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Thermal pain perception during different satiety levels in males and females across
follicular and luteal phases of the ovarian-menstrual cycle

Tamar Gvasalia, Irine Kvachadze, Merab Tsagareli

Thbilisi State Medical University, Department of Physiology

Abstract: Nowadays it is known that sex hormones play an important role not only in the reproductive
system but also in thermoregulation, somatosensory control, and pain perception. Several studies have
shown that women are less tolerant of pain and have higher sensitivity and predisposition to
somatization and pain chronification. In addition to sex, feeding status is also an essential factor for
pain perception. Metabolic factors and glucose levels may play a role in the sensation of pain. In this
paper, we report an evaluation of thermal pain thresholds induced by heat and cold stimulation in
males and females during primary (pre-resorption) and secondary (metabolic) satiety. The obtained
data showed that in both sensory-motor satiety and metabolic satiety, the heat pain threshold was
significantly higher in males than in females in the follicular and luteal phases of the ovarian-menstrual
cycle. Further studies are needed to detect more details on the influence of food satiety levels on pain

perception regarding sex differences.

Keywords: pain, thermal pain, primary satiety, secondary satiety, phases of the ovarian-menstrual

cycle.

Introduction

According to the International Association for the Study of Pain (IASP), pain sensation is a protective
mechanism, which relies on subjective and objective experience, related to actual or possible tissue

damage [1].

Pain is an essential protective mechanism coupled with urgency to cease the irritating factor’s action.
The phenomenon of pain still remains one of the most important challenges in medicine, which often

leads to disabilities and worsened life quality in the human population.

Recently, gender-associated differences have been the subject of a number of studies, which revealed,

that females compared to males are more sensitive to experimental pain and postoperative pain than
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males [2,3]. In addition, some data suggest that females are more prone to chronic pain during
conditions, such as fibromyalgia, irritable bowel syndrome, temporomandibular pain, and arthritis [4-

6]. These findings raise suspicion that sex differences should be thoroughly investigated.

Different factors contribute to sex differences in pain perception. For example, some studies show that
females tend to catastrophize their pain more [7], which can be attributed to sociocultural reasons.
Besides, some data suggest that women report different findings in terms of pain threshold and
sensitivity throughout the ovarian-menstrual cycle. Nowadays, this variability is thought to be

dependent on sex hormones and psychosocial factors [8,9].

In terms of biology, sex hormones play an important role not only in the reproductive system but also

in thermoregulation, feeding, memory formation, and somatosensory control.

Herren first noted the relationship between hormonal levels and pain perception in 1933 [10]. Some
studies [11,12,13] show that women are less tolerant of pain and have higher sensitivity and
predisposition to somatization. In addition, some data show that during early menopause, increased
pain perception is caused by diminished levels of estrogens [14], but on the other hand, the findings of
different studies are controversial: in 2012, Stening and colleagues carried out the study of pain in
females undergoing in vitro fertilization and revealed, that in contrast to abundant reports from animal
studies of gonadal steroid hormone influence of pain, no measurable effects were seen despite the major
variations in serum 17-beta-estradiol induced by IVF-treatment [15]. Estrogens are involved in pain
transmission via neuroanatomic pathways at the central and peripheral levels, and the brain is one of

the target organs of estrogen.

According to other studies, there is a significant correlation between increased pain perception,
increased levels of progesterone and reduced levels of estrogens associated with the luteal phase (16).
The mechanism possibly relies on the upregulation of opioid receptors and the activation of endogenic
opioid neurotransmission. In contrast, decreased estrogen levels in the thalamus and amygdala

downregulate opioid receptors, resulting in associated hyperalgesia [17].

As the level of estrogens by itself varies during the ovarian-menstrual cycle, peaking in the follicular
phase in response to follicular stimulating hormone (FSH) and decreasing after ovulation, in the luteal
phase, in response to diminished concentrations of follicular stimulating hormone and luteinizing
hormone, our team decided to take hormonal factor into consideration and subdivide the female cohort

according to the ovarian-menstrual cycle, by using the questionnaires prior to the experiment.

Thermal perception is essential for somatosensory organs because it combines the central and
peripheral nervous system components. It is considerable, that warmth and cold are perceived as two
distinct sensations. All nociceptors have the ability to feel pain, but dramatically low temperatures are
required to activate some nociceptors. This may be caused by the non-specific response of the tissues

to freezing.
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Recent studies reveal, that in addition to biological and psychosocial mechanisms, pain perception can
be altered by satiety levels as well [18]. Food ingestion results in satiety, sleepiness, and several
physiological effects, such as increased heart rate and cardiac output [19]. Metabolic factors and glucose
levels may play a role in the sensation of pain. According to some studies, certain foods, such as those
rich in lipids, can decrease cold pain sensations in healthy individuals [19]. Also, there is a link between
sweet products and increased tolerance to pain [20], but on the other hand, other data suggest

decreasing pain threshold in hyperglycemic states [21].

Glucose is thought to be linked to an endogenous opioid, endorphin, which can modulate physical and
emotional stress and pain in humans [22]. Endogenic opiates decrease pain. In vertebrates, the opioid
system stimulates gastric juice and digestive enzyme secretion, which may have analgesic effects. In
addition, endogenic opioids decrease emotional background, which also plays a role in the response to
painful triggers. Together with endogenic opioids, cholecystokinin is also released, which mediates

sedative and analgesic effects and even increases opioid production [23,24].

The earlier research, which aimed to study the role of feeding on pain perception, presented that the
participants had higher pain sensitivity during starvation, which used to diminish over time after
feeding. As the experiment described above included only 16 participants (8 males, 8 females), the data
was not sufficient for a reliable conclusion about gender differences related to satiety. The later study
investigating satiety-dependent changes in pain perception in which 32 males and 30 females took part,
revealing significant differences between males and females, in thermal pain threshold parameters

during starvation [25].

Therefore, the main goal of our study was to assess pain perception induced by thermal irritation in
males and females in follicular and luteal phases of the ovarian-menstrual cycle during different satiety
levels: during starvation, primary satiety and secondary satiety. The cohorts of males and females were
subdivided according to 3 stages of satiety, as each of them is coupled with different conditions in
human body. The primary (sensory-motor, pre-resorptive) satiety is defined as the state suppressing
the hunger center, even before nutrients are transported to the blood. The sensory-motor satiety is
converted into metabolic (secondary) satiety, once the end-products of food digestion are transported

into the blood and their high concentrations are detected.

In previous stages of our research, we studied the pain perception of males and females in the follicular
and luteal phases of the ovarian-menstrual cycle during physiological starvation. We found higher
sensitivity to pain in women than in males. There was also a difference between the different phases
of the ovarian menstrual cycle [26]. Thus, the purpose of our upcoming study was to evaluate the pain
threshold induced by cold and warm stimuli in males and females during primary (pre-resorptive) and
secondary (metabolic) satiety. The reliable data about the correlation between pain sensitivity and
various satiety states can become essential for filling the gaps in our general knowledge about the pain

phenomenon and improving individual pain management resources and diagnostic tools.
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Materials and methods
Participants

The study sample comprised 50 volunteer students (F=25, M=25) aged 18-23, (mean age 20,5 + 2,5).
Menstrual cycle phases were determined using questionnaires and calendar methods. 7-11th days of
the ovarian menstrual cycle were assessed as the follicular phase, while the 18-22nd days was assessed
as the luteal phase. Patients with an irregular menstrual cycle (less than 21 days, and/or more than 35

days apart) were excluded from the study.

The main selection criterion for the participants was their health status. Those without chronic pain;
obesity, cardiovascular, respiratory, endocrine, and other disorders; and chronic use of any medication
(including contraceptive pills) were selected for participation in the study. The presence or absence of
the aforementioned disorders was evaluated using electrocardiography, spirometry, height, weight,

arterial blood pressure, and BMI of the participants.

Prior to the start of the study, participants were given information about their rights and could refuse
to participate in the study at any stage. Written informed consent was obtained from all participants.
All study procedures and protocols were approved by the Biomedical Ethics Committee of the Thbilisi
State Medical University. The study was conducted in compliance with all the requirements and
regulations of the Ethical Guidelines for Pain Research in Humans of the International Association for
the Study of Pain (IASP) (www.iasp-pain.org/resources/guidelines/ethical-guidelines-for-pain-

research-in-humans/).

This study was performed in two stages: during primary satiety and secondary satiety. The types of
satieties were distinguished from one another, as they characterize different states in the human body.
The first phase was held in primary (sensory-motor) satiety, 20-30 minutes after the last meal, and the
second phase in secondary (metabolic) satiety, 60-90 minutes after the last meal. The meals with mixed,

standardized nutrients were provided by our team and given to participants.

Each phase of the study was performed in the morning, at 9 am. The experiment took place in an
isolated, sound-proof space. The participant was placed in a comfortable armchair. The duration of the
study was approximately 2 hours: 30 min after the meal for assessing primary satiety and 90 min after

the meal to assess secondary satiety.
Procedures

Thermal pain sensitivity was assessed using the computer-controlled tool Pain & Sensory Evaluation
combined system PATHWAY (Medoc, LTD, Ramat Yishai, Israel), in which probands were given
hot/cold stimuli, and thermal sensitivity and pain thresholds were simultaneously detected. A 3x3 cm
flat probe was fixed to the sole of the right palm of the subject with rubber. The intensity from the
baseline (comfort) temperature 32 °C, was getting increased by 0.5 °C in a second until proband was

used to hit the button for detecting heat/cold threshold. The maximum temperature was +55 °C,
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whereas the minimum temperature was 0 °C (to prevent tissue damage). To avoid

sensitization/adaptation of skin receptors, the time gap between stimulus delivery was 10 s.

The participants were given stimuli in the following sequence: four episodes for detecting heat/cold
sensitivity, three episodes for the threshold to cold pain, and three episodes for the heat pain threshold.
The thermode moved across the skin to decrease skin adaptation; therefore, the area of skin stimulation
made up 6x6 cm. Prior to the main procedure, experimental stimuli were provided to the probands to
avoid emotional responses. Instruction on the procedure was provided to the probands prior to the

experiment.

The findings were assessed quantitatively by the probands automatically by pressing the button when
they perceived heat/cold and pressing the button in another (left) hand when the sensation was
converted into pain. Thermal alterations in thermode and evaluation of mean findings (in °C) for each

parameter were managed according to a previous study [26].
Statistical analysis

Data were tested for normal distribution. The mean values for each of the responses for detection
thermal sensation thresholds, and thermal pain thresholds were calculated. Data were subjected to
repeated measures analysis of variance (ANOVA). Comparisons between groups were made by paired
t-test. Kruskal-Wallis ANOVA and subsequent post hoc Tukey test was used to assess differences
between groups. The data are expressed as mean + s.e.m. Statistical significance was acknowledged if p
< 0.05. The statistical software utilized was InStat 3.05 (GraphPad Software, Inc., San Diego, CA, USA).

Results

According to the obtained data, the differences between male and female thresholds in both, follicular
and luteal phases are significant. In particular, in sensory-motor satiety, the warmth pain threshold is
significantly high in males, compared to females in both, follicular (t = 6.23, p < 0.01) and luteal phases
(t = 4.62, p < 0.05). As for metabolic satiety, the differences between males and females are also

50 significant in
follicular (t=7.17, p
< 0.01) and luteal

46 phases (t =3.53, p <
0.05) (Figure 1).
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Figure 1Heat pain thresholds in males and females (follicular/luteal phases) in sensory-motor and
metabolic satieties. In both phases of satiety, the heat pain threshold is significantly higher in males,

than in females in follicular/luteal phases.

As for assessing the cold pain, there is not a significantly high threshold in males compared to females
in follicular phases of the ovarian-menstrual cycle in both sensory-motor satiety and metabolic satiety
(P > 0.05), but not for differences in luteal phase for sensory motor satiety (t = 6.84, p < 0.01) and for
metabolic satiety (t = 6.59, p < 0.01) (Figure 2).
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Figure 2-Cold pain thresholds in males and females (follicular/Iuteal phases) - insignificant difference
between males and females in follicular, but significant-between males and females in luteal phase,

during sensory-motor and metabolic satieties
Discussion

According to recent studies, the effect of estrogen on pain perception can be contradictory and can be
explained by the specific mechanism of action of estrogen in various cells and tissues [14]. The findings
of the latter research correlate with the data of our previous study [26] showing that males, compared
to females, have a higher mechanical pain threshold and in addition to this, the pain perception
threshold in the follicular phase can be higher than in the luteal phase. The findings also coincide with
data showing that irritation caused by cold, heat, and ischemic pain shows significantly higher pain
perception in females. However, changes in pain perception due to the ovarian-menstrual cycle have
not been noted [27]. The absence of an ovarian-menstrual cycle influence on pain sensation has not
been observed in other studies [28]. In other experiments, it was noted that there was increased pain
perception in the premenstrual period compared to the ovulatory phase, and some data confirmed that

a high level of estrogen correlates with increased pain sensitivity [29].

As according to our experiment, pain perception seems to be affected by changing satiety levels, our

findings in the future can result in altered approaches in patient-care services. Assessing whether the
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patient is in primary or secondary satiety, can assist physicians to improve pain management tools and

diminish the risks of pain chronification.

To actively use the results of our study in clinical medicine, it is compulsory for investigation within
the field to continue, which can become essential for creating an algorithm to manage chronic pain.
This can be life-changing for healthcare workers to prevent disabilities caused by chronic pain, which

in turn can improve the quality of life of patients with chronic illnesses.
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Figure Captions

Figure 1. Heat pain thresholds (°C) in males and females (follicular and luteal phases of ovarian-menstrual
cycle) in sensory-motor and metabolic satieties. Green columns for sensory-motor satiety, and blue
columns for metabolic satiety. Notes: In sensory-motor satiety, the heat pain threshold is significantly
high in males, compared to females in follicular phase (p < 0.01) and luteal phase (p < 0.05). For metabolic
satiety, the differences between males and females are also significant in follicular phase (p < 0.01) and
luteal phase (p < 0.05).

Figure 2. Cold pain thresholds (°C) in males and female (follicular and luteal phases of ovarian-menstrual
cycle) in sensory-motor and metabolic satieties. Green columns for sensory-motor satiety, blue columns
for metabolic satiety. Notes: The differences in cold pain threshold between males and females’ groups in
follicular phase in both sensory-motor satiety and metabolic satiety are not significant (P > 0.05).
However, these differences between males and females’ groups in luteal phase are significant in both

sensory-motor satiety and metabolic satiety (P < 0.01).
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Evaluation of proliferative activity of endometrial metaplasias by AgNor technology
Teona Turashvili, Giorgi Tevdorashvili, Shota Kepuladze, Giorgi Burkadze
Thilisi State Medical University
Abstract

Endometrial metaplasia represents the transformation of glandular structures of the endometrium into
other functionally and morphologically different tissue. The presence of endometrial metaplasias can
be observed during other concomitant, both benign and malignant processes. Accordingly, endometrial
metaplasia occurs separately or together with other histopathological changes. Different types of
endometrial metaplasia are chosen, the most common of which is ciliary metaplasia. Determining the
biological behavior and prognosis of a tumor is a very difficult process and requires the use of various
technologies, sophisticated and specialized tools and techniques, which are also diagnostically
inefficient. The AgNOR staining technique is quick and easy to perform. It can be performed on candles
embedded in paraffin. The aim of our study was to evaluate the proliferative activity of endometrial
metaplasias using AgNor technology. Based on the results of the study, it was revealed that the
maximum proliferative activity was observed in cases of immature squamous cell metaplasia of the
endometrium. AgNOR technology can be used in routine diagnostic practice as an aid to determine the

proliferative activity of cells and, accordingly, the prognosis.

Key words: endometrial metaplasia; AgNOR; proliferative activity
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On the conditional distribution of the sum of m -dependent vectors
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* Professor of the Department of Mathematics of Georgian Technical University; ** Associate Professor of
Department of Mathematics of Georgian Technical University; * Invited Lecturer in Statistics, International
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Abstract

On the probability space (€2,F,P) is considered a stationary (in the narrow sense) two-

component sequence {&,Y,} - YiiQ- R“ is conditionally m -independent vectors sequence

The decomposition S, = 1Z:[Yi —EY,|=S,,+S,, is  applied,  where
Nz

S = %;[Yi—E(m;)} and  S,= %;[E(Yi@)—EYl]. Is proved that if

Fs ()—5z—Q() and Q() is nondegenerate distribution, then for each Xx,ye R*

P(CDRm (x-y)< an‘gln (X) <@g (x+ Y))TQ(Y) -Q(-y), where

Eln), En=(&,8,., &) is fixed trajectory of

+p

R, =R +i[R5p> +(R(§p))T} R{P = Ecov(Y,,Y,
p=1

control sequence. When {&}  isa finite ergodic Markov’s chain with one class of ergodicity,

i1
then is shownthat Q(:) = Ry (1), where T, is expressed by chain parameters. When a chain has
cyclic subclasses, the existence of the corresponding limiting characteristics is understood in the
sense of Cesaro.

When solving many practical problems, the question arises of constructing statistical estimates
of parameters by dependent observations. For example, in a study conducted to determine the
rating model of vocational colleges, the data obtained from a survey of students are dependent
on each other, due to the fact that they are obtained from the same social group. (R. Chartolani,
N. Durglishvili, Z. Kvatadze. Optimization of a State Financing Model of Vocational Colleges.
Proc. A. Razmadze Math. Inst. 2015. 169.(2-15), pp. 23-31). Also, the dependence of data in
various studies of the geophysical direction cannot be neglected. For example, in the pre-
earthquake (preparatory) period, tectonic processes in rocks develop continuously in time, and

therefore records of any characteristic taken at discrete points in time depend on each other as
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manifestations of one whole. Proceeding from similar considerations, when determining the
law of distribution of various populations, density estimates are constructed by dependent
observations. For example, nonparametric density estimates and estimates of regression
coefficients are known, built by observations connected in a Markov chain (Yakowitz Sidney
(1989) Nonparametric density and regression estimation for Markov sequences without mixing
assumptions. 85721-Journal of Multivariate Analysis, 30: 124-136. Arisona, USA). Conditionally
independent observations and observations with a chain dependence are also considered. The
accuracies of density estimates constructed by such observations by the L, metric (Z, Kvatadze,
B. Phardjiani. On the Exsactness of Distribution Density Estimates Constructed by Some Class of
Dependent Observations. Mathematics and Statistics. 2019 Vol. 7(4), pp. 135-145. SAN JOSE) and by
the L, metric (B. Parjiani, L. Labadze, T. Kvatadze; Georgian Scientists, “On the accuracyby the

metric L1 of the density estimation constructed by dependent observations” Vol. 5. Issue 1, pp.
308-321, 2023) are known.

To construct statistical estimates based on dependent observations and determine their
unbiasedness, it is necessary to know the asymptotic distribution of sums of dependent random
variables. At the present stage, the rich theory of summation of independent random variables
(Normal Approximation Some Recent Advances. Sazonov V.V. Lecture Notes in Math. V. 79,
Berlin, ete.,: Springer. 1981.) is transferred to dependent random variables. In many problems,
Markov dependence is used, which is one of the types of weak dependence. Questions of the
limiting asymptotic behavior of sums of random variables of various types of dependency
(weakly dependent, conditionally independent, connected in a Markov chain) are discussed in
many papers. Sums of such random variables are often considered, the joint distribution of
which is determined by some control sequence of random elements. Conditionally independent
sequences (Bokuchava I. V. Limit theorems for conditionally independent sequences. (in
Russian) Teor. Verojatnost. i Primenen. XXIX. (1984). N1, p. 192-193) and sequences with chain
dependence are considered. For example, articles by O'Brien (O’ Braien G.L. Limit Theorems
for Sum of Chain Dependent Proccesses. U. Appl. Probab., 1974, 11, 582-587), Y. Aleshkevichus
(G. YU. Aleshkyavichus, On the central limit theorem for sums of random variables given on a
Markov chain. (Russian) Lithuanian Mathematical Collected Works, Vilnius 6 (1966), Ne. 1,
15-22.), R. Chitashvili, T. Shervashidze, I. Bokuchava, Z. Kvatadze (Bokuchava I., Kvatadze Z.,
Shervashidze T. On Limit theorem for random vectors controlled by a Marcov chain. Prob.
Theory and Math. Stat., Vol. 1, 1986, 239-250. VNU Science Press, Utrecht.) and other authors
deal with these issues.In this paper, we discuss the class of sequences of conditionally m -
independent vectors and the class of sequences of vectors with chain m -dependence. (Kvatadze
Z., ShervashidzeT. Some Ilimit theorems for I.I.D. and Conditionally independent random
variables. The second international Conference, “Problems of Cybernetics and Informatics”.
September 10-12, 2008. Baku. Azerbaijan. Section Ne 4. “Applied Stochastic Analysis”. Institute
of Information Technologies of NASA. Printing House of “Information Technology” Baku. 2008.

Vol. 11, 217-219). In the case of a non-regular ergodic chain, the sequence of functions is defined

Georgian Scientists/do®mnggaro dgisbogmgdo .5 N 3, 2023 22



on a sequence of vectors with a chain m -dependence. A representation in matrix form of the
limit covariance matrix of the normalized sum of the sequence of these functions is obtained.
The fundamental matrix and the corresponding limiting characteristics of the Markov chain in

the case of cyclic subclasses are computed using the Cesaro summation.
The Levy-Prokhorov metric p(F,G) = Sup|F(X) —G(X)| is often used when considering the
xeR¥

convergence of distributions on the space of distribution functions. Therefore, the question of
determining the limiting probability of the distribution of the sum of functions falling into a
strip consisting of two normal shifted distributions is of natural interest. The article discusses
the normalized sum of a sequence of conditionally m-dependent vectors. The limiting
probability of the conditional distribution of this sum falling into the band consisting of two
shifted normal distributions is determined. The covariance matrix of these distributions is
expressed by the Markov chain parameters. A similar limiting probability is set for the

normalized sum of a sequence of vectors with a chain m -dependence.

Keywords: Conditionally m -independent sequence, conditional distribution, Markov chain,

m -dependent sequence controlled by the Markov chain.

2010 Mathematics Subject Classification. 60F05. 60J10. 60J20.

Introduction

When solving practical problems, it is often necessary to build statistical estimates based
on dependent observations. For example, time series used in psychological research or in
economic parameter estimations, in most cases, consist of dependent data. Determining the
accuracy and unbiasedness of the constructed estimates is related to the knowledge of the
asymptotic distribution of the sums of dependent random variables. There is a spread of methods
for studying the distribution of sums of independent random variables ([1]) over dependent
random variables. The Markov dependence, which is one of the types of weak dependence,
naturally enters this path. Limit theorems for weakly dependent sequences are expressed in
terms of sigma-algebras generated by asymptotically separable segments of the sequence. An
essential role in their approval is played by Bernstein's "sectioning" method, which uses the
effect of dependence weakening with increasing distance between segments. Many authors
study sums of random variables whose distribution is determined by some "control" sequence
of random elements. Conditionally independent sequences ([2],[3]) and sequences with chain
dependence ([4],[5]) are considered. In this paper, we consider a conditionally m -independent
sequence of vectors and a sequence of vectors with a chain m -dependence. Let's calculate the
limiting probability of their conditional distribution falling into the band created from two
shifted normal distributions.

On the probability space (2, F,P) we consider a two-component stationary (in the

narrow sense) sequence
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GV (1)
{& }izl , (& :Q— E) is the control sequence. Assume that the set = consists of a finite number
of finite elements. {Y, }izl, (Yi Q- Rk) is a sequence of conditionally m —-independent vectors.

Definition. (see. [6]) The sequence {Yi } from (1) is called a conditionally m

i>1
-independent sequence if the vectors V,,Y,,...,Y, ona fixed trajectory &, =(&,&,,...¢, ) for an
arbitrary natural number n become independent when thier index difference exceeds m. In
this case the distribution of Y, is depends only on ¢&;. For arbitrary natural numbers i, I, n,

JisJyreendi>s (2<01<n5i<n; 1< < J, <...< j, £n) the equations are fulfilled:

P(Y, Yig» ‘fm 11‘511 *Rjz‘fiz * '*PYn‘fu ) 07 ‘Jp - Jq‘ >m, Vp,qe {1,2,,,,, |}
Pie. =Ry 1<h<b<.<j<n i=Ln

where P, is the distribution of X .
Remark: If {&}.

called a conditionally m -dependent sequence controlled by the Markov chain (sequence with

is a Markov chain with discrete time, then the sequence {Y,} is

>1
chain m -dependence).
Let us give auxiliary lemmas.

Let's introduce notations :

uEN=E(Y]]g), u=Eu(&)=EY,
R(&&) =E{[Y,— (&)Y, - (&) |6, 1<jr<n
R(I) ER(§1’§1+|) R( V= ER(§1+I’§1) 1=0,..,m

R,= > RV =RO +i[Rg” +(R§'))T}, 1)
l=—m 1=1

. 13 _
Considersum S, =, [— z [Y; — #]. Let us use the same method that was used to determine
i=1

the limit distribution of the sum S, by fixing the trajectories & in [5]. Let us decompose the
sum S, on a fixed trajectory into two uncorrelated and asymptotically independent centered

sums S, =S, +S,,

Fue)]) se- i Elaa)-n]

Lemma 1. (see [5]) Suppose that {Yi }izl is a conditionally m —independent sequence in
model (1). Let's say for arbitrary function ¥:Z-—>R* when EY, (&)< (p =1k,

Y()=(¥,(),¥,0),... ¥, () ) almost everywhere an convergence is executed

—Z‘{'( )—ESEY(E)  ae 2)

Let's say
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Sp(R,) <o 3)
Then, for n — oo, the following convergences are fulfilled:
a)

b) B ——,,

L>®Rm a.e.,

Snaléin

¢) If R ——P then B, ——; =P

Lemma 2. (see. [7]) Let’'ssay g:T — T’ is a continuous mapping of a T metric space
into a T’ metric space. If X, —— X when n— o then g(X,)—1>g(X).

Lemma 3. (see. [7]) Assume that, X, Z, and X are random variables with values in a
separable metric space T . Let's say when n—oo the limit equalities X,——X and

p(X,,Z,)— 0 are satisfied, then Z, ——> X .

Methodology

When proving the theorem, we use the methods applicable in article [5] by I.
Bokuchava, T. Shervashidze and Z. Kvatadze. The sums S, and S,, are uncorrelated and
asymptotically independent (see. [5]). For calculated expressions in inequalities, we use the

following representation E(-)= E{E(- é?m)} . This representation allows us to consider the

terms of these sums on a fixed trajectory as independent quantities. We are investigating an
ergodic chain that is not regular. Since there are cyclic subclasses, the existence of the
fundamental matrix of a chain is understood in the sense of Cesaro (see.[8]). In [9], the
representation of the covariance matrix of the limit distribution of the normalized sum of

functions defined on a chain was obtained using the characteristics of the chain.

Main Results

Theorem 1. Suppose that {Y,}. isa conditionally m —dependent sequence in model (1).

>1
Suppose the control sequence {& }i21 satisfies condition (2) and inequality (3) is fulfilled. Then

the following propositions are true:
a) Let’s say F ~ is weakly converges to some non degenerate distribution Q with

distribution function Q(-), then for arbitrary vectors X,Y, (X, ye Rk) when N — oo

there is a convergence
P{@g, (x= V) <F,, (020, (x+9)]>QN-Q-Y) 0

b) The opposite is true, if (4) is true, then 7 — Q.

Proof. Let's use the following representations

P o, (k=) < Fy (0D, (x| =P D (x=Y) < Fy | (X=5,) <@ (x+Y)|=

—P(F, 1 (x=8,) <O (x |-PF, | (x=8,,) > Dy (x-)|-1=
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=P{M, <0}-P{L,>0}-1 5)
P{d,, (x—Y) <Dy (x=5,,) <D (x+y)}=P{M} <0}-P{L >0}-1 6)
where

M, = anl‘gm(X—SnZ)—CDRm(X-i- y);

M; = ®p (X=S,,) —Pg (X+7Y);

L =F g, (X=55,) = ®g (X—Y)s

I—ln = {(DRm (X=3S,,) - ‘DRm (x— y)} .
On the space where the sequence (1) is given, let's determine the random variable 7

with distribution Q . Due the continuity and monotonicity of the function @ ()
P{®, (x—y) <D, (X=S,,) <D (x+Y)}=
=P{-y<S, <y}—>P{-y<n<y}=Q(y)-Q(-y) . (7)
Let us show that the quantities M, and L, have the same limiting distributions as the
quantities M~ and L (respectively).
@, (x—t) is continuous with respect to t, and 7 | —W—>73,7 , therefore, by virtue of
Lemma 2, when n— oo, the following convergences are fulfilled
M; =@, (X=S,,) —D@p (X+Y)—— D (X=77)—Dg (X+Y),
L = ®g (X=8,,) = ®g (X=Y)—> P (x=17) = Dg (x—Y).
Let us introduce the distance between the functions f(-) and g(-) as following:

p(f(-),g(-))=surk>|f(x)—g(x)l-

XeR

It is clear that
On a fixed trajectory &, =(&,&,,..&,), the sum S, becomes equal to some specific

(trajectory dependent) number. Therefore, it is clear that the following equations hold
(M, M) = (. ) -

=sup anl‘gln(x_snz)_q)Rm (X_Snz) FSnl\Eln(X)_(DRm (X) .

XeRk

=sup
XERk
By virtue of Lemma 1, when n— o we have

sup
k

xeR

o (0-0, (0] 50 ace

Therefore
p(M,, Mi)—>0,  p(L, L)——0.
By virtue of Lemma 3, we will have
M, —— @, (x—77) - Qg (X+Y),
L, ——®, (x—17) - Dg (X-Y).
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We have obtained that the random vectors M, and L, have the same limiting

distributions as the vectors M® and L. . According to equalities (5) and (6) we will have

Lir?OP{d)Rm(x— V)< Fyp () <@g (x+ y)}: lim(P{M, <O}+P{L, >0}-1)=

= m(P{M; <0}+P{L} 20}—1) - mp{chm(x— y) D (X=8,,) SOy (x+Y)}=
=Q(y)-Q(-y)

The proof of point b) is obtained from the fact that the random vectors M, and L,
have the same limiting distributions as the vectors M and L. respectively. According to
equalities (5) and (6) we will have

limMP{®, (x—y)<®g (x=8,,) < g (x+Y)}=

= lim(P{M; <0} +P{L} 20} ~1) =lim(P{M, <0} +P{L, >0}-1)=

—limP{®, (x-y)<F, ; (0P (x+ )| >Q()-Q-Y).
On the other hand
P{®g (x—y) <@ (X=S,,) <Py (x+Y)|=P{-y<S, <y}

from this we will obtain b).

Let’s suppose that {rfn }n>l is a finite, homogeneous, stationary, ergodic Markov chain

with one class of ergodicity, which may contain cyclic subclasses. Let's say the set of states of

the Markov chain is Z={b,,b,,...,b, }. The limiting stationary distribution is 7 = (7, 7,,...,

Consider a function f : = — R® defined on a chain that satisfies the conditions of Lemma

1. In this case, it is known (see [8]) that for the sum U = \/_ Z[ f(&;)—Ef(&;)] when n—

thefollowing convergences take place
cov(U,)—>T,,

R, ——d, .

n

Matrix T, = (tf, j ) _ elements are expressed by Markov chain parameters
i /i j=1k

Z( Tyl +0 425 — 75— 1,0,5) Fi(@) £,(B), i, j=1K. (8)

where Z isthe fundamental matrix of the chain

21—y - +(fi<w -] ~fzul e

H= — ﬂ,-ﬁ—ﬂ aﬂ 1lr)

T
Bl p=1r

and
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f=(f,ff), fla)=f(b,),i=Lk, a=1r.

The symbol () . stands for convergence according to Cesaro. It was shown in [8] that

when the chain is irregular (contains cyclic subclasses), then both existence Z and convergence

cov(U,) — T, are understood in the sense of Cesaro.

In [9], the representation of the matrix T, is accepted in the matrix form
T, = F[II,Z + (M4, Z)" — TT-TI, ]FT, ©)
where F is the following matrix of order k xr.

f.(b), f.(by), ..., f.(b,) f, (D, £.(2),..., f.(r)
e _| f2(B), T2(b2), ..., T2 (b)) f. (D), 1.(2),.... (1)

f (), . (b,),.... £, (b,) f.@. £.(2),.... f ()

T, Ty, 7T,
Ty T0oyuuny T,
. 1175721
lim(P"), =I1= '
e
7[117[21 17Z-r

Let's use this fact. Consider, as a function f :Z — R, the function
HIE—> R f (5,) :/J(gj): E(Yj‘é:j):(M(é:j)!luz(é:j)v"'!:uk(é:j))>

fo(6) = 1, (E)=E(YPIE), p=1Kk, Y, =(YL. Y2 Yf),

]

f(a):,u(a):E(Yj‘ﬁj:a), a=1r,
fo(@) =, () =E(Y/|§;=a), p=1k, a=L1r.

It is clear that

u=E{u(&)}= E{E(Yj \gj)} - Zﬁa,u(a) .

Accordingly, as a the sum U, will be considered the sum S, = LZ[ (&) - y] .

Jn 43

We will have the representation obtained from (9)
T// Zﬁ-[Hng+(Hng)T _HdgH_Hdg]'ﬁT > (10)

where
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1(0), 14 (0,),..., 24(b,) 1), 14(2), .05 145 (1)

77— 1 (0)), 26, (b)), ..., 14, (b,) _ 1, (D), £4,(2), ..., 4, (1)

/’lk (bl)’ /’lk (bz)""’/’lk (br) /’lk (1)v /’lk (2)!"'1/’lk(r)

Accordingly T, = (t# ) - where
1] i’j: ,

tﬂi‘j = Z(ﬂazaﬂ +7Tﬂzﬂa _ﬂaﬂ.ﬂ _ﬂ'-agaﬁ)/’li (Of)ﬂj (IB) > i! J Zﬁ' (11)
a.p

And 6, is the Kronecker symbol.

Theorem 2. Suppose that {Y; }i21 is a sequence with a chain M -dependence in model (1).
Suppose the control sequence {¢ }m satisfies condition (2) and inequality (3) is fulfilled. Suppose
{& ), is a finite, homogeneous, stationary, ergodic Markov chain with one ergodicity class,

which may contain cyclic subclasses. Let's say the set of states of the Markov chain is

== {bl, b,,..., br}. The limiting stationary distribution is 7 =(7,,7,,...,7,) . Then in the above

notation for any vectors (X, ye Rk) when n — o occurs the convergence X,y

Pl@, (X= V) <y (<@g (x4Y)] > Or ()-0y (y)  (12)

Proof. The proof of the theorem is carried out similarly to Theorem 1. It is only necessary to
take into account that the conditions of Theorem 2 include the conditions of Theorem 1. At the

moment, it is known that the limit distribution of the sum S, is expressed by the parameters
of the Markov chain. In particular, its limiting covariance matrix is established. It can be seen
from (10) that at N —» o

P Lo, .
n2 u

This means that instead of a distribution of Q(-), we can consider a distribution of @ (-)
"

. The form of the matrix T, in the presence of cyclic subclasses is obtained with the help of

Cesaro convergence.

Discussion
In the particular case when the Markov chain is regular (does not contain cyclic

subclasses) and {Yn }n>1 are one-dimensional (k =1) discrete random variables, then an analogue

of (11) was obtained in [10]. From here we can obtain (11) by the Cramer-Wold method.
However, this does not give us the matrix representation (10). In [8], the case k =1was
considered, when the Markov chain already contains cyclic subclasses. In [9], a matrix
representation (9) was obtained in the general case when k>1 and the chain has cyclic

subclasses. In this case, as in [8], the result is obtained using Cesaro convergence. An analog of

Georgian Scientists/do®mnggaro dgisbogmgdo .5 N 3, 2023 29



Theorem 2 was obtained in [11] for one-dimensional integer random variables connected by a
regular Markov chain. This result was generalized in [12] by partially removing the restriction
on random variables. Conditionally m -independent and chain m -dependent one-dimensional
random variables are discussed in [12]. The case when the chain has no cyclic subclasses is

considered. Analogues (4) and (12) are obtained for this particular case.

Conclusion.

In the work, we have established the probability of the conditional distributions of
partial sums of a sequence of conditionally m-independent of random vectors falling into a strip
consisting of two shifted normal distributions. From this theorem, a similar result is obtained
for sequences of random vectors with a chain m -dependence. This latter is a generalization of
the result obtained by Z. Bezhaeva [11] to the multidimensional case, when the chain is not
regular and has cyclic subclasses. A matrix representation of the covariance matrix of this shifted
normal distribution with characteristics of a Markov chain is given. These characteristics are

established in the sense of convergence and summation according to Cesaro.
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D0350M0000 3356005300 BoBHMoEoL HoMdmygbs FsG®oEmwo bsbom. xs330l glodsdolo
265396@M0 B5GHO0ES O BOZMI000 BobslinsmYOEGO0 303CIM0 393 oLGdOL sSOLYOMDBOL
99900b393590 298MmmM3e00s BGHsMML SHOOM 3M)905MOOL A5dMYgbgdom.

