-
Hux 3aco0iB. Lls1 HeGe3neka Moxe OyTH MiHiMiZoBaHa
IIBUIKAM PYXOM BOAU 4yepe3 Tpyou. Jyish 3MeHIleHHS
MOXJIMBOCTI BUHUKHEHHS Mpo0JieM peKOMEHIOBaHa
MiHiMaJibHa IIBUAKICTh NOTOKY nepmeaty 0,9 m/c [13].
baxaHo BCTaHOBJIEHHSI KOHTPOJIBHOTO BUTPATOMIipY Ta
MOPTY B3SITTS MPOO Ha 3BOPOTHOMY KOHTYpi Iepmeary
MicJsi OCTaHHbOI TOYKM BUKOpuUcTaHHS. IIIBUAKiCTb
ITOTOKY (M/C) po3paxoBYEThHCS 32 (HOPMYJIOIO

Q
36007 (%)2

ne, — BUTpaTta Boau (M3/r), — BHYTpIillIHii aia-
MeTp TpyOonpoBoLy (M).

KoHTyp mepmeary NOBHHEH BUTOTOBIISITHCS 3
Martepiaay, IO Ma€ Tiri€eHiuyHi cepTUudikaTh, BUTPU-
MY€ XiMiuHYy 00pOOKY, BIIJIUB BUCOKOI TeMImepaTypu
Ta 3arnobirae yrBopeHH1o 6iomiaiBku. Kpim Toro, mis
HiITPUMKM pEeXUMY CTEepUIbHOCTI mepmeaty Ta I'[]
MAaIllMH, PEeKOMEHOYETbCS BCTAHOBJICHHS CUCTEMU
teruoBoi ne3iHdekuii (CTH). Taka cuctema eKoHO-
MUTh Ae3iH(EeKTaHTH, MPAIIOE B aBTOMAaTUIYHOMY pe-
KUMi, LITKOBUTO Oe3meuHa Ta JeMOHCTPYE BimMiHHI
pe3yJibTaTH IIOAO 3aIobiraHHs MiKpoOioaoriyHoi
Oe3IeKu.

V pasi BUCOKOI eIeKTPONPOBiAHOCTI BXiTHOI BoAU
6inbin Hix 600 uSm/cm, Ij1s1 TOCSTHEHHSI HOPMATUB-
HOI SIKOCTi mepMeary Ha BUXOi CUCTEMH, HEOOXiIHO
BUKOPHCTOBYBATU ABOCTYIIEHEBY CUCTEMY 3BOPOTHOIO
0CMOCY.

VY CIIA Tta iHmmx KpaiHax gKiCTb nepmearty pe-
JIaMeHTYeThcs nosnoxeHHamu AAMI [3], y €Bpo-
mi — crangapramu (ph Eur) Ta ISO [4, 5]. B Vkpaini
crniBpob6itHukamu Y «IHcTtutyt Hedponorii HAMH
VYkpainu» CTBOpPEHUI MPOTOKOJ KOHTPOJIIO XiMidyHOL
Ta O0aKTepioJoTiuHO1 Oe3IeKn BOAU JJIs TeMoIiaji3y
[11].

By3zoa memnepamypnoeo 3miwmyeanns. Ilponyx-
TUBHICTh POOOTU CUCTEMU 3BOPOTHOI'O OCMOCY IIPSIMO
MpoMopIIiiiHa TeMIlepaTypi BXigHoi Boau. ONTUMAaIb-

HOIO TeMIIepaTyporo Mg (GyHKIIIOHYBaHHS HaMiBIPO-
HUKHOI MEMOpaHU 3BOPOTHOTO OCMOCY € 25 rpaayciB
3a LlenbcieM. 3HMXeHHs TemmepaTypu Boau Ha 1°C
MPU3BOAUTH A0 3MEHILIEHHS 00’ €My MPOAYKILii TepMe-
aty Ha 3 %. To0OTo, HaNpuKIaa, 3HIKEHHS TeMIepa-
Typu Bonu a0 10 °C mpussene no BTpati 45% MpoayK-
TUBHOCTI CHCTeMM 3BOpOTHOro ocmocy [14]. Oxpim
TOTrO, y pa3i 3HUXEHHs TemmepaTypu meHiie 15°C |
3MEHINYEThCS e(EeKTUBHICTh XiMiUHOI Ae3iHdeKIii Ta
JIeKaablMHallil MeMOpaH.

3a Takux 00CTaBUH AOLIJIBHO BUKOPUCTAHHS KJla-
MaHy TeMIEepaTypHOTro 3MilnyBaHH (quB. puc. 1.) Taxi
KJIallaHU I[IUPOKO BUKOPUCTOBYIOTHCS Ha BEJIUKUX
3BOPOTHOOCMOTUYHUX cucteMax y DJI BimmiieHHsIX
niBHiyHUX obnacteii CIIIA ta KaHaau, sKi KOpUCTY-
IOTHCS XOJIOJHOIO BXiTHOIO BOAOIO.

