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THE EVOLUTION OF ANORECTAL MANOMETRY

D. Wickramasinghe, J. Warusavitarne

DEPARTMENT OF SURGERY, ST. MARK'S HOSPITAL, LONDON, UNITED KINGDOM

The history of physiology testing

The history of anorectal research can be
dated back to 1200 BC to the Chester Beatty
Medical Papyrus [1] which described anal
diseases and contained scanty descriptions of
the anal canal. This knowledge was further
enhanced by the descriptions of Galen and
illustrations of Versalius and John Calcar. It was
many centuries later that the physiology of the
anal sphincter control was elucidated. In 1867,
Masius identified the center of the lower spinal
cord as being responsible for anal sphincter
tone and reflex contractions in the dog and
rabbit. During the same period, manometry
studies were first carried out to study anorectal
function. The first phenomenon to be described
was the recto-anal inhibitory reflex reported by
Gowers in 1877. This was followed by the
observations of Langley and Anderson where
they demonstrated that in the cat, the
stimulation of lumbar sympathetic nerves
causes relaxation of the rectum and the
contraction of the internal anal sphincter.

Anorectal manometry

Joltrain et al first described a method for
measuring colorectal pressures in 1919. He
used a rectal tube after rectal infusion to
measure pressures of the lower gastro intestinal
tract. This method was refined in 1940 by White
et al [2] who developed the colonometrogram
which was based on cystometry. This primitive
device contained of a vertical glass tube ma-
nometer connected in one side to an intravenous
drip line and at the other end to a rectal tube
(Figure 1). He used this to assess the colonic
tone in patients with injuries in the brain, spinal
cord, cauda equina or sacral nerves and noted
that the compliance of the colon and rectum
depended on the level of the lesion.

Based on these initial maneuvers, Anorectal
manometry (ARM) was developed. The pro-
cedure involves insertion of a catheter into the
anorectum and connecting it to a pressure

Corresponding author: Janindra Warusavitarne, B Med FRACS
Ph.D., Department of Surgery, St. Mark’s Hospital, London,
United Kingdom

E-mail: ccolorectal@btinternet.com

Phone number: +07753061849

recorder to measure the intraluminal pressure.
It had first been used in assessing patients in
the 1980s, although more complex procedures
had been attempted several decades previously
[3]. Transducers have often been developed
first for oesophageal manometry and sub-
sequently the same technology used to create
devices for anorectal manometry. The initial
devices had an intraluminal balloon. Sub-
sequently water perfused and solid-state
manometers had been used. Conventional
manometry probes contained a few sensors
that were spaced at 3-5 cm and incapable of
acquiring the pressures the entire anal canal
simultaneously. Therefore, they required pull-
through manoeuvres or rotation to sample the
entire area of interest. This prevented a con-
tinuous measurement of pressures throughout
the entire anal canal. Moreover, radial sensors
required a pull through procedure that in-
troduced motion artefacts.

With the advancement of electronics and
miniaturisation of sensors, more and more
sensors could be fitted into the probes, and this
resulted in the development of high-resolution
anorectal manometry (HRARM) in 2007 [4]. In
HRARM, the space between 2 adjacent sensors
is less than 1 cm. Most systems have circum-
ferential sensors, each with 12 pressure sensi-
tive segments arranged radially. Ten of these
sensors are fitted within 6 cm on the probe. The
12 sector pressures are averaged to obtain a
single mean pressure value for each level.

Three dimensional (3D) high definition
anorectal manometry (3DHDM) was introduced
in 2010 [5]. This uses 16 sensors, each with 16
radial pressure sensitive sectors, arranged over
a space of 6.4 cm. This sensor arrangement for
the first time provided sufficient radial reso-
lution to allow accurate, simultaneous cir-
cumferential assessment of the anal ASC. It is
also a static test and therefore minimises
motion artefacts and other confounders.

Both these modern techniques are heavily
dependent computer hardware and software
for recording and interpolation of the data.
There are several advantages and disadvantages
in HRARM / 3DHDM when compared to con-
ventional manometry [6] (see Table 1).
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Fig. 1. Colonometrogram, developed by White et al [2].

Table 1. Comparison of conventional manometry and HRARM / 3DHDM, From Lee et al [6]

HRM / 3DHDM

Conventional manometry

More sensors at close intervals (continuum in space
and time)
E-sleeve for high-pressure zone

Few sensors at wider intervals
Dent sleeve for high-pressure zone

Stationary examination, less discomfort

Pull through, can be uncomfortable

Color topographic display, better resolution allowing
easier interpretation with less time

Lines display, poor anatomical resolution, less easy
to interpret and time-consuming

High resolution allows radial bedside pressure mea-
surement

Only circular pressure measurement

More fragile, shorter life span, greater maintenance

required

Less susceptible to wear and tear, little maintenance
and seldom malfunctions

ARM provides information about the resting
pressure (RP), squeeze pressure (SP) and length
of the anal canal (anal high pressure zone
length - HPZL) by direct measurement. A
balloon attached to the tip of the catheter
allows additional measurements such as rectal
sensory thresholds and rectoanal inhibitory
reflex to be elicited.

The normal pressure values for a given age
and gender varies significantly, depending on
the technique and the type of catheter used
and thus it is recommended that every
laboratory establish its own normal values for
every technique. Presently, there is a classi-
fication system for anal incontinence based on
anorectal manometry findings [7].

(=p]
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A group of patients who are incontinent will
demonstrate normal anorectal manometry
findings under static conditions. They require
monitoring of anorectal motor events over a
prolonged period and in the fully ambulatory
state. The methods used utilise micro pressure
transducers with or without simultaneous EMG
recordings of the EAS. Ambulatory ARM was
first used in patient evaluation in the last
decade of the 20" century [8]. The study by
Kumar et al [8] identified that spontaneous
transient relaxations of the IAS were more
frequent and of longer duration in patients with
idiopathic anal incontinence. Furthermore, the
motility index of the rectum and colon were
lower in patients with slow transit constipation.
Despite the promising results, the clinical role
of ambulatory ARM has notyet been established.

Traditional manometry assesses the
pressure in the anal canal at each level as a
single value and ignores the possibility of radial
asymmetry. Vector manometry assesses the
radial and longitudinal pressure profile along
the entire length of the anal sphincter. Radial
asymmetry, which is expressed as a percentage

calculates the degree to which the integrated
cross sections deviate from a perfect circle. The
Vector Symmetry Index (VSI) on the other hand,
is expressed as a value from 0 to 1 [9] with
values closer to 0 indicate greater asymmetry.
Despite being shown to have an accuracy
comparable to endoanal ultrasound and needle
EMG in some studies, Yang and Wexner found
that the localisation of sphincter injuries with
vector manometry is poor.

The diagnostic utility of anorectal ma-
nometry

Anorectal manometry is useful in objectively
evaluating a multitude of disorders. In patients
with chronic constipation, ARM helps identify
patients with defaecatory disorders [10].
However, there can be significant overlap
between the subtypes. Manometry can help in
distinguishing weaknesses in the internal and
external anal sphincters in patients with anal
incontinence [10]. The response to treatment
can also be serially monitored using ARM. ARM
is also useful in excluding dyssynergic defaeca-
tion in patients with proctalgia.

EBOJIIOIIISI AHOPEKTAJIBHOI MAHOMETPII

D. Wickramasinghe, J. Warusavitarne
ST. MARK'S HOSPITAL, LONDON, UNITED KINGDOM
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DN4 QUESTIONNAIRE IN FAMILY PRACTICE FOR EVALUATION
OF CLINICAL MANIFESTATIONS OF NEUROPATHIC PAIN IN TYPE 2
DIABETES PATIENTS TREATED BY LIGHT THERAPY

N. R. Makarchuk

I. HORBACHEVSKY TERNOPIL STATE MEDICAL UNIVERSITY, TERNOPIL, UKRAINE

Background. Peripheral diabetic polyneuropathy (DPN) is one of the most frequent neurological complications
of diabetes mellitus (DM). Despite the large number of pharmacological agents, its treatment is not sufficiently

effective, which necessitates the search for new therapies.

Objective. The aim of the study was to increase the effectiveness of treatment of neuropathic pain in the
patients with diabetic polyneuropathy by incorporating procedures using polarizing polychromatic non-coherent
light (Bioptron light therapy) into the complex therapy of this disease.

Methods. We examined 67 patients with type 2 diabetes complicated with diabetic polyneuropathy. Patients
were divided into two groups: group 1 consisted of 32 patients, who received standard treatment; group 2 com-
prised 35 patients, who additionally underwent 12 light therapy treatments by means of the Bioptron Physiotherapy
Unit. The evaluation of neuropathic pain intensity was performed using a modified questionnaire DN..

Results. A positive clinical effect of treatment was evidenced in both groups in 12 days of treatment. In 3
months, the intensity of complaints was significantly lower (p<0.05) only in the group with additional use of
polarizing light. In 6 months, the positive effect of the therapy was leveled in the patients of both groups.

Conclusions. The use of the DN4 questionnaire with a modified scale for assessing the parameters of
neuropathic pain can optimize its diagnosis. The light therapy procedures together with the standard complex
therapy of diabetic polyneuropathy increase the clinical efficacy of neuropathic pain treatment and help to

preserve the therapeutic effect within 3 months.

KEY WORDS: diabetic polyneuropathy; neuropathic pain; DN4 questionnaire; polarized

polychromatic noncoherent light (Bioptron).

Introduction

Peripheral diabetic polyneuropathy (DPN)
is a typical early and most frequent complication
of diabetes mellitus (DM) [1]. It develops due
to affection of nerve fibers, caused by diabetes
and occurs in more than 50 % of patients with
this illness. Polyneuropathy is revealed in both
young and elderly patients with type 1 and type
2 diabetes mellitus [2]. There is no single
classification of peripheral diabetic neuropathy.
Some authors recommend defining hypohyper-
glycemic, generalized, focal and multifocal types
(Thomas P.K. 1997); whereas others insist on
singlingoutingasymptomatic, symptomatic and
marked symptoms (Dyck P. J. 1999) or mono,
polyneuropathy and autonomic polyneuro-
pathy (I. I. Dedov et al., 2002). According to the
protocol of medical care [11], peripheral poly-
neuropathy is divided into somatic (motor,
sensory and sensory-motor), vegetative and
mononeuropathy.

Corresponding author: Nadiya Makarchuk, Department of First
Emergency Medical Aid and Emergency Medical Treatment, 1
Maydan Voly, Ternopil, 46001, Ukraine

E-mail: nadiya_rm@ukr.net

Phone number: +380971322995

To diagnose pathological process in the
nervous tissue Boulton et al (2005) suggested
allocating three clinical forms of peripheral DPN
(silent, acute pain and chronic pain). Chronic
pain form of DPN is the most commonly reveled
in the patients with diabetes [1].

The severity of this complication depends
on its clinical consequences, in particular,
trophic disorders and neuropathic pain, which
adversely affect patients’ quality of life. A
number of questionnaires are used to diagnose
neuropathic pain [3]. DN4 questionnaire, being
one of the most practical, where a positive
response to four or more questions out of ten
substantiates ‘neuropathic pain’ diagnosis, is
used as a screening to detect neuropathic pain
syndromes [4].

Despite the large number of pharmacological
agents, treatment of patients with diabetic
polyneuropathy is not sufficiently effective [5,
6, 7], which necessitates the search for new
methods of treatment. Since the mid-80s, there
have been physiotherapeutic devices that emit
visible (wavelength 80-3400 nm) linearly
polarized (95 %) incoherent (desynchronized in
time and space) low-energy (non-destructive,

o0
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with the energy flux intensity of 40 mW/cm?)
(Pyler) light, and the light stream, transformed
by polarization, that lacks both ultraviolet and
a significant part of the infrared rays. Studies
conducted at the end of the last century proved
a positive effect of physiotherapeutic procedures
using this light for treatment of diseases with
lesions of peripheral nerves [8, 9, 10]. The aim
of the study is to increase the effectiveness of
treatment of neuropathic pain in patients with
diabetic polyneuropathy by including light
therapy procedures into the complex treatment
of this disease.

Methods

67 patients were examined (36 males
(53.7 %) and 31 females (46.3 %)) with type 2
diabetes and DPN. The diagnosis of DPN was
based on anamnesis and clinical examination
data. the age of the examined persons ranged
from 45 to 65 years old (mean age 57.0+5.2
years old). Duration of diabetes mellitus was
from 4 to 19 years (average duration 9.4+3.7
years), and of DPN was from 1 to 12 years
(which averaged 5.5+2.9 years).

For the convenience of systematization and
objectification of data comparing, all examined
patients were divided into two groups: the 15t -
control group comprised 32 patients with type
2 DM and DPN, who received standard treatment
according to a unified clinical protocol of
primary and secondary (specialized) medical
care (No.1118, dated December 21, 2012) [11].
The 2m group involved patients undergoing
standard treatment together with 12 light
therapy treatments by means of the Bioptron
Physiotherapy Unit [12]. The duration of the
procedure was 10 minutes with a directed flow
of light on the lower limbs. General characteristic
features of patients with diabetes are presented
in Table 1.

Clinical examination of patients was perfor-
med before the treatment and on the 12" day
after the beginning of the treatment.

Neuropathic pain was diagnosed using the
modifi questionnaire DN4 (2005) [13, 14]. The
questionnaire structure included two blocks of

shocks), paresthesia and dysesthesia (tingling,
pins and needles, numbness, itching); three
conclusions of the physician, based on the
clinical examination, which comprised the
second block, give the physician the opportunity
to identify the allodynia and negative sensory
symptoms. Neuropathic pain was set at a score
of 4 or more points.

For the details of each question, we modi-
fied the DN4 questionnaire by ranging the
intensity (scale 1 to 10) of the sensations listed
in the first question block.

Evaluation of the results was carried out at
the admission of patients to the hospital and
in 12 days after the start of diabetic polyneu-
ropathy treatment. Long-term results of the
therapy were administered in 3 and 6 months
by performing the call-in poll among the
patients using the first question block of the
questionnaire.

The analysis and processing of statistical
data of clinical examinations results were carried
out on a personal computer using STATISTICA
10 and MS excel xP application packages. All data
are presented as mean value and standard
deviation (M+0). Relations between continuous
variables were examined by the Pearson
correlation coefficient x2. Comparison of the
rates between the groups was carried out using
the Student T-test, and those within the group
were compared using Wilcoxon matched paired
test. The difference in rates was considered
statistically significant at p<0.05.

Results

According to the DN4 questionnaire, 49
(73.1 %) of the surveyed patients suffered
neuropathic pain before treatment, which is
consistent with the literature [15]. no signifi
differences between the groups were noticed
before treatment (p>0.05) (Table 2).

Subjective symptoms in the general group of
patients were presented as follows: 67.2 % of
patients suffered burning sensation, while 31.34 %
experienced painful cold. 74.6 % of people were
disturbed by tingling. 40.29 % of patients with
diabetes sensed electric shocks. Pins and needles

.

questions: 7 questions of the fi block re- sensationand that of numbness troubled 58.2 % E
vealed sensory symptoms, including sponta- and 59.7 % of patients respectively. 34.3 % of S
neous pain (burning, painful cold, electric respondents had complains of itching. The )
%

Table 1. General characteristic features of the patients (M+tc) =

Characteristic features 1st group, 2" group, é

of the groups of patients n=32 n=35 P Z

Age, years 58.745.2 55.6+4.9 0>0.05 %
Duration of DM, years 8.6+3.3 10.1+4.0 p>0.05 E
Duration of DPN, years 49+2.8 6.0+3.1 p>0.05 —
ISSN 2413-6077. JMMR 2018 Vol. 4 Issue 1 9
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Table 2. Follow-up of neuropathic pain severity in the examined groups of patients with diabetes
mellitus according to the DN4 questionnaire before and after treatment (M+c)

1stgroup 2" group P
Before treatment 47+1.4 4.8+1.6 p>0.05
After treatment 3.4+1.5 2.9+1.2 p>0.05

Notes: * - significant difference before and after treatment (p<0.05).

objective examination of the patients’ lower
extremities proved that the pain was localized in
the area with a reduced sensitivity to touching (in
70.2 %), pricking (in 37.3 %) and in the area of
irritation with a brush (in 19.4 %), indicating a
tactile and sensory sensitivity disturbance. The
intensity of each of the following complaints
before treatment in the examined groups of
patients is presented in Fig. 1.

After the course of treatment, a decrease
in the level of neuropathic pain was evidenced,
together with a positive dynamics of the in-
tensity of subjective complaints of the patients.

The analysis of data of the DN4 questionnaire
proved a decrease in the signs of neuropathic
pain by 41.7 % (x2=2.5; p>0.05) in the patients
of control group, and by 64.0 % (x2=27.6; p<0.05)
in the group with additional light therapy
procedures. The rate of neuropathic pain
presence after the course of treatment was
much lower in the 2" group.

The study of individual rates of neuropathic
pain in each of the groups on the 12t day after

H 1st group
W 2nd group

Before treatment

B 1st group

B 2nd group

*

In 3 months after treatment

the beginning of treatment proved that the
patientsofthe1stand the 2" groupsexperienced
burning sensation decrease by 15.6 % (x2=1.6;
p>0.05) and 34.4 % (x2=6.9; p<0.05) respectively.
Painful cold sensation insignificantly decreased
by 6.3 % (x2=0.291; p>0.05) in group 1 and by
5.7 % (x?=0.3; p>0.05) in group 2. The sensation
of electric shocks was reduced by 28.13 %
(x2=6.5; p<0.05) in the patients of the 15t group
and by 28.13 % (x2=5.9; p<0.05) in those of group
2. Tingling worried the patients with diabetes
less by 15.6 % (x2=1.6; p>0.05) of group 1 and
by 22.9 % (x2=4.2; p<0.05) of group 2. Pins and
needles as well as numbness decreased by
21.88 % (x2=3.1; p<0.05) and 3.1 % (x2=3.1;
p>0.05) in the patients of the 1st group, and by
25.7 % (x?=4.629; p<0.05) and 28.6 % (x2=5.7;
p<0.05)inthose ofthe 2nd group.Itchingbegan
to bother less the respondents of the 1%t group
by 3.1 % (x2=0.1; p>0.05) and by 14.3 % (x2=1.7;
p>0.05) those in the 2" group. The pain, which
was localized in the area of reduced sensitivity
to touching, decreased by 15.6 % (x2=1.9;

M 1st group

W 2nd group

*

In 12 days after treatment

M 1st group

B 2nd group

In 6 months after treatment

Fig. 1. Comparison of the intensity of complaints between the patient groups undergoing treatment.
Notes: sensation of 1 - burning; 2 - painful cold; 3 - electric shocks; 4 - tingling; 5 - pins and needles; 6 - numbness; 7 - itching;

* _ p<0.05.
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p>0.05) and 14.3 % (x?=1.4; p>0.05), to pricking
by 25 % (x2=4.4; p<0.05) and 22,9 % (x2=4.6;
p<0.05), and to irritation with a brush by 6,5 %
(x2=0.3; p>0.05) and 5.71 % (x2=0.7; p<0.05) in
the examined groups 1 and 2, respectively
(Table 3).

The survey of the patients in 3 months after
the treatment, proved thatin the 1t group such
sensations as burning, painful cold, electric
shocks, tingling, pinsand needles, numbness
and itching were experienced by 17 (53.1 %), 10
(31.3%), 12 (37.5%), 20 (62.5 %), 10 (31.3 %), 18
(56.3 %) and 9 (28.1 %) patients, whereas in the
2nd group-by7(20%),8(22.9%),6(17.1%),23
(65.7 %), 14 (40 %), 11 (31.4 %) and 7 (20 %)
patients respectively.

The analysis of survey of the patients with
diabetes mellitus, conducted in 6 months after
the treatment, proved that the patients with
diabetes had sensations of burning, painful
cold, electric shocks, tingling, pins and needles,
numbness and itching in 22 (68.5 %), 12
(37.5%), 14 (43.8 %), 22 (68.5 %), 15 (46.9 %), 21
(65.6 %) and 9 (28.1 %) cases in group 1, and in
23(65.7 %), 10 (28.6 %), 13 (37.1 %), 26 (74.3 %),
20 (57.1 %), 14 (40 %) and 12 (34.3 %) cases in
group 2 respectively. The comparison of com-
plaints intensity between the patient groups is
presented in Fig. 1.

Discussion

The results of our study are consistent with
the recent literature [1]. The standard therapy
(a-lipoic acid, actovegin and complex of vitamins
of the group B) decreases the intensity of pain
and neuropathic disorders [11]. The adding of
light therapy procedures allows not only the
achievement of this effect, but also its long-term
preservation [10, 12]. The use of the questionnaire
DN4 has long been practiced for the diagnosis
of neuropathic pain [13, 14], but only its modi-
fication [9] allows evaluating the therapy effec-
tiveness. The obtained results prove that signifi-
cant improvement in the DN4 questionnaire’s
guantitative indicators occurred in 12 days after
the beginning of treatment and persisted for
three months after the treatmentin both groups.
At the same time, the intensity of the indicators
of block 1 of the questionnaire in three months
after the treatment was considerably less signifi
in the patients who received additional light
therapy. Six months later, quantitative and quali-
tative indicators of the presence and intensity
of neuropathic pain resumed to the initial level.

Conclusions

Using a modified DN4 questionnaire in the
patients with type 2 diabetes can improve the
diagnosis of neuropathic pain.

Table 3. Follow-up of neuropathic pain intensity in the examined groups of patients
under the influence of therapy (Mzo)

¢ Before After treatment in

§ treatment 12 days | 3 months | 6 months Pl P2 p3 p4 P>

~ st group

1 4.7+3.7 1.7£1.9 1.7+£1.9 4.6+3.5 <0.05 | >0.05 | <0.05 | <0.05 | >0.05

2 2.3+3.3 0.7+1.3 0.8+1.3 2.4+3.4 <0.05 | >0.05 | <0.05 | <0.05 | >0.05

3 2.31£3.4 0.5+1.5 0.6+0.8 2.0+2.6 <0.05 | >0.05 | <0.05 | <0.05 | >0.05

4 3.6£3.5 2.0+2.6 2.2+2.1 3.8+3.2 <0.05 | >0.05 | <0.05 | <0.05 | >0.05

5 2.2+3.7 1.3+2.3 1.4+2.2 2.31£3.1 <0.05 | >0.05 | <0.05 | <0.05 | >0.05

6 3.0£3.3 1.3+2.2 1.5+£1.7 3.1+2.9 <0.05 | >0.05 | <0.05 | <0.05 | >0.05

7 1.750+2.828 0.9+£1.9 1.7+2.9 1.8+3.1 <0.05 | >0.05 | <0.05 | <0.05 | >0.05

2" group

1 5.1£3.8 0.2+0.4 0.3+0.6 4.7£3.9 <0.05 | >0.05 | <0.05 | <0.05 | >0.05

2 2.1£3.5 0.5+£1.0 0.5+1.1 1.8+3.1 <0.05 | >0.05 | <0.05 | <0.05 | >0.05

3 2.4+3.2 0.4+1.0 0.5+1.3 1.8+2.6 <0.05 | >0.05 | <0.05 | <0.05 | >0.05 o)

4 4.3+3.1 2.0£2.0 2.0£2.6 3.9+3.1 <0.05 | >0.05 | <0.05 | <0.05 | >0.05 E

5 2.5£2.5 1.1£1.8 1.3+1.8 2.4+2.4 <0.05 | >0.05 | <0.05 | <0.05 | >0.05 8

6 3.6+3.3 0.4+0.5 0.5+0.9 2.9+3.7 <0.05 | >0.05 | <0.05 | <0.05 | >0.05 a

7 1.7+2.8 0.4+1.0 0.5+1.3 1.1+£2.3 <0.05 | >0.05 | <0.05 | <0.05 | >0.05 =
Notes: sensation of 1 - burning; 2 - painful cold; 3 - electric shocks; 4 - tingling; 5 - pinsand needles; 6 - numbness; 7 - itching; é
p1 - significant differences of indexes before and in 12 days after treatment; Z.
p2 - significant differences of indexes in 12 days and in 3 months after treatment; o~
p3 - significant differences of indexes before and in 3 months after treatment; P
p4 - significant differences of indexes in 12 days and in 6 months after treatment; =
p5 - significant differences of indexes before and in 6 months after treatment. E
ISSN 2413-6077. JMMR 2018 Vol. 4 Issue 1 N. R. Makarchuk | 11
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The presence of phototherapeutic proce-
dures by the Bioptron together with the standard
complex therapy of diabetic polyneuropathy has
a pronounced clinical effect and contributes to
a 3-month-long reduction of quantitative and
qualitative indicators of neuropathic pain.

The temporary clinical effect of the use of
polarizing light in the treatment of diabetic
polyneuropathy proves the feasibility of stu-
dying new therapies that would influence the
pathogenesis of neuropathic pain.

OIINTYBAJIbHHUK DN4 V IIPAKTHUIII CIMEHHOT O JIIKAPS JI/IS1 OIITHKA
HEUPOIIATHYHOI'O BOJIIO V XBOPHUX 3 IVYKPOBHUM AIABETOM 2-T'O THIIY

ITPH JIIKYBAHHA CBITJIOTEPAIIIEIO

H. P. Makapuyk

TEPHOMI/TbCbKWIA IEPKABHU MEANYHWI YHIBEPCUTET IMEHI I. . TOPBAYEBCHKOIO, TEPHOIML/Ib, YKPATHA

BcTyn. [lepugepuyHa diabemuyHa noniHeliponamis € 00HUM 3 Hal6iNbW YaCMUX He8PO102iYHUX YCKAAOHEHb YyKpo80o2o
diabemy. He3zeaicarouu Ha WUpoKuli cnekmp iCHyrYUX NiKapCbKUX 3aC06is, ii N1iKy8aHHS € HEOOCMAMHbLO ePekMUBHUM, Uj0

3yMOB/IK0E nowlyk Hogux cmamezili ma 3acobis.

MeTa gocnig>KeHHs - nidsuwjumu epekmueHicme AiKy8AHHA Heliponamu4Ho20 60110 y X80PUX HA Yykposuli diabem
WIAISIXOM K/HYEeHHS npoyedyp i3 BUKOPUCMAHHAM NOASPU3AYiiHO20 NOMIXPOMHO20 HeKo2epeHMmMHo20 ceimaa (6ionmpoHHa

cgimsaomepanis).

MeTopan. O6cmedweHo 67 xgopux Ha diabem 2 muny, skull ycknadHeHul diabemuyHoto noniHesponamieto. MayieHmie
6ys10 po3dineHo Ha 0si 2pynu: 1 epyna - 32 nayieHmis, ki ompumaau cMaHOapmHe Aiky8aHHs, 2 2pyna 35 xeopux, AKi
dodamkoso npodiwau 12 npoyedyp ceimaomepanii 3a 00NOM0O200 c8imaomepanesmu4Ho20 Npucmporo bionmpoH. OyiHKy
iHmMeHcusHoCcMi Heaponamu4Ho20 6010 NPO8oAUAU 3a AONOMO20H MOOUPiKOBAHOT aHKemu DN4.

PesynbTaTu. Yepes 12 OHig n1iky8aHHS no3umueHuUl KAiHIYHUT egpekm niky8aHHs cnocmepizascs 8 060x 2pynax. OOHaAK,
yepe3 3 micayi iHMeHcusHicMb ckape 6yaa 3Ha4Ho MeHwWwor (p<0,05) 8 2-ili 2pyni nayieHmis, ki ompumysanu 000amMKo8o
NiKYy8AHHSA noaspusayiliHum ceimaom. Yepes 6 micayie epekm mepanii 6ye 00HakosuM y nayieHmie 060x apyn.

BucHoeku. BukopucmaHHsa onumysansHuka DN4 3 ModugikosaHo WKa0ok 045 OYiHKU napamempie Heliponamu4Ho20
60110 MOXce onmumizysamu io2o diazHocmMuKy ma oyiHky. Ceimaomepanesmu4Hi npoyedypu y NOEOHAHHI 3i CMAaHOAPMHOK
KoMnsiekcHor mepaniero diabemu4Hoi nosiHesponamii nidsuwWyromMe KAiHiYHy epekmueHicme Niky8aHHs He8PONaMU4YHO20
6os1t0 i donomazarome 36epe2mu mepanesmu4yHuUli epekm npomsazom 3 micayjis.

KN1HOYOBI C/TIOBA: gia6eTnyHa noniHeBponaTis; HeBponaTUYHWIA 6inb; onuTyBanbHUK DN4; nonsipusoBaHe

nonixpoMmaTuUyHe HeKorepeHTHe cBiTno (BionTpoH).
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THE LEVELS OF FUNCTIONAL-VEGETATIVE HOMEOSTASIS
AS CRITERIA FOR MAGNETOTHERAPY EFFICACY

0. V. Yermishev
VASYL STUS DONETSK NATIONAL UNIVERSITY, VINNYTSIA, UKRAINE

Background. Disorders of autonomic nervous system caused up to 80% of functional disorders. There is no
information about the influence of magnetotherapy (MT) on the indicators of vegetative homeostasis, which
disturbance is a cause of functional pathology.

Objectives. The aim of the study is to investigate vegetative rehabilitation trend of MT in various initial
conditions of functional-vegetative disorders.

Methods. Functional-vegetative diagnostics method by V.G. Makats was chosen as a method of control of
MT impact. The diagnostic complex BIOTEST-12M was a technical tool. 38 children of different age and gender
treated in the Department of Physiotherapy of Vinnytsia Regional Children Clinical Hospital in 2016-2017 were
involved in the research. The patients were divided into 7 groups according to the levels of functional vegetative
homeostasis.

Results. MT had a different effect on vegetative activity as well as systemic and functional dependence,
according to the coefficient of functional vegetative homeostasis. The most positive effect was evidenced in a
group with a significant parasympathicotonia (group 1). In the group with severe sympathicotonia (group 6) it
had negative effect. There were no gender and age-related characteristic features of the influence of MT on the
dispersion of vegetative levels.

Conclusions. Rehabilitation expediency requires maintenance of functional vegetative homeostasis at the
level of FcP-VB-FcS in conjunction with functional-vegetative diagnostics using the method of V.G. Makats.
Magnetotherapy can be recommended to be used only for patients with significant and expressed parasym-

pathicotonia.

KEY WORDS: magnetotherapy; functional-vegetative diagnostics; vegetative homeostasis;

vegetative level; vegetative coefficient.

Introduction

The disorders of autonomic nervous system
(ANS) caused 25-80 % of functional disorders
of reserves and mechanisms of adaptation to
the changing environment, physical and psy-
chosomatic efforts [1, 2]. Being of integrative
importance at the central level, the ANS ensures
regulation of vegetative homeostasis, systemic
disorders of which determine the pathogenetic
basis of functional and somatic diseases [1, 3,
4]. Their fundamental evaluation goes beyond
certain parameters of vegetative regulation,
have need of a systematic approach and study
of a holistic organism as a multilevel inter-
dependent system [5, 6]. A significant support
for the problem of vegetative pathogenesis is
the normalization of vegetative indices in the
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sor of Department of Plants Physiology and Biochemistry,
Biological Faculty, Vasyl Stus Donetsk National University, 21
600-Richchya Str., Vinnytsia, 21000, Ukraine
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rehabilitation period. In this case, special
attention should be paid to the use of traditional
FAZ (functionally active skin zones) [7-9].

Nowadays, according to the WHO recom-
mendations, 'Electro acupuncture diagnostics
and reflexotherapy’ should become the basis
for rehabilitation medicine (the WHO Inter-
national Council, Yerevan, 19.09.03). Its General
Assembly (2014) herewith officially advises the
States (the WHO participants) to include these
areas into national health programs and draws
attention to the development of biophysical
methods of controlling the rehabilitation effec-
tiveness of physiotherapeutic and preformed
factors [5, 10, 11]. Therefore, much attention
should be paid to the recently discovered 'Func-
tional-vegetative system of a human’ (FVS) [12],
which has proved the biophysical reality of
traditional ‘acupuncture channels’ as well as
their direct relation to the vegetative homeo-
stasis and, in addition, requires defining of its
place in the classical physiological system
[13, 14].
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Low-frequency magnetotherapy (MT) is
widely used in modern physiotherapeutic
practice using the magnetic component of low-
frequency electromagnetic fields [15-17]. MT
has an impressively wide range of indications
(anti-inflammatory, anti-oedematous, trophic,
hypocoagulant, vasoactive, anaesthetic, stimu-
lating reparative processes and immuno-mo-
delling) [18-20]. The official list of absolute and
relative official contraindications is, concur-
rently, also impressive. The attention is drawn
to complete absence of information on the
influence of MT on the indicators of vegetative
homeostasis, the disturbance of which is con-
ditioned by the development of any functional
pathology.

The aim of the study is to investigate
autonomic rehabilitation of MT at different
initial states of functional vegetative disorders.

Methods

The research is a fragment of the program
"Two-stage system of rehabilitation of vege-
tative disorders in children living in the zone of
ecological (radiation) control of Ukraine’ (is
being carried out according to the assign-
ment of the Cabinet of Ministers of Ukraine
No. 12010/87). 'Functional-vegetative diag-
nostics’ (FVD) by the method of V.G. Makats has
been chosen as a method of control of
functional and vegetative efficiency of MT [12-
14]. This method has been admitted to be used
in medical practice by the Academic Council of
the Ministry of Health of Ukraine and the joint
session of the Republican Problem Commissions
(RPC) of Paediatrics, Obstetrics and Gynae-
cology, Quantum Medicine, Haematology and
Transfusiology, New Medical Technology and
New Diagnostic Tools (Minutes No. 1, 08-01
dated September 11, 1994).

The diagnostic complex BIOTEST-12M is a
technical tool of FVD. The latter does not use
traditional external power sources and the RPC
"New medical technology and new methods of
diagnostics, prevention and rehabilitation’ by
the Ministry of Health of Ukraine (Minutes No. 5

dated December 25, 1991) has been approved
for practical use. Statistical significance of the
obtained data was estimated by means of
parametric and nonparametric statistics. The
analysis of the results was carried out by means
of the computer programs ‘Search’ (developed
by the European Centre for Postgraduate
Education of the UNAP).

Functional autonomic systems (‘acupunc-
ture channels’) are based on the international
‘acupuncture nomenclature’ (IAN) suggested
by the WHO (Table 1). The following zones
(levels) of functional-vegetative homeostasis
are scientifically based on the coefficients of
functional-vegetative homeostasis (k-V) [3]:
PA-sig (k-V to 0.75 - a zone of significant pa-
rasympathetic activity); PA-exp (k 0,76-0,86 - a
zone of expressed parasympathetic activity);
FcP (k-V 0,87-0,94 - a functional compensation
zone of parasympathicotonia); VB (k-V 0,95-
1,05 - a zone of vegetative balance); FcS (k-V
1,06-1,14 - a zone of functional compensation
of sympathicotonia); SA-exp (k-V 1,14-1,26 - a
zone of clear sympathetic activity); SA-sig.
(k-v=1,26 - a zone of significant sympathetic
activity). The planned research activities were
conducted under the guidance of a high-level
expert of the National Academy of Sciences of
Ukraine, Doctor Habilitatus in Medicine, Pro-
fessor V.G. Makats.

38 children (7-16 years old, 13 females and
25 males) were involved in the study; they
underwent treatment at the Department of
Physiotherapy of the Vinnytsia Regional
Children Clinical Hospital in 2016-2017. The
children were divided into 7 groups according
to the levels of functional vegetative ho-
meostasis: the 15t group - with significant
parasympathetic activity (PA-sig); the 2" - with
expressed parasympathetic activity (PA-exp);
the 3 - with the zone of admissible functional
vegetative norm (ZAN); the 4™ - with expressed
sympathetic activity (SA-exp); the 5 - with a
significant sympathetic activity (SA-sig). They
were also divided into 2 groups according to
gender: a female group (FG) - 13 children and

Table 1. Functional autonomic systems ‘acupuncture channels’ (based on the international
‘acupuncture nomenclature’ (IAN) suggested by the WHO)

Traditional Channel MAH Traditional Channel MAH
Lungs LU Bladder BL
Large Intestine LI Kidneys KI
Stomach ST Pericardium PC
Spleen, Pancreas SP Triple heater TE
Heart HT Gallbladder GB
Small intestine SI Liver LR

e~
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a male one (MG) - 25 children. FVD was twice
held in the first half of the day (10:00-12:00)
before and after the MT session. The bioelectric
activity of 12 symmetrical pairs of functionally
active skin zones (24 FAZs) was studied, 2016
tests were carried out. The attention was paid
to the direction of dispersion of integral
vegetative homeostasis levels. The following
areas of influence were chosen for MT:
parasternal, epigastric and anterior abdominal
wall, intrascapular, lumbar-sacral regions and
the region of pelvic (femoral), knee and ankle
joints.