39bofiogdol gMbdgosms LogmEgBg obsfiowdgdol 309dsMBdOL obbowzol MM
b3oco  330moygbgds  g30-3Gmba®mgol  8gB®ozs  p(F,G)=sup|F(x)-G(x)|. s080@Hmd
xeR*

06930305 BoobGHgMlms Lozombo BMbJzosms xsdol dobsfowgdol memo bm®dserMo
0965330900 2565(0wgdolgsb 99ygbor Bmerdo dmbzgOOL BOIIMOMO SEIOI0MOOL
50960l Jglobgd. 658MM™3To  obbomEos 30MHMBdOMOIE M -EsdM30©IOME  39JBHMOMS
8090936M™dol bmMI0MgdMo X580. ©IRIBOWO0s 5T K50l 30MHMBOMO QsbsHowgdol meMo
0965330900 B®Ase©o 49bsfiowgdolash dgagbor bmedo dmbgzgo®ol Br3zsG0mo
5E050Mds. 53 obafowgdgdol 335005300l oGBS FodmMLabos KoF30L 356539GMJdOL

1599 9000. IRIH0W0s SYN039 DBPOZIMOMO HSEOBSMMDS KOFZIOOIO M —ITIMI0WYIVY
399GMO®s 300009360:Mmd0L bmMHIoMmdME0 K 5FoLm30U.
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dgbbmGo Ggbogro yzgeol LsffomBmm Ggdbmemaom®mo bsBbols 998m3sgz9ds

05300 513560d9!, 090dMMsD Crmbsdy?, 53530 dm3gM0°,
356565 LoMsdyg?, gemgbg LMo, Lmgzom dbgemsdyg®
18530LGH®0, bagdoMm3gml FgdbozmMo Mboggmlo® A0, s3MsMMwo d93bogMgdgdols s dBombiolEgdgdol
06506960690L 53939c0@9E0; 236M0x39L0m60, bade®mzgemb gdbozwdo MBoggdLOGIAG0, 53MMmEo
3936096909005 5 dBoMLOLEHYIGOOL 060bgMmObaOL BozMeEHgE0; 2sbobEBIbE0, LadsOmzgwmU ¢gdbozweo
»60390LOEIGH0, 5MOWo Ig36096M9dgd0LS s doMLOLEJIGOOL 0b606xMOBYOL Bo3MWEYGH0; “3OHMT MmO,
LodoMM39Mb Ggdbozwmemo Mbogzgdliodg@o, JodorMo &gdbmermyool s 8g@sewMR00L B393MEIG0;
35bm30090Mw0 3OMGBILMOO, bLdJsOHMZgEML 3H9db03MMO YboggMLOEIE0, 5MmMWwo dg3bogMgdgdOLs s
00mLolEgdgdol 0b069Mm0bYoL Bo3MwEg@0; 3OHMEBILMEM-5L0LEHI6E0, bLogsOMzgwml Bgdbozm®o MboggdboGg@o,
03O0 393609690900 s dombiolEgdgdol 0bgobgMobyol Bs3wEgGHo

M9Bomdg

4390 9GO 330 1533900 3MIMEYJEH0s @S FolBY dmmbmzbowgds doosh
©OEOS. 0l @FBsEJdOL  Bgdbmemyool dobgz00 IMO35¢RIOMIb0s @O  TJLdsFOLO®

35b1b353900 MOHR6ME3EH032IM0 s BoD0IMMO BsbolinsmYOEGOOm FodmoMbg3s.
LogdoMm39em3 30IM0S Y390l AMegz5¢lobgMdom s 3mMbggdol dobgz00 yz9wols
dmdbogdol om3z5cobfjobgdom  goblbgoggdmwo  FHMO©oEoMwo  Ggdbmemaogdos
d90mMBgboo, HMmIgems 9dg@gumdobsm3zol BEGHBPIOEHMEo BH9dbmmwmyool boBo xgMoaz 6
0904995390 s.
B39b 8930049053900 dgubGHO FHgbowo yz9wol LEHebIOHEHMo GH9dbmmwmaool bsbo,
39 dog om35¢0olHobgdmos 3Hgdbmermaom®o 35653930 S Y390l GHMIWO(30YIEIS®
9 db9d0L yz9es bovysblo.
153396dm LoEY3900: GHobowo yzgo, 8:53056mds, 1Y3sMoE0s, IEsdM, bEBIBEIOEHOBOMYDS.

4390 5530560L 33980L Mo30Mmbdo 9853500 gMHM-9M00 JOMOMIO 3MMEIJBH0S ©O
5990096 298mI0bsMY, I0BEHIMIGdS3 o056 OEOos ol JodsMm, GMAMME Fmbobergmdol
dbOO0IB MMHQ56M93(3H039M0 M35¢LIBOOLOM, 0bY, 39IbMEW MRG0 3MPboMSE. AR oMo
43900l 36153500 LobgMdss (3600 s Jolo LobglbgzsMmdgdo oMM ol FoMHTMIoz3EMSL
39390600905, 5M3 LodosMmzgwms 3 dbMOZ 299mbs3wolo - ™MBoEoswMs© yzgwol 14

LobgmMdss  IMYROLEBHMOMYINMO, FoaMed BHMIPOEOVIO Y390l EsdHBIEIOOL 3N EHNOS,
LoJoOM3geMl  379PHYgO0ID  Q9FMIEODIGY, 089360  51gToBHOS 9©0b0BBME MM YbMASL.
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LG MboOMmE  MFgBIuMdS  Fo0PboL  LEIbIMEGHBsE0s s  Lofo®Mdmdo dobo  JoEgdols
A99bmemyos X9 56 99349ds390mes [1].

B3960 46500 gds, LodsMrmzgwml gHm-9Hm 3mmbgdo - Aglbgomol Jowsedm0sb Gsombdo
9390 ds BHMO©0E0wds dgbbmMds Ggbowrds 439eds 800g30s. oL sbsErMao 96 543l
ALbmREomlb dsBFEsd0m. B39b 9930Lfozegm Egbowo yzgmwol sdHBsEIdol dgmmEo 9eHo-9cmH o
dobbye  mxsbdo, BsgsBHIMgm  LYTY3boghm 3393900  (JodowyGo,  domdodomMo s
9036MB0MEMyomMHo  Fobolosmgdgdo), 350Y0bJM Y390l Fogdol oMY BHMId0 s
0930099053900  BHgboo  g439eol  FoMdmgool  LEHB-sOGMwo  BH9dbmwmaos, GMIgedog
30M35¢0{Hobgdwos  BHMsoEoIwo  (o®dmgdol  yzgws  god@meo s  899w9ds3s
A99bmemyomMo 69509900.

dgbbmeo  BHgbowo g3zgols Mdoer Lobgmdsl gobg3m3bgds. 03gmMGIL  Lmeambol
3MbLAH0EI6E0sL (g3 JOPMWO BHOIOEOWWO Y39eol Lobgmdss), dogMsd dolbo 9.§. dsxgds
50935, mMobol Jmmbgddo dmIfoRqds-s35M3gds @S 5.0., MBOM LS0DEHIMOILMUL, SOBYdIOMOE
39635390l 5 MOHOYOBsMOL beool sl, 565 FoMEHM MOYIBME3EH039MO M35 LsBMmOLOm,
565990 30Bswomsis (be. 1).

30039 60yd0, o3 obolbgeggdl Losfo®dmTo BmIBoEIdME Y39l MY IHBYOOLOYSE
3oLBJO0BE0ss  (Amaqblgbgdom, Mdol  3sLgMO0Bsgool MM bgds GO  3smMmygbmMo
903600mMM560H3900L5456 golivy5:m639d5), 53000 Y390 303MHMOOMEMY0YMS© 369090 0dbgds
9mdbdoMgdeolsmgob [2].

=
-~

:

bm6.1 gbbeo Ggbowo yzgwro
B396 339 Bo35¢ 5690 9Jb3gMH0T96E0 s HoMmBmyoygbo dxgaqdL Lofo®dmdo dowmgdwen
»Jdgbg (5b6.1):
3H6.1 56535b39MH0DYdMwo MHdg

Ne 365¢0Bob Lsbgefimmgds 9900920
1 GOy, % 3,18

2 Ww5JBH™bo, % 4,73

3 L0d336m039, A 29,90
4 3gbodo, % 3,64

5 39650 603m09MH9d900, % 0,72

6 0553096mds, pH 6,5
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OMamO3 3b9e3m, Aol obsbosmGdd0 T9305YMBOWGdIE0s. BIGHIMGOMEo 0dbs MJol
3d03OMI0MEMYoMMO  9b5¢0Hd03 ©d 89930 9953  LEIBIMEGH0m  dsmzscoliiobgdye
6639000 Poxoo.

3900099 9A93Bg 3m35b0b690 X IO oBOWEZMS, GO 35U9MH0DYdS (2 §3-0b 396053 MdTo
75°C (%9839653)1965%9) 5 dmeml 1g356MH0Mgds (ool ImdmMgds) 40 —45° C-By, - dogowgom 0,05%-
0560 MEbodm ®dg. oM5e0s, GHgbowo 4390l dmbsdbsgdws© MEbodm M®dg a39LsF0MMYdY,
B39b 95063 dm35b0bgm MIoL bMEOTo0Bgds s Lfyol ghHmgmEs 2% 3bodols 993390 Mds
dog0Pbogm  (Moms  JmboMdmen  doboll  JggbosBmbBgd0bs  geslGoMOHMds 25930l OMU).
MBgbo (3b0dlL 993390093 35LGHJOHODBYdS.

bMOT0BYOMo OJ) 4905303906900 4390l 9dsBbsdo s gogssbgwgo  40°C
3993960530599, M9YY3 ©35d5BHJM 395¢30A0L JumG®ool 40%-0s60 {gosblbsdo (30 9
ddmowo CaCl2100 v ®d9bYg). 99909y 9By MIgdo 930396y g™, GMICOLMZOLYE
399030996900 09MINR0WGHO dodEgMomwo (lactoccocus thermophilus) g™ (30 g-ob 100 ¢n-
b9), MIgoE BN 0465 195535 05dBHYM0JODY. Mg I306g 39HOMPOM 3593690
5 OHmEs dobds 9553056Mdsd 24°Th-ll doswfos (B39b bm@do, 8g303sbgm 3390 - Maxiren
(393L0bol B9MIYBE0). 59 OMOLIMZ0L MJoL 3ga3gMsdmes 35 ° C-8g d030943569m. (BMYsI,
dglbgmdo BHEMOIPOEOVIS, (3bMm3gol 393096 ITBIYdIM ToF030L BIMIGEAEHL IMobIsE9b).

30 for-ob @ob6dsgwmdsdo B396 dog0mgm bowgwo 96w gsdm. g sdml Ho®dmddbols
LOMYdOL FgLodm[dgdws® F9YEIOIo sls BOMMbowo BRsgFgM0m s 3bsbgm, ™A
Bsgo 30300900 8360030, b 458myma0eo M@0 - 4583F306035¢].

3900099 Im3zsb0bgm Bogol WsFMs - 39MGH039MS S 3MOHODMBEIMEMO®, 0bY
Mmd dog390m 8 1d® BmAoL 3993900 (Hodmgdol LogMdoom 2 13) (bwy©.2).

&

“

“ N

‘,!

1.2 370935 WOFOHOEO YW STIM

©5300Ygm ©o3Mowo dslol dmGgzs 9O bgas, FOMbows© ©s 9999y bgw-bgams
93135390 bLoBds®gls, 30Mg 10-15 83 BMAoL FoM 330900 56 Ho0dm0gdbs (bsgEol o FMsl o
396330l 00YdSL ISBEMgdom 15 oo oliFoMmS).

Bogol ©oddsz900L 909y dm3zsbObgm dsbol dgmMgo aoabgargds 35 “C-0g o
0l 3gomo Tolo A9TM35(35¢0393900 FMSBHOLOYSL (75% TMoE0) 0obg, G@I g3zgeol dslisdo
MBgbowoym osbermgdom 25% dMo@o 99damddo g3zgarol dmbsdfonqgdws. smbgbowo
doME35wo  993540M39m s 3fbobgm  (AbvdYds). Y439wrol dmIFoxygdol OmML  dslolo
A99396M5¢ OS>  d930b50mBMbgn  35-38°C  (3H9d39Mo@GOOL  300Mmd9dd0, GMmIwol  EOHMUSS
0553056Mds 2obs pH=5,2 (556 3000bs6gmdL 13935935 MNOEO).
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g39wolb 8mdfoxgds 2oacMmdgws 5 Lo-ob gobdsgermdsdo. 899y d9dmfdgdero odbs
4390l Asbs §garzs0mdsbg - 20 30 3 yz9wo dmzsm03L9m 5 for-ob gobogermdsdo 75-80 °C
A99396M5¢ Mol IJmbg dMo@do (M@0l bozers gladergdgwos 3bgwo fywol asdmygbgdss)
©> 4390 333{ago-

6530 3m3{ox909wo y39wol dobs 3565 390Hgws, ©s30fygo dmdfoxgdmwo dsbol 1 1d
Loldol  BMEGds©  oFMo@s  FM35003L9gm  LoEbMd 35080 5 fio-om (J390do  bLbsGOL

A99396M5¢ Mol 75-80 °C-bBg 99bs6F1bqd0m - 39MH0Mm©Io 253bgwgdom).

439b 3509a30L5L (09 30L9dM BMMTJOS®) 39MHOMPYICNSE 3539359000 LobsMAd J350d0
Q5 3353 393639 g000 FoLOL gofiger3L (M3 gl IgbgmTo, My sbwe 30MHMdYdTo GHgbowro
43900l odHBoEJOoLIL bgds). Mmm3oLgdMEmo Folgdo MBEIMB sfigMows s LsFoMm
LEAHOMIGHOOL Jogdols 8999y IM35m03L90 303 9o To - A93530JM, J935FMYM FOWSI30IOO
5 ©530{Ygom dolo ©sdgbdzs 5658, 300MY 56 303009 MToLYIMMO BoJGHEMS. dgbdoEO Fobs
93500390 18 %-056 FoGofysewdo 15 Lo (gl O™ b5385MHOLOS, Goms IGO0 Y390
Q535M0EIL).

1.3 FMOE0 FIMSEO Y3900

Q535M0EGOIMO Y390 33053 39350MJM 399300 900mM, ©O3F9M00o 10-15 A Logy®mdol
630900 (bw)©.3), 8935D0Wgm 49FM(35¢ 393900 S 35LGHYHOBYOMo 3bodo s Bs33Mglgm
00bol Jmmbgddo, obg HMI Foglodse)MSE 259MY39365 JMMB0EWIH 35960. Mo3BY 3593569
3 53965 oS o B359bgm BogoeBy.

43900l dmI[oxzgds -o35Mq05 8m3zsbobgom 12 °C 39d3gGms@Mol 306:M09ddo 3 ™30l
396353 Mdsdo.

LodMEM™© 9Jb3gMH0Tg6EO LsfoMmBmm 306HMdYdT0 M3 X IO 453089MMJO O Y39
X96OBg LobE3zgero Jggao F030090m. 53539 OML, Lofo®dmdo IFDsYdMEds Yy39eds
39065606y g4z9es ol Fobolosmgdgo, MoEg MYIbBMEO 30MMd0T0 FBIIOMEo dglibeo
A9b00o 43900olsmM30Lss TIbIBOSMYOY0. 5353MMNESE, B0300J F0ZMHMOOMMMYOYIMIQ
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MLOBOHNBM Y390 s LofoMdmnm 30HMdYddos 30 8930650BMBgm BHgbowro y3z9wols sdBogdols
AG®5©030w0 bsbo.

359mggbgdmeo o@gMs@Ms:
L. LogdoMM39W ML 3 GO 399330MJMB0L 330l gOHM369WOo LoogabEHM™L d9bgcowm®mo
O0M9JAHMMOL dOHIsbgds;
2. 8605 b., 439e0ol ©sdbswgdol bocwb®o GHgdbmermyos, &. XIX, mdowolo,
»09360969d5%, 1978, a3. 152-154.

Development of the production technological line of Meskhuri Tenili cheese

Davit Aspanidze!, Teimuraz Ruxadze?, Akaki Bokeria3, Manana Siradze?,
Elene Sordia®, Sofio Dzneladze®
'Master, Georgian Technical University, Agricultural science and biosystems engineering faculty; 2Professor,
Georgian Technical University, Agricultural science and biosystems engineering faculty;
SAssistant, Georgian Technical University, Agricultural science and biosystems engineering faculty;
*Professor, Georgian Technical University, Chemical technology and metallurgy faculty; >Associate Professor,
Georgian Technical University, Agricultural science and biosystems engineering faculty;

®Professor-assistant, Georgian Technical University, Agricultural science and biosystems engineering faculty.

Resume

Cheese is a very popular food product and the demand for it is very high. It is diverse according
to the manufacturing technology and therefore has different organoleptic and physical characteristics.

Georgia is also rich in many types of cheese, and depending on the corners, different traditional
technologies have been preserved, for most of which the standard technology line has not been
developed yet.

We have developed a standard technology line of Meskhur Tenil cheese, which includes
technological parameters and all the nuances of traditional cheese preparation.

Key words: Tenili cheese, acidity, separation, delamo, standardization.
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GYob bsbdMmgdo s Fs10rsb dMIMEol Ms653gMM39 Bgdbmemmaogdo

Bobm d5500035!; Bops A93b3zsM0d3000?
139456030l 0b50696M00L5 s 39dbmemyool md@m®o. Lodsemzgwml @qdbozmco
60396LoGIGO
2309039-05009953030L 3936096090505 356000530, ©MJEHMEM0. byJsON3gemL E9db03M0
<b039MboGg@o https://orcid.org/0000-0002-1318-529X

Rl TORE %)

LGo@0580 2o6bowmeos 3m6gdM030 496M9IML 93 MmO [MboLHmOHMdOL sMP3g30Ls
5 $Y9900L goboaMMmdoL 9MH-9gMH0 J0535M0 MOL3-BoJBMMO GHYol bsbdcmgdo. sfigMowos
doL9b dOIMEOL 39b5dgMH™M39 3gJbmEma0900, 3960dMmE OOHMBOL Gmeo. Ggol bsbdMgdo
0339000605 356Lbb35300ds Jogsdol bsbdMmdOLOYsD. Tosmo JMEEGHGMWO HMME0s, BMYxIH
39999909003 9 MBOM O LSRODBIL ©Jdbol 5@5F0sBL s QoMGIML. OMbYdL Fgwydeosm
3900590Y39¢0 OMo 9goLOHmb FHyob bsbdmol asdmzwgbsdo, 93939055 S BogOMdST0.
b56d56M39b dOIMOL sboero 39gdbmemyogdol sbgMagzs 3608369wM356 Lszombl [omdmoygbl.

153396dm Lo@yzgdo: Bygg, bobds®o, G9dbmemaogdo, g3memyos.

5MLgIMOL M0 BH030L bobdato 369d3Mm030 FoMdmImdol s gdbmygbmeo. 3mbEMmMEOl
@5 369396300 Mbolidogdgdol o6 sMLYdIMdOL  Fgdmbgglzsdo  Mmam®mE  ¥6906MH030
008 3Mdob;, 51939, 560OHM3MYG6MHO BodBHMOYdOm 8Mf390Eds bobda®ds Jglisderms dooMmUl
LEH0JoOO bolosmo. b7dolAogMo LTS M O OO BMToL bsbds®o 0fj393L J0b0dd 5 ierosb

93020 MP0M0 IH05H6JISL. SOLGIMBIL EHyob bobdMgdol 9dwgao babggdo:
1. @womo bsbdsto —ofj30l bdgeo dogrsbo, Bmmmeo, Hofi3o, boglo, GHm@gdo ©s 3madnLol

Logga®mol Bgs bofowro;
2. 950¢0000 bsbdstmo —39:3b0 J393096 bggdols 356Xy yooOU;
3. ©96ml bsbds®o — 0fj30L PIOML FWEMG™ Bafowo (¢IgEgls dgbol 89 9a5);

4. 3ofoligggds bsbds®o — oo ol LMo s®LYdMEo FAMIEO BHMOBOL fi3om 4odmfizgero,
53 BoJoOMZgML b0sIYFMMO 306MHMBIO0ID 258MmE0LIMY 0d3050MdL FotrdmoygbL [1].
9936096900l 8096 BoGoM9dero sbseroBo 430639690L, MMA LoaMIbMdWSE FOBOOWOS
AYob bsbdMgdol Gomgbmds s doBIEHsd0. 2016 gl AmBEoMmb F5IEHO00 ©OIZIMRO
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AY99goolL  Bromgbmdsd 29.7 doombo 3gd@GHo®o Tgoaobs, 969 ©@oofz3s @o AoboAMMH©S
©HbBEMYGO0m 90 BYEsbool GHgMoGHMm®mool bmdol gBsGmmdo. dgBoag @Yol bobdemgdo
GOM3030 300056 ($Yggddog 30 BOZOEILPS. 3Wod>HOL  (ZLOWIVS @O JEWMBILIHO
©00MOS AMBom sldGHdOL 3MMdEgds 0d3o. GH9d3gmo@MIOoL 333960 5BHgds bdoc
9990b393580 ($Y99g0do 0fj393L bobdMgdl. Boseomolism3zol FoMdmyoygbo 89dwgy Imbagdgol:
535Bmbdo 2020 ierol 056356-5330LE™b 3gH0Mm©I0 sx0JloM©s 44013 bobd®ols 360d369wm3zs60
3965, HMIob 99949 gobsymMs BHyol 6087 38% Bs6rNMdO, 03y 17 dogrombo 3bmggwo.
2021 H9ob 5330LG™-B9dE9dd9MHdo LsdgMAbgmTo bobds®ds dmoizs 125000 35 GHyob BoGOMdO o
dsb Bodo 5530560l LogmEbarg 9albggE3s. 5O LodoMmzgErm FoMdmoygbl godmbszerol s
LSAPMBIOMO oblv3MPMGd0m dMEM ergddo 93390Ms@ GOV dMToEHJorIeo Gyol bobdMgdols
509bmds. 2008 ierosbh ©Egdg LodoOmzgemdo LLod 9Mm3bmeo Losgygm Looggb@Hmlb
95MmmM35L 059399 JdMGdM  BHYol Bmbdo  IBoJLOMGIMWOo  bsbdM9gdoL  LEoGobE03s
Logobgodms [2]. gbGowdo (omdmoagbowos fargdol dobgwozom sxgodlo®mgdmwo bsbdMgdo
509bMds 5 IB0BYIOMEO EIJOOEHMMOJOOL BSONMIYOO.

090503009090 bLAHSGOLEH0IS 33000da9gdL  5dBHowWEMO FmTomdoby s sbowo gHgdob
399bsbg0ols39b. 59 3MMdEGISBMSD dMIMsdo ALMBWOML ob30m9MgdME 439969030 9339
690005 5653y HogMMwo dMboEMM0bAOL LolEYds, Foa®ed F9dbozMMo LoMmmEggdols

@5 93mbmMdozmMo  0oMgdMgdol  asdm, ol LodeMmzgwmlb 9306y  BoMOOMOOL
D9059b9039eMdOBIMZ0L S63 039 0 9B39gEWE0s.

3bGowwo
©580dloGgdmmo
fowo bs6dmgd0L 89609565
5 bmds
2008 31 1277.5
2009 7 717.4
2010 21 371.1
2011 4 7
o0 dmE0ob 67 35 ol sbognizobol,
2012 12 198.75 M6539e0b, bLsdEbY X 935HgMOL FIJHOEBHMMOSDY.
506> 30336560L Byg.
2013 35 87.62
2014 66 722.3
2015 72 205.4
2016 42 183.5
2017 55 1299.9
2018 12 32.2
2019 92 860.9
2020 118 20 300b
5563560390y 0
2021 44 470.8
2022 33 122.5

Georgian Scientists/dos®mggo dgsbogmgdo ¢.5 N 3, 2023




99¢5© 30Ds6gfmbows doagz58b0s L3930 MmO (393Dl 39M0L 50BMIRgBo MHMBYBOL (L.
1) 299myggbgds, GMIgeros MBOM 9BJGIO0s 3009 FBsOMMOJOIOLs s MHMMEO MJL0IROL
900560  M92006900L  3yggdol  Lo3MbGHOmMEM. sOLsb0dbsZ0s, MMI OMBYIL M350
306053 JuMds  QooBbosm,  39MHAM®  365JBH0ZNWOI  JYTIMMOEbYWos  Fgbobdg-05939col
533005 96 oMo (335¢090s. F0b0Toe Moo golsfg30 BobsBLLYIMO ILIMIKRJIO s FoMEH0305
L5FSMDOZ90.

@O™B900  OLEABEFOMGIE  0FMMYB0D O JMEGHOMWOMmgdsbo  5M0sb. T
399094969096 HMymEO3 dmbo3gd9gdol gbogmMm3zgds, 51939, W35 9doL gLl gdS.
obobo MBOM s MBOM bYdosdh isbzgfiowbo, olgmo TgledErgdMdId0m, OMYMOOBS
Q906 30e930L 05300096 530 9ds S 53BMAdEHMO T390, MOE 5930l F500 godmygbgdals
[3].

bO. 1. 393bob 396930L 50dmdBgbo OMbo.

OM™H900 LHOORIO 299 A0WJO056 359600, gm0 B0 Mm3bIb ™m3s30sL,
3900500Mb bsbdMol 8909290 ©IH0sbgdMEo  FHIMOGHMM0JD0 S F9NB0IOME 0bRMOIs300
d9L53530L MYgdgdL Mo89bodg Hmomdo. obobo LYblmMgdol dmgwo bmdgbzwsdMom 5605
50 FMMH30wb0, o ML sGOL MIMTNWO BMEHMI35MOF0. 439es 53 bYblMEGOOL 3MTdOBsE0S
00935 Bo39mgLem LYOISPOL (393bEXPOL 93O EIGOOL 5Mgoeols s Lohds®ol Tglsbgd, Moz
BM6390gMmBL IHTsMgdOL LsdmJdgm ggadol LM dmdBsIdL.

4m39wo03g 199m0dd)wosb 499m3obscg 3G0MMmOGYBHME0s B0 F9dbmeaogdols
b9M35, 890amad oMgdmby BgdmJdggdol Fgxnolgdols s sOLYdIMEo  godmf393900L
39092900L  d0E0g5300LsMZ0L. sg3g 9603369 M3z5605 dOIMES  B9IBH0ING ©Mbgby, o3
3olbdMdL  bobdemgdols  396M900l, 5300090900l  SEMGME  BEBHO0sDY  499Mm3wgbsl o
519036909 M1952069350. 50LB0T6305, MMA BHYol bobdegdols 309396300 5G0L 893G MYRGM
05530 ©mboldogds, 300Mg o0 T9IRJOMIb dGIMS.

Georgian Scientists/Jo®mnggewo dg3boghgdo ¢.5 N 3, 2023




WOGIMSGHMOS:
1. . 396gws30, Lods®mMzgEml GHYol MLwOLYdOL d3mEHIBE0s0. Md. ,Losbarg®. IOMIgdO.
&-6, 2008 §. 43 265-282.
2. bbod gmm36wo Lo@ygem LssggbG ™ML LEsEGHOLEH03MMO dmboigdgdo. 2023F.
3. M. Yandouzi, M. Grari and et al. Review on forest fires detection and prediction using deep
learning and drones. Journal of Theoretical and Applied Information Technology. Vol.100. No
12.2022.
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Abstract

The article discusses the forest fires, one of the main risk factors for the disturbance of the ecological
balance of the natural environment and the destruction of forests. The modern technologies for
combating with it are described, in particular the role of drones. Forest fires are very different from
city fires. Their control is difficult, sometimes impossible, and poses a greater threat to humans and the
environment. Drones can play a critical role in forest fire detection, containment and suppression.

Introduction of the new fire fighting technologies is an important issue.

Key words: forest, fire, technologies, ecology.
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100 96-8gog. Bomoem  9bgMqE03MNo  9wgdB®Mmbgdom  oLboggds 0f393L  WMY39EMdOL
9ol LlEos 353909l FoglodoeMHo OEHZ0MM30L MEMO039 9dmbgg35d0. s©Lsb0dbsg0y,
Omd dmOO0” WYa0Mgdo  Jmbm3MOLEIMMMHO  Si-ol MY39M™dOL  dmIcro  ~10%-o0m
Bo3agdos 965 g0M090wo  Jmbm3mol@swmMo  Lowrosomdol  sbgmogg  89dobolz M
3oboboomgdEgdby 3M5JBH03Mwo BxdoldogMo  3MOLEIWMAMIBOMWO  MmMH0YHESE00LIMZ0L
[10]. bygeo P-Si 6033930l BEGHOMIEGHEs dgoaogl 104-5-104 132 Lod3zzM030L OLIKM3s309dL,
Mo0mo3 BMLEGHEIdS 3OOLEIMEM JgugMdo  SEHMIMMOOLO  353006M0L  doergdo s 04dbgds
©693500Md0L InIeol d9830M900L 300MB900. gl 256M9MGdS Boos ML SLsbmeo 3bO. 2-
do.

dmMom  ©E™30M09dMmo  Lowoiomdol  dgdebogmMo  Bobsliosmgdwrgdo  0bgbEHmMol
3963)300m30L 3OMm39L9030

3be. 2
P-Si (111) 35JL0TSEMOO | IGHZ0OMZs- | 3O0GH03MWo | BsFMSEm | 6Y350MdOL
©OHZ060™M30, ©H3060m3s, | Logmb@oddHm |  dmmero,
396@30Mm30L 5035
a6 OB, a6 a3 339
ab/Go 335
Lofyolo 50 13.24 8-10 3.5-4.0 1.76
909G~ 13.24 12 3.5-4.5 1.83
Bgdom
©sLb0390o
Lofyolo 100 13.24 20-25 4.0-4.5 1.73
909G~ 13.24 25-30 45 1.79
Bgdom
©sLb039d0EO
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Bab®olizol  dgommeom  Joegder  dmbmzMobGewe  Logroomddo  BoroEnos
A99bmemgom@o C s O 9065693900l 5EHMIgO0L 30b396EG(300. mO039 F0bsGg30 2530965l
bgbl  EoLEPM3530900L  d3MVMBIBY. T gbgMAIBH03MNEO JE9d@GOMbgd0m ILBOZYds
0f1393L6 5053010 ©IRIIBHIO0M OLEMIS30gd0L oTgdm sOLYIMEO SGHIMLGIOHMIOOL
399000@MYdSL, Gomsg bmME09wEIds  OLEM3s30MO  LEAM®WIGHIOOL  dEM3OMGds
5053090 35633$303905. 9JU396M0396EIWO FoBMB3930L 156sHT> 39gdbmemaor®o C s O
90b65693900L  5@GH™IJI0 O MBPOSE00” IMPOROEF0MIOMO  EOLEPM3S30M0  BEAOIIBHMES
0039396 060@96&H0M900L  3OMm3gLd0  EMY39EMBOL  IMEol  IBodzbgwm  (3300EdIBL.
0bg@™MM0L  gob@z0Mmm30L  3OHMmEgLYdII0  OIGHZOMMZO-AOIOHOJIOL  365530390DY
399396000 8MMg 259MYGdS O B5J960 FoPIEIO SEBSMMIOD J5B30MHMDJIWOS BoBGO
3900543690000 LoEIEo 603T9gdol bGHYJEHMEsdo.

99b3960896¢ o dMbs(399900L Msbsbds 0bEgbEHMOBY Imgdmeo 50 36 dsgduodswrmEmo
©5A300mM30L 3060MdYdT0 BHI0MMZO-39ISPA0MJIOL M0 JdIgdgd0L gobEH3z0MHmM30L
33909 3c00b6gds IbMerm© MY 259MGds, OG0 Lo GOIT0s 39300MJII0S
Loo0dol B-35¢ol IMPORO3ZS3006 S8MORMWO BsBMMO BEIbgol BMEOI0MGOLML
[5]. LoPgol FAMIMGMBITO 5, AIBLHIMIMGO0m, FoL9bIMAIEH0IME0  gergdBHO™mbgdom
sLb0gqd0L 899097, 3963300M30L JEHMDg BBYdS 35d960. (36MmdoEo FMBsBMYOGOOL Msbsbdo
[11] 296306030l 3OM39580 d5Jobol 2s0m3w0bgds ©s353006MdW0s LoErOE0AoL B-35¢ol
335DoL 2oMmgaBILMD 2obLOBWIMIO Mom©gbmdom Si-III s Si-XII 3G:0LEIMMOH RsDYOS.
dgmmg  bO0osb  BBL, ®MmI  Q9bBHI0MHMZ0L  gM9xR03BY  29dMm3gboro  FoIbEMOOL
3600303990 LYFMoEM Bo3mbEoddm §693900L 36033690 MddO TgEsMgd0m F30Mgs, Boasd
00539 ©00bss, o3 Pomdmygboos bsdOmddo [12]. Logmb@od®m {ibggol  9gdioMgds
36003b690m3bs0  963060MdGdMwos  dMMO®  EM30MGBOm, OMmIwoms3  Ib0dzbgermazbs
UGH03M0MHIds 06YbEIE00L 3OMEgLYdT0 STMOHRMWO BsDOL BMOI0MYDS.

15330930 p-Si 608MTgd0 LYLEGHOIE 9M0D EM30MGOIEO dMEMO. 5Tob 25TM EY35EMIOL
dmEoly s Lodmom  Lozmb@oddm (6930l  89830M9ds  3ModBH0IMNWOE 96 56056
©59M 30009090 960l Fo@sMgdgwro bgmgwgdol 3mbi39bEHME0sBY. sGBgdomo 360d3bgEmds
593L Si-ols s B-0b 5&Hmdgdl dmmolb smLgde o 2oblbgeggdsl (~28%) s wmIsewobgdmen
QIBRMO53058 B-ob 5@GHMIgdol dobermdemdsdo, Losa 830MEgds Si-ol 3MoLEHIWGO dalMob
93500 ©IBMMT5305 s 0d8bgds 58MORBMEO BsBOL Bslivbzol 30MMdJdO.

99b396009639dd> sb3969UL, ™I dmbm3MoLEswMEmO p-Si:B 1d9d6mH9900L
o0 gbgMa9BH03Mwo  ggdGHOMmbgdom ©slboggds 0f393L MoosEoMeE 49633HI0EIOL o
Bo3mbGSJBH™ 15930l LGS BOIL. 15901 30MHMDYdTO B MDY 0s BB oMOJdbgdol
3mAHJ630sMMH0  doMOYMOL  53o0gds.  s0bodbwo  33w0gdgdo0  49B30MHMBYdIMOs
9890l J3qLolEBH9sdo  MYOPOIOPDOWMIOMGOOL  ASI0gMHGdom. U otgIMmgds
99L5dEdgE05 259MYygbgd o 0dbsls 0bgbEH0MYdoL 3Mm3gldo Si-ob LEG®IEHMsdo BsBYGO
3905436900l Bsm30L TgLodegdEMdgdOL ILYYIbI.
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Indentation induced structural changes in boron-doped silicon irradiated with electrons
Giorgi Darsavelidze!, Kakhaber Shamataval?, Avtandil Sichinava!, Marina Kadaria!,
Roman Abramishvili!
1. Ilia Vekua Sukhumi Institute of Physics and Technology

2. Sokhumi State University

Abstract

A complex study of the microstructure, electrophysical properties, and structural phase transformations
in the processes of ultramicroindentation of boron-doped monocrystalline silicon substrates with (111)

crystallographic orientation in the initial and irradiated state was carried out.

It is shown, that irradiation of p-Si samples by 12 meV energy electrons with fluences =10 cm™
stipulates decrease of the specific electrical resistivity by 3 times and holes mobility by 20% . In infrared
absorption spectra of the electron irradiated samples, decrease of the oxygen and carbon atoms

concentration by 2,5 -3 times is detected.

By Load-displacement measurements during the indentation processes with a Vickers indenter on the
(111) planes of the research sample irradiated with electrons a weak increase of the elastic modulus
and the average contact pressure corresponding to the transformations of the unstable phases of silicon
is revealed. The contribution of electron irradiation modified dislocation atmospheres in the
characteristics of electrophysical properties and structural phase changes carried out in the indentation
processes in boron-doped silicon is discussed. The reasons for the variation of the dynamic mechanical
and electrophysical properties related to the modification of dislocation structure atmospheres induced

by electron irradiation in monocrystalline p-Si : B samples are analyzed.

Keywords: p-type silicon, high-energy electrons, Vickers indenter, elastic modulus, contact pressure,

electrical resistivity, holes mobility.
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Pharmacological potency of the different polarity fractions from the Rosa damascena
Georgian cultivar oil waste aqueous extract.
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ABSTRACT

Damask rose (Rosa x damascena Herrm) is a well-known species within the genus Rosa L. cultivated in
numerous countries due to its ornamental properties and especially for the valuable essential oil found
in its flower petals. The latter has been utilized in perfumery, cosmetics, aromatherapy, and medicinal
treatmentsfor centuries. Overall, the studies on R. damascena provide promising insights into its
diverse effects and applications. However, it is important to note that further research is needed to

validate these findings and fully understand the mechanisms underlying the observed effects.

The present study aimed to assess the pharmacological features of the potency of the different polarity
fractions RDF-H20, RDF-50% and RDF-100% derived from the aqueous extract of rose oil waste from

the R. damascena Georgian cultivar.

In the carrageenan-induced acute inflammation model in rodents, it was established that all three
fractions - RDF-H20, RDF-50% and RDF-100% have an anti-inflammatory effect of higher-than-
average strength. Among them, RDF-50% was significantly more active and, caused the 62.5%
inhibition of the edema. A similar efficacy trend was revealed when evaluating the analgesic properties
in mice in "Hot plate" model, but the most powerful analgesic effect was shown by fractions RDF-50%
and RDF-100%, the maximum effect of which (86.0 and 99.7%, respectively) was observed 1 hour after
administration. As a result of the experiment on the gastric ulcer model caused by absolute ethanol in
rodents, it was revealed that the samples RDF-H20O and RDF-100% have a gastroprotective effect of
medium strength (48 and 40%, respectively), whereas RDF-50% appeared less effective. The findings
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of current study highlight the potential of further investigation of the above-mentioned fractions to

identify individual constituents responsible for the observed pharmacological effects.

Keywords: Rosa damascena extract; anti-inflammatory; analgesic; gastroprotective

INTRODUCTION

Rosa x damascena Hermm, commonly known as Damask rose [32, 34], has been the subject of multiple
studies investigating its effects in various domains, which highlight the potential benefits and

applications of the plant [16, 35].

The historical significance of R. damascena as a medicinal herb is one aspect explored. For ages it has
been traditionally used in different cultures for various purposes, including managing cardiovascular
disorders, gastrointestinal problems, and nervous system disorders. [17, 18]. These traditional uses hint

at the potential therapeutic effects of R. damascena.

Another area of research focuses on the chemical composition of R. damascena essential oil and its
antimicrobial and antioxidant activities. The essential oil has shown promising antimicrobial
properties, inhibiting the growth of microorganisms, and it exhibits antioxidant activity, which could

have implications for health and well-being [3, 8, 24, 25]

Furthermore, there is scientific evidence supporting the pharmacological effects of R. damascena. In
addition to aforesaid activities, studies have demonstrated that R. damascena could have broader

applications in the field of pharmacology and medicine [5, 12, 13, 29, 33].