Taxuli K1amaH TOYHO 3MiIIIY€E XOJIOJHY Ta Tapsuy
BOJIy, 3a0e3Ieuylour CTabiIbHY BUXiIHY TEMITepaTypy
rnepMeary Ta HiBeJI0€E MOXJIUBI Mepenanu TUCKY.

VYV pa3i BUKOpUCTaHHS KJIaNaHy TeMIepaTypHO-
ro 3MilllyBaHHSI O0OB’SI3KOBE BCTAHOBJIEHHS NaTyuvKa
TeMIIepaTypu IS MOMepeKeHHS MOTPAIUISIHHS BOAU
BUCOKOI TeMIlepaTypyu Ha MeMOpaHu Ta y KOHTyp [l
mamuH [15]. SkicTh rapsyoi Boau i 3MilllyBaHHS
TMOBMHHA BiMOBiAaTX BUMOTaM JO XOJIOJHOI MUTHOI
Boxau [6].

2. PekoMeHaamii, moao TeXHiYHOro 00CJIyroByBaH-
HS CUCTEM MiArOTOBKM BOAM JJId reMoaiaizy

BaxnrBolo cki1agoBoto [ist 6e3nepepBHOI podbOTH
BilIiJIEHb TEMOiai3y € MPaBUJIbHE i CBOEYACHE TEX-
HiuHe OOCIYroBYBaHHS BCi€i CUCTEMM BOAOOYMIIEH-
Hs1. BoHO mosisirae y mocTiiiHOMY TEXHIYHOMY Harsiai,
perjaMeHTHHUX 3aMiHax, 3a0opax aHali3iB, BUKOHAHHI
peryJisipHux Ae3diH@ekuiil, Tomo. Takox HeoOXiTHUM
(hakTOpOM € TOKYMEHTYBAaHHS YCiX MPOLECiB IK PYHK-
LIiIOHYBaHHSI CUCTEMU, TaK i pOOIT BUKOHAHUX TEXHIU-
HUM MEPCOHATIOM BPY4YHY a00 aBTOMaTHUYHO.

2.1. Konmpoab pobomu cucmemu

Jlns 3abe3neyeHHs1 Oe3mepebiitHOT poOOTU 00-
JJalHAHHS, BIEBHEHOCTi y 0€3MeYHOCTi MpoBeAeHHS
cecili reMoaiani3y Ta MOJOBXEHHS pecypcy MeMOpaH
3BOPOTHOr0 OCMOCY HEOOXiZHO BUKOHYBATU IIOACH-
HHUI KOHTPOJIb PiBHS BiIBHOTO Ta 3B’SI3aHOTO XJIO-
pYy, 3aji3a Ta XKOPCTKOCTI y BOJi ITicJsl moIepeaHbol
¢inpTpanii, a B pasi moTpedu, i y BXiIHiii BOmdi Ie-
pen moyatkoMm ['Jl; y pa3i HeOe3nmeku BUKOHYBATU
eKCIIpeC TeCTU BM3HAYCHHS BUIBHOTO Ta 3B’SI3aHOTO
XJI0pYy, Nepe] KOXKHOIO Aiali3HOK0 3MiHOIO; JOKYMEH-
TyBaTU IMOKa3aHHS KOHTPOJIbHUX MaHOMETPiB B yCixX
KJTIOYOBHUX TOYKAX Ta MOKa3U iHAUKATOPY 3BOPOTHO-
ro OCMOCY; MEPEeBIpSATU BIACYTHICTb BUTOKIB BOAU
3 CHUCTEMU; TepPeBipsSTH/IIOMOBHIOBATA PiBEHb COJIi
y pe3epByapi; BUKOHYBATH NOCHIIXEHHS BOIM 3Tif-
Ho mporokoiay [11]; anamisyBatu 3aHoTOBaHi HJaHi
y AMHAMILi.

VY pa3zi BCTaHOBJIEHHS BiIXWJIEHb AOIMOBICTU 0€3-
MOoCepeIHbOMY KEPIiBHUKY IJISI MPUUHATTS BiaMOBiI-
HUX pillleHb.
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2.2 3amina xapmpuodxcie gpirbmpie epybozo abo
MOHK020 O UUWeHHS

3aMiHy MOTpiOHO BUKOHYBATU Miclg 3 MicsLiB
BUKOpUCTaHHS (y pa3i BCTAaHOBJICHHSI 3a0pyIHEHHS
KapTpUIXy, TePMiH #OT0 BMKOPHMCTaHHS IOBUHEH
OyTH CKOpOUYeHUT) 200 SIKIIO Pi3HULSI TUCKY IO i Micst
GinbTpy nepepuinye 1 6ap.