Results

The study of the influence of MT on ve-
getative activity as well as systemic and
functional dependence in the initial significant
parasympathicotonia (group 1) proved that,
regardless of the topography of the effect, MT
positively affects the vegetative homeostasis
transforming its vegetative coefficients to a
higher level of functional activity at the func-
tional compensation zone of parasympa-
thicotonia (FcP), as evidenced by the increase
of functional-vegetative homeostasis coefficient
(k-V) from 0.66 to 0.88 (Fig. 1, Table 2).

5
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Fig. 1. The influence of MT at PA-sig.

Table 2. The effect of MT on systemic-functional dependence

MT | kv | LU [ pc | HT | sT1 | TE | LI | sP | LR | KI | BL | GB

| sT

Initial significant parasympathicotonia (group 1)

1* 0.66 | 8.7 7 7 3.8 2.8

3.8 12 12 13 11.1 8.4 9.8

2% 0.88 | 8.7 7.7 5.1 8.2 2.6

5.1 8.2 12 12 14.1 7.2 10.2

Initial expressed parasympathicotonia (group 2)

1 0.85 | 11.2 9.4 10.2 | 12.6 | 2.7

8.3 8.8 8.6 6.7 9.4 5.3 7.8

2 0.90 | 8.0 84 | 105 | 88 6.3

4.2 80 | 113 ] 63 9.2 105 | 84

Initial functional compensation of parasympathicotonia (group 3)

1 0.90 | 74 9.7 95 | 114 | 59

6.7 8.6 9.0 8.0 9.9 7.6 5.9

2 1.25 | 6.8 6.5 6.8 | 135 | 95

7.2 9.0 7.2 9.0 | 113 ] 79 7.2

Initial autonomic balance of VNS (group 4)

1 1.06 | 11.0 | 93 82 | 114 | 3.0 76 | 11.0 | 4.0 49 | 183 | 53 5.5 M

2 0.86 | 6.7 8.3 88 | 10.2 | 54 | 10.0 | 140 | 8.0 7.9 | 106 | 4.8 5.4 E

Initial functional compensation of sympathicotonia (group 5 =

1 107 | 75 7.2 87 | 137 | 5.0 8.0 8.7 7.5 8.6 | 10.1 7.2 7.7 a

2 086 | 7.5 9.2 9.6 | 11.7 | 47 49 | 10.0 | 8.2 9.6 9.2 7.0 8.8 =

Initial significant and expressed sympathicotonia (groups 6,7) ]

1 1.26 | 8.8 6.3 5.7 9.1 10.0 | 11.0 | 741 8.5 8.0 8.8 6.0 | 11.1 <Z‘:

2 2.28 | 4.6 6.8 3.0 6.1 106 | 11.0 | 9.5 2.7 38 | 316 | 3.8 6.1 ﬁ

Notes: 1 * - here and further. Before the exposure of magnetic radiation. E

2 * - here and further. After the exposure of magnetic radiation. —
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The study of the influence of MT on vege-
tative activity and systemic-functional de-
pendence in the initial expressed parasym-
pathicotonia (group 2) revealed that, regardless
of the topography of the effect, MT affects the
vegetative homeostasis relatively positively,
translating its vegetative coefficients to higher
levels of functional activity, as proved by the
increase of the coefficient of functional ve-
getative homeostasis (kV) from 0.85 to 0.9
(Fig. 2, Table 2).

What is more, the dispersion of the levels
of vegetative balance (LVB) under the influence
of MT was present, which was accompanied by
the transition of 28.57 % of children to the FcP
zone and 14.28 % to the zone of VB and FcS
(Table 3).

The system correlation of ‘acupuncture
channels LU-PC-HT, SI-TE-LI, ST-GB-KI-LR) was
in a state of interrelated dynamic functional
compensation (Fig. 2).

The study of the influence of MT on vege-
tative activity and systemic an functional
dependence taking into account the initial
functional compensation of parasympathi-
cotonia (group 3), the initial autonomic balance
of VNS (group 4) and the initial functional
compensation of sympathicotonia (group 5)
proved that the effect of magnetotherapy was
relatively neutral concerning functional vege-
tative homeostasis, which in approximately
70 % of cases fluctuated within the functional
compensation of sympathetic and parasym-
pathetic activities (Table 3). The value of ve-
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Table 3. The influence of MT on the dispersion of the levels of vegetative balance (LVB), %
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MT | PAsig | PAexp | FCP | VB | FS | SAexp | SA-sig
Initial significant parasympathicotonia (group 1)
1 100
2 33.33 33.33 33.33
Initial expressed parasympathicotonia (group 2)
1 100
2 14.28 28.57 28.57 14.28 14.28
Initial functional compensation of parasympathicotonia (group 3)
1 100
2 37.50 25.00 25.00 12.50
Initial autonomic balance of VNS (group 4)
1 100
2 20.00 20.00 30.00 20.00 10.00
Initial functional compensation of sympathicotonia (group 5)
1 100
2 12.50 12.50 50.00 12.50 12.50
Initial significant and expressed sympathicotonia (groups 6,7)
1 100
2 25.00 50.00 25.00

(=p]
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getative coefficients (kV) pointed to the
tendency to ‘maintain stability’ and the
systemic ratio of acupuncture channels LU-PC-
HT, SI-TE-LI, ST-GB-KI-LR, inits turn, was staying
in a state of interdependent dynamically
functional compensation (Table 2).

The study of the influence of MT on
vegetative activity and systemic and functional
dependence in the initial expressed and sig-
nificant sympathicotonia (groups 6-7) revealed
that MT, regardless of the topography of the
effect, negatively affected the vegetative
homeostasis increasing its level of significant
neo-rewards (Fig. 3, Table 2), which was
accompanied by a significant increase in the
value of kV from 1.26 to 2.28.In case of MT only
25 % were transformed to the poor level of
functional activity at the zone of functional
compensation of sympathicotonia (FcS)
(Table 3). The systemic ratio of acupuncture
channels LU-PC-HT, SI-TE-LI, ST-GB-KI-LR), in
this case, was in a state of interdependent
dynamic functional compensation (Fig. 3).

Investigating the gender and age charac-
teristic features of the influence of MT on the
dispersion of the vegetative levels, the same
type of dispersion of vegetative levels in the
female and male study groups was revealed
(Table 3).

The analysis proved that there was no
gender and age-related influence of MT on the
variance of vegetative levels. Under all con-
ditions, this factor positively affected only the
initial levels of the benefits of parasympathetic
activity. Its usage in other vegetative disorders
caused development of a higher sympathetic
orientation. The conclusion was drawn accor-
ding to the directed dispersion of vegetative
levels at various states of initial vegetative
disorders (Table 4).

Discussion

The data on the effect of magnetic radiation
on the vegetative status of animals and humans
can be found in the literature. The effect of
weak (up to 3.5 mT) and low-frequency (up to
100 Hz) impulse magnetic field on the state of
vegetative nervous system of animals has been
studied by analyzing the variability of heart rate.
The effect of magnetic field was evaluated by
a individually designed complex for recording
cardiac signals of animals. Several specially
selected regimes of impulse magnetic fields
were studied. It was proved that the impulse
magnetic field was of a high biological activity
atallregimes used, and the indices of vegetative
nervous system after the exposure to impulse
magnetic field were about to the values typical
for normotonic animals. This made it possible
to use magnetic fields at those regimes in
magnetotherapy [21].

The study of the effect of transcranial
magnetotherapy on 63 people with the 15t
degree AG at the age of 38-50 years old proved
that after the course of therapy the number of
patients with hyper-sympathicotonia decreased
from 24 (69 %) to 14 (40 %) and the number of
patients with normal and asympathicotonic
vegetative regulation were 39 % and 21 %
respectively [22].

The effect of electromagnetic field of ultra-
highfrequency range results in the optimization
of autonomic balance of the body in the pa-
tients with autonomic nervous system disorders
was also evidenced. The electromagnetic field
(EMF) had sympatholytic, parasympatolytic and
tonic action on a person [23].

We still believe that the data obtained from
these studies cannot fully characterize the
effect of magnetic and wave effect on the body
due to the selected methods of vegetative state
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Table 4. The effect of magnetotherapy (MT) on the vegetative dispersion at various stages
of initial vegetative disorders in female and male groups

Female group (in %) Male group (in %)
o | Tl 5l e ol w| 5| %% §|a]lalol §|F
AR IR I A N N
Initial significant parasympathicotonia
1 100 100
2 100 50 50
Initial expressed parasympathicotonia (group 2)
1 100 100
2 100 20 20 20 20 20
Initial functional compensation of parasympathicotonia
1 100 100
2 100 42,8 | 42,8 14,3
Initial autonomic balance of VNS (group 4)
1 100 100
2 50 25 25 40 60
Initial functional compensation of sympathicotonia (group 5)
1 100 100
2 66,6 | 16,6 16,6 50 50
Initial significant and expressed sympathicotonia
1 100 100
2 10 60 30 25 50 25

diagnosing. In the first two cases rhythmo-
cardiography was used. Diagnostic tables were
used in the third case. These research methods
of VNS record the functional state of individual
VNS subsystems and separate mechanisms of
vegetative regulation. The method of functional-
vegetative diagnostics by V.G. Makats provides
the results more complete, stable, and com-
parable in time periods.

Due to the fact that the organism is a multi-
level hierarchical system the effect of magnetic
fields manifests itself at different levels of
organization and depends on many external
and internal factors. The reactions of the or-
ganism to the action of magnetic fields are
characterized by the diversity, instability and
phase flow, during which an opposite change
is often observed. It is determined by the
differences in individual sensitivity of the
organism, its systems, and their initial state as
well as by the nonspecific character of the
action of magnetic fields. The effect of magnetic
fields in many cases is normalizing or corrective.
To start with, it should be noted that the central
parasympatolytic effect during the action of
low-frequency magnetotherapy in all groups of
observations was revealed. That happens
possibly due to the improvement of the

parameters of peripheral hemodynamics and
sanogenesis processes. This effect, along with
the sedative effect of low-frequency mag-
netotherapy, is realized by affecting the sub-
cortical centres and the pituitary-hypothalamic
system. It should also be noted that low-fre-
quency magnetotherapy is capable of exerting
an activating influence on the processes of
sanogenesis which contributes to restoration
of disturbed self-regulation of many functional
systems and the organism as a whole. It forms
effective protective reactions as well as com-
pensatory and adaptive processes and,
moreover, it expands the range of homeostatic
response of the organism in conditions of
disturbed mechanisms of self-regulation. The
obtained data do not coincide with the literature,
where the corrective effect of the magne-
totherapeuticinfluence on the parasympathetic
and sympathetic units of vegetative NS or
pronounced sympatholytic activity is described.
This is primarily due to the age characteristic
features of the child’s organism and its ve-
getative status. The second important aspect
is the method of functional and vegetative
diagnosis according to V.G. Makats that was
chosen to determine the vegetative status of
children, as more universal and complete one.

oo
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Conclusions

The results of the studies have proved that
MT has a different effect on the vegetative
activity as well as systemic and functional
dependence in the study groups that depends
on the coefficient of functional vegetative
homeo-stasis. That is, in a group with a signifi-
cant parasympathicotonia (group 1), MT has a
positive effect; in the group with the expressed
parasympathicotonia (group 2) it has a relati-
vely positive effect; in the groups with functional
compensation of parasympathicotonia (group
3), with the autonomic balance of VNS (group
4)andinthe group with functional compensation
of sympathicotonia (group 5) MT has a relatively
neutral effect; in a group with severe sympathi-
cotonia (group 6) it has negative effect and in
a group with significant parasympathicotonia
(group 7) it has negative effect as well.

According to the results of our research, the
absence of gender and age-related influence
of MT on the dispersion of vegetative levels has
been revealed. Sympathetic vegetative
orientation is typical for a low-frequency
magnetotherapy in all study groups. Therefore,
it can only be used to patients with significant
and severe parasympathicotonia.

The rehabilitation expediency requires the
maintenance of functional vegetative homeo-
stasis at the level of FcP-VB-FcS in conjunction
with functional-vegetative diagnostics using
the method of V.G. Makats. The method of
functional-vegetative diagnosis is easy to use;
it provides repeated comparable results and
can be applied in hospital and out-patient
environment.

®VHKIIIOHAJIbHO-BETETATHUBHI PIBHI AK KPUTEPIY E®PEKTHUBHOCTI

MATHITOTEPAIIIL

0. B. EpmiwieB

AOHELIbKNIA HALTOHA/IbHWI YHIBEPCUTET IMEHI BACWJISI CTYCA, BIHHULS, YKPAIHA

BcTyn. bsussko 80 % PyHKYiOHAILHUX NOPYWEeHb 3yMO8/1eHO po3/1adamMu 8e2emamusHoi Hepgosoi cucmemu. Ha c60200Hi
HeMae 00CMAMHb0 0aHUX Wo000 8nausy mazHimomepanii (MT) HO NOKA3HUKU 8e2emamueHo20 20Meocmasy npu

PYHKYiOHaNbHIG namonoaii.

MeTa gocnipykeHHs - docrioumu meHdeHyii peabinimayii npu MT Ha noYamkosux emanax pisHUX GyHKYiOHANbHO-

eezemamueHux possadie.

MeTtopan. ik Memod koHmposto enausy MT byna obpaHa «PyHKYioOHANbHO-8ecemamueHa diazHocmuka» (PB/) 3a

B. I. Makayom. TexHiyHUM 3acobom @B/ sucmynae diaeHocmu4Ho-peabinimayitiHuli komnaekc BIOTECT-12M. Y docnioxeHHi
838/1U yyacme 38 dimeli pi3H020 8iKy ma cmami, ki NPoXoousu NiKy8aHHSA y 8id0ineHHI giziomepanii BiHHUYbKOI 0610CHOT
oumsyoi kaiHiyHoi nikapHi y 2016-2017 pokax. MayieHmie nodinuau Ha 7 epyn 8idonogioHo 00 pieHie PyHKYiOHANbHO20
8e2emamugH020 20Meocmasy.

PesynbTaTi. 30 KoediyieHMoM PyHKYioOHNbHO20 8e2emamueHo20 20mMeocmasy MT Mana pi3HuUli 8niue K Ha eezema-
MUBHY OKMUBHICMb, MaK i Ha cUCmeMHY, | YHKYIOHANbHY 3a/1eXCHICMb. Y 2pyni 3i 3HAYHOK napacumnamikomoHiero (pyna 1)
8us8/eHO HalibinbW no3umusHUl epekm. Y 2pyni 3 8UPAXCEHO CUMNOMUKOMOHI€EK (2pyna 6) - HecamusHuli epekm. He
8usIB/1EHO 2eHOEPHUX Ma 8iKOBUX XapakmepHuUx ocobsausocmeli enausy MT Ha ecemamusHi pigHi.

BucHoBKMW. JoyinsHicme 30ilicHeHHA peabinimayiliHux 3axo0ie sumMaz2ae NidmpumMKU GyHKYiOHANbHO20 8e2eMaMUBHO20
20Meocmasy Ha pieHi FCP-VB-FcS y N0O€OHAHHI 3 §yHKYiOHANbHO-8e2eMamueHoK 0ia2HOCMUKO 3 BUKOPUCMAHHAM Memoody
B. I. Makay. MoxHa pekomeHOysamu 8UKOpUCMOB8y8AMU MA2HIMomepanito Auwe 045 X80pux 3i 3HAYHO BUPANEHOH
napacumMnamoKomoHieto.

K/TFOYOBI C/IOBA: marHiToTepanisi; pyHKLioHaNbHO-BereTaTUBHA fliarHOCTUKA; BereTaTUBHMIA romeocTas;
BereTaTUBHWUI piBeHb; BereTaTUBHUN KoeQiLlieHT.
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BONE MINERAL STATUS AND METABOLISM DISORDERS IN PATIENTS
WITH CHRONIC SPINAL CORD INJURY

M. A. Bystrytska

D. F. CHEBOTAREV INSTITUTE OF GERONTOLOGY OF THE NATIONAL ACADEMY

OF SCIENCES OF UKRAINE, KYIV, UKRAINE UKRAINIAN SCIENTIFIC MEDICAL CENTER OF
OSTEOPOROSIS, KYIV, UKRAINE

Background. The study of late complications, including osteoporosis, is urgent due to the increasing life
expectancy of patients with complete spinal cord injury (SCI).

Objective. The aim of the study is to evaluate bone mineral status and bone turnover markers in the patients
with chronic SCI.

Methods. 73 SCI patients and 57 healthy persons were examined. Bone status was determined by ultrasound
(US) densitometry. Bone turnover markers and vitamin D were evaluated by electrochemiluminescence method.
Results. In the SCI patients bone mineral status was significantly lower compared with the individuals of control
group. The stiffness index (SI) was 51.4+11.8% vs. 98.5+16.6%, p<0.05 in men and 50.1+9.8% vs. 92.9+11.19%,
p<0.05 in women. In the SCI patients the levels of bone turnover markers were significantly higher than the
reference values. The bone mineral status of patients with SCI, which occurred before peak bone mass development,

is significantly worse, compared with the individuals with the already developed peak bone mass,

that makes them a high risk group for fracture.

Conclusions. SCI leads to increased bone resorption with development of secondary osteoporosis (according
to the ultrasound densitometry of calcaneal bone). In chronic SCI, bone resorption is higher than in the individuals
with combined low levels of vitamin D, and the absence of axial load results in continued loss of bone mass.

KEY WORDS: spinal cord injury; osteoporosis; tetraplegia; paraplegia; bone turnover markers;

ultrasound densitometry.

Introduction

Improved social adaptation and increased
life expectancy of persons with complete spinal
cord injury pay attention to late complications
of spinal cord injuries (SCI) including osteo-
porosis and fragility fractures. SCI-induced
osteoporosis has been studied since the first
half of the 20th century, but no consistent
approach to its diagnosis and treatment has
been developed. Currently, diagnostic criteria
for osteoporosis in postmenopausal women
and men over 50 years are established, but the
vast majority of SCI patients are young men.
Most of studies are devoted to bone changes
in the first days, weeks and months after the
injury, when intense bone resorption starts.
during the fi years after complete spinal cord
injury, rapid decrease in bone mass takes place,
which reaches 20-50% of bone mineral density
(BMD) of paralyzed limbs [1]. Demineralization
of spongy bone occurs faster than that of
cortical bone, due to its higher metabolic
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Institute of Gerontology of the National Academy of Medical
Sciences of Ukraine, Ukrainian Scientific Medical Center of
Osteoporosis, 67, Vyshgorodska Str., Kyiv, 04114, Ukraine
E-mail: miroslava_br@ukr.net

Phone number: +380674185573

activity [1]. Also there is no consensus for
increased resorption duration after SCI. Some
studies have proved that bone loss slows down
3-5 years after the injury [2]. Other study
findings evidenced continued bone loss in later
stages of the post-traumatic period [3, 4]. The
extent and duration of bone loss are caused by
many factors, which depend on the charac-
teristics of the injury as well as on many pa-
rameters of various systems of the patient. The
significance of a degree of spinal cord injury
and opportunities for verticalization and mo-
vement of bone loss has been proved, but the
role of factors affecting bone tissue in the
patients with complete spinal cord injury has
not been defined so far.

Objective of the study is to evaluate the
bone mineral status and parameters of bone
metabolism in the patients with chronic spinal
cord injuries.

Methods

73 people who suffered a spinal trauma with
complete spinal cord injury with tetra- or para-
plegia were examined: 38 men, average age
40.1+£12.2 years old; 35 women, average age
41.3+11.3 years old; duration of the post-trau-
matic period was 15.7+10.6 years. Patient
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examination was conducted in cooperation with
the Association of Disabled Persons with Spinal
Cord injuries. the examined patients lead an
active lifestyle that excluded the impact of
prolonged bed rest. volunteers accompanying
people with SCi were also examined as a
comparison group. volunteers were usually
represented by patients’ relatives: parents,
children, spouses, which could partially reduce
the impact of other factors affecting bone
tissue, including eating habits, living envi-
ronment, and genetic factors.

Bone status was determined by ultrasound
(US) densitometry of calcaneal bone using
quantitative ultrasonometer Sahara (Hologic
Inc., model 04874, 2008). Ultrasound densi-
tometry evaluated: speed of sound (SoS, m/s);
broadband ultrasound attenuation (BUA, dB/
MHz); stiffness index (SI, %), calculated by
computer on the basis of SOS and BUA para-
meters; extrapolated mineral density of cal-
caneal bone; T-score (patient’s SI difference
from the index of conventionally healthy adults
aged 20 years old was presented in standard
deviations); Z-index (patient’s SI difference from
the index of conventionally healthy adults of the
same age was presented in standard deviations).

Bone remodelling markers in peripheral
blood (osteocalcin, procollagen type 1 propeptide
(P1NP), collagen type 1 cross-linked C-telopeptide
(B-CTx)) were defined by electrochemilumi-
nescence method on the analyser Elessys 2010
(Roche Diagnostics, Germany) using cobas test-
systems.

The statistical analysis was performed using
Statistica 10 software. Results were presented
as mean values and standard deviation (M+m).
The difference in parameters between the
groups was defined using one-way analysis of
variance ANOVA. Intergroup differences were
evaluated by Scheffe's test. The difference in
parameters was statistically significant at
p<0.05.

Results

The results of ultrasound densitometry of
the individuals of the main group proved low
bone mineral density (Z-score<-2.0 Sd) in all
women of reproductive age (n=21) and all men
younger than 50 years old (n=25). Osteoporosis
(T-score<-2.5 Sd) was evidenced in 12 postme-
nopausal women and 13 men older than 50
years. None of the patients with spinal cord
injuries had normal parameters of bone tissue
structural-functional state. In the patients of
control group, osteoporosis was not diagnosed,
low bone mineral density was revealed in 10
individuals (3 men and 7 women), in all postme-
nopausal women, and 2 men older than 50
years.

The results of ultrasound densitometry in
the patients with spinal cord injuries proved
significantly lower parameters of bone density
compared with those of the control group
(Tabl. 2).

It should be noted that the analysis of data
in Tabl. 2 proved no impact of gender on the
parameters of bone mineral status (p>0.05).
there was also no significant dependence of
bone parameters on age, height, injury level and
duration.

Significant moderate correlation between
SIand body weight was obtained in men of the
main group. Relationship was described by the
linear regression equation: SI (%)=8.01+0.55*
weight (kg); r=0.41; p=0.017; r2=0.17. In the
women no influence of anthropometric data on
bone mineral status was revealed.

Bone mineral density was found to depend
on the trauma age in men (r=0.41; p=0.019;
r?=0.16) and women of reproductive age
(r=0.40; p=0.048; r>=0.16).

It is established that complete spinal cord
injury leads to intensive bone loss in the first
years after the injury [5]. Furthermore, the rate
of loss slows down and the studied bone
parameters are less dependent on the duration

INTERNAL MEDICINE

Table 1. Characteristic features of the examined SCI patients and persons of control group

Parameter Main, n=73 Control, n=57 P
Gender Men, n=38 |[Women, n=35| Men, n=21 |Women, n=36| Men |Women
Age, years 40.10+£12.20 | 41.30+11.30 | 39.70+13.80 | 46.80+12.20 0.91 0.06
Height, cm 178.60+7.20 | 164.10+5.60 | 177.30+5.60 | 163.20+5.80 0.48 0.52
Weight, kg 72.90+9.10 59.20+5.70 | 71.20+£10.60 62.3049.60 0.51 0.11
BMI, kg/cm? 22.90+2.90 22.10+2.20 22.70+3.30 23.50+4.00 0.77 0.01
Trauma age, years 23.60+7.50 26.50+8.30 - - - -
Trauma duration, years | 16.50+11.40 14.90+6.60 - - - -
Trauma level Cs6=9 C=1 - - - -

Th, =19 Th, =22
L=11 L=12

N

M. A. Bystrytska

ISSN 2413-6077. JMMR 2018 Vol. 4 Issue 1




Table 2. Bone mineral status in the patients with chronic spinal cord injury
and persons of control group

Men Women

Parameter Main group Control group Main group Control group
T-score -3.20+0.80* -0.40+0.80 -3.10+0.50* -0.60+0.60
Z-index -2.70+0.70* 0.40+0.20 -2.90+0.50* -0.40+0.60
SI 51.40+11.80% 98.50+£16.60 50.10+£9.80* 92.90+11.10
extrapolated BMd 0.25+0.08* 0.55+0.10 0.24+0.06* 0.51+0.07
BUA 40.50+13.80* 78.70+15.70 37.40+£12.70% 76.90+11.30
SUP 1477.00+19.00* | 1554.00£26.00 | 1473.00+25.00*% | 1542.00+18.00

Note:* - p<0.05, differences in parameters of the main and control groups.

of post-traumatic period, but there is a proven
relationship of osteoporosis risk and bone cha-
racteristic features at the time of the injury [6].

The results of the study performed by Pro-
fessor VV Povoroznyukin 1998 prove thatin the
Ukrainian population women reach peak bone
mass at the age of 23-24 years old and men - at
the age of 25-26 [7]. In present study, patients
were divided into 2 subgroups according to
their trauma age. A cutting-off point for men
was 25 years and for women - 23 years of age.

In the patients with the injury that occurred
before reaching peak bone mass, the bone
mineral status according to ultrasound densi-
tometry was significantly worse than that of the
patients of corresponding age, anthropometric
parameters and duration of the posttraumatic
period with the onset of injury at the age over
23 and 25 years, respectively (Fig. 1, 2).

No difference was proved in the bone
mineral status of the women depending on
their age at the injury onset, but after excluding
postmenopausal women from both study
groups, it was found out that bone mineral
status was significantly worse in the women
with trauma at the age of 23 years old (Fig. 2).

Assignificant difference in stiffness index in
the women of reproductive age and postmeno-
pausal women was not evidenced due to small
size and heterogeneity of sample. In addition,
the impact of menopause should be considered
in certain groups of women, depending on
the age at the injury onset before or after

and men, and compared with the reference
data for the Ukrainian population (Table 3) [8].

According to the results of previous studies,
bone metabolism is much increased after SCI,
and then it gradually decreases, but remains
high in the first years after the injury [4]. This
paper proves that bone remodelling markers
remain elevated in the later period of the injury
as well (traumatic disease duration from 5 to
38 years, average duration - 14.7+1.2). In both
women and men with SCI, tP1NP levels are
significantly higher than the reference values.
Men are also characterized by higher levels of
bone resorption marker (B-CTx). the level of

60

<0.05
o

50
48
44 a

40
oMean

36
Mean:se
under 25 more than 25 %Mean;ss-se

Stiffnes index, %

Fig. 1. Bone mineral status of men depending on the
spinal cord injury age.
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vitamin D3 is significantly lower in the SCI pa-
tients than the reference values. no significant
relationships of the levels of bone remodelling
markers and SCI duration were evidenced, but
upon division of patients into 2 groups depen-
ding on the post-traumatic period duration:
subgroup A<14.7 and subgroup B>14.7 years,
the B-CTx level was significantly higher in
subgroup A, 0.55+0.07 pg/ml, in subgroup B -
0.39+0.04 pg/ml, t=2.4, p<0.05, proving gradual
slowing of the destruction process in the late
posttraumatic period.

Discussion

Increased bone resorption in the SCI pa-
tients occurs very quickly after the injury and
affects bones below the spinal cord injury.
According to the results of previous studies, the
patients with signs of complete spinal cord injury,
who had a fragility fracture, were diagnosed with
a significant loss of bone mineral density in the
distal femur (54%) and distal tibia bone (73%),
which took place for the first 5-7 years after the
injury [5]. Interestingly that bone loss is greater
in the distal section. The above trend suggests
that at the level of calcaneal bone, the loss will
be even greater, also due to a higher content of
spongy bone in the calcaneal bone. The use of
ultrasound densitometry of calcaneal bone as a
screening method inthe diagnosis of osteoporosis
is based on the close relationship of parameters
of vertebral bone and calcaneal bone. In the SCI
patients, this relationship is missing. After the
complete spinal cord injury, bone changes
differently depend on the location. In parts of the
skeleton, located above the injury level, bone
mineral density decreases immediately after the
injury, butgradually returnsto normal parameters
and even increases with increased load, such as
bone mineral density of upper limbs in the
patients with paraplegia. In the sections below
theinjury, with impaired innervation and reduced
static load, such as lower limbs, bone mineral
density decreases progressively [4, 9]. Thus,
regardless of the injury level, the lumbar
vertebrae and calcaneal bone is in different
conditions and changes in them are opposite.
distal femur and proximal tibia are the most

frequent localization of fractures in these pa-
tients and therefore an area of interest. These
areas consist mainly of spongy bone and are
closer in composition to calcaneal bone, therefore
lose bone tissue in a similar way in the absence
of axial load and adequate trophic effects.

The results of ultrasound densitometry of
calcaneal bone can also diagnose osteoporosis,
but according to the literature the capabilities
of this method in the follow up of SCI patients
are limited [8-10]. The loss of bone tissue after
a severe spinal injury develops rapidly, resulting
in the development of osteoporosis and
significantly increased fracture risk, but after
3-5-10 years, the rate of bone resorption slows
down. Further, the post-traumatic period du-
ration has less effect on the bone mineral status
[4]. Inverse correlation was proved between the
post-traumatic period duration and the number
of proximal tibia trabecules that confirmed the
continued predominance of resorption processes
in spongy bone. Simultaneously, the thinning of
cortical layer of long bones of lower extremities
took place, but the loss of cortical layer occurred
much more slowly than that of trabecular bone.
Slow cortical layer thinning may explain the fact
that the average period until the first fracture in
SCI patients is 9 years after the injury [3]. Thus,
correction of structural-functional state of bone
as fracture prevention has quite a large thera-
peutic window - 9 years. Among the leading risk
factors for osteoporosis in the SCI patients along
with severity of the injury and absence of axial
load in the post-traumatic period, the low
baseline values of mineral density and high
levels of markers of bone remodeling are
present [11]. This coincides with the results of
our study. The patients, who had injury before
bone mass peak, have lower parameters of
structural and functional state of bone and
increased risk of fractures. All patients in our
study had low bone mineral density (according
to Z-criterion or T-score, depending on the age).
According to the 2014 National Osteoporosis
Foundation guidelines, SCIis one of the diseases
and conditions that contribute to the develop-
ment of osteoporosis and fractures, and there-
fore the patients with SCI and low bone mineral

Table 3. Bone turnover markers and vitamin D level in the SCI patients

INTERNAL MEDICINE

. Bone metabolism Bone metabolism parame-
Bone metabolism reference values ters in the SCI patients P
parameters
For men For women In men In women men women
tP1NP, ng/ml 34.50+5.80 | 44.70+4.40 | 43.80+4.30 | 57.40+4.50 <0.05 <0.05
0C, ng/ml 24.30+1.70 | 23.40+1.50 | 24.50+1.90 | 19.60+1.50 >0.05 <0.05
B-Ctx, ng/ml 0.37+0.06 0.41 +0.07 0.58+0.05 0.36+0.04 <0.05 >0.05
25(0OH)D3, nmol/ml 44.60+5.20 | 40.40+5.60 | 26.80+7.80 | 20.30+4.50 <0.05 <0.05

=~

M. A. Bystrytska

ISSN 2413-6077. JMMR 2018 Vol. 4 Issue 1




density can be diagnosed with secondary osteo-
porosis. The prevalence of this condition among
the SCI patients encourages further researches.

Conclusions

SCIleads to increased bone resorption with
development of secondary osteoporosis (accor-
ding to the ultrasound densitometry of calcaneal
bone). In chronic SCI, bone resorption is higher
thanintheindividualswithcombined lowlevels

ofvitamin d,and the absence of axial load results
in continued loss of bone mass.
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3MIHH MIHEPAJIBHOI IIIUIBHOCTI TA METABOJII3MY KICTKOBOI TKAHHHU
B ITAIIIE€HTIB 3I CIITHAJIBHOIO TPABMOIO

M. A. Buctpuubka

AY «(IHCTUTYT I'EPOHTOﬂO[IfIM. 4. ®. HEEOTAPbOBA HAMH YKPAIHW», KM(B, YKPAfHA
YKPAIHCbKUW LUEHTP JIIKYBAHHAS OCTEOIMNOPO3Y, KUIB, YKPAIHA

BcTyn. BugYyeHHs Ni3HixX yCKAAOHeHb npu mpasmax CNUHHO20 MO3KY, Y MOMY YUC/1i 0CMeonopo3y, € aKMyaabHUM Yepe3

36in6WeHHA MPUBAAOCMI XUMMSA MAkKux nayieHmis.

MeTa gocnifp>KeHHA 8U3HAYUMU MiHEPanbHy WiNbHICMb Ma 0cobau80Ccmi Memaboizmy Kicmkogoi MKAHUHU Y X80pUX

i3 mpasMamu4Horo XGO,DO6OI'O CNUHHOZ0 MO3KY.

MeToawn. O6cmedxceHo 73 X80pux i3 mpasMamu cnUHHO20 MO3Ky ma 57 30oposux oci6. 3a 00NoOM02010 y1bmpPa3eyKoeoi
deHcumomempil 8UHAYUAU MiIHEPANbHY WibHICMb KICMOK, MapKepu pemMooento8aHHs Kicmkogoi mKaHUHU ma emicm

8imamiHy /] cmaH - Memo0ooM enekKmpoXimintoMiHecyeHyii.

PesynbTaTu. Y X80pUX i3 MpasMamu cnUHHO20 MO3KY CMAH MiHepabHO20 KOMNOHeHMA KiCmKoeoi MKAHUHU 6y8 3HAYHO

HUMCYUM NOPIBHSIHO 3 X80PUMU KOHMPO/bHOI 2pynu. IHOeKc MiyyHoCcmi Kicmkogol mKkaHUHU cmaHoeug 51,4+11,8% y nopieHAHHI
398,5+16,6 % (p<0,05) y 4onosikie i 50,1+9,8 % y nopieHsaHHI 3 92,9+11,1 % (p<0,05) y HiHOK. ¥ X80pUX i3 MpasMamu CNUHHO20
MO3Ky pigeHb Mapkepie pemMo0ento8aHHS KiCMKo8oi MKAHUHU 6y8 3HA4YHO 8UUUM, HiXCy KOHMPOAbHIl 2pyni. CMaH MiHepan6HO20
KOMNOHeHmMa KiCmko8oi MKAHUHU Y X80pUX i3 MpasMamu CNUHHO20 MO3KY 3HAYHO 2ipwuli, NOpieHAHO 3 0CO6aMU 3 8xce
p038UHYMOIO NIKOBOH KICMKOBOK MACOIO, W0 0a€E 3M02Y ix 8idHeCcmu Ao 2pynu nid8uUeH020 PU3UKY BUHUKHEHHSA nepesomis.
BUCHOBKW. TpasMu CNUHHO20 MO3KY 3yMO8/1H0t0mb NOCU/EHHS pe30pbyii KICmKU 3 pO38UMKOM 8MOPUHHO20 0CMeonopo3y
(30 0aHUMU ybMpPa3eyko8oi deHcumomempii n‘amkoeoi kicmku). [Ipoyecu pe3op6yii € 3HAOYHO iIHMEHCUBHILUMU NpU Mpasmax

CNUHHO20 MO3KY Y X80pUX i3 HU3bKUM pigHeM 8imamiHy D, a makox npu 8idcymHocmi 0cb08020 HABAHMAXCEHHS.
K/TFOYOBI C/TOBA: TpaBMa CMMHHOIO MO3KY; OCTEOMNOPO3; TeTparnJieris; napanseria; Mapkepu peMmoaentoBaHHA

KiCTKOBOI TKAHWHW; YNIbTPa3BYKOBa A€HCNTOMETPIA
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PATHOGENETIC APPROACHES AND WAYS OF PREVENTION
OF THROMBOEMBOLIC COMPLICATIONS IN TRAUMA PATIENTS

L. Yu. Ivashchuk
I. HORBACHEVSKY TERNOPIL STATE MEDICAL UNIVERSITY

Background. The study of thromboembolic complications prevention in trauma patients, who underwent
surgery, is presented in the research.

Objective. Patients were examined in the Department of Traumatology of Ternopil Municipal Hospital. The
first group, 263 people, (18.6 %) consisted of patients with polytrauma and unfavorable prognosis and significant
disease severity. The second group comprised patients with combined trauma, 462 people (32.8 %) - a doubtful
prognosis for life. The third group, 685 people (48.6 %) involved patients with isolated trauma and positive
treatment outcome.