In recent years, efforts have been made to explore the waste generated during the extraction of rose oil
from R. damascena flowers. Due to the relatively low oil content in the flowers, the industrial
extraction process produces substantial amounts of waste, including solid residues and wastewater. In
the past decade, several methods for valorisation of rose waste have been developed [30, 31]. Studies
have revealed that the waste contains a significant amount of biologically active compounds,
particularly polyphenols, flavonoids, and polysaccharides [2, 4, 6, 14, 11, 15, 20, 23]. These compounds
hold potential for various applications in the pharmaceutical, nutraceutical, and cosmetic industries.
By utilizing the waste, researchers aim to maximize the utilization of the R. damascena plant and

minimize environmental impact.

Research on the polar and non-polar extracts obtained from R. damascena flower petals has provided
valuable insights into their chemical composition, bioactive compounds, and potential applications.
These extracts have attracted significant attention due to the presence of various bioactive components
that contribute to their pharmacological properties and industrial significance. [27]. Non-polar extracts,
such as essential oils obtained through processes like hydro distillation, have been a subject of interest
due to their aromatic properties and commercial applications. R. damascena essential oil is highly
valued in the perfume and cosmetic industries for its exquisite fragrance. The chemical composition of
essential oils from R. damascena can vary significantly depending on factors such as climatic conditions,
soil composition, and extraction techniques [10]. The major constituents of these oils typically include
various terpenes and aromatic compounds. The unique composition of essential oils contributes to their

pleasant scent and therapeutic effects [9]. Furthermore, the essential oil has been utilized in traditional
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medicine for its medicinal properties, including its use as a base material in aromatherapy and for the

treatment of certain diseases.

Recently we reported about biological potency of the aqueous extract of rose oil waste from the R.
damascena Georgian cultivar [22] and the present study aimed to assess the pharmacological features
of the potency of the different polarity fractions RDF-H20O, RDF-50% and RDF-100% derived from

the above-mentioned extract.

MATERIALS AND METHODS

Materials, chemicals and reagents

The plant material was collected from Kakheti floristical region of Georgia during the active flowering
season in May, 2020. The identification of the plant was carried out in the Department of Botany at
Iovel Kutateladze Institute of Pharmacochemistry, Tbilisi State Medical University. A voucher
specimen (TBPH-21167) was deposited in the herbarium of the named institute. Aqueous extract of R.
damascena petals (AERD) was obteined in accordance with the European Pharmacopoeia (Ph. Eur.
2008) guideline. All reagents, and solvents, and chemicals used in the experiments were of analytical
grade and obtained from Sigma Aldrich (USA).

Fractionation of AERD

AERD was processed as following: a 20 g dry extract was chromatographed on a Diaion HP-20 column.
H20-MeOH gradient (100:0, 50:50, and 0:100 v/v) was used as the mobile phase. The fractions were
concentrated using rotary vacuum evaporator below 40°C and were frozen in a layer of 10 mm in the
Petri dishes at -20 °C in freezer for 12 h, then vacuum dried at -90 °C under 3.33 Pa absolute pressure
to constant weight. The dried material was powder-grinded and stored in vacuum desiccator until

further use.

Biological assays

Animals:

Inbred white mice weighing 28 + 2 g (n = 40) was housed under standard conditions: including a
temperature of 20 + 2°C, humidity of 55-65%, a 12/12-hour light/darkness cycle, and provided with
granulated food (4 g/animal/day) and water ad libitum. All experimental procedures adhered to the
requirements of the EU Directive 2010/63 [7] and were approved by the Ethics Committee on Animal
Research at Thilisi State Medical University (registration number AP-61-2023).

Analgesic Activity (Hot plate assay)

The analgesic activity was evaluated using a setup comprising an open cylindrical space with
transparent vertical walls and a metal floor heated to 52 + 2°C. The mice were administered the test
compounds (50 mg/kg intraperitoneally), and the reaction time, either hind paw licking or jumping,
was recorded at regular 30 min intervals over a period of one hour. The analgesic effect was calculated
using the formula: E% = ((To-Tn) /T0) x 100, where to represented the reaction time before the extract
injection, and Tn represented the reaction time after the specified period (30 or 60 min) following

injection [26].
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Anti-inflammatory Activity (Carrageenan-induced edema assay)

The anti-inflammatory activity was assessed using the carrageenan-induced paw edema model [21]. A
50 pl injection of 1% carrageenan solution in normal saline was administered into the aponeurosis of
the right hind paw of each mouse. One hour prior to the carrageenan injection, the control group
received 0.5 ml of normal saline, while the experimental groups received 0.5 ml of the test fractions at
a dose of 50 mg/kg, both administered intraperitoneally. The thickness of the paw was measured using
a digital micrometer before (baseline) and 2 hours after the carrageenan injection. The anti-
inflammatory efficacy was calculated using the formula: E%=(1-(ATexp/ATcon)) x 100, where ATcon
and ATexp represented the mean differences in paw thickness before and 2 hours after carrageenan

administration in the control and experimental groups, respectively.

Gastroprotective Activity (Ethanol-induced ulcer model): The gastroprotective activity experiment
followed the method described by Adinortey et al. [1]. A total of 24 outbred mice were randomly
divided into four groups, with six mice in each group. Prior to the experiment, food intake was
restricted for 24 hours, and to prevent coprophagy the mice were placed in cages with a raised wire
mesh floor. To prevent excessive dehydration during fasting, all mice had free access to a nutritive
solution of 8% sucrose in 0.2% NaCl. On the second day, the test group received test fractions (at a dose
of 50 mg/kg) intraperitoneally, while the control group - normal saline (0.4 ml/animal). Subsequently,
all animals were orally administered absolute ethanol (1 ml/100 g). After 1 hour, the mice were
euthanized using CO2 inhalation. The stomachs were promptly removed, opened along the greater
curvature, and rinsed with water and a 10% formalin solution (containing approximately 4%
formaldehyde w/v). The stomachs were then fixed on a white polystyrene board and digitally
photographed. The macroscopic ulcer index (MUI) was calculated for each stomach based on the
following scale, determined by three independent observers: 1 - no lesions, 2 - single petechial lesions,
2.5 - multiple petechial or short linear haemorrhagic lesions, 3 - long linear haemorrhagic lesions, 4 -
continuous linear haemorrhagic lesions along the entire length of the glandular part of the stomach.
The efficacy of test compounds was calculated using the following formula: % I = (MUIcontrol -
MUTtest) / MUIcontrol x 100, where MUIcontrol and MUTItest represent the macroscopic ulcer indexes

in the control and test groups, respectively.
Statistical Analysis.

Statistical analysis of the experimental data was conducted using Student's t-test [19]. A significance

level of p < 0.05 was considered statistically significant.

RESULTS AND DISCUSSION

Hot plate assay.

When evaluating the analgesic properties in "Hot plate" model in mice it was discovered that maximal
analgesic effect for all tested fractions was observed 1 hour after the administration. RDF-50% and
RDF-100% fractions exhibited nearly similar efficacy: 86.0% and 99.7%, respectively (p<0.05). Fraction
RDF-H20 with 19.5% analgesic effect appeared 4.5-fold less active. (Fig. 1, Fig.4, A)

Georgian Scientists/do®mnggaro dgisbogmgdo .5 N 3, 2023 57



30
28 ETS
25.9
26 ok
~ 241
24 -~
22
20

18 155

Reaction time (s)

16

14 13.0

12

10
Initial 30 min 60 min

—e— Control —e= RDF-H20(50 mg/kg i.p.) =s=—=RDF-50% (50 mg/kg i.p.) —® -RDF-100%(50 mg/kg i.p.)

Figure 1. Analgesic efficacy of tested fractions in “Hot plate” model. Each value represents mean+SEM
of 6 animals; * - p<0.05; ** - p<0.01 vs control.

Carrageenan-induced edema assay.

In the model of acute inflammation (carrageenan-induced swelling) in rodents, it was established that
2 hours after the carrageenan administration all three fractions - RDF-H20, RDF-50% and RDF-100%
have an anti-inflammatory effect of higher-than-average strength. An increase in the thickness of the
paw varied from 49 to 72 pm, whereas in control animals it was 131 um (Fig. 2). Among fractions, RDF-

50% appeared the most active one causing the 62.5% (p<0.01) inhibition of the edema. (Fig.2, Fig. 4, B)
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Figure 2. Dynamics of carrageenan-induced edema development in animals from control and

experimental groups. Each value represents mean+SEM of 6 animals; * - p<0.05; ** - p<0.01 vs control.

Ethanol-induced ulceration assay
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As a result of the experiment on the gastric ulcer model caused by absolute ethanol in rodents, it was
revealed that the samples RDF-H20 and RDF-100% have a gastroprotective effect of medium strength
(48 and 40%, respectively), whereas RDF-50% appeared less effective (Fig. 3, Fig 4, C). The findings
of current study highlight the potential of further investigation of the above-mentioned fractions to

identify individual constituents responsible for the observed pharmacological effects.
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Figure 3. Gastroprotective activity of tested fractions in ethanol-induced gastric ulcer model in mice.

MUI - Macroscopic ulcer index. Each value represents mean of 6 animals; * - p<0.05 vs control
DISCUSSION

Polar extracts, such as hydroalcoholic and aqueous extracts, rich in biologically active compounds,
including polyphenols, flavonoids, and polysaccharides [4, 15] have been extensively studied for their
diverse pharmacological activities [2, 27]. Studies have shown that polar extracts of R. damascena
exhibit antioxidant properties, which can help protect against oxidative stress-related diseases. The
presence of polyphenols and flavonoids in these extracts contributes to their antioxidant effects by
scavenging free radicals and inhibiting oxidative damage [3]. Additionally, the hydroalcoholic and
aqueous extracts have demonstrated analgesic, anti-inflammatory [8, 12], hypnotic, memory-

enhancing, and anticonvulsant activities [28, 29]

Thus, the results of our investigation well correlate with literary data. On the other hand, based on the
results obtained (Fig. 4), it is obvious that further research is needed both to identify the compounds
responsible for the revealed activities and to explore the full potential of these extracts in various

industries and therapeutic applications.
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Figure 4. Pharmacological efficacy of tested fractions (consolidated data). * - p<0.05; ** - p<0.01 vs

corresponding controls.
CONCLUSION

The present study provided additional data on biological potency of the rose oil waste products from
the R. gallica Georgian cultivar. It can be concluded that these products contain valuable amounts of
bioactive substances that can be used in the pharmaceutical and cosmetic industry as main or auxiliary
components. The recovery of such substances additionally carries an ecological impact because it aids
in the complete utilization and hence reduction the overall amount of waste produced during the

production of rose oil.
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bagotmongganmdo 399e0@H036M9dwyeo Rosa x damascena-s gogmHogomols {jsmdmgdoom

domgdvyemo BsMBgbo Fymosbo Mad30980L gs®Is3meEmaom®o 3mEgbEoseo
39696 3gem30%560560 !, Bs606g Lmamsdzgemody 1, Basomgems amao@0dg !, bsggsgs
9193305330000 1, 74565 bngo3m3s !, bobm sengdlody 2, bmgom 3mdsdg 3, ¢sds Bibogwsdy 12 *
1o. §moemgEsdol go®mdszmgodool 0blEGo@EwEoL 3e0b0350@Eo oMM mMy0Go 3330l
09350539630, 0d0obol babgwdfogm bodgoogobm Mboggmlodg@o, MBOEWOLO, Lods@mzgurm
2535685303bmboobd s BoMHT393GI0 dEob030L 0TsMmIEgds, MBOEOLOL babgwdfonm Lsdgoiobm
"603960L0EJGH0, 000E0obOo, bgsMmzgEM

3306 35300L B3 GHYGOL LodgEB0IMHM-33eI30000 s 3MogdE 030 0bsM-B393900L WSdMMOGMMOS,
d0obob Lobgedfogm LsdgooEobm Mboggmliod g0, MdOELO, bodstmzgwm

M9body

©5353Mb 35600 (Rosa x damascena Herrm) 93560 Rosa L.-ol 3bmdogo Lobgmdss, HmIgwog

RBIOOMMS 393039900 IM35¢  399sbsdo Tobo  ©Y3MOIGHOMEO  M30L9gdgdOL s
396L9319PMYd0® d30MHGIBO JIOBYMOL F9I(339™MdOL godm. gl ©93565L369w0 Loy 3bggdols

956300Bg  499Mm0Ygbgdm©s bobme 90306530, 35MHR0MIgM0s30, 3MLIgEHMEMA0sdo,

56HM350796530590. ©FsL3ML 3560HDBY Bo@9MGOME0 Lodg360gMH™ 33eg30L T9Ygd0 0935

396L39JGHoME  0683mMTo30sl ol IMHZ5BIOMZ6  BIMTS3MEMAOMO 99 JOLS o
15939Mbsm  oBbom 25dmyqbgdsHy. M™MIEs, MBbs 900boTbML, GMI 58 IL3Z69dOL
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Q3LOILEHMOYII© LOoIoLgMo 330939000 BoFOMM MOMS IROBOIL dOMEMYOMHS©
594G bs9gMH»9g00L ImJdggdol dgdobobagdo.

330935 30Bbs 0lsbsgs Lods@mggarmdo 3Mw@Ho3mgdwo R. damascena-sb 356ol
90096Bgool  Ho0dmgdol OB dowgdmwo bs®Bgbo {gwosbo gdudMmog@ol Lbgosalibgs
3WsOHMOoL  BGMod309d0ol  RDF-H20, RDF-50% o RDF-100% 0396353MEMQ0OO
33903050l gx35B90sL in vivo 9du396H0dgb@do.

39652965600 259mf)390 3f3539 96900l dMm©gEdo dMPbgwrgddo oY0bos, ®MA bydogzy
2Moggost - RDF-H20, RDF-50% @5 RDF-100% od3l bodvombBg dowowo boderog®ols
bmgdol  Lofobssmdgam 9x39dGHo. s dmMol, RDF-50% ogm 9603369m3bs  ma3trm
54300 s godmofjz0s 893939008 62.5% IMMRM63s. Moa390do "3bgwo RoMRBoEGHOL"
AIbGo 9bswagHBomEmo M30L93900L JgxslGOOLLL, BESI3098ds RDF-50% s RDF-100%
399M3w0bgl Yy39wsbg IE0gmHO (3030535949 gdgo 9539dE0, Joduodmdoo (86.0 s 99.7%,
99L505d0boE) FoYd0Esh 1 Lssmol F9dgy. BMPbYEgddo SBLMEIMEHMMO gmsbmeom
390mf3999wo 3130l Hyarmaol Mg by 490m3w0bs, ®Md 3Mog309dL RDF-H20 s RDF-
100% 5gd300  Lodwowm  LodwogMolb  gobGOHM3IOMEGIJEHNOMMo  gxagddo (48 s 40%,
99L505d0LO), beagwe RDF-50% Bs3c0gds00 9539d@v60 9500mBbs. 300qdwewo 89093900 bobl
MB35 BoGHMJodoEmO 33093900l BsdMBogm  39ML3YJGHOMEMBSL, Groms OAO0bIL
B90mo0bodbme BMsd309dd0 RMT3MMA0OH  9B9dBHJOby  3sLbolidygdgro
060003005¢ M0 boghHomgdo.

153396dm  LoByzgdo: Rosa  damascena-lL  gJuBHOOJBH0;  bDIOoL  Lohoboswdwgam;
30305354k dY0; FALAOMOMGIIHMOYwO
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SLOGIGOS FCE0IGROBIUR0Y
ASSOCIATION FOR SC

69305300 3mb3M0MOEOL 3OMEOBIMSFOLIE-5303GMBMO0, 3MHIMbmo
©9393GMMYO0LS S 03MbMEO 35LMbol M30LgdYMgdYdOL Tgbifagerols
36mdgIMMo 155300bgdo

36030379600 303mboggs

bsorbs g9M3olsdzoo!, gergbg (©m©Mm). JsMMZ3gE0dzowo?, 60bm Jobmsmos3, Bmms 393w9esdy
4, 200630 d9M3sdg 3

ldoobol bybgwdfogm bsdgoiobm Mbogg®Lo@gEol PhD bdvwgb@o; 20md0wobol Labgwdfogm
15d90E0bM MboggMLoEgEHOL 9dgM0GML 3OMBILMEO; 3mdowolols Labgwdfoxm LsdgoEobm
160396BOGIGHOL 3500MEMP0MOO SBsEHMTooL ©Y356MEJAgbEOL MaB0IBE0; *Mdoroliol Labgwdfogm
15390E0bM MbogzgMLoE GOl PhD b¢mgb@o; 9Jodo 3500m@mysbs@mdo; *mdowolols babgwdfonm
1539030bM MboggMLoE EHOL 3OHMBILMOO, FMEWIMWIMOO 3500MEMAO0L I35 EHTIHEHOL

bgwddm3zsbgaro;

BHG3IHO

693053HM0Ewo  sOMMoG0  (RA)  s6MHob  mEbmdo  gGHomEwmyool 3w EHogsdGHmOmIo
3AHM0dNbmeo 3945600390000 8080bsMY 5350005, BMIJWOE JOMOMOIPIE  SHB0sbYHOL
LoblbMgdl, I3y,  dgbodwms,  499m3wobgl  gJuEHOIIOEGOIMNWMOHO  (33¢0Gd9dO.
9305GM0MWO  5SOMOOOGHOL 26300560930l 3ommygbgb Mo d9doboBdo LOHYIWSE s GOl
d9LPogoo, Mg dmombmal 33193930l 999amad AoaMAggdsL. dobgsgzs 0dobs, MmA
LobM30MM0 oMo SGIOL SGMMOEHOL JoMHOMSEO BJoBbY, LobMz0MMHO Jumzowol L3gE0z03MMO
363096900, HMIgdds3 990dwrgds gsdmofiz3omb 0dMbmMo 3sbvbo, 3Mod@EHozmws© bmdos.
LobmgomEo  2oMLol  Jgbfagarol gMm-ghmo  y4z9wsdg 3600369wm3zs60 FobgBo GOl 0d
009bM35mMmEmaomMo 3OHMmEgLYdoL godmzargbs, MHMAWdoE dglsdwms gsdmygbgdmer 0dbgls
09653009 BsdoBby s F9IEI00L 3OMABMBOMYGOLMZOL.  B9305GHMOEMEO  SOOOOEGHOL
35 Mma06 6odsbl [oMmdmoygbl dzol 39635, MMIGE0E 299MmoboGds WMIS MO,
39605003 MOH0 s LobGHYIMOo  dgwol  Jumgowol FgdEoMgdsdo s  HomBmoYgbl
MbGHYM3LBHYOOL 06 300L5 s MBEYMBEIBLEHYOOL L3OOl TgEIRL. SMOL M) 565 5B0dY,
36 993 ™03bmMo d9goboBdo dzcrol sH0sbgdol 83500 BodEHMMO, Ls3sdsmm y30mbos.

15533956dm LoEYz9gd0: ©9305@MOIE0 SHMOMOEG0; LOBMZOMMO FoMlo;
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9305¢M0Mwo  sODMOoBHo  (RA) 6oL  ¢3bmdo  g@omemaool 3w @oxsdGHmOmmwo
3BHM0dMbeo 394560390000 8000bIMY 9350005, BMIGoE JOMOMIPIE  SB0SBYHOL

LobLOGOL,  I3s,  dgboderms,  208m3wobgl  9JuEA®MLIMEH0ZNWMMO (3300 G3900.
9305GM0MWO  5SOOOMOGHOL 26300560930l 3ommygbgb Mo d9dsboBdo OIS 56 sGOL

d9LPogowo, Mog Imombmal 33¢93900L 999MT QoAMAGEGISL.

9305GM00o SOMM0E0, B39MwgdM0g, 3600bEads JOHmbozmwo sbmgdom @y JoMHOMIWIE
903536 96oYMEowro 0d9bme d9doboBdgol. sBmhbEs, MM Lobmgom®mo Lombg dgoEsgl
6035 5bMgdom  F9O0sGHMEOL, o0 FMmOoL  3EsDIob  30wgdL (C-MgodBHomwo Eows -
MbGHIMOGOMOGHOL  396305Mgd0Ls s 3OMYMGLooL FoM396M0), 3OMUAEIYWsbobgdls (PGE2),
©903mGHM09bgdl (LKB4), so@m3obgdl (TNF, IL1B, IL6, IL15, IL17, IL18, IL21), 6ol g3od@&m®mgdls
(TGFB, FGFs, VEGF, NGF), s%m@ob mdbolbs ©s 3md3wgdgb@ol 3mddmbgbdgol [1].
SA0WMIM035, Y395 59 30330mbgbBHL 9999d0s Bo@Mogdlol 3gEowm3MH™MEgobsbgdol s bgs
30MHMoBMOHO B9MIGBEJOOL (Fs0 FnMmOL, 303 mJlodqbs®s 2 -0l s 3OHMUESYEbEOb E-b)
060306905, M3 0)393L bOHGH0wol sl 3BIMmEGHIMA03560L5 O 3MWsGBOL QobowYMIdOL
[Shiersr S

3H056900l MML LObMZ05EMH VOO0 Q9FMMO30LREGOIO IGO0 OGO
53653996900 0039396 LobM3zOBHL, MHMIEol F9dzgmdomsi LBobMZ0s MO FOdOMBEISLEJdO,
0530MmRBAJO0 s JMbOOME0GHIO0  godmygmzgb sbmgdom  30EHM™30b90L[2]. gl 30GH™I0bgd0
5dw0gM9096  bOGH0EOL  sdwsbg  3sLboldygdgwo  3OMEGHINWOBMMHO  B9gMTGHEHJOOL
39903 3539050. 58 I3 gdlL, HMIEdo3 dmbsfforgmdab sbomgdom 3GmEgldo sJ3c oo
33963050 gobbgb ©0sabmliBo3MMo domds®3ghgdo [3].

0o bbol 945635300mdsdo, dmberols Loblmol H93d53HMOEIE0 SOHMMOEHOL domdgdsbozmeo
9oboboomgdEgdo 93 BoMESE 39300090 0gm LobMm3zoEMb, Fgdw3gdolmab s
009008 §OHMmbo3zME  2oOGZ0MM3LMD.  093053HMOYIEO  SODMMOGHOL 339359  5B39bs
39605030329 O0 MXOMIOM0 BEHOIEHMOHgOoL Imbsfoggmds s9350gd0L 256300509d580.
3BHMIBEBHOLbLYMWGd0, OHMYMO0ESS 9BGH0-30GOWMWoboMgdMwo 30wl SBEGHOLbgMwgdo ©s
30A™3069%0, byl »figmdgb 56090000 390sEHMMmgd0L 3GIMEJ30sL s 0539396 mJlooE0WE
LAHOILL. 3309390000 65B3969305, MM 6E0-30GHOMW0boMIOMEO  (30eolL  SBEHOLbgMWwgdo
DoMm0mp9b9gb 3OMAbMmbMen 863968 bOHGHOWOL 3MMAMILMEo ILEMWJ3o0LmM30L s dsmo
13930BR03MNOMds  F9o0gbL  97%-b.  96E0-30GHOW0boMYdMo ool  sBEGHoLbgmwgdol
3993 9bs Lolberdo JglodErgdgeos 99350gd0L Lod3EHMIJIOL 2363005090599 10 feroom
509 [4]. 50dOMILEGIO0Ls ©O  FodOMIWILEAEHJdOL  Abas3bo  LobmzomMo VX OILIOOL
“OHM0JOMJI9Gds 031699H0 LoLEJOIOL X MGEIOMID, OHMYMOOES BjoGMmuowqgdo ©s T-
0dxm303 00, 3600369wm356 MMl SbMEgdl  Loblmgdol BMgdom  ILEMWJG0E
360Hm39L9d3d0. 0Lobo BHPOL Moo BEBHMILL Jumz0gdTo. LEbLMT0, BodOIMIWSLEJOOL
abasgLo LObM30MO VX MYOIOOL 49 FoM0JOIMO 3OMEORIMS305 0393l JMbOMEHMJLoMGO
995853 g00bL 193093008 2oBMEIL, OHMYMMOEss Fo@GMOJbol dgBowmdMm@gobsbgdo (MMP).
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9909390, bgds LoblMgdol Bgs30Mgdol 30MHE30MH0 s  9M930MP30M0 89499393500
3H0sbgds  [5]. BodOMBBEIOOL  dbgoglo  Lobmgowm®mo  MXM9gEIdo  SBY3g  ASTIMYMmzgb

35DModBHome ©5 08MbMIMNOIIGMO FMg3MEgdl, HMIWIdLyE F9w9dwosm  dsdmofjzomb
396050303290 3553990E0 s bgero 997Hymb mbiEgm3wslidgdol oxgmgbigosiosl NF-kB
0560l M9393GHMOM0 5dBH035GHMMOL 355dGH0IMGOOm [6]. 5T FME932IgOOL MJAIOMGOS
©5 IMEYIMOE0s bmMiEowggds CD4+ T @wodymEo@gool bsdvswgdom. 53 )xMHJEIooL
53BJ300L IM3935 30 0§393L Jumzowdo 0bEHgMHgo306930L To@gdsl [7].

653969005, MMA ©9305@HM0MWO SODNMOEGH0 FoMTMoybl M EGH0RBJGHMOME D06 dIL,
OMdgog 0moEogl  3Mo35¢  998mdfi3g3  BOJGHMOL,  OHMYMEOGO0BSS  BHMO30s,  d9dsbozmeo
©99mgdd99ds, 56mMgds, B0MmJ0ToMHO M195d309d0 S FYEHIOMEVIMO IMM393700. LOLbEIsOZMS
069635300l 653e93m0d0L 9035 obobgdom, bOEG0WL 15300535 56 TgwdEos sbmgdol, 56
330300l 259mf)3939, Ly 3069, ©99350JOOL SOOI BEBHOOSDY. 5J9sb godmdobsty,
A30300  d0MO0MOEI®  FoMdmoddbgds  LoblMoL  sMsbMGHowmgzsbo  3md3mbybEgdol
(330 9g3900m, MHMYMOOESS LEbLEOL 583, LobmgzoMMo aselo, bdJmboMeo dzseo,
003930 @5 39M0MEH03WOH0 3Mbmgdo [8]. 93500900 3OHMYMILOMGISLMID ghms© gu
LEAHOMIBHYOIO0 D0sbEYds s Tgodegds A9IM3w0bEIL (330 gdgd0, MMIWwgdoz ImoEIgL
d3@ol  MH99mYEoMgosl,  MmbGHIMBoEGIdol  §o6dmddbsl,  39MH0sMmGH03MWMMHO  3bmgdols
OLMBEJOSL, 0MPqBOL BMEY6YdLS s LOBMZO® 8MbogmbL [9].

BobM3g0MEMOo oMo o33l Fo3MMBORJOBS s B3gE0sw0DYOME  RBOBdOMWILEJOOL Aozl
LobmgoM® MxGggdl [10]. Lobmgzgow®o MxMIId0 0bsMBMBIdI6  LobLGOL  LEHodOWH
9MIoMmgMdoL  300Mmbols 95305 @S PBMOEObOL  AvdMYMmBoms @O Idol
36MMm©MJGHJO0L  ge0dobs300m. ©9385GHM0EYIWO  sSOMMOEOL F9dmbggzsdo, 98 YxMHIOIOOL
©obEMb300  39B30MMBIBL  3039M3LBH0ZMNMO  Lobmgom@o  go®lol  Fo0dmddbsb.
Lobm30m30(3Jd0 dMbsfowgmdgh sbmgdomo 30EM306900Ls s 3MIMEFHJMI0b5DYOOL (o®dmddbsdo,
OMAMOJO03EsS  FoBModuol  Ig@owm3OHm@Egobsbgdo (MMPs) s  dg@Eoem3mm@gobsbgdols
Jumgzowm3zs60 0b630d0GHmemqdo (TIMPs), G™mIwwgdoa byl Mfymdgb Loblmgdol wgbid®Mwyd3osb.
0b0bo §36056 80 3OMAMGIML, GMIgeroi byl MFymdl T s B crodnmo@gdol dmdowobBsEosls
@5 Bgo@®Mmz0wwgdol  symmgzqdsl [11]. 300093 9M®®0  303mmgbs  3039M3sliG03memO
BobmgomEo  oMLol  FoMdmgdbols BoBYHBD  ©3953806Mgd0m  BMmoEegl  v3M3GHMbolodo
90aM5@MdL. gl 296306MHMBYOMW0s Mb3M-3OMEHJob P53-0b BMbd0mE0 sbMBserogdom, o3
bl Mfymdl LobmgosEMMO FoMLOL FORBIOMMYGOSLS @S LOBLEOOL ILEMMIEOSL. 30l
dm9ggdol gLfogeroom 50dmBbEs, MMI Lobmgow®mo 3039MH3WsHos Bmo3sgL 3gHgbJodM®o
©96H™3560 MXM9E00L 45TM53egdSLS S SBMYBOMO VX MIGOJO0M 0bGZOEEHMSEGOSL [12].

909bgs3500 030LY, MM LOBMZ0MEMO FSOLO HMOL SOMOOEHOL JoMHOMsEO Lsdobby, Lobmgom®o
Jumzo0eol 1393053039600 563096930, OHMIYdTs3 F9godwgds Jsdmofzomb 0dmbmemo 3sbmbo,
365d3H032o© M3bmd0s. LobM3z0MHO AsMLOL TgLfogwrol gMm-gMmo Y3zgusbg 3603369 mazsbo
d0bBgbo 6oL 03 0396M3500MEMAO0MOO  3MME9LYOOL  godmzagbs, MMAWdoE dglsdEms
3990g9g690 0469l MgMs309 LsdoBbYL S F9YIdOL 3OMYbMBOMYdOLMZ0L.
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LObM30MMO JoMLOL BOMBLOOL FGuOlMMEGIWSE PodmYygbgdemo bbgoolbgs IgMOEO
SOML3M30Mo  $Hgdbods  aobobogds  “@dmml  LEIBIOEGHI©”.  Tob  30MmEILMdL
D005 96L LoblMmol Fo3MMb3M3s F9RsLgdoLs s Tgbodsdols, dgEs® 0bymMIsEHowmwo
60330l 50900l TGbodEGIWMBS. MY 5ToLY, SOMOMLIM30Eo domxlool Ggdbozs odwrggzs
L5FMEGISL bOHGHOoEoL 808Ydscy MObgdosb BodMTol s5©0gdol, o3 A9dbgEgdmos dMTS
Bgdboom domgzbools d90mbgagzsdo.
653969005,  MHMI  M9305GHMOEMWO  SOPOOGHOL  Fgdobgglzsdo  F03MME0M3IMW(30M0
(33098900 3¢00bYdS 53500900L doe05b 5N bBHOEOsBHY. LOA3EHMIJdOL FHYgd0b
4-6 3306500 339 5006086905 LObMZ0YMO FHOL olJgEgds, LOLBEASOPZMS SOIMMOBIMS(305 S
oRYHBMOHOo  bmgdomo  0bgow@HMeGo,  OMIgoi  99agds  853MMBoa930LYb,
w0dxmE0GJO0LYD, bgoBOMBoEgdoLysh, 3mbogMo s ©IBOOOGHMWO  MXMGOIOOLYE.
0003905, ®MmI LObMZ0MOHO FMOMMOWIBEHIOOL 3OMORIMSEF0S S F53MMBOAIOOL IRMMZYOS
bl MPymdl m®imgobo oMol golidgargdsl s 993L goblogmmemgdmo 860d369wmds,
o906 MmM039 MbsHowgmdl  LoblEMGOOL  IB0sD6JdsT0. OPIBOEs, MHMT  LoblEmgddo
IXOIQILO  (3wowgdgdo  3ewobEds  ©Z35IBOL  3wobog®  3edmgwobydedey s
doMO0MOI®, 3033l Mm®fm3z560 FoMLOL 3039Mesbosls [13].

BobmgomMmo  Jumgowol  BomBLOMMO  25dM33Wg30L 303500  odBH0MTS  IbgMR35T,
d9L5d Mo, 255X MOGLML MYMS30Io JoEEMTgdo, FMmIbEObmL 3530963900l MBOM BMLGHO
BAHOSGH0R035(309, 890899FomL 5b5E0 0965300 LsFoBbggdo s 1393053037IM0 BOMTG39MYdO.
bOGHowo Lobmgz0Mo LEbBLEMYOIOL JoMOMOEO 3MB3MbYbEH0s. 0l Fgqds JMmbMM™30EIOOLS S
dom 3096 LObMYHOMYPIMWO  FoPIWMOYBO0DBYIMWO  MYRMJOAIOG ToBHModlolash (ECM),
OmIgeroa 9903936 1T Hodol 3maoggbls s 2e03mbsdobmyozsbgdl (GAGs). ©9305@ ™00
SOMM0GOL  dgdmbgzg3zsdo  3039M3@sbGomemo  LobmgoMo  godlo  0fj3g3L  bOEGEHowOL
3600836900356 ©5D0sb6905L MmM09bEH0MGOIMWO 5©39B0ooLs S 063500l FHom. sbMgdom, o0
dm6ob, ECM-U 8096 25000530bv1539099¢0 5ogbsengdls, d9vdeosm 30dMMdEslidgdols dbgsglo
LobM30MM0 MXMJOIIOL 4o5dBHOMEMYOS. BOEGHOWOL sH0sbgdol Tgos@MmMgdl F0g3mm369ds
MMP, ©g%06@9aM0bol dbas3b0 39EHomm3mMm@gobs s 39¢9gnLobgdo. MMP LobmgBomgds
3300OMOILEHGOOL AbogLo LobM3z0wMEMO VX MYEIdOL JogM S G9w9dwos bgero dgmhyml II Godol
353960l sdsl, Mog 0fj393L6 d0Mgdsbo3M® olrwMbdzost. 993d6Msbmwo @Godols MMP
3obobogds HMaMOE 3003500 3OMEJ0bsBs, GMIgoi sbabl  3mesggbmMo bOEowol
35®oJuol  EILEHOWJE0L.  LolbLEg BOEHOWL o6  5Bb0s  15305M0OLO  MgRbgMsEOMwo
3m39b3050. dgLsdsdolo, LobmzomMo 30EHM™30bgd0Ls (Roblsgmmemadom IL-1 s 17A) o
0954300 SHBMmEGHOL FMowg)OHo 5o3mogMgdgdol Bgdmddggdom bOEGH0Wo bsmsb
39603536 JmbOM303JOL 53M3EHMDol gBom [10]. gb 53306393900 Fgodegds R39bTMML 0dols
sblbsdo, vy GoG™A §oMdmoabl M93d5EHMOI0 SOMMOGH0 LoLEIIMMO sEHM0TNbYOO
Q553500900L M 35E, 139305303716 499306 YdIL, BMTOl POHMBSE BOE0WOL SO
5H056905 893330000 03969M0 5JG035300L 3MbEHIJuEGHTo 0()393L BodOMBELEJOOL AbS3LO
LobmgomMo  MXMIIdoL  B3gE0BOIMNG  MXOIME  5JBHO3530sL  [11]. 53 5©dMBgbgdolL
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d0bg9350, bOEHOoL ©sH0sbgdol doMomso d9JsboBagdo xgO 3093 WEbMdOoS, Go;
dmombM3zL sd5EHIO0m 33939L.

93039090900 F0MDO0mMGOL, OMI JMmbEOME30GHJOF0 SMEMBIROLS S 33Mm3GHMDBL FmMHob
05¢3bLo 3603369356 G SLMYEdL BEOEH0EOL YRMIIE0T0. dEMBIR0S 45sNY39E¢)
Ml SLOMEIdL JmboOm™miEo@gdol d9@s0mEoHddo, 8999dw0s 50EAO0bML sB0sbgdmwo
JmbOM303H900 5 895539MHbmb om0 dYMHJIOL 3OHMEILO. 59BHMBsF00L FMe35M0 BMbI300d
©3H056g0o  MmOYsbgEgdoly o FoWdOL  go®moddbs  MXMYEIdOLNZ0L  LsFoMm
6030009690905, GoMs I0E3L MMPBOBT0 bMMTSEMMO O 35DMEMYOMMO EOYMIGIOLYSD.
d9Lsd5F0LOE,  MBBHIMIODOOGHOL 2363005093 BY  ModymBoms  dmddggdl  [14].
MbEGHINIODPOOEHOL 3963050900l OO0 B0BYHYd0S LoblMgdBg d9dsbozMGo Bgdmddggds
@5 dBd3MIb 5353806093 Mwo  bOGHOoM™360 YR bgMsi30s. 339390000 bobgabgdos, BM™J
3BHMRBOR00L ©9J390M9d O0dYEH06 35309DGH0T0 BOOL bOEGHOWOL ©IAMso3ool GOLZL.
3MGHMBOPooL B  MbY  MbGHIMIMMOOGHOL  8Jmbg 3530963030  ©8353806M9dY0S
33336 s Jo@MJMbOOOMM 330 gdg3mb. oM 530, 508MBBES, HMD 599EHMBIZ0SL
593 OMAMOE3  0GHM3IOMGHIIGHMNOMwo,  sbggg  Logzowol  bgrdgdfymdo  Hmwo
Jmbo®mizo@gddo. MSU (Midstream specimen of urine) 36HobEowqol dgmdeosm godmofjzomb
JbOH™303H700L L033OWO HYGMBORO00L FOMEILBOL A55dGH0MJOOL Fbom. OMYMOE MY
399J399690wo 3319398056 BsblL, PIBK/AKT/mTOR bogboerols 99053990l gbs BsOromvyemos
JbM™m303H300L  53m3GHMBol MgymEocmqdol dgdoboBddo. Beclin-1-ob gdudMgbos s5x39MbgdL
bOEG0WM3560 MxM9ggool ©s0gM9dsL PIBK/AKT/mTOR ULsbogbowm aHgdol 0b3odotMgdom,
Mom53 byl MHymdlL M M9gqdoL LomEbEolvybs®osbmdsl [15].

bOEG0wol 996965300l LEHIBIOEH0DIIMWo 30LGHMWMA0MOHO FgisLigds 360dzbgemgzs605
30060376 3659303580 839Mbsenmdol 35M056FH0L gMHBg30Lm30L s FoMdmogygbl bOHGHow by
dmddgo BodGHMMO0L gnoLgdol Logmdzgel.  Mankin s 3megaqd0l d0gm SOHIMOE0s
bOGH0wwol  ©g™Mo©s300l Jgx358900L  JoLEMmeEmyomMo-3obEmdodo®o Lboli@gds, MmIgEos
QOOOMO  25dm0ygqbgds 40 (garbg dgBHo bbolb s63s3ermdsdo  Fberol MG MmO EOL
5OLgdMdOL, doLIEHS00LS S Bododob EsLOAIBs©. MMT3S, Z9MOMEMdIBL, MGmd Mankin-ol
LobBgds  bsobosomgds 860d3bgemzgsbo  dgbemagdom dbgdmdo ©s Lodwmoem  boddodol
MbGHIMIODPOOGHOL  FgRoLgdsdo  ©@d  IgBHo  2odmoyggbgds  bOEGHowoOl  dmwm  LGowoob
093959653000 dJmbg 603 d9dbY.