2.3 Pezaamenmmui po6omu

JJ1g migTpuMKuU CTabilbHOI SIKOCTi IepMeary He-
00XinHe mepioguyHe BUKOHAHHS XiMiYHUX MPOMMBOK,
JeKalblMHaLN i Ae3iHdekuiii MeMOpaH Ta KOHTYpY
nepmMeary, 3rifHo peKOMeH1aliil BUpoOHUKA CUCTEMU
3BOpOTHOTO ocMmocy [15].

VY npuMilleHHi, A€ 3MOHTOBaHa CUCTEMa BOMAO-
OYUILEHHSI HEOOXiMHO BUKOHYBATU MOTOYHi Ta reHe-
pajbHi TPUOWpPAHHS, PEryJsipHO BUKOHYBAaTU OYM-
LIEHHS pPE3epBYyapiB BXiIHOI BOAU.

BucHOBOK. JloTpyMaHHS BUIIIE MOJaHUX PEKOMEH-
Jalliii € BaXJIMBOIO CcKiIamoBolo OesreyHoro [JI/TJID,
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Editorial information

BUMOIUN AO POBIT, LLIO NOAAIOTLCA AO NMYBAIKALIT
B “YKPAIHCbKWU XXYPHAA HEOPOAOTII TA AIAAIZY”

Y 3B’3Ky 3 iHAEKCYBaHHSIM KYpHajy MiKHapOIHMU-
MU TMOIIYKOBUMM CUCTEMaMH Ta MiABUILEHHSIM BMMOTI 10O
o¢hopMIJIEHHSI HAyKOBOIO MaTepiajy, peakoserist popmaiiszye
BUMOTH 110 BHIAHHS UISI €(PEKTHUBHOIO PO3ITOBCIOIKEHHS
MarepialliB y CBiTOBili Mepexi I[HTEpHeT Ta NMpUeTHaAHHS 10
MiXXHapOIHUX HAYKOBUX 0a3 NaHUX.

[IpaBuna nns aBTOpPiB CKJaAeHi BiAMOBIAHO 10 «Eau-
HUX BUMOT JI0 PYKOIKCiB, 110 MOJAIOTHCS Y OiOMEANYHI Xyp-
Hamm» (Uniform Requirements for Manuscripts Submitted to
Biomedical Journals), siki chopmysnboBaHi MixHaponHUM
KOMITETOM peakTopiB MeAWYHUX XypHaliB (International
Committee of Medical Journal Editors) ta MicTaTbCs Ha pe-
cypci ICMJE.org.

XKYPHAJI CTPYKTYPOBAHO
3A 5 OCHOBHUMMU PO3AVIAMMU:

1. Touxka 30py
2. IlpobnaeMu opraHizauii Ta €KOHOMiKM HedpPOJOriuHO1
JIOTIOMOTH

OpuriHajiibHi HAyKOBi poOOTH
IlIxona Hedpoaora

Penaxiiiina ingopwmatiisi, iHdopmMaliisi Tpo HayKoBi ¢o-
pyMH, KOMEHTapi, pelieH3ii, 3HaMeHHi IaTu.

[Mepuuit po3nis. B 11boMy po3aifi ApyKyIOTbCS CTaTTI,
SIKi BiIOOpaXaroTh TOUYKY 30py Ha KOHKPETHY MpobJjeMy aB-
TOpa YU aBTOPiB.

Jpyruii po3aia BUCBITIIOE MOXJIMBI LIJISIXY TOKPAIIeH-
HSl OpTraHi3aliliHOl CKJIaJOBOi [MisSUIbHOCTI He(hPOJIOTiYHOI
cly>kOM B YKpaiHi Ha BCiX eTanax HaJaHHS Crelliali3oBaHi
MEeIMYHOI JOMTOMOTH Ta ii EKOHOMIUHUIA aHai3.

Y TpeTboMy pO31iJi pO3MIILYIOThCS CTATTi, SIKi 3HAKOM-
JIATH 3 pe3yIbTaTaMy OPUTIHAIBHUX JOCIiIKEHb.

Poznin “Illkona Hedposora” apykye poOOTH, METOIO
SIKMX € TMiIBUILEHHS He(ppOoJOoriYHOl rpaMOTHOCTI YUTAYiB.

OcraHHiil po3min iHGOpMye MPO OCHOBHI HAyKOBO-
MpakTUYHI TOAiil, TyOIiKye peueHsii, pegakiiiiiHy iHhopma-
iro i .M.