Methods. All patients, besides general clinical examination, underwent evaluation of the number of platelets,
clotting time, duration of bleeding and study of coagulation (prothrombin index, prothrombin activity thrombotest,
total fibrinogen, fibrinogen A, activated recalcification time). The venous system of lower limbs was examined
using distal ascending phlebography, color Doppler and duplex ultrasonography SIMENS ACUSSON X 300.

Results. Acomprehensive prophylaxis of thromboembolic complications was carried out using low-molecular
weight heparin as well as essential complex kinetic treatment. Bemiparin in an appropriate dose was administered
once a day for 10-14 days of postoperative stay in the hospital. For the patients with moderate risk and high
surgery risk (major surgery, over 40 years old in age, obesity, and serious comorbidities) Bemiparin was
administered at a dose of 5000-7500 IU per day during patients’stay in the hospital. In individuals with sub-acute
and chronic thrombophlebitis of subcutaneous veins the surgical prophylaxis of thromboembolic complications

SURGICAL DISEASES

was performed.

Conclusions. The combination of physical, drug and surgical prophylaxis prevented the thromboembolic

complications in trauma patients.

KEY WORDS: thromboembolism; trauma; polytrauma; prevention; bemiparin.

Introduction

Thromboembolism is one of the most
formidable complications after surgical
interventions that cause high mortality. The
frequency of thromboembolism depends on
the duration of traumatic procedures and
increases with the larger its dimension and
expansion of indications for them, especially in
the elderly patients [1]. The situation in the
Departments of Traumatology and Orthopedics,
where thromboembolic complications are
present in more than a half of patients, is
especially threatening [5].

Diagnosis, treatment and prediction of the
consequences of thromboembolism in this
category of patients are accompanied by

Corresponding author: Larisa Ivashchuk, Department of Gene-
ral and Minimally Invasive Surgery, I. Horbachevsky Ternopil
State Medlical University, 1 Maydan Voli, Ternopil, 46001, Ukraine
E-mail: ivashchuk_lu@tdmu.edu.ua

Phone number: +380679401031

considerable difficulties. It is noteworthy that
the largest number of fatal cases (up to 75.4 %)
was registered not at the day of injury, but in
3-5 days after it or later [2, 4]. The etiology of
thromboembolism has a multifactorial nature:
varicose veins of lower extremities, phle-
bothrombosis of small pelvis veins, venous
stasis of lower extremities, postoperative
violation of blood rheology are the most
important.

Significant cause of thromboembolic com-
plications is the body's response to surgical
trauma, which is accompanied by spasm of
peripheral vessels, hypercoagulation and
vascular wall injury, especially in cases of
surgeries on lower extremities, hip joint and
pelvic bones [6, 7, 8].

The deep veins thrombosis of lower ex-
tremities and pelvis complicates the posto-
perative period by 10-30% in the elder age

group [3].
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In many patients, the first clinical mani-
festation of deep vein thromboembolism may
be thromboembolism of pulmonary artery [11].
With age in the body there are a number of
hemodynamic (decreased shock, respiratory
minute volume and blood circulation, increased
peripheral vascular resistance) and hematologic
changes (increase of aggregation and adhesion
ability of platelets, activity of plasma coagulation
factors, and concentration of fibrinogen), which
contribute to the presence of deep vein throm-
bosis [9, 10].

Methods

The patients of the Department of Trau-
matology of the Ternopil City Communal
Emergency Hospital were examined. Over the
last year, 1410 patients of different age groups
were hospitalized: 588 (41.7 %) men, 822
(58.3 %) women.

During the study the patients were divided
into 3 groups depending on the severity of the
injury. The first group, 263 men (18.6 %),
consisted of patients with polytrauma and
unfavorable prognosis due to the significant
disease severity. The second group consisted
of patients 462 people (32.8 %), with a combined
injury and doubtful prognosis for life. The third
group, 685 people (48,6 %), involved patients
with isolated trauma and positive treatment
outcome (Table 1).

The patients of the first group were in a
state of severe combined shock. They were
given resuscitation aimed at correction of
hemodynamics and function of external res-

Table 1. The number of trauma patients,
who were hospitalized

Group | Number of patients % of patients
I 263 18,6
II 462 32,8
111 685 48,6

Fig. 1. The number of trauma patients, who were
hospitalized.

piration. The comprehensive examination of
those patients included clinical, laboratory and
radiological methods by means of laparo-
centesis, thoracentesis, sonography, computed
tomography scan.

In diagnostics of prolonged bleeding
without delay, against the background of anti-
shock therapy, surgical interventions aimed at
stopping it were performed. On the damaged
segments of musculoskeletal system, with
satisfactory standing of fragments, plaster casts
and skeletal extracts were used in the presence
of displacements.

In the second group of patients, treatment
also began with actions for vital signs support
(fight against bleeding, respiratory failure). All
measures were carried out against the back_
ground of intensive anti-shock therapy and
elimination of dominant internal organs da-
mage after appropriate preoperative training.
Later, with satisfactory hemodynamic para-
meters, urgent surgeries were carried out on
injuries of the musculoskeletal system.

In cases of surgical interventions in the
patients of the third group with severe pre-
dominant trauma of musculoskeletal system,
among which there were fractures of thigh, leg
bones, shoulder, forearm, foot, brush, shoulder
girdle, metal osteosynthesis was carried out.
Exceptions were the cases of severe placement
and tear of limbs. Such patients underwent a
primary surgical treatment of the wound or
limb amputation without delay.

All patients, besides general clinical
examination, underwent evaluation of the
number of platelets, clotting time, duration of
bleeding and study of coagulation: prothrombin
index, prothrombin activity thrombotest, total
fibrinogen, fibrinogen, fibrinogen A, activated
recalcification time.

The venous system of lower extremities was
studied by means of distal ascension phle-
bography, color dopplerography and duplex
ultrasonography SIMENS ACUSSON X 300.

Accompanying pathology of cardiovascular,
respiratory and endocrine systems was found
in 1167 (82.8 %) persons.

In patients with decompensation of accom-
panying pathology (coronary heart disease,
hypertension, non-specific chronic diseases of
lungs, diabetes mellitus), preoperative pre-
paration was conducted in a hospital setting.

The number of surgical interventions
during the period of research in the department
is 865 surgeries, including 410 urgent. The other
patients were treated conservatively (Table 2).
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Table 2. Types of surgical interventions carried out in the Department of Traumatology

Type of surgery Quantity Number of thrombo-
embolic complications

1. Surgery of the segments of musculoskeletal system:

1.1. Open reposition and metal osteosynthesis 376

1.1.1. Intramedullary blocking and metal osteosynthesis 44
1.1.2. External fixing devices 25 17.2 %

1.1.3. Repositioning 12

1.1.4. Sketch plates 295

1.2. Primary surgical treatment and metal osteosynthesis 74

1.3. Primary surgical treatment without metal osteosynthesis 191 10.0 %
2. Joints surgery 93

2.1 Open reposition and metal osteosynthesis 38

2.2 Removal of metal fixators 3 44.2 %

2.3 Arthroscopy 3

2.4 Endoprothesis 49
3. Reconstructive surgery 31

3.1. of soft tissues 27 24.1 %

3.2. of bones 4
4. Removal of metal sections 56 -
5. Minimally invasive intervention 19 -
6. Palliative treatment of metastatic bone lesion 12 4.5 %
7. Other 10 -

Results

In the examined patients, a number of
factors of postoperative thrombotic compli-
cations were defined: thrombotic complications
in history, coagulation disorders, cardiovascular
and malignant diseases, overweight, traumatic
complications, and traumatic nature. Malignant
diseases, breast cancer, prostate and rectum
cancer were most commonly associated with
pathological fractures of femur and shoulder
bones.

Chronic cardiac insufficiency of the I-II
degree was diagnosed in 651 (46.2 %) patients,
varicose enlargement under skin of lower limbs
veins - in 624 (42.2 %) patients. Obesity was
evidenced in 237 (16.8 %) patients. Hyper-
coagulation was revealed in 270 (18.2 %)
patients. Changes in the coagulogram did not
always correspond to the severity and features
of phlebothrombosis. Only in 6 out of 33 pa_
tients fibrinogen B was present within 8 days
after the surgery. Aslightincrease in fibrinogen
A was observed in 22.3 % and significant one
(up t0 9.9 g/l) in 24.2 % of patients. In all other
patients, its content was decreased up to
1.45 g/I. the changes in other indicators were
not significant that did not cause the need for
additional instrumental survey methods.

Diseases of thrombophlebitis of subcu-
taneous or deep veins of lower extremities were
revealed in 72 (15.3 %) persons.

The choice of anesthetic method also
affected the number of thrombotic compli-
cations. One of the main causes of thrombo-
embolic complications in trauma patients in the
postoperative period is spasm of peripheral
vessels caused by operational stress, which
leads to tissue ischemia and thrombosis. The
stress response of the body in general with
anxiety is the result of insufficiency of blockade
of nerve impulses that are transmitted through
the sympathetic nervous system.

The number of phlebothrombosis in pa-
tients who underwent surgery under general
anesthesia with artificial ventilation was high -
22 cases (68.3 %). The decrease in the number
of complications took place due to significant
reduction of stress pulses in cases of spinal
anesthesia (9 patients (27.2 %)) and conductive
anesthesia in combination with intravenous
anesthesia (2 patients (4.5 %)).

Discussion

Prevention of thrombotic complications was
aimed at elimination of pathogenetic parts of
phlebothrombosis, such as decreased blood
flow, increased blood coagulation, damage of
vascular wall and dependence on the risk
factors presence.

The mechanism of action was physical, drug
and surgical methods of prevention of throm-
bophlebitis of lower extremities. Over time,

oo
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these methods were applied preoperatively,
sub-operatively and postoperatively.

Preventive measures were taken on the
15t-2nd day of hospital stay.

All patients fully underwent a prophylaxis
of thromboembolic complications by means of
low molecular weight anticoagulants and
compulsory complex of kinetic therapy.
Bemiparin (low molecular weight heparin
(LMWH), Zibor 2500, Berlin-Chemie AG) at an
appropriate therapeutical dose was prescribed
from the 15t day of patients’ stay in the hospital
for 10-14 days of the postoperative period once
a day subcutaneously in the stomach area. For
the patients with moderate risk and high
surgery risk (major interventions, over 40 years
old in age, obesity, and serious co-morbidities)
Bemiparin was prescribed at a dose of 5000-
7500 IU per day while patients stay in the
hospital [12, 13].

In case of changes of venous tract of legs,
in the patients with a great anamnesis, elastic
stockings and elastic bandings were worn.

Suboperative procedures into ankle joint,
early arousal of the patient after surgery,
medical physical exercises were performed for
all patients.

Venotonics (Detralex, Phlebodia-600, etc.)
were used in the complex treatment of the
patients with chronic venous insufficiency [14].

In persons with subacute and chronic
thrombophlebitis of subcutaneous veins the
surgical prophylaxis of thromboembolic
complications was performed. A crossectomy

was carried outin 9 (1.9 %) patients, as the first
stage before surgical intervention.

Not taking into account the complex of
preventive measures, in 4-5 days after surgery,
in 10 patients (1.1 %) thrombophlebitis of shin
varicose veins, in 12 (1.3 %) - iliofemoral throm-
bosis developed, in 8 (0,9 %) patients deep
thrombosis of lower extremities veins was
diagnosed. Drug therapy was effective in 16
people. 4 patients had ligation of thighs large
subcutaneous vein. In 1 case, small intestinal
tract was observed. There were no cases of
lethal death associated with thromboembolic
complications. No hemorrhagic complications
were present.

Thus, the development of pathogenetic
mechanisms of thromboembolic complications
in the complex measures for their prevention
allowed decreasing the number of postoperative
complications and mortality in trauma patients.

Conclusions

In trauma patients, who undergo surgical
intervention, a high risk of thromboembolic
complicationsis established thatis a prerequisite
for the preventive measures.

Prevention of thromboembolic complica-
tions should be complex and individual, taking
into account the nature of the injury, the di-
mension of surgical intervention, and the
associated risk factors.

The combination of physical, drug and
surgical prophylaxis prevent thromboembolic
complications in trauma patients.

INATOI'EHETHUYHI IIAXO0AN TA HIIAXH ITPOPIIAKTHKHN
TPOMBOEMBOJITYHUX YCKIAZHEHD V TPABMATOJIOITYHHUX XBOPHUX

N. 10. IBawyk

TEPHOMI/IbCbKMIA EPKABHU MEAVNYHWI YHIBEPCUTET IMEHI I. fi. FOPBAYEBCHKOIO, TEPHOML/b, YKPAIHA

BcTyn. Po3/15HYmMo numaHHs npoginakmuku mpom6oemboaidHUX YCKAAOHEeHs Y MpasMamono2iYHux Xeopux.
MerTa. TayieHmie 8i0dineHHs mpasmamonozii TepHONiNLCoKOI MiCbKOT NiKapHi 6y10 nodineHo HA KinbKa 2pyn 2pynu.

Mepwa 2pyna Hanidysana 263 ocobu (18,6%) 3 noaimpasmMoro, Hechpusimau8uM NPO2HO30M iy MAXKOMY CMaHi. Apyay epyny
(462 xsopux abo 32,8% eubipku) ckAGAU NAYIEHMU 3 KOMOIHOBAHOK MPABMOK MA CYMHIBHUM NPO2HO30M 0151 HUMMA.
Tpems epyna Hanidysana 685 ocib (48,6% eubipku) - nayieHMU i3 i30/16080HOK MPABMOK MA CNPUAMAUBUM NPO2HO3OM.
MeToawn. Ycim nayieHmam, okpiM 302016H020 KAIHIYHO20 06CMEXCeHHS, 8U3HAYAAU HACMYNHI NOKA3HUKU: NPOMpoM-
6iHosul iHOekc, npompombiHo8y akmueHicme, mpomb6omecm, 302016HUl PibpuHo2eH, pibpuHo2eH B, pibpuHozeH A

akmueosaHull Yac pekansyu@ikayii. BeHO3Hy cucmemy HUXMHIX KiHYioK 6y10 00caidxeHO 30 00NOMO20K OUCMANbHOI

sucxioHoi pneboepadii, Koneoposozo donnsepisceko2o ma dynaekcHoz0 Y3/ i3 Simens Acusson X 300.

PesynbTaTwn. Ycim xeopum y nogHoMy 06’emi 6ya10 nposedeHo npo@inakmuky mpomM60emM60aiYHUX YyCKAAOHEHb WASXOM
30CMOCY8QHHS HU3bKOMO/EKYAAPHUX 2enapuHie i 0608'A3Ko8UM KoMN/aeKcoM KiHemepanii. beminapuH y 8ionoeioHili do3i
8800U/1U 00UH pa3 Ha 0eHb npomszom 10-14 OHie nid Yac nicasgonepayiliHo2o nepebysaHHs 8 cmayioHapi. 4aa nayieHmie 3
NOMIPHUM | 8UCOKUM pU3UKOM (0BWUpPHE onepamusHe 8mpy4aHHs, 8ik NoHAd 40 pokie, oxuUpiHHA i ceplio3Hi cynymHi
30X80pHBAHHSA) beminapuH e8odusu y do3i 5000-7500 MO Ha 006y nid Yac nepebys8aHHs nayieHmis y cmayioHapi. Y oci6 3
NOMIipHO 20CMPUM i XPOHIYHUM MPOM60Ge6imom NIOWKIPHUX 8eH NPOBOOUAU Xipyp2iYHy Npodinakmuky mpomM6oemb0oaidHUX
YCKNaOHeHsb.

BUCHOBKW. [10€0HAHHSA @i3uYHOI, papmakonoziyHoi ma xipypeidHoi npodinakmuku 3an06i2an0 mpom60em60aiYHUM
YCKAAOHEeHHAM y mpasmMamos02i4HUX X8OPUX.

K/TFOYOBI C/IOBA: Tpom60em6onisi; TpaBMa; noniTpaBMa; npodinakrmka; 6eminapuH.
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MIXED GERM CELL TERATOMATOUS TUMOUR OF TESTIS IN ADULTS:
DIAGNOSTIC CHALLENGES FOR A HISTOPATHOLOGIST (case report)

D. Aden', M. Shadan’, I. D. Khan?, F. Alam', M. Naim’, R. Mohiyadheen’, E. Naim'
"JAWAHARLAL NEHRU MEDICAL COLLEGE, ALIGARH MUSLIM UNIVERSITY, ALIGARH, INDIA
2ARMY COLLEGE OF MEDICAL SCIENCES AND BASE HOSPITAL, NEW DELHI, INDIA

Background. Testicular tumours account for approximately 1-2 % of the total cancer cases in the male
population globally and show higher incidence in the younger male age group of up to 15 years. The majority
(~98 %) of testicular tumours are observed to be of the germ-cell origin which can either be of seminomatous
type or non-seminomatous type. The non-seminomatous germ cell neoplasm may be pure or of mixed subtype.

Objective was to emphasize the rare case of mixed germ cell teratomatous tumour of testis in adult man.

Methods. A mixed germ cell teratomatous tumour of testis comprising of yolk sac tumour and embryonal
carcinoma in an adult Indian male is reported in the research.

Results. A 45 year-old Indian male presented with enlargement of right testis which was found to be an
encapsulated right testicular tumour on exploratory surgery which was followed by radical orchiectomy. Serum
AFP and B-hCG levels were elevated to 380 ng/ml and 590 mg/ml respectively. Histopathology revealed a mixed
germ cell teratomatous tumour of testis comprising of yolk sac tumour and embryonal carcinoma.

Conclusions. In adults teratomas occur usually as a component of mixed germ cell tumours. However in
the present case teratomatous embryoid yolk sac germ cell tumour of testis was observed in an Indian adult
male. The prognosis of embryoid germ cell tumours of testis is generally poor. The possibility of this condition
should always be considered in all cases that present with a testicular lump.

KEY WORDS: testicular tumours; mixed germ cell tumor; embryoid bodies; adult male.

Introduction

Testicular tumours account for approxi-
mately 1-2 % of the total cancer cases in the
male population globally [1]. Testicular neo-
plasia present in a very distinctive age group
of distribution and prove higher incidence in
the younger male age group of up to15 years
old [2]. The majority (~98 %) of testicular
tumours are observed to be of the germ-cell
origin [3]. Germ cell neoplasia includes the
seminomatous (SGCT) and non-seminomatous
germ-cell tumour (NSGCT) types. NSGCT may
present as pure (one cell type), or mixed cell
(multiple cell type) tumours, depending upon
the origin from the adult germ cells or dedif-
ferentiated embryonal cells or from both [2, 4].
The adult germ cell tumours include seminoma,
spermatocytic seminoma, while the dediffe-
rentiated NSGCT present a wide spectrum
including embryonal carcinoma, embryonal-like
somatically differentiated teratoma, extra-
embryonally differentiated choriocarcinoma,

Corresponding author: Dr. Inam Danish Khan, Associate Pro-
fessor, Clinical Microbiology and Infectious Diseases, Army
College of Medical Sciences and Base Hospital, New Delhi
110010, India

E-mail: titan_afmc@yahoo.com

Mobile phone: +91 8076324060

and yolk sac tumour phenotypes [2]. The
embryonal tumours usually occur in the infant
and child groups [5].

A mixed germ cell teratomatous tumour of
testis comprising of yolk sac tumour and
embryonal carcinoma in an adult Indian male
is reported in the research.

Case History

A 45 year-old Indian male was admitted in
Jawaharlal Nehru Medical College, Aligarh
Muslim University, India with the complaints of
enlargement of right testis in the scrotum for
six months. Patient was conscious about tes-
ticular mass and had no other constitutional
symptoms. On clinical examination, a non-ten-
der, firm, freely mobile, and oval lump mea-
suring 6x4x3cm was palpable, diffusely invol-
ving the right testis. The left side showed
normal descended testis of normal size, shape,
and consistency. Other external genitalia were
normal.

Ultrasonographic examination of testis
revealed a well-defined encapsulated mass of
a size of 54x44 mm with solid and cystic
components. No inguinal lymph node enlarge-
ment was evidenced. Chest radiography results
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were normal. Serum AFP and B-hCG levels were
elevated to 380 ng/ml and 590 mg/ml respec-
tively. Exploratory surgery revealed an en-
capsulated right testicular tumour. Radical
orchiectomy was performed and excised mass
was submitted for final diagnosis.

Gross examination proved a firm, encapsu-
lated globular swelling measuring 4.5x4x3 cm.
The cut surface presented greyish brown
appearance with cystic and solid areas (Fig. 1).

Haematoxylin and Eosin (H&E) stained
paraffin sections revealed mixed cell tumour

comprising of large pleomorphic atypical cells
with vesicular nucleus, prominent nucleoli,
abundant cytoplasm, and poorly defined cell
borders forming embryoid bodies pathogno-
monic of embryonal carcinoma of testis (Fig. 2a
and 2b). The interspersed areas were of epi-
thelial tubulo-papillary structures with Schiller-
uval bodies and presence of hyaline globules
characteristic of yolk sac tumour (Fig. 3).The
findings were diagnostic of teratomatous mixed
germ cell tumour of testis comprising of yolk
sac tumour with embryoid carcinoma of testis.

Fig. 1. Gross examination showed a firm, encapsulated globular swelling measuring 4.5x4x3 cms. The cut
surface presented greyish brown appearance with solid-cystic areas

g ! ; 20
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Fig. 2a and 2b. H&E stained sections revealed mixed cell tumour comprising of large pleomorphic atypical
cells with vesicular nucleus, prominent nucleoli, abundant cytoplasm, and poorly defined cell borders form-
ing embryoid bodies pathognomonic of the embryonal carcinoma of the testis (100x and 400x).
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Fig. 3a and 3b. H&E stained sections showing epithelial tubulo-papillary structures with Schiller-Duval bod-
ies and presence of hyaline globules characteristic of Yolk sac tumour (100x).
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Follow up. Post-surgical recovery of the
patient was uneventful. He was referred to
Medical Oncology Department for platinum
chemotherapy and reporting well under follow
up for the last 4 months.

Discussion

Histopathological findings in the present
case were diagnostic of teratomatous mixed
germ cell tumour of testis comprising of yolk
sac tumour and embryoid carcinoma of testis.
Diagnosis of gonadal germ cell tumours pre-
sents diagnostic challenges for the histopa-
thologist. Microscopically, more than a half of
germ cell tumours consist of more than one cell
type, requiring appropriate sampling for the
correct diagnosis [6]. Usually these tumours
present one or more of the 4 basic histological
patterns namely, seminoma, embryonal car-
cinoma, choriocarcinoma, and teratoma [7].
The correct diagnosis often has major important
therapeutic and prognostic implications.

About one-third of all the testicular tumours
are mixed germ cell tumours and 50 % of the
mixed cell testicular tumours contain
teratomatous components [8]. Very often a
random admixture of elements is noted. Yolk
sac tumour is a common component of mixed
germ cell tumours of testis, accounting for
about 1 % of the testicular germ cell tumours
[7].In one series the most frequent combination
of mixed germ cells in the tumours was of
teratoma and embryonal carcinoma, the major
component being teratomatous embryoid
elements with minor foci of yolk sac tumour [8].
Another study reported histologically that
nearly 59 % of the mixed germ cell tumours
contained seminoma, 41 % yolk sac tumour,
and 47 % embryonal carcinoma and teratoma
components [3].

Although mixed germ cell tumours are
common in testis; the presence of embryonal
carcinoma and yolk sac elements in the
orchidectomy specimen have been a histo-
pathological curiosity, emphasizing the
pluripotentiality of the testicular germ cells.

Some workers related this pluripotency of
testicular germ cells either to testicular
embryonal cell-rests, or to mutations of
gonocytesacquired during the fetal development,
or to acquired germ cell chromosomal ab-
normalities during the adulthood [9, 10].
Irrespective of the developmental pathway the
tumour cells can histologically differentiate into
spermatic germ cell like differentiated (semi-
noma), primitive zygotic (embryonal carcinoma),
embryonal-like somatically differentiated
(teratoma), and extra-embryonally diffe-
rentiated (choriocarcinoma and yolk sac
tumour) phenotypes [7].

Human chorionic gonadotropin (HCG) and
a-Fetoprotein (AFP) serve as helpful tumour
marker for testicular germ celltumours in the
adult population [11].

In adults teratomas occur usually as a
component of mixed germ cell tumours. The
age range in adults is same as of other ma-
lignant germ cell tumours. Pure teratomas are
uncommon in adults but when present behave
in a malignant fashion [12]. Histologically,
teratomas consist of tissues representing the
3 germinal layers: endoderm, mesoderm, and
ectoderm. The embryonal carcinoma with
teratoidembryoid bodies and yolk sac tumour
elements are characteristic histopathological
findings which distinguish the teratomatous
germ cell tumours of testis from the other germ
cell tumours. Usually teratomatous germ cell
tumours occur in the infant and early childhood
[5]. However in the present case teratomatous
embryoid yolk sac germ cell tumour of testis
was observed in an Indian adult male. The
prognosis of embryoid germ cell tumours of
testis is generally poor [13, 14].

Conclusions

We wish to emphasize through this case
report that even though the occurrence of
mixed germ cell tumour in adults is a rare
phenomenon, the possibility of this condition
should always be considered in all cases that
are present with a testicular lump.
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SMIIIAHI TEPMIHOTEHHI IVX/IMHH SI€EYKA 'V JOPOC/IHX:
AIATHOCTHYHHWU BUK/IHUK JJIA T'ICTOJIOTA (KITHIYHUU BUITA/IOK)

D. Aden’, M. Shadan’, I. D. Khan? F. Alam’, M. Naim', R. Mohiyadheen’, E. Naim'
1 - JAWAHARLAL NEHRU MEDICAL COLLEGE, ALIGARH MUSLIM UNIVERSITY, ALIGARH, INDIA
2 - ARMY COLLEGE OF MEDICAL SCIENCESAND BASE HOSPITAL, NEW DELHI, INDIA

BeTyn. [Tumoma 8aza 2epMiHO2eHHUX NYXAUH A€YKA CMAHO8UMb6 NpubAU3HO 1-2% 8i0 302a/16HOI KiNbKOCMI 3/105KICHUX
nyxAuH y Yyonosikis, i yacmiwe 3ycmpivyaromsca y 8iyi 0o 15 pokis. binswicme (~ 98%) nyxauH S€YOK, IKi MOHOMb NOXOOHCEHHS
i3 3ap0OKOBUX KNIMUH, MOXYMb 6ymu CeMiHOMHUMU i HeCeMiHOMHUMU nyxauHamu. OCMaHHI Moxyme 6ymu npedcmaesneHi
00HUM KOMNOHeHMOM (4ucmi) a60 KinbKoMa - 3MIWQAHI NYXAUHU.

MeTa gocnig>keHHs o3Haliomumu wupokul 3a2a fikapie 3 pidKiCHUM 8UNAOKOM 3MilUQHOI 2epMiHO2eHHOI NYXAUHU
SIEYKA y 00P0OC/1020 Y0/108iKA.

MeToau pocnipg>keHHA. OnucaHo KAiHIYHUG 8unadoK 3MiWaHOi MepamoMamo3HOi 2epMiHO2eHHOI NyXAUHU, Wo
CKNa0anacs 3 NYXAUHU HO0BMKOB020 MilUKA i eM6PiOHANbHOI KApYUHOMU y d0p0oC/a1020 iHOIlicbko2o Yo108iKa.

Pe3ynbTaTu A0CNIA>KEHHS. Y 45-pi4H020 40/108iKa 3 36in6WeEHHAM NPa8o20 A€YKA 0ia2HOCMOBAHO IHKANCY/NbOBAHY
nNyxAUHy NPago2o AEYKaA, Nic/s AKOI NposedeHO padukanbHYy opxiekmomiro. PieHi cuposamkogozo anspa-pemonpomeiHy ma
XOPIioHiYH020 20HA0OMpPONiHy 6yau nideuwjeHi 0o 380 He/M i 590 M2/MA 8idnosidHo. MicmonoziyHull aHani3 eus8US 3MIWUAHI
3ap0o0KO8I KNIMUHU MepamomMamo3Hoi NYXAUHU SEYKQ, U0 MICMUAU KAIMUHU #08MKO8020 MiKa i eM6PiOHAA6HOT KOPpYUHOMU.

BucHoBKW. 3a38uyall y 00pocaux mepamomu 8UHUKAOMb K KOMNOHEHM 3MIWAHUX NYXAUH eMOPiOHANbHUX KAIMUH.
lpome & daHoMy KAiHIYHOMY 8UNAOKY MepamoMamo3Ha 2epMiHO2eHHA NYXAUHA cnocmepiaanacs y 0opocn020 iHOilicbko2o
4os08ika. [1p02HO3 NPU MAKUX NYXAUHOX, AK npaeuao, Hecnpuamaueul. Hessaxcaroyu Ha me, wjo nodibHi nyxauHu

3ycmpivyaromsca ekpali pioko, ye HeobxioHo spaxosysamu npu dudepeHyiansHili diazHocmuyi.
K/TtOYOBI CJ/TOBA: nyx/IHU AIEYOK; 3MilLlaHa repMiHOMHa NyX/IMHA; eM6pioHaNbHi TiNbLS; AOPOCNIA YONOBIK.
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IS METABOLOMICS THE DIAGNOSTIC TOOL FOR MEDICAL
DIAGNOSTICS OF CANCER? AN EXAMPLE BASED ON LUNG AND BREAST
CANCER

A. Lamasz', W. Barg?, P. Mlynarz'
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Background. Metabolomics is a relatively new diagnostic tool that allows a deep insight into the body
metabolism at a cellular level.

Objective. This paper provides a comprehensive view into the metabolomics methodology and shows
usefulness of this approach in diagnosing and stratifying lung and breast cancers.

Methods. Literature review of metabolomics studies and its clinical application in the diagnosis of cancer-
selected studlies.

Results. In general, the metabolomic approach comprises three steps: 1) sampling and preparing biofluids
or tissue homogenates, 2) identification of low-molecular weight compounds up to 1.0 kDa using nuclear magnetic
resonance, mostly 'H-NMR and/or mass spectrometry, and finally 3) data processing and analysing. It is possible
to identify a set of metabolites, which is specific for a certain metabolic status (the metabolic fingerprint).
Furthermore, this set of metabolites provides information of possible pathomechanisms involved in the disease
process i.e. information about the disease etiology. It has been proven that the change in metabolome precedes;
not only clinical symptoms but other laboratory findings as well. Consequently, this approach, if sufficiently

validated, seems to be very promising especially in screening and early diagnosing.

Conclusions. It was demonstrated that metabolomic approach allows to discriminate patients with cancer
from healthy persons, as well as to differentiate between clinical stages of the cancer.

KEY WORDS: metabolomics; metabolome; breast cancer; lung cancer.

Introduction

To understand the complex processes
occurring in the living systems the holistic
approach should be used within employing all
established multilevel approaches, currently is
called ‘omics science’. In general, there are
more than 100 types of omics subjects,
including sciences such as: genomics,
transcriptomic, proteomics, and metabolomics.
This approach includes all-important live
processes from information storage transcrip-
tion processes, protein production, up to
enzymes actions transforming certain
substrates to products maintaining the cell
living processes. While genomics and
proteomics have been successfully introduced
to routine diagnostics, metabolomics is still on
the runway despite its assessed potential [1].

Corresponding author: Piotr Mtynarz, Ph.D., D.Sc., Bioorganic
Chemistry Group, Faculty of Chemistry, Wroctaw University of
Science and Technology, Wroclaw, Poland

E-mail: piotr.mlynarz@pwr.edu.pl

Phone number: +48713203616

Metabolomics refers to the analysis and
interpretation of ongoing processes in living
organisms at the end of life chain consisting of
genomics-transcriptomics-proteomics-meta-
bolomics science. Metabolomics might be
strongly influenced by external factors such as
environment, life style, diet, medications, as well
as by additional metabolite input from the body's
microbiomes. Metabolites are delineated as low-
molecular weight compounds (LMWC) up to
1.0 kDa. Those compounds are carbohydrates,
fatty acids, lipids, amino acids, nucleosides, or
other organic molecules which are involved in
biochemical reactions as substrates, inter-
mediates, and/or final products. The set of body’s
metabolites ultimately form its characteristic
metabolome. Metabolome is a dynamic system,
which is largely dependent on internal bio-
chemical reaction and external factors mentioned
above [1, 2]. Metabolomics is a comparative
science, e.g. the obtained information should be
compared to the referenced one or vice versa.
With this approach metabolomics can be
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regarded as a diagnostic tool, which in principle
enables to describe current metabolic status of
cells, tissues, and organs. Simply put, it can define
the general health of a living organism. This is
done by analysing body fluids, either secreted
like urine, saliva, mother milk, stool, or obtained
during standard medical sampling procedures
such as serum, plasma, cerebrospinal fluid, tissue
samples etc.. The samples collection for meta-
bolomics studies is relatively simple, however
certain procedures must be followed [3]. The
patients must follow standard requirements:
they should be fasting and reports all designated
therapy, addictions, and medical history. The
samples taken should be stored at -80 °C or
preserved in liquid nitrogen [2, 4]. This low
storage temperature ensures the maintaining of
metabolic composition, i.e. minimalizing possible

changes in the metabolic profile after sampling,
and protects against potential influence of the
donor’s microbiome [5, 6].

Comprehensive or even partial deter-
mination of the metabolome is not possible
with a single analytical method due to different
levels of detection limits and different group
determination. There are many analytical
methods employed for metabolomics, each of
them having both advantages and disadvan-
tages. However, there are two main methods,
which are routinely used in metabolomics
studies: NMR (Nuclear Magnetic Resonance,
mostly 'TH-NMR) and MS (Mass Spectrometry)
hyphenated with separations techniques [2].
Studies based on both NMR and MS have a
common pathway:

Raw sample preparation
and/or extraction of
metabolites

N Data collection
> NMR/GC or LC-MS

Data processing
and data analysis

\/

Fig. 1. Typical workflow for metabolomics studies [2].

One of the most important advantages of
the MS method is the sensitivity to femtomole
concentration, which allows analysing up to
several thousand molecules in a certain sample,
resulting in precise molecular descriptionin the
tested specimen. On the other hand, repro-
ducibility with MS is usually worse as compared
to NMR spectroscopy. Unlike the MS, the NMR
method provides high reproducibility with the
ability to combine structure analysis and
detection of the range of 30-90 molecules
without sample destruction (biofluids).
However, the detection limit of individual
compounds is shifted several rows and strongly
depend on the time of measurements
(acquisition). The advantage of this method is
the ability to measure different compounds
such as amino acids, nucleosides, amines, acids,
etc. all at the same time. The data obtained with
both methods are both quantitative and
qualitative among the set of detected meta-
bolites [7].

The results obtained are further elaborated
using chemometric multidimensional discri-
minatory methods. For this type of studies, the
methods most commonly used are: unsuper-
vised PCA, supervised PLS (Partial Least Squares

Discriminant Analysis), and OPLS-DA (ortho-
gonal version of PLS-DA). These approaches
allow describing each subject not with 2 or 3
variables (chemical compounds or characteristic
parameters) as in routine statistical analysis,
but even hundreds of variables (chemical
compounds - metabolites) can be analysed with
selection of the most specific ones. Those
compounds or more often sets of compounds
can be employed as biomarkers for discri-
minating patients from healthy individuals or
for staging of the disease [8].

Application of metabolomics in the diagnosis
of cancer - selected studies

Lung cancer

In Europe, lung cancer accounts for
approximately 20 % of all cancer deaths, with
376 000 deaths in 2008. Unfortunately, the early
stages of this cancer are usually low-
symptomatic and final diagnosis is made late
in the natural history of the disease. Conse-
quently, effective treatment is not possible up
to 90 % of cases, and the overall 5-year survival
rate is 11.2 % for men and 13.9 % for women
[9]. The metabolomic studies of lung cancer are
based on various body fluids, predominantly
blood serum, urine, and saliva. The most
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common type of lung cancer is non-small cell
lung cancer (NSCLC). The main recognized risk
factor for NSCLC is cigarette smoking.
Additionally, COPDis considered anindependent
risk factor of lung cancer [10]. Our team has
demonstrated a possibility to differentiate
between patients with COPD and with two
stages of NSCLC: an early NSCLC (E-NSCLC) and
an advanced NSCLC (A-NSCLC). Using '"H NMR
method we were able to identify 45 metabolites
in patients’ serum. Concentrations of acetate,
citrate, and methanol were significantly
reduced in lung cancer subjects. In contrast,
concentrations of N-acetylated glycoproteins,
leucine, lysine, mannose, choline, lipids (L3 +
L4), and two other unknown compounds were
increased in for patients suffering cancer in all
three performed comparisons: NSCLC vs.
COPD, ENSCLCvs. COPD and ANSCLCvs. COPD
[10]. Similar results were obtained by Musharraf
et al [11]. Using GC-MS method for tracing
metabolites in plasma, they were able to
discriminate lung cancer patients from COPD
patients, as well as healthy non-smokers and
healthy smokers with high sensitivity (96.2 %)
and specificity (92.05 %).