MbGHIMIODOOGHOL 339308 LogOHMsdMmOObM Lsbmyswmqdol (Osteoarthritis Research Society
International - OARSI) dog6H 899853909905 bOEGH0woL  30LEHM35mMmEMa0)MH0  J9x3sligdols
LobBHYs,  OMIgwoi  F9Agds  3WOLOROZSEO0LS @S BEOS©OoOL  2sbdLsbEgmgwo
3M0330bg6&gd0Lysb. Bomoemo bsGolbo FomomgdL  ©s535©JdOL  5aMgLOME  BOMEMYOOIO
36MHMyMH9LOMGOILS ©S MBOM  FoOmm  AobdBHedbg. OARSI  LoliEgdol  49bLs3mmGgdmwo
JobolinsmgdgE0s SMIME S BMI0GH MUEJMIMNM0EHJOT0 goblibzs390900L 0EH0BR0EOMIGdOL
d9LodgdEMds. 09935, Lbgsslbgs OARSI 3wsbol 30mdgdsbozm®o m30l909d0 56 S0l
S0P9M0o  WoGHIMHOGHMsdo.  1o35MM©EMS, MMI bBOGOwOL  d0mdgdsbozmMo  m30L9d9d0
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9306905 OARSI 30055900l BOEOL 3OHM3MM30MEs. OARSI LolEgds Imo393L 3Eslog0 o300l
993L BEG9OSL: BSOS 0 (BYI30MO S bOEHO0WO 06EFJEH™MEO), GO0 1 (5CI6MBIBIMO, FogM5
06@9gdBHmo Bgo3060, gLsderm Jobslinsmgdwgdo: Bgs30Mmo 3mF30m35690, VX MHILIOOL

103300 O 3OMEORBIMS(309); BASOS 2 (HYI30MOL MFY39@MdS IMPIINI0s); LBHSOS 3
(3960350990 B3365¢0900); LGOS 4 (9MHMDB0s); BB 5 (BOEHOEIOL 258033 gds) [16].

9305GM0WO SOMOOGHOL 350MMyo® 60dsbl [oMdmoygbl dgwols 35635, GMIgeros
3990bs3HGds M35eM0, 39M05MEH03IIM0 S LoLEJINGOo dzeol Jimzowol d9di3069d5d0
@5 §o6m8moygbl MmUEGgm3wsligdol 06wd3ools @S MBEHYMIEISLEJOOL LydMgbool d9pgal.
SO0l ) 565 960gds, 96 5BHM0TNbMOO F9J5b0BTo dZol EIB0sBYOOL FMIZ9M0 BodEHMGO,
15350500 Bo30mMbos.  BMGBoMO  MYMOOOL 8B 30(390 Ol oMY gbgbl  Lodlogbols
6930™Bob BodBHmmo o (TNF-«), IL-6, IL-1p, IL-17 s bbgs sbmngdomo 30@EHm306900, H@Igdos
Bo6»Mbo 56056 019385300 5SOMOMOEOL 35000Mm96Bd0. Bsm 999d05m 58Mm0fi30Mb 36~
MbGHIMZWILEHMPIBMO0 95399300 O IMGYMBME dgeol Homdmddbs Tgbodsdolo gocmgdmdo
5009335310 Logbsrgdols d9d39Mmd0m, MIMPMOOES BOMMIMEO BoJBHMOO 3535-B ropsboo
(RANKL) @5 0536003539008  3membools  dsbGodwmomgdgro  Rod@méo  (M-CSF)  [17].
9395300 SMMOOEHOL 56mgdol LofiobssMdgAM MgM305 5839IObYBL dzwol IB0BYdOL
36MaM9L06MYOL s 3060Jom.

9305300 5OMOMOGHOLOL 3ol IB0s6gdOL 3o0dMygbgbo dm0oEI3L 9EHM0TMbOHMBOL
@6  99945609BL. 3063900 89doboBdo  Imo3s3L 8BGO 3mB3EgJlol  BMOTOMYISLS @
MbGHYMZWLEGHGOOL  Fe-godBHmOom  godmomgdmer  ©oggMgb3os3osl.  dgmeg  39d560bdo
3)obbdmdl  30096¢0bol 963 0-30GHOME0boMgdmwo  sBGHOLbgMwgdol  HomdmJabsls
GOGOHMwoboMgdMmo 300l (obsswdgy, o3 MLEBHIMIIBEHIOL o393l Fso  LsdoBbgco.
36™dO0s, ®MI 563)0-30GHOMX0boMHJdMwo s6EOLbYMEgdOl ©s35380609ds MbEYM I oLEHGOOL
00659619906 03936 MbEHIMIWoLEHMYgbgDL, A3e0l MYHBMODEF0LS S W356RR3SL.

06®96M90306-34 (IL-34), G5 3membool dsb0dmwo®gdgero ioddm®mo 1-ob 9393@mMmol
3 3H9MbsBHoMwo Wwopsbo, BMbI30MMs BIOMMEos F0g™moEOHO bsbol MxM9gEgdolL
ORIM9GB6(305305Ld O 3OMWORIMS305d0, o3 0f393L 9bMgdsls s dZwol  gEHMBosL.
B350 Ms, MHmd IL-34 Fo6HIMoagbl  Imwg3mw®  3OHMabmbmen  o639ML  dmbeols
MbGHIMONOOEOL  gob305MYdLS s 3OMEMYLosdo. o3 T9gbgds, ol go3wgbsl sbogdom
33LbBg, op390Dg BodoMgdds qdu3dgM0dgbEEds 3309350  29dm3zEobs, MHmAd IL-34
53b19dmdgdl  semmMoEOol Loddodql [18]. MBOM 3mb3MYEGHMWs©, bsbgzgbgdos, GM@I IL-34-ob
00MMA0)MH0 IMJdggds 4504919900 36MGI0MO 30E™M 306700l 39939MdOm, HMYMMGIOES
LodLbogbols Bx3OMBOL GodBmemo o (TNF-a) s IL-1B (7,8). bsb3969000, GMI gl 3GM-56mgdomo
30@™306900 byl MHymdgbl IL-34-0l 19360930585 S 9gJL3MGLOSL BOOMZLIO GogEMMGOOL, 3635
B (NF-xB) @b c-Jun N-@&9®30bs¢crm®o 3065%sb (JNK), Lollogbogrm abgdol gosd@owemgdol ybom
[19].

Ww903m303H00 1939  dMbsfogmdgb  MLEBHYMIODOOEGHOL  gob300569d580. MR MJOAMY
doB®oJuol STl F9EIRO  MI30LBEEYds  BMEY3MEgd0,  OHMIGdOE  SFMOEDbMDdS
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569YM 00 03996960 Y MHJYd0L J0ge 339 MdOMO FgdsboBIom. MI3, SBMgdOL 5T
29bsbaMI039dds O 9MIMYRMEsMeds boolbds Jgodergds asdmfogoml  Jumgools
©LEGHOMJ30s.  3bM3gwgdBg  PoBo®mgdven 3309390000  s©dMmBbEy,  MMI  3530MFBH3gd0
9mbsfogmdgb  MmbGHIMR0EJOOL 2563000090580, O3  MBEIMIONOOGHOL  35DMEMAOOO
dobsliosmgdgeros [20].

39G90ME @5  9bmgdom  LobboMdos  3OMmEgLbgdbg  Tgodergds  o3wgbs  odmboml
0OHMIdM 3030000 8Om0 3esdBdobs (platelet-rich plasma - PRP) s dolbo {fo®dmgdmemgdols
d9y39658. PRP-l Jgmdemos  9o8mofjgomlb  69a9bgesgomwo  ©god3os s  sbosbgdmwmo
LEAOMIBHMOYGOOL FGEHIdMW YOO BB (30930l QomBXMIJLYDS. 0939, FOLO WHIOOMNO Q53 gbs
Jmb®M969BLs s FgHgbJodMGmo 0gH™mzs60 MXMgIOOL 3OMEWORIM3E0sDY X9IO 3093
bo3o0smms. PRP-I 9mgdgogdol 9mo-9ghmo 13m®dss 360Hm-sbmgdomo 3od™m3obgdol (IL-1 s
Lodbogbol  By3OMBOL BosJ@GMMO-a) EMbol T9d300M9ds, Moz 0f393L 9GO M3OHMEHJobsbIdOL
(MMP) 9db36glool Bl s 8s360MBME9329gdol LobmgBol gdEoMmgdsl, MMAMMgdoi3ss 11
Go30L  3mmoggbo s 93093960l  3OMEgMY03560. 30650056 gl Fo3BIMIMEg3MEgdO
35Lbolidagdgdo 5M056 LablMOL LEMWJBHIMOL F9bseBMbgdsbg, Lobmgom® Lombgdo dsmo
Mmbol 999306905, 99IxgdgLgdL  9Ms  FbMErMmE  SBMgdom BoTbgdlL, M9Tg  LobLEMYGOOL
93969653050 [21].
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Proliferative-apoptotic, hormonal receptor, and immune response characteristics of
rheumatoid arthritis

Kh. Germisashvili, E. Kartvelishvili, N. Kantaria, Sh. Kepuladze, G. Burkadze

Tbilisi State Medical University

Abstract

Rheumatoid arthritis (RA) is a multifactorial autoimmune disease of unknown etiology that mainly
affects the joints, although extra-articular changes may occur. Pathogenic mechanism of development
of rheumatoid arthritis has not been fully studied, which requires further research. Although the
synovial membrane is a major target of arthritis, the synovial tissue-specific antigens that may elicit an
immune response are virtually unknown. One of the most important reasons for studying the synovial
membrane is to identify immunopathological processes that may be used as therapeutic targets and to
predict outcomes. The pathological sign of rheumatoid arthritis is bone loss, which is manifested in the
reduction of local, periarticular and systemic bone tissue and is the result of osteoclast induction and
osteoblast suppression. Whether inflammation or an autoimmune mechanism is the main factor in

bone damage is a controversial issue.

Keywords: rheumatoid arthritis; synovial membrane;
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3600MMybmmo H9393G™M9doL gdudMgliools 3HMdgBm@mO Bs3z0mbgdo dMdmis s
1533960 3boL 930m9gemE odlogbgygddo
3003037910 30dmbogngs
990093956 99bg9e505!, 06530 3MbMgodg?, Bobm mg3bsdg?, Bmms 3g3mersdy?, pomMyo dvMIsdy®

ldoobol bybgwdfogm bsdgoiobem Mbogg®LoEgEOL PhD bgvywgbdo; 20doolol bsbgwdfogm
1539030bM b03gMLOEJEHOL SLME0MGIMO 3OMBILMO0; MbIMEMYO00L Y35 E>TIBE0; 3doEOLOL
Lobgdfogm bsdgoEobm MboggMlo@ g ol 3smMmEMmyomEo sb5EGMI00l Y3sMEHdgbEHOL MyHoIbEO;
td0olol bobgedfoxm bsdgoEobm Mbogzgdlo@g@ob PhD bdwmwgbdo; 9Jodo dsmmemysbs@mdo;
0000olob Lobgwdfoxm bsdgoEobm Mmboggdlo@gEol 3OHMEBILMMO, FMEWIMELIOO 350MEMAO0L
9356359960l bgeddwgsbgwo
LB G0

dmdMb 308 Joargddo AbMaEom AsbdEOd0m Y39oBY 93039 gdYI0 53301930560 Lodlogbgs
439w Hero©s 2.2 doombbg 390 sbsgrs ©osabmliGoMmgdaro dgdmbgggoms s 650°000-
D9 3930 9B MOOm. 15FTIYS-IOYMBOMO dMIML 300 FoMTMogbl dmdMl 303mb yzgas
d90mbgg30L  15-20%-U s bobosmgds s3ML0Mwo  J3930m. bOMYI6Mwo  H9393GHMOO
900Bb9g35, MMamGE GglodErm sboo d0MBsM 3OO s 3MmGHI6E0IOO MYMS30Iwo BsdoBbgy ddmls
3000 33MMBs™dsdo. s6MHMYgbmEo M9393GMOMm9d0L 0630d0FEHMMmgd0 dglsdwwms dogz0Bbomm
09653009 B53ogds ddML 300mb 3mE3MGMEo J393E030Lsm30L. ol goblozmmMgdom
O OMEL 5359mdL B53doQ9-MoMYMBOMO dMIML 300M 35ME0bMmAqbgHdo. ™Md3s, dolo
9969%x 89630 59BH0oMmO ©bgM30L Logombo X9 3093 Bo3sBomms.  15339MEboL 30dm bdo
d90mbgg35do ImOL Hobryen 1EHoosHg OsRbMLEH0MYdS0 40bg3MmEMA0MOHO 531301930560
LoALO3b95 S 9d3L LbgsEILLZS YR MO FoMTMIMDS, 30LEHMEMYOMMO TobolosMYOGdO
09605300 3sbbo.  g30gdomemmyomMo s 9Ju3gM0dgbEHMEo 83303903900
153969EMS SBOMOMYJ6gd0L dMbsfoegmds 115339MboL LodLogbggdol gob3z0msMYdsTo. T3,
3bMHMaqbols M9(393GHMMOL gogegbs 115339MEbOL gdomgErymo Lodlogbggdol IJmbg 3s3095EGHJdOL
X9M 300093 9dBH0MMo TguHogarol bogobos. go339meds 33¢g390ds 5B396s, MM SbMMYgbols
09393GH™M900L FoMd0 9Ju3MLOS 3538069 MW0S A9MRYBOL 356 F5B396909w™sb. 1939
5OLYdMBOL 330093900, MHMIGEms dobgz0ms3, M09 8603d3bgwmzsb0 3530060 LEgMHMoEIdOL
©9393GMM00L gJu3MHglosls s LEgMmM gosMBgbol 358396909 ™sb 56 godmazwgbows.

153396dm Lo@yzgdo: sbmmygbmewo M9393EH™M9d0; ddml 30dMm; b339MEbOL 30dM;
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ddnls 300m Joegddo Yz9wsBg 493MEIYOME0 300MS YM3gefieror®Me® 2.2 dowrombbg dg@o
153965 M SHsero Jgdmbggzom s 650000-Bg 3930 1033000 AMBEoM sldEsdom(1). 2021
D9l Lodomoggermdo M9gaoLEHM0MGd0s ddml 300mb 1640 sboero F93mbggas, Gog Jowrqgddo

6920LGHM0MGdMo Bodbogbol ygzaws sbowo dgdmbggzol 29,7%- 99500396L s Lobdo®oo
30039 5QFOWHY(2).

dmdMb 308m 393H9MHMYgbIo 5350055 F6M535¢0 bb3o@olbas §393030ms S M3 OO
9sboliosmgdEom. 50bodbmwo J39303930 bollosmqdosh oligmo domdsmzgMgdol gdudMgboom,

MHMaMO90035 JuBHOMYgbol Mg3g3E™m®o (Estrogen Receptor - ER), 36:m9LEgmMmbol 9393@GHmeo
(Progesterone Receptor - PgR) o 500530560l 930096 dmo BMHol 3ogd@memol MH9i393EGHmmo 2
(Human epidermal growth factor receptor 2 - HER2). 0m@wg3mwa®o  3e0sbogozsEos
96039369c™m39605 565 FbmErm© HBMPs©O  3OMYPBbMBOLIMZ0L, 9589 MYMS305DY  3slgbols
Hobsbifo 2obLoBEZMLS s 8329MbsEMBdOL bBMoEYR0gdol 898+9853930L5m30L(3). ddxls 30dMUL
93996065 Mmd0L 2oLs BN MIGLYOMO 5YE0LYOIE0S 58 E5535QJOOL SbOO S 5 BHYMbsEHOWwO
096530990 b5d0B6ggdOL Fodm3zegbs, 29bLs3MMMGBO” LsFToYIO-I>OYMB0MO dYIML 300MU
(Triple-negative breast cancer - TNBC) 9d9dmbgggzsdo, Losg ULoLGHIIMMo goGmEGMdbommo
Jo80mmges305  MBgds 303900 Mool 93Mboemds©.  dovbgogs  0doby,  Mmd
0MMmEOMHMobgwo 8330390990980 ©sEA0bEs 08MBMMGM300L MMEo dg@LEIBYO
B50059-15MYMBomo  ddml  30dmb  Jgdmbzg3zsdo, g M30MOGHILMBS, OMAMOE  BIbL,
399m0x85MAgds IbMEwMm© ©s©gd0mo PD-L1 iEs@nlol ddmbyg 3530963 9000(4,5).

BOMagbmmo  MHy3g33m®mo (AR) dooBbgzs, MmameE dglsderm  sbowo  domds™zgho  ©o
3m3H9bEom®mo  mgmsdomwo  Bsdobby dmdml  300mb  3MMHbsemdsTo.  bsBggbgdos,  H™I
36MmM96mwo M9393GHMM00 BsMINI0s dMINL 300 gob3z0mMgdOL yzgws LEsosHy o
03996m30bEmJodomemo  dgmmeom (IHC) 3wobgds Lodbogbgms 30-80%-3o, 39030l
d9L505dobO.  dmem  IMbs(399900m 39O MdYL, MMI  SBOmMYIEMo  HY393EHMMHYO0
SbmE0MmEYds LbogmMo mgMsdoobsdo (RT) M9HobiEgb@mdsliomsb. dombgwsgs 0dobs, H™I
3bMHMY9bmwo ©93933HMM9d0 BsGMMYos dgdml 30dML 9630056900l yzgws LGsosdo (6),
dobo  g3mbJgos, MMamOE  BBL, AobLL3s3Yds  dMAML  300mL  J39G039d0L  dobgzom.
3bMOHMYbmwo ©9393GHMMmgd0  gobobowgds, HMamOE 3mEgbgomMmo mgMsdomwo Lsdobby
dmdml 300mbM30L s 3OMBAEIEGOL 300mb Bs33MObswm© ©sdB30(39d0MWo  SbEOMYgbmwo
69393G™M900L 0630003MEMGd0 Tgbodems d030Rbomm 1gMs30ve Bsdwomgds dmdml 300l
30b63609EHo J3g@o3obomzol.

15835YO-195MYMR000 3L 300 (TNBC) Ho@dmoygbl ddml 300mL y3gas d9dmbgzgzol (BC)
15-20%-b @5 bolosmgds sMgloero J3g30m. dmerm dmbszgdgdom  35M9MEMdIb, ™I
15305950-95(YM B0 d9dML 3080 59MH056gBL BHZoILLZS J39(BH0390L OHMYMOMOESS BB MO
1 s 2, 899640860 s mdoboswrm@mo sbmmaqbmwo M9393@™mMgdo (LAR). ¢rmdobowrwm
36MM 96w M9393GHMOME J39E03L sbslinsmgdlL sbEMMygbro Mg393G ™Mol (AR) 9dudcglos
@5 dglsdsdolo 9B9J3HYO0. Lobogbswm 4Bgdby sbEOMYbMwo Mg393EHMMYdoL bgdmddggdols
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901b935, o0 MHMEO BOMEWMPONO S JwobozMe sL3gdBHTdo X9 3093 L3To0MY.
dobsgrmo  sbGmMygbmmo  Mg3gd3@dmemwo  (LAR)  dJ3gdodo  sbmgo®gds  wn39mgL
36OMPbMBMIB, JodommgMs300l J0dsmm Bogargd dgMmdbmdgumdsbomsb s bgmowov356@wemo
939960b5¢md0l 9999 6530905 godmbo@ e LM 3500MEMYO0ME 35UMbmMLb. 30obozmGo
93039090900  30MMOMYOL  56EH05bEMMYGbIo  3M1356BHIOOL  MYMI30ME  MHMEDY,
MMI9d03 3300935DMdL JodoMmMIMs300L 3MEHIbE0ME seEgMbs@ogzsl JodomemgBoli@gbdmwo
353096@900Lm30L s FgLodsdoLo@,  Tgodgds  F9339ml  93MBoMdOl  OLYdM

LEAHO930900.(7,8)

36MmM96mwo M9393GH™O0 (AR) 56MH0ob LEIOMoMwo 3mOHIMbMmo M9393GHMEO0, GMmIgEos
90939036905 d0MOM30 M93EI3GHMMJOOL MRIBL guBOMYgbme (ER), 3a0)3m30m60@3H 03000,
36MM9LGIOMbM (PR) s 806965¢0300603H030000 ©9393GMMJOmb 9Mms. ol 03539069l
A®bL3MO0R300L BodBMOL, MMIgEoE 93MmbGHMMEdL L3gE0R03Me 39gbgdl, GMmIwgdos, Msgz0l
dbc03, Bs®MmMbo 5M056 Bbgoolbgs, Bmaxgm 9HmMTsbgmol Lofobsswdwgamm dodsG oy
MROIOM  3OHMmE9Lgdd0: FgMA0s  os9dBHONOML 9B IMMRMBML  BrmymeE  MROIIOOL
3OHMEO0RIM5309, 315939 53m3GHMBO, M3 IIM30IOE0s 255JE0YIMGdM Loboabswm ybgdby.
(9) B3 BB, s6MHMYIbmwo M9(3933HMMH9d0 O HMEL 15359 15ToYO-)MYMNBOMO
ddnl 300mb 35030bMygbgHd0. 1935, BoLo A93wgbs 3OMABMBBY X9 300093 Lo3sFsmMo.

15885YO-1Y5MYMR0O dMIML 30dMb IJmbg Joegdls Mg30030L 303900 GolZo 1-sb 3 ersdwg
3960030 5§3m, 103300 0sBMBOL Jowaowo FsB3969dgw0 30 30MH39wo 5 firrol gobdsgarmdsdo,
3obLbge390000 dMIML 300mL bb3s d39¢3)03930Lssb. dombgszs 0dols, MM gEsLEGHSBMGOO
15835YOP-199MYMR0MO NIl 300 FGEHIGLMDS ?O3I30M39WO© 3sLIbMdL 30GHMEGHMJLoME
J03omm9gM5305L, 353096GH S MIM3eglrdL d39MbsEMdOL F9dg 500b0dbgds Mg0030 (10)
. 331939000 3505M©Md9b, M MHg300030 F90dgds 25dmofjzomb MgMmgsbo MxM9ggdoL
dbaogbo 3090900l  dJmbg  JodommgMsdoolsdo  MHYHBoLEBHIBEGHMEDs  30dML VX EMYOTS.
59605, M9M309005, MMIGEms Bodobbglisig Lodbogbol gMMgzsbo MxMagdol (CSC) Auyoglio
335305 oMm8Mogbl, Jodommg®madoslmsb 30330bsz0sdo dgodargds Lodlogbol Mgioo3z0l
369395300 dobobmb.

3bOMA9bmwo  M9393@¢™Mgd0 (AR) Ubbgosbbgs ®osm@gbmdom gJudMglo®gdls Loddsgs-
56MHYmz00m 99l 300mb 50%-30 s 3¢00b03Mm0o 33¢0g3900L 9098900, HMIgEms MdOIJGOS
36MM96wo M933EGHMM9d05, 08900LAMI39005. 139, 3G M5 5MOL 36MdOEE0 Boddogs-
56MYMz300 ddml 308mgddo sbEOMygbrmo M9;393GHMMmGO0L 36J300Ls s 08 3gdsboBdgdol
d9L5bgd, MMIWOMSE 96EMHMYIBMWO M(393EH™MJIOL 56ESRMbOLEHYdO 5TxMdJLYd96 LodToyo-
256gnxzgom dMdml 300mb godmbogowl. JuEHMMAI6 dmboGomemo dmdml 30dml dgdmbgzgzsdo
360HMygbBHIOHMbo s 3OHMYgLBHYOHMBOL M9Ea3GMMgd0 bgwl MHgmdgb Lodbogbol @sdmadfzgzo
2R MJOIO0L 393039 gdsl, bmerm quEGMmMYgboly s 3OHMYgLEBIMMboL Bgdmddggdoom 0do@gdl
05330l d9dml 6o Ho ©gHM3560 MRMJOIIOL BoMm©Ybmds, dobgsgs 0dols, Mmd
053950  ©9JOMZD  MYOIIOL 96O 205Bbosm oo MoMmEIbmdom  guGHOmMYgbols o
360HMygbBHIOHMboL  M9393GMMgd0.  3OMALEGHIOMbOL s  9BbEMOHMYgbmo  ByEg3@GMOgdo
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9g9909996 9MMbs0® Lobogabowm AHgdBY s 3MYJYME0Mgdgh dMogz5¢ gOHMLY s 03539 49bL.
3bMOHMPbmwo M9Eg3G™MMIO0L  9bGHoaMmbolBOl 9bBswm@sdool (Enza) g43zgwsby bsogwro
993990 B53F55-MYMmBoMO dYdMl 300mb Jgdmnbgzgzsdo oym 3M535¢0 MY Mo bsBol
DMHoL 93390000 39030609ds.

653969005, MM Boddogo-ocMygmaom ddml 308mb O™, ER ©s PR-ol sMo6mbgdmdol
d900bg3935d0, 56OHMYgbMwo M9393GMM9d0 byl MHymdl Lodlogbol WgHM3zs60 »YxMHggdOL
abaogoL  3M3MEsE00L  2o3MEIEOSL.  bOMAIEMwo  M9Eg3GHMOMYOOL, MMamOE  LsdoBbol

0©96&080353050, MMIgwos HBgdmddgogdl Lodlogbol gsdmdf393 MXMIOMIE 3M3Is3E0sDY,
d90dwgds 993350l 3er0bo3MMo 3329Mbsermdol LEHMIBHR0s. 9BEOMYIbMmo M9393EMMJdOL
36&53mbolBgdol LsdoBby Fgodwgds s6S dbBMEm© AR-3mBoGomMo Lodbogzbm® »xMHggdo,

565990 JodommgM5300Ls©To MHIHBOLEIbE I LodLogbol MWIMM3560 MXMIOJIOL 3M3MIWHE0s
3obgL. 330939005 583965, GMI BsADoRs-1)SMYMRO0 dMIML 300Mml OML SbEOMY9bMwo
©9393GMMO0L MoMmEYbMds 0BMmYdS 9BJMM ©9MY3000909 306MdJOT0 s SBOmMYI6Mo
©9393GMM900L 0630d06Mgds 59306093l LodLogbol MIMM3560 WNMgEIdOL AbAS3L 3M3Is3E0gdL
in vitro s bLodlogbols 0boEgoMYdLL in vivo.

3OLgdMBOL 3MBLYBLYLO, M 30dMm FoMTM0gdbgds 300mL VYMHM3560 MY MgEId0Esb (Cancer Stem
Cell - CSC), H®Igarbsg 939 MPm©gdgb Lodbogbol gsdmadf393 MxMgdL (TICs). Lrmerow®
Lodlbogbgqddo LOALO3ZboL gMM3560 MXMIOJOO 306039 PodM30bEs 5Esd0sbOL dwmdmls
300mdo. 3309390000 50mi3eobgl ALDHI1+ %9900l 3m3wws3os  9@sdosbols dwdwmls
Bea®3ocmm® o 93m30U90056 g30mgeromddo. sB39bgL, O™ dmMdml 30dMmEIb BoMgdEo
<X 90900 ALDHI+ 3Fo6Md0 gdudtgbooo  8godgngds  goobomb  in  vivo o
JB9bmGHEBL3WIBE300 BmbEgl 3bM3gWH dmEgerdo. LodLogbol gMHM360 MROYIdOL
doM0mMO©0  FobolosMOgd0  FMO(393L  MZ300YbsbEgdslL, LodLogbol Jwmbm® oboiosgosl
93Mm3MWH300L  3MmGHIB3050m, BIBMEH03MIM0 3EslEHOOMOdOm s F9BEOLEIBIOOm. FoM©S
5doby, in vivo s in vitro 33¢93903s 583965, MM LodLO3boL WIMMZ560 VX MJLYdO0 MYMHS300BOETO
M9BoLE 0G0, 99990 259mI0bsMY, 9350 JdOL Mg30039d0 5dmfzgmeEos Lodbogbol
©96M3560 MxM9Jd0L 3M3MWs300L JHOO3s300L ©INRIJEH0M. di3s, LodLogbol MgMm™mzsbo
2R 099000 B96mEH03900L (CD44+/CD24- oo ALDH1+) 30006032960 3608369¢0mds do9dnmls 300mU
QOML bS5 FoOMYIL G99 odm33g390U.

L9339MEboL 30dm, GMmIgeog ImoEegh bbgoolbgs 3oLEHMWMa0n® J393H03L s FoMImo bl
30693 Mma06M0 530305900560 LoALOZbYgdOL gH-gMH0 439eoBY 293MEIGOIEo FHodl. 2020
D9l Abmyeromdo 313,959 sboero dgdmbggzs s 207,252 1033000 sx0dboMs(1). 2021 Ferols
dmbs(3999000 Lods@mgzgermdo 15339MEboL 30dmb 274 F9dmbgzgzs IB0JLOM®S, Mog Jowgddo
LodLogbgadoL LogMHMM MoMmEIbMBOL 5%-U HoMmBMoEYIbL s Fo3M(3gegdols Jobgzom Goyom

39830©9 50w bYs.(2)

1533963bol 30dm (OVCA) bdo® 89000bg935000mEmL Holimer bEoosbg ©osgbmbdoMgdswo
30693mMma0Mm0 530030900560 LoALOgbgs @S 59g3L Lbgoolblgs M MgEMwo FomdmImdy,
30LGHMWMYoMEO  JobobosmMIOWGOO s MYMO30o  Jsbvbo.  Bobaszs  0dols,  MHMI
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153396EbOL 30dML Tgdmb393900 JMoEegL LodLogbggdol yzgars 9dmbggzol Fbmerme 3%-U, Aol
593 M300MHLO©  Fooo  10330E0bMdOL  FoB3969dgo, Mog FoMTMoIbL  Jocwms
337530500 30dMbmsb 53933060900 Boggzowol dgbmmg dmogs®  dobgbL.(11,12)
003905, O™ ©599gb0dg 930009I0MEMYOMEOO BoJBMMO bgel MHymdl L339 Ebol Lodlogbol
3963000069055, ds0d dMEMOL 93330OIMBIOMNO BoJBHMEOIO0, OMAMEMOESS MXIBMOO oLEHMMO0Y,
ddML 303MmbMb 35380090 49693do BRCA1 s BRCA2 3993530900l 56lgdmds @ sb530;
BEGHO™6M0 B90mddgg0s, HMAMMO3S 5o 39bs6dg s 8gbm3smBs 52 fiewols 9999;
39M99mL oL 3-R5dGHMM900; 3bM3MHIO0L LBEHOWO, OMAMOOES 3MWOE0ZWOO0  sOMISEGHIWO
65bdoGmgodsgdol Bgdmddggds (PAH), 063d5dm s Lodlwmdby.

1533963bol LodLogbggdo ogmagzs Lb3zsILL3s 3oLEHMIsMMWMY0NG 39303905, Foo TMmGOL
930009)M, BsBSBObMZ56 X MM s BEGHOMIME Lodlogbggds. Ls339MEbOL 53030L9d0s60
LodLogbgqadol MomJdol 90% gdomygEMos, MMIgEog Ho®mdmoddbgds Ls339MHEboL Bgwadomols
93090 dobash. ™MP3s, dMmwm M58®Ybodg ol sbsgw™dsdo, Fowrm3ol  dowrgdols
53033600900 4560boWgdMEs 5330900560 LoALOZbggdOL, AobLIMMMIBOM L5339MEbOL Toswawo
bseolbol LgembBywo 35630bmdol (High-grade Serous Ovarian Cancer - HGSOC) §o63mdmdol
1535615990 ™M 5EROMS®. 40L608Bs305, T 15339MEbOL BgLI3oMMEo g3omgwowdo, Mmdgwos
53gbl  dgbgbdodmEmol  Abgogl  ™30LgdadL,  Fogmol  LoEobMOlL  930mgE0dmsb
InORMWMY0MH0, BMbJ30MMH0 s 9BFGH0EgbMMo Fbgoglgdosb gsdmdobstry, Ls339mEbOL
930,90 bLodbogbggdoo (Epithelial Ovarian Cancer - EOC) ogm®s bjo do®moms© J39¢ 035,
OMIwgdo3  30LGHMWMPONOHSO  J9BoLYBE3Mds  T9dgabsoMs:  dwmagobméo  (3%),
Bomgemx®gomgzsbo (10%), gbmdg@EHMmoycro (10%), sdsero baGolbol bgembmeo (Low-
grade Serous Ovarian Cancer - LGSOC; <5%) o 3s0s¢00o bs@olbol Lgbmbmwo 306306mdgdo
(70%).(13-15) 153396EbOL Foroeo HsGOLLOL LyMMBMo 35ME06MTOL A5630MGOOL SEYOWL
00080596l Borm3ols ool ZoddMm0IE0 3 s oo Jsboliosmgdwgdo dmoEogl LogMHomm
TP53 999353090L ©d 50960530908 2969030, GMIWgdog dmbsfiowgmdgb MxMgomwo Eozwol
30bGHOMdo [0sp., BgoGMmxzod®mdobo 1 (NF1), G9@obmdwsl@mds 1 (RB1) s gozerob El
(CCNEL1) ], 96 0b8-0b 619356530590 8mbsfioerg 296900l 0bsgd@ogs30sl (dsy. BRCAL cos BRCA2).(16)
1533963EbOL 350 bsMOLlboL LgMMbBMEo 350E06MTs Ggodergds ogml BsGomvycmo MAPK gbol
3994 BHomcMmqdsdo NRAS, KRAS 56 BRAF 3w@)5:30980L 393390000 5 sbmEo0gds gb@®mmaqbols
Q5 36MHMygbBYOHMBOL M9(393GMMYOOL FoMd 9Ju3MHgLOSLMLE. 1o3396MEbOL 9bMTYEHMmMOEOo s
Bomgmx®9gm3zsbo 3oMiE0bmdgdo 890dwqds SLm306MHgdwo 0gml 9bEMmdgEHOoMBMb, 35d0b
MOMEILYE BMAO0IOMO 2oMgdm  BodBHMOO (3oy., Im{9g3s) FgbsdRbgzs BEMEOL Ls339MGEbOL
d306mM0 35M306MmA0L (17) 9630056900l MHOLZL. oM 580LY, 1LY339MEbOL 303ML 35mMA96gBO
31939 SLM306MHYds AT-000 80IM0 MIgbol 1A (ARIDIA), 53mbgs@oowwobmbodmen-4,5-
00LGBMLGBSE 3-30065D5L  35BHOW0DBMMHO J39sbsgmxzol sergys (PIK3CA) o gmbgs@ebsls o
A9bLobol 30MEMma0mH0 (PTEN) 396900 935(309006.(18) b533963bols
BoBSBObMZ6) X MgMEo Lodlogbggdo 30MsmEYds 9BdMHOMBMEO AMmbsIdOL 3GOTMMPOYIEO

BoboLObM3ob0 MY 900D @S  Y3z9wsbg 493039 gdMYo  BsbILebmgsbo  MxMgdoL
53m30L900560  Lodbogbggdos Ygz0mMmOL 330l Lodbogbg, GH9MoG™Bs @S  EOLYYHIObMIs.
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LEHOMIMEO  SbsEHoMTMb5JIbgd0  Fgodegds Fo®dmModgzol  Lobdgbm  Fodols s ambsweo
LEHOMIOL  YROHIOIOOL  BIOMM  B3gJBHO0B.  AMBMWNDNE  MxOIMo  Lodbogbggdo
(Granulosa Cell Tumors - GCTs) 439msBHg 2930390904905 58 X 253d0 s 89500890L by339MEboL
300MU yz9ws 9990b3930L @osbermgdoo 5%-b.

653969005, MM BEOHMYGbIo 93933 MMd0 9JL3MGLOMGOL YN MIIOOL FMOZ5¢ 3H03To
©5a0bs, HMI 9bEMMYg6/5bOHMYIbmwo M9g393@GMMOL Logbswo byl Mfymdl Lodlogbols
0963 gdbsls s 9@oLESIBOMGdSL Bo3z9MEbol Lodlbogbggddo. 8¢330(390EGdGOOM ILEMPYdS
3bmM9bmwo 09393GH™M900l Fo6do 99b36gLosS 153396M3EboL Lbodlbogbggddo.
099bm30bEHMmJodom®ds 330939005 963965, MM sbOMABMwo  M9;393BHMMIO0L  9JudMgLos
399396005 B3390 EbOL g3oMgEHo LodLogbggdol osbErmgdoom 43,5-86%-do. bshg9bgd0o,
Mmd  5bOMmA9bmwo  M93g3GHMOd0  35359mMdL  gosdHY39d Bml  Bs339MGEbOL  30dML
36MHMyM9L0MGO5d0 s LM oMM YHIBIL 3MEHIBEFOME MYM30 LsJoDbgL S©bodbMwo
LodLbogbols d379MHbseEPMdOLIZ0U.

1539659 M, MM SbEOMHMYgbo M9;3933HMMmgd0 3608369wMm356 Ml 1535dMdL Ls339MEbOL
3000mb  99630000690580.  39Mdm©,  9BOMABMwo  M9393BHMOIOOL  Ad95dGH0IMGOS
53538069305 15339M3BOL 30dML Fob30MsMgdOLY s LOALOZBOL 3OHMYMIPLBOMGOOL oMo
M0B3056. 0939, d1939 399M3W0bEs MOPOYOMNLHObI>BIY™ FMLIBEMmGOGdO0. F0MbgOIZ5®
000Ls, ®MmId 1s339MGEbOL  300ml  sbEMMygbmmo  ®9393@™MMJdolL  3MbJ30900L doGOMSO

dnwg3M©o  39ds60bdgdo  x9g 300093 OdMMIY 9O  SMOL  AoLoygdo, Loliy®zgEros

300m3wgbowo  0dbsl  9x89BHMIOO  Jodom3Mg39bzowo s  gmMs3ovicmo  domdgdo,
36MmM96w0 619393EHMMO0L 59E030Md0L FMmEMEs300L Do Bs339MHEbOL 30dMb Fobssmdogy

(19).