Pykomnuc pa3om 3 103B0J10M HA i{OT0 BUKOPUCTAHHS HA-
NpPaBJISETbCA 10 peJaKuii TiIbKM B eJIEKTPOHHOMY BapiaHTi
qyepe3 OH-JIAH CUCTEMY, SIKA MICTHTbCS HA CaiTi XKypHaTy.
V penakuii 3aiiiCHIOETbCSI TBOCTOPOHHE Clline (AHOHIMHICTH
peLieH3eHTa Ta aBTOPA) HAYKOBE PelleH3yYBaHHs i TiTepaTyp-
He peJaryBaHHs CTaTew.

Jl0o3Bin HA BUKOPHCTAHHS PYKONMMCY MOXKHA 3aBaHTa-
2KWTH 32 NOCWJIAHHSM

CratTi, opopmiieHi 6e3 momep:kaHHS MPAaBUI HE TIPH-
IMaIOThCS, aBTOPAM He TTOBEPTAIOTHCS.

Y pasi HeraTMBHOI HAyKOBOI pelieH3ii, CTaTTi He My-
OJIIKYIOTbCSI, aBTOpaM eJl. TIOIITOI HAACWIAETHCS BIOTYK 3
MOXJIMBICTIO JOOMpPAlLOBAHHS CTATTi UM 3aMiHM ii iHIIUM
MaTepiajoM.

Jlo nyO6hikauii mpuiiMalOThCsl OpUTiHANbHI pOOOTH,
OIJISIAM JIiTepaTypu, JeKIlii, KOPOTKi MOBiIOMJIEHHS, PEeKO-
MeHAaLii MpaKTUYHUM JIiKapsiM, OMUMC BUMAAKiB 3 MPAKTUKMU,
iHdopMallis Mpo HayKoBi (hopyMH.

Penakuisi He npuiimMae paHiule omyOGJikoBaHi poOOTHU
a0o0 CcTaTTi, MPUIHATI 10 APYKY B iHIIKMX BUAAHHSIX.

CtaTTi my01iKyl0ThCsl yKPaiHChKOIO, POCifiChKOIO Ta aH-
riiicbkoto MmoBaMu. MDaiin 3i cTaTTero MPEACTABISATH Y pop-
maTti Microsoft Word (po3mupenns *.doc, *.docx, *.rtf).

HHOCJIIAOBHICTD POSMIIIIEHHA
MATEPIAJTY HACTVYIIHA:

1. IHiuianu Ta npi3Bulla aBTOPIB aHIJIiIICbKOIO MOBOIO;

2. Ha3zBa cTaTTi aHIiliCbKOI0 MOBOIO;
3. Ha3zBa ycraHOBM Ta opraHisailii, B SIKiil mpalOOTh aBTO-
pU aHIJIiIChKOIO MOBOIO;

4. Pe3sroMe cTaTTi aHTJTiICHKOIO MOBOIO;

5. Kutouosi cioBa (8-10 ci1iB 4 CI0BOCTIONYYEHbB, 1110 PO3-
KPUBAIOTh 3MICT CTaTTi) aHIJIIIICbKOIO MOBOIO;

6. VIK;

7. lHiuianu Ta mpi3Bullla aBTOPiB MOBOIO, SIKOIO HaNKUCaHa
CTaTT;

8. Hassa crarTi (MOBOIO OpUTiHATY);

9. Ha3sBa ycTaHOBU Ta opraHi3aiiii, B SIKiif IpaIlol0Th aBTO-
pH, MicTo (MOBOIO CTaTTi);

10. Kitouosi cioBa (8-10 ci1iB 4 CIIOBOCTIONYyYEHbB, 11O PO3-
KPMBAIOTh 3MIiCT CTaTTi) MOBOIO CTaTTi;

11. Pe3roMe MOBOIO CTAaTTi;

12. Texcr cTarTi;

13. Po3KkpUTTA MOTeHUIITHNX KOHMIIIKTIB iHTEpECiB;

14. Indopmaitist mpo BHECOK KOKHOTO YyUaCHUKA;

15. Cricok BUKOPUCTAHUX JKeped Mia Ha3Bolo «JlirepaTypa
(References)», opopmieHni BiIMOBIZHO OO CTaHAAPTY
Vancouver style;

16. BimomocTi npo BigmosimaiabHoro asropa: I11B, HaykoBe
3BaHHS, TT0caga Ta Miciie podoTu; e-mail (060B’SI3KOBO)
Ta pobounii TenedoH.

®DopMaT TeKCTy PYKONHUCY. TeKCT CTarTi APYKYETHCS
mpudroMm Times New Roman, po3mip 14 pt, 3 moayTopHUM
MiXpsIIKOBMM iHTepBajoM. BigcTtynu 3 KoXHOTO OOKY CTO-
pinku 2 cm. Ha Bci imoctparii, rpadiku i Tabauii MaioTh
OyTU TOCUJIAHHS B TEKCTi.