Another research group focused on
differentiating early lung cancer patients from
healthy controls. They used '"HMR and rapid
resolution liquid chromatography (RRLC)
methods to investigate metabolites in serum
and identified 25 metabolites, which were up
or down regulated. Those findings proved
disorders in glycolysis, lipid metabolism,
choline phospholipid metabolism, one-carbon
metabolism, and amino acid metabolism. The
use of both methods enabled diagnosing early
stage of lung cancer with a very high accuracy
[12]. Mass spectrometry hyphenated with gas
chromatography (GC-MS) was used by Horia
and co-workers [13]. They demonstrated that
the levels of 23 of 58 serum metabolites and 48
of 71 sampled from tissue were significantly
changed in patients with lung cancer with I-IV
stage as compared, with healthy volunteers. An
early cancer stage was also investigated by
other group using LC-MS method. In this study,
the achieved AUCvalue based on 12 metabolites
was 0.836 [14].

Urine also has a strong discriminative
potential in lung cancer diagnosing. This was
proven in a study performed using '"H NMR
method by Carrola and colleagues [15]. The
main metabolites differentiating between
healthy controls and lung cancer patients were:
hippurate, trigonelline, B-hydroxyisovalerate,

a-hydroxyisobutyrate, N-acetylglutamine, and
creatinine. They were able to develop a
classification model, which confirmed 93 %
sensitivity and 94 % specificity with overall
classification rate of 93.5 %. [15]. The studies
performed by LC-MS method on urine samples
from cohort of 469 patients with lung cancer
and 536 controls revealed two biomarkers:
creatine riboside and N-acetylneuraminic acid,
which were significantly increased in non-small
cell lung cancer and were associated with worse
prognosis [16].

Exhaled breath condensate (EBC) seems to
be naturally associated with lung cancer.
Indeed, studies on EBC performed with GC-MS
[17] and LC-MS [18] proved diagnostic
usefulness of EBC differentiating lung cancer
patients, COPD patients, smokers, ex-smokers,
and healthy controls. In addition to the above
mentioned biofluids, also sweat should be in-
cluded, which was successfully used to diffe-
rentiate the lung cancer patients from control
individuals with risk factors and without them
by its analysis by LC-MS system [19].

Recently, a very promising study has been
published by Shen et al.. Using two-stage study
design and advanced metabolon platform they
were able to identify four metabolites, which
may be useful biomarker candidates for
identifying patients, who may benefit from
platinum-based chemotherapy in advanced
NSCLC [20]. The comprehensive review on lung
cancer biomarkers and metabolomics methods
has been published recently [21].

Breast cancer

Breast cancer (BC) is the most common
cancer in women worldwide and the morbidity
keeps rising. Incidence vary from 19.3 per
100,000 women in Eastern Africa to 89.7 per
100,000 in Western Europe [22, 23]. Some
decrease in the number of death caused by BC
is observed mainly due to the improvement in
early diagnostics [24]. Nevertheless, routine
methods currently used to detect BC usually
are not effective, especially in the very early
stages [25].

A new approach in cancer diagnostics
involves the use of metabolomics tools for
blood serum and urine analysis [25, 26, 27].
Metabolomic-based diagnosing not only seems
to allow discriminating healthy controls from
BC subjects, but also differentiating metastatic
BC from early stages of BC as well [28, 29].

Previous studies proved that BC can be
diagnosed by NMR spectroscopy and by MS,
both by use of serum and urine [27, 30, 31].
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However, those metabolomic studies involved
relatively small groups and, utilized various
protocols and methods [32]. Therefore, a more
integrated and coherent methodology should
be used [33].

The GC-MS method can be used for
metabolic profiling of serum. Using this
method, it was possible to differentiate patients
with BC from patients with non-malignant
tumours, and from healthy controls. Sets of
amino acids, fatty acids, and lysolipids allowed
differentiating these three groups [31]. There
is also evidence that polar compounds analysis
has been successfully applied for metabolomic-
based BC diagnosing in tissue samples. Chae
and co-workers used HR-MAS "H NMR method
for retrospective analysis in the patients with
ductal carcinoma in situ (DCIS) diagnosed on
preoperative biopsy. The univariate analysis
proved that choline-containing compounds did
not differ between the groups, while GPC/PC
ratio, myo-inositol, and succinate were higher
in the “pure’ DCIS group as compared to the
invasive carcinoma subjects. Multivariate
analysis OPLS-DA could discriminate to some
degree between these two groups [34]. Com-
parable results were obtained in other groups.
In a study based on add space 'H NMR method
the authors were able to distinguish between
the non-invasive intraductal carcinoma and
invasive ductal carcinoma patients. Histidine
concentration was significantly lower in the
patients with invasive ductal carcinoma. In
contrast, those patients presented higher
concentrations of glucose, lactate, tyrosine, and
lipids in plasma samples, as compared to the
non-invasive carcinoma group [35].

Itis also possible to differentiate metastatic
BC patients from the ones with a localized,
early-stage disease. Serum analysis with NMR
spectroscopy identified 9 metabolites: histidine,
acetoacetate, glycerol, pyruvate, glycoproteins
(N-acetyl), mannose, glutamate, and phe-
nylalanine concentrations, all of which were
significantly different, than those in the other
studied groups [26].

Volatile organic compounds (VOC) from
urine samples can also be used for BC diagnosis.

In the study of Silva et al., gas chromatography-
mass spectrometry was used to obtain meta-
bolomic patterns of 26 BC patients and 21
healthy individuals. Of the 79 volatile identified
metabolites six compounds were of diagnostic
power: (-)-4-carene, 3-heptanone, 1,2,4-tri-
methylbenzene, 2-methoxythiophene, phenol,
and dimethylsufide. All of them were able to
successfully discriminate between the groups
[30].

More holistic approach was suggested by
Bro et al. In a retrospective study they combined
"H NMR data with other relevant biological and
phenotypicinformation to construct a patient’s
biocountour. With this approach the authors
could predict an increased risk of BC, a few
years before its occurrence with sensitivity and
specificity well above 80 % [36]. Avery interesting
paper aiming on possible associations of diet-
related metabolites with BC risk was published
recently by Pleydon et al.. Using CE-MS method
they identified a bunch of metabolites, which
were moderately correlated with increased risk
of estrogen receptor related to BC development
[37]. The annually increasing literature data
proves the usefulness of metabolomics in BC
[33, 38].

Conclusions

Data from the literature clearly demonstrate
the usefulness of metabolomic approach in
diagnostics of lung cancer, breast cancer, and
many other diseases. Despite this, the meta-
bolomic approach is still not routinely imple-
mented into medical protocols. This results
from many factors. Analytical methods used for
metabolomic research are neither standardized
nor validated. Consequently, it is difficult to:
compare results obtained by various research
groups, and determine the definitive clinical
recommendations. Threfore we need more and
more research to overcome these difficulties.
However, in the future the metabolomic
approach with fingerprinting and profiling-
based methods, combined together with
predictive-discrimination statistical models
should be the method of choice for preventive,
screening, and treatment research.
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METABOJIOMIKA - HOBUHA HIAXIJA 10 AIATHOCTYBAHHS PAKY?
HA ITPUKJIAAI PAKY JIETEHb TA MOJIOYHHX 3AJI03

A. Lamasz', W. Barg?, P. Mlynarz'

1 - BIOORGANIC CHEMISTRY GROUP, FACULTY OF CHEMISTRY, WROCEAW UNIVERSITY OF SCIENCE
AND TECHNOLOGY, WROCEAW, POLAND
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BcTyn. Mema6oaomika ye 8ioHOCHO Hosuli diazHocmuYHuUl nidxio, akuli 00380/4€ aHAni3ysamu Mema6oiyHi npoyecu
HQ pieHI KAiIMUHU.

MeTa gocnipykeHHs Ta MeToAM - 02/1490 MexHO02ii AHANI3y Memabo0MiKU Ma if BUKOPUCMAHHS Y KAIHIYHIT npakmuyi
0/151 0ia2HOCMUKU Ne8HUX 3/10AKICHUX 30X80PHBAHb.

PesynbTtaTtn. 3az2as0m, MemabosomidHull nioxio skarodae mpu emanu: 1) 8id6ip npob bioosnozidyHux mamepianis, 2)
ideHmMu@ikayis HU36KOMONEKYAAPHUX Cnoayk macoto 00 1,0 k/ja 3 UKOPUCMAHHAM I0ePHO20 MA2HIMHO20 pe3o0HaHCy ma/
abo mac-cnekmpomempii, 3) 06p06Ka Ma aAHANI3 OAHUX.

Cb0200HI MU MOXYeMO 8U3HAYUMU HAbip Memabosimie, Wjo € cneyupidHuM 04151 Ne8HO20 MemMaboaiYHO20 cmamycy (mak
38aHUl «Mema6osiyHUll 8i06umMok»). Ljeli Habip Mmemaboaimis dacme MOX/IUBICMb OYIHUMU NE8HI NaMo2eHeMuUYHi NAHKU
ma 8U3HaYUMUCA 3 emios102i€r0 3ax80prOBAHHSA. /jogedeHo, ujo 3MiHU 8 Memab0o0Mi nepedyrome, He Auwe nossi nepuwux
KAIHIYHUX 03HAK ma cumnmomis, ane U 6yO0b-SKUM 3MIHOM y KAiHiKo-na6opamopHux aHasizax. Omxice, mema6oaoMiyHul

nioxio moxce 6ymu nepcnekmMueHUM 0415 CKPUHIH2Y MQa PAHHbLOI 3ia2HOCMUKU.
BucHoBKW. JosedeHo, wjo Memabosomika 03805€ hep8UHHO diazHoCmysamu ma nposecmu dudepeHyiansHuli 0iazHo3

cmadii 3105KicHO20 npoyecy.

K/TFOYOBI C/IOBA: meTa6onomika; MeTa6oniTh; pak MOJIOYHOI 3a5103U; paK JIereHb.
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HEMOPHAGOCYTOSIS SECONDARY TO PHARYNGEAL ABSCESS
IN AN IMMUNOCOMPETENT PATIENT (case report)

I. D. Khan, M. Malik, K. S. Rajmohan, P. Banerjee, S. Khan, P. S. Panda,
M. Brijwal, S. Gupta, Kahkasha, S. Gazala, E. Sawarat, M. S. Aguinaga
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Background. Hemophagocytosis is a rare, potentially fatal disorder, comprising pancytopenia, liver
dysfunction, hepatosplenomegaly, hypertriglyceridemia, and hyperferritinemia presenting as fever, lympha-
denopathy and skin rashes.

Objective. To attract the clinicians’ attention to a problem of hemophagocytosis in Critical Care management.

Methods. Hemophagocytosis secondary to pharyngeal abscess in a 58 year old male is being reported.

Results. A 58-year-old immunocompetent patient presenting with hemophagocytosis secondary to pharyngeal
abscess, was managed on ventilator and inotropic support, when he developed heathcare-associated urinary
tract infection by Escherichia coli and ventilator-associated pneumonia by Acinetobacter baumanii. He developed
neutropenic septic shock and multi-organ dysfunction and went through a downbhill course leading to demise.

Conclusions. Hemophagocytosis remains a sinister entity in modern intensive care despite astute clinical
management. Secondary superinfections with opportunistic multidrug resistant pathogens are difficult to treat.
A high index of clinical suspicion, aggressive diagnosis and prompt treatment for hemophagocytosis and
polymicrobial opportunistic superinfections with multidrug-resistant healthcare-associated pathogens needs to

be addressed upfront.

KEY WORDS: hemophagocytosis; pharyngeal abscess; Acinetobacter baumanii; pancytopenia;

ventilator-associated pneumonia; sepsis.

Introduction

Hemophagocytosis is a rare, potentially
fatal disorder, comprising pancytopenia, liver
dysfunction, hepatosplenomegaly, hyper-
triglyceridemia, and hyperferritinemia presen-
ting as fever, lymphadenopathy and skin
rashes. Primary hemophagocytosis may be
genetic (X-linked lymphoproliferative syndrome
and Chediak-Higashi syndrome), while
secondary hemophagocytosis may occur due
to infections, malignancies (lymphomas) and
autoimmune diseases (sarcoidosis). Bacterial
infections causing hemophagocytosis are
tuberculosis, typhoid, brucellosis and
ehrlichiosis. Many viruses such as swine
influenza H1N1, avian influenza, measles,
Epstein-Barr virus, human immunodeficiency
virus, parvovirus, hepatitis viruses, herpes
viruses and Varicella zoster virus, parasitic
diseases such as leishmaniasis, systemic
mycosis and various emerging pathogens can
also cause hemophagocytosis [1, 2, 3, 4, 5].
Corresponding author: Dr Inam Danish Khan, Associate Profes-
sor, Clinical Microbiology and Infectious Diseases, Army College
of Medical Sciences and Base Hospital, New Delhi 110010,
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E-mail: titan_afmc@yahoo.com
Mobile phone: +91 8076324060

Antigenic stimuli cause a progressive immune
reaction with a cytokine storm, activate
macrophages phagocytose erythrocytes and
leucocytes in bone marrow and lymphoid
tissues. Hemophagocytosis secondary to
pharyngeal abscess in a 58 year old male is
being reported.

Case Report

A 58 year old male with mild odynophagia
and nasal congestion of three year duration
along with high grade continuous fever of one
month duration, was referred to a tertiary-care
facility. On examination at arrival, the patient
had anintoxicated appearance with tachycardia,
tachypnea, fever 105.3 °F, pallor and weight
66 kg. He was nursed in intensive care after
tracheostomy with ventilator support in
synchronized intermittent mandatory venti-
lation (SIMV) mode along with inotropic
support for worsening hypotension. Ventilator
was readjusted to continuous positive airway
pressure (CPAP) mode. Central venous pressure
was 8 mm Hg. Hot potato voice and nasal twang
were evidenced along with oral mucositis and
coated tongue. Oedematous and erythematous
soft palate with superficial slough was present.
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Ulcer on posterior pharyngeal wall extending
from soft palate to floor of vallecula and
multiple aphthous ulcers along the lateral
border of tongue were evidenced. Bilateral
congested palpebral conjunctiva and arcus
senilis were also present. Ultrasonography
revealed subcutaneous emphysema chest,
hepatomegaly, distended gall bladder and
grade II prostatomegaly. CECT chest revealed
bilateral ground glass opacities in lung bases
and early interstitial lung disease in posterobasal
segment of right lung. Repeat NCCT neck
revealed mass in right pyriform fossa which was
confirmed by spiral CT neck, obliteration of right
pyriform sinus, thickening of right aryepiglottic
folds with restriction of right true vocal cord
movement suggestive of mass lesion. MRI
showed diffuse oedema and thickening of
posterior naso-oro-hypopharyngeal walls with
effacement of right pyriform sinus and signi-
ficant compromise of lumen. Acute pansinusitis,
bilateral mastoiditis, bilateral pleural effusion
and fibrotic opacity right lung were evidenced.
Subcutaneous emphysema of right subclavian
region was present. History of low-grade
continuous fever two months prior to high-
grade fever was elicited for which he was
treated with injectable antimicrobials with little
improvement. There was history of loose stools
10-12 times and weight loss 2.5 kg over past
three months. He underwent septoplasty three
years earlier.

During the course of hisillness, haemoglobin
dropped from 10 gm/dl to 7.5 gm/dl with
leukopenia reducing from 3600/cu mm to
900/cu mm with neutrophil count 600/cu mm.
Erythrocyte sedimentation rate increased from
45t0 96 in one hour. Anaemia workup revealed
mean corpuscular volume 69 fl, serum iron
23 ug/dl, total iron binding capacity 936 pg/dl,
ferritin 280 pg/dl. Liver function tests included
total bilirubin 3.4 mg/dl, direct bilirubin
0.6 mg/d|, alanine and aspartate aminotrans-
ferases 125 and 55 mg/d|, alkaline phosphatase
78 mg/dl and gamma glutamyl transferase
180 mg/dl. Coagulation profile was deranged
with INR 2.6, d-dimers 3.17 pg/l and features of
early disseminated intravascular coagulation.
Dyselectrolytemia and hypocalcaemia persisted.
Serum IgA and IgM were raised. Serum protein
electrophoresis revealed polyclonal bands in
gamma regions. Microbiological work up
including Mantoux test, tuberculosis polymerase
chain reaction, widal test, malarial serology,
tests for HIV, syphilis, Hepatitis B and Clostridium
difficile toxin were negative. Blood cultures were

negative, urine cultures revealed Escherichia
coli. Throat swab revealed Streptococcus viridans
and budding yeast cells. Tracheal aspirates
revealed Acinetobacter baumanii susceptible to
colistin and Cryptococcus laurentii which was
susceptible to all antifungals. Histopathological
work up involving punch biopsy from pharyngeal
wall and nasopharynx revealed chronic
inflammatory posterior pharyngeal wall
abscess. Repeat biopsy revealed acute ulce-
ration with granulomatous tissue without
malignant cells. Bone marrow biopsy revealed
reactive marrow with brisk haemophagocytosis.
Vasculitis work up was negative. No blasts or
atypical cells were seen. Rheumatologic workup
for both anti-neutrophil cytoplasmic antibodies
and myeloperoxidase were not contributory,
however C-reactive proteins and gamma
glutamyl transferase were raised. Whole body
dual-time Positron Emission Tomography (PET)-
fludeoxyglucose F 18 (FDG) scan revealed avid
inflammatory lesions in oropharynx and non-
FDG avid mass in left pharyngeal spaces along
with bony erosions in cervical vertebral bodies
with adjacent soft tissue attenuation. A host of
other investigations such as thyroid profile,
vitamin B-12 assay, upper gastrointestinal
endoscopy were not contributory. Neutropenic
septic shock and multi-organ dysfunction
developed and the patient went through a
downhill course leading to demise.

Discussion

Deep seated abscesses in pharyngeal
spaces can be present insidiously with pro-
longed fever which may be difficult to localize
and treat. Apart from features of infection such
as fever, they can cause pressure effects leading
to variable degrees of dysphagia, odynophagia
and respiratory obstruction and/or compromise.
The abscess can spread to contiguous areas or
the inflammation can affect surrounding
tissues. Pre-existing comorbidities can lead to
rapid worsening of general condition despite
the infection being localized, which may also
preclude surgical intervention [6, 7]. Conditions
leading to hemophagocytosis can also cause
granulomatous hepatitis. Hemophagocytosis
in this patient appears to be due to multiple
etiology causing immunological stimulation in
parallel. Hemophagocytosis is known to occur
in patients under intensive-care leading to
sepsis and multiple organ failure as evidenced
in this patient [8]. Unexplained hypotension
requiring inotropic support in this patient is
likely to be due to pre-existing disease conditions
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such as pulmonary emphysema and liver
disorder. Pancytopenia in hemophagocytosis
can lead toimmunocompromised state facilita-
ting opportunistic infections such as healthcare-
associated urinary tract infection and ventilator-
associated pneumonia. Acinetobacter baumanii
was multidrug resistant and was susceptible
only to colistin. Secondary superinfections with
opportunistic multidrug resistant pathogens
were difficult to treat[9, 10, 11, 12]. CT, MRI and
histopathology localized the same lesion
without detection of any other foci [13]. Whole
body dual-time PET-FDG scan revealed avid
inflammatory lesions in oropharynx which
could suggest active disease and non-FDG avid
mass in left pharyngeal spaces hints towards a
latent tuberculosis infection. Also the bony
erosions in cervical vertebral bodies with
adjacent soft tissue attenuation point towards
involvement of cervical spine.
Retropharyngeal space abscesses are a
disease of infancy, usually resulting from
abscess of lymph nodes draining infection of
ear, nose or throat[14,15]. Chronicinflammatory

posterior pharyngeal wall abscess is usually
evidenced in adults or slightly elder children.
Retropharyngeal abscess in adults is often
pyogenic and usually secondary to pharyngeal
or oesophageal perforation, sepsis in the throat
or sinuses, penetrating injury, oral endotracheal
intubation or trauma to pharynx. Retropha-
ryngeal tuberculous abscess can rarely be
present with odynophagia, neck pain, stridor,
mediastinitis and life-threatening respiratory
obstruction. Diagnostic limitations preclude
diagnostic outcome despite clinical intuition,
especially in emerging and rare pathogens [16,
17,18, 19, 20, 21].

Conclusions

Hemophagocytosis remains a sinister entity
in contemporary intensive care despite astute
clinical management. A high index of clinical
suspicion, aggressive diagnosis and prompt
treatment for hemophagocytosis and poly-
microbial opportunistic superinfections with
multidrug-resistant healthcare-associated
pathogens needs to be addressed upfront.

TEMO®ATI'OIINTO3 BHACIIAOK I'TOTKOBOT'O ABCLECY
B IMYHOKOMIIETEHTHOTI'O ITAIIIEHTA (KJITHIYHUU BUITA/IOK)

I. D. Khan, M. Malik, K. S. Rajmohan, P. Banerjee, S. Khan, P. S. Panda, M. Brijwal, S. Gupta,

Kahkasha, S. Gazala, E. Sawarat, M. S. Aguinaga

ARMY COLLEGE OF MEDICAL SCIENCES AND BASE HOSPITAL, NEW DELHI, INDIA

Betyn. Ffemogpazoyumos - ye piokicHuti, nomeHYiliHo Hebeane4yHull 044 xummas po3aaod, AKUl 8KAHYAE NAHYUMONEHItO,
nopyweHHs QyHKYii neyiHku, 2enamocnsieHomMez2aito, 2inepmpuaniyepudemito i 2inepdeppumuHemito, ma nposeasemMscs y
8u21A0i AUXOMAHKU, NiMPadeHmonamii ma WKipHUX 8ucUNaHe.

MeTa gocnip>keHHs npugepHymu yeazy sikapie 0o npobaemu 2eMopazoyumo3y y 8iddineHHsX HegioknadHoi donomozu.

MeToawn. OnucaHo kniHiYHUll sunadok 2eMo@azoyumo3sy, akulli Po3sUHy8cs Ha POHI 210MKoe020 abcyecy 8 Yon08iKa

58 pokis.

Pe3synbTaTw. 58-piyHuli imyHokoMnemeHmMHuUU nayieHm 3 2eMo@a2oyumo3oM Ha GoHi 210mKo80z20 abcyecy nepebysas

HO WmyyYHil eeHmuasayii neceHbL Ma ompumyeas iHomponHy ¢apmakomepanito (KapdiomoHiku), KOAU y Hb020 PO38UHYAACH
iHpekyis ceqosusiOHUX wnsxis, cnpuduHeHa Escherichia coli ma eeHmunsayiliHa nHeaMoHisi, cnpu4uHeHy Acinetobacter
baumanii. ¥ nayieHma po3suHyscs HelimponeHiYHul cenmu4Hul WOK i MyNbmuop2aHHA HedoCMamHicmes, ki npu3eenu 0o
tio2o cmepmi.

BUCHOBKW. He3gaxcaro4u Ha iHMeHCUBHY mepanito ma Cy4yacHi 3acobu i Memoou NiKy8aHHS, 2eMo$a20yumos
301UWAEMbCA Hebe3neyHUM 015 XUmms CMAHOM. BMOpUHHI cynepiHgekyii, cnpuduHeHi onopmyHicmu4yHumu
Mybmupe3ucmeHmMHUMU NAMO2eHAMU, 8aXKO NiOOAoMbCA NIKY8AHHH. KNiHIYHA HOCMOpPOXeHicMeb, azpecusHa diazHOCmuKa,
POAHHE NIKYBAHHA 2eMO$a204UMO3y ma My/sbmupe3ucCmeHmMHUX 0NOPMYHICMUYHUX cynepiHpekyili € HeobxioHicmw y
8i00iNeHHAX iHMeHcUusHoI mepanii.

KJ/TKOYOBI C/IOBA: remodaroumnTos; rnoTkoBuii abecuec; Acinetobacter baumanii; naHuMTONEHIA; BeHTU-
nauiiHa NHEBMOHiIf; cencuc.
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REACTIVE OXYGEN AND NITROGEN SPECIES ROLE IN EXPERIMENTAL
PERIODONTITIS DEVELOPMENT

A. Ye. Demkovych
I. HORBACHEVSKY TERNOPIL STATE MEDICAL UNIVERSITY, TERNOPIL, UKRAINE

Introduction. Activation of lipid peroxidation is one of the trigger mechanisms of periodontium injury,
which is primary caused by cellular damage. Reactive oxygen and nitrogen species (RONS) are able to cause
damage to a cell as well as final products of lipid peroxidation, including unsaturated aldehydes and other
metabolites.

Objective. The aim of the research was to determine the role of RONS and accumulation of lipid peroxidation
derivatives in initial development and formation of chronical inflammatory process in periodontium.

Methods. Experimental periodontitis was modeled in animals by injection of complex mixtures of
microorganisms diluted in eqg protein into periodontal tissues. The results of biochemical studies of free radical
processes activity in blood serum were evaluated by content of diene, triene conjugates, TBA-active products and
total quantity of metabolites of nitric oxide (NO,+NO,), which were determined on the 7", 14" and 30" days of
the experiment.

Results. Generation of active forms of oxygen is more influential, providing longevity of inflammatory process.
This pays attention to typical dynamics of changes in active processes of lipid peroxidation in the development
and course of experimental periodontitis. The study of inflammatory process with a bacterial-immune component
in the rats’ periodontal complex proved accumulation of lipid peroxidation and nitric oxide metabolites in blood

serum.

Conclusions. The preservation of increased lipid peroxidation and nitric oxide metabolites in blood serum
of the experimental animals with acute periodontitis conduce enhance of alteration and delayed healing that

result in its sequel into chronical periodontitis.

KeY Wo RdS: periodontitis; nitric oxide metabolites; TBA-active products; diene conjugates; triene

conjugates.

Introduction

Improvement of the established and
creation of new methods of generalized
periodontitis treatment is one of the urgent
matters of contemporary dentistry [1, 2].
inflammatory processes in the complex of
periodontal tissues are the most common
among inflammatory complications of
maxillofacial area [3, 4]. it is indisputable that
pathogenic infection is crucial in this case, as
well as their combinations, in particular
Staphylococcus and Streptococcus, which
develop in cases of reduced resistance of oral
tissues to infectious agents. [5, 6]. The etiology
and pathogenesis of periodontal diseases are
complicated and studied insufficiently however,
the infectious factor and ability of immune
protective mechanisms (local cellular unspecifi
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University, 1 Maydan Voli, Ternopil, 46001, Ukraine
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and general adaptive) are essential; the
features of pathological process development,
its subsequent treatment and prophylaxis
affects depend on them [7]. Itis unclear as well
as the mechanisms, due to which different by
nature and character of action local and general
factors lead to inflammatory and destructive
lesions of periodontal tissues [8]. The inves-
tigation of inflammatory process mechanisms
in the tissues of periodontal complex is one of
the current issues of contemporary dentistry
dueto arelatively wide spread and unfavorable
prognosis, because the frequency of periodontal
disease in world is within 5-20 % and increases
with age up to 75 % [9, 10].

t he development of inflammatory-destru -
tive changes in periodontal tissues is caused by
disturbances of microcirculation and trans-
capillary exchange with underlying severe
hypoxia. activation of reactive oxygen and
nitrogen species (Ron S) and exhaustion of
antioxidant defense in biological tissues is the
most serious of all effects and outcomes of
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hypoxia. activation of lipid peroxidation (I Po)
is a trigger mechanism for oxidative stress with
cellular metabolism disorders, which are
primary caused by damage of cellular and
subcellular membranes [11].

activation of | Po and decrease of antioxi-
dant protection contribute to accumulation of
deleterious free cholesterol, lysophosphatides,
phosphatidylcholine, that changes the dynamic
stability of cellular membranes due to patho-
logical process development in periodontal
complex [13].

all these facts about the influence of oxi-
dative stress on the pathogenesis of perio-
dontitis are present in the activity of lipid
peroxidation as potential predictors of esca-
lation of inflammatory lesions in periodontal
disease. t he disturbance of antioxidant pro-
tection in the patients with hypertension, which
was proved by changes in the activity of
catalase, ceruloplasmin and saturation of
transferrin by iron, and the increase in the level
of diene conjugates and TBA-active productsin
serum, which leads to the development of
endogenous intoxication syndrome in the
patients with general periodontitis. One of the
parameters that allow estimating the state of
free radical processes is the content of lipids
hydroperoxides and tBa-active products
formed by oxidation of unsaturated fatty acids,
and aldehyde and ketone derivatives, which are
developed by the action of active radicals on
the amino acid residues in protein molecules
[14].

t he components of bacterial toxins (espe-
cially lipopolysaccharide) and proinfla matory
cytokines (mainly tnf -q, il -1 and interferon
gamma-ifn -y) produced by the affected tissues
stimulate the production of nitric oxide (no ) by
the inducible nitric oxide synthase (ino S) in
different cell types [15]. It is proved that pa-
rodonotopathogenic bacteria are capable of
inducing NO formation by inducible NO
synthase. excessive n o formation, which occurs
when ino S is stimulated by proinflammatory
cytokines and endotoxins of pathogenic mic-
rofl ra of oral cavity, leads to nitrooxidative
stress which, together with the activation of
lipoperoxidation and oxidative modification of
proteins, can cause increased disintegration of
connective tissue components and progressing
of periodontitis [16].

The aim of this investigation was to deter-
minate the pathogenic influence of Ron S and
accumulation of lipid peroxidation derivatives
in regard to initial development and formation

of chronical inflammatory processin periodontal
complex.

Methods

the experiments were carried out using
white clinical healthy male rats, 150-200 g in
weight, in environments of vivarium, on a
standard diet balanced for the basic elements.
The research related to animals’ use has been
complied with all the relevant national regu-
lations and institutional policies for the care
and use of animals. The investigations was
conducted following the general rules and
regulations of the European Convention for the
Protection of vertebrate Animals Used for
experimental and o ther Scientific Purposes
(Strasbourg, 1986), the General Ethics on
animal experimentation (Kyiv, 2001).

the experimental animals were randomly
selected and divided into 4 groups: the 1t -
intact animal, controls (n=10); the 2" - animals
with experimental periodontitis on the 7t day
of study (n=8); the 3" -animals with experimental
periodontitis on the 14" day of study (n=8); the
4t - animals with experimental periodontitis
on the 30" day of study (n=8). experimental
periodontitis (EP) was caused by introduction
of complex mixtures of microorganisms diluted
in egg protein into periodontal tissues [17].
Simultaneously with the injections of the
pathogen a complete Freund’s adjuvant was
injected in the rat paw to enhance the immune
response. When conducting studies with
animals of group 4, on the 14" day, repeated
administration of the pathogen and injection
of adjuvant was carried out. At the 7t and 14t
days the experimental animals were euthanized
by total heart bloodletting and previous
thiopental anesthesia. Serum samples were
taken for further research.

In blood serum the level of diene (DC) and
triene conjugates (TC), TBA-active products and
total quantity of metabolites of nitrogen (II)
oxide were determined. the concentration of
diene conjugates (DC) and triene conjugates
(TC) was evaluated by the method based on the
fact that the extracted heptane-isopropyl
hydroperoxide mixture had an appropriate
absorption maximum: dC at a wavelength of
232 nm; TK at a wavelength of 275 nm [18]. The
total nitric oxide metabolites in blood plasma:
nitrite anion (NO,-) and nitrate anion (NO.-),
were determined by photometry using a Gray
reagent (sulfanilamide solution and N-naphthyl
ethylenediamine dihydrochloride in 30 % glacial
acetic acid), which was used as a color reagent
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giving raspberry coloring in the presence of
nitrogen oxide metabolites in a liquid [19]. t he
method of determining the concentration of
TBA-active products consisted in the ability of
malonic dialdehyde to interact with tiobarbituric
acid in an acidic medium to form a colored
complex which intensity is adequate to the
content of TBA-active products [20]. The results
were statistically analyzed by means of nonpa-
rametricindexes [21]. t he data were presented
in the arithmetic mean (M) + standard deviation
of the mean value (m) for a specific number of
the animals (n). Changes were considered
statistically significan at p<0.05. excel 2010
(Microsoft Corporation) and Statistica 10.0
(StatSoft, USA) software were used.

Results

These studies were performed inaccordance
with the suggested and patented patterns for
experimental periodontitis [22], which pre-
sented the influence of bacterial and immune
disorders on the mechanisms of inflammation
developmentin periodontal complex. t he study
of experimental periodontitis is associated with
the fact that this type and values of bacterial-
immune infl mmation has not investigated
before.

The results of the research proved that in
the early period of inflammation development
in periodontal complex, which included the
period from the 1%t to the 7™ day of the ex-
periment, there was an excessive accumulation
of lipid peroxidation products in serum, as
evidenced by increased concentration of DC (in
2.20times, p<0.01) and TC (in 1.93 times, p<0.01)

respectively, compared with the control group
of experimental animals (table 1,fig. 1). onthe
14t day of experimental periodontitis model,
there was a significant decrease of dC (in 1.53
times, p<0.01) and TC (in 1.52 times; p<0.01) in
serum compared to the group of animals
studied on the 7" day of the experiment, but
these indices were higher than those of the
intact animal group (in 1.44 times, p<0.01 and
by 1.26 times, p<0.01, respectively).

In the further observation, on the 30" day
of inflammatory process development in the
tissues of periodontal complex, the content of
DC in blood serum slightly increased in
comparison with the indices on the 7t" day, but
the data were statistically insignificant (p>0.05),
but on the 14t day this index increased in 1.53
times (p<0.01). When comparing it with the
indices of the control group, it was found out
that the content of this metabolite in serum
was significantly higher (in 2.21 times, p<0.01).

The content of triene conjugates changed
the same during the period of monitoring,
however, the increase in their concentration in
blood serum was less significa t-in 1.53 times
(p<0.01), compared with the indices on the 14"
day, and in 1.94 times (p<0.01), compared with
the control group. When comparing them with
the results of the group of animals with
experimental periodontitis on the 7t day of the
experiment, the changes were found to be
statistically insignificant (p>0.05)

When determining the ratio of DK/TC
content (Table 2) in blood serum, it was proved
that that index significantly increased on the
7% day of the study (in 1.15 times; p<0.01)

Table 1. Concentration of diene and triene conjugates in serum of the rats in different periods
of experimental periodontitis (M+m)

. duration of experiment| Number of DC, TC
form of experiment : . . conditioned,
(days) animals |conditioned, units/ml )
units/ml
Control, intact animals - 10 2.383+0.071 2.756+0.022
7 5.250+0.242 5.310+0.187
p1<0,01 p1<0,01
14 8 3.431+0.089 3.485+0.107
p1<0.01, p1<0.01,
Animals with periodontitis p2<0.01 p2<0.01
30 8 5.266+0.141 5.338+0.140
p1<0.01, p1<0.01, S
p2>0.05, p2>0.05, a4
p3<0.01 p3<0.01 £
(=]
Notes: p1 - statistical significance of differences relative to the intact animals; E
p2 - statistical significance of differences relative to the animals with experimental periodontitis on the 7" day of the research; 0
p3 - statistical significance of differences relative to the animals with experimental periodontitis on the 14" day of the research. )
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fig. 1. Changes in the indices of lipid peroxidation in rats’ serum in the experimental periodontitis follow-

up (% of the control).

Notes: * - statistically significant differences relative to the intact animals (p<0.01);

# - statistically significant differences relative to the animals with periodontitis on the 7 day of the experiment (p<0.01);
o — statistically significant differences relative to the animals with periodontitis on the 7% day of the experiment (p>0.05);
° - statistically significant differences relative to the animals with periodontitis on the 14" day of the experiment (p<0.01).

compared to the control group and remained
on the same level throughout the duration of
the experiment: it was higher on the 14™ (in
1.16 times, p<0.01) and on the 30™ day (in 1.15
times, p<0.01) of the indices of the intact
animals. When comparing the same ratios in
the rats at different periods of the experiment,
in particular on the 7t, 14", 30% days, the
differences were statistically insignificant
(p<0.05).