33939005 5B3965, MHMI  9bOMygbmo M9393GMMYIOL 39639 MoE39d0L  Bs339MEbOL
3M9BNMBNO Y9 gddo  godmofjzos oo EO0GYMHIBE0MGOOLS S BME03MOol
BM5/dmA[ongdol  IMP393s. 0853OMMWO®, 8BI0EJOMEI0JOoL  FBIMEO  MOMEIHMDS
909m0mgdL  BOOHMYIbwo  M9393GMMJOOL s LMD 5393000900 Loybsergdols
9mb5fogmdsBg 15339MEBOL 30dML 49630M5MYBLS S 3MIMYMG0MYdSTO.

15339 EbOL 303ML 456300056M9d0Ls s 3MMYMILOMGIOL JoMIGYOMGOII0 BodGHMMJd0 X6
300093 30 m3Y 56 5GOL 25L53900.(20,21) b5339MboL LodLogbol gsbz0MsMgdOlL Goligo BRCAL
dm@o300L dJmbg Joergdolimzols sGols 20-40%, bmerem 10-20% BRCA2 999¢sgool 99dmbgggzsdo.
DM 33530530 Joergddo 1o339MEbOL 3oME06MACL gobgzomsMgdol Molizo <2% Jgoygbl.
(22) L53396EbOL  9bM3MOBMO  MYYMEOMHGOS  FOMOMIPIP®  JYMHEMBS  303MM IS~
303m530Dob-b5339603boL  gOIoL bgomMgbM3MObmE  ImJdggdsl. 9Ju3gModgbEmeo s
30603M350MEMYOMMmO 3300939000 oAby,  ®MI  3mGmIMbmwo  GyEg3dGMmgdo
3o0mbs@mmos  15339M3EboL  bmGo®  bgsdodmer  gdomgwomddo, olgzg  OmymeE3
1533963bOL 300ML MY MGEIOTO S FwY5egEME MM HoMTMoA969b Lbgoolbgs 3mMmImbgdols
5L BH0dNwoMmgdgeo b 0630d0FMOMo  9x39dBHOL  4obbmME0gwgdsdo.  AoM©s  5Toby,

3m6HIMbMwo  0gms30wo 9396300 3e0bozMMms odbs Fgnslgdmwo  dmMgiEoogg b
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(95MsdBHyOMwo  1b5339M3EboL Lodbogbggdom W935IPWMW 3530903 9dT0. 653969005, OHMI
3m6HIMbMo  ©9393GHMMJOOL 5650 Bol  Q9dmYgbgdom  godmzobos ER-ols s PR-ol
36OMbMBMwo  OHMo. Ls35M9M©EMs, GMmI 0d 99doboBIgdoOlL M3gm  493gdsd, GMIWOoMSE3
363Mbgdo 493egbsl sbghgb 1o339MEbOL 300ML VX MYOIOOL 49B30MMGdsDY, Tgodegds
399X MdYLML 3:HIMBMMIOH300L 9539dBHIOMdS 53 BHo30ob 30dMl dmbg 3530963 gd0LMmZ0L (23).

930009300 MyoMMo 5 9Ju3gMH0dgbE o 8330390 gdgd00 Bog5M9MEMs SbMMqbgdol
dmboflogrgmds 15339MEbol  LodLogbggdols Fo630m56M9dsd0. BoB3zgbgdos, MMT Tm3063IMEoMy
36MmM96900L MbY sLME30MHEYds B3390 EbOL 9bEMIgEHHMOEMEOo s 330bMEmo 35G:E0bMAol
3963005609008 GOLZMG (24, 25). wdEs, BOMYI60L M9Ega3GMMOL A53egbs Ls3zgMEbol
93009)MHo  LodLogbggdol Jmbg 3530963 Jd0L  FoIMBIbOL  Fog39bgdgbg x9H 303
o HBMLBE9dgE0s. Lb3s 3300939035 5639065, BT sbMMA960L M9393E™MMJOOL Fo®do gJudcmglios
53930069305 oMBRIboL 356y 58396909 msb. sliggg 9MLYdIMIL 33093900, OHMIJMS
dobgz0m53, M50dg 8608369cm3560 353060 LBHYOMOEIOOL Mg(393EHMMJdOL 9Judcmglosts s
L59MM osMBgbol F5B396909W b 56 25dmzegboems.

399mygbgdmeo 0@ M@ Ms:
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Challenges of Androgen Receptor Expression in Epithelial Tumors of the Breast and
Ovary

K. Shengelaia, I. Kokhreidze, N. Tevzadze, Sh.Kepuladze, G. Burkadze,
Thilisi State Medical University
Abstract

Breast cancer is the most common malignancy in women worldwide with more than 2.2 million newly
diagnosed cases and more than 650,000 deaths annually. Triple-negative breast cancer accounts for 15-
20% of all breast cancer cases and is characterized by aggressive behavior. Androgen receptor is
considered as a possible new biomarker and potential therapeutic target in the treatment of breast
cancer. Androgen receptor inhibitors may be considered a therapeutic option for specific subtypes of
breast cancer. It plays a particularly important role in the carcinogenesis of triple-negative breast
cancer. However, the issue of its active implementation in management is still controversial. Ovarian
cancer is a gynecological malignancy diagnosed at an advanced stage in most cases and has different
cellular origin, histological characteristics and therapeutic response. Epidemiological and experimental
evidence suggests the involvement of androgens in the development of ovarian tumors. However, the
influence of the androgen receptor in patients with epithelial ovarian tumors is still a subject of active
study. Some studies have shown that androgen receptor overexpression is associated with good survival
rates. There are also studies that show no significant association between steroid receptor expression

and overall survival.

Key words: androgen receptors; Breast Cancer; ovarian cancer;
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SLOGIGOS FCE0IGROBIUR0Y
ASSOCIATION FOR SC

5653BGHOME0MGB50 6595315498980 60550l s Hgwrol
©5006dMMH 780l bsMolboL sgbs (3. 505330l J3gdm smBTo, bsBIbEHIGOL
A9O0GHMM05DY)
Lagnmdg bgbbosdgogro!

5gdoM039wmb 3946032960 Mbo3gdloEgBoL Jodow®mo &gdbmemaools s dgdswwemyool
B39 OIOOL @0OM@3bGHo.

BLGHOsJEBHO

3653MmbEOME0M935000 65353L59M9gegdo dmngero Jbmzeroml s 349690600305 LoJoOM3gemUs
36Mdgdss.  obobo  g3b3wgds  dobstrgms  bgmdgddo @s  ILLbEIGdMWo 36 GHgdol
9obEmdEs@, M53 LOROMHBL ©9Jdb0L MLOBEIGMBSL. 5 o3l 0yl LoymaszbmzMgdm bseBgbgdo,
9339350 31900, 39LEG0E0WYd0, 3MEP0gNOWgho s bbgs, MHMAWdOE 53063dMMGd96 Bossls
Q5 Hgobs.

90bs6g 9605330l bgmdsdo, Lmxzge bs@ob@oMmsb, 1533900 Mmd0gdGHJooL s ™M93BLLAgbo
99m0bgmdol 8089ds6Mg BHYMHOBHMEO05DY, IM53S 36153MBEHMME0MYds©O bogoglaytgargdo.
o056 Bozmboro ©s3sd06d1MHgdwqdo 33b3090s bosoalis s ysedo. Lsdmermm 3o olbobo
053L 04®056 30656 5053300, H®MI0ILs3 FoM9xq05 MdOOLOL Fysebogsgol 60%.

Dgamol 8030Mmd0MEmyom®mds 5bseoBs ©d0BIMMYdOL Fomowo mbg 583965, 396Mdm,
500dmBbs Escherichia Coli (E.coli) dod@gcos. gl dsd@gdos of393L ostgol, bods®myg gbgdols
5535009090, 36930mbosl s bbgs. 5350905 Y39wsBg B0 M300050 dsm 353d390U.
domdo bdomos 39dmeobmmo MMHgdorwo Lobp®mdo (HUS). 59 ©5935¢0900L 3963005609d0Lsl
56M0b 00603991930l 36J30mboMgdol d9(g39E ol LsdodOMgds.

605000l 33009359, 3d0dg 9B gdBY, A9TMI30bs BHY300l Forsero 3mbEabEHMoE0s. GYz0s
5MHYMBOMOQ© dmJIggol 5530560l K bIOMYEMdIDY. ol FoMGH0Z350 H3gds fgowls o
60505980. oo JoMOMsO 9ot L59gEMIMdOEIM 45dMBIdMEI30, LoM9ds3900, LEbYIJgd0
39L3H03E0Y00, LETMYH3gEM b5MBG6Yd0 S LbZY, HMBOMS3 IS BogsglogMgargdo.

MmO560bddo FHygzool Imbgzg®ol 8999y, ol bofforgds dzegddo, moM3zdgerdo s bgmgmen
LoLBHYTT0. Y39 sHg bdoMow ¢Y300L 9539JGH0 33H3WGds 353339000, Mo3 49dM3w0bEIds J3930L
36MHMd9gd903do, bfogol IBOEOGHLS S WOJ390009dM IQ - Go.

15d0gdm LoGYz900: Bogs3LoYcMg0; dOBAMMads; Escherichia Coli (E.coli); ¢yzos.
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LogoOM39eMTo IO HMOIMBBHOMEOEMHGOIO Bogogloy®gwrgdo, MHMIwgdoi HAoMs
LB GdMWo  3bdEHO0L  FobErMdEs@, LBsdM3MGOMID SbeEml b dEobstgms bgmdgddo
90905M9Md3b. SbgmOo GHIMOOEHMM0930L bsMBYEJIOL go@sbs 56 bgds, obobo dMsgseo farol
3968530 Md530 5o bHg ®RYB0L s 808YdscY bosIEol, Yol s LsgbmaMgdgwo
50900l ©00bIMEOHBSL 0f3939b.

Logomm3germdo gl 3OMdgds goblogMMMGI0m 594G IMH0s, oYL 58 bodo3LsYMHggdHY
0536 0gMob Lobogsmm bs®BRybgdo, 39UEH0E0WYd0, 35l odwgdo, MYMHIMIYEHMGdO,
3MW0gmoE9gbo s bbgs, MHMIWgdoa LEdMEMME bosIRLS WS Fysedo b3wgd0sb, 0Josb 30 -
50580560l MGYb0BAT0. goglo GHO30L 5653MmbGHMME0MGd5©O b5353L59Mggdo M3
9. 965308 bgmdsdo, @ boBPOb@BHommsb. ™ as30mz35wolfjobgdm 03 Fog@L, M™I o
90q05MgMdL 1533900  MBd09JBHJd0  (OuEHMMbYd0) s  JgMHdm  LoIMEOSdo  SOLYdMO
093BLsTgbo  FgMObgmdgdo,  bossado s yowdo dmbzgMowo  ©sdsd0bdmEMmgdgdo,
LOOMEME M3l 0Y®0sb . 5M533d0. 55LMOb 8. 693306 Hywom Focogads MdOEIOLOL
09o0ls3930 5 Tgbodsdols© Joersgo mdogobo.

Sm3LEgMgdol  496353wMdsdo  dmbgds  SbgMbgds  1300095(39bs-50YGbL. T30
9L,  OHMEILE  BNOM3MPBMWo  ©Esd0BIMMYdS  39BHVGHOMBM  DM3Msdg F03009,
0300954396@0L  3OHMmEgLo 15385MOLO PGS, 3603369 M3560 3MMdIWgIgdo Fggddbs 359U,
095l @5 6osopL.

6050030l Bogo®ol 25Hd9bsly s 95©0AB0L BoFoMHmgdsbg FodMo 353MOMOMdT Lwyen
3bEosbsbls osofigm. 1970 gl 6050l Bobolinsmgdegdol dglobgd d0mqdvIends JosM@GH0sd
550005, M Bgdoldogmo bossgol JodoMEOo, B0BOINMHO S BOMEMYOMMO IRMIWPIFO0S
dooBbg3zs  30639wo©  LogOmbgo s Tgbodsdobo  boosy  ©oE30000  ©mbolidogdgdo
©99™3b690e0o3 Mbs  RodoMgl. 605og0  9M0L  Lobdgargmm  93mbolEgdol  doMmoMOO
3M33mbgbGo s ol Lsbogmabwmo 86083690Mm35605 553056030l s Tobsb  yzgams
30Ebswo  MmMH560DdobmzolL. bosogdo dmbgg®mol 990y  dgBHowgdo 9353806090056
90696 3033mbg6FHJBL o FoMmo0ddbgd056 Lbgssolbgs Lobom, MHMAwgdLs3 dmobdotgb
9396509900 @5 803OMMEMYSB0DIGd0. oo Boobgds bgds MHbEOL {ywrgddo, bzgds
LOLMREM-1539MObYM 3OIMIEHIOTO s 59509g1JAL fgwrols boGrolbl.

3053MmbEOMEOMGB00  bgo3L0YMgEg00Esb  359®do  sbeo  506Mgd0l,  bosoado
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Determining the degree of soil and water pollution from uncontrolled landfills (in the
lower basin of the Aragvi River, Natakhtari territory)

Salome Sekhniashvili
Georgian Technical University
Abstract

Uncontrolled landfills are a problem of the whole world and naturally of Georgia. They are found
in river valleys and near settlements, which pose a threat to the population. Household waste, fecal

masses, pesticides, polyethylene and others that pollute the soil and water fall on them.

In the valley of the Aragyvi river, near the village of Natakhtari, in the vicinity of food facilities and
fish farms, there are many uncontrolled garbage dumps. Pollutants leached from them are found in soil

and water. Finally, they flow into the Aragvi River, from which 60% of the Tbilisi reservoir is supplied.

Microbiological analysis of water showed a high level of pollution, in particular, Escherichia Coli
(E.coli) bacteria was found. This bacterium causes diarrhea, urinary tract infections, pneumonia, and
more. The disease most often develops in children. Hemolytic uremic syndrome (HUS) is common

among them. During the development of this disease, there is a risk of kidney failure.

A soil survey for heavy metals revealed a high concentration of lead. Lead has a negative effect on
human health. It easily gets into water and soil. Its main sources are automobile exhaust, paints,

fertilizers and pesticides, industrial wastes, and others that are abundant in landfills.

After lead enters the bodys, it is distributed in the bones, kidney and nervous system. Most often, the
effects of lead are found in children, which manifest in behavioral problems, learning disabilities, and
decreased 1Q.

Keywords: landfill; polution; Escherichia Coli (E.coli); bullet.
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Akaki Tsereteli about America
Tamar Akhvlediani

Doctor of philological sciences, Associate Professor Akaki Tsereteli State University

Abstract

Information about America reached Georgia in the 19th century.

During this period, our writers and journalists wrote about the problems that American life
causes.

Of interest is an American icon presented with little material in journalism of Akaki Tsereteli.

America is a country where ranks and titles have been abolished, and there are only citizens with
equal rights.

On the other hand, America is not a romantic country living according to the laws of nature.
Here, the desire to get rich easily poisons human senses.

Key word: Akaki Tsereteli; America; titles; democracy; gold; love
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Understanding of Psycho-physical Parallelism in Neurophilosophy
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Abstract

The relationship between the material and the ideal, the brain and the mind, time-space and
the processes beyond, has always been a pivotal problem in philosophy, sparking multiple discussions
among philosophers. Revolutionary discoveries in science and, consequently, new paradigms are
causing some unrest in the field of philosophy. Widely approved philosophical concepts are being
reexamined and readjusted to fit the entire scientific picture of the universe. As a result, a new field of

Neurophilosophy has emerged, based on empirical research about the brain and nervous processes.

According to Patricia Churchland, consciousness is the result of the functioning of various parts
of the human brain. She considers consciousness to be the product of the highest nervous actions and
uses the reduction method to investigate the essence of consciousness. It is not the individual that holds
power over the brain, but rather the human brain that holds power over consciousness. Therefore, the
decision-making process is not the result of consciousness, but rather the result of the nervous activity

of the human brain, preceding the realization of the decision that had already been made.

Since according to classical philosophy it is impossible to find the "self" as a physical substance,
Patricia Churchland and Thomas Metzinger consider it non-existent. The concept of Kantian criticism
is justified by Neurophilosophy through empirical research and goes even further. According to
Metzinger, a human being is a "biorobot" resulting from genetic replication, and this is nothing but the
process and concentration on selflessness, with realization being the only skill that could be seen as the

primary function of a human being, as argued by his Neurophilosophy.

The inquiry into the relationship between consciousness and the brain is not a novelty in the
field of philosophy. Much has been written about it by philosophers such as Plato, Leonardo da Vinci,
and René Descartes. The thoughts of Descartes about the relationship between consciousness and the

brain could be considered the foundation or source for Neurophilosophy.

Neurophilosophy, in its fascination with the discoveries in the field of science, has proclaimed
human beings as fiction, instead of acknowledging them as a complex form of existence with a
sophisticated system of self-consciousness. Furthermore, it has erased the entire field of intersubjective
relationships. The controversies within the field of Neurophilosophy, along with the challenges that
the scientific world is facing at the moment, can be explained by the fact that physiological research

on the human brain is developing so rapidly that any attempt at extrapolation or making generalized
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assumptions is falling behind the scope of empirical data. Additionally, the results of empirical research
on brain activity and neural networks are the subjects of infinite interpretation, which objectively

hinders the process of establishing non-controversial theoretical concepts.

Keywords: Neurophilosophy; psycho-physical parallelism; neuroscience; neural network;
empirical research; tensor network; consciousness; realization; brain; biorobot; interactionism;
fiction; simulation; generalization; system; functionality; interpretation; self-consciousness;

scientific discoveries; self; materialism; material
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39050029600 Mds
Lobgmds bymgnwo 9996900l 3m33mbgbEgdo
Angelica archangelica L. 1393990, a-306960, f-306960, 3598960, B-806 3960, a-ggmsboMgbo, B-
9439300900, 39sb®mgbo, A3 -3560960, B-zol-m30dgbo, B-H®sbl-mEodgbo,
09begdo B-3035960, B-39MHdMbgbo, B-gargdgbo, a-3gwdgbo, f-3gwM9bo,
x-09659mE 960, gob-gagdgbo, B-(Z)-gs0bgbobo, B-
3mdmergbo, 3903536096 D, do303wmyghmhdsztgbo, (E,E)-a-
1350byB0bO, y-350006960, §-350006960, a-350006960 o o
3oobmeo [28]-[30]
}9LYOS ©OE530M0 S brmmadommo [24]
Angelica archangelica 13930 a- S Fx39gwsbtgbo [33]
subsp.
archangelica
Angelica dahurica (Hoffm.) 19L30 a-306960, Lodobgbo, doM39bo, 1-MEY36meo, GH9gM30bgb-4-
Benth. & Hook.f. ex Franch. M@0, 30b-5bgmM0o, 5609356Mme0, a-dMMHmergbo, (2 £)-2-
& Sav. ©939bseo [22], [26], [34]
Angelica pubescens Maxim. 339L30 a-30b9b0, p-309960, 0dmbgbo, 3®o3@mbo [22], [26] mbmme»o,
0093060, 56009356mwo, a-dmdmemgbo, gol-sbgmmeo, £
@03 1LEH0W0O,(-)-b3sEMEwgbmeo, (-)-GH9Mm30b696-4-meo, 2-
0O OME960, A-d0LdMEOMEO [34]
Angelica sinensis (Oliv.) 1930 s 3-N-010000BMW0E0, 39100006 BMSWOO,
Diels 3gLuYeS @0 BEGOMOEO, O-0B-MgdGHOW BMOSE0, BIYOHIEOL
359939, Bogm@0bol 5539, Lydzobols dgo3s [31], [35], [36]
RILME 0170096 O30OHM-BMOEO, dM00EID Bmowoo,
BYORMOO, 3508960 [37]
B39b30 E-oogbHoeoo, (-)-b3s¢1eegbmero [34]
Angelica glauca Edgew. do0sbo a-g9usb®gbo, ®sbl-35m39mwo, F-30bgbo, F-
9396569 3900MmB0w9bo, F-35M0mz30¢gbol mjlowo [32]
dofjols bgo a-39sbgbo, HHsbl-350m39mwo, F-306960 [25]
Boflomgdo
339L30 (2)-00gLE00©0,(2)-0990000I6RM 0O [38]
Angelica gigas Nakai 3gLuYeS ©93296HD0bme 569w s@0, ©93MOB0bo, Wwmds@obo

do6m3gbobo [37]
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x39L30 a-30b6960, f-9m9gldmeo, bmbsbo, y-gmoglidmeo,
937960060, 093OBObME sbygwsEo [14], [39]

Angelica acutiloba (Siebold R9LYOS 3006 BMNIE0©O, BYOBMOswo [37]
& Zucc.) Kitag.
13930, -300 BOMIWOPO, J-3HgM30bgbo, p-30099b60,
©9MH™Mgdo,
e 3ob--m300960, [40]
Angelica majorlag. 29L30 a-30b9bo, gol-FmEodgbo [41]
Angelica urumiensis BONEYGO0 a-3500b6m0, 39Jb530OMABIOBYBo s39EH™bo, 1-
Mozaff. ©MY356mo [42]
©9H™Ydo a-3500bmo, & 35096060 [42]
Angelica panciciiVandasex  dofjol bgs F-8gmsbdgbo, a-306960, a-g3gwsbo®gbo [43]
Velen. Bofowgdo
Angelica viridiflora (Turcz.)  dofjol bgs 3960mz30960L Mmjboo, a-30bgbo [1]
Benth. ex Maxim. Bsfowgdo

Angelica cincta H.Boissieu

A. dahurica-ls 5yoo 53913990056 25dMYgMBOW0s 3BM067d0 s F5m0 Yo 3MDBOIdO [44].
960-96MHm0 9db39M0896E0L g9y 396500l bgeo Bofiorgdosb gsdmygql Hgserdo blbswo
6030009690900, 3500 IMOOL 39F5M0BOL Jero3MBoO - I3MOOL B, Mm33H036ms© sdGHomco,
dMmY30m9wMm RGOOL SIMORMo Bb3bowo FmOHINwom CnH26011, dmegzmemmo dsbs (489
[M+Na]) [45]. 3093 96H®0 330930l 099gao 99539 039bsM0Ib dodmymzgowo  ©s
0009630530300 Mwos 13 373500b0: 0BM0d3gMoEMmM0bo, 0339MsEMmM0bo, Mmdlodgnmigosbobo,
096533 9bo, L0399 39056060L 3006530, 0053563903060, R9Xm3GHgMHobo,
00535629w03me0, 0BM3083069eobo, Jusbom@mdumwo, Jusbmm@EHmduobo, 30d3obgwrobo,
b3m3mgBHobo, sbg3g PB-LOGMLEIOMWO s EIMZMBEIOMEo [46], [47]. gbGowdo Ne2
93999905 56290 Bl LobgMd9d0Ib AsTMYmzBowo 3docm0obydo.

3bMogro Ne2. 23560 5639 mBsl Lbgoalibgs bobgmdsdo 0w9bE0xz030M9dwo
3935606900

Lobgmds byomgmo 3M3s60bgdo

Angelica archangelica ~ 300560 93965609  9dg0RIOMBO, MLo™MEo, Mbmgbmeo, BLemGmswgbo,
L. Lm3mmg@obo,  Juob@Gm@mdbobo,  0d39MsGmEmobo,
0DM0d39M0BHMM0bo, B33 9b0, mgbodgmigwsbobo,

396539gbmro, 39M3GH9Mobo, sbagwoisobo,
3003069060, 56BBYg03060, 8053569 9oiz0bo [49]
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Angelica glaucaEdgew. 193900 6-99omdlo-7,8-9gmowgbomdbo  3mdstobo,  5,6,7-
&®03900mJbo3zMBocmobo,  ©Y3MHBobme  sbygmsdo
©9376B0bmeo, dyMY3¢H9bo, [50]

Angelica decursiva doo0sbo 9396569  bmeg3969E0bo [50]
(Migq.) Franch. & Sav.

Angelica gigas Nakai 1393900 ©93990D0b0, ©939HBObME sbggwsdo [50]

Angelica keiskei (Miq.)  39L39d0, dofjolb  MIdYEOBgIOHMbO, OTgMowbdgOMmbobo, 7-O-b-D-

Koidz. b9 boffoamgdo,  aw3m30MbmbBomandio - 8 - 3Mgboer  33s60bo,
Bogmazgdo L3m3mg@obo,  FbmOswgbo,  0BMOI3YMHGHMMObO,
008396053Mm®m0bo,  JusbEm@Emduobo, mbogbmeo,

0963533960,(-)-mgb039v 396060, 0BMYMBG OMEO,

(+)-0gdb039M39sbobol  30GsE0,  sMbsbagwogobo,
05609 bobo,  (-)-mgbodgEgsbobol  3oGe@o, (-)-
A9IOG-0-0gmmgdbo 399390606 3oMsdo, (-)-Lgd-O-
539&H™Jbo  39M39sbob  3oMoGo,  bygwogobo,
3033056500060, 3&9mogduobo, bgerobogobo,
Lobsrobo, wmds@obo [51]

Angelica dahurica »36mdo ©379mob B, 0D™0d3gmo@mcmobo, 0339MsGHmMobo,
(Hoffm.) Benth. & 090533960, ™mJLodgM39sbobo,  ™mJuodgmEgsbobols
Hook.f. ex Franch. & 30006530, 0053563903060, 005356390 3Mmro0,
Sav. 3083069o0bo, 0bBm30d30b69cobo,  Jusbom@EHmdbmero,

39wm3@gmobo,  Jusbom@mdbobo,  Lm3meg@obo,
0dbo39E39bob  3oMsGo - 3 - dmomowgmg®o,
Jbo@oobo, 535689003060, Jusbmm@mdlmen-3'-O-F
D-gv3m306056mBoo,  obmgésdioo  6-7-O-4-D-
3 3306056mboo, 53M57Jb0E0b-8-O-F-D-aemm3m
30056mB0o, (-)-05639%obobo, (2'S3'R)-3'-30OmJlso
05639 H0b0b0,(+)-530306060, 0BMILMGsEgbo, BLME
wqbo, 963903 MmHo3mbo A, sba9s3mMm03mbBo© B,
3gm3GHgMobo[45], [46], [52]-[55]

3. 33500 s639¢mYsb (Angelica) Hmy0gHM0 LEHgMIOL BTN MYOMEO 5JEH03MDS

A. dahurica-sb g59mymu0wo BOHMm39dscobgdo - 0Dmod3gMoG™m®m0bo, 0339MHo@™MMm0bo
mdL039(3900956060 9859053698l 539GH0WJME0bgLMGMHIBIL 03030l WbsGOL (ICs0 63.7-sb
89.1-000g 930m, MBsDY IM30JOIMWgdom) [48]. BMOMIMTsM0bo B0s396ygo3MEo
593060908 06GH9Mwg0306 1-000 9o8mf3gMe  303wmmJbodgbsBs  2-0L  gJudMglosl s
36MLEWo©0b E2-0l 459mymasl 500530560l gow@zol 930096 «x®9gddo 10-50 dman

MBOL  BoMgddo. d05356gwoiobom (50 dme) BowGzol 9g30MIWIOHO MY MGOIOOL
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939960bsmdol  d9wgaob  bsfoermdmog  0b3odoms  0b@gOHwgo306  1-om  godmfzgmwo
BOAMBMOL ©IRMI30s [56].

A. dahurica - L4060 gduE®sgd@obl sbsenag0m0o s sbmgdol Lofiobss®dgam 59@H03mds
39939L5 3009839030, dV5MT59300 ZodMf3999e FM3EEE0L 3H30300DY, 35Moggbsbom ysdmfzgmen
09039059 @ MMM 303965 HB0sBY. 33930l T99ga90ds 9639b6s, OB A. dahurica-ls
Dgarol 9duBHeodBo 93egbl 560930l Lofobsomdogam o 3303093599 gdgee dmddggosy,
06OMbs3L 30503553000 2odmf39me FM3wol 3030l S SF30MIOL 396096000 godmfiggme
9999939050 30Mmmo390do [57].

A. sinensis g09HHgmNGO0L 56Dl Lsfobssmdgam dmddggds dgolfogzergl 30MM390d0.
390003wo0bs  3OMUBEYWbob  E2-ol, 3oLGsdobol s  5-30OHmdbo  GHMoREsTobols
063000609d0l dewogmo Mbs®o, 1939 99593065 LodLogbol B9g3MMBMWO BoJ@MmMo a-b Ho@dmJdbs
[58], [59]. 39605 530bs, A. sinensis §079OHBJNYd0 8tddggdL 03M3ME0LOJSM0EO00 Jodmf39wmen
3bmgdom 30 39L90Dg 3005339070. GOH-9MHO MJMOOOL MBIbT, 560gdOL Lfobsswdgym
9mgd099ds 39630MMdgdMos 3MgdLoL (3030l MHYAXWOMmIIOM S Fewy3mbol J9d;339emdol
29999% M09L9d0m, M5E, 5308 FBMOZ, 509ERIOL FB0TMZ60 T593900L TgEHdMEoBAL [60]. 30093
960 b3l 333590 A. sinensis gogOHHYIGds 89593065 56mgdol Fo639609d0L - 30G™30bgdOL
(bLodLbogbols 693OMBMEO FoJBMmMo o, 0bFGHIMg0306-1 s 0bFHIME90306-6), B9MHA96E OOl
(5B™E0L mJuoob LobMsBs s 303 MMJLoY BB 2) MBY, FglsdsdoLOE F5TMIZ0bs SBMGdOL
L5H0bsMBIYM 5 3935@M3OMEIJBHYIE0 5dBH03Mds [61].

33500 9629w MBsb30L  ITIBILOIMYIJWO  BOMW MRS  SJBHOOO  T9bsgONYdO,
OHMQMO039 - 3935006900, BMOHMIMToM06900, BMOC0IO0 S 300LOdsM0Id0, Lbgsalibgs
994o60Bdom  965306MHMBJOL 53  2356MH0L  FoMIMBogbergdol  56EHOLOALOZEMO  5JEHO3MAS.
50Ls60dbs300 B16dgb0dg Lobgmds: A. archangelica, A. sinensis, A. gigas s> A. keiskei, H™3ggoLy
IXOI0M ©Mb)bg 0B6TodoOMEo Foim@gdols, F9badswOL sJEGH0MmO Mg 3IMEgdoL
Po60mmddbol s MXMIEOL  93M3GHMBOL  AodMf 3930l MBSOl odm,  goblozmmMgdMEo
33963050 2558605, 56EH0L0ALOZEO LMo gdgds® godMYgbgdols Mz lsBOOlom [62]. gero-
9600  9Ju39M0096GH0  A. archangelica-b 33gbzol gJuBHOoIEBs 299Mogzw0bs 360d369crmgzs60
GOAMGHMJL03MOO 5JEH03M0ds 339600l 30dmb 4T1 s MCF-7 Lodlogb®o »xMH9gdol JodsMo.
A. archangelica 3gbgol 9duEHModBom, 4T1 Mx9gdoL d3MBsMdOL Iy, F90BIGME
36MM33M3GHMBMM0 300l (Bax) 30639635305, ML53 056 sbers 963H053m3EGMBMMo 0ol
(Bcl-2) 9dudégbool  ©og300009ds, 39L35Bo-3-0b ITOLS @S  FOGHMBMWNOO 35300l
dMd00BO30s. 99990 A9TMIO0bBsMY, 93EMMO J9FMMI395aL 39M9MEL, LHMIg3g X 0MIZOL
Lodbogbm®mo MY IdOL L0330 do, doGHMJmbMmool  Imbsffowrgmdols  Fglobgd, o3
399mf39w05 15330930 9JBEGHMIBHOM X MIIOOL FMTo3900L Jggyo® [63]. A. dahurica
33913990L JerMOMBMOHI0560 FMJ300090 0BMEPOMGIMTs FYHM3IYFoM0b69dTs - LMW B,
JuobBHMGHMJLobTs, dMYS3BHYBTs, @odmasgerobs 83539 0630d0GHMOMIMO 5dBH03Mds 5EsT0sBOL
LodbogbmEo MMl  Joasgool s  FgLodsdobo,  FYEHLGIBIOOL  FozM(39gdol
Poboomdgy [64]. goMs 5d0Ls, ©ILEHVMJIMWwos A. dahurica-b 9Ju@esgdGHol Lodbogbols
LOP0obsOWAY 99BH03MdS LmMo bsfersgol Lodbogbm®mo mx®ggddg (HT-29). s0bodbmero
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5JBHogmds  ob306MHMdYdIMmo  oym  gduBH®od@do 0339M0BHMMOboLs s 0BMOB3GMHIEMMHObOL
3OLYdIMd0m [65].

A. archangelica ggbgols, 0gMmb, BmmEool, boymgzol s dowosbo 9396560l dgmobmerosbo
99LG®59dEHOL Fglogesd IBEHWGS I 39490 LEHGMOOL SBJLOMEOBYEMO 5dEH03Mds. 33939
396bMM 309 30615339080 9.§. 3L BMOAOL FoHEP0 dOMOBMOL FHguEOL dsdmygbgdoom.
A. archangelica-Ub 439s 9JuG©sgds 400 9p/33 0MmDob Bsdymgddo 3609369 m3bs@ AoBIMS 00
10303930 253MJOMWO POHMOLS s 53 LOZMEOL oW33900L 3OM (396G 0 Fob3969d9w0, 58539
QOML d95930605 bMOH LOgMEIAo 39BHIMYIOMEO OM. JNE 0560 F39bsMOLS s FgliggdoL
309Mb5{300ds go8mogerobs 43z9weBg Bowoero, Boymagdds s BMmmEgdds LodMsEwm, bogom
©9OMYOTS Y39wsBY B0 59dGH0Z3Mds. FoRO0MS, 0SHY35d0L godmygbgdolisl 306HmMsa39d0L
dogt ©os LogM3900 A9BHIMPOMo EMMOL dobgz96909e0  IbEMgdom 60% oym, bmeom
13913900L5 5 060 F3965M0L FgMIBME0560 9JLEBGMSdEHOL Fgdmnbggz5d0 04039 3563969390
LoIMsmE 50%, FMOEGdIoLs s BsgmRgdol 9dB®od@gdol 9d@03Mds 330MgE 509G JOMPS
30%-UL, boerm 0gB™gdol 3gmobmeosbo gJuEMsdEHoL 5dEH0gmds Bogargdo ogm 30%-bg [66].

Angelica purpurascens (Avé-Lall.) Gilli gog®Bgmgdo 51939 99:003690L 96JBoMEOBME
5d3H03mdsL. Ixmmzs 0oL 3mI3wgdldo BLOJozMOO SWOWMDdY, GMIGLYE SbolosMYOL
2900533609090 Fbo0o, 4500B056gdS s 0MSEFOMBIOHO Fodo [67]. IgmmMZ0L SOLO 9agscmgds
0bgdM03 3MBRoJBL, 9B QoMM 458Mm33w930L bLIMZ0Mls s 3mEHbEoGms© bsdodo
A9IO0GHMOH00LM30L 1308 5MH0YdOL  0BLEHOBIBHL TmOoL. Bs@oMmgdmo  9dudg@odgbEom,
Dm@wosdb 193H9080 dmm3s 499mof309L B3M3Mesdoboo (100 930me), GsTsE, 0930L3bEMOg,
2499m0f305  LogMEomo  dgblogmgdol s LosbEgbg 953009008  OoLGMBIi0s.  BGdGM
093H900LmM30L B3Mm3Mmsdobols s A. purpurascens gomg@Hgool (25 s 150 3w/, gdo
9embgm, 13 ©Eol  g96853¢mdsdo), 9geMdWwogds Fofmgdsd 4obs3omMds  YMMIMIdoL
©9R030A0L 8903060905, 3H3060L sbFH0MJLoIBEHMMO RIMTIB6EFHJOOL TMToBJds, WO30EIMHO
3960300l ©9d390gds s  FOWgdoL  MmdLboszos. A. purpurascens mYHHBYNJGOOMN
5099953909 939000 539G JMobgLGMHIBIL  9dBH03mds 3600369 m3zbs  ogm
d90306M9d9o [68].

B03m@GHobol  gobdgm®mgdomds  Borgdsd  FgladErgdgeros  asdmofigoml  Ji3930m0
LgbLOBOEPODBI309, Mg bgwlsgdgo Fgdmbggzes §995¢-9dM30WGOMgdoL Fglolifogwrs.
90m-90m 9Ju39M0d9bGHdo A. gigas gmg@bgmds 9609369 m3bs oo IxmdgLs Bogm@EHoboom
399mf39mwo  J39300m0  bgblodOEOBs30s.  Bodoboodyg, A. gigas gogEHBIMO  MEOHYMbIZL
bo3m@Hoboom 359mfizgme 439300 ©s bgodmdodom® LgblodowoboEosl, Moz dglsdergdgeros
399my9gbgdmeo 0dbsl 603mEGH0bsdm30090Mwg dol Lodzm®bscrme [69]. A. archangelica-ls
B9L3oL ggOBIPYoo 30 53wgbL JEgHOYWE ©s JodocsE dmfjzgrwo 3GYBRb3OL
LoPobssAIa™  9JBHOZMONL  ™a390d0  [70]. A, glauca-b  gog@Hgmgdo  53agbl
0OHMbJMEMGodLobGHMO  5JBH03ML,  30LEGToboms s M3sWdWMTobom  3OHMZM(30609OMO
0MHMbJm3mbLBHModzool MM, 4306908 gmFgddo, Lolbdo gmBobmgzowgdols Momgbmdol,
65330 00bMymd)ob E- combol, d¢mbimowggmem® bLombgdo gmBobmgzgowgdols s
690@®MBowgdol Homgbmdols d9di30Mgdoom [71].