BunineHHs B TekCTi MOXHa poOUTH KYpCUBOM abo Ha-
miBxkupauM mpudtoM, HE minkpecneHHaMm. 3 TeKcTy citin
BUJAUTHU BCi NEpPEHECEHHSI, MOBTOPIOBaHI MPOIYCKHU, 3aliBi
pO3pUBM PAIKIB (B aBTOMAaTUYHOMY pEXHMi depe3 cepBic
Microsoft Word “3naiiTul i 3aminutu”).

daiin 3 TEKCTOM CTATTi MiCTUTh BCIO iH(MOPMALIilO IS
myOJTiKallii, y TOMy YMCJli pUCYHKM i TaOIUII TTic/s iX MmepIio-
TO 3ralyBaHHs.
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CTpyKTypa pyKONHMCY Ma€ BiAMOBIIATH HABEACHOMY
11abJI0HYy (3aJIEXXHO Bil TUITY poOOTH).

VK po3mililyeTbcsi y BEPXHBOMY JIiBOMY KYTi.

Astopu. IIpisBulle aBTOpiB BKa3yBaTH IIicCls iHiLiamiB
(0. C. Ipanos, C. I. IlerpoB), xupHuM wWPUEGTOM, MO-
BOIO OpMUTiHA/y Ta aHMIiACbKOIO MOBOIO, BUPIBHIOBAHHS 3a
neHntpoM. [11b aBTOpiB aHTilichKOI HEOOXiTHO BKa3yBaTH
BiIMOBITHO 3 3aKOPJOHHUM I1acCIOPTOM, abo sSIK B paHille
OITy0JIIKOBaHUX 3apyOixkKHMX XKYypHAJIbHUX CTaTTSAX. ABTOpPH,
SIKi MyOJTIKYIOThCS BIIEpIle i HE MalOTh 3aKOPAOHHOTO Iac-
nopTa, MalOTh CKOPUCTATMCS CTaHAApTOM TpaHCIiTepaLlii
KMY—-2010.

BaxaHo pomatu mocujaHHS Ha BiacHi odiuifiHi iH-
TepHeT cropiHku aBTopa(iB) (https://....... ), Scopus ID,
Researcher ID a6o0 ORCID ID pjis po3MileHHs rirneprnocu-
JIaHHSI Ha caiiTi XXypHany Ta pdf-Bepcii crarri.

Ha3ssa cTaTTi aHr1iiichKOI0 MOBOIO Ta MOBOIO OpUTiHA-
JIy PO3MIIILYETHCS 3a LIEHTPOM MiCJIsl MPi3BUILL aBTOPiB XUP-
HuM mpudToM («OniHKa pe3uayaibHoi QYHKHii HHPOK y
xpopux Ha XXH V]I CT. Ta nminxoau o ii 30epexxeHHs»).
AHTJIOMOBHA Ha3Ba Ma€ OYTU 'PaMOTHOIO 3 TOYKHU 30pY aH-
IJificbKOi MOBM Ta IOBHICTIO BiAMoBiZaTW yKpaiHO/pociii-
CbKOMOBHIi#1 Ha3Bi 32 3MiCTOM.

YcranoBa. HeoOxinHo HaBoauTu odilliiiHy MOBHY Ha-
3BY ycTaHOBHU (0e3 ckopoueHb). [Ticsisi Ha3BU yCTaHOBM Yepe3
KOMY 3a3HAaYMTHU HA3BY MicTa Ta KpaiHM. AKILO y H1OCTiIKeH-
Hi OpaJiv y4yacTbh aBTOPU 3 Pi3HUX YCTAHOB, CJIiJl CITiBBiIHECTU
Ha3BM YCTAHOB i Mpi3BUIIA aBTOPIB 3a JOMOMOIOI0 LIU(pPO-
BUX iHAEKCiB y BepxHbOMY pericTpi. I1in Ha3Bo HEoOXinHO
noaatu iHTepHeT aapecy (https://....... ) odiliiiHOi cTOpiHKHU
YCTaHOBH.

Pedepar (sixo po6oTa opuriHaabHa) Ma€ GYTH CTPYK-
TYpOBaHUM: METa, MaTepiau i METOU, Pe3yJIbTaTH, BUCHO-
BKU. Pedepar mMae moOBHICTIO BiAIoBigaTU 3MicTy poOOTH,
oocar Tekcty He MmeHme 1 800 3HakiB (3 mponyckamu). Pe-
3l0Me 10 MyOJTiKalliif, 1110 MOMalThCcs B iHI PO3AUIH Xyp-
Hainy (1,2,4,5) obopmiisieTbes 1OBiIIBHO, ajie 3 TAKUM CaMUM
00CcsroM.

AHTJIOMOBHA BEpPCisl pe3loMe CTaTTi 32 3MiCTOM i CTPYK-
Typoto (Aim, Methods, Results, Conclusions) MoBHicTIo Biz-
TOBiZIa€ YKPaiHO/pOCiiChKOMOBHIlA.