As a result of the study of the main indices
of lipid peroxidation - the content of t Ba-active
products, significant changes were also
evidenced (Table 3). In particular, it was found
out that on the 7t day of experimental
periodontitis development in the rats, this
serum level was higher in 4.22 times (p<0.01)
compared to the control group.

On the 14t day of the experimental
periodontitis model, a gradual decrease in the
level of TBA-active products (in 1.34 times,
p<0.01) was evidenced in blood serum in
comparison with the group of animals with

inammatory process in periodontal tissues on
the 7t day of the experiment, but these indices
were still increased compared to the intact
group of animals (in 3.16 times, p<0.01), that
proved a signicant activation of free radical
lipid oxidation processes during the entire
period of inflammation development. The
studies on the 30" day of the experiment
proved that the content of TBA-active products
in serum gradually decreased (in 1.49 times,
p<0.01 and in 1.11 times, p<0.01) respectively,
compared to the groups of animals with
experimental periodontitis on the 7t and 14t
days of the experiment. at the same time, it was
higher (in 2.84 times, p<0.01) than in the intact
group of white rats (Fig. 2).

at the early stage of experimental perio-
dontitis development, that is on the 7" day,
there was a signicant increase in the content
of nitric oxide metabolites (no ,+no ), which
were classied as unstable products of free
radical oxidation in serum (in 6.86 times,
p<0.01), but on the 14* day this index changed

Table 2. Correlation of diene and triene conjugates in serum of the rats in different periods
of experimental periodontitis development (Mtm)

DENTISTRY

form of experiment Control, intact animals Animals with periodontitis
duration of experiment (days) - 7 14 30
Number of animals 10 8 8 8
DC/TC 0.86+0.03 0.99+0.02 | 1.00+0.04 | 0.99+0.01
p1<0.01 p1<0.01, | p1<0.01,
p2>0.05 | p2>0.05,
p3>0.05

Notes: p1 - statistically significant differences relative to the intact animals;
p2 - statistically significant differences relative to the animals with experimental periodontitis on the 7th day of the research;
p3 - statistically significant differences relative to the animals with experimental periodontitis on the 14th day of the research.
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Periodontitis
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B TBA-active products

Periodontitis
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fig. 2. Changesin the indices of t Ba-active products in rats’ serum in the experimental periodontitis follow-

up (% of the control).

Notes: * - statistically significant differences relative to the intact animals (p<0.01);
# - statistically significant differences relative to the animals with periodontitis on the 7% day of the experiment (p<0.01);
° - statistically significant differences relative to the animals with periodontitis on the 14" day of the experiment (p<0.01).

reversely, that is it decreased (in 1.31 times,
p<0.01) compared with the animals on the 7*
day of the experiment, but was increased
compared to the intact group of animals (in 5.25
times, p<0.01) (Table 3, Fig. 3).

Characterizing the changes in the content
of products of metabolism of nitric oxide in
blood serum of the experimental animals with
periodontitis, it should be noted that this active
form of oxygen on the 30t day of the experiment
along with the lipoperoxidation indices of
previous studies also signicantly increased (in
3.64 times, p<0.01) compared to the results of
the animals of control group. However, the data
were lower than those in rats on the 7t (in 1.88
times, p<0.01) and 14" days (in 1.44 times,
p<0.01) respectively.

Discussion

introduction of complex mixtures of micro-
organisms diluted in egg protein into pe-
riodontal tissues caused hyperergic inam -
matory process with signicant changesin soft
tissue of lower jaw accompanied by edema and
hyperemia of mucous membrane and the
manifestations were the same as the changes
in humans [23]. Inflammatory process in
periodontal tissues was accompanied by
cellular inltr ation of surrounding tissues and
destructive changes in periodontal complex [24,
25].

The obtained data proved that generation
of active forms of oxygen at a suciently high
level, activation of free radical lipid oxidation
were present during the entire period of

Table 3. The content of TBA-active products and metabolites of nitrogen (II) oxide (NO2-+NO3-) in

serum of the rats in different periods of experimental periodontitis development (Mtm)

. duration of experiment | Number of [TBA-active products,| no 2-+no 3-,
form of experiment }
(days) animal mcmol/I mcmol/I
Control, intact animals - 10 2.555+0.092 0.028+0.001
7 8 10.774£0.122 0.192+0.006
p1<0.01 p1<0.01
14 8 8.066+0.143 0.147+0.003
p1<0.01, p1<0.01,
Animals with periodontitis p2<0.01 p2<0.01
30 8 7.255+0.103 0.102+0.002
p1<0.01, p1<0.01,
p2<0.01, p2<0.01, >
p3<0.01 p3<0.01 -
2
Notes: p1 - statistically significant differences relative to the intact animals; =
p2 - statistically significant differences relative to the animals with experimental periodontitis on the 7th day of the research; Z
p3 - statistically significant differences relative to the animals with experimental periodontitis on the 14th day of the research. g
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fig. 3. Changes in the indices of metabolites of nitrogen (II) oxide in rats’ serum in the experimental peri-

odontitis follow-up (% of the control).

Notes: * - statistically significant differences relative to the intact animals (p<0.01);
# - statistically significant differences relative to the animals with periodontitis on the 7 day of the experiment (p<0.01);
° - statistically significant differences relative to the animals with periodontitis on the 14" day of the experiment (p<0.01).

inammatory reaction development, but the
highest degree was during the peak of the
inammatory process that corresponded to a
more severe clinical picture in this group of
animals. In a later period of periodontitis,
despite a slight decrease in the intensity of | PO,
a complete reduction of the inamed process
in periodontal tissues did not take place, which
may point to its chronicity.

the indices of lipid peroxidation activity: the
content of TBA-active products in serum proved
that irrespective of the period of their study,
during the development of bacterial-immune
experimental periodontitis, the formation and
accumulation of intermediate toxic products of
lipid peroxidation in serum took place at different
stages of its chain branching. also, the inam -
matory reaction in periodontal complex in the
acute period of development became a source of
formation of reactive oxygen species, which were
capable of triggering a cascade of free radical
processes involving NO-radical metabolites.
active form of oxygen on the 30" day of the
experiment proved the continuation of no
generation, the enhancement of free radical

processes activity and the disturbance of dynamic
equilibrium with the antioxidant defense system.

Conclusions

the inammatory process with bacterial-
immune component in periodontal complex is
accompanied by increase of lipid peroxidation
and nitric oxide metabolites in the blood serum
that affects the course and completion of the
inammatory pr ocess.

a signicant increase of diene and triene
conjugates level and TBA-active products in
blood serum in the acute period (on the 7t day
of the experiment) and a temporary decrease
on the 14t day, as well as further increase on
the 30™ day of the experiment evidence the
increased generation of reactive oxygen species
and their derivates for the entire period of
inammation de velopment.

the preservation of increased lipid peroxi-
dation and nitric oxide metabolites in blood
serum of the experimental animals with acute
periodontitis conduce to enhance of alteration
and delayed healing that resultin its sequel into
chronical periodontitis.

POJIb AKTHUBHHX ®OPM KHCHIO TA HITPOT'EHY V PO3BUTKY
EKCIIEPUMEHTAJIBHOI'O ITAPOAOHTHUTY

A. €. JemKoBUY

TEPHOMI/IbCbKWIA EPXABHUA MEAVNYHWI YHIBEPCUTET IMEHI I. . FOPBAYEBCHKOIO, TEPHOIML/Ib, YKPAIHA

BcTyn. Po3sumo okcudamueHo20 cmpecy € 0OHUM 3 NyCKOBUX MexXAaHi3Mig8 namozeHesy yuKoOXeHHHA Napo0oHMy.
AKMUBHI OopMU KUCHIO MQa Himpoz2eHy 300mHi UKAUKOMU NOWKOOXCeHHS KAIMUHU, maK camo K i KiHyesi npodykmu
nepeKuCHO20 OKUCAEHHS N1inidis, 8KAKYAKYU HeHacuYeHi ansoeziou ma iHwi memabdoaimu.

MeTa 00cn1idxeHHA noa20a Y 8USHAYEHHI PO OKMUBHUX GOPM KUCHIO Ma HiImpoz2eHy ma HaKonu4eHHs npodykmis
nepeKuCHO20 OKUC/AEHHS N1inidie y popMyB8aHHI XPOHIYHO20 3aNa/LHO20 NPOYECY 8 NAPOOOHMI.

MeTopwn. EkchepumeHmansHUl napodoHMUM MoOent8anu y meapuH WAAXOM 88e0eHHS CKAAOHUX cymiwel

DENTISTRY

MiKpoopaaHi3mie, po3eedeHux 8 A€YHOMY 6iKy. AKMUBHICMb 8iN6HOPAOUKANLHUX Npoyecie y cuposamyi Kposi oyiHro8anu
30 emicmom 0ieHo8UX Ma mpieHoBUX KOH'tozamis, TEK-akmugHux npodykmie ma mema6osimie okcudy azomy (NO> ma NO*)
Ha 7-y, 14-y ma 30-y dobu ekcnepumeHmy.

PesynbTaTn. leHepayis aKmusHUX GopM KUCHIO 3a6e3neyye 3HaYHy mpueanicme 3anaasHo20 npoyecy. Tomy munoea
OuHaMika npoyecie nepekUCHO20 OKUC/EHHS /inidie y po3eumky ma nepebisi ekcnepumeHmansHo20 Nepio0OHMUMY 8UKAUKAE
3HAYHUU iHMepec. Pe3ynemnmu HAWo20 00C/iONEHHHA 3aNa/A6HO20 Npoyecy 3 bakmepianbHO-iMyHHOK CKAQO080t0 8
nepiodoHMan6HOMY KOMN/eKci wypie 0080 8aXU1UBY POAb HOKONUYEHHS NPoOyKmie nepekucHo20 OKUC/AeHHs ninidie i
Memabosimig okcudy azomy 8 cupo8amyi Kpoei.
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BucHoBKwW. [TidsuwyeHull piseHb NpodyKkmie nepekucHO20 OKUCIeHHA Ainidie ma Mema6osimis okcudy a3omy e cuposamyi

Kpoei ekchepuMeHManbHUX MEAPUH 3 20CMPUM NAPPOOOHMUMOM CNPUSIOE NO2/AUGAGHHIO NOMO/02i4YHO20 npoyecy ma
YN08iNbHIOE 3020€HHSA, WO NPU380OUMbL 00 PO3BUMKY XPOHIYHO20 nepebiay 30X80PHOBAHHS.
K/TFOYOBI C/TIOBA: napofoHTUT; MeTaboniTu okcuay a3oTy; TBK-akTUBHI npoAyKTU; Ai€HOBI KOH toraTu;

Tpi€eHOBI KOH'loraTu.
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EPIDEMIOLOGIC EVALUATION OF THYROID DISEASES MORBIDITY
OF UKRAINIAN ADULT POPULATION FROM 2000 TO 2013

A. M. Antonenko, M. M. Korshun, O. P. Vavrinevych, S. T. Omelchuk, V.H. Bardov
0. O. BOGOMOLETS NATIONAL MEDICAL UNIVERSITY, KYIV, UKRAINE

Background. The diseases of thyroid gland have been attracting considerable attention in recent decades.
This is partly due to the fact that thyroid gland reacts actively to geochemical state and pollution of the environment
with industrial and agricultural waste products with the subsequent incidence of certain pathological processes.

The objective of the research was to analyze the morbidity of adult population of Ukraine for thyroid gland
diseases in the period from 2000 to 2013.

Methods. The methods of empirical and theoretical research of scientific information: analysis, synthesis,
induction, deduction and systematization, as well as epidemiological and statistical methods were used. Using
the Microsoft Office Excel (2007) and IBM SPSS StatisticsBase v.22 program the correlation and regression analyzes
were conducted.

Results. From 2000 to 2013, high levels of adult population endocrinopathies, thyroid in general and diffuse
goiter of varying degrees, general and primary morbidity were registered in the western and northern regions
of Ukraine, low - in the central, eastern and southern regions. Statistically significant (p<0.0017) positive correlation
between the level of prevalence and the level of incidence of endocrine pathology, diseases of thyroid gland as

PUBLIC HEALTH AND EPIDEMIOLOGY

a whole, as well as individual nosology was detected.

Conclusions. Regional peculiarities of the levels and dynamics of changes in the incidence rates of thyroid
morbidity among adult population of Ukraine can be related to the urgent environmental factors for each region.
This factor requires further study to develop effective methods of prophylaxis and defense.

KEY WORDS: morbidity; thyroid gland; adult population.

Introduction

The diseases of thyroid gland have been
attracting considerable attention in recent
decades. Inthe structure of endocrine pathology
prevalence in Ukraine they are the first: on
average 44 %, and in the endemic with iodine
deficiency western regions - up to 70 % [1]. This
is partly due to the fact that thyroid gland reacts
actively to geochemical state and pollution of
the environment with industrial and agricultural
waste products with the subsequent occurrence
of certain pathological processes [2]. In the
structure of endocrinological pathology,
different types of goiter are the largest share
[3, 4]. Minimizing thyroid dysfunction rates is
an important task for most countries of the
world, since, according to the WHO publications,
nearly 2 billion planet’s inhabitants are at risk
forthyroid diseases, including iodine-dependent
diseases [4, 5].
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Department Ne 1, O. O. Bogomolets National Medical Univer-
sity, 34, Peremogy avenue, Kyiv, 03680, Ukraine

E-mail: antonenko1985@ukr.net
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The objective of the research was to analyze
the morbidity of adult population of Ukraine
for thyroid gland diseases in the period from
2000 to 2013.

Methods

The object of our research was the level and
the dynamics of endocrine system (Class 1V,
E00-E90 according to the International Diseases
Classification of the Tenth Revision) and thyroid
gland (E00-E07) general morbidity (prevalence')
and primary morbidity (incidence?) of adult
population in 24 regions of Ukraine, the Crimea
as well as Kyiv and Sevastopil cities, in the
period from 2000 to 2013.

The sources of information were the reports
of the Endocrinology Service of Ukraine The
main indices of the activity of the endocrinology
service of Ukraine..! for the period of 8 years:
2000, 2004, 2005, 2006, 2009, 2010, 2011 and
2013 [7-14], according to which the evaluation
of general endocrinology morbidity, incidence
of diffuse nontoxic goiter degree, diffuse non-

1 The term recommended by WHO.
2 The term recommended by WHO.
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toxic goiter degree II-III, nodule goiter,
hypothyroidism, thyrotoxicosis, thyroiditis and
thyroid cancer (II class of neoplasm, C73) was
carried out. The spreadsheet was developed in
Microsoft Office Excel (2007).

The methods of empirical and theoretical
research of scientific information: analysis,
synthesis, induction, deduction and syste-
matization, as well as epidemiological and
statistical methods were used.

For the analysis of changes in the level of
general and primary thyroid disease, the
average absolute increase (AI), which charac-
terizes the average annual increase rate,
increase rate (AIR,%) and increase rate (IR, %),
were evaluated. The estimation of the basic
(relative to the level of the initial year) and the
chain (relative to the level of the previous year)
indices were carried out.

Using the Microsoft Office Excel (2007) and
IBM SPSS StatisticsBase v.22 program corre_
lation (with Pearson correlation coefficient - r)
and regression analyzes to estimate the
dynamics of population morbidity over a
fourteen-year period, the ranking of investigated
administrative territories (AT) of Ukraine
according to the levels of prevalence and in-
cidence for 2000-2013 years and the rate of their
increase, the identification of the relationship
between the incidence rate of individual thyroid
diseases and the relationship between the levels
and the rate of morbidity index increase
according to the calculation of the Spearman
rank correlation coefficient (r ), were conducted

Results

The current WHO statistics prove that the
pathology of endocrine system takes the third
place after cardiovascular and cancerous
diseases in the structure of the overall morbidity
and causes of mortality in most countries of the
world and it continues to increase [1]. A similar
situation is evidenced in Ukraine also, where
the increase in the number of patients with
various endocrinopathies in the period from
2005 to 2010 amounted to 9.85 % [14].

It has been established that in the period
from 2000 to 2013, the overall endocrinology
incidence (prevalence of endocrinopathies) of
adult population in 16 regions of Ukraine, the
Crimea, Kyiv and Sevastopil increased, as
evidenced by the statistically significant
coefficients of the Pearson correlation pair
(r>r,,,; r.,=0.707 at n=8, p=0.05). Regarding the
primary incidence of endocrine system diseases,
in the period of monitoring, a positive correlation

was established only in 6 regions, another one
(Cherkasy) proved a tendency to increase
(r>r_,; r.,=0.629 at n=8, p=0.1). At the same
time, the largest AIR and IR of both general and
primary morbidity were observed in Zaporizhia
region (IR 137.1 and 118.6 % respectively), Kyiv
(113.3 and 33.8 %), Mykolaiv (102.7 and 55.8 %),
Kharkiv (100.7 and 64.8 %), and Poltava (100.1
and 57.4 %) regions (respectively, 1, 2, 3, 4 and
5rank positions for IR of general morbidity and
1,5, 4,2 and 3 - IR of primary morbidity).

Significant (p<0.05) decrease of the total
endocrinological morbidity that correlated with
the year was observed only in three regions:
Volyn (administrative center is Lutsk), Sumy and
Chernihiv. In the other (five) regions the statis-
tically significant correlation between the pre-
valence of endocrine pathology and the year
was not proved. Regarding the primary morbi-
dity, a statistically significant inverse correlation
relationship was established in 8 regions (inclu-
ding Volyn, Sumy and Chernihiv); in another
one (Kirovohrad, administrative center Kro-
pyvnytskyi) and Crimea regions there was a
tendency to index decrease (0.05<p<0.1). In the
other (10) investigated AT, the level of primary
morbidity did not significantly change during
14 study years (p>0.1).

In general, between the IR of the general
and IR of the primary incidence of endocrine
system diseases in the period from 2000 to 2013
there was a significant positive correlation
(r=0.916; r__,=0.597 at n=27, p=0.001). The
same correlation was found between the levels
of prevalence and incidence of endocrine
pathology (r.=0.841).

In general, in the period from 2000 to 2013,
the highest levels of both indices of endocrine
disease were reported in Vinnytsia region and
the regions of Western Ukraine: Zakarpattia
(administrative center is Uzhgorod), Rivne,
Volyn (Table. 1). Primary morbidity was high
also in Ivano-Frankivsk, Ternopil and Khmel-
nitsky regions, and prevalence - in the northern
regions (Kyiv, Chernihiv and Sumy regions). It
should be noted that these areas have the
highest incidence of diffuse goiter of varying
degrees; in the northern regions of nodular
goiter and thyroid cancer as well.

The seven last ranked places according to
both indices of endocrine system diseases inci-
dence were occupied by the eastern (Luhansk),
southern (Zaporizhia, Kherson), central (Poltava)
regions and Sevastopil. Primary morbidity was
also low in Donetsk and Odesa regions, and
prevalence - in Kirovohrad and Mykolaiv. The
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lowest rates of diffuse goiter of different degrees
are presented in Table 1.

However, it should be noted that in the
regions that occupy the last ranked positions
according to the levels of both morbidity
indices, AIR and IR were high. On the contrary,
in regions with a high morbidity, AIR and IR
were low or even negative. This was confirmed
by the Spearman’s rank correlation coefficients,
which proved a statistically significant backward
correlation between the level and the IR of the
total (r.=-0.576; r__,|=0.478 at n=27, p=0.01) and
the primary (r.=-0.509, p<0.01) incidence of
endocrinopathies among the population of 27
investigated AT of Ukraine.

In general, the incidence rates of adult
population for endocrine diseases correlate
with the prevalence and morbidity rates of
diffuse goiter of various degrees (Table 2),
which is explained by a high specific gravity of
the latter in the structure of endocrine diseases.
Thus, in Ukraine in 2010, in the structure of
endocrinopathy, diffuse goiter of degrees I-III
was the second (29.99 %) after diabetes mellitus
(31.88 %), and the share of all thyroid gland
diseases was 46.67 % [14].

In the analysis of both indices of thyroid
morbidity, it was found out that during the

g

Rivne s

period of investigation, the highest levels were
registered in the western and northern regions
of Ukraine, and the lowest ones were in the
central, eastern and southern (except in the
Autonomous Republic of Crimea) regions
(Fig. 1). At the same time, in most of the western
and northern regions during 14 years there was
a decrease in both (Volyn, Lviv, Zakarpattia,
Ivano-Frankivsk, Sumy oblasts), or one (Ternopil,
Zhytomyr, Kyiv, Chernihiv) of the morbidity
indices, while the changes in the other were
insignificant (Fig. 2).

Kyiv was the exception: both indices,
especially the level of general morbidity,
increased; in Rivne and Chernivtsi regions the
general morbidity significantly increased
without significant changes in the primary one,
and in Khmelnitsky region significant changes
in both indices did not take place. The situation
in the central, eastern and southern regions
was the opposite, where in the majority of
regions there was a significantincrease in both
(Cherkasy, Poltava, Kharkiv, Donetsk, Zaporizhia,
Mykolaiv, Odesa) or one (Vinnytsia, Dnipro-
petrovsk, Kherson, Luhansk regions and
Sevastopil) of indices with minor changes of the
other. Kirovograd region and Crimea were the
exceptions: the general morbidity did not

Ukraine

17| 18 s B

Chernihiv =

Lutsk 10 {13 umy
Zhytomyr
2 5 20 | 20
s 15 .
Cviv o o Kyiv L =
£ 7 21 |18 Poltava Kharkiv
Ternopil YR RETY
herkasy, I w| Luhansk
Ivano- Vinnytsla 15| 22 v e R B =T
F Hivshk
e &z - nl= = 1] 27 |20 | 24
Uzhgoro 2 B - Kropyvnytshyi Dnipro ==
15 B
= Donetsk
Chernivtsi
Mykolaiv -
1] 23 =T N Zaporizhia
17 [t Odesa ET] =l = 27 | 22
Kyi 19
=z " Kherson
25 [ 25
22|27 25 |28
Sevastopil
26 |27 )
Crimea
8
ol
Copyright £ Onthewor[dmap.com Sevastopil

GM 2000y. | GM 2013 y.

Notes: | rizo00y. [P0 Y.

, where GM — general morbidity, PM — primary morbidity;

2. ranks: - — from 1 to ?;|:| — from 8 to 14;|:| — from 15 t020;|:| — from 21 t0 27.

Fig. 1. Thyroid morbidity.
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change significantly, and the primary one -
decreased (Fig. 2).

Thus, in relation to thyroid pathology, as
well asin case of endocrine diseases in general,
a statistically significant inverse relationship
between the level and IR of the general (r =
-0.687, p<0.001) and primary (r_=-0.735, p<0.001)
morbidity of adult population in 27 investigated
AT of Ukraine was revealed.

Concerning certain nosological forms of
thyroid pathology, during the period of mo-
nitoring, significant regional features were
revealed both for the levels of morbidity indices
and the direction of their changes in the period
of study.

Thus, the levels of primary and general
morbidity of diffuse goiter (DG) were the
highest in the western (Zakarpattia, Rivne and
Volyn regions - DG of degrees I and II-III,
Chernivtsi - DG of degrees II-11I, Lviv and Ivano-
Frankivsk - DG of degree I) and northern (Kyiv,
Sumy, Chernihiv) regions, and the lowest ones -
in the eastern (Donetsk) and southern (Odesa,
Zaporizhia, Kherson regions and Sevastopil)
regions (Table 1).

During 14 years of the study, the general
morbidity rate for diffuse goiter of degrees I
(DG-I) and II-III (DG-II-III) in 11 and 6 regions

respectively decreased, in 8 and 13 AT -
increased, which was confirmed by statistically
significant correlation coefficients. In 3 and 2
AT respectively, there was a tendency to
increase (0.707>r>0.622, 0.05<p<0.1); in the rest
of the AT there were no significant changes.
Regarding the primary morbidity of diffuse
goiter of different degrees, its level decreased
in 16 AT (p<0.05), in one region - a tendency to
decrease was evidenced; in the other 10 AT
there were no significant changes. It should be
noted that between the level and GR of both
general and primary morbidity with diffuse
goiter of degreesIand II-IIl there was a reliable
inverse relationship (fromr =-0.390 to r =-0.582;
r..,=0-381 at n=27 and p=0.05): the lower the
level of incidence in the region, the greater the
pace of its growth.

The highest levels of nodular goiter primary
and general morbidity were registered in the
northern regions (Kyiv city, Kyiv, Chernihivand
Sumy regions), Vinnytsia and Kherson regions
(Table 1). At the same time, in those regions, as
well as in Sevastopil, the highest levels of
thyroid cancer morbidity incidence and
prevalence were proved. The lowest levels of
morbidity rates for both nodular goiter and
thyroid cancers were registered in western

Ukraine
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Fig. 2. Dynamics of changes in the thyroid general and primary morbidity.
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(zakarpattia, Ivano-Frankivsk, Ternopil) and
Luhansk regions; only nodular goiter - in Lviv
and Odesa, only cancer - in Volyn and Rivne
regions. In general, between the levels of
nodular goiter primary and general morbidity,
on the one hand, and cancer, on the other hand,
there was a significant positive correlation
(Table 2).

Regarding the dynamics, in the study
period, the nodular goiter general morbidity in
25 of 27 AT increased, which was confirmed by
a statistically significant positive correlation
coefficient; in Zhytomyr region there was a
tendencytoincrease (0.707>r>0.622, 0.05<p<0.1)
and only in Volyn region the index decreased
(r=-0.902; p<0.01). Nodular goiter primary
morbidity increased in 22 AT (r>0.707, p<0.05);
in three - it did not change significantly,
remaining steadily high in Kyiv and Sumy
regions; and in Volyn and Zhytomyr - decreased
(r=-0.908, p<0.01 and -0.748, p<0.05,
respectively).

Regarding the overall incidence of thyroid
cancer, in general in the period of 2000-2013
there was no statistically significant relationship
in the period of monitoring between 25 out of
27 AT (p>0.05), only in Kyiv region the increase
(r=0.784, p<0.05) took place, while in Chernivtsi-
the decrease (r=-0.716, p<0.05) of the index.

The primary incidence of thyroid cancer in
the period of investigation increased in 15
regions and the Crimea Autonomous Republic
(r>0.707, p<0.05), while in 4 regions (Rivne,
Zhytomyr, Kropyvnytskyi, and Odesa), there
was a tendency to increase (0.707>r>0.622,
0.05<p<0.1), in the rest of the AT the relationship
between the level of the indices and the year
of monitoring was not detected (p>0.05).

The highest levels of both indices of the
incidence of adult thyroiditis in Ukraine were
registered in Kyiv city, Kharkiv, Donetsk, Kyiv,
Dnipropetrovsk and Kherson regions, and the
lowest - in Ternopil, Volyn, Luhansk, Zakarpattia
and Rivne regions (Table 1). In general, both
thyroiditis morbidity indices correlated with the
incidence of thyroid cancer, nodular goiter and
hypothyroidism (Table 2).

During the study period, the overall in-
cidence of thyroiditis, hypothyroidism and
thyrotoxicosis increased in most (24, 20 and 26,
respectively) of the studied AT, which was
confirmed by a statistically significant positive
coefficient of correlation. Regarding the pri-
mary morbidity of thyroiditis, hypothyroidism
and thyrotoxicosis, the indices increased in 13,
17 and 11 respectively.

Discussion

The regional peculiarities of the levels and
dynamics of changes in the incidence rates of
the thyroid morbidity among adult population
of Ukraine can be related to the priority envi-
ronmental factors for each region. It is estab-
lished that the western and northern regions
of Ukraine are different from the rest of the low
natural content in the soil of iodine. The
northern (Kyiv, Chernihiv, Zhytomyr, Rivne) and
Cherkasy regions are significantly conta-
minated by radioactive substances, including
radioactive iodine isotopes (predominantly
I-131), as a result of the Chernobyl accident. In
the eastern region, Dnipropetrovsk and Zapo-
rizhia regions, powerful industrial centers are
concentrated, in which relatively high levels of
environmental pollution by industrial toxicants,
including heavy metals, are registered. The
central and southern regions have developed
agricultural production, which today widely
uses chemical protection products for plants.
The study of the environmental factors in-
fluence on the Ukrainian adult population
thyroid morbidity will be a topical issue of our
further research.

Conclusions

In the period from 2000 to 2013, high levels
of adult population endocrinopathies, thyroid
glands in general and diffuse goiter of varying
degrees, general and primary morbidity have
been recorded in the western and northern
regions of Ukraine, low - in the central, eastern
and southern regions.

Statistically significant (p<0.001) positive
correlation between the level of prevalence and
the level of incidence of endocrine pathology,
diseases of thyroid gland as a whole, as well as
individual nosology has been detected.

It has been established that endocrine dise-
ases incidence rates of adult population corre-
late (p<0.01) with the prevalence and morbidity
rates of diffuse goiter of various degrees, which
is explained by a high specific gravity of the
latter in the structure of endocrine diseases in
general and thyroid pathology, in particular.

The factors that cause development of
various diseases of thyroid gland as well as
regional peculiarities of their development
require further study to develop effective
methods of protection and prevention.

* Kropyvnytskyi is a city in central Ukraine, and
is the administrative center of the Kirovohrad Oblast.
Between 1939 and 2016 it was called Kirovohrad.
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AHAJI3 3AXBOPIOBAHOCTI JOPOCJI0T'O HACEJIEHHA VKPATHU
HA ITATOJIOITIO HIUTOIIOAIBHOI 3AJIO3HU 3 2000 I10 2013 POKH

A. M. AHToHeHKo, M. M. KopuuyH, O. IN. BaBpiHeBuy, C. T. Omenbuyk, B. I'. BapaoB
HALIOHAJIBHUWN MEANYHWUN YHIBEPCUTET IMEHI O. O. EOTOMOJIbLA, KWUIB, YKPAIHA

BcTyn. [Tamosaozia ujumonodi6bHoi 30/103U OCMAHHIM YOCOM npusepmae 3HAYHY y8azy ¢axieyie kaiHiyHoi ma
npoginakmuyHoi MeduyuHuU. Yacmkoso ye noe’a3aHo 3 mum, Wo wumonodibHa 3G/1030 AKMUBHO peazye Ha 2e0XiMiYHuUl
CMaH i 306pyOHeHHs HABKOAUWHbLO20 Cepedosullya NPOMUCA0BUMU | CilbCbKO20CNOOAPCLKUMU 8i0X00aMU 3 HACMYNHUM
nowupeHHAM negHUX NAMOo02iYHUX npoyecie.

MeTolo focnifgkeHHs 6y/10 NpoaHAN3y8AMU 30X80PHOBAHICME A0POCI020 HACeNeHHS YKPaiHU HO 30X80PHOBAHHS
wjumosudHoi 3a103u 8 nepiod 3 2000 no 2013 poku.

MeToawn. Bukopucmoaysanucsi Memoou eMnipu4Ho20 Ma meopemu4Ho20 00CNidHeHHs HayKosoi iHpopmayii: aHanis,
CuHmMes, iHOyKyis, 0edykyia ma cucmemMamu3sayis, d MAKoX< enidemiono2i4Hi ma cmamucmuy4Hi Memoou. 3a doNOMO20H
npozpamu Microsoft Office Excel (2007) ma npozpamu IBM SPSS StatisticsBase v.22 6yau nposedeHi KopeaayitiHuli ma
pezpeciliHuli aHani3.

PesynbTatn. 3 2000 no 2013 pp. 30peecmpo8aHO 8UCOKUU pigeHb 3020/16HOI MA Nepe8uUHHOI 3aX80PHBAHOCMI HO
eHOoKpuHonamii, du@y3Huli mokcuyHuli ma eHoemiyHull 306y y 00pPOC/1020 HaCeNeHHS 3aXiOHUX i niBHIYHUX 06acmeli YkpaiHu,
HU3bKUl pigeHb - Y YeHMPaNbHUX, CXIOHUX i nis0eHHUX pe2ioHax. BuseneHo cmamucmu4Ho 3Ha4dywly (p <0,001) nozumueHy
Kopeasyio M pieHeM nowupeHoCmi ma pieHem 30X80pHBAHOCMI eHOOKPUHHOI NAMO/02i€0, 30X80PHBAHHAMU

WumosUOHOI 30/103U, @ MAKOH OKPEeMOH HO30/102i€r0.

BUCHOBKW. PezioHasbHi 0c061U80CMI pigHIO Ma OUHAMIKU 4aCMOMmMuU 30X80PHB8AHOCMI UjUMOBUOHOI 30/103U ceped
00p0C/1020 HACeNeHHS YKPAiHU MOX(ymb 6ymu noe'sa3aHi 3 eKono2iYHUMU Gakmopamu y KOXHOMY pezioHi. Leld ¢akmop
nompebye N0dan6WOo20 8UBYEHHS 04151 PO3PO6KU ePekmusHUX Memodig NPoYinakmuku ma 3axucmy.

K/TKOYOBI C/TOBA: 3axBOploBaHiCTb; WMTOMNOAIGHa 3a/103a; AopoC/ie HaceNeHHs, YKpaiHa.
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CEREBROPROTECTION BY GERMANIUM COORDINATION COMPOUNDS
IN EXPERIMENTAL ACUTE GLOBAL BRAIN ISCHEMIA

V. D. Lukianchuk?, 1. I. Seifullina? O. E. Martsinko?, O. O. Shevchuk?

1 - INSTITUTE OF PHARMACOLOGY AND TOXICOLOGY OF THE NATIONAL ACADEMY
OF SCIENCES OF UKRAINE, KYIV, UKRAINE

2 - ODESA I. I. MECHNIKOV NATIONAL UNIVERSITY, ODESA, UKRAINE

3 - 1. HORBACHEVSKY TERNOPIL STATE MEDICAL UNIVERSITY, TERNOPIL, UKRAINE

Background. Stroke is among the leading causes of death and disability worldwide with rising incidence
among young people today. This is the third most common cause of disability-adjusted life-years worldwide

Objective. The present study evaluated the cerebroprotective action of coordination compounds of
germanium with underlying global cerebral ischemia in rats.

Methods. Global cerebral infarction was induced by bilateral common carotid artery occlusion. For primary
screening we used numerous bis(citrate) germanates (stannates) compounds, which contained different metals:
OL1-8, and VITAGERM-1,2,3 and 4. All germanium complexes used were injected intraperitoneally (1 % aqueous
solution at a dose of 50 and 100 mg/kg in 35 min after bilateral common carotid artery occlusion). Piracetam
was used as a reference drug. Criteria of cerebroprotection efficacy survival of rats (%), ET50 (median effective
time), observational Irwin’s test.

Results. Almost all bis(citrate) germanates (stannates), which contained different metals, possessed anti-
ischemic activity of different intensity. The exceptions were cobalt-containing OL-6 and OL-2 compounds. The
most significant efficac of all investigated indices (which exceeded even reference drug) was evidenced for
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VITAGERM-1 - a coordination compound of germanium, diethylenetriaminepentaacetic acid and lithium.
Conclusions. Results of our experiments are the substitution for further more profound pharmacological
investigation of VITAGERM-1 for stroke cerebroprotection and its implementation into clinics.
KEY WORDS: global brain ischemia; germanium coordination compounds; screening.

Introduction

Today stroke is in the top 10 causes of death
in the world. It maintains the position as the
leading killer, and accounts for more than
6 million deaths annually [1]. In Ukraine, it is
near 100 000 cases each year, and almost 40 000
of them are fatal [2].

Risk of stroke is rising in direct proportion
to the patient’s age. However, it is observed its
rising incidence among young people up to 40
years old in age [2, 3]. Stroke affects men and
women equally and causes major social and
economic burdens to society: 80 % of survivors
are disabled until the end of life [4]. This is the
third most common cause of disability-adjusted
life-years worldwide [4, 5]. More than 80 % of
all strokes are ischemic and characterized by
occlusion of brain vessel of thrombi or embolus.

The aim of the study is to find the effective
cerebroprotector among original synthesized

Corresponding author: Victor Lukianchuk, Professor, Institute
of Pharmacology and Toxicology of NAMS of Ukraine, 14 Anton
Tsedik Str., Kyiv, 03680, Ukraine

E-mail: lvdlug@ukr.net

Phone number: +38(044)4569118

coordination compounds of germanium in the
experimental model of acute global cerebral
ischemia.

Methods

Experiments were performed on white
inbred rats, males and females, 180-220 g of
body weight. Acute brain ischemia was modeled
by bilateral occlusion of both common carotid
arteries before its bifurcation to external and
internal branches under thiopental general
anesthesia.

All animals’ procedures were carried out
according to the rules and requirements of
European Convention for the Protection of
Vertebrate Animals Used for Experimental and
Other Scientific Purposes as well as EU Direc-
tives 2010/63/EU.