Georgian Scientists/Jo®mg9ewo d936096M9d0 ¢.5 N 2, 2023 119



A. dahurica-b gql30L {{4e0s60 5 gobMmosbo 2sdmbsfizerowqdol sbEomdlosbEmemo
5d3H03mds 9905359 DPPH, ABTS 565¢00%900U, 30006mdloolb ®so3zseol d9bg93ol «bs®ols o
0300900l 39MHmJlos3zool dobggom (0.12-2.0 3y/der ©MHYddo). w039 gduBHModds 89bggds
DPPH s ABTS 6oog3oemgdo. 8m3gdne  9dudgemodgb@do, §ywosbo  gdu@od@ol
3630mJLoIBEGHMEOO 5dBH03Mds Fgglsdsdgdms ICso 0.32 s 0.20 3y/d, bmwm gmsbmeosbo
99659 &Hob 1Cs0 0.24 s 0.13 8y/3e. w6039 9JuBH®gBH0s odmagerobs Moo3swgdols d9dzoMgdol
26560 5 bgwo FgmBows m3gemdlo OLAMEIBIL, JoGSsbol s ©BT-0b Esb0sbYdLL.
51939, 390393999 EMHBJdTo 0630006090 Qo9fios NO-U 3603060905l 03tm3MmEolods®oom
05099953909 RAW264.7 «%6909000 (053600359000 29X 090900, 80090090 35300 0og30L
Lodbogbosb) [72]. A. glauca-b gog@Hgmds odmogerobs 36033bgemgzsb60 96 0MmJLoIBEGmO
594G03mds - DPPH 6500035¢00l 898m3F30L5 05 396tmdloszool 0630806mgd0l ¢bstro [32]. omgligrols
9009OBgm90ds, 3:mb6396¢ G300 200 93/0ew, 5B39bs 39% sdBHozmds DPPH 6o0035¢0900b
d90m3F30m [73].

05620l s dobo xamzol dogH (2020), 99xnsbs A. dahurica-b 56530803630 5JEH03Mds
5¢d0bmbio 30MMY3900L (Sprague Dawley rats) 259myg4qbgdom. 30600533900 gm0 043bgb LLsd
X3IBO©: Bobommyom®o blbshom  6593790bsergdo, gdu@®odGHoom  BsdzmEbowgdo o
00mdo30bol o sdmmo 65939Mbs¢gd0. MoMMYM 300533530 069399300 25dmf)3go9cro ogm
Staphylococcus aureus-ob 150 gd0m. 7 ©EOSHo  F3MOBsMdOL 9999y, 9JuEH®IJGHOD
65937960b65¢09d0 306005339008 FHOEMBOL EOTIGHOMO @S 357dBHIM0JO0L LHGODM CoMPYbMdS
MO 930609 0gm  ©BsMRI6  XaMRIOMIb  TgoMgd0om. QMO sdoby,  gJuEG®sdGHom
538539090 XyMBRoL 3BM39WwgdL 909gbodbgdmom Lbgmwol sdswo &H9gddgMo@G My @
3b»gd0ol 36 396Mq00L - TNF-a s IL-6 89930690900 H50m@gbmds. 53539 X3BoL 30600023900
FO0mdol Jumz0wl $0dMIBRbEs 65HodMEOOL Fomrdmddbol madm LHMsxo Mbsto, Tgsmgdom
9336030 3656mws309MH0 Jumzowo, MROM bdjmo 930YMHAoLO s BR0MABIBOL Fo639MqdOL
d9BHO OomEabmds [74], [75]. 4505 0doLs, MHMI 3009w SHR)MDBIB  dodmymgo
9009OBgmMIOL, 49BL539MGJO00 LEdObIbLS s 3-309DBML, 4558605 dE0gMO SBEHOTRMbYsW GO
5JBHogmds, Aspergillus s Trichophyton (MIC125-1000932/0¢w), bbgsalbgs 9¢s9900L dodstron,
5050536908 LObYMHPODHBAL OEHMOZMBIBMEMID 3MAdOBOMGdOLSL [76]. A. glauca-b §ogeHHgmOL
36303036000 dmddggds 9959mfdgl doddghoryero (Staphylococcus aureus, Bacilus subtilis,
Escherichia coli, Pasteurella multocida) ©@> Lbm3mgsbo (Candida albicans, Microsporum canis,
Aspergillus flavus, Fusarium solani) 859900l b58995¢0q00m. 9JuEGMsdGHo sd@oeo ogym E. coli s S.
aureus (MIC 141.3 oo 159.3 839/3w), 51939 M. canis (MIC 178.1 933/9¢») Hobsswday [32].

2014 s 2016 §iemgddo 39360905 xamRds 993303, ®md A. archangelica-Ui ggbgols
9009OBgM0 5950536908 5bFH0T03MMdMe  ImJdggdsl  Clostridioides difficile, Clostridium
perfringens, Enterococcus faecalis, Eubacterium limosum, Peptostreptococcus anaerobius > Candida
albicans  {jobosd9y. 91939,  oobbos  LMLEo  9dBH0o3mds  B0BOWMDSIBHIOO0LS QS
g BHMds30gdol (obsswdwgy. 300093 9MMO 33930l MObsbTo, 58539 LobgMdOL gmg@bgmo
5JBHoMEm0s FMHsMH0MToL 435600l BMA0gOHmo Lobgmdol, Botrytis cinerea s> Alternaria solani
foboswdgy [30], [77]. A. archangelica-b gog@Bgmol, Rgbowgmowol L3oMEOL s o-
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A9M306gm@ol  msbsds  3OM3mMEommo  3mddobsgos  sob3odotmgdls A, flavus
(08¢ ™MJLoggbmMo 8E930) s SBWIEMJLobo Bl-0l 36:m©m30609d5L (2.25 s 2.0 83¢/dem) [78].

A. dahurica-lb ggb39doL IgMNbMWosbo  gJuEB®ModEGH0b 2odmymBowo  Ggwm3EHgHobo
d9L5dEgdgE0s  obgzobomm, OHMyMOE dwogho  bEH0OsdYBHWOO  Lsdmowgds Godo I
050930L OML, M50 gooBbos 0blmobols g3MgEool s FEM3IMBMEMEGOHIBEHMdOL
399090930l Mbs®o in vivo, G 36GMmEGHJ0bMb ©IHyz0mgdmwo Mgzg3GHmmgdol (GPR119)
593035300L gbom. Ggledsdol 9dudgModgb@do, yzgums moa380, MMIgEoE 009dEs SBYgEMmbsls
93G5 BHL, 9906086590MS 2orgdx MDY Je)3MEMEIOIBEHMBS s 0BLYYIEObOL SEHoGo
193609305. 50b0IbMwo gJuEGGsdBHol, 96 n-39dLsbosbo GOS0l 2obdgmMgdomo Mmbgdom
9009050 4965306MMds,  2Y3MAHMWGOHIBEHMOOL  oIx™mdJgds,  OVIGHOM O35V
05339000.  50Lsb0dbs305, MM  5dBHOMMO FMIJ3000 Fodmygmxzowo Lsdo  39dse0bosb:
03396053 ™M0b0, B39m3EHgMH0bo s 0BM0d3ges¢memobo, GPR119-0b s GLP-1-0b 5g@035309
396530035 BgEM3EHgHobds [79]-[81].

9629@mBol  Lobgmdosb  godmymaowds  goghbgmds Qoo Ix™mdgls  0dM3MMzgbol
AG®obLEgMTomo  F9fg390Mds  OoLIIbMMgM  IEYMTMIMdSTo TYgmgy ™mea39ddo  [82].
90090HBgm0900ds, oo (3boddo bliboo 3mbgd30B 25dMIEObsMY, TglodergdgEos gosmBxMmdgLML
§o8egdol 35680 Fgmfhgzsmds GHEbLY30IMTsMo gsb3wsEMdOL AsBOOm. 3093 JHM
3393580 (2017), 9639mBsls gogmHgmds (3mb3EgbEHMmozoom 3%) 3600369wm3bs AsHod s
00M36MHMRI6oL  BHMIBLIYIIMD Mo  Fgmg3o00Mmds  30MHMe390d0, 3960l FgdE30MgdMWwO
SQA0WMIM030 2500D0sbgdom [83].

3053 s BoLds xamRds A. dahurica-sh godmym 11 g9H03ds60bo, OHmamM3 sbowo s
98990 BoGMILEHMMYIDg00, OMIIdo3 IBIJGHMO©  I3MOBImdBIE  gbm3sm e
L0333 MIGOL o QoRBIM F9TMbOGIO JuEOMAIEMEO 5JBH03MdS 0003535L X M9IODY [84].
3bmdowos A. sinensis ©SQIO0MO 2o3w9bs 3035 20693MmMY0ME ©99350905DY, I3 b
91939330 359mfiggmeos  d3gbsol  3mMIMbomo  9dBHogmdom,  sdoBmd dobo  godmygbgds
93960l 300mb dJmbg 35309639030 9339390 OYS, B3P0 Tglodergdgwos Ao6s30MMIMUL
Lodlbogbols BG . [85].

dobgoz50 0dols, MHMI  JmEgmlbobms mxsbol 093mo  [oMImIoaqbgwro  153390-
LSBYEGIWOHO O IOMTIEODIGMMO® 25TM0Ygbgds, 9649eMBIL 435M0L FoMTIMToygbergdols
50539 ob60dbmgdom  dmbdo®qdsd  Tgbodegdgos  49dMmof30mb 25633990 A39MOMO
dmgw9gbgdo. dsgqowoms, A. archangelica-l @03 MIs0069dds, 2oblsMmEmgdom 30 - 8-
3900mJLogbemMowgbds,  dobo  FAEHMEHMJLOMOMBOEID  2odmdEobotg,  FglodwrgdgEos
2459m0f300mb 35606 LgBOMDBMEo EsHB0BYds, Fom dgEgl, FBoL MW EH®0oLEGIMo LbogqadOL
3OL9dMOOLLL [86]. X 96330L ABMBEOM MOYB0BHEF00L BMboizgdms d5BsTo 0dgdbgds A. sinensis
53913900l AMbTogd0L 9IRS 39630MMGdME0 339MHOMO Fmzegbgdol 35 F9dmbgggzs, dom
dmMob 3ol (30300, 30BRb3s, B00MmBOBOL MboL JmMTo@Egds, OGS, OLEMbBoS
39UGHOM0bE LGSO GHEodGHOL 390mMmo05 [87].

335600 5699emBIL LEbgMDGdOL FMOZBIOMZIBTS JoB0EMTs TG PNEMIST 2ob530MHMDdS
Jomo  2oblbgs39do  BOMEIMAOMOO  5JBHOZMDS,  MMYMOO3OS: 36&0803MMdMro,
3b6E0MJLoIBEHMOO, BMYOOL LoHobssmdgam, 96EH0OIdYEHWEMO, BJlomwobMMHo s bbgs.
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LoJomM39e™To 3500 969Dl 4 Lobgmdss 253039 gdMw0: Jyob sb3g¢mbs- Angelica
sylvestris L. (bobmbodo - Selinum sylvestre (L.) Crantz.), dmpo s639¢r2bs - Angelica purpurascens
Ave-Lall. (bobmbodo - Xanthogalum purpurascens Ave-Lall.), sFs@eemo sb3gcrm®s _ Angelica
adzharica M. Pimenov (bsgo®m39ml 9600q30), hohosbsl s639¢rmbs - Angelica tatianae Bordz.
(39335B00L 9680, Lobmbodo - Xanthogalum tatianae Schischk) [10]. gro@g®sdm®ol dmbs3gdgdo
50b0dbmeo Lobgmdgdol JodorMo 89050290 Mdols S BOMWMYOMOO 5gE03Mmd0L  Fglobgd
dhom0s, bg9b0 d90amdo 33w 930LsmM30L FgoMBs LoJoOMNZgML 9bEYINMO LMD & Fs@«yCemO
3639crbs - A. adzharica, GMIY0E 393O3EILG0I0s FBMEME 9F5M5d0 dol Fw)s, BIOS S
19935¢39)M0 LIOGHYOL BHYol 39 ™dgdBY, doeobmzsbo BIMOMBGODY, B30l Mbosb 900-
1900 99¢®ol LodsegBy. I39bs6g 2007 Fgwolb Fg0Esbgl Homger Foabdo, Hmyme s 2odgbgdols
3060l dgmzo Lobgmds, s1939 dmbligbogdeos sFsM0Ol 0930500 s JOHMOSE LobgMdgdL Jmeol
53560l 93GH™bMIomMo Ml3MO030L MYR0MbMEo 2o630056M9d0L LGMEgy0sdo 2010-2014 §F.
[88], [89].

4. ©s33bs

Bo®HM90m@o  fobsbffo®o go@mdodommo 33939000, ©o©Y0bS  BOMEMYOIMS©
5JBHomeo 603009093 9d0L:  MmMYsbmwo  8gs3900L,  39F5M0bgdOL,  BHYM3gbwo  dmbgdol
39659600900l 9993390mds, [12,[90]. 3603369c0m39605 gogMdgergl dobo dgdamdo 33¢g3s
b589OE0bM  3M5d3H035d0  godmygbgdols Jobbom, JMEEGHMMSTo  s30L9d0L  39ML3gJEH030L
30035¢0oL{obgdom, Mo3 96@gdmemo Lobgmdol AssMBIBOL Logmdzguo 0dbgds.
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Chemical Composition and Biological Activity of Angelica L. Species
Mariam Nersezashvili, Dali Berashvili, Mariam Metreveli, Ana Bozhadze

Abstract

Angelica L. is one of the most well-known genera of the Apiaceae family. Genus Angelica has a
wide range of distribution and comprises around 60 to 90 species. Traditional medicine employs
Angelica sp. for various pharmacological activities, such as: anti-inflammatory, analgesic, treatment of
dermatological and intestinal diseases. Different phytochemicals have been isolated and identified from
Angelica species. The most frequent chemical constituents are coumarins, furanocoumarins, essential
oils, phthalides, polysaccharides, benzofuran, and polyacetylene derivatives. Mentioned compounds
cause diverse biological activity, such as: anti-inflammatory, antimicrobial, and cytotoxic. Some species
exhibit anxiolytic activity too.

Key words: Angelica, Furanocoumarins, Essential oils, Anti-inflammatory, Cytotoxic,

Anxiolytic, Antimicrobial.
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Abstract

Femoral endoprosthesis surgery, sometimes referred to as hip replacement surgery, is a proven and
effective method for treating a variety of hip joint problems. Despite being very uncommon, bladder
issues after femoral endoprosthesis surgery might affect the patient's comfort and overall rehabilitation.
Although latrogenic bladder injury in endoprothesis surgery is very rare, there are several cases
described.

Our report describes the case of a 65-year-old man who, due to long-term delay of removal of
temporary femoral fixation devices, developed migration of the latter into the bladder cavity and rectal

wall, with perforation of the bladder and the development of a malignant tumor of the bladder.

The patient underwent resection of the left wall of the urinary bladder and evacuation of the fixation
sticks from the side of the hip joint, as well as from the side of the pelvic cavity. All fixation devices
were evacuated, resection of the left wall of the bladder without violating the integrity of the rectum.
Additionally, excision of the iliac lymph nodes was conducted in one block. The postoperative period
went without complications. According to control examinations, the general condition and act of

urination were satisfactory.

We believe that the case described above is interesting from both a theoretical and a practical point of
view, as during an intervention such as femoral endoprosthesis, such iatrogenic complications as
migration and perforation of a foreign body (in this case, operative material) in the surrounding

anatomical structures are quite rare.
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It is important that, despite the pathology and the abundance of the latter's complications, the correct
diagnosis and intervention took place, on the basis of which remission and complete elimination of

complaints were achieved.

Key words: femoral endoprosthesis, bladder tumor, foreign body, iatrogenic injury.

Literature Review

Femoral Endoprosthesis Surgery

Femoral endoprosthesis surgery, sometimes referred to as hip replacement surgery, is a proven and
effective method for treating a variety of hip joint problems, including osteoarthritis, rheumatoid
arthritis, avascular necrosis, and hip fractures. A femoral endoprosthesis, an artificial device created to
replace the diseased or injured portion of the femur (thigh bone), is implanted during this surgical
procedure.

Cemented and uncemented femoral endoprostheses are the two primary varieties of femoral
endoprostheses utilised in hip replacement surgery.

Complications

Other organs and systems may potentially be impacted in addition to the hip joint by possible problems.

Despite being very uncommon, bladder issues after femoral endoprosthesis surgery might affect the
patient's comfort and overall rehabilitation. Urinary retention, urinary tract infections, and transient
bladder impairment are the main risks. The inability to completely empty the bladder - a condition
known as urinary retention - can be brought on by things like the side effects of anaesthesia, painkillers,

or postoperative immobility.

Following femoral endoprosthesis surgery, healthcare practitioners take a number of precautions to
prevent bladder problems. To avoid urine retention and preserve healthy bladder function, it is
essential to promote early mobility and ambulation. Minimising the negative effects of painkillers on

urine function can be achieved by monitoring and improving pain management.

Patients need to be aware of the symptoms of bladder issues and should notify their doctor right away
if they encounter any of them, including urination discomfort, frequent urgency, or blood in the urine.
Having open lines of communication with medical specialists guarantees that any new problems are

dealt with as soon as they arise. [3]

Although Iatrogenic bladder injury in vascular surgery is very rare, there are several cases described.
Augustine Pirvu and colleagues described a case of an intravesical graft detected by computed

tomography 1 week after surgery. [5]
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A. Hicker and colleagues have reported a case of femorofemoral crossover bypass graft inadvertently
placed through the urinary bladder, diagnosed in 3 months after surgery by cystoscopy performed

because of dysuria. [2]

Yih Chyn Phan and colleagues have described a case of a patient who underwent a right total hip

replacement owing to osteoarthritis and later flexible cystoscopy revealed hip prosthesis in the bladder.

[4]

This latter is especially similar with ours, since the prothesis was also detected in case of our patient

with the difference that our patient additionally developed bladder cancer.

Bladder cancer

Bladder cancer is a significant health concern worldwide, ranking as the ninth most common cancer

globally. It primarily affects the cells lining the bladder, the organ responsible for storing urine.

Symptoms: The primary symptom of bladder cancer is hematuria, which is blood in the urine.
Hematuria may be visible (macroscopic) or detectable only under a microscope (microscopic). Other
symptoms can include frequent urination, pain or a burning sensation during urination, and lower back
pain. However, these symptoms can also be caused by non-cancerous conditions, making it essential

for individuals experiencing such symptoms to seek medical evaluation promptly. [1]

Diagnosis: Diagnosing bladder cancer involves a combination of physical examination, medical history
review, and various tests. Urinalysis can detect blood and other abnormalities in the urine. Imaging
studies, such as ultrasound, computed tomography (CT) scan, or magnetic resonance imaging (MRI),
provide detailed images of the bladder and surrounding structures. Cystoscopy is a crucial diagnostic
procedure in which a thin, flexible tube with a camera is inserted into the bladder through the urethra,

allowing the doctor to visually inspect the bladder's interior. [6]

Advancements in treatment: In recent years, significant advancements in immunotherapy and targeted
therapy have revolutionized bladder cancer treatment. Immune checkpoint inhibitors, such as
pembrolizumab and atezolizumab, have shown promising results in advanced bladder cancer by
helping the patient's immune system recognize and attack cancer cells. Targeted therapies, which
specifically target molecules involved in cancer growth and progression, have also emerged as potential

treatment options. [7]

Clinical case

Our report describes the case of a 65-year-old man who, due to long-term delay of temporary femoral
fixation devices, developed migration of the latter into the bladder cavity and rectal wall, with

perforation of the bladder and the development of a malignant tumor of the bladder.
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Anamnesis: as a result of a traffic accident in 2008, the patient underwent femoral endoprothesis
surgery with temporary (short-term use) fixation sticks (Kirschner stick). Subsequently, due to the

satisfactory condition, he did not undergo the evacuation of the fixing sticks.

Complaints: in 2021, the patient had macrohematuria, pain in the lower back, dysuria (polakiuria),

general weakness, feeling of discomfort in the left hip area.

Objective examinations: during the examination, deformation of the left hip joint was revealed,

swelling, peripheral lymph nodes were not enlarged by palpation, nor painless.
CT-examination of the chest and abdomen revealed no secondary foci of the disease.
General blood analysis: eosinophilia, ESR 52mm/h

General analysis of urine - hematuria, leukocyturia, bacteriuria. Specific weight - 1030.

As a result of instrumental-laboratory examinations, bladder cancer was suspected. In order to clarify
the diagnosis, additional studies were appointed: MR tomographic study of the pelvic organs and the
pelvic-femoral area, X-Ray, diagnostic urethrocystoscopy, morphological study of biopsy.

MR tomography and X-Ray: post-fracture deformation was noted in the area of the back wall of the
acetabulum on the left. 5 hyperdense (metallic) rods and 2 bolts were visualized. A detailed evaluation

of the pelvic cavity was complicated by rough metal inserts. Metal rods extended from the posterior

wall of the pelvis towards the pelvic cavity and were attached to the left lateral wall of the bladder (Fig.

1).

Fig. 1

X-Ray scan of the
pelvis in anterior
(A) and Iateral (B)

projections.

The arrow
Indicates the metal

rod penetrated into

the bladder.

Urethrocystoscopy: cystoscopic examination showed mucosal swelling and inflammatory hyperplasia
on the left wall of the urinary bladder, perforation was also noted in this area - a foreign body with a

metal spike penetrated bladder cavity about 1-2 cm deep (Fig. 2).
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On the artefact-free incisions, the bladder was full, somewhat deformed, at the level of the right ureter's
inclusion in the bladder, an irregular shape of 11 mm and 5 mm size, inhomogeneous, hypodense filling

defect in the excretory phase was shown laterally.

The second fixation stick was penetrated into the wall of the rectum, up to the mucous layer. According

to the colonoscopy report, the rectal mucosa was not damaged.

fig. 2
Urethrocystoscopy

The picture shows a cancerous growth of the bladder and a metal rod penetrating the cavity near it.

Duplex scan of blood vessels of the lower extremities: unremarkable changes in the arterial system of

both lower extremities. Deep vein dilatation. Varicose changes of the left great saphenous vein.

Conducted consultations - onco-urologist consultation. The presence of a bladder tumor was suspected,

and a transurethral resection (TUR) of the bladder was performed at the clinic.

Histopathological findings of TUR biopsy: highly differentiated urothelial carcinoma of the urinary

bladder. Morphological examination did not confirm tumor invasion in the wall of the urinary bladder.

Treatment: operative intervention was planned. The patient underwent resection of the left wall of the
urinary bladder and evacuation of the fixation sticks from the side of the hip joint, as well as from the
side of the pelvic cavity. All fixation devices were evacuated, resection of the left wall of the bladder
without violating the integrity of the rectum, excision of the iliac lymph nodes in one block. The
postoperative period went without complications. According to control examinations, the general

condition and act of urination were satisfactory.

Morphological research: tissue samples from the urinary bladder showed marked fibrosis and
infiltrative-inflammatory changes. No neoplastic lesions were detected. 12 femoral nodes with reactive

changes.

The postoperative period went without complications. According to control examinations, the general
condition and act of urination were satisfactory. The patient's mobility improved. Clinical data were

regularly monitored, as a result of which it was determined that the disease is not progressing.
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(repeated) MR tomographic study of the pelvic organs: fibrotic-inflammatory changes were observed in
the structure of the present gland 2 years after the operation. The walls of the bladder were somewhat
thickened, hardened, deformed, corresponded to postoperative changes. A region of different density

was not revealed. There were no visible measurable lymph nodes and free fluid in the pelvic cavity.

Repeated histopathological study - 2 years after the operation, the tissue samples from the bladder
showed pronounced fibrosis and infiltrative-inflammatory changes. No neoplastic lesions were

detected. 12 femoral nodes with reactive changes.

Prognosis: it is difficult to talk about the long-term results, the disease progressed severely, remission

has now been achieved. There are no additional complications.
Conclusion:

We believe that the case described above is interesting from both a theoretical and a practical point of
view, as during an intervention such as femoral endoprosthesis, such iatrogenic complications as
migration and perforation of a foreign body (in this case, operative material) in the surrounding

anatomical structures are quite rare.

In this case, it is particularly interesting that the sticks were not removed because of the patient's own
decision, and thus it is difficult to conclude whether they were found immediately after the operation

in the thickness of the walls of the bladder and rectum, or over time.

Also, it should be emphasized the development of a tumor adjacent to the damaged area of the urinary

bladder, whose connection with the injury is unknown.

It is important that, despite the pathology and the abundance of the latter's complications, the correct
diagnosis and intervention took place, on the basis of which remission and complete elimination of

complaints were achieved.
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005053054MR0¢g09O.

303396605, MMmI Bgdmm smfgmowo Tgdmbggzs Lsob@ghgbms Gmame3 MgMGoIro, oby
365JGH03M0  M35LsbBOHOLom, M58 bssg olgmo Bsg30l OML, MMAMOOES dsMAsgol
96M3OHMmM9B0MYds, 15305MmE 083050005 OBYMNO 05BHOMYI6LIO MMV GIJOO, OIMYMOO(B3S
23bm bLbgmamol (59 890mbggzsd0, m39MH30w9o dsloenol) BoaMsEos s 39MBMM305 J00EYOS6Y
3b65GHM™Ion® LGOI GHM9dTdo.

9600369035600, MHMI  3500MEMYosMs 5 98 139651369 oM gdsms  LodGmS3EOl
9099595350, dmbs OsEbMBoL LHimGs ©slids s 0639M396(305, GMIwolL Lsxgdz9w B3
dofgme-0dbs ®9dolos s Bo30wqdoL LOIEPYMROEIO SVIMRHIGS.

1533956dm LoEYyzgdo: dsmdsyol 9B M3MMMBOMYds, BsMol 3ol Lodlogby, »abm bgmwro,
053MHMygb)0 sDB0sbgds.
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500580569880 LEH0B0BdOL s 339MEIGHOBOL X35MYE0bO gbmEodozMeo 989G
X505 (Hyg9semsdg

©093M39MIOL 3e0b635, 500530560l 2osboeasHBM©3900L E9dbrmemyools 99Jabols
23969mxr009d0l bgerddmzsbgwo
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Male participants over the age of 36 orally administered 50mg dasatinib along with 500 mg quercetin once a day during 5 days overall.

Linear regression Linear regression
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Before the administration of compounds After the administration of compounds

After the administration of compounds improved results of stair ascending test (SAT) and tranquilized state of systolic blood pressure proved the senolytic
effect of two compounds, Simultaneous administration of 50mg dasatinib and 500 mg quercetin demonstared outstanding improvement of physical endurance

S0LEBHGJBHO

dglsgoeo: bgbglizgbBH MO MYXMIIOO BHMIJLOZNOHO VX MJOJO0s. BoMO MIMEIBMdS Ymz9w Y
016905 S 4903390 OMOL J999 5000 3M0E03WO MoMmEIBMBOL IZMM3gds 0(j393L
Q5096M900L 60dbgd0L godm3z0bgdsls. 390w gds 00g35L, M™A Bybgb3gbE IO YYxMHgIdO 039390
3153006 V5353806M9d Z5MMEPMYOYOU.

30B60: oLOEObOBdOL S 339M39BH0B0L 9OPOMMEds doMgdsd Erccl”? 5339030 259m0f305
19bME0EH039M0 MXMIIOOL b5FOWMdIM030 EIbM(335 QS B0 X IBAOMYIMBOL JomTXMdJBYdS
Q5 5b53096 5353806900 LOA3EHMIYIO S 35MVMEMYOJOOL 25053500 90d. 5 30 SIS
33939, Mmdgerdos 990mfds sLsGobodols s 339M393H0bol 3madobszool bgbmeobBmemo
9839930 5©5305690BY.
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3309308 ©oB0bo: Bo@oMs 3wobozmGo 33eg3s 36 - 64 ol dsdOMmdomo  Bgglol
dmbooliggddo. dmboerolggdo ©s0Yy3b69b 4 x¥3B9©, MoMMgMEdo 16 5Esdosbo. D+Q xamxdo

©90mdEbgb 50 Y sLoEH0bodl s 500 3y 339039G0BL gOHMIOMNMMIE gHmbgw ©Egdo 5
OOL 2568530Md5d0. bsMRGb0 X3539000: D+P - sbo@Gobodo + 3eo3gdm xamxo; Q+P —

3396393060 + 3390 x¥aM530; P+P — 3s390m(sbadobodol) + 3es3gdm(d39639@G0bol)
XdIBO-

3900m900: (3300 gdgd0L  MYROLEM300Ls s FGLoRoLYIWHE  JZg3e  93MAZYIBHS
Lolbeols Logmomm sbseoBols zMobobyoom s 3089Hg sLigEols EglGoom.

090093900: 50 3 sLLEGHO0BodOL 500 3y 339M39G0BOL gOPOMMEDs B0Ydsd 5B396s 533560

LgbmEoEH03MMm0 9839dBH0. gu  OIILEGHMOS 3089Dg SL3OL  FglGol  odxMdgLgdMEo
390929000. LolbOL LogMHMM sb5EPOBAs 30 5B3965, BT 53 MO 361935M5EOL SO MBOMmGdOL
3M300b65305 OO SWBSPHMB0” 306989 00.

333365 gl Tggaqdo 93969096 ULgbgl39bGH™MEMO X GgIOoL FgMBgz0mo  gErodobsizool
d9L5dGOEMASL  5Q0d0sbgddo s Lgbmeo@ozm®mo  LdMOgdadoL  9BIJBHVIOMOSL

X 9630009 M30LS S BOB0ZNOHO TgLodgdMIGOOL golorYdx MDILYIS.

15339600 BoByzgdo: sLsEH0bodo, 396393060, Mg3w03530MM0  IdYMGds,  Lgbgb3gbEoo,
L9bmo@o3o

50M9305¢H9gdO:
SAT — 30099 sL3eolb BH9LGHO;

CBC - bobbgols bygBom sbseobBo

SBP - LobGmem®o sG@Ggdomeo (6930
DBP - ©00sb@meméo s Ggeoviaro (6930
IPF - 0000035070160 B0 3308 30d6OMDO
NO - 5Dm@E0b mgdboo

D+Q - sby@obodo + 3390393060 xamn0
D+P - ©sbo@obodo + 3¢0s390Mm X330
Q+P — 339039H0b0 + 3ws390™ X3RO

P+P — 3¢5390M + 3053900 X3 IBO
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99lssg35¢m0

LG MMOME0S, OIOT] L9b9gLEIBEGHMMO MR OI0900 96535 x 90560
3b™39wMMH0/50530560L MmMHA60HBIdT0 06FHMJL03oE00l Bmoz5M0 igotrms. dsmo [omdmImdols
999560B80 54589 2909633939 0s. LgbglzgbGHIMO MXMGIOOL BofowrmdMoz0 sIMmagbgzmol
99b3960896¢3)0L T9YA9O0 Fgladems S0bLBSL M93e035EH0IMO IBYMHJIOL S ORIOBE0s300L
395GHM0MW o mgméom(Tkemaladze and Chichinadze, 2005).

395GM0M@gdol IS FgoMHBMOO 3083390 Jogmzol 3OHMsBol ™l (Hartung and Stahl,
1977) dgbodgoms dmfiomdl, Gmd ©oxggmgbi300MHgdm, d50swo 30G™Mgb9G0MMH0 bASEGHWLOL
dJmbg, 3m@9630sdo 9B  MXOII0  sOPRS  BHMGH03MmBGIBE0s-  ,bMEmgsbo”
3031690300 LEHSGYO.

139M>GHMBMOEOL s 3390EbMXOIOL FgHfiydol Tggas Fogdmwo EGHm@G03m@gbdmeo
Dogm@d 0ymxzs s HoMmdmImdL 30039000 Momdol 2 GHMm@GH03m@HIbGHO IR OIL. gb X O9IId0
31939 048056 s Ho®mBMJdbosb GHm@G03mEHIbEGHWE MXM9gd0L IndY36M MOMISL. MOMMYMEO
1395GH®OMEWM MR H9I06 F90dwqds 25630MIL FMbMBodmEHMMo (MZ) 3Hyw3900. s sbg
3039 qds BB 49633999 MoMdT0 56 [o®Bmogdbgds 396GHMomegdo de novo (Abumuslimov
et al., 1994).

396@®0Mmgdol Fo0dmddbols momdOB MXMIId0 396095396 BHMGH03MEIbE0sL (Ishiuchi and
Torres-Padilla, 2013) o 99050056 899993039000 ©ORIMHI6305300L gbsbg - olbobo 0dgbgb
3903390 30AMRIBIHOINO LAIGYLL, GMIgrog 033wYds 90 SB0IIHOONWO FdYOBOL
0909290  9mdY3bm  Momdol  MYxMgwgddo  (Tkemaladze and Chichinadze, 2008).

3039693031600 LEIGHWLOL Fg33ws 60dbogl, MmA Bsbsdg sg@GoMco ggbmeo  Jugwo
3900mOmMM, bomwm dgmeg 4593dGH0O©s s Rsodmm (Roy and Kundu, 2014). 9x69gogd0l

05MB900L  MH5MYbMdS, BoYMEBH0WIL (Y00, FJBOMPMWOos 39080308  0ToEHOM
(Hayflick , 1997) - ©0536Hma65890990 53M3GMB0 59@H0IH©005 MR MI0II0L dMEm 0omdsdo.

093003530)M0  ©¥gMHJOOL s ORIMHIB305300L (396EHGOMIGIMO MgmEool dobggzom
d9L5dgdgE0s:

1. beds@GHmeo  MxM9gEgool  gogmaxzol  "'dMoabgzgwol’  LEGHOMWMIGMOS B0B0IMOMS©
539300609305 396GHM0MEGdIMB. g LEAHO®MIEHMOIO0  Tgagds MBI/ 30egdOL
bbgo@olbgs 83069 3930 MHRMgdoLiysb. gMmo BEBHMWMJGHMOS 3933000
900 396GHO0ME™mb, bmwm  dgmeg  ©H35380M90Mos  IJMEg  396GHOOMEMSb.
000MJ20 BEAMMIGHOS 5BLLZ93Yds F306Mg FME9g3MEgdOL Bs3MGOOM.

2. 396@¢®0omegdoll de novo @MOI0MYO0Y, BdOOMIME0/doBGmdmboMomwo  ©b3d-ol
Log3dzgdy, HoMdmoddbgds  ORIMIBE05300L,  gBMBbIPOLAD  goblibgszgdmwro,
0600dBHMMGO0m ©I3Mm3gdGH90IEo BEGHMMIEGHOOO - FgLsdsdolb (396GHOOMEOLIMZ0L.
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bsbso 1. oo 396(9Gocmo  Ggopsl  @0R9G9brosz00l  0borHmmgdol  3sbbbls398e
3023¢2995U. obobbo sbezookh 8056 Gglisdsdol 396¢9H0en980256.

3. 396¢HG0mmgdol  M30353050©g  bgds  ©oxgMHgb30sgool  0bdGHMMmgdol
LAHOMIGHMO9dOL 93035309 sboero 395GHMoMgdolsm3z0b. Sbws
LObMYHOMIPOMO POBIMIB305300L 0bEMIEBHMMGIOL LEHOVYIEHMOIL 53WIds JOHDO,
36mgJbodsHo 0bIEHmeo.

4. 5bodgBHOmoMwo  FoGHMbBo  gMEolbdmdl, O3 ghm MXOIO-0msdmdsgsedo
399060530 BEYdS 9MMO O0RYMY6E0s300L 0bEM@MMO, bmwm dgmeg MxM9go-
00050053500 259mbmMs30bBWEgds  FgmOg(bbgs) ©oRYMH96E0sE00L  0bwyJEH™mGo.
b5 06 BHMMOL Dgye3wgbs doMm3z0lL bI-bY - 89993939000 CORIMHI6E0S30s.
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bsbso 2. sbodghGooiemo  3oymRol 99350, 3I0AGOCIS0L  B9I3r035500L 36Gmpgbdo bogds
9199693500 ©O0RIHIbI305300L 06T H980L  3500b02530L:9%¢7985.  (HeaHO3BHIOAIG0  fobs3stro
90900 85g0L 6 bbzs s bbzs 00300ds35¢n «a¢gob- 9500d0 06503985 9o 39bwymo Jbgcmgdo,

beagrer Jgeargdo doeay, beyer bbgs 39690 Jlgergdo.
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5. Lsbsd mM0gg 06MIEH™MMGdoL LEHOWIEHMMS X9 3m©93 99039390 WOBIMIB305300L
06 JEH™MMIOL,  FsdMToz5¢0  MXMIIO0  BEMdE  9gdIdOHOMbIMEO  gMMm3sbo
X 90900l 30BHGb305U.

6. OMES SL0IYGHMOMEO 259MmRJOoL TJOIRO JOMO ©ORBIOIBE0s300L 0bEMIEMMgdOL
LAHOMISHNOS  I0EWYds  0bEMIBHMMGOOLIRD s  FgmEg  ©oxgMHYbzosEooL
0b6dBH™MMgo0L  LAHO®MIGHMOS x9JO 3093 9903938  0bEMIGHMMGIL, TEHSBMTS35w0
X OI0 BrMOL BOEILOMEO HYOHM3560 MY MGOL 3mEHIBE0W.

7. 6m@EdS db0dgBHOMHOMMOo 359mBgdol 99 MmMH039 ©O0RYMHI63E05300L 0bdEMMgdol
LAOMIGHIMS I0EEYdS 06MJEMMIOOLIYSD VX MO 50HI3L 3905030l WOTOE)L.

N

Enkryenie stem el é

0, @Q
mm«%%s K% Q@ @Q St=em eells (1)
£, O 30,0,
L. .00 O, L0,

Bobodo 3. BHm@GH03m@GHIbGHMM0 Mx6M9Jdd0 oxgMH963E0s3E00L 0bdBMMgdoL LEGHMMIEWMGOdO
LEOMWOHO SOOL  83M39JBJOMWO. 9IBOOMbIME gMHM356 MXM9gEIddo g b mE039
©0xgM96305300L LAMYIEGHIOSL 53e0s FgDBMNMO 3mEHIbE0sol Tglsdsdolo 0brd@Emo.
DOHILOME 09MM356 MXM)I0To GOMN-9MMO0 ORBIOEE0s300L 0bEIEMMgdOL LEGOWJGHIOS
LEOMWOSE (356090s 0bEYIEBHMMGOOLSRD. LsobEHgMglms, MHMA sMLYIMBL Ly ™mGOo Jeslo

DOHOILOMEO ©gHM39560 MRMIIOOLs, M3 bLboL LMIsEMOo s mbsmo 39JEHMMgdOL
3OLYOMBL. MmMH039 ORIMI63E05300L 06MJEH™MMGdIOL LEHMIIEHMOOLS OEIMOYEgds 0f)393L
36MOMYM530M90M 10330, 1939 LE0BEBHIMGLMS, MMI ghmo SBOIYGGHOOMEO  Jogmzol
890gp0©  §oMdmgdboe  Lbgs @d ULbgs  30A™gbgho3®  33dH™OL  Fgmderos 3999y
SL0FYIAHOOMO  A5gmBOLLL  SHo®IMMb  gEMbsomo  30BHMYIBgEHOMMO  LEIGHMLOL  IJmbg
33503535000 MX 9900, Mo3 bLboL AgBMEMAOL Fo®Bmdabsl MMM 96M©gMToB, sligzg
99dH™M9MH0s6 s bbgs Abgogl B3od@b.