Kmouogi ciioBa. HeoGxinHo BKa3aTu KJIIOYOBi CJioOBa —
Bin 3 mo 10 mis iHOeKCyBaHHS CTATTi B MOUIYKOBUX CUCTE-
Max. KJiiouoBi cjioBa MOBHICTIO BiAMOBiAAlOTh YKPAiHCHKOIO/
POCiIICBKOIO Ta aHIJiICbKOI0 MOBOIO. [1J11 BUOOPY KITIOUOBUX
CJIiB aHITiChKOI0 BUKOPUCTOBYIOTh Te3aypyc HallioHanbHO1
MmeauuHoi 6iomioreku CIIA (Medical Subject Headings —
MeSH).

TekcT cTaTTi (yKpaiHCHKOIO a60 POCiiiChKOI MOBOIO)
CTPYKTYPOBaHUIA 3a pO3MiJlaMU: BCTYM (aKTyaJIbHICTh), META,
Marepiajii i MeTonu, pe3yabTaTh, OOTOBOPEHHsI, BACHOBKU.
Po3nin «O0roBopeHns» € 000B’I3KOBMM Ta MAa€ BKJIIOYATH
3000-3500 3naKiB 0e3 nmpooOiiB.

Po3kpurta noreHniiinux KOHQIIKTIB iHTepecin

ABTOpU TMOBUHHI PO3KPUBATU BCi BiZHOCMHU a00 iH-
TepecH, siKi MOXYTb MaTH MpsIMUI a00 MOTEHUINHWI BIJIUB
YM HAJATHU yIepeIXeHicTb B poOoTi. Xoua aBTOp, MOXJIUBO,
HE BiluyBae, 1110 iCHYE SIKUI-HeOyab KOHQIIKT, PO3KPUTTS
BIIHOCHH i iHTepeciB 3a0e3meuye OiIblI MOBHUM i Tpo3opuit

npolec, 1o MPU3BOAUThH OO0 TOYHOI i 00’€KTUBHOI OLIIHKU
poboTu.

YcBinomieHHs1 peaqbHOro abo nepeadavyyBaHOro KOH-
(nikty iHTEpeciB - lie MepCrneKTUBa, Ha IKYy MaloTh MPaBO
yutayi. Lle He o3Hauae, 110 piHAHCOBI BITHOCUHMU 3 OpraHi-
3alli€lo, sIKa CIIOHCOPYBaja JOCTiIKeHHs a0 KOMIIeH callilo,
OTPUMAaHY 3a KOHCYJIbTALlIiHY POOOTY € HEAOPEYHUMU.

[Mpuknanu noTeHUiHHUX KOHQIIKTIB iHTepeciB, sKi
MpsiMo 2060 TTOGIYHO MOB’SI3aHi 3 JOCHIIKEHHSIM, MOXYTh
BKJTIOUATH, ajie He 0OMEXYIOThCSI HACTYITHUM:

* Haykosi rpantu Big (iHaHCOBUX areHTCTB (IIPOXaH-

HSI HAJaTU JaHi TIPO CIIOHCOpa MOCIIIKEHHS Ta HOMED

TPaHTy)

e ToHOpapu 3a BUCTYIIM HA CUMIIO3iyMax

e (inaHCcOBa MiATPUMKAa YJYacTi B CUMIIO3iyMax

*  @DiHaHCcOBa MiATPUMKA OCBITHiX TIpOrpam

e 3aliHATICTh 200 KOHCYJbTALlil

e [linTpuMKa 3 OOKY CITOHCOpA MPOEKTY

e [locajga B KOHCYJbTAaTUBHIN paii ad0 pali AUPEKTOPiB
a0o0 B iHIIMX BiIHOCUHAX YIIPABIiHHS

*  Kinpka ¢imiit

e (DiHAHCOBI BITHOCHUHM, HANIPUKJIIA, MAOBY y4acTh abo
iHBECTULIMHUI iHTEepeC

e [IpaBa iHTeseKTyaJIbHOI BIACHOCTi (HampuKiam, maTeH-
TH, aBTOPCHKIi MIpaBa i pOSUITi Bill TAKKX MpaB)

*  VYTpuMaHHs 4YOJOBiKa i / abo miTeil, SIKi MOXYTh MaTH
¢iHaHCOBUI1 iHTEepec 10 podoTU

Kpim Toro, ciin po3KpuBaTu iHTEPECH, 1110 BUXOASTH 3a
paMKu (iHaHCOBHUX iHTepeciB i KomIleHcalil (HehiHaHCOBI
iHTepecn), sIKi MOXXYTb OYTH BaxKJIUBi Il YuTadiB. BoHu Mo-
XKYTb BKJIIOYATH, ajie He 0OMEXYIOTbCS, 0COOMCTI BiTHOCUHU
ab0 KOHKYpYI0Ui iHTepecH, mpsiMO abo MOOIYHO TTOB’sI3aHi 3
LIUM TOCTiIKEeHHSIM, abo TpodeciiiHi iHTepecu ab0 ocoOMCTi
TepeKOHaHHSI, SIKi MOXYTb BIUIMHYTH Ha Ballle JOCIiIXKEHHSI.