For primary screening we used numerous
bis(citrate)germanates (stannates) compounds,
which contained different metals: magnesium
bis(citrate) germanate (germacit), mangan
bis(citrate) germanate (OL1), cobalt bis(citrate)
germanate (OL2), nickel bis(citrate) germanate
(OL3), zinc bis(citrate) germanate (OL4), mag-
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nesium bis(citrate) stannate (OL5), cobalt
bis(citrate) stannate (OL6), nickel bis(citrate)
stannate (OL7), zinc bis(citrate) stannate (OLS),
VITAGERM-1 (coordination compound of
germanium, diethylenetriaminepentaacetic
acid and lithium), VITAGERM-2 (coordination
compound of germanium, diethylenetriami-
nepentaacetic acid and sodium), VITAGERM-3
(coordination compound of germanium, di-
ethylenetriaminepentaacetic acid and potas-
sium), VITAGERM-4 (coordination compound of
germanium, diethylenetriaminepentaacetic
acid and magnesium). All the compounds were
primarily synthesized in the laboratory of
Department of General Chemistry and Polymers,
I. Mechnikov Odesa National University, headed
by prof. L. Seifullina.

All used germanium complexes were
administered to rats at the doses according to
the results of our previous studies [6, 7]. We
injected them intraperitoneally in the form of
1 % aqueous solution at a dose of 50 and
100 mg/kg in 35 min after bilateral common
carotid artery occlusion.

As a comparator (reference) drug, Piracetam
medication was used (Farmak, Ukraine, 20 %
solution in 5 ml ampules). It was injected
intraperitoneally at a dose of 350 mg/kg in
30 min after ischemia. The rats of control group
(ischemiawithout any correction) got equivalent
dose of saline.

Criteria of cerebroprotector activity of the
studied compounds were: survival of rats (%)
each hour during the first 12 hours, then on the
24, 48" and 72" hours of ischemia; monitoring
the clinical signs for ET, (median effective time -
the time required for a half as organisms in a
toxicity test to reveal the nonlethal response).
It was evaluated to be ET, =f(N/2) by interpolation
of data of lethality time to mathematical
function T=f(N), where T is the time of animals
death, N - the number of animals. Neurological
status was assessed by Irwin’s test in the model
of acute brain ischemia and administration of
germanium compounds. The primary
observation test was used for rodents to assess
acute toxicity of a test agent and its effects on
behavior and physiological function [8, 9].

Statistical analysis. Statistical analysis of
animals’ survival have been carried out using
the nonparametric criterion Fisher’s exact test
and average time of lifespan by use of t-criterion
of Students’ test. All data were presented as M
(mean) + m (standard error). A probability level
(p value) of less than 0.05 was considered to be
statistically significant.

Results

The results obtained in the screening model
of global brain ischemia are presented in the
Table 1. Almost all bis(citrate) germanates
(stannates), which contained different metals,
possessed anti-ischemic activity of different
intensity. The exception was the OL-6 compound,
which comprised cobalt. Even at the dose of
50 mg per kg in this group during the first hour
of occlusion of aa. carotica communes the rate
of rats survival was only 28.5 % opposite to
100 % in the control group. In addition, the
other cobalt-containing compound OL-2 proved
very low efficacy for cerebroprotection.

As for the results in Table 1, the most
significant efficacy on the 48" hour of the
experiment was evidenced for VITAGERM-1 -
a coordination compound of germanium,
diethylenetriaminepentaacetic acid and lithium.
The animals’ survival in this group was 57.1 %
compared to 100 % lethality in the control
group. It is important that the anti-ischemic
activity of VITAGERM-1 exceeded even the effect
of reference drug Piracetam.

To estimate the obtained screening results
more profoundly and detail, we suggested and
used in our experiment the index of median
effective time ET,,. According to the results
presented in Table 1, ET., for group of rats
administered with VITAGERM-1 was 53.31+2.77.
It was in 7.5, 3.0 times better compared to the
control and reference group respectively.

At the same time to make an all-round
comparison analysis of the results of screening
series we assessed clinical signs of acute
ischemia: neurological status of rats, which got
the different types of germanium compounds.
All data are presented in Table 2.

The rats with stroke, on the model we chose,
experienced the severe clinical signs of global
ischemia. The animals of control group after
occlusion of both carotid arteries became less
alert and more passive. It was proved by the
indices of emotional condition: grooming
decreased up to 0 points, vocalization increased
up to 1.4. The tonus of limbs also diminished,
ataxia signs increased up to 2.9 points. The
character of these neurological changes
testified quite a deep injury of brain cortex
because of global ischemia. It resulted in the
disruption of motor activity in the control group
rats: suppression of reactions to touch and
knock up to 1.5 and 1.9 points respectively.
Brain ischemia also strengthened the tremor
up to 2.3 points. The suppression of ptosis
reaction in 2.1 times as well as increased
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frequency of urination and defecation was
evidenced in comparison to the indices of
healthy group.

The next stage of our experiment was to
estimate the neurological and behavioral profile
of rats under the influence of germanium
compounds in global brain ischemia model. The
most efficient compound was VITAGERM-1 again
(Tables 2.1 and 2.2). The significant increase of
alertness up to 3.0 points and decreasing of
expressiveness of passivity by 41.0 % was fixed
in this group compared to the control rats. This
investigated compound increased the grooming
and normalized the vocalization. Administration
of VITAGERM-1 led to absence of ataxia and
increase of extremities tonus up to 3.3 points
that was nearly the same as the indices of the
intact rats. Responses to touch and knock
intensified also up to 3.6 and 3.5 points
respectively in comparison to the control.

We noticed total positive effects of this
germanium compounds in prevention of
tremor, urination and defecation; the ptosis
rate increased up to 2.2 points.

Discussion

The pathophysiology of stroke is complex,
and involves inflammatory pathways, oxidative
damage, apoptosis, energy deficiency etc. The
main goal of treatment is to preserve tissuesin
ischemic penumbra, where perfusion is de-
creased but sufficient to stave off infarction,
and save the neurons (neuroprotection) [4, 5].

Ischemic stroke and its consequences is a
major public health problem. In spite of huge
number of medications to treat it, we still have
no perfect one according to the present
requirements of safety and efficacy. Thatis why
the search and investigation of newly synthe-
sized organic and other compounds with capa-
bility for stroke protection is an actual challenge
and target for chemists, pharmacologists,
physicians and health professionals.

Numerous bis(citrate) germanates (stan-
nates) compounds with wide spectrum of thera-
peutic activity are synthesized and investigated
today. Our previous experiments proved its low
toxicity to warm-blooded species [10, 11, 12].
Use of the rodent models is recommended and
approved by different researches for screening
and investigating of promising compounds to
prevent and treat ischemic brain lesions [13]. In
the screening series in the model of global brain
ischemia (via occlusion of both common carotid
arteries before its bifurcation), it was determined
that almost all compounds had potency for

stroke protection. Such criteria as survival and
median effective time plus Irwin's test results
were adequate to evaluate it [14, 15]. Piracetam
was used as a reference drug [16].

Among all investigated bis(citrate)
germanate (stannates) compounds, which
contained different metals, the most potent
anti-ischemic activity was possessed by
coordination compound of germanium,
diethylenetriaminepentaacetic acid and lithium
coded as VITAGERM-1. It was a leader among
the germanium compounds according to the
analyses of the indices of survival and lifespan
of rats from the moment of occlusion of
coronary arteries.

Such positive effects were manifested by the
highest level of survival and the most favorable
clinical course of cerebrovascular blood
circulation. Median effective time ET, in this
group exceeded in 7.5 and 3.0 times the index
of control and reference group respectively. We
noticed total positive effects of this germanium
compounds in prevention of disorders of
behavioral, neurological and autonomic profiles
of rats. Therefore, we concluded the prominent
improvement of clinical course of acute brain
ischemia under the Vitagerm-1 impact.

We suppose that the presence of the cobalt
in structure of OL-2 and OL-5 molecules is
responsible for animals lethality during the first
hour after the disorder development. Low
efficacy of these germanium compounds could
be explained by the fact that this metal is a
cytochrome P450 inhibitor. The cytochromes
P450 (CYPs) enzyme family are crucial in
processes of detoxification of the organism,
and suppression of its activity is one of the most
possible causes of high lethality in cases of
experimental global brain ischemia [17].

Conclusions

Almost all bis(citrate) germanates (stan-
nates), which contained different metals,
possessed anti-ischemic activity of different
intensity. The exceptions were cobalt-containing
OL-6 and OL-2 compounds. The most expressive
efficacy for all investigated indices (which
exceeded even the reference drug) proved for
VITAGERM-1 - a coordination compound of
germanium, diethylenetriaminepentaacetic
acid and lithium.

The results of our experiments are sugges-
ted for the substitution for further deeper
pharmacological investigation of VITAGERM-1
for stroke cerebroprotection, and its imple-
mentation into clinical practice.
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IOMIYK ITEPEBPOITPOEKTOPIB CEPE/I KOOPAHHAIIIITHUX CITOJIVK
TEPMAHIIO HA MOAEJJI INEMIYHOTI'O IHCVJIBTY

B. 4. Nyk’sanuyk’, I. N. Celipynnina?, O. E. MapymHko?, O. O. LieBuyk®

1 - Y «IHCTUTYT ®APMAKOJIOIII TA TOKCUKOJIOITE HAMH YKPAIHW», KUIB, YKPAIHA

2 - OAECbKWI HALTOHAJIbHW YHIBEPCUTET IMEHI I. I. MEYHUKOBA, O4ECA, YKPAIHA

3 = TEPHOMLIbCbKWV AEPXABHWY MEANYHWIA YHIBEPCUTET IMEHI I. . TOPBAYEBCLKOIO, TEPHOIL/Ib,
YKPAIHA

BcTyn. IHCyn6m 301UWaEMbCS 00HIEKD 3 NPOBIOHUX hPUYUH CMepmMHOCMi ma iHeanioHocMi 8 ycboMy c8imi, 0OHaK
cnocmepi2aemsCcs 3p0CMAHHSA 30X80POBAHOCMI ceped M0o00i.
modeni 2cocmpoi iwemii' y wypie.

MeToau. locmpy iwemiro Modentoeanu 080CMOPOHHLOK OK/HO3IEID 3020/16HOT COHHOT apmepii. 15 nep8UHHO20 CKPUHIH2Y
8UKOPUCMOBYBANUCA CNO/YKU bic(yumpamo)2epmaHamu (cmaHamu), wo micmuau pisHi memanu: OL1-8, VITAGERM-1,2,3 ma
4. Yci sukopucmosysaHi KOMNAeKCU 2epMaHito 8800UNU 8HYmMpiwHbL04YepesHo (1% 800H020 po34uHy npu 003i 50 i 100 me/kz
yepes 35 x& nicna 080CMOPOHHLOI 3020/16HOI 0KAHO3iT COHHOI apmepii). Mipayemam sukopucmosysanu 8 AKocmi pegepeHc
npenapamy. Kpumepii epekmusHocmi yepebponpomekyii: suxcusaHHs wypie (%), ET50 (cepedHili yac 3az2ubeni 50% meapuH),
mecm IpsiHa.

PesynbTaTn. Pesyssmamu, ompuMaHi Ha CKpUHiH208il Modeni momansHOI iuemii 20108H020 MO3KY, NOKA3AAU, W0
npaKkmu4Ho 8ci pi3HomMemansHi bic(yumpamo) cepmMaHamu (CmaHamu) 80100iloMb AHMUIWEMIYHOK AKMUBHICMIO Pi3HOT
iHMeHcusHoCMi. BUHAMOK CMAHOBUAU CNOAYKU, W0 Micmame kobasnem OL-6 | OL-2. Halibinbw 3Ha4uMa epekmugHicmeo 8Cix
0ocnidxeHUX NOKA3HUKIe (AKki nepesuwjysanu Hagime emanoHHUl npenapam) 6yaa niomeepdxceHa 0 VITAGERM-1 -

BIOMEDICAL SCIENCES

KOOPOUHAYIlIHO20 3'€OHAHHA 2epMaHito, diemuneHmpuamMiHneHMaoymoeoi Kuciomu i aimito.

BUCHOBKMW. Pe3ysibmamu Hawux ekcnepumeHmie ciy2yrom nid2pyHmsam 045 N00a6W 020 8us4eHHs cnonyku VITAGERM-1
¥ sKoCcmi yepebponpomekmopa ma ii 8Npo8adNeHHS 8 KAIHIYHY NPAKMUKY.

K/TOYOBI C/IOBA: ToTa/bHa iLlLieMisi FoJIOBHOr0 MO3KY; KOOpAUHAaLi/Hi CMONYKN repMaHilo; CKPUHIHT.
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CARRAGEENAN INDUCES CELL DEATH IN RATS BLOOD

0. M. Kopanytsia, M. I. Marushchak, I. Ya. Krynytska
I. HORBACHEVSKy TERNOPIL STATE MEDICAL UNIVERSITy, TERNOPIL, UKRAINE

Background. Because of its physical and chemical properties, carrageenan is fairly widely used. About 70 %
of the carrageenan produced in the world is used in the food industry. Previous studies point to the development
of oxidative stress in rats, by means of which carrageenan chronic enterocolitis was modeled.

Objective. The aim of our study was to investigate the level of apoptosis and necrosis in the suspension of
leukocytes in rats using 0.5 % and 1.0 % solutions of carrageenan.

Methods. Annexin V (V) binding assays were performed using Annexin V Apoptosis Kit (Sigma Aldrich, USA),
caspase rate in leukocyte-lymphocyte blood fractions was determined by spectrofotometry.

Results. It was established that in the experimental application of carrageenan, the percentage of leukocytes
with signs of apoptosis in both experimental groups statistically significantly increased. It was detected by the
increased activity of effector caspase-3 in 1 month after the experiment in 1.5 times in the 2™ group and in 2.8
times in the 37 group vs control data that point to caspase-dependent apoptotic pathway in case of carrageenan
usage in rats.

Conclusions. Oral use of carrageenan in rats was accompanied by the increase in the number of leukocytes
with signs of apoptosis. The animals that consumed 1.0 % solution of carrageenan had more obvious increase
in the activity of caspase-3 in serum relative to a group of rats consuming 0.5 % of carrageenan, proving the

increase in the severity of apoptotic processes in intestine with the increase of the dose of carrageenan.
KEY WORDS: carrageenan, apoptosis, caspase-3, rat.

Introduction

In world practice it is allowed to use about
500 different substances as nutritional
supplements, not taking into account a huge
number of different types of flavors and some
varieties of combined supplements [1].

In the USA, the amount of nutritional
supplements (NS) exceeds 1500, in the EU it
reaches 1200, in Russia it is 415, in the Federal
Republic of Germany - 350 [2]. By the beginning
of 90s of the 20* century the use of nutritional
supplements in Ukraine was limited in
comparison with other countries of Europe and
the USA [3], only 194 NS were permitted until
1994, and according to the Cabinet of Ministers
Resolution in 2000, 221 NS were permitted. In
addition, in the EU countries itis allowed to use
more than 400 flavors in food production.

For food and in medical practice, there is a
nutritional supplement called carrageen that is
emitted by water extraction from marine algae
[4]. This NS (E407) constitutes a family of
polysaccharides (also known as Irish moss)

Corresponding author: Mariya Marushchak, Professor, Depart-
ment of Functional and Laboratory Diagnostics, I. Hor-
bachevsky Ternopil State Medical University, 1 Maydan Voli,
Ternopil, 46000, Ukraine

E-mail: marushchak@tdmu.edu.ua

Phone number: +380979981202

contained in the red seaweed Chondrus Crispus,
Eucheuma species, Gigartina species, and
others. By chemical nature carrageenan is close
to agarose and represents unbranched sulfated
heteroglycans which molecules are made of
residues of derivatives of D-galactopyranose
with a strict alternation of a- (1,3) and B- (1,4)
bonds between them, i.e. of repetitive
disaccharide units including residues of 3-D-
galactopyranose and 3,6-anhydro-a-D-
galactopyranose. Depending on the peculiarities
of the structure of disaccharide repeating units,
there are three main types of carrageenans, for
which the letters of the Greek alphabet are used
to define [1, 5, 6].

Because of its physical and chemical
properties, carrageenan is a fairly widely used.
About 70 % of the carrageenan produced in the
world is used in the food industry: in the
production of dairy products (chocolate milk,
sherbets, farmer cheese, cheese paste, baby
food), meat and fish products (canned food,
sausage casings, jelly coatings), seasonings,
nonalcoholic beverages, bakery (bread dough,
fruit muffins, sugar icing) and confectionery [7].

Previous studies point to the development
of oxidative stress in rats, by which carrageenan
chronic enterocolitis was modeled [8]. The
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activation of lipid peroxidation is caused by
direct stimulation of generation of active forms
of oxygen by carrageenan, or indirectly, via the
tumor-alpha necrosis factor [9].

The fundamental of carrageenan influence
on the body is the development of oxidative
stress as one of the mechanisms of damage of
intestine as well as the major multiple organ
lesions in heart, lungs and liver. Therefore, the
aim of our study was to investigate the level of
apoptosis and necrosis in the suspension of
leukocytes in rats using 0.5 % and 1.0 %
solutions of carrageenan.

Methods

The study was conducted on 36 mature
white nonlinear male rats, which were kept on
astandard dietatthevivarium of I. Horbachevsky
Ternopil State Medical University. During the
study we followed the principles of the
European Convention for the Protection of
Vertebrate Animals Used for Experimental and
Other Scientific Purposes (Strasbourg, 1986).
The rats were divided into 1 control and 2 expe-
rimental groups: the 15t group - control (intact
animals); the 2" group comprised the animals
that consumed 0.5 % solution of carrageenan,
the 3 group consisted of the animals that
consumed 1.0 % solution of carrageenan. The
2" and the 3 groups of animals were provided
with free access to 0.5 % solution of carrageenan
and 1.0 % solution of carrageenan in drinking
water for 1 month [10, 11].

Annexin V (V) binding assays were
performed using Annexin V Apoptosis Kit
(Sigma Aldrich, USA). Apoptotic cells of blood
leukocyte suspension were identified by flow
cytometry using flow cytometer Epics XL
(Beckman Coulter, USA). To distinguish cells
that had lost membrane integrity, propidium
iodide (PI) was added to a final concentration
of 10 mg/mL before the analysis. The results
were presented as a percentage of the total
number of cells as follows: live cells - not
stained (V-/PI'), cells with early signs of
apoptosis - stained with annexin (V+/PT), cells
with late signs of apoptosis - positive double
fluorescence staining, cells with signs of
necrosis - stained with propidium iodide (V-/
PI*).

To determine caspase rate in leukocyte-
lymphocyte blood fractions, 0.25 ml of buffer
and 50 mcl of 2 mM DEVD-p-NA was added to
0.7 ml of the test liquid. It was incubated for
2 hours at 37 °C; the intensity of light absorbance
was measured at 405 Nm, which was directly

proportional to the product of hydrolysis of
Acetyl-Asp-Glu-Val-Asp n-nitroanilide caspase -
3-n-nitroanilide [12].

Statistical analysis

The results were analyzed using Statistica
7.0 software and presented as mean with
standard error of mean. The differences
between all groups were determined using
one-way ANOVA, followed by post hoc the Least
Significant Difference test. A p-value <0.05 was
considered statistically significant.

Results

Itwas established that with the experimental
application of carrageenan, the percentage of
leukocytes with signs of apoptosis in both
experimental groups increased significantly
(Table 1). Thus, the percentage of V*/PI-cells in
the 2" group increased in 1.9 times, and in
group 3 - in 2.2 times vs the control indexes
(p<0.001). The percentage of leukocytes with
later signs of apoptosis increased significantly,
with respect to control: in group 2 -in 8.9 times,
in group 3 - in 22.3 times (p<0.001). It should
be noted that the level of necrotic cells when
introducing 0.5 % carrageenan did not
significantly differ from the normal indices,
while the use of 1.0 % solution of carrageenan
in drinking water caused the increase of V-/PI*
-cell in 1.7 times (p<0.001).

Caspases in general are important
mediators in apoptosis, especially caspase-3,
which is the main caspase effector that cleaves
cell substrates. It was established that the
activity of caspase-3 effector in 1 month of the
experiment increased in 1.5 times in the 2"
group and in 2.8 times in the 3" group vs control
data that proved the caspase-dependent
apoptotic pathway in case of carrageenan use
for rats (Fig. 1).

Discussion

Caspase-3 is probably the best understood
of the mammalian caspases in terms of its
specificity and roles in apoptosis. Overall, recent
progress has generally confirmed the notion of
multiple, complex death pathways (some of
which require caspase-3 in specific cell types)
that converge on common events including cell
shrinkage, blebbing, chromatin condensation
and DNA. Two established ways of apoptosis
include internal or mitochondrial, involving
protein family Bcl-2, cytochrome C and caspase
-9 and external with the activation of caspase-8
linking a specific cell receptor Fas- and soluble
tumor necrosis factor receptors on the cell

o0
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Table 1. Indicators of cell death in serum of the rats in experimental use of carrageenan Me (Q25-Q75)

Index Control 2" group 3" rpyna
Alive leukocytes, % 95.76 90.05* 83.87*#
(95.28; 96.77) (89.26; 90.43) (82.62; 86.11)
Leukocytes with early signs of apoptosis, % 3.05 5.89% 6.73%#
(2.20; 3.68) (5.55; 6.20) (5.83; 7.55)
Leukocytes with late signs of apoptosis, % 0.36 3.19% 8.02*%#
(0.10; 0.60) (2.78; 3.65) (6.75; 8.73)
Leukocytes with signs of necrosis, % 0.83 0.86 1.39*%#
(0.65; 0.98) (0.73; 0.98) (1.20; 1.61)

Notes: * - the difference between the control and the experimental group is statistically significant (p<0.05-0.001)
# - the difference between the 2" and the 3 study groups is statistically significant (p<0.05)

300

*if

250

200

X 150

100

50

0

control

group 2 group 3

Fig. 1. Caspase-3 level in case of carrageenan intoxication (* - significant difference compared with the
control group, # - significant difference compared with the experimental groups).

surface [13]. Caspase-3 is the most involved
pathway which should be generated from its
inactive protein (procaspase-3), caspase 3 is
required for some apoptosis features (chromatin
condensation, DNA damage and apoptotic body
formation) and its part may take place before
cell viability suppression starts [14]. Hridneva SV
notes that in chronic enterocolitis endothelial
functions are impaired, which manifestsitselfin
the activation of free radical oxidation processes
with underlying decrease in the activity of the
antioxidant system that explains the excessive
production of ROS [15] and cell death. The
activity of caspase-3 increases with increased
carrageenan concentration, that proves a more
obvious enterocyte apoptosis with the increase
in daily intake of carrageenan. At the same time,
animals of the 3 group have a more obvious
increase in the activity of caspase-3 in serum,
indicating the increase in the severity of apo-
ptotic processes in intestine. The obtained data
contradicts the results of some studies that prove
that exposure of human intestinal epithelial cells
to carrageenan in vitro does not lead to the
activation of caspase-3, caspase-7 or increased
percentage of fragmented DNA, suggesting no
apoptotic alterations following carrageenan
exposure [16]. Otherwise, the results of other

studies evidence that carrageenan induced
chronic gastroenterocolitis is accompanied by
the decrease in the activity of PARP and elevation
of MMP-2, MMP-9 and caspase-3in blood serum
of animals [17]. The results are controversial and
require detailed consideration. Therefore, further
research is warranted to elucidate the role of
carrageenan in intestinal caspase-depending
cell death that may help define novel nutritional
strategies for hindering the development of gut
diseases.

Conclusions

Oral use of carrageenan in rats was accom-
panied by the increase of the number of leuko-
cytes with signs of apoptosis: V+/PI- cells in the
2" group increased in 1.9 times, and in the 3™
group - in 2.2 times, V+/PI*-cells increased in
8.9 and 22.3 times, compared with the control
(p<0.001); the percentage of leukocytes with
later signs of apoptosis was significantly
increased too (p<0.001). Animals that consumed
1.0 % solution of carrageenan had more
obvious increase in the activity of caspase-3in
serum relative to the group of rats consuming
0.5 % carrageenan, proving the increase in the
severity of apoptotic processes in intestine with
the increase in the dose of carrageenan.

BIOMEDICAL SCIENCES

ISSN 2413-6077. JMMR 2018 Vol. 4 Issue 1

O. M. Kopanytsia et al.

2]

9



KAPATTHAH CIITPUYNHAE€ SATUBEJIb KIIITUH KPOBI IITIYPIB

. . . O. M. KonaHunug, M. I. Mapyuiak, I. . KpnHuupbka
TEPHOIIJIbCbKUW AEPXKABHUN MEANYHWV YHIBEPCUTET IMEHI 1. . FTOPBAYEBCBKOIO, TEPHOIL/1b, YKPAIHA

BcTyn. 3a805Ku c80iM i3UKO-XIMIYHUM 81ACMUBOCMAM KAPQA2iHOH 00CUMb WUPOKO 3aCMocosyemscs, a 6au3eko 70%
YCb020 8UPO6/IEHO20 8 CBIMI NPOJYKMY BUKOPUCMOBYEMbLCS 8 XapH08ili npoMuciogocmi. [TonepedHi 00CnidHeHHs 8Ka3yoMb
Ha me, W0 88e0eHHS KapaziHaHy npu MOOeM08AHHI XPOHIYHO20 eHMepOoKO1imy 8UKAUKAE PO38UMOK OKCUOAMUBHO20 CMpecy.

BIOMEDICAL SCIENCES

MeToto gocnif>keHHs cmaso susYeHHs pi8HS anonmMo3y ma Hekpo3y & CycneH3ii elikoyumie y wypie npu 30CmMocy8aHHi

0,5% i 1,0% po34uHie Kapa2eHaHy.

MeToawn. AHani3 38'a3yeaHHs aHekcuHy V (V) npogoodusu 3 sukopucmaHHAM Habopy Sigma Aldrich, CLLIA; pieeHb kacnasu
Y cycneH3ii nelikoyumis ma nimMpoyumie Kposi wypie 8UsHAYAU CNEKMPOPOMOMEMPUYHO.

Pe3synbTaTn. BcmaHoeneHo, wjo npu 3aCmMocCy8aHHI KapaziHaHy 8idcomok aelikoyumis 3 03HaKaMu anonmo3y 8 060x
excnepuMeHmManbHUX 2pynax Cmamucmu4Ho 00CmoegipHo 36inbwysasca. AKmusHicme kacnasu-3 3pocmana e 1,5 pasu y 2-ii
2pyni i e 2,8 pasu 8 3-Ui 2pyni y nopieHAHHI 3 KOHMPOALHUMU OQHUMU, SIKi BKO3YHOMb HA KOCNA30-3a/AeXHU WASX anonmo3sy

KAIMUH npu 88e0eHHi KapaziHaHY.

BucHOBKW. [lepopasnbHe 3aCmoCy8aHHS KAPaziHAHY 8 ujypig Cynpoeoodxyeasaocs 36insWeHHSAM Kinbkocmi nelikoyumie
3 03HAKamMu anonmo3sy. TeapuHu, ki cnoxcusanu 1,0% po34yuHy kapaziHaHy, Maau 6inbw 3HaYywie 36in6WeHHs aKmusHoCcmi
Kacnasu-3 e cupoeamuyi 8idnogioHo Ao 2pynu wypis, ski cnoxcusanu 0,5% KappaziHaHy, wo 00800UMb 0030-3a1exHUl epekm

anonmomu4Hux npoqecie Y KUWe4HUKy.

K/IFOYOBI C/TOBA: kapariHaH; anonTos; Kacnasa-3; ypu.
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CYTOKINES PROFILE IN EXPERIMENTAL CONTACT ALLERGIC
DERMATITIS AND USE OF NANOENCAPSULATED AGENTS

I. I. Khudan-Tsilo, O. O. Shevchuk, M. M. Korda
I. HORBACHEVSKY TERNOPIL STATE MEDICAL UNIVERSITY, TERNOPIL, UKRAINE

Background. Inflammation, oxidative and nitro-oxidative stress are the essentials of the pathogenesis of
contact allergic dermatitis as well as cytokines imbalance.

Objective. The concentration of TNF-a, IL-1B, IL-4 and IL-10 in blood serum of rats with nickel-induced
contact allergic dermatitis was evaluated to determine whether it correlated with the use of free and
nanoencapsulated preparations of betamethasone, superoxide dismutase (SOD) and potent highly selective
inhibitor of iINOS (1400W).

Methods. To induce contact dermatitis (CD), 5 % nickel sulfate was used for 12 days. Experiments were
performed on white inbred male rats, 180-220 g of body mass. All rats were divided into 10 groups (n=10).
Group I - the control one; II - the animals with CD; III - the rats with CD treated with empty polymeric chitosan
nanoparticles; groups IV-VI - the rats with CD treated with free SOD, 1400W and betamethasone; groups VII-IX -
the rats administered with nanoencapsulated SOD, 1400W and betamethasone; X - CD + nano-composition of
all agents.

Results. The statistically higher serum concentrations of TNF-a, IL-1B3 and decrease of IL-4 and IL-10 in
experimental contact dermatitis is proved in comparison with the healthy rats. Mono-treatment with
betamethasone, SOD and 1400W is efficient, but the use of nanoparticles loaded with these preparations surpasses
its effects. The use of the combination of all nanoencapsulated medicines is the most effective.

Conclusions. Chitosan nanoparticles loaded with topical anti-inflammatory glucocorticoid, and inhibitors
of oxidative and nitro-oxidative stress is a promising method for treatment of allergic contact dermatitis and can
be recommended for further research and use in clinics.

KEY WORDS: contact nickel dermatitis; cytokines; nanoparticles; betamethasone; SOD; 1400W.

Introduction

Contact dermatitis (CD) frequency has been
rising recently [1, 2]. Its two types are diffe-
rentiated: triggered by antigens as allergic
contact dermatitis and by obligatory cutaneous
irritants - irritant contact dermatitis (non-
immunologic driven reaction) [3]. All types of
dermatitis (atopic, psoriatic, allergic, etc.) are
challenge for health care system because of
chronic and relapsing character. It is forth
reason for doctor’s visiting among all skin
disorders [4]. Today the first choice and the
mainstay of dermatitis drug therapy are topical
glucocorticoids (TGs): betamethasone, dexa-
methasone, fluocinolone, triamcinolone, etc. In
spite of their high efficacy a lot of side effects
(systemic and local) are common: skin atrophy,
acneiform eruption, striae, and telangiectasia,
as well as hypothalamic-pituitary-adrenal axis
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suppression, glaucoma development, high risks
of thrombosis and others [5, 6].

One more serious challenge for dermatitis
treatment is transdermal delivery of active
components. Skin is a prime barrier against a
lot of environmental physical, chemical, and
biological stressors (ultraviolet irradiation,
bacteria, viruses, allergens, etc.). Stratum
corneum, claudins and occludins of tight
junctions are crucial in defense, but also impede
the absorption of topical medicines [7].
Nanoencapsulated medications have been
developed as a vehicle into the deeper skin
layers and demonstrated its benefits [8-10].
Nanotechnology through the reduced particle
size improves the absorption and concentration
of the drug in the target tissue, its pharma-
cokinetic parameters and long-term release of
the medication at the target site [11].

Itis established at present that even regular
use of TGs does not prevent the relapse of CD
and does not provide the appropriate control
of its severity [12]. Cytokines are crucial in
pathogenesis of different types of dermatitis
(allergic, atopic, etc.). Contact allergic dermatitis
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is mediated via T lymphocytes. Contacting the
allergens epithelial cells may produce
mediators, which intensify the cascade of
immune response [13]. The combination of
sensitized T cell plus antigen releases cytokines
cascade and lead to inflammation [14].

The objective of the research is to study
the cytokines profile in experimental allergic
contact dermatitis and its correction with
nanoencapsulated steroid anti-inflammatory
agent, antioxidant and iNOS inhibitor.

Methods

Animals and experimental design.
Experiments were performed on white inbred
male rats 180-220 g of body mass. All rats were
divided into 10 groups, 10 animals in the each
one. group I - the control one involved the
animals sensitized only with solid lanoline base;
group II - the animals with contact dermatitis
(CD) induced by sensitization with 5 % NiSO,
dissolved in the base; group III - the rats with
CD treated with empty polymeric chitosan
nanoparticles; groups IV-VI involved the rats
with CD treated with free SOD, 1400W and
betamethasone accordingly; groups VII-IX -the
rats, which were administered with nano-
encapsulated SOD, 1400W and betamethasone;
group X - CD + nano-composition of SOD,
betamethasone and 1400W.

To induce the contact dermatitis the hair on
the dorsal area, 4x4 cm in size, was removed
and the cleaned skin area was administered
with 4 g of solid lanoline composition contai-
ning 5 % nickel sulfate for 12 days. All correctors
were used for one week after the development
of CD twice a day.

We used Sigma-Aldrich (USA) betametha-
sone 17,21-dipropionate, PEGylated superoxide
dismutase (SOD) and N-([3-(Aminomethyl)
phenyllmethyl)ethanimidamide dihydro-
chloride (1400W)-potent highly selective
inhibitor of iINOS. Chitosan nanoparticles
loaded with above-mentioned preparations

Development of nickel-induced
contact allergic dermatitis

Correction of contact
allergic dermatitis

were prepared according to the method
described by Hussain Z., et al. [15]. Chitosan
solution (25 mL, 0.2 % w/v, prepared in 1 % v/v
acetic acid, pH 5.0) was incubated with
Betamethasone solution (1 mg/mL in a 30:70
mixture of ethanol/water) or 1400W (1 mg/mL)
or SOD solution (10 mg/mL) stirring for
30 minutes. Loaded nanoparticles were spon-
taneously formed by adding 10 mL of
pentasodium tripolyphosphate solution (0.1 %
w/v, in distilled water) dropwise with constant
stirring at 700 rpm. The nanoencapsulated
preparations were harvested by ultracentri-
fugation (28,000 rpm) for 30 minutes and
subsequently resuspended. The size of
nanoparticles was determined using the
morphometric program Video-Test-5.0, Kappa
ImageBase, and it was 40-100 nm.

All procedures for the animals were
performed according to the rules and
requirements of European Convention for the
Protection of Vertebrate Animals Used for
Experimental and Other Scientific Purposes,
Directive 2010/63/EU and were approved by
local TSMU Ethic Committee. The rats were
euthanized under the ketamine anesthesia on
the 20t day of examination. Amounts of
cytokines in blood serum were evaluated by
ELISA test (RayBiotech Inc., Norcross, GA, USA).
The concentrations of TNF-q, IL-13, the Th2-
specific cytokines IL-4 and IL-10 were analyzed.

Statistical analysis. The data are presented
as meanzSE standard error. Statistical analysis
was performed by the Statistica 10.0 (StatSoft
Inc., USA) program. The distribution of indices
was estimated using Shapiro-Wilk normality
test. The significance of the results was de-
termined by the Mann-Whitney U-test and
ANOVA-test. A probability level of less than 0.05
was considered as statistically significant.

Results
It has been established that in CD, induced
by nickel sulfate, blood serum concentration of

Necropsy, blood samples
day 20

day 1-12 day 13-19
5 % NiSO, Free and nanoencapsulated

Betamethasone, SOD, 1400W

Blood serum concentration of
TNF-q, IL-183, IL-4 and IL-10

and its combination

Fig. 1. Schematic diagram of experimental design.
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pro-inflammatory cytokines TNF-a and IL-1(3
significantly increased in 5.5 and 3.7 times
compared to the intact rats (Table 1). Anti-

inflammatory Th2-specific cytokines IL-10 and
IL-4 concentration was significantly lower, in
2.3 times and 2.4 times respectively.