8. Ugbgb3gbBHMM0 YxM9gd0L FoMdmMmoddbs OEO SWBIMMBOM OO FoLO YR MHJOJdOL
399993939000 ©0x39M96305:300B5m30L. BOHOL 3MMmEgldo Ho®dmddbowo Lgbglgbdmeo
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WX 090900L [omdmddbs 930695 ©o FoLoE ToLomgdos- Fo®mdmddbgds s 0BMHPYdS
JBM300900 S MOA6M9dO.
9. OMEd MmORB0BA0 ILEMEIGOL BOIL, M9A969Ms300L 3MMELEgdo 56 Jdbols sboen

BoboMgd ™ Jumz0¢gdL- AbMmEME brm353L 8td39wgdME(565B9bgLEIBEIO) YIxHJIOL

@5 9653390l o dbowo  MYXMIOJO0om.  BsToQ0ghmE  dMEI035©  0HBOYdS

3MMYM530M9dwo BYbgb39bG IO VX MJOIIOL CoMmPYBMdS MHMYMME Mga9bgMs3o0l

0563bengdo dmgwgbs.
L9gbgLEIBGHMMO  MXMYEIO0m  ASTIM(3gMEo  0bBHMJLOZOEO0L  BOEOL  AsTm  MEYRBOBIOL
Q509MGOOL 53000  SBOEOEGIO®  HM30egdGE0s  Bosw@mdLbog®mo  LgbgbgbdmMo
X 90900l MBsROMBM §er0dobsgools 3900mEadol dogds. 153009639 3300935 0Hym Lbgs o
bbgs 5OLgdmeEo 36935053 gd0l 9539dGHMm0 30033065300l Mmd0gdsdo. 9ME-9MHmMTs 33¢9350 563965,
™3 0539000 B9YbgL39bEGHWOO MXMYOIOOL MBsROMBM 9GEodobszos FmbEs ILHEHObOdOLS s
33963930b60L 3mddobsz00m, X356M900b60 9x839JBH0 (Roos et al., 2016). 9Judg®0dgbEol dobsbo
0Yym 03039 §943000 36935M5EH0L 29dM (3 5©53056%DY.

dsbsens S 3900MYdo

996396089630 B3935 36 - 60 {eol 64 3585353 IMbooligBy. Lodmsm sbs30 ogm 53,1 fgwo.
om0 MIM3wgbmds 9Hgm©s MBMIMsM 3bMm36MgdoL Habl, Bmyo 393900 0ym, Bmao BMIogkMs©
©90MdEs  9¢3M3Mml.  Imbsfoeggdl 56  3dmbosm 5009 3063OIGHMICO 9350090,
G239boE 990degdgeos 493¢9bs dmgbobds 9dldgmodgbdbyg. 64 dmbsfowrg Msbsdes© @ooym
4 95BLbgo390ME XYMBOE. OMYmOoiEss D+Q, D+P, Q+P s P+P. D+Q xamx0L §g369d0
396OHMMWOHS© JOHNOOMIOE ©0JOMmd©b96 50 g LLEGH0b0dL s 500 3y 3396393 0bL. D+P
X39830L §9360900 39H MMM JOHMOOHMIMOE 1)K Mmd©bIb 50 Iy olsE0bodl s 500 dy
353399, Q+P xamxaol (9360900 3960MOMEI©0 JOPNEOMMES© 0gdwmdbib 50 dy
35390mb s 500 8y 3390393006, P+P xamxob (9360900 3960m6Ms@mm©ms© 9Mm@OHM)ms©

©90mdEbgb 50 3y 3wsEgdmb s 500 3y sBY3g 3eo(39dMU. J396M39GH0bol domgds bgdM®s
LoHdgdg 30 {00 5O, ILHEGHObOBOL LomHBIoL J909y- 5 OL 296353 MdIT0. Y39

dmbsfoergd  MBOMB39wym  0bxm®I0MGOMIo  MbbIMBS.  33w935  BoGom®S  39aliobzol
93565300l Jglsdsdols.

sLOEG0b0dO MOl BHoMMDBOH30BIBIL  0b30doGHMGO,  MHMIgwog  godmoyggbgds  30dMmb
bo93Obscwmo (Montero et al., 2011) @5 3bmdow0s, M®I 5839MObgdL EFNB-s9m 300939
33M3EGHMDOL IMGHRMB35L. ILOEGH0b0dO (50 ) domgdwero ogm LC Laboratories- qoob.

339039¢0bo 5oL dMbgdm030 Barsgmbmero, PI3K-b 0b3odo@méo (Bruning, 2013; Olave et al.,,
2010). 3390393060 (500 dp) ogm dowgdmero Sigma-Aldrich Co.-lgsb (St. Louis, MO, USA, Q4951).
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g439ws 8mbszgdo HoMdmaygboero ogm Lodmom© + LEHBIOEHMWO  2oobGOL  Lsboom.
960036903900 X aMx39d0L ol ©HTMI0IINO (335 JO0LMZ0L A55bsw0BYdMwo ogm
090l sLOAIBI®, 0y M 55 A9BIHOEGdgd0 BMMToMEmO- 3MEIMymEM3-LdoMbmgzol (K-S)
B&®3om®H™Mdol Fgl@ol godmygbgdoom.

09056905 356%0058009 5 99Ma AsbbMOE0gw s Paired-Samples T GglGol 3Gm3909m0L
99039md0m  3gbBHgdl FmMol  4sblbgs3909d0L  Tglodm{dgdes®. o0go dl939 Fo8M0Y9gbgdms
3obLb35390900L FgloEscYdEsE Hobsbo@gu@m ME s EE s 3mbd)-3¢gbdgdobogol ME s EE.
36003690mdsms ©mbg ©iggbs o = 0.05 s 0.01. 33c0930L 99900l Fgloxzsligders
3990g9g6900 0g65 LBsEHOLE03MMO 3OMYMsTs SAS.

159900E0bMm b3MObobyo Fgagdms Lobbeol Lo 3060370 LsghHdM S65EOBOLYSO
(CBC), C- ®95J¢0mwo 300l s 3095306060l Lolberdo 999339 mdol GgbEolysb. Bs@o®s
9mb5foggdbBg sLdE0bodol s J39ME9E0b0L 800gd0ELL MmO oM SO s BoMgdoL
50990056 21 ol 89dwgy. CBC 8mo3930s Y39s doMoms@ 35M039@®L. dmbsfoergms
39699600 Lolbo FgaMm3s 96303MmoMsbE EDTA 056 36:md069080. ©0x396M9bz0smm&o
LOHMEo  LolbEol  sboeoBo  gobolobrg®ms Beckman Coulter-bg. C- GMgod@oveo  3owol
306396¢M0305  ©s  3M9oBobobol  Lolbwol  GHgbBHo  obolabegMs Beckman-ol  53vm-
3b65E0BoBHMODBY.

196ME0E0329M0 9539dBHOL AOLOBMIo 45dMYgbgdmeE 0465 3089D9 S3eol BHabGo (SAT) (Teh and
Aziz, 2000). 30639000 BgbGo BoBIM©s LOGH0B0dOL WS J39M39BH0b0L omgdol sfiYygdsdwY
960 EOOM QMY S IJMEmg BHILEGHO 58 Ydowo 30935653 Jdol J0Lgdol sFYgd0sb 21 ol
390009y. SAT Bs@ocs 99dmbggz0om dgMBgme 300M380. dmbsfowggdls dmgmbmgzsmbifi@sno
&99300 4 LEOPMEEOL 300)JOOM SLZEWS.

dg 4- 9 LMD SB3oLOL FNE0sbo 39ME0ZsMEMo dsbdogro ogym 12,48 dgBHeo. gb
396030350 356doero 99390Mm©s LEFIHMMGdIOL MOMPIBMOIL S Tgxsds F999absoMo:

Logx39byEOL Lodserg = 13 LA
6530x%gd0L Gom©gbmds 30d0L JomdBg = 12 bsdoxo
3000 3563900l MoMm©gbmds = 8.

9595b55d9, 4 LMY OL 39O E035MO Lodsg= ((13 LA x 12 Loxgbwy©o) x 8 do®do)= 1248 11O
=12,48 0.

dmbsfoerggdo §obslfot bosmero g993bgb SAT-ob dmmbM3zbgdl. dsm LFoMEIdMPIm LMLx0,
959658 5650560 (39300 SB3S BHJuEHOL 4963w MdST0.
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950 250569l 25HMHGOOL bZObPIMEHO0DYOMEO 3OMEHMIME0, OMIgEo 9ygdm©s GgLlsdsdolo
363900L bmfm0560 35F030L56.

1539OX 0™ B30 MDds BOZOEXIOVIEPM 0gM: 39MIME, FMM3HJd0, JoolMYd0 S L3MOEHWMWO

qgblogdgwo.  30d9Bg  sbgws  0fygdm@s  bmofimosbo  ©sbiggbgdols  0bEgMzswom
U3obIO GO TgbmEmgdols s SAT- 1 dmGmob.

LobGMEEOOo (SBP) 05 osli@mev®o s®@EgMomewo (6935 (DBP) 0bmdgdmes 99b6Hgdsdg o

MmamO3 30 dmbowoly 4503w0Es 4 LsGoMb ©s 39 5-9 Lseommwl domfigzos. 9999y
0bdM9gdms ds0o SBP s DBP 300093 4 %96 10 {90560 0b@ghzseoo.

900w 056Md5d0 Bmger 3MHMEgLL ssbMmgdom 40-45 {0 ILFOMS.

3393 3bm3gergddo
Mayo Clinic-ob 83393509005 459mb3ogL, 25509dxMdLIOL v 65 24 ™30l Mop3900L
530H03NO  3mboiosl, D+Q- oo 9399Obscrmds. 9839JBAL  BMBogwbab 2ol 4sbg3zbol

3M5J3000 (ol JmEMEemdol B30, OMIgwos  SdMEGHIdME0s  Ym39geo 9ol
393103306 MML) s LobbEdsOmEzms 35LbYdOM 53930 JMmEobby, BoGmM3Mmloby ©s
U46619-Bg. D+Q- b dglsdsdolbo mbs (oa390L 809399m@om 5 ©eg. D+Q 8oigdol 9x39d@Ho
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Abstract

Introduction: Senescent cells are toxic cells. Their number increases every day and after some time it

leads to the appearance of signs of aging. Senescent cells cause age-related pathologies.

Objective: Simultaneous administration of dasatinib and quercetin in Erccl-/A mice resulted in the
partial killing of senolytic cells and improved and prolonged health, age-related symptoms and
pathologies. We decided to test the senolytic effect of the combination of dasatinib and quercetin in

humans.

Study Design: A clinical study was conducted on 64 male volunteers aged 36 years and older. Our
volunteers were divided into 4 groups, each with 16 people. The D+Q group received 50 mg dasatinib
and 500 mg quercetin together once daily for 5 days. Other groups: D+P - dasatinib + placebo group;
Q+P — quercetin + placebo group; P+P — placebo (dasatinib) + placebo (quercetin) group.

Methods: The study was completed by screening a blood count and a stair ascending test to register and

evaluate the changes.

Results: Co-administration of 50 mg dasatinib with 500 mg quercetin showed a clear senolytic effect.
This was confirmed by the improved results of the stair ascending test. A general blood test showed

that the combination of these two drugs in such a dosage is most likely to be harmless.

Conclusion: These results demonstrate the possibility of selective elimination of senescent cells in

humans and the effectiveness of senolytic agents in improving health and physical performance.

Keywords: dasatinib, quercetin, replicative ageing, senescence, senolytic
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5¢rdenols (Prunus cerasus L.) 06¢G™M©3009099@00 x03900L ©sbsliosmgds

9969 350em539¢0dgt; D305 dMdMPsd30em0% 3sbm 3935830¢03% s3s (303M05830¢0%, AsM0bs
35b3)sbgsdz0o’

emgeol d99mHbgmdol 535098009M0 mdEHMGO, Llod Lmawrol 9gwObgmdol bsdgbogmm-33wg30m0
396¢®0. Igbogmdols 33¢930L LsdLobwEo. 25LMmEOMYdIYEO 3OHMBILMGO, LemRwol dgHbgmdol
53900930M0 MJEHMO0, LLo3 LemRwols IgMMHbgmdoL bsdgEboghm-33wg30m0 395GHEO. Igbogmdols
3309300 bsALobmEO; 30og0LEHMO; *0535¢93M0; 53530LGHMO

Rl TORE %)

LAo@0sdo  Homdmaqbowos  Lodomzggemdo 9356513690  bsbgddo  0bEHMm06gdmwo
M3bMMOo  beEgdgool  sEdEol  x0dgdol:  39Mbgmero,  FmbEGHIMOBLO,  ToEgbdmMgwo
53OMO0MWMY0OHO guFogzerols s 3™ s©fgmol 890939d0.
33935 29bbm®Eogws  Llod  LsdgEbogMHm—33emg3omo  396GH®0L,  dgbowgmdol 33930l
Lodbobwy®ol  dog®, 2018-2022 engddo, ULogmergdsgom dowdo  (Lmg. XxoMsmGs, dibgool
99963035003 930). 33935 dm03s3s 990ga0 BsdgEbogHm Lodwdsmgdol obbmEmE0gwgdsL:
X039900L 3 MR0MH0 50)gMd, B9bmEwMYyomMo BsHYdoL d0dE0bsMYMdIOL 35egbEstrmwo
3500900L  256LsBP3Ms, BOMEMYOYMHO-b5TGOBM FobobosmMdEIGOOL  (Fmbsgsro, Fog3bgdgen-
Q055350090900 d0doM®  goddErgmds, bogmaol d9dsbozmeo s domdodom®o d5B396939d0)
d9LPoges-39935L90s.

d9LPogerols dmbs39d900lL  sbseoBol YIRS, GMI x0dgdo (sEgbdmMgwro,
9mdGHImObLo s 3MmOHbgMmo)  bslosmgd0sb  Fo®owo  IMBEZW0sBbMdOm, e8GR MwOo
Lobogdmberm-15399m3bm ™30L939d000 s FgLodErgdgeros Fsmo M93mdgbgds LodsGmzgwrmls
dgbogmdob (599396 Mga0mbgddo segdEols Lm®E0dgbEoL AomdxMmdILgdol Jobboom.

153396dm Lo@yzgdo: boymao, x0do, Y3930¢00, EZ9M35, IMlogzowo.

dglsgoeo

5¢9935¢0  LObsMEOL s BoMdML  FMYZMHIO  3NEHVIMSS. 53539 OML  sOHOL  Bs3dom

4ob3o998dg3 @O 3353535893, SEMOOL RIOOMMO 493039 9dL bgels MHYmdL gotrgdm
3060mdg00L 0doMmm d9ag00L OO O0835HMbo, ALBIMOsOMBdST0 Mg Tgbgws, Mb3o @
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359@0m5b 399M9d0m MmOXIO dgBo MHoMm©Ibmdom dgoaegl ©®30bsL. sdoGmd dolo dmbds®mgds
LoboGRgdMs s6gdool eml [9,12, 17].
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3M0EGHMONo X09900 oMm3mImdowos sewdeol 99990 LobgMdgd0Ib: B3y gdM030
senogdseno (C. vulgaris), 85539 serogdsero (C. austera), 3336500 sergdsero (C. collina), bidg3ol

seomdoero (C. fruticosa), dsgommyo (C. mahaleb). 50996 439wsbg oo 3603369 mds 543l

B399 90603 5egdsel. Bogmaol 9539630l Jobgz000 03930 0gma3s O XyRBS: IGO0
369 260mEH9d0, 399do Boymxzgdom s 395396000 396005 58G9 9d0 - 35G:0LRIMO bogmzgdom

Q5 399998396530 (39600; 0093930 - dBEPOLY S SEBEOL 30dMHOIO0, IJo Abbgowro bogmzgdom
[3,5,8].

0ol @ 5 MBEOL JEMdIYOHO [oMdmgds AbmBEromdo 9950y9bL 5,2 Joeomb &mbsl (FAOstat
2020). ¢3¢0l y39wsDg 0o IFo®mdmgdgero §399sbss 0 dgomo (180 smslio Gmbs), Losg
90% 35305 Lo3056m Lodfoxol 3gMom@ol x0dgdl. 99dwgy dm@ol MHMLymOo, 3mEmbgmo,
365065, 00560, 583, bLyMHdYMO, MbAMYMO. 53 §399690d0 SEPdOL FomBmgds Tgoygbl 36-160
53L0 GHMbOL. 5edol LadMgfzgerm 439969030 bogmao 03M0x9gds 39dsboBomgdmwo oo -
39039690000 ©5  JOMOMIPIQ  23IBFNTo390900  ©IB0TEMgds  od3l.  slgmo  Hglbom
3M9530Lm30L dowgdo d9bgds darog LodoMmgby, 1 35-Bg I39bsMgms 306y Mromgbmdoo (210-
280 9;396560L mgbmdom) [11,14,16].

LogoM™M3900T0 SEBSE0 MO0MJdol gz 3mbgdo a3b3gds MMIMOF (35¢39wI0 bggdol,
31939 93069 3MOHMId0L Lsboom. LsdMgHgzgerm 860d36gemdom 30 58969096 S©IMBogwqm
LogoO 390, 39MHIME JoM0do S 3oHgmT0. dEOL S SEMBdOL HoMBmgds LodosMmzgurmdo
39500996L 5,4 505U BHMbsL (LoduEo@o 2020). 599sb Fos Js®mdo offo®dmgds 3,1 smsbo GHmb,
bomgmzsbgmdo 700 Gmbos. LosMgm 3GMEYd00L dmdEgdo Hs0mbgdos Jmmsolio, LodEMmgos,

09o@mdm.  Lodo®mM3gml  sePBol  LmMEH0dgbGHo  doMomoi  HaMdmygboos
5QRA0WMIM030 5 OO bgergdiool x0dgdom[1,2,7]
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LogoOM3germdo 5Pl 3MXEHMOMOL  LMOE0TIBEHOL  2obsbEGdOL S SWAOWMIMOZ0
539M39MH900LM30L  EO039MLOGOZSEO0L  TGLOdEGIMBIGOIOL  QomdxMdJgdol  Jobbom
3M339dbEo, 15939MY S WHBMOSEGMOOMEO 331935 39BbMO 309w ®s Legwol dgMbgmdols
Ls39360gMHM-330g30m0  396GH®OL,  gborgmdol  33cng30L  LOALEBYOOL,  KOWIMELL
996396008960 B5BIBY, 35996900 SEBEOL 0bGHMHMEYEOMYdIO X0TgdOL by3Mmegd0m
dsmdo.

50b083bmo ¥00900 06EHOMEME306M9dME0s M53gbodg ferol §ob, Bog®sd Ao Tgliobgd 56 s6ols
BoBo690MEo 3m33egdumMo Lodgabogdm 33ag3s Bs)3gmglimgdol godmMbgzol dobbom. 56
3OBYIMBL LoOIMbM LsdgEbogemm 33¢g3900 3390 X 0dgd0L 253d9bgd0L J0BI6TgGHmborgdol
d9qLobgd.

331930L 0B0gHo ©s BgmmEogs
33930l Md0gdBH0s 5mdeol 3 0bEGHMmMEME0MYdIMwo xodo: J9Mbgmeo, JmbEHIMGIbLO,

3539b6dmEgeo ImbEGHIMGMBLO. Lo3MBEHOMEWMO 50BN SOYOWMOM0Z0 X0F0 JoOOVIEO
SEIMBSO.

5930l ¥03900l 306039wso dqlfogus Bo@sMs 2018-22 §.§, L/d LbdgabogMm-33w 93000
396— H®obL - Loa®msdml bmy. X0MsmEsl (Bgbgmol ®-bo) - Logmwrgdsom bs3zgmdo. dswo
3999699905 2010 {gerls. 5,0X2.5,08 33930l 569BY. x03900 0bEHOMOE0MGOI0S 0FEIWO0ED,
000MJ)0 X0d0b, LosROmOEbaMO godmymaowos 15 dzgbotyg, LydoMg - 3MWEHO. 33W935
dmoEegs 990009y 9L39dBHgdL: 939650l Fo3gMo MEMYBMgdoL (by, ywmdEo, Y3300,
Bogmagzo) smfigcsl, UPOV-ob  ©gbz®od@méol dobgozom [19]. ggbmwmmyomn®o  x35Hgdol
3996 Mmo 35009008 s®OEbgsl:  BBCH  L3serols  8m©oxoEo®gdgeo  3560s6@0l
dobgz0m[10,13]. x00900L d0MIGGHOWWO © BOMEMAOM-L53gYMHbgm  obolsMYOEGdO-
500Moibs bol Lodsmerg, Logsbg, 9EHeddol ©OsdgGHMO, Bmbogswo (gMmo bol Lsdrsem
9mbo3w0sbmds 33-d0 o (B/35), 85369090 -59350909d0L H0sbgdOL botolbo (5 dowosbo
LobBHYIom) o LO3geg ASTIWGMBS 935 JdJd0L FoTotrm, bgboermgsbo, 39630m3z560 ©o
39300M3560 3M@GHHgdoL x0dmsdglfogerols dgmmoozol dobgwgom [15]. Bs@o®ms bagmgol
99496039960 5 domJodoMo sbserobo dglsdsdolo dgommozol dqledsdolsc [18,20].

33%930L Jgando:

396Mm@My0Mo 33060390900

1396mx3Hgdol A3 gmdsHg  Bo@oMgdMo  ©s33060390900L  TJIRO©  ©OEPObLs, GMJ
5930l x03900 LIS M© 39393305L 0fYygdl FoMGHOL dgmEg ©9390sTo. 153929GS30M
3960m©ob ©sygdol Jobggom x0dgdl ImEmol bbgsmds 6-10 mgl 9950039bL. yzs30cmds ofjyqds
336M0wol 306039 s dgmMg 93900 s AMIGJds 8-10 Y. dgufsgzerowo x0d9d0sb
439Dy 59 Y3530mdsl 0fjggol xodo To3gbdmMgero, Yz9wsdg 33056 IMbBEHIMG6LO.
4353030 15dw9seM 39MH0MEOs 04 — 17 53Gowo.
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00039305 S IMbd3E0s6mds

X 0090D9 30MIgEHOI0 5330603930 B0l 90095 35060335, ®M Y39 sty 3md3sd@EHwco
350x00 (6,013%) bobosmgds x0do 3sMbgmero, bmem y39wsHg BoOmg 39OX0® X0do
9mb@mMsbLo (14,5 33) (sbGogro 1).

5¢denols 03900l bols 3s0539¢Mgd0 s Fmbisgeosbmds (2018-2022 ()

3gbGMogo 1
X040 bols 93>dd0L 3560l 3560l 9mbozoo | Bmbogseo | Ambozseo
Lo3o@ | ©0539GHG0 | BmEEmds | 3OMYJ30s
X ) 3y/) (33/8%) (33/b9)
@) 3) @) (@)
@)
JoOmmwo | 3,04+ 12,4+0.12° 13,2+ 1,76¢ 8,0+ 0,43¢ | 1,4+1.22v 2,3+1.22° 19,2+ 0.322
sergdsero | 0,110
(bogmb)
dmb@0meo | 3,34+ 12,3+0.04° 14,5+ 1,30 | 8,16+ 0,28 | 1,3+1.26P 2,3+1.42° 19,5+1.212
Blo 0,18°
3oMbgmeo | 2,19+ 10,6+0.56 6.01+ 2,000 | 5,7£0,51* | 2,38+1.52° 2,5+0.58° 14,3+0.26°
0,222
95@9bdm6® | 2,45+ 9,78+ 0,112 | 9,17+ 1,67° | 7,38+0,39> | 1,9+1.28" 2,4+ 1,670 | 17,9+0.21°
9w0 0,142
w0l (LSD) | 1.22 0.41 0.64 0,25 4,14
P =0,05

396009365. 9H»0502039 5¢RB5dYGHIM0 SbMYdom 90bodbmwo 539690 qd0 9o bggEdo
960356900L56 5MLYGIOMOE 56 Foblibgsgzgds Tukey-ol ol (LSD) P = 0,05 ¢gb¢olb dobgwogom.

MMamO3 9mb5:399900L 5b5¢00Bds 5B3969, 1 bosb yz9w sy dsmaseno Lodmsm dmbisgerosbmdoom
399m0MBs x0do - dmbGIMMsbLo (19,53y/bg), 3zs LAHIGOLE0ZMMO SBsewoBol dobgzom
5060360 Lbgomds Lo3MbEMMEM ¥0dMb, oMo 5EIMBIWO M SOLYIOMO s Sd0EHMI
dolo AMb30bMds A56obowIds, MMYMEMF Lo3MBbEHMMEM ¥0dol dbgsglo. 58 bodbom, sb939g
399m0Mbg35 X080 8539bdmGgwo - 17,933/b9. y439wsDg ©odso Jmbogso 500bodbs x0dby
39Obgmaero -14,332/bg.

56599000m39  063HgbLOMMHO  Bo0gdol  FqLoddbgrs, 360836bgem3560s  FMbogzEr0sbMdOL
3963960090 1 3 356Hx0ol JmEmEemdsdg. gb dobg96909eo  [oMImoygbl, BsbIoM9gdMwo

BoGrgomodol d94dbols Loggdz9w by, oo gx3gdBHosbo dswgdol gsdqbgdbols fobsdommdsls. 8

Georgian Scientists/do®mnggaro dgisbogmgdo .5 N 3, 2023 156



60860 y39wsBg MRG® 3OH:MOIEH0M0s x0do 390Mbgmero - 2,38 33/83. 58 3sBgz969dwom slig3g
399066935 X0d0 oB¢gbdmMgero - 1.9 32/33.

5E0dEol %0930l ImLog0sbmdsby 3306039050 (2018-22(.(.) @a30P396s, G™I x0dgd0
39906693056 ym3z9whromMo, BEBOWOHO s Fomso Imbsgwom. {ergdol dobgzom,
43905Dg 35050 Bsdwsem dMLOZ0sbMds SHILOIMGIL X 0dgOL dMbEIMMIBLO - 18,739/bg o

3539bdmegeo - 17,233/bg, boeom d0v9bgezs 399mGmBgmeo Loggdmgbm s 30BsEm@o
9563969009boby, B0 X000l 35Mbgmerols dmbogswo - 14,033/bg.

5¢0deol %0dgdoL bsdwmsenm dmbsgeosbmds fiergdol dobgogoo (2018-2021 §F)

3bMoo 2
Lodwoeoem dmbogerosbmds (33/bg) Lodw)oem
x0do (33/b9)
(2018-21%.%)
2018 2019 2020 2021

JoODME0 SEMBIEO 16,55 14,0 16,0 15,0 16,0
(bogmbe)
dmbEdm®sblo 22,0 13,74 21,0 17,24 18,74
396Mbgmero 12,78 12,12 15,38 14,76 14,0
3539bdmMmgwo 18,26 15,14 19,48 16,0 17,2

Bogma3900L ooy s domgodoryMo sbseobo

330930L 9900939 906, MM Fgbfiogaroo x0d900sb yzgwsbg dbbgowro bsgmagdo
Sballomgdl xodl 356Mbgmero, Mol bsgmaols bLydrswrem sl Jgledsdobo 9oL 6,47 @,
3909y dmEol xodo o@gbmMgmo - 5,54y, bogom x0dol dmb@dmEmsblols bosgmagdo dsboom
Q9D M9d00m 153MBEHOMEM ¥ 0ol dslol FHmeros 5,0y (ob. sbMowo 3).

Bogmagool blbso Moo 60300096900l dqLogerols Imbs3gdgdol dobgzom, yzgwsbyg 39
Bobdomfyergdl s3MmMm39096 x089d0 IMBEHIMOIBLO s FoBHgbdmegero — 14,3% s 12,2% (ob.
3b®owo 3).
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5ROl 03900l bsymxgdol LoEoy s domgodom®o sbseobo (2018-2022 §f)

gbGowo 3
x0do Boymazols Bogmaols Bogmaols blbso $3960L pH
©05393M0 | Lodsmwry dsbo, ddMso
(99) (99) Bogmogmgds

®) Brix (%)

JoH0reo seomdswo | 1,91+0.10° | 1,88+0.18> | 4,93+ 1,34° 11.8+0.10° 1,24+0.02b,
(Logmb@®mMmeEom)

8B EIGBLO 1,86+0.20° | 1,64+0.16° | 5,08+ 1,09> | 14,3#0.12¢ 1.18+0.01¢

356690 2,24+0.14% | 2,06+1.18" | 6,47+1,87: | 11,4+0.14c 1.21+0.11°

BoygbBcmbg@o 2,08+0.18¢ | 1,84+1.11° | 555+126> | 122+0.11° 1.1140.21s
295 (LSD) P = 0,05 1,72 1,42 5,37 0,84 1,0

396009365. 9H»0502039 5¢RBdIEHM0 SbMYdom 50bodbmwo 539690 qd0 9 bggEdo
960356900L256 SOLYGIOMOE 56 Foblibgzsgzgds Tukey-ol v9ols (LSD) P = 0,05 ¢gb¢olb dobgwgo.

Lodfoxzols 3gMomeo.

XOQOYOL 3200930500 5OLYIMO  SEMBEEOl X¥0Tdgdol 3MgRoLs s Lodfoxzol 3gMomools
d9LFo3e0d 583965, MM yz9wsBy Logz0s6m LodFogzgol 39MHomEOL x0dos JoMbgmeo, HMIgwos
03600903905 03wolol 306M39w  ©Y395s30, bmem  bssGmgm  39MHomol  bodfoxzol xodos
3539bdImE9e0, H®MIgdoE 036005905 03bobol Igbsdy 939sd0.

Bogmazgdol LsgamUsgom dguoligdol 99gas® 25060335, MM Im3gdeo xodol boymaol
Lobogdmbeom bobg 960L dogr0sb 3960, Boeswro Loggdmabm m30L93900L, dosbloMmYdMEo
10355300, 15305M© MM ME0. HBOEXMBOL F9duEIOS 33360030 S (360560. LoboJmberm Lsbg
39690 56 505D 3o6r0. LogMmM LoIAMLEHIGOM TJRBYdS-356F0s S FJoR0bs - 8.2 doero (10
050560 LobBgdom).

3b®0do 4 dm399990s JgLHogwroeo ¥0d9d0L J0M0MSO 3:MmIMEMA0OO F5B39690wqd0.

Georgian Scientists/do®mnggaro dgisbogmgdo .5 N 3, 2023 158



5¢r3emols 03900l BMYSO ILIL0SMGDS

gbGowo 4
Xx0do o033 bol Lbodfogol | bogmxzol | bsgmazol | Mdo 396G30L | gmbhHol
05 bOOL | 396H0M©O bmdo RO | @wmd | boowy | Loa®mdg
Lbodarog ol
69 3960
JoOomvy | Bododrm | Lodwmoen | 03bobol | Lodmow | IMy35¢ | dMdo | Lodwmoe | adgero
o 39 0} II 0} o foog 0}
S0 HERIN ©wo
o
(Logmbe
®)
dmbGdm | Log®oby | dgogMo | 03bobol | Lo | AMAZo | oo | LYTMS | M3y
6oblo 90 III - ® 0 foog 0}
030olbob o
I ©9350
390bgm | 4963560 | LylEGo | 03woloL | oo | IMY35¢ | 3Mdo | oo | Lydreen
o ) . o} foog ™
©J3°Q> o
3539b0m | 936035 | LBodwmoew | 0360LoL | Lodmon | IGY35e | dMdo | Lodwmoe | Lodvryoen
(90 ® III ® 0 foong 0} ™
Q©J3OoQ> o

X 039000 30m30EMy0MHo EbL0s0IYGAS

33w930L 8900939© 296bmM 30905 5930l %0930l d39656M9gd0L s bogmagdols LErmeo dm—
I mRo©mHo S©Fges. J3gdmom dmigdvwos dglfogeol Lsxdz9w By s©0bodbmeo x0dgdol
3m3MEMYoMOHO S dOMWMR0O-BsHoMTMm obsliosmgds.

dmb@0mmgblo (Montmorency) d3gwo gMsbareo x0dos,

15993996005b.
3930390 53F-Ld S 39b55T0.UogdoOMZ B0 B
390m@Hoboeos 2010 Hgeob 35Bobs s bgboeol LsMasgo I

dsLogEnol Hotmdmgdol gemzbmwo 396 ol (2014 Herosb "’
Lol dgebgmdols bsdgboghm-33wg30mo 396GHMOL &

3bmdoEos

d9-18

b. %000M5L 9du3960a96EGHWo dsBs) Bog.

RIOOMO

S6GOL |
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bg LdMeM 96 LEFMSEMDBY d0gMHo DBOEOUL. MbH35© FIRMMPEOE0. 030MMGOL BsHIOMGOND,
dIM35¢0M BMMIOL, 50 3oORL. sbolosMYOL 3900 F9BEHMBHZS S 91Y39 Y MMEHJOoL
39630056900l 500 M6560. JoMOMIIE ALIMOIOMBL JODH0sb GHMEHIdBY s Lsbsgmag
050329)09dbg. AbbIM05Mdsd0 90l G306 39-4-5 gl (LsdoMg - 3meEE0). FMLOZW0SEMDS

93 7I M0, Fo0s0. 33¢0g30L 30bJO30m OYIBOE0s, BB LodsEM B350 Tgoy9bL
19 39/bg.

X030 M300BIOGHOMO05, B53sEM-1523056Mm 39MHOMEOL IMY3530¢]. Y3530 ™AL 53MOWOL
99069 09350530 (L53MBEGHOMEM X0d JoOHMNIO SEIYBSO FJEIMYIO0? 6-8 PO’ 3306).
43530 Md0L bobaMderogmds 9-12 rgs. (. X0wsmEsls 300Md9030).

Bogma30 Lo 96 LodwoemBg bz o(5.0-5.29), IMIGAZs™
1m®dob (1.8X1.64 1A). ymbfo mbgwo, dmzwg (Log®dg 27- 28 34).
396900 9353905 4ymOAEL. 39560 seoligggMo fomgwo, Lsdwmsem
1033360030,  MdOMdO  FMmYz0MoM-Imfomswm  BgeMOU,

$360960, Mxzg6 Mo j39bom. 399635 Lodwgswm Loowob (0.31 g),
d6350. LEBIbY3MME FMMHYdS MHBOEMBL. Boggdmgbm ™M30Lgdgdol dobgwzom bogmgo s6OL

doe05b 85539. BoIAMUBEIE30M Fgg3oligds 4.4 350 (5-dscr0sbo LoliEgdom).

3smE030 d0mJodo®mo dgagbowmds - blbso ddMswo bogmoghgds - 11.4 -12.3% Brix.
AOGHOMO 553056Mds - 1.2-1.18 %.

X0l 5bsl0sMYOL B30 s MG OO ALLIMOSOMDS, GOV Lodwsem Lodfogol 3gMomob.
bogmggo  foxngds 03bobol  dglsdy  ©9Y39®HT0.  BHEMOBLIMOEdYMIOL  MBsMo  Fooro.
d0GMO0MOPO® 259M0Ygbgds gos8w98539390 Bobom, BHZ3sslb3S Lobols 3GMmEmJiool 396900,
30033m3H900L EoLEIBIYOOE. bogmRgdo LOHW Lod[ogzgdog 30 ML SEOLBIMO, 5O FoIOL

53 oliggMdo.

x0dl 990degds dog3gl ©93mdgbsEos LsdMgH39wm B0Bbom FogzMEgEEIL  sIMbogzEgom
LogomM39eml y39ws H90mbdo M30M5EJLO© oM Tds3980L dobboo.

39Mbgmemo (Karneol) - 99M3sbmewo x0dos 06H0Q0Gs .

3 RMdoL (Brigitte Wofram) LoligErgdEom :
3600580050, 300gdme0s 1980 -056 fergddo Mg *&§
3owbogol  dgboergmdol  0bbGoGGHdo  x0Tgd0L [N '.
3mOmbgeol  (Koroser) @ @d  9539bdmGgeols g
(Schattenmorelle)  dgx35M)9000m. Logodanggermdo /
d90m@Hoboeos 2010 Hoeb 35Dols s bgbools Latysgo
dsbognob Fomdmgdol 9H™m3bwero 396G ol (2014 ferosb e
Lol dg@bgmdol Lsdgsbogmm-33wgzomo 39bEGHMOL L. X0MsmMOL 3;}1)336)0835@){3@0 05Do)
dog6.

Georgian Scientists/do®mnggaro dgisbogmgdo .5 N 3, 2023 160




bg LYULEO 96 LEFSEM BOPOL. IMIMYZ5EM FMOTOL, oI 0o Bodwserm BsbdoMmgdmwo
350x00m. x¥0odl sbslosmMgdL LM JobBHMGHIS s 3939 Y MOEHIOOL A5630MMIOOL 35MP0
<B6560. JbbIM0sOHMdOL BHo3o FgMHgoero. AubIMosOMBL OHMYMEME 9ODH0sb GHm@GHgoby, 1939
LoBoymaxg 00w gdHy. ABIMOsMdsd0 9ol MR306 F9-3-4 (gl (LodoGg - 3MeG0).

b3 05bMds MgyMEsmwo. 33930l dobgo30m sAIB0W0s, MHMA Lodwmswm dmbogzswo
09500996L 14 -15 32/bg.

X090 Bsdmsem 3gOH0MEOL dMY3z530egs. b3HowmdMH03 M3000R9MEGH0W0. Y3530¢MdL 53O0
4995 ©0@3b390d0. Y435300MmdOL  boby®mdwrogmds 8-10 mgs. (. xoPIMESL  3060HM05dJ0).
©5859()3960569090 - ogbdmegero.

bogmazo  dlbgogro (5.8-6.5), 0MIMY3OXM-9ORLMOO
MmOl (2,06X2,2410). gbHo LyLGHo, Lodwmserm (Loa®mdy
4200). 3962500 999905 YrmOAL. 3960  dogrosh  dmdo
fomgwo, Lsdmoemm Loldol, Mdowmdo bmMizosbo, foomgwo

a960L,  3b0sbo, 3960 - Fmdo  foomgwo. 3mG3I0L
309mBo3E0sbmds 7,2 %-0, dmaMdm -0mdMy35erm 3m®mIob.