BinmoBimanbHuii aBTop 3061Mpae GopMu PO3KPUTTSI KOH-
¢aikTy iHTepeciB Bin ycix aBTopiB. B aBTOpCHKill criBmpatii,
IIe IOIyCcKaThcsl (PopMabHi yrogu Mpo MpeacTaBHUITBO,
IUTST BIITIOBiAHOTO yYacHUKA JOCUTH Tianucatu Gpopmy pos-
KPUTTS Bill iMEHi BCiX aBTOPIB.

IIpuknaau po3kputTa indopmamii

HocnimkenHs pinancyBanocs X (rpanT Ne X).

KoHduikT iHTepeciB: aBTOp A OTpUMaB JOCIiAHI TpaH-
TH Big KoMmnaHii A. ABTop B oTpumaB roHopap morosimaya
Bin koMmaHii X i Boyiogie akiisiMmu B KoMmmnaHii Y. ABtop C €
YJIEHOM KOMITETY Z.

KoHbikT iHTepeciB: aBTOpU 3asIBJISIIOTh, 1110 Y HUX He-
Ma€ KOH(DIIIKTY iHTepeciB.

IMongaxka. ABTopu MOXYTh BUCJIOBUTH TOISIKY 0CO0aM
Ta opraHisailisM, 11O CIPUsUIM NyOJiKalii cTaTTi, aje He €
il aBTOpamMu.

IHdopmaliiss mpo BHECOK KOXHOro ydacHuka (i oci0,
3a3HaYEHUX Y pOo3aiJi “noasika™).

Ilpukaaod: O.C. IBaHOB - KOHLEILIs Ta AU3aH JOCITi-
mxeHHs, 1.I1. [TetpoB - aHai3 OTpMMaHUX JaHUX, OOPM-
JIEHHS TEKCTY POOOTH.

ABTOpU BucHoBI00OTh noasky (IIpizsume I. B.) 3a
oG opMIIeHHS 1TIOCTpAaLliid.

Cnucok Jjitepatypu. Y 6i6miorpadii (mpucrateiitHomy
CIHUCKY JIiTepaTypy) KOXHE IKepesio 3a3HayaloTb 3 HOBO-
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ro psaKa Mif MOpsSIAKOBUM HoMmepoM. Bumoru no odopm-
JIEHHsI JiTepaTypHUX Ixepesa 3a Vancouver style meTaibHO
MpeAcTaBIeHO Ha caiTi xypHaiy. Ilicasa KoxHOro mKepeaa
OBOB A3KOBUM € nonaBaHHs iioro iHTepHEeT aapecu
(https://ukrjnd.com.ua/index.php/journal/article/view/22).

Ilepen BianmpaBKOO aBTOPU MalOTh 3MiHCHUTU camMone-

PeBipKy TEKCTY HAYKOBOI CTaTi Ha:

1. IlnariaT. YkpaiHo Ta pociiCbKOMOBHI TEKCTH CTATTi TIe-
peBipsIOTh Ha TUIariaT 3a gornomoroio nporpamu eTXT
AnTtumaruat https://www.etxt.ru/antiplagiat, mo € He-
00XiIHOIO YMOBOIO JIJIsl riepeAadi cTaTTi 1151 TOAAJIbILIOTO
peueH3yBaHHs. PiBeHb iHAMBIAYaIbHOCTI JOCIiIKEHHS
Mae OyTu He Hyxkunii 80%.

HayxoBuii cTvih BUKJIaZIeHHS MaTepiaiy.

TaBTOJIOTi10 — TOBTOPIOBAHHS Y TEKCTi.
VHiBepcaJbHICTb BUKJAAEeHHS MaTepially (uuTabelib-
HicTb). TeKCT cTaTTi Ma€ JIerko Ta MpoCTO CIpUAMATUCS,
He OyTu MepeodTsKeHUM abpeBiaTypaMmu, CreliaalbHOIO
BY3bKONPOGMIIbHOI TEPMiHOJIOTiEI0 a00 TaKolo, 1110 He

HaOyJla MiXHapoaHoi amanTauii. PeyeHHs MaoTh OyTH
MPOCTUMU, JJAKOHIYHUMM i HECTH 3aBEPILICHUN 3MICT.