Table 1. Blood serum concentration of cytokines in experimental contact nickel dermatitis,

Mtm, n=10
Groups & & & A % & .0
c < 3 zQ
S, | T g2 | g 2 2 S | Egnz
>S9 | E 59 o} S S < Y2 d3
Intact 5L & C c 8 2 c S o oB S
t CD et & O T C + ®© N S S
55| 8% 25 g | ¢ | & | & |E5Ee
+ + 5 S v a o] + +REE®
Inter- a) o O (@] a) acc
leukins - © © ~
TNF-q, 7.48 | 41.16 | 40.54 | 26.98 | 20.94 | 3548 | 30.22 36.22 30.12 | 12.88+1.28
pg/ml +0.56 | +4.10* | £3.98* | +2.30 | +1.16 | +1.95 | +2.02 | +1.78 +1.56 * EE Y12
*'-k-k *:**: #! *'-k* *’**’ #2 *’** *’-k*’ #3
IL-1B, 10.46 | 37.98 | 35.88 | 24.77 | 19.35 31,32 26.45 32.16 26.66 | 14.48+1.34
pg/ml +0.88 | +2.42* | £3.36% | +1.75 | £1.28 | +£1.54%, | +1.54 | £1.98 * | +1.38 *FEYIB
*'*-k *’**’#1 ** *,**' #2 *’**’ #3
IL-10, 12.05 | 5.24 5.15 7.54 8.96 6.88 7.88 £ 6.32 8.48 | 10.33£0.48
pg/ml +1.08 | £0.42* | +0.42* | +0.52 | +0.32 | +0.50 0.64 | £0.44* | +0.46 *k 123
*’** *:**:#1 *’** *’** *’**, #3
IL-4, 19.26 | 8.02 7.68 | 11.43 | 13.16 10.04 11.25 11.14 13.26 | 15.6810.77
pg/ml +1.88 | +0.78* | +0.66* | +0.45 | +0.58 | +1.00* | +0.78 +0.32 +0.44 REAVIES
*’-k* *’*-k *'-k* -k'** *’**,#3

Notes: statistical significance p<0.05 compared to: *intact rats; **CD rats; #1 - rats with CD treated with free form of beta-
methasone, #2 - free form of SOD, #3 - free form of 1400W, y' - nanoencapsulated betamethasone, y? - nanoencapsulated

SOD, y? - nanoencapsulated 1400W.

The use of empty nanoparticles did not
cause any significant changes in the indices.
Use of each nanoencapsulated agent was more
efficient to restore the cytokines imbalance in
comparison with free form usage. But the most
prominent effect was caused by the combination
of all three nanoencapsulated correctors.

Betamethasone is a topical corticosteroid
of high potency. Its free form caused positive
changes in cytokines profile: the decrease in
pro-inflammatory TNF-aand IL-1 concentration
by 34.5 and 34.8 %; and increase of anti-
inflammatoryIL-10 and IL-4 - by 43.9 and 42.5 %
was evidenced. But nanoencapsulated TG was
more effective and surpassed its free form
efficacy.

TNF-a and IL-1 rates were statistically
significantly lower in this group in comparison
with CD group by 49.1 and 49.05 %; in comparison
with its free form by 22.4 and 21.9 %.

Also the increase in anti-inflammatory
interleukins IL-10 and IL-4 concentration was
evidenced in group CD + nano-betamethasone:
by 71.0and 64.1 % in comparison with pathology;
and by 18.8 % for IL-10 in comparison with free
form of TG.

The same tendency was for free and
nanoencapsulated forms of SOD. The use of free
SOD caused decreased concertation of TNF-a
andIL-1Bby 11.4and 17.5 %; and increased rates
of IL-10 and IL-4 by 31.3 and 25.2 % accordingly.
Nanoencapsulated SOD surpassed the activity
of its free form in decreasing of concentration
of pro-inflammatory cytokines. The rate of TNF-a
was statistically significantly lower by 17.2 %,
IL-1B - by 15.5 %. But there was a positive
tendency only in correction of anti-inflammatory
interleukins indices.

Highly selective inhibitor of iNOS was also
quite efficient. The concentration of TNF-a
decreased by 9.6 % in use of its free form; and
by 26.8 and 29.8 % - of nanoencapsulated
1400W accordingly. The last rates were
statistically significantly improved by 19.1 % for
TNF-aand 17.0 % - for IL-13 in comparison with
CD +1400W group. IL-4 concentration increased
by 38.9 % in use of free 1400W; and by 65.3 % -
of nanoencapsulated one in comparison with
control pathology (the last index was higher by
19.0 % compared to CD + 1400W group). Value
of IL-10 was statistically significantly different
only in case of use of nano-form of 1400W by
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61.8 % in the control group and by 34.2 % in CD
+ 1400W group.

The best results were evidenced in the
group CD + nano-combination of betametha-
sone, SOD and 1400W. The combination of all
nanoencapsulated agents was the most
efficient in restoring of cytokines balance in
comparison with mono-use of each corrector
(table 1).

Discussion

Among a lot of allergens, nickel is one of
the most common metals responsible for
allergic CD. Its regular contacting for hyper-
sensitive persons leads to a delayed-type
hypersensitivity reaction and up to 20 % of the
general population may be affected in Europe
[16-18]. High frequency of positive nickel patch
tests and high serum nickel concertation are
also observed in people with intrinsic atopic
dermatitis [19].

Pathogenesis of allergic contact dermatitis
includes sensitization (or induction) and
elicitation (or efferent) phases, which are innate
(opposite to contact irritant dermatitis) [20]. It
is established at present that cytokines are
crucial in inflammation, including immune-
involved dermatitis [21-23].

A lot of skin cells are able to produce
cytokines [24] (Table 2). Dermal dendritic cells
are crucial in the process of activating naive
T cells; after contacting the allergen Langerhans
cells start to synthesize IL-1B8 mRNA and to
release the protein; then, keratinocytes are
activated and release TFN-a and GM-CSF [25].

Table 2. Cytokines developed by epidermal cells

Cytokine (constitutive
or inducible expression)

IL-1a, IL-1B, IL-1RA, IL-3
(mouse), IL-6, IL-7, IL-8, IL-10,
IL-12, IL-15, IL-18, TNF-aq,
G-CSF, GM-CSF, MCSF, Gro,
MIP-2 (mouse), IP-10, RANTES,
MCP-1, TGF-a, TGF-B

IL-1aq, IL-1PB, IL-6, IL-15, IL-18,
TNF-a, Gro, MIP-2, MIP-1aq,
TGF-B

IL-1q, IL-1B, IL-6, IL-7, IL-8, IL-
10, IL-12, TNF-a, G-CSF, GM-
CSF, MCSF, Gro, MIP-2
(mouse), RANTES, MCP-1,
TGF-a, TGF-B

Epidermal cells

Keratinocytes

Langerhans cells

Melanocytes

Skin hypersensitivity reactions are the result
of imbalance between a variety of types of T-cell

responses and inflammatory mediators,
including T-helper (Th) 2 cytokines and also
T-helper 1 cells [26]. A Th1/Th2 hypothesis
suggests that imbalance among these cells
toward Th2 is the key to allergic reaction
intensifying [22, 27]. The Th1 cells release of
pro-inflammatory cytokines includes IL-1q, IL-
1B, IL-8, IL-13, TNF-q, and granulocyte-macro-
phage colony-stimulating factor (GM-CSF). They
increase the vascular permeability and cause
swelling and redness associated with in-
flammation and immunologic reactions in skin
exposed to irritants, also affect the proliferation
and differentiation of keratinocytes and
mediators of cellular infiltration [3, 21, 22].

The key regulators are TFN-a and IL-1p.
These pleiotropic cytokines are responsible for
inflammation, apoptosis and necrosis of cells,
phagocytic and cytotoxic activities [28].

IL-10 is an anti-inflammatory interleukin
produced mainly by monocytes, T cells, mac-
rophages, and dendritic cells. Mast cells can
also produce IL-10, which limits the rate of
leukocyte infiltration, inflammation, and skin
disorders such as contact dermatitis [21]. IL-4
and IL-10 suppress Th1 immune response. IL-10
deficiency is crucial in maintaining of CD clinical
signs [29].

The pro-inflammatory cytokines TNF-a and
IL-1B and the Th1/Th2 cytokines IFNy and IL-4
areinvolved in both the induction and elicitation
of cutaneous immune response and are mo-
dulated by glucocorticoids, that is also proved
by the results of our study. Glucocorticoids
decrease TNF-a and IL-1(3 production and shift
the Th1/Th2 ratio in a Th2 direction by
augmenting production of IL-4 [16, 30]. Me-
chanisms of such imbalance are associated with
activation of oxidative stress, which is realized
by generation of reactive oxygen and nitric
species (ROS and RNS) and depletion of
antioxidant defense. ‘Vicious circle’ is running
here: low antioxidant indices intensify the
release of cytokines and inflammation processes
that promotes the generation of ROS and RNS
again.

Use of nano-encapsulated medications is
emerging as potential therapeutics for a wide
variety of diseases [22]. They have been
successfully used for delivery of hydrophobic
and hydrophilic small molecule drugs and
biomacromolecules, nucleic acids of various
sizes and structures. It is very important for skin
diseases treatment to go through the stratum
corneum to target tissues and subcellular
compartments and nanoparticles are quite
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successive for that. Nano-form of preparations,
especially its combination was the most
powerful to alleviate experimental contact
dermatitis clinical sings and intensity of
oxidative and nitro-oxidative stress [31, 32].

Our previousfindings proved theimportance
of oxidative and nitro-oxidative stress activation
in pathogenesis of CD. The last oneis aggravated
by cytokines. Nitric oxide synthase (NOS) is an
enzyme that catalyzes the synthesis of NO and
L-citrulline using oxygen and L-arginine as
substrates. And its isoform iNOS is induced by
the cytokines TNF-a, IL-1 [33].

So, modulation of NO-synthase (NOS)
activity, use of antioxidants and free radical
scavengers are important and prospect part of
complex treatment for different types of CD
(plus common recommendations for allergens
avoiding, emollients and others) [2, 33, 35]. The
perspective results of combined treatment with
betamethasone-, SOD (superoxide dismutase)
and 1400W (highly selective inhibitor of
inducible nitric-oxide synthase, iNOS)-loaded
nanoparticles were obtained. Such combination
of the potent anti-inflammatory steroid agent,
the powerful antioxidant and iNOS-inhibitor in
nanoencapsulated form was more effective in
experimental contact dermatitis than use of
their free forms [31, 36].

Conclusions

Experimental contact dermatitis induced by
5% nickel sulfate is accompanied by pathological
cytokines imbalance. Mono-treatment with
betamethasone, SOD (superoxide dismutase)
and 1400W (highly selective inhibitor of in-
ducible nitric-oxide synthase, iNOS) was
efficient, but the use of nanoparticles loaded
with these agents surpassed its effects. The use
of combination of all nanoencapsulated me-
dicines was the most effective.

Chitosan nanoparticles loaded with topical
anti-inflammatory glucocorticoid, and inhibitors
of oxidative and nitro-oxidative stress is a
promising method for treatment of allergic
contact dermatitis and can be recommended
for further research and use in clinics.
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ITUTOKIHOBUHA PO®LIb ITPH EKCITEPUMEHTA/IBHOMY KOHTAKTHOMY
AEPMATHUTI TA BUKOPHCTAHHI HAHOIHKAIICY/IbOBAHHUX IIPEIIAPATIB

I. I. XypaH-Linbo, O. O. leBuyk, M. M. Kopga

TEPHOMLTbCbKWIA IEPKABHU MEANYHWI YHIBEPCUTET IMEHI I. . TOPBAYEBCHKOIO, TEPHOIML/Tb, YKPATHA

BcTyn. 3anaseHHs, okcudamusHuUl ma HimpookcudamueHuli Cmpec € 0CHOBOH NAMOo2eHe3y KOHMAKMHO20 G/ep2iYHO020

depmamumy ma po3eumky oucbanaHcy YUMokiHis.

MeTa pocnif>keHHs nosas2ana y susyeHHi 3miH yumokiHie TNF-a, IL-1B, IL-4 i IL-10 e cuposamuyi kposi wypie 3
KOHMOKMHUM HiKeb-iHOyKO8AHUM 0epMamumoM Npu 8UKOPUCMAHHI 8iIbHUX | HAHOIHKANCY/A608AHUX npenapamis
6emamemas3soHy, cynepokcudoucmyma3su (COZ) i nomyxHo20 8ucokocenekmusHoz20 iHeiimopa iNOS (1400W).

MeToawu. 415 MoOento8aHHs KOHMakmHoz20 depmamumy (K4) 5% cynbdam Hikearo HAHOCUAU HO WKIPY WypaM npomszom

12 dHie. bini wypu-camyi macoro mina 180-220 2 6yno paHoomizoeaHo Ha 10 2pyn (n = 10): I 2pyna - KoOHMpoaeHa; II - meapuHu
3 K4 11T - wypu 3 K4, ski ompumyeanu nonimepHi ximosaHosi HaHoyacmuHku; 1V - VI 2pynu - wypu 3 K4, saki ompumysanu
8inbHi popmu CO4, 1400W ma 6emamemasoHy gionoegioHo, VII-IX epynu - wypu, skum egodunu HaHoCOZ, HaHo-1400W i
HaHo-6emamema3soH; X 2pyna - KJ + HAHOKOMNO3uyisi 8Cix npenapmie Kopekyji.

PesynbTtatn gocnigkeHHs. JosedeHo, Wjo npu ekcnepuMeHmanbHOMy KOHMAaKkmHoMmy depMamumi 00CmosipHO
3pocmae pigeHb npo3anansbHux yumokinie TNF-a, IL-1By cuposamyi ma cnocmepieaemecs 3HUM#eHHsA IL-4 i IL-10 y nopieHAHHI
3i 300posumu ujypamu. MoHomepanis npenapamamu 6emamema3soHy, COJ i 1400W € epekmugHot0, 00HAK BUKOPUCMAHHS
HAHAIHKANCYMb08AHUX GOPM nepesuulye pesynbmamu MOHO3GCMOCYBAHHS KOXHO20 npenapamy. Halibinew epekmusHUM
€ BUKOPUCMAHHA NOEOHAHHS 8CiX HAOHOIHKANCY/1b0BAHUX MiKapCbKUX 3acobie.

BUCHOBKW. Ximo3aHo8i HOHOYACMUHKU 3 iHKONCY/A608aHUMU Npenapamamu moni4Ho20 npomu3anaabHo20
2/1KOKOPMUKO0i0a ma iHzibimopis okcudamueHo20 i HimpookcuAaMUBHO20 CMpecy € NnepcnekMuUsHUM MemooOM /NiKy8AHHS
KOHMaKmMHo20 depMamumy i MOX(Yme 6ymu pekoMeHO08aHI 014 N00asbW 020 8UBYEHHS 3 8NPOBAOMEHHAM Y KAIHIYHY
npakmuky.

K/TKOYOBI C/TOBA: KOHTaKTHWIA HikeneBuii AiepMaTUT; LUTOKIHU; HAHOYACTUHKW; 6eTameTasoH; CO/A; 1400W.
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Background. Recently, the number of diseases caused by opportunistic bacteria has been increasing all
over the world. Opportunistic microorganisms are characterized by ubiquitous proliferation, flexibility in
adaptation to the conditions of the environment, lack of specific relationship with the macroorganism.
Phytopathogenic bacteria are also able to infect both plants and animals.

Objective. The purpose of the research was to detect the Pantoea agglomerans and Pseudomonas fluorescens
bacteria in various ecological niches and establish their virulence.

Methods. Classical microbiological, biochemical, serological methods were used in the research. The
identification of bacteria was carried out according to their phenotypic properties.

Results. It has been established that opportunistic bacteria species P. agglomerans and P. fluorescens are
present in wheat agrophytocenoses. The bacteria isolated from the agrophytocenoses are virulent for wheat, rye
and weed plants. Antibodies to opportunistic bacteria, which are spread in agrophytocenoses of cereals crops,
have been found in the blood of healthy rabbits.

Conclusions. Thus, we have established that virulent strains of opportunistic bacteria P. agglomerans and
P. fluorescens are spread in agrophytocenoses of cereals. The presence of antibodies to these bacteria in the
blood of healthy rabbits proves that opportunistic bacteria from plant material get into animals and humans.
Knowledge of biology and the spread of opportunistic pathogens in agrophytocenoses is necessary for prevention

BIOMEDICAL SCIENCES

of infections that these bacteria cause in humans.

KEY WORDS: opportunistic bacteria; Pantoea agglomerans; human health.

Introduction

Recently, the number of diseases caused by
opportunistic bacteria has been increasing all
over the world. Opportunistic microorganisms
are characterized by ubiquitous proliferation,
flexibility in adaptation to the conditions of the
environment, lack of specific relationship with
the macroorganism. Such bacteria are cha-
racterized by the ability to cause nonspecific
toxic infections in weakened people and
animals.

It has been established that strains of
certain species of microorganisms can cause
damage to plants, insects, animals and humans
[1]. This phenomenon is known as polybiotrophy
[2], which is particularly spread among oppor-
tunistic microorganisms. For example, con-
ditionally pathogenic bacteria for humans
Pseudomonas aeruginosa cause an internal of
putrefaction onion during storage [3]. Strains
P. aeruginosa, isolated from sick people, under

Corresponding author: Liudmyla Butsenko, Department of
Phytopathogenic Bacteria, Zabolotny Institute of Microbiology
and Virology of the National Academy of Sciences of Ukraine,
154, Akademika Zabolotnoho Str., Kyiv, 03680, Ukraine
E-mail: plant_pathol@ukr.net

experimental conditions affect plants, nema-
todes and insects [4]. Phytopathogenic bacteria
are also able to infect both plants and animals
[1, 2]. Bacteria of the genus Erwinia, which are
well known exclusively as pathogenic to plants,
are often isolated in pathological processes in
humans and animals [5]. In this case isolates
isolated from humans and animals are patho-
genic to plants [2]. The causative agent of
vascular bacteriosis of Erwinia toxica cucumbers,
in intraperitoneal administration to mice, leads
to sepsis in animals. Infected with these
bacteria fruits of cucumbers cause poisoning
in people [6].

A high degree of similarity established by
DNA hybridization analyses and phenotypic
data between strains of Erwinia herbicola,
Enterobacter agglomerans and Erwinia milletiae
led Gavini et al. [7] to unite them as a single
species, namely Pantoea agglomerans (Beijerinck
1888) comb. nov. P. agglomerans is widespread
in numerous diverse natural habitats and is
particularly associated with many different
plants as a common epiphyte and endophyte
[8]. Additionally, it has been also isolated from
seeds, water, humans (e.g., wounds, blood,
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urine and internal organs) as well as from
animals [7, 9-12].

Pantoea species are ubiquitous in nature
and occasionally are associated with infections
caused by contaminated clinical material.
Hence, Pantoea agglomerans is considered as
an opportunistic pathogen of humans [13].

The Pseudomonas fluorescens bacteria,
under conditions favorable to their development,
can cause diseases of agricultural crops [14].
For some human diseases, antibodies to
P. fluorescens lipopolysaccharide have been
identified in the patients’ blood.

Therefore, the purpose of the research was
to detect the Pantoea agglomerans and Pseudo-
monas fluorescens bacteria in various ecological
niches and establish their virulence.

Methods

Materials for research were the plants with
symptoms of damage of rye, wheat and weeds
that grew in wheat agrocenoses. Bacteriological
analysis and isolation of bacteria were carried
out using generally accepted methods [15].
Virulent properties were investigated on the
host: plant, aggressiveness of the pathogen
was determined by a 4-point scale. The bio-
logical properties were investigated by the
methods described by Klement et al [15]. The
bacteria were identified by comparing their

properties with the characteristics of strains
collection, and according to the Bergey’s
Manual of Systematic Bacteriology [16].

Results

We have found out that yellow-pigmented
bacteria, flat or with a conical center, are
opaque, wavy edges; and the oxidase-positive
gray-colored isolates with wavy edges were
isolated from all investigated plant materials.

It was established that a part of the
investigated isolates of bacteria was avirulent
for plants. In all other cases, the isolated
bacteria caused diseases of rye, wheat and
weeds.

The yellow pigmented bacteria are poly-
morphic, shortrods, single arranged, sometimes
in pairs in the form of short chains. Bacteria are
mobile, Gram negative, spores are not formed,
oxidase negative. Facultative anaerobes
(Table 1). On the meat-peptone broth they grow
with the formation of uniform turbidity, ring,
film and sediment. The bacteria are utilized
glucose (anaerobic), reduce nitrates, acidify
litmus serum. Strains differ in the use of
rafinose, sorbitol and inulin. All investigated
strains do not use dulcitol, cause coagulation
or peptonization of milk.

The isolates obtained from the affected
plants according to the physiological and

Table 1. Physiological and biochemical properties of isolates

Yellow-pigmented | P.agglomerans | Unpigmented | P.fluorescens

Test isolates [16] isolates [16]
Gram'’s staining - - - -
Motility + + +
Nitrate reduction + - -
Oxidase - n/i + +
Formation of H,S -+ n/i - n/i
Formation of indole - - - n/i
Gelatinase +/- + + n/i
OF-test Facultative Facultative Aerob Aerob

anaerob anaerob
Utilization:
D-glucose, L-arabinose, + + + + <)
D-mannitol, D- xylose E)-]
Fructose, galactose + + + n/i E
Salicin + + - - 5
Lactose + d - - wn
Inositol + + +/- + —J
Raphinose +[- d +/- n/i 5
Dulcitol - - +[- n/i a
Sorbitol +/- - +/- + %—1
Inulin +/- i
/ n/i 9

Note: n/i - not investigated. [aa}
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biochemical properties are similar to each
other and do not differ from the characteristics
of the described P. agglomerans species [16].
According to this they were identified as P.
agglomerans.

Gray colored oxidase-negative bacteria
grow on the meat-peptone broth, form a film,
ring and precipitate, and use glucose (aerobic),
mannitol, xylose, fructose, arabinose, and do
not utilize lactose, inulin, salicin, as a single
source of carbon.

Most of the isolates utilize raffinose, mal-
tose and dulcitol. All isolates hydrolyze gelatin,
alkalinize the litmus serum, and do not reduce
nitrates (Table 1).The isolates of bacteria
obtained from the affected cereals and weeds
on the morphological and cultural-biochemical
properties did not differ from the described
strains of P. fluorescens and from the P. fluo-
rescens characteristic given in Bergey's Manual
of Systematic Bacteriology [16].

All bacterial strains tested were virulent for
wheat, rye and weed plants (Table 2). It was
established that the strains of the isolated
bacteria are more aggressive on weeds than
on agricultural crops.

Consequently, pathogenic bacteria for
plants of the species Pantoea agglomerans and
Pseudomonas fluorescens are able to come into
contact with humans and animals and cause
their diseases. This is evidenced by the fact that
we detected antigens to the strains Pantoea
agglomerans and Pseudomonas syringae pv.
syringae in the serum of non-immunized rabbits
(true phytopathogen) (Table 3).

Thus, the study of phytopathogenic and
opportunistic bacteria isimportant not only for
the development of plant protection methods,
but also from the point of view of studying their
effects on human health, since these bacteria

are widespread in nature and can be ingested
by humans.

Discussion

Our research has found that rye, wheat and
weeds that grow in the agroecosystem of wheat
are affected by opportunistic bacteria Pantoea
agglomerans and Pseudomonas fluorescens. Our
previous studies proved that strains of P.
agglomerans and P. fluorescens were more
commonly found in agricultural crops as
epiphytes and did not cause plant diseases [17].
With the change of environmental factors and
the influence of agronomic techniques, these
opportunistic bacteria in recent years increa-
singly acquire virulent properties. For example,
the bacteria of P. agglomerans were isolated
from the affected locales of cotton bolls collec_
ted in a field in the USA and were able to cause
comparable disease symptoms in greenhouse
grown cotton fruit [18].

P. agglomerans, gram negative bacteria of
Enterobacteriaceae family, were isolated from
feculent material, plants and soil. Soft tissue
and bone-jointinfections due to P. agglomerans
following penetrating trauma by vegetation
and bacteraemiain association with intravenous
fluid, total parenteral nutrition, blood products
and anesthetic agent contamination were
reported [19]. Some authors on the basis of
their studies suggested that, independent of
their origin, all P. agglomerans strains might
possess indistinguishable virulence potential
[13]. P. agglomerans was also proved to be an
antibiotics producer [20].

Some researchers reported on isolation of
P. agglomerans in two cases of septic monoar-
thritis after plant thorn and wood sliver injuries
[21]. Thisindicated the transfer of P. agglomerans
from the infected plant material to humans.

Table 2. Virulence properties

) Aggressiveness (marks) on plant:
Species Rye Wheat Weed
ﬁ Pantoea agglomerans 1-2 1-3 2-3
% Pseudomonas fluorescens 1-2 2 2-3
% Table 3. Results of agglutination reaction
2 Titres of agglutination reaction with sera
< Species, strains of non-immunized rabbits
o Serum 1 Serum 2
o Pantoea agglomerans, 116 50 100
E Pseudomonas syringae pv. syringae, 200 200
@) NCPPB 281
) Erwinia amylovora, 2024 0 0
80 | L. M. Butsenko et al. ISSN 2413-6077. JMMR 2018 Vol. 4 Issue 1




When studying the effect of bacteria of the
genus Klebsiella (K. pneumoniae, K. hinosclero-
matis, K. ozaenae), which, like the Erwinia
phytopathogenic genus, belonged to the
Enterobacteriaceae family, on leaves of potatoes,
horse beans, beans, cabbage, cucumber,
pumpkin and apple fruits Jonathan found out
that four strains of K. pneumoniae were capable
to affect horse beans and potatoes. The phy-
topathogenic properties of Klebsiella species
did not correlate with their ability to produce
pectinases [22].

At the same time, phytopathogenic pro-
perties can be presented by bacteria, which are
traditionally pathogens of animals and humans.
It is proved that 15% of the strains of bacteria
of genera Escherichia, Citrobacter, Enterobacter,
Proteus, Pseudomonas, isolated from urological
patients, have phytopathogenic properties. The
most pronounced these properties were on
fruits of tomatoes [23].

Among the species of the genus Pseudo-
monas, which produce pigments (P. aeruginosa,
P. fluorescens, P. aureofaciens), it is proved that
the strains have phytotoxic and entomocidal
properties. The greatest number of such strains
is found among the bacteria of P.fluorescens
species. The cultural fluid of these strains
suppresses the germination of seeds of radish,
lettuce and, to a lesser extent, wheat, and also
causes the death of 100% of mosquito larvae.
Entomopathogenic strains of P. fluorescens have
antagonistic effects on some saprophytic bac-
teria (Bacillus subtilis, B. megaterium, Sarcina
lutea, Escherichia coli, Mycobacterium sp.). Thus,
the toxins of pigmented strains of the genus
Pseudomonas are not narrowly specific and

affect a wide range of organisms [24]. In some
human diseases antibodies to the lipopoly-
saccharide of P. fluorescens 7769, which were
isolated from affected rye tissues, were iden-
tified [25].

The adaptation of P. agglomerans to diverse
microenvironments might suggest that this
species maintain high genetic plasticity. P.
agglomerans appears to be readily accessible
to horizontal gene transfer driven by plasmids
and other mobile elements [26], a trait that may
explain its flexibility in adapting to different life
styles.

Some researchers noted that pathogenic
microorganisms had a lot in common in me-
chanisms of pathogenicity, regardless of which
macroorganism they were infected with [1,
27, 28].

Conclusions

Thus, in the agrophytocenosis of wheat, one
of the most widespread agricultural crops in
Ukraine, there are virulent strains of oppor-
tunistic bacteria of P. agglomerans and P. fluo-
rescens species. Present agroecosystems, which
are overloaded with chemical pollutants, create
conditions for increasing the aggressiveness of
opportunistic bacteria. It has been established
that in the blood of healthy rabbits antibodies
to opportunistic bacteria, which are spread in
agrophytocenoses, are present. It proves the
intake by animals of opportunistic bacteria
together with plant food. Since opportunistic
bacteria can cause the infections processes in
humans, animals, insects and plants, the control
of their spread and investigation of peculiarities
of virulent strains circulation is necessary.

OITOPTYHICTHUYHI BAKTEPII B ATPOEKOCUCTEMAX VKPATHH

N. M.ByueHko, J1. A. NMaciyHuk

IHCTUTYT MIKPOBIOJIOFIL I BIPYCOJIOFII IMEHI /. K. 3A50/IOTHOIO HAH YKPAIHW, KUIB, YKPAIHA

Bctyn. OcmaHHiM 4acoMm KiflbKiCMe 30X80pH08AHL, CNPUYUHEHUX ONOPMYHICMUYHUMU 60KMepIAMU, 3p0OCMAE 8 YCboMy
csimi. OnopmyHiCmuYHi MiKpOOp2aHI3MU XaPaKmMepu3yrmeCs 3HAYHUMU memnamu npoaigepayii, 2Hyuykicmio 8 adanmayii
00 yMO8 HABKONUWHbLO20 cepedosuwya, 8i0CymHIcmMio cneyudidHux 368'sa3kie 3 Makpoop2aHiaMom. ®imonamozeHHi 6akmepii

makox« 30amHi iHiKysamu K pocauHU, MaK i meapuHu.

MeToto gocnipykeHHs 6ys10 suseneHHs bakmepili Pantoea agglomerans i Pseudomonas fluorescens 8 pi3Hux ekos02i4HuxX

HiWax | BCMAHOB/NEHHS iX 8ipyAEHMHOCMI.

MeToan pocnipykeHHsA. Y 00cnidxeHHi 8UKOpUCMOBY8ANUCA KAACUYHI Mikp06ioao2idHi, 6ioxiMiyHi ma ceponozidHi
memoou. IdeHmugikayito 6akmepili 610 30ilicHeHo 3a ix peHomunosuUMU 810CMUBOCMAMU.
Pe3ynbTaTu gocnig>KeHHs. BcmaHosneHo, wjo 8 a2pogdimoyeHo3ax nweHuyi npucymHi onopmyHicmu4Hi 6akmepii eudy

P. agglomerans i P. fluorescens. BudineHi 6akmepii 8ipyneHmHi 044 pocauH nweHuyi, xcuma ma 6yp’aHie. AHmumina 0o
onopmyHicmu4yHux 6akmepiti, IKi NOWUPIOMbCA 8 A2POPiIMOYeHO3ax 3epHOBUX Ky/1bmyp, 8Us8/EHI 8 KPp08i 300p08UX KPO/IUKI8.

BucHOBKW. BcmaHoeneHo, Wo 8ipyaneHmMHi wmamu onopmyHicmu4Hux 6akmepili P. agglomerans ma P. fluorescens
NowuprOMbLCA 8 A2POPimoyeHo3ax 3epHo8UX Kyabmyp. HasgeHicms aHmumin 0o yux 6akmepiti y Kposi 300posux Kpoaukie
00800UMe, W0 ONOPMYHICMUYHI 6aKmMepii' 3 pOCIUHHO20 Mamepiaay NOMpPanaaMe 8 0P2AHI3MU MEAPUH i IOUHU. SHOHHA
6i0/102ii Ma nowupeHHs oNOPMYHICMUYHUX NaMOoz2eHi8 8 a2podimoyeHo3ax HeobxioHi 014 npoginakmuku iHpekyid, ujo
BUKAUKAOMbCA YUMU 6aKMepiaMu 8 0p2aHi3mi 1H0OUHU.

KJ/TFOYOBI C/IOBA: onopTyHicTU4YHI 6aKTepii; Pantoea agglomerans; 340poB’a NlogUHW.
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THE ALTERATION OF PRO- AND ANTI-INFLAMMATORY CYTOKINES
IN ADRENALINE-CALCIUM INDUCED MYOCARDIAL DAMAGE AND ITS
CORRECTION WITH QUERCETIN IN RATS

0. V. Denefil, A. M. Musiienko

I. HORBACHEVSKY TERNOPIL STATE MEDICAL UNIVERSITY, TERNOPIL, UKRAINE

Background. Cardiac insufficiency is one of the main causes of morbidity and mortality in the world.

Objective. The aim of the study was to determine the content of interleukins in male rats with adrenaline-
calcium model of myocardial injury (ACM) and under correction by quercetin.

Methods. 743 Wistar male-rats aged 5-6 months were used in the experiments. The changes of interleukins
(IL-1beta, IL-2, 1L-4, IL-6, IL-10, TNF-alpha) content in blood serum in the development of heart injury by adrenaline
and calcium (AC) and use of quercetin for protection were studied. The period of investigation was in 1, 2, 24

hours, 3, 7, 14, 21, 28 days.

Results. In ACM model of myocardial injury TNF-alpha increased, IL-2, IL-4 decreased at each period of
investigation. IL-1beta increased in 2 and 3 days after the injury, at all other periods (except in 1 hour and 21
days) those indices were decreased. Also we observed similar wave changes of IL-6 and IL-10 content.

Injections of quercetin for 7 days caused a significant decrease of IL-2, IL-4, IL-10, and increase of IL-6. In 7
days of quercetin administration after AC-injury, decreased TNF-alpha was observed as well as increased IL-4,
IL-6, and IL-1beta rates. In 14 days, the increase of TNF-alpha, normalization of IL-10 to control was evidenced.
In 28 days, increased activation of IL-1beta, decreased content of TNF-alpha was fixed.

Conclusions. The development of adrenaline-calcium heart damage is accompanied by bright cytokine
wavelike reaction at different time points. Quercetin causes normalization of interleukins level.

KEY WORDS: heart damage; rats; adrenaline-calcium model; quercetin; interleukins.

Introduction

Cardiac insufficiency is one of the main
causes of morbidity and mortality in the world.
One of the causes of its development is
myocardial infarction, when cardiomyocytes die
due to prolonged ischemia. Myocardial in-
farction is a dynamic process, which is accom-
panied by transition of reversible changes to
irreversible ischemic damage and completesin
replacement of the diminished part of myo-
cardium by a fibrous scar. Development of
fibrosis is a dysfunctional process in which
myofibroblasts, the main fibrous cellular
elements, are metabolically active and are able
to produce and upregulate cytokines; they also
have contractile properties [1]. Myocardial
infarction leads to rapid necrosis of cardiac
myocytes. To achieve tissue integrity and func-
tion, inflammatory cells are activated, including
monocytes/macrophages. Impaired monocyte/
macrophage function is a not established new
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pathophysiological mechanism for left ven-
tricular thrombus development after myocardial
infarction [2]. Myocardial damage in myocardial
infarction takes place mainly due to ischemic
necrosis and inflammatory mechanisms while
apoptosis is the main mechanism of cell death
in ‘reperfusion injury’ in addition to limited
ischemic necrosis [3].

In the diseased heart, cardiomyocytes are
lost to necrotic cell death, and phenotypically
transformed fibroblast-like cells, termed ‘myo-
fibroblasts’, are activated toinitiate a ‘reparative’
fibrosis. The structural integrity of myocardium
is preserved by this scar tissue, although the
expense of its remodeled structure, which in-
creases tissue stiffness and propensity to
arrhythmias. A persisting population of acti-
vated myofibroblasts turns this fibrous tissue
into a living ‘secretome’ that generates angio_
tensin II and its type 1 receptor, fibrogenic
growth factors, all of which collectively act as a
signal-transducer-effector signaling pathway
to type I collagen synthesis and, therefore,
fibrosis. Persistent myofibroblasts, and the
resultant fibrous tissue they produce, cause
progressive adverse myocardial remodeling, a
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pathological hallmark of the failing heart
irrespective of its etiologic origin [4].

Cardiomyocyte necrosis activates an inflam-
matory response that serves to clear the injured
myocardium from dead cells, and stimulates
repair, but may also extend injury. Recently the
studies in the literature have identified inter-
leukin-1a and RNA released by necrotic cardio-
myocytes as key danger signals that trigger the
inflammatory response following infarction.
Interleukin-1 promotes activation of a proinflam-
matory phenotype in leukocytes and fibroblasts,
and delays myofibroblast transdifferentiation.
Inhibitory lymphocytes are crucial in negative
regulation of postinfarction inflammatory res-
ponse by modulating macrophage and fibroblast
phenotype. Cardiac macrophages exhibit signifi-
cant heterogeneity and phenotypic plasticity and
may manage the reparative response following
infarction. In adult mice- animals replacement
of resident macrophage populations with mono-
cyte-derived macrophages may induce inflam-
mation while inhibiting cardiac regeneration [5].

Taking into account that the main pathogenic
links are the development of inflammation,
oxidative and nitric explosion, spasm of coronary
vessels, necrosis, fibrosis, the study of the effec-
tiveness of cardioprotective activities for the
treatment of the basic pathogenesis is necessary.
These medications include quercetin, which has
antioxidant, anti-spasm, anti-inflammatory, anti-
sclerotic properties [6].

Therefore, the aim of our study was to deter-
mine the content of interleukins in male rats with
adrenalin-calcium model of myocardial injury
(ACM) and to correct the pathological process
by quercetin.

Methods

The experiments were performed on 143
albino Wistar male rats 5-6 months of age. The
animals were divided into 14 groups (Table 1).
Each group comprised 10 animals. The rats
were once intramuscularly administered with
a 0.18% solution of adrenaline hydrotartrate at
a dose of 0.5 mg/kg of body weight (Pharma-
ceutical firm “Darnitsa”, Ukraine) and intrape-
ritoneally with 5% solution of calcium gluconate
(“Dniprofarm”, Ukraine) at a dose of 1 ml/100 g
of body weight. For the correction the solution
of quercetin at a dose of 200 mg/kg of body
weight was injected intraperitoneally once a
day for 7 days after adrenaline and calcium
injections.