Lobobgzm@ ImEMEYds MBOOMdL. 9dm 5539 IME3IOM
399000. B5IAMLES30M Fgnsligds 4.6 050 (5-35¢0sbo LobiBgdom).

9563030 d0mJodoMo 99ygbowmds - blbswo 3dMswo bogmoghgds - 11.4% (Brix), G&od®wwo
0:53056Mds - 1.18 — 1.2 %.

1535 M-b533056m LodFoRol 39MoMm©OL X0d0s, BoL0sTM3bM LyRgdm3zbem M30lgdgdOL. boymao
dfoxrgds 03wolol 30039 ©9350530. BHMIBL3MMEBYWMOOL Wb Borsero. Tglodergdgwros

399mggbgdmo  0dbsl  bgoeo  Lsbomm o slg3g  oMTmoagbl 396y  Bgowrgmel
390058598853909e0 30939 MmdoLm30U.

x0dl Jd90degds dog3gl M93mdgbsEos LsdMYH3gwm d0Bbom FogzMEgErEIl  sdMbogzergom
Logomm3geml yz9ws Mgaombdo.

053960mMgewo  (Schattenmorelle)  dbmgomdo  BoMHOME
39303ILIOYO  dZgwo 93630 X080s,  GmIgog
WOo@IOGHMOMo  ysmrmgdoom x96 3og3 99-17 Lom3mbgdo
dmobligbgdms.

Lobmbodgdo: JmMgerm (589, ©OEO dMOEBIMO), WMBHMZIS
(8m@mbgmo), Mom@ ©9 bmmo (Lox®sbygmo). bodsGmzgermdo
399m@Hsboeos 2010 gl 35Dobs s bgbools Latgsgo dsbaerols

Dodmgdol  ghmzbmeo  396¢®ol (2014 (erosb  Lmgwol
9999069m00b Lsdg3609MHM-33wg30m0 395GHEOL b. X 0LsMSL 9Ju3gH0TIbEHMEO d5B) Boge.

bg Lodmom BOEOL. 350X LRIOMWo BMOIoL (FsHT0MIOME0), 35MRS TIBMOOWOWO.
BmbBbol BHmEHgdo Bgdmo dodsOmmero. x0do bsllosmgds 35030 26EME30L Mbsmom o
94m®Ggool  39630m06M00L 3960 MbsGom. bIMosmMdS doMOMOIEI© ML  LyMgmwo
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G030b.00 ABIMOSOMBL Lsboymayg M0 gdHBg s JOMHE0sb BHMGHIODY. FbIMosOMdST0

dgoolb d9-3-4 gl (LsdoMg - 3MEEH0). IMBOZE0sBMds MJYIO™ME0, ToSE0. 33930l
d0bg300 ©HYRIBOW0, HM Bodwmsem Jmbogso F950y9bl 17,2-19 3a/bg.

1533096m  39MOMEOL  FMY3530eYg. MZOMBIOGHOO. Y3530 MdL 53G0Il 30039~ dgmeg

©93900500.  (bL3MBEGHMMEM %08  JoMOMO 5RO FgIMYPOm 5- 6 PO 3300).
43530 Md0L bobaMderogmds 8-10 mgs. (. x0wsmEsls 300Md9030).

Bogmazo Lodwmogom, 56 Lodwsgrmbyg dlbgoero dsbols (4.8-
5.59), 9mIMQ35¢™ x3mGOIol (1.84X2.08:9).
9603560M3560. gmbHo LmbGo, bydMswm (Log®dg- 36 -
38 99). 39650 939M905 Yym®AEL. 3560 ddo Fomgwro
1960oL,  LYdMPwem  1od33M030lL, Gdo™do  dMdo

$09w0.d5¢0056 §360560. 37MH35 LET O™ LooEOL
0.24- 0,27p), 33903boLYdMMO0 BMEOIOL, 5QE30WsE FMMEYds MBOEMBL. bogmazol aqdm 95539
bz 3300wo. LyEIRMLEIEOM FgBoLYds 4.5 3¢ (5-dserosbo LolEgdom).

3om@030 d0mdodom®mo 99gbowmds - blbso ddMowo bogmoghgds - 12.0 -12.5% (Brix),
AOGHOMWO 9553056Mds - 1.11-1.16 %.

39690 L99M36m M30L9d9d0L dJmbg x0Tos. Bodwyswm Lodforol 3gMmomob. boymapo IFonwgds
030lLol 300390 ©©93900530. JOMOMOPO 259M0Y9bqds by o Lobom 6 oL MTo390MS.

x0dl d90degds dog3gl M93mdgbsEos LsdMGH3gwm doBbom FogzMEgErEIL  sdMbogzergom
Logomm3geml yz9ws Mgaombdo.

©dl3369%0:

530l 0bGHMHMOY30M0ME0 X¥0dgdol LsIGMObIM s SPOMBOMEMYOMHO M30LYdJOOL
33930L 39092900 1539 gdsl 0deg3s 5©0bodbme K0Tgdl: 30Mbgmeo, To@gbdmMgmo s
9mb@ImMbLo, Fogsgl  093mB9bsE0s  2oLdgbgds@  BodoMmzgwrml 08 Gguombadly  ©o
Dmbgdd0, LI 9EMBEEOL FoMTMYds TgbodegdgEr0s 3MAIMEOMEP0 BB gdom, 39Mdm,
305 o080 35b9mbd @ §399M Jomendo.
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Description of Introduced Cherry (Prunus cerasus L.) varieties

E. Maghlakelidze - PhD in Agricultural Science,

Z. Bobokasvili - Associate Professor, PhD in Agricultural Science,
V. Kakashvili - Master.

L. Tsigriashvili - Bachelor,

M. Vakhtangashvili — Master.

LEPL Scientific-Research Center of Agriculture, Division of Fruit-growing Research,

Abstract

There are given the results of the assessments of prospective introduced cultivars of cherry In Georgia.
The research has been carried out in the collection orchard of the experimental station Jigaura of LEPL
Scientific-Research Center of Agriculture (SRCA) in the 2018-2022. The following agronomic and
biological characteristics were studied according to the cultivar: phenological phases of development,
detailed pomological description of tree, susceptibility toward diseases, biochemical and mechanical
analysis of fruits and other features.

According to the study data, cultivars: Schattenmorelle, Karneol, Montmorency are characterized by

high productivity and good fruit characteristics and could be recommended for the improvement of
assortments of cherry in East regions of Georgia.

Key words: fruit, variety, flower, pollination, harvest
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SLOGIGOS FCE0IGROBIUR0Y
ASSOCIATION FOR SC

960393 H0MBol g30mgErmeo Lodlogbggdols M930oz0Ls s Ag@sLEBHIBOMYIOL
396mE03M0 35bsl0s0dEYdO

360@03Mwo dodmbogrgs
5egdlsb®g ©053mbodgl; M0ds dM05830¢m0?, 0MmMY0 dvM3sdg?

lodoobol Lobgwdfonm Lsdgooobm mbogg®lodgdol PhD LEwmwogb@o; 2mdowolol babgedfogm
15d90E0bM MboggMLOEIEHOL 3OHMBILMOO, 3500MEMAO0MMO 565EHM00L I35 ESTIbEHOL
b9 ddm3569w0; 3mdowolols bybgardfogm Lsdgoaobm boggdlodgEol 3OMEgbm®mO, dmegmEOHO
350000l ©Y356ME596E0L bgerddmgsbgwo

LB G0

9600M3gBHHoMo  3oME30bMmTs  HomBmMoagbl 493039 gd M 30693MmEMA0ME  530030L90056
LodLbogbgl, MHMIoE 0630IEEHMBSE AbMBEr oML JsLIEHIOOMm, Y390 0HBMEIdS
09500996l 65,620 sbogn  Fgdombggzel. Lods@mzqgwmdo  Lsdz0wmbml  Lodbogbggdo 035393l
393639 gd00m 99-3 50l (13,3% gmgger 100 000 JoeBg), bergom 103300 056Mmdom 30 T9-4
520l (4,8% ymgger 100 000 Jogwbg). 9bmIg@®mom 35630bmadgddo g439es®g bdoMos
9600™393HM0Mwo 3030l 3oME306maqd0, HMmIgeos 9950y9bL 9bmdgd®odol 53030900560
H05690900L  IsbMgdom  75-80%-U. dmm (jgrgddo o6 dmIbEIMS 9bmIgEMoMwo
390306m3ol 3M:MmbmBol 3609369 m3z560 godxmdgligds. s1g39 bsB3969d0s, MM x9gM 3093
bdoMos LodLbogbggdo, HMAE GO0 3¢00bEYOS FMMLFolvE 1EOOIBY, 530030U900BMdOL Joswawro
bsGobbom  ©@s  93MLoMo  30LGHM3sPMWMAONOO  FobOLOIMYIWGOOm.  5©O356EHMEO
09653000 3000M3Jd0 POIB-ELIMO00 0lg3 MHPNMEO s YYMH0JO[0bI5MTIYMOM0Z05 S
3OLgdMBAL Ibmermo dzocmg 90B9g3560 T9EHOLEIBMMO 53500900l L3 MMbserm Joymdgddo .
X9O-X9OMd0m 0bgg 9609369wm356 LoMMMWl (oMM gbl 353096GHMs 03 J39xFMIBOL
LOOHIMbM  00IbBH0R03530s,  OMIWIdoE  099mBIO0sD  Mg300030L s FYBILEGHIBYdOL
396300006900l domoco GolgoL J39d. 96MIgxEM®0MTol g3omgEemo Lodbogbygdol MgE0O30Ls
@5 89GOLEHIBOMGIOL  BIBMEGH03MM0  Boboloomgdegdol  dogds  dJBHoe  Bsbsdos o
9636003690 m3560 8mbs399930 3500 Tgbobgd 56 sGIGOMDOL.

153396dm Lo@yzgdo: 9o mdgEMmodol 35M306MmAs; 3OMYbMBMEo Fo6396M9d0; M930©O030;
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960M3gBHOoMmo  3oME30bmds  Homdmoagbl 493039 gdM  30693MEMAO0ME  530030L90056
LodLogbgl, HMAoiE 0b30I6EHMBsE AMBOML AsLdEsd0m, Ym39whrorMs© 0bBMHPYds
09500396l 65,620 sboew FgdbgzgzoL[1]. Logo@mzggermdo Lsdzombml Lodbogbggdo 035390l
393639 gd00 89-3 v0b (13,3% gmgger 100 000 JoerBg), bemrgrm 103300 0sbMmdom 30 T9-4
5Q30wL (4,8% ymgger 100 000 JoewDby) [2]. 9bmBg@®mome 356306Mmdgddo yzgamsbg bdoMos
9600™393HM0Mo 3030l 35M306Mmad0, HMIgeoi 9950y9bL 9bmdgd®odol 53030900560
3H05690900L ObEMgdom 75-80%-b. LYHMBMWOo 35MOE306MIGd0 23b30gds 9bMTgEHMOMToL
53030L930560 LodLgbggdol ssbEmgdom 10%-do, bemgrm bsmgumrx®gomgsbo Lodlogbggdo
15305m@© 0030005 @S om0 0630IBEHMBS  5©FI3L  9bMIgBHMoo 3560 E30bMmTgdOL
39900b393900L bEMmgd00 4%-U [3]. LeHMBMEEo 3560306MTJIOL ISbEIMgd0 70% 3¢0bYds
1339 9OLHoblye LEs05DY, GMmEILsg LoALOgby 2930 EILGOME0s LETZOWMBML Yotgom. 51939,
oMo 3w0bgds 06EGHM39M0EMbIMWo sD0s6gdJOIOL SOLYdIMDsE.  dMErm fargddo 96
9mdbs®s 9bMIgEHMorIcmo 356306Mma0l 3GMAbmBol 3608369wm3zs60 QomBxmdaligds. s1g39
653969005, GMI x9O ooz bJocmos Lodlogbggdo, GMIWgdoz 3wobgds TmOLHILrE
UG905DY, 5303090056MdOL oo bsMolbom @y 53MLOMo  30LEHM3SMMLWMYOMEO
9sboliosmgdEgdom. 5E0v356EHWMmO 19Mm930v)0 J0EAMTJO0 EOIB-ELIMd00 0lg3 MHPNMEO
MO0009O0F0bs50IEIAMOM0305 ©s  9MLYOIMOL  FbmemE dzocg 9MB93560  gEOLGHIBMEOO
Q0553500900L  Bsd39Mbsem FJoamdgddo [4]. xgO-xgOmdom obgg db0dzbgemzsb LoMomwyargls

$o8Mo96L 353096@ s 00 J39xaMBoL LoGFIMbm 0YbEH0R035309, MMIMgdoE 08Ymzgd0s6
69300306 S 39ELEIBIIOL 3963005M900L Jowowo Molizol §390 [5].

96m3g@BH®momo  39M306m3gd0l  dbmwm®  3oLGHMIsMMEMPOMMO  FgRobgds 96 S0l
15395M0Ls© DMBEBHO, HYE30OZ0Ls S FYEHLEIBIOOL 2obLsDBPIMOL FoBbom, 2oblsIMMMGdOM
95050 bo®olbol 53030190056MdoL LodLogbggdols gdmbggzsdo. sbg3g MMM, FbMmem©
30LGH M350 M0 Imbs39993Dg oyMHDbMBOm gbE™IgE Moo 35M306MmTgdoL 3MIMABMBOL
239BLsBEZM[6]. Fglodsdobo, 9bMIYEGHMOMEO 35M306MmTGO0L OsABMUE0350 59EWYSEMEO0s
595390000 039bMm30LEHMJ0d0MO 56/ g3 M-29693H 03900 3gnMm©IdolL 45dmygbads,
099935 95050 HsGoLbol 9bMmIgEMmormo 3503E0bmdol Ji3930L (M930030, 39ELEIBOMYDS)
DMGHO  3OMPbMBoL  gobdlobmzmgwo 95M39MH0  PIL-EWIMIOM 56  SOBYOMIL s 0bYg]
9090bs6M9M3dL 33093900 5©0b0dbMEo BodsHrMEgdom.

3OO0 30b603MM0  gooesobgdol  dobgzom, gbmIg@momwo  35M306magd0L
53030093056MdOL  HGOLLOL  goblsobEg®s bgds 30693MEMY05-0956MdOL  BogMMSTMOOLM
1390965300L (FIGO — International Federation of Gynecology and Obestetrics) 3096 dm{jcr9dwgemo
LoLBHYIom, OMIWOL  AsbLIHBWIOMS3 bEgds 9bMIgEHMOMWO  35GE0BbMIGdOL  KoM3ZEmzs60
O0xRM9b305300L  dobggom. Gl (Grade 1) ULodbogbggddo gwwobgds <5 ULmwow©o
365X 063300M3560, 5M0OEYJYIXMHgM3560 BOHs. G2 (Grade 2) Lodbogzbggddo 3er0bgds 6-
50%, bmem G3 (Grade 3) Lodbogbggddo >50%-bBg. 83390005 godMbIGHME0 FOGHMEMAO0YOO
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530300L 5MOLYdMBds LW YIS G1 EMbIL[3]. batrolbOL FoblsBz™ol sbodbmeo Loli@gds
dmfimqderos 393069900 o 9bMIgEmHMoEMo  39GE0BMAgdoLmZ0L. o3 d9ggbgds
96003930 mdol Lgembmmo 396G3E0bMdgdL Fomo 530m30L90056Mmd0L badolbols ymzgarm3zol
domoos (G3) [6]. Lbgssbbgs 33e939900 653969005, ™I G1 LodLogbggdo SLMmE0MEYdS
odxmed 3356930 39@SLGHIB0MYdOl 3b60T369eMm3bs B LobloMglmsb, dgstgdom G2
Lodbogbygdmab (6,6% s 11,6% dglsdsdolo, p=0.003), »MdEs 50bodbmo 2sblbgsggds 5o
3060935 8003g3H0ddo 0635H00l LOPOAOL om3seolobgdol 9dmbgzgzsdo. 39bg@EHo3mcs,
G1 s G2 bodbogbggdol w9dg@glmds bsbosMPYds F03IMOMUBSGHIOBHMMO SMLEHIOOLOMOOM,
b G3 Lodlogb9900LsMZ0L 30 OTIbILOSMYDYE0S Bsoeo 393)MHMABMEMBS. M35, FdO
39@9LMdOLIMZOL S1939 TIBILOIMYIJW0S 9B MIYEHOMOYIO 969 03MO 3O MTBOWwO, p53
31@9(30900m 56 ol 2o6M9dg [7], beaewm bgOHMBMEo 39630bMAgd0 30 J0MO0MII© boliosmgds
P53 3993530900l 5MLGOIMI0mM S JoEMIGEBHMMOYIO 39693H039IM0 3OMBOEOL SMHSMLYIMIOM
[8].

9600M393H0)0 356306030L BEBOEO0L 25bLIBLIMS begds 333039099 gd90Dg H3MAbgdwo
JoOMGR0MWo  3MMGH™MIMEgool dobgwzom, o3 9609369wm3560s Fomsro Goligol ddmbg
353096()9080 36MHMabmBMEo 06x3mMHTs300l Fmbsdm3z9dwsE. 3393900, bsBz9bgd0s Fomswo
Golgol gmbg 35309639080 TMOGOL  Fo6396Mgd0L, OmamMoiEss CAI125, Gom@gbmdsls s
36MHMbmBM 35639690 gdL FmEOH0L 3538060. L35I MS, MMA IMSEHdo CA125-0b Imdo@gdmwo
©mbg  sLmEoMEYds  9bmIgBHMommo  35ME30bMmAol  MHg30030Ls s 1O3Z3OE0bMdOL
dmd5GH0E  MOLZMSb. ™MI3s, FoLo  ORDbMBEGH03MNMO  FAMABMOYMdS  9bMIEHMOWWO
39030bmdols 89000b393580 9650935358Y4MBOGIG0, 23bLs3MMMGd0m, Lodbogbols sMgmeE
LGHO©0gdBY. OsBHTo CA125-0b 3mbEgb@GHEMsE30s  dMIsBYdos  9bmIgBHMormo  300mb
5690 BEGO©ool dJmbg 353096¢3)gd0l 10-20%-3o, bmwm Ggzoozol ddmby MLod3@mam
3530963900l 25%-0o [9]. 58 Bo63960L 2obLSBOZMS M3gMs3058g 360369 M35600 3530963 gdOL
LBAHOSGH0R03O300L5 s 3MmEI6E0MOO 3MLE-M39MsE0Iwo MOolZgdol d9d30Mgd0LmM30L. 0¥9d3o,
CA125-0l 3m3s390mo 3mb639b@GHMs3ool 393060 bbgs 300060376 8mbs(39990096 d9dpamdo
d9LHogeols Logsboo.

363Mb-59Mm 300090 gdol Jobgz00 9b™IgEMOMWo 35ME0BMAS GHEMOIWOE0MEISE 0YMmas,
OMamO3  JBG®MYgb  ©sdmzogdmwo  (Bodo I - 9bmdg@mmomwo) s  guGHMm™A96
59300099890 (Bodo II - LgemBMwo). JgLsdsdolso, sOLYdMBL dmboBEOYds, ™I I GHodol
LodLbogbgado 30MsMPYds F9Md0 JuEGHMMPIBMo BgImJdggdol Fggas©. olobo bdoMs
30bgds  3M9- 96 3960009630 BMGH  sbszdo. II  Bodol  Lodbogbggdol  guEGMYg6-
5930009099 gds 19F3M, M6 olobo MBMM bdoMs 3wobEgds Igbm3smBNMM sbs3d0 @S
dm0353L 3530 M, LgOMBME S bIMIYROIOMZ6 39GE0BMAgOL [10].  Bsbggbgdos, GM™A
BGHOMPIBoL @  3OMPBGHIOMbOL  O9393G™M9dbg  (ER s PR dgLodsdobo)
0996m30bFHMJodoMmo  3MBOGHOMOMBS  bMEoM©Yds  9b™Ig@GmoMwo 3563063900
36MmabMmbmsb, 3960, DM 25sMBIBMBLMSD, 1F3s Fomo SbME0sE0s MYE00Z9d0LS
Q5 99BLGHOB0MYOOL g9b300569dLML X9 300093 FoMMoYIbL 33¢g30L Logsbl [11].
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9600M39EHHMoMo  350E06MmToLm30L  TobslosMIdgo  yzgwsbg bdoMo  a9bgEHo3memo
3309055 BMLRsEHIBIL s BHEBobOL 3mBmemyol 0bsdEH035305, MLSE dmy3zgds 39bmdols
365L3HOd0MMMds s KRAS-obs s B-353)9b0bols d93s30900. Lghmbmemo 356306039000
d900b9353d0 30 Y39y bdod 89693036 (33e00gdgdsl Foedmoyqbl P53 8m@s30s, Mlog
93943905 50530560l 930MIMwwo BOHEOL BodBmmo 2-ol (HER2) gdud6gbools godeogmgds.
TP53 813530900 mOxg6H Mx3Gm bdoMos Lghmbdme 356306m390d0 9bmdg@momow
03¢ 96 890509000 5 3¢00bYds ©H5350000L SEMGME 9BHS3BY [9]. oo Fo®mdo gd3LegLlos
053930069305 ©9350JOOL  3OMAMILME  BBOOLMID, B  ORIMIB30530LMD,
domdgBHModdo M3s 0635D0sLmsb, wodgmMo 3356d9000 dg@oLESHBOMGdLS S gosdmBybol
Q905 356396009 sb. P53 300l 45855dBH06mgdgero  Bmyoghomo  Lsbogbowm 4o
DoM0mo9bl  gMm™mzsbo  Mx gL  5dGHog3mdol 8600369 Mm356  obALYBOZIMYL, Moz
90900, 90L o0 (3o Bg 9b™AgE®0MAol Lodlogbol 4sb30msMmgdsdo.

3965036900 333033999 gdq00L  dobg3z0m  LogsMOoMms, ®md CD133-ob  gdudcgbos
0539300609305 Bodbogbol IOMZsBo  MYXEOIIOOL  5dBH0Z3MBLMSD.  93EHMGOOL  Fog
50dmBgboos, MHMI MxH9Jd0, MHMIGoo3 99Ju3MYLoMGd96 CDI133-l 53w9gbgb Lodlogbol
©96H™3560 MXMH9Gd0L JobolosmMGdGOL, 3500 FMMOL, MZOMAIBIBEGOOLS S WOFBIMBE0s300L
wBs®l [12]. CD133-3mbodonco Mx6m90g00 GHoLEHIbEGHo 950dmBbbgb 3oL3wsE0boby o
393w03odlgeroll 8odsGm. B0bgegs 0dols, MHMA Gmam®3 CD133-3mbo@on®, sbgag
693°G0MO IxM9gdL 99deosm Lodlzobol BoL obogo®mgds in vivo, CD133-3mBo@ovMo
2R M908  3OM396G Mo  95B39690o  FgmOgme  BHMIBL3EsDEHBEJOT0 MBOM B0
5©0dmPbs.  933HMMgd0lL  doge  Asdm33w g 0dbs ALDHI-ob 9dud6glos 9bmdgd®omwo
3903E0bmdol MMM bsHgddo. 533MMYOTs ©9©R0bgL, GMI  MYXM9Id0, GMIWIdOE3
59JU36M9LoMGOEbg6 ALDHI-U, 0943696 936Gm 0635BomMo ©s GgHBobEHIbGHeo Lodlogbol
Lofoboswdgam 53963900l  dodseom. dqLodsdobs, ALDHI1-ol dspswo  gdueglools ddmbg
353096@90L 3JMmboo MBOHM 30 3OMYPbMBOo bbls 35309639096 Fgsegdoo.

9600M39AHH0mdo  ©obsdon®mo  Juimzoos, GMIgWog 4503wl BOOL, OBIMIBE0sE00L,
Bo9mx3d3360L5 s M9a969M300L (303090L. gl BsHYdO J0TOLIOYMBL VIHM3560 WX MIdOL
bobxbg [13]. 96m3g@H®omdo  d903938  930mgrmMo s LEHM®MIMwo  3MEmbogdols
0oM8mdJabgeo  xMggool 0830000  3MIMWOE0sL.  godmymazowr  0dbs 9. dmboBzcg
3Mm3Moi300L MxM9qdo (Side Population Cells - SP cells), ®m3wgdog 9309696 Lodbogbols
©96O™M3560 MXEMIIO0L  FoboliosmgdEgol, godmbodme  BogMoEowr  MbsML, d9BgbJodm®
X O90JO© ©O0RJMI6305300L 3mE9bEoswl. SP-x6H909gd0Lysb {omdmddbowo Lodlogbggdo
99003995  LodLogzbMMo  Jum3z0wOolYE s LEHOMIMWo  3m33mbg6EJdom  Q9dEOPM IO
2R 09RO BoBHO0JLoLgsb. sOBYOMBL BMbsBMYds, B LEGHOMINOo 333Mmbg6EJd0, MMAMOOESS
bmgdomo  MxM9Yd0, 9JHOMMIWNOHO  MXOJOIJO0,  BOOOMOIWILBHYO0,  [o®M0ddbgd0sb
Lodbogbols  dogdBHeodul BOPOL  BoJBHMMGdOL, 96 30EH™I0bgdOL  Lodslmbme, GMIWwgdos
39dmogmazs  LodLogb®o  MXMIEOJOOLYSD, b A99JEHOMMIPIMWO  FOBIOMIILEHYGIOLYD.
3 3HYMbsBHOMWs©, LEGHOMIMWO MXMJIO0 Fgodwgds Fowgd 0dbsl 0d LodbogzbyGo
IR 9090096, OMIWGdTs3 2960350IL 93009 H-89H96J0dMOO BHOIBLBMOTsE0s [14].
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Ki67 §o6m3moagbl mx69gool  3OMmEongMe3ome 9sM39Ml, Mmdgwos Yy3gwsbg bdoMo
39900996905 530030L930560 LOALOZBYIBOL 3OHMEWOGBIMHSE0MWo 3MEIbE0swOL  Foblsbrzmols
doBboom [15]. Mg 9ggbgds 9bMIgEHMomeE 3503E0bMdgdL, d08E0bscgmdl 33w 93900, Ki67-ob
3990g9gbgdsDg, JoMmGAoMwo Bs6g30lL  9Mool  gobloBzMol dobbom, 3MHgMIgEsEoE
dsbognsdo. ™3, 80Mbgozs@ 0doLy, MM Kib7-ob 9dudMglos Ls®HIMbm@  SLME0MEYds
96393 H0)o 35630608930l 5303019005630l bserOLbMS6, dolo o8mygbgds 3GIMPbM B
95639650 dMMmI©Y IIVBEIOHIOME0 5655 [16].

303Q0b A, IRMIQYWO 303LoL  I>MYRILOOIILO 30w, byl figmdl  YxOIRIdL
3OHME0xgMO305L s dgLsdsdoby, LodLogbol BEOIL. BsGoMgdMwo 33193990l dobgzom

509mBby, MMI 303e0b A-U 9Judcmglos 36083690 m3bs 0BMHYds B0 3MIMMOGRIMSEF0IEXO
33963050l 9dmbg Mx6M99ddo, 3mb3MEWMWs© 08500, OMIYWMSGE o069l G1-S Gobo.
d9Lod530LOE,  LBO3¥MVMOMs, MM ol (oMmBmabogl  gbMIgBHMomwo  39ME0bmAoL
36MHME0g39M5300L Ls0TgE™ doMmdocmzgml [17].

HER2 80930736905 500580560l 930009608000 DOH@OO0L 5359 mM0ob 6193933 MMm900L myxsbls s dolo
3999BH0M905 0§393L YIXMJJIOL ) 3MbEHOMEM IYMGBIL. 508MmAbEY, ®Mmd HER2-0L 4oBMoowo
9gu3egLos  4b3zgds  9oMIYEHMOMOEMEO  39ME0bMIgd0l  10-20%-80, bmem  LyHMBYWO
39030bMAgd0L  osbwmgdom  14-80%-00 s SLMEOMEYdS  9350JOOL  3OIMAMGLOLMSD,
O0RIM96(305300L5 s (391 FOWIMBIboL F5B396909W 6. BMYogHMTs 3330935M3d 5¢BMIBOBS
306Ogo30s HER2-0b 900535609309 94udeglosts s 1odbogboll boGolbl dmGol. Fomdo
99b36MgL0s Fgodegds s0bLBLL 0bE030IsEH 33¢g390d0 Fodmygbgdmwo 60dxdgdols dzocg
bmdom, 3wobozmMmo s 30LEHM3OMWMAONOO  Bog@GMMJdol s  33eg30L  FgmE9dol
3obLbg0390MMdom, MIEs, M59EYbodg 933g3560L  SBEMOom, HER2 Jgodegds oygmb
396M39JGHoMwwo mgms30wo LsdoBby 9bmdgBHmonwo 3503E0bMmIgdobmzol, Mog dmombmagl

33w93900L F98amd 33O dgegdab.

bogoMmMs, HmA PIK3-PTEN-AKT Lologbseom s 439ms®g bdodmo 033egds 9bomdg@mowmem
39030bM3sdo. ol 5O MoMmYOL FEM635¢ 3OMEILL, OMYMOOESS 3OMWOGBIMH3E0S, S3Mm3EHMDO,
X OIJO0L DOH©s s 9600M969B0. bmOTome MxMggddo PTEN g9gbol 3Mm©vddo,
030YO0 BmbRsGIBS, MmMAMbsgl PI3K-AKT-mTOR ULsbogbsgom gbol sgd@ogmdst. PTEN
R96J300L Bogagdmds 0fj3g3L 99 Dol gosdBHomEmdsl s YYRMIOIOOL 3OIMMORIOHSEFOSL. 58
Lobogboenm aBHgdol (330000930 3e0bEYds 96MIYEHOMOIO 350 E0bMmIol F9dmbggzsms
Q9bmgdom 80%-30, 0mw)d3s, dolo 3538060 LodLogbol LEvOsLMLL, 0635BoOL Low®mdgls s
0dx® 335609030 39ELEIBOL Hotrdmddbslmsh, oILEHWMIOIEO 56 5MOL. S1939 50BMAb.,
03 GodOHMBESLGHJOOL  BOOL  GBodBHmOoL  MH9393GHMMIOoL  FMGH30gd0  33b3wgds
9600™393H0)o 300ML s9bMmgdom 12%-3o s 0bobo oMM Ws35300609dwos PTEN

3960L 53964300l 535630l FES3090Mb.
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bbgoobbgs  33e939000m  boBggbgdos, ®md Lmwow®mo Lbodbogbggdol 3MmaGmglosdo s
39b6LO3MMOgdom  FgBHILEAIBNO  DBOsdo, 860d3bgEMm3sb Bl 585dMdL 930 ME-
d9B9bJodmEmo  GHEMBLGZMEOTs30s. 93009 m-39HgbJodMmo  GHEOBLRMGOs300lL  OML
93009)H0 LodLO36wIMHO YYxM9Id0 0d969b F)BYbJ0TME FMOTBMEIMYOL, B3 5530 GOL Fo0
99903 0635D0sL o Joa®moosl [18]. bLbgosolibgs 33wg39d0m bsbggbgdos, M qu@mmygbols
09393G™M900L 39030 9Ju3MLos LoMHIMbmE SLMmE0MYds 9bMIgEGHMOME 35ME30bMAsd0
93009 )H-39H96J0M0 BHEOBLRMOT>300L sOLGdMdLME [19].

d93MMHo s doMOM3MEo 39dsboBdgdo, GMmIwgdog LoywAdzwsE MI3L 930mgEYIO-
99964086 BHEMBLEMOT305L, 3033 gJuIM0s s 0boEOMEYds FMSZ5E0 LoD M aBoMS
5 BHMBLZM0RE00L BodEmOom. Lodlogbol ozMmysMdMLs s LodLogbmE MxMgEIdL dmMol
©o0bsdoMmo  MOMoghHmddgEgds  slg3g byl MhgmdL  g3omgumM-d9BgbJodeo
G®9bxBMOs3008 0bMJ30ol s 0f393L FGEIBEIBNE  3OMaMgoMgdsl [20].  50bodbmero
36OHmEqlol  ghm-gomo  8600369wm3zs60  dmerg3MeMo  Fobslosmgdgos  E-3500396M0bols
9Ju3GMglool  Fgdzocmgds 9B LOMEO 39635,  BMIol  2odm3wgbsz  Fgbodergdgwros
0996m30bEHMJodoGmo FgomEom. 530030190056 LodLO3bggddo 930MgWMIMHO MK MHIIMMOLO
393006930l 53956035  E-350396M0b0Lb  0b30odoMgdom  360d3bgemgsbos  0bgsbools o
39BHLGHIBJOOL  2963000560930LMZ0L. BogsMsMEMs, MHMI 9bMIgEHMomw 3560306Mmdgddo  E-
3903960060l 9Ju3mglool  sJ390009ds 53538060 gd oS  BoALogbol  0b35BOSLY S
99BLGHOBYO0L 296300560 9dLMb.  93EGMMGOOL  F0ge  BoBHIMIOMEO 3309390000  FOPOWO
bse0olboL 9bMIgEBMoMwo 356306MmTgdol IJmbg 35309639080 IROJLOMES JG3oMYW IO
359396900l 3603369¢0m3560 930000905 (E-3503960060 5 A-35396060),bmenm 39%96J0dm6o
306 396M900L qL3MGLOOL ImdsBgds (N- 3500396M0bo, 30996¢3)060).

333MOms dmbsgdgdol dobgzom, 9bmIgEHMomE 35M306Mm30d0 E-35039M060l ©o356235
5OYBOMNOQ  SMEFOMPYdS 353096GH0  2osMBgbsMBdBMSD. Fglfogarowos E-350396M0bol
994b36M9gLos 9bMIgEHGmOM 35M306MBsd0. oo 33930l dobg3000 QsdM3E0bEs, GMI E-
3903960060l 08MbM3olGHMmJodomMo 5395035  SLMEOMIIMES  530030190056MdOL  Dowogn
bsMOLLMIb  2oMms E-350039M0b60ls g30m9geM-d9H9bJodemo  GHOMIbLmx®mdszool 3Mmigldo
96039369 mds 9603905 B-35396060L 9JldMgLosl, HMBgwroE HoMmBmagbl 30039M0b-3539b0bols
3M33gdbol bsfonls [21] .

330939000 6583969005, OHMI GHGBLIO0RE300L God@m®mol, SNAIL-0l, gJudeglios 4oBOOW0S
960™393H0dol OHMyME 3 306390000 LodLogbggdol, sligzg 39EOLEIBMMO IBOBYdOL M.
533)MMg00L 8096 250m33wgMe 0dbs 93009 ©-99H9bJodmEmo BHEMIBLEBMMTs300l LEHSGHMLO
96™39@®moo Lodbogbggdol sEMYMeE 93o39dbg s 50BMBBEs, ®Md SNAIL-0b 45BMHOEo
99b3MgL0s  bOLOSMYDYE0S 3506350 MMO s Fomob3z5BoMMO BESOJdIOLIZ0L. 1939
50dmBgboos E-30039M0bol 89930090mo s SNAIL-0l d06m3wmwo 9JudMglbool 3533060
0dx® 335609080 d93)oLEsBYOoL Ho®mdmddbsbomsb [20]. gots s8ols, TWIST1 bgwls mfymdl
93009 Y-d9B9gbJ0dE BHMBRMMT>305L E-3500396M960L 3060530600 0O bgom, 56 BMI-1-
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ol 9Ju3MHgbooL  AOBOPO®M. 96E0-53M3GHMBNMHO  M30LgdYOOL  godm, TWIST  gobs30MMdgdL
960™39EH®M0E0 3560306M37d0L d9gE9© 06530 G300 B96MmEH030L Fo®dmddbsl, Moz 0f393L
d0mdgBHModdo ©Mds 0b635Bosl s SLMEOMEYds F9IMBI6OL (31 3OMABMDMb. M3,
LAOGOLEH0IMM® 360d3bgemgzsbo 3538000 TWIST-bs @ wodnwed 335609080 dg@sLEsBYdOL
0o63mgdbsls Bm®ol;, 56 Qodmzegbogns.

E-35039600bol  abasgboo  B-39¢ 96060l 9dudeglools 9930609053  SLME0MEYdS B
390560965 MBLMIL  9bMmIgBHMomwo  35M306m3oL  ddmbg 3530963 9d80. dommzmEo B-
39396060l 03bm3mBoGHomM™Mds  sMOL 30390 BHodoL  9bmIg@morwo  35ME0bmAol
dng3MOHo  obslosmgdgwo.  dgs bBbGo 39380600  g3omgEre-09D9gbJodmm
AGOBLRMOs300L5 s MY300030L 96 FgEHLEIBIOOL 49B30MMgdsL FMEMOL, X9H XIOMIO”
396500 9oz 5Mos [22].

oMM §egddo 256Ls3MmMHIOME0 gMMOEMIds 993939 LmoG Lodlogbggddo, Lodbogbol
3506530 GHM0Md)o  WoIBME0GHJOoL  33wg39L  [23]. gbmol dbMog gl godm{zgmeros
56589000Mm39 00996MmmgMs30vImo J0EMIGdoL 2o63005M9d0m, GMIgwoi Jobbs olobsogl
dsb30bdgmo  MEYS6oDBAOL  0IMBMEGO  LoLEBIIOL  gosgEHOMMYOSL  530030L9gd0sbo  Lodlogbols
foboomdgy [24]. Tgméglb dbMog 30 b5B3969005, ™3 LodLogbol dsobxzowEHMoMmgdgwo
0dxmE0Ggool  Bbgoolbgs  Mom©gbmdom  sMLYdIMDdY,  goblbgsgzgdmws  SLMEOMmEYdS
530301990560 LoALO3bggdoL 3OHMYBMBMB. 93EHMMYdOL dobgz0m od™EGH™mJuozmmo CD8+ T
0dxME0GJOOL  sOBGIMDS  BIROGHOWME 300095305005  30LEHMEPMYPOME  53003090056MdOL
bsmHobbmsb, domdgB®mome 0635H05Ld @ WodRME 335639000 99E)oLEIBIOOL sOBYOMDILMSD,
9600393 0o 35030bmdol 9gmbg 3530963 9080. b CD4+ T ¢odxzmiEo