5. KinbkicTh MmocuyiaHb Ha CTaTTi Ta HAyKOBi MaTepianu 3
inentudikaropom DOI (He meniie 80 %).

6. BimmosimHicTh BUMOIraM BUIAHHS.

MOMMJIKHA, 1110 HAMYACTIIIE BUHUKIOTh
YIIOJAHUX PYKOIINCAX:

1. BUKOPUCTOBYIOTH Y PEUCHHSIX «3aliBi» CJI0Ba i BUpa3H.
Ycworo 3aiiBoro Tpedba yHukaTtu. Kepyiitecs npaBuiom:
«SIK1110 CTI0BO 3 peueHHs MOXHA BUKUHYTH i IPU LIOMY
3MICT HE BTpayeHO — CJIOBO Tpeba BUKMHYTH». Lle came
CTOCYETBCH 1 OINBIINX 32 00CSATOM (DparMeHTIiB TEKCTY.

2. He BipHO BKa3yloTb OMUHUILL BUMipy. CUCTEMHi OMUHU-
i BuMipy cucteMu Cl HaBonmsTh 6e3 Kparnku (M, T, ra,
MOJTb), @ HECTAHAAPTU30BaHI OJUHUIII — 32 CKOPOUYEH-
HSIMU.

3. Tpeba po3pi3HITU CUMBOJIM «—>», «—» Ta «-». [lepinii i3
HUX Y PYKOIKMCAX HE BUKOPUCTOBYIOTD.

4. Dbinbuiicte penakTopchbkuX IMPaBOK OOYMOBJIEHI HEBi-
PHUM BXUBAHHSIM CIIiB «B», «y», «i», «Ta», «3», «i3», «3i».

5. Y crarrsx He BUKOPHUCTOBYIOTh BUPA3U «Ha MPOTA3i» —
3aMiHSIEMO <«IIPOTSTOM», <«HAWOIAbII TOTYXHUI» —
«HAUTTOTYXKHIILIU», «[TPU» — «Y pasi» i T. .

6. 3aiiBe BUKOpPHCTAaHHS cjIoBa «Oymo». Tpeba yHuMKaTu
clioBa «0yJ10»: 6e3 HbOro, 3a3BUYall, 3MiCT peYeHHSI He
3MiHUTBCS.

7. CKOpOYeHHS HayKOBUX TEPMiHiB y CTaTTi Tpeba 3BeCTU
110 MiHIMyMy.

8. HasBu TabauIb i pUCYHKIB (Ta TMIPUMITKU 1O HUX) ITO-
BUHHIi OyTU «BUYEepIHUMU». YnUTay He MOBUHEH 10JAaT-
KOBO MepeuuTyBaTh «Matepiajl i MeToau JOCTiIKEHb»
abo Ha3By po0OTH, 11100 po3idpaTtucs y 3MicTi TabaUIL
YU pUCYHKA.

9. CrarTi HaityacTillle BiIXWISIIOTbCSI PEIKOJIETiE0 uepe3
BiJICYTHICTb CTAaTUCTUYHOTO OMNMpPALIOBAHHS MEPBUHHUX
NaHWX (3arajbHi BUMOTHY 10 (paxoBUX MyOIiKalliii).

10. He pekxomMeHmIOBaHO BXWBATH B TEKCTi TACUBHUIA 3aJIOT:
«IIpo0U BiZOMpaNCSI», 3aMiCTh IIbOTO — «IIPOOM BinOu-
paliv»; «I0CHiIKEHHS 3AiCHIOBAIUCI» — «IOCIiIXKEH-
HSI 3A1CHAIN».

11. dxmo BUHUKAIOTHL MUTAHHS WOAO0 OGMOPMJIEHHS YU
TPEICTaBIeHHS IEBHUX JaHUX Y CTATTi — MOXHa Opatu
3pa30K OCTAaHHBOTO HOMEPY XKypHaIy.

12. BimcyTHsI MOXJIUBICTh pearyBaHHsI pUCYHKiB, TaOJIUILIi,
¢dopmyn, HaBeneHUXx y podori. HeoOxigHo HamaTu pe-
MaK1ii 3MOTy iX pegaryBaTu, TOOTO HE BUKOPUCTOBYBAaTH
HeCTaHIAPTHi MPOTrpaMu.

Crarri, ohopmiieHi 0e3 moaepKaHHA NPABUJI HE NPH-
MAIOTBCS, AaBTOPAM He NMOBEPTAIOTHCH.

Y pasi HeraTMBHOI HAYKOBOi pelleH3ii, cTaTTi He my-
0JIIKYI0TbCSI, aBTOPAM €JI. MOIITOI0 HAICUJIAEThCS BiIryK 3
MOXKJIMBICTIO JOONPALMIOBAHHA CTATTI 4M 3aMiHM ii iHIIMM
Marepiajom.
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