Experiments were performed in a special
room in the morning at 18-22 °C, relative
humidity 40-60% and illumination 250 lux. The
regulations of the European Convention for the
Protection of Vertebrate Animals Used for Expe-
rimental and Other Scientific Purposes (Stras-
bourg, 1986), Resolution of the First National
Congress on Bioethics (Kyiv, 2001) and the
Order of the Ministry of Health of Ukraine
Ne 690 dated September 23, 2009, were strictly
followed.

The rats were euthanized by total heart
bloodletting and previous thiopental sodium
anesthesia (60 mg-kg"' of body weight intra-
peritoneally). Blood samples were taken for the
research. Concentration of interleukins IL-1beta,
IL-2, IL-4,IL-6, IL-10, tumor necrosis factor alpha
(TNF-alpha) was determined in blood serum by
the method of immunoenzyme analysis using
a set of reagents produced by ZAO vector-Best
(Russia).

Table 1. Division of animals by groups

Quantity of animals
Group -
Total Mortality
Control 10 -
In 1 hour after ACM 10 -
In 2 hours after ACM 10 -
In 24 hours after ACM 10 -
In 3 days after ACM 10 -
In 7 days after ACM 10 -
In 14 days after ACM 10 -
In 21 days after ACM 10 -
In 28 days after ACM 12 16.67 %
Quercetin 10 -
In 7 days after ACM + quercetin 10 -
In 14 days after ACM + quercetin 10 -
In 21 days after ACM + quercetin 10 -
In 28 days after ACM + quercetin 11 8.33 %

~
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A statistical analysis of digital data was
performed by means of Excel (Microsoft, USA)
and STATISTICA 6.0 (Statsoft, USA). Statistical
significance of the differences between inde-
pendentindices was estimated by Student t-test
at normal distribution and by nonparametric
methods in other cases.

Results

In 1 hour after adrenaline and calcium
injection, the increase of TNF-alpha in 7.56
times (p<0.001), decrease of IL-4 by 35.63%
(p<0.001) and of H-10 by 46.08% (p<0.001) were
determined (Table 2).

In 2 hours IL-1 beta was increased by
45.69 % (p<0.001) and TNF-alpha - in 5.9 times
(p<0.001); IL-2 was decreased by 18.24%
(p<0.002) and IL-6 - by 48.57% (p<0.001). The
increase of IL-1 beta by 45.82% (p<0.01), of IL-10
in 2.1 times (p<0.001), the decrease of IL-6 by
47.55% (p<0.001) were determined compared
with the previous study.

In 1 day, compared to the control, there was
a decrease of IL-1beta by 38.58% (p<0.001),
IL-2 - by 30.40% (p<0.001), IL-4 - by 23.45%
(p<0.001), and increase of IL-6 in 46.68%
(p<0.01), TNF-alpha - in 5.21 times (p<0.001),
and compared to the previous study, there was
a decrease of IL-1beta by 57.84% (p<0.001),
IL-2 - by 14.88% (p<0.01), IL-10 - by 23.37%
(p<0.01), increase of IL-6 in 2.85 times (p<0.001).

In 3 days, compared to the control, the level
of IL-1beta was higher by 21.94% (p<0.001),
TNF-alpha - in 7.06 times (p<0.01), IL-10 - by
37.16% (p<0.001), and IL-2 was lower by 56.08%
(p<0.001), IL-4 - by 39.66% (p<0.001), IL-6 - by
34.67% (p<0.01), and compared with the
previous period, IL-1beta was increased by
22.06% (p<0.001), IL-10 - in 2.547 times
(p<0.001), IL-2 was decreased by 83.20%
(p<0.02), IL-6 - by 33.38% (p<0.001), IL-4 - by
6.26% (p<0.001).

In 7 days compared to the control the
increase of TNF-alpha in 17.88 times (p<0.001)
was observed, as well as the decrease of IL-1
beta by 45.81% (p<0.001), IL-2 - by 47.97%
(p<0.001), IL-4 - by 20.54% (p<0.001), and
compared with the previous period of study,
IL-1beta was decreased by 55.57% (p<0.001),
IL-10 - by 16.57% (p<0.001), IL-6 was increased
by 70.81% (p<0.01), TNF-alpha - in 2.53 times
(p<0.001), IL-4 - by 31.69% (p<0.001).

In 14 days compared to the control the in-
crease of TNF-alpha in 19.69 times (p<0.001) was
evidenced, as well as the decrease of IL-1 beta by
40.45% (p<0.001), IL-2 - by 37.84% (p<0.001), IL-4 -
by 21.08% (p<0.001), IL-10 - by 39.67% (p<0.002),
and compared with the previous study period -
the decrease of IL-10 by 47.28% (p<0.001).

In 21 days compared with the control, the
increase of TNF-alpha in 2.1 times (p<0.001),
IL-6 - by 72.91% (p<0.001), the decrease of IL-4
by 28.06% (p<0.001), IL-2 - by 22.30% (p<0.02),
and compared with a previous period of study -
the decrease of TNF-alpha by 89.87% (p<0.001),
increase of IL-6 by 70.73% (p<0.001) and IL-10 -
by 78.85% (p<0.001) were present.

In 28 days the increase of TNF-alphain 25.89
times (p<0.001), IL-6 - by 36.94% (p<0.02), the
decrease of IL-1 beta by 45.38% (p<0.001), IL-2 -
by 35.13% (p<0.001), IL-4 - by 19.52% (p<0.001),
and compared to the previous period of study,
the increase in TNF-alpha in 11.87 times
(p<0.001), and the decrease of IL-1beta by
39.43% (p<0.05) were evidenced.

Injections of quercetin for 7 days caused a
significant decrease of IL-2 by 62.84% (p<0.001),
IL-4 - by 32.32% (p<0.001), IL-10 - by 51.92%
(p<0.001), and increase of IL-6 in 2.7 times
(p<0.001).

In 7 days after the injury, quercetin
correction proved increased level of IL-1betain
2.61 times (p<0.001), IL-4 - by 35% (p<0.001),
IL-6 - in 2.27 times (p<0.001), and decrease of
TNF-alpha in 32.99 times (p<0.001). In this
period, IL-2,IL-4,1L-10 levels did not significantly
differ from the control ones, and IL-1beta was
increased by 41.6% (p<0.001), IL-2 - by 29.73%
(p<0.001), IL-6 - in 2.54 times (p<0.001). IL-1
beta level was also higher by 60% (p<0.01), TNF-
alpha - in 9.26 times (p<0.001), IL-4 - by 58.5%
(p<0.002), IL-10 - in 2.69 times (p<0.001)
compared to the quercetin level.

In 14 days after the injury, the quercetin
correction proved higher level of TNF-alpha by
55.14% (p<0.01) and IL-10 by 84.76% (p<0.001).
Inthis period, onlyIL-10 level did not significantly
differ from the control ones, IL-6 was increased
by 49.59% (p<0.05), TNF-alpha - in 32.1 times
(p<0.001), IL-1beta was decreased by 28.5%
(p<0.01), IL-2 - by 28.38% (p<0.001), IL-4 - by
23.7% (p<0.001), and compared to a previous
period of study IL-1 beta was decreased by
49.5% (p<0.001), IL-6 - by 40.97% (p<0.002), and
IL-4 - by 28.87% (p<0.05), TNF-alpha was
increased in 2.68 times (p<0.001). IL-2 was also
higher in 1.93 times (p<0.001), TNF-alpha - in
24.8 times (p<0.001), IL-10 - in 2.32 times
(p<0.001) and IL-6 was lower by 44.7% (p<0.01)
compared to the quercetin level.

In 21 days after the injury, the quercetin
correction proved higher level of H-6 by 51.42%
(p<0.002), TNF-alpha in 9.59 times (p<0.001),
lower level of H-2 by 50.43% (p<0.001). In this
period, only IL-1 beta level did not significantly
differ from the control, H-6 was higher in 2.62
times (p<0.001), TNF-alpha - in 20.1 times
(p<0.001), IL-10 - by 20.07% (p<0.001), IL-2 was
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lower by 61.49% (p<0.001), IL-4 - by 36.5%
(p<0.001), and compared with a previous period
of study the decrease of IL-2 by 46.23% (p<0.001),
TNF-alpha - by 37.4% (p<0.001), IL-4 - by 16.77%
(p<0.05), the increase of IL-6 by 74.91% (p<0.002)
were present. TNF-alpha was also higherin 15.53
times (p<0.001) and IL-10 - in 2.5 times (p<0.001)
compared to the quercetin level.

In 28 days after the injury, the quercetin
correction proved higher level of IL-1 beta in
2.26 times (p<0.001), lower level of TNF-alpha
by 64.38% (p<0.01). In this period, only IL-10 did
not significantly differ from the control level,
IL-1 beta was higher by 23.28% (p<0.001), IL-6 -
by 65.62% (p<0.001), TNF-alpha - in 8.87 times
(p<0.01), IL-2 was lower by 41.89% (p<0.001),
IL-4 - by 27.48% (p<0.001), and compared with
a previous period of study the decrease of IL-6
by 36.74% (p<0.002), TNF-alpha by 55.88%
(p<0.001), IL-10 by 19.68% (p<0.001), the
increase of IL-1 beta by 34.04% (p<0.001), IL-2
by 50.88% (p<0.001), IL-4 by 14.19% (p<0.05)
were present. IL-2 level was also higher by
56.36% (p<0.001), TNF-alpha - in 6.85 times
(p<0.05) IL-10 - in 2 times (p<0.001), and IL-6
was lower by 38.82% (p<0.05) compared to the
quercetin level.

Discussion

Infirst hour a direct damage of heart muscle
by adrenaline was present, since the proinflam-
matory cytokine TNF-alpha was a mediator of
cardiac pathology. TNF-alpha was synthesized
by activated macrophages, and also stimulated
them, promoted cytotoxic,immunomodulating,
anti-inflammatory action. Decreases in IL-10 and
IL-4 may be associated with the early period of
damaging effects of adrenaline and calcium
when the increase of one anti-inflammatory
cytokine was sufficient with protection.

In two hours a high TNF-alpha content still
was present. It could cause damage to endothelial
cells, increase of microvascular permeability,
activate the hemostasis system with DIC synd-
rome development. Normalizing the concentra-
tion of IL-4 and IL-10 may evidence development
of immune response with involvement of T-and
B-lymphocytes. That was evidenced by the
increase of IL-1beta. The decrease of IL-2 and
IL-6 proved immunosuppressive effect.

In day 1 high values of TNF-alpha and IL-6,
inthe presence of decreased IL-4, may evidence
the activation of coagulation hemostasis with
the development of blood clots. The increase
of IL-6 also evidenced development of hypoxia,
which may take place due to necrosis of cardio-
myocytes.

The increase of IL-1beta and TNF-alpha in
day 3 could be caused by more severe hypoxia

and ischemia, products of fibrin degradation.
The increase of IL-10 proved its protective
influence. in day 7, compared to the previous
period, IL-6 normalization may evidence the
worsening of hypoxia. TNF-alpha increase and
decrease of H-10 only confirmed this assertion.
That was observed in 14 days also.

In 21 and 28 days the same changes asin a
24 hour period were present: high level of TNF-
alpha and IL-6 in the presence of decreased
IL-4. It may prove the secondary activation of
coagulation hemostasis by means of alteration.

In the infarcted myocardium, necrotic
cardiomyocytes release danger signals activating
an intense inflammatory reaction that serves to
clear the wound from dead cells and matrix
debris, but may also extend injury. Dead
cardiomyocytes release IL-1a that may function
as a crucial alarm in triggering the post-in-
farction inflammatory reaction. IL-1(3 is markedly
up-regulated in the infarcted myocardium;
activation of inflammasome in both cardio-
myocytes and interstitial cells results in release
of bioactive IL-ip in the infarcted area. Binding
of IL-1 to the type 1 receptor triggers an in-
flammatory cascade, inducing recruitment of
proinflammatory leukocytes and stimulating a
matrix-degrading program in fibroblasts, while
delaying myofibroblast conversion.IL-1 mediates
dilative remodeling following infarction and may
influence on the pathogenesis of postinfarction
heart failure [7].

Injection of quercetin in the experiments
increased contents of IL-6, suppressing the
formation of IL-2, IL-4 and IL-10. Adrenaline and
calcium lesion of heart in which quercetin was
used had a favorable course. Thus, in 7 days,
the decreased activation of TNF-alpha was
observed, and increased - of IL-4, IL-6, and IL-1
beta.In 14 days, the increased activation of TNF-
alpha, normalization of H-10 to the control level
was evidenced. The increased content of IL-6,
decreased - of IL-1 beta, IL-2, IL-4 were present.
In 21 days, the increased content of TNF-alpha,
IL-6 was evidenced. IL-10 level did not differ from
the control, IL-2 content was decreased. In 28
days, the increased activation of IL-1beta,
decreased content of TNF-alpha was observed.

IL-10 improved myocardial function after
acute global I/R and suppressed inflammation
of STAT3 pathway [8]. Also the profibrotic effect
of IL-10 autocrine loop promoted macrophages
to secret osteopontin and TGFp. These media-
tors activated cardiac fibroblasts to produce
collagen that caused cardiac fibrosis and increa-
sed cardiac stiffness [9]. Increased IL-6 content
was associated with a cardiovascular disease
and protected cells against apoptosis whilst
being important for normal metabolism [10].
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The obtained data has proved the inclusion
of pro- and anti-inflammatory mechanisms of
protection against damage, when used with the
protective effect of quercetin. Quercetin in
cases of more severe fibrosis with underlying
injury of ACM of rats prevents cardiac necrosis.

Conclusions
The development of adrenaline-calcium
heart damage is accompanied by bright cytokine

wavelike reaction at different time points. In
early time a direct damage of heart muscle by
adrenaline and calcium is present. Then can be
development of DIC syndrome, immune res-
ponse, hypoxia, and ischemia. At day 3 increases
the protective influence - anti-inflammatory
interleukins level. Then evidence the worsening
of hypoxia, secondary activation of coagulation
hemostasis by means of alteration. Quercetin
causes normalization of interleukins level.

3MIHU ITPO3AITAJIBHUX TA ITPOTH3AITAJIBHUX IUTOKNHIB
HA MOJEJII AAPEHAJITHOBO-KAJIBIIIEBOI'O YPAJKEHHA MIOKAPAA

V IIIVPIB TA KOPEKIIIi KBEPIIETHHOM

0. B. fleHedinb, A. M. MycieHko

TEPHOML/IbCbKU IEPXABHUV MEANYHWIA YHIBEPCUTET IMEHI I. . FOPEAYEBCHKOIO, TEPHOIML/b, YKPATHA

Betyn. Cepyesa HedocmamHicme € 00HI€I0 3 OCHOBHUX NPUYUH 30X80PHOBAHOCMI MA CMepMHOCMI y caimi.
MeToto foCnig>KeHHSA 6710 8U3HAYEHHSA KOAUBAHbL iHMepAeliKiHie Ha Modesni A0peHaniHO80-KaNbLYIEBO20 YPa*(EHHS

Mmiokapda ma (io2o Kopekyii keepyemuHom.

MeTtoawn. Jocaidu nposedeHi Ha 143 wypax-camysx AiHii Bicmap eikom 5-6 micsayie. byno docnioxeHo 3miHu emicmy
iHmepanedikinie IL-1beta, IL-2, IL-4, IL-6, IL-10, TNF-ane$a y cupogamyi Kposi npu po38umky ypaXeHHs cepys ma 30cmocy8aHHs
KeepyemuHy. locnioxieHHs npogoduau y 1-y, 2-y, 24-y 200uHU, Ha 3-t0, 7-y, 14-y, 21-y ma 28-y dobu.

PesynbTaTtn. AOpeHaniHo-Kanbyieaa Modesb ypaxceHHS MiOKapOa Xapakmepu3syeanacs niosuweHHAM pieHsa TNF-anega;
a emicm IL-2 ma IL-4 nocmynogo docmosgipHo 3HUXCysaecs. PiseHs IL-16ema 3pocmas Ha 2-y i 3-t0 006U nicas popmy8aHHsA
YPadHeHHA cepyeso20 M'A3a, y IHUWIUX nepiodax Yacy 00CiOxHeHs (30 BUHAMKOM 1 200UHU i 21-1 006U) Yi NOKA3HUKU 3HUHMCYB8ANUCA.
Cnocmepizaanuca makoxc xeunenoodibHi koaueaHHs emicmy IL-6 i IL-10.

IH’ekyii kKeepyemuHy npomsazom 7 OHig 3ymosusau docmosipHe 3HuUXeHHs IL-2, IL-4, IL-10 ma nidsuwjeHHs emicmy IL-6.
Takox cnocmepi2anocs 3HUXeHHA pieHa TNF-anea, ma nidsuwjeHHs emicmy IL-4, IL-6 ma IL-1. Yepe3 14 OHie ece we
cnocmepizanoca nidsuujeHHA pisHs TNF-anea ma Hopmanizayis nokasHukie IL-10. Ha 28-y 006y 3agikcoeaHo nidsuwjeHuli

emicm IL-1beta ma 3HuUxeHHS pieHsa TNF-anega.

BMCHOBKW. P038UMOK 00peHaNiHO-Ka/1bYIEB020 ypaXCeHHS CepUus Cynpo8oOX#YEMbCA ACKPABO X8UAENOOI6HOI PEaKyiEr0
YUMOKiHi8 y pi3Hi d0CioxCy8aHi NpoMiXcku Yyacy vac. KeepyemuH 8UKAUKAE HOPMAi3ayito pieHs iHmepaelKiHis.
K/THOYOBI C/IOBA: agpeHaniHoBo-Ka/bLji€Ba Moe/b ypa>keHHsl MioKapAy; LLypW; KBepLLeTUH; iHTepieiiKiHn.
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CONVENTIONAL MINIMUM IN COPYRIGHT PROTECTION
(THE BERNE CONVENTION)

J. Barg
AXIOM, WROCLAW, POLAND

Background. Intellectual property rights are present in our everyday lives to a huge extent. Law of intellectual
property is generally governed by national law, with general principles set out in international treaties. Copyrights
strictly protect only the expression of ideas, not the underlying ideas, procedures, methods of operation, or
mathematical concepts themselves. Berne Convention was first signed in 1886 and to this day is one of the most
important international treaties concerning copyrights and moral rights.

Objective. This paper aims to shortly explain the basic rights and privileges provided to the authors by the
Berne Convention in its present version, i.e. Paris Act of July 24, 1971, amended on September 28, 1979.

Results. Berne Convention provides a ,,conventional minimum?”, meaning that all members must provide at
least the rights granted by the Berne Convention to the authors. However, each member can grant more rights
to the authors. In article 7 Berne Convention regulates the term of protection of copyrights, which is the life of
the author and fifty years after her death. Moral rights, provided in Article 6bis, were added in 1928 and grant
the author a right to claim authorship of the work and the right of respect. Article 10 of the Berne Convention

provides “certain free uses of works”.

Conclusions. The freedoms granted include possibilities of making quotations and of using the work of
someone else to illustrate for teaching purposes. However, in both cases, an indication of the source of the work

is required.

KEY WORDS: copyrights; moral rights; the Berne Convention; fair use.

Introduction

Intellectual property rights are present in
our everyday lives to a great extent. Law of
intellectual property is generally governed by
national law, with general principles set out in
international treaties, and by international and
regional organizations such as World Trade
Organization, World Intellectual Property
Organization (WIPO), or European Union. The
basic rights of authors are set out in the Berne
Convention for the Protection of Literary and
Artistic Works (the Berne Convention), which will
be the baseline regarding the rights of an
author, the protected works, as well as the
general understanding of copyrights and moral
rights of authors.

One of the mostimportantissues regarding
copyrights is that they strictly protect only the
expression of ideas, not the underlying ideas,
procedures, methods of operation, or mathe-
matical concepts themselves ['l. This basically
means that when one describes a method used

1 Copyright. Official website of WIPO, accessed on 24" October
2017: http://www.wipo.int/copyright/en/ .
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in her experiment, only the published de-
scription is copyrighted, not the method used
to obtain the results (the method could be
patented, if it fulfills the patent requirements).
Similarly, only the way in which the results are
presented in a paper are protected by copy-
rights. Second important issue concerning
copyrights is the fact that generally an author
does not have to apply to be granted copyrights
and moral rights (according to the Berne
Convention, as well as in the majority of juris-
dictions). Nevertheless, most countries provide
a registration system in one form or another.
Such systems are usually voluntary and help
with licensing and transferring copyrights and
in solving various disputes 2.

The Berne Convention was first signed in 1886
and to this day is one of the most important
international treaties concerning copyrights
and moral rights. Not only was the Berne
Convention the firstinternational treaty relating
to copyrights, but as of April 13,2017, ithas 173
members and hence applies almost all around
the world. None of the international treaties
provide a formal definition of copyrights, but
generally such rights can be said to be ‘a set of
exclusive rights granted by a sovereign state to

2 Ibidem.
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an author of an original work, for a limited
period of time, and within a limited area’. The
Berne Convention leaves the issue of fixing the
work into a tangible medium up to the national
legislation of member countries .

This paper will shortly explain the basic
rights and privileges provided to the authors
by the Berne Convention in its present version,
i.e. Paris Act of July 24, 1971, amended on
September 28, 1979.

Author’s Exclusive Rights - Conventional
Minimum

As stated above, intellectual property rights
are granted at national level, rather than at the
international one. Therefore, the Berne Conven-
tion provides only a so called ‘conventional
minimum’. All the members must provide at
least the rights granted by the Berne Convention
to authors. However, each member can grant
more rights to the authors who seek to protect
their works within that member’s territory. From
the rights granted to the authors by the
conventional minimum, several are of greater
importance with relation to publishing research
and scholar papers. Provided that the author is
a citizen of a member to the Berne Convention,
they must be granted as a minimum the
following copyrights: right of translation ; right
of reproduction I¥; rights of adaptation,
arrangement and alteration®; as well as moral
rights . There are several other copyrights set
out in the Berne Convention that relate to public
recitation of literary works, concerning dramatic
and musical works, as well as broadcasting ¢,

The first of analyzed copyrights, the right
of translation, gives the author an exclusive
right to translate their original work or to give
permission for someone else to translate it. The
right of reproduction allows the author to grant
the right to copy, reproduce, and distribute
such copies of their work. Moreover, the scope
of this right granted by the Berne Convention is
very broad as it contains not only currently
available means of reproduction and distribution
but also those not yet invented .. Finally, the
right of adaptation gives the author an exclusive

3 Berne Convention for the Protection of Literary and Artistic
Works, Article 2, paragraph 2, official website of WIPO,
accessed on 24th October 2017: http://www.wipo.int/treaties/
en/text.jsp?file_id=283698 .

4 Ibidem Article 8.

5 Ibidem, Article 9.

6 Ibidem, Article 12.

7 Ibidem, Article 6bis.

8 Ibidem, Articles: 11, 11bis, 11ter, 14, 14bis, 14ter:

9 Guide to the Berne Convention for the protection of literary
and artistic works (Paris Act, 1971), WIPO, Geneva, 1978, p. 54.

rightto change the form of their work, i.e. make
a derivative work, which can be both an
infringement of the primary work (if done by
someone other than the author and without
their consent) and an original work itself %!,

In article 7 of the Berne Convention the term
of protection of copyrights is regulated.
Generally, copyrights are protected during the
life of the author and fifty years after their
death. As stated above, the members of the
Berne Convention may provide more protection
to the authors than is guaranteed in the
convention but cannot breach the conventional
minimum. Hence, in many member countries
the term of copyright protection is longer than
the conventional fifty years, i.e. in Poland,
Ukraine, USA and many other countries the
copyright term was elongated to the life of the
author and seventy years after their death "',
In cases of joint authorship, the copyright is
protected during the lives of all authors and
fifty years after their deaths. Here however, the
fifty years starts to run after the death of the
last surviving co-author'2,

Copyrights and Moral Rights

In common law, copyrights tend to cover
only the economic rights of the author. On the
other hand, in continental law the term
‘copyright’ includes both economic and moral
rights alike. Hence, the need to unify the
protection of the authors and their rights was
urgent. This was achieved by including the
moral rights of authors into the conventional
minimum of the Berne Convention. Moral rights,
provided in Article 6bis, were added in 1928 and
grant the author (i) a right to claim authorship
of the work and (ii) the right of respect. Moral
rights are granted to the author “independently
of the author’s economic rights” and exist even
after the author transfers their economicrights
31, Moreover, moral rights are maintained at
least until the expiration of author’s economic
rights. They can also be exercised after the
death of the author by “persons or institutions
authorized by the legislation of the country
where protection is claimed” ['4,

The first of the moral rights granted by the
Berne Convention, the right to claim authorship,
can be exercised in many various ways. Firstly,

10 Ibidem, p. 76.

11 For more information on copyright term in various countries
visit: https://en.wikipedia.org/wiki/List_of_countries%27_copy-
right_lengths (accessed on 25th October 2017)

12 Berne Convention, Article 7bis.

13 Guide to the Berne Convention, p. 42.

14 Berne Convention..., article 6bis, paragraph 2.
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the author may place their name on their work
and its copies, hence claiming the authorship
of the work. Secondly, the author may publish
their work under a pseudonym or even
anonymously. Moreover, the author can change
their mind and change their pseudonym or quit
their secrecy. Finally, the author can use their
right in a negative way by refusing their name
to be put on a work that is not theirs. The right
to claim authorship is a significant issue when
considering fair use and publishing the work.

The second moral right is the right of
respect or, alternatively, the right to integrity
of the work. According to Article 6°* of the Berne
Convention, the author can “object to any
distortion, mutilation or other modification of,
or other derogatory action in relation to, the
said work, which would be prejudicial to their
honor or reputation” I'l. This right prevents
anyone from changing the work in any way
without the consent of the author, even if the
author transferred their economic rights.
Therefore, a publisher or an editor may not
delete any part from the work of the author,
unless they have the author’s informed and
explicit consent. Even though a work is usually
proofread before publication, the changes
should be sent to the author for approval.
Depending on thejurisdiction in which copyright
protection is sought, the courts may allow some
changes to be made when the work is being
adapted into a different medium ['¢],

One of the most important differences
between the economic and moral rights of the
author is the issue of transferability. Economic
rights are freely transferable, while in many
countries moral rights are inalienable - they
stay with the author, even after licensing or
transferring copyrights, and after the death of
the author. This means that the author can
license or sell their rights of translation, re-
production, or alteration (among others) to
someone else, but they may not be able to do
such a thing with their moral rights ['7l. With
respect to their moral rights, the author can
agree notto exercise them.In many jurisdictions

scholars we are aware of the necessity of
accessing the works of others as well as for ours
to be accessed by other researchers and
authors. Hence, in Article 10 of the Berne Con-
vention provides ‘certain free uses of works'.
The freedoms granted include possibilities of
making quotations and of using the work of
someone elseto illustrate for teaching purposes.
However, in both cases indication of the source
of the work is absolutely required.

The Berne Convention permits quotations of
someone else’s work under certain limitations.
Firstly, the work must have been made lawfully
available to the general public, i.e. published by
the author, with the author’s consent, or by
means of compulsory license before it can be
quoted "8, Secondly, the quotation must be
“compatible with fair practice” ['®.. As this concept
is not defined in the Berne Convention, what is or
is not fair is left for the national courts to decide.
Generally, the courts will consider, among other
factors, the proportion between the size of the
quote and the work in which itis used 2%, Thirdly,
the purpose of the quotation is also analyzed. The
Berne Convention does not specify the purposes
for which the quote may be used, stating only
that the extent of the quote should “not exceed
that justified by the purpose” ?'. Most courts
assume that the purpose of the quote should be
educational, scientific, analytical, or parodist.
When utilizing this ‘free use’, the author must
remember that their own work cannot be
overwhelmed by the quotes. In practice it means
that quotes should be put into an original work
to support the ideas of the author. The resulting
originalwork of the author cannot be a compilation
of quotes, with few commentaries in between
them. Rather, it should be an original work of the
publishing author supported by quotes of more
established researchers.

“Use of works by way of illustration for
teaching” is present in copyright laws of most
countries. Plainly put, the teacher may repro-
duce a work of someone else during her class
to compare, contrast, and analyze this work.
Nevertheless, the teacher must still abide by

such a waiver must be in writing to be binding. the limitations provided for quotations, i.e. the %

extent of the reproduction during the class =

Certain Free Uses of Works of Others must be “justified by the purpose” and the use 5

On one hand, as authors we would like to  must be “compatible with fair practice” 2. It 5

be protected for our works, on the other - as is worth mentioning, that the word ‘teaching’ A

, , , includes all levels of education, i.e. “educational -

15 Ibidem, article 6bis, paragraph 1. —

16 Cotter, Thomas F., Pragmatism, economics, and the droit 18 Ibidem, p.58. 5

moral, 76 N.C. L. Rev. 1, 1997, https://cyber.harvard.edu/metas- 19 Berne Convention..., article 10, paragraph 1. —

chool/fisher/integrity/Links/Articles/cotter.html (accessed on 20 Guide to the Berne Convention..., p.59. A

26th October 2017). 21 Berne Convention..., article 10, paragraph 1. =

17 Guide to the Berne Convention..., p. 42. 22 Berne Convention..., article 10, paragraph 2. E
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institutes, municipal and state schools and
private schools” 23], Generally speaking, a
professor may reproduce the work of someone
else during their lecture, for example by sho-
wing a reproduction of a picture or a painting,
or a fragment of a movie. Moreover, the tea-
cher may make copies of such works (photo-
copies of reproductions of pictures, articles,
or a page from a textbook) to be analyzed
during the class, provided it is ‘justified by the
purpose’. Note, that you absolutely cannot
photocopy and distribute more of someone
else’s work than is necessary to teach the class.
The professor must clearly indicate the author
and the source of each and every work used
by the way of illustration for teaching, be it a
graph, table, photo, or a sentence from some-
one else’s work. Note, that even if the pro-
fessor modifies another’s work, they still must
provide the source of the original work and
indicate the implemented changes.

From the practical point of view, right to
quote is very close in nature to the ‘use of works
by way of illustration for teaching’ - both allow
us to use the work of someone else to some
extent. However, the most important purpose
of copyrights is to protect economic interests of
the author. Hence, in a commercial lecture we
use the right to quote with the purpose being
scientific or analytical rather than educational.
As indicated above, with that come certain
restrictions which are stricter than in case of the
second fair use - in most cases the author may
quote someone else’s work in their commercial
lecture (presentation), but most likely will be
prohibited from distributing photocopies of the
part of the quoted work used in the lecture.

No matter under which paragraph of Article
10 one uses someone else’s work, the source
and the name of the author must absolutely be
mentioned 4. Hence, article 10 paragraph 3 of
the Berne Convention restates one of the moral
rights of authors. The requirement to indicate
the name of the author (when possible) supports
the notion of the right to claim authorship. One
should also note that the indication of the source
may infringe the cited author’s second moral
right. Misrepresentation of the cited author’s
ideas or putting their words out of context can
breach their right to integrity of their work.

Conclusions
As stated in the beginning of this article, the
protection of copyrights, both economic and

23 Guide to the Berne Convention..., p. 60.
24 Berne Convention..., article 10, paragraph 3.

moral rights of the authors, is within the natio-
nal law. Therefore, the protections afforded to
authors in public international law should be
considered a set of minimum rights and privi-
leges. The Berne Convention does not provide
for an enforcement body or a court to solve the
disputes that arise under copyright laws. On
the contrary, in many Articles the convention
leaves the means of redress for copyright
infringement to national legislation and courts
of the country where protection is sought.

For scholars and researchers there are
some practical points that should be kept in
mind. Firstly, always properly indicate the
source of your quote or even paraphrase,
customarily including (at least) the name of the
author, the title of their work, the publisher or
the title of the journal, and the year of pub-
lication. There are several styles of citation -
which one to use generally depends on the
publisher or the university. One important tip
regarding the style of citation: it should be
uniform across the paper. Secondly, no matter
the situation, always, always read what you
agree to. When scholars submit their papers
for publishing, there usually are terms of use,
privacy policy, disclaimers, waivers or alike to sign
or mark with annotation “I have read and agree
to the following (...)". In fine print there can be
hidden various waivers of copyrights, for
example stating that the author licenses (or
transfers) their copyrights to the publisher, or
that they will not submit the paper to be pub-
lished in another journal while the publication
is pending in the current one or simply ever.
Moreover, there can also be statements indi-
cating that the author will not enforce their
moral rights regarding this paper. As mentioned
above, in many jurisdictions moral rights are
inalienable - no one can demand that the
author transfers or disclaims their moral rights.
In such a case, only the enforcement of moral
rights (in a court of law) can be disclaimed when
the moral rights are infringed. Infringement
can happen for example by not putting the
name of the author on the work or changing
the work in any way without the author’s
consent.

To summarize, whatever waivers or
statements might be included in terms of use
or publishing contract be sure to read it
carefully before agreeing or signing. To be
honest, it is a good idea to read a document
thoroughly before signing it, whatever the
circumstances.

N
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KOHBEHIIMHUYT MIHIMYM 3AXHCTY ABTOPCHKOT'O ITPABA
(KOHBEHIIISI BEPHE)

J. Barg
AXIOM, WROCLAW, POLAND

BcTyn. B HAWoMy no8cakOeHHOMY ¥Ummi, 3HA4YHOK MipOH, BUKOPUCMOBYHOMbCA NPABA iHMesekmyaneHoi 81ACHOCMI.
Ak npaeuso, 30KOH iHMenekMyanbHOI 81ACHOCMI pe2yeEMbC HAYiOHANbHUM 30KOHO0A8CMeEoM, O 3020/16Hi NPUHYUNU
8UKNA0EHI 8 MiDKHAPOOHUX 002080paX. ABMOPCLKI NPasa Cy8OPO 3aXUWAOMb AUWe BUPAXEeHHA idell, a He OCHOBHI idei,
npoyedypu, Mmemodu pobomu abo cami MameMamuy4Hi NOHAMmMA. bepHcbKa KOH8eHYiA 6y/a1a enepuie nionucaHa 8 1886 poyi
i 00 4yb020 OHSA € 0OHUM 3 HAUIBAXAUBIWUX MIXHAPOOHUX 002080pi8 NPO ABMOPCLKI MA MOPAILHI NPAsa.

MeTa AocnifyKeHHs noss2ae y KOPOMKOMY NOsSICHEHHI OCHOBHUX Npas i npusineis, HAOaHUX aemopam bepHcekoro
KoHBeHYjiero y it HUHIWHIG pedakyii, Mapu3sskuli akm 8i0 24 aunHs 1971 poky, 3miHeHul 28 sepecHs 1979 poky.

Pe3ynbTaTW. bepHCbKO KOHBeHYis nepedbavyae «2apaHmMosaHuli MiHiMyM», W0 03HAYQE, WO A8MOPAM NOBUHHI
2apaHmysamucs woHaliMeHwe npaea, Ha0aHi bepHcekoro KoHeeHyier. OOHAK, iM makox Moxce Hadasamucsa binswe npas.
Y cmammi 7 bepHceKoi KOH8eHYil pe2ytemMescsi mepMiH 3aXucmy asmopCbKUX hpas, AKUll € Xummsam asmopa i n‘amoecam
pokie nicas tiozo cmepmi. MopansHi npasa, nepedbayeHi cmammeto 6bis, 6yau dodaHi e 1928 poyi, i Hadarome aemoposi

npaeo 8UMA2amMu G8MOpPCLKi NPasa Ha 8aacHUT meip/Haykosy pobomy ma npaso Ha hosazy. Cmamms 10 bepHcbKoi KoH8eHYl

nepedbayae “6e3cymHigHe 8iflbHe BUKOPUCMAHHA meopis”.

BucHoBKW. HadaHi ce0600u 8k104AOMb 8 cebe MOXAUBOCMI YUMYBAHHS | BUKOPUCMAHHS HAYKOBUX 00POOKI8 IHWUX
asmopis 8 Ha8YANLHUX yinsx. [lpome 8 060X BUNAOKAX 0608'A3KO80 NOBUHHO BKA3YS8AMUCA NEPUIOd*epeno.
K/TKOYOBI C/TOBA: aBTOpCbKi NpaBa; MopasbHi NpaBa; bepHCcbKa KOHBEHLLiSi; BAKOPUCTaHHSA Npas.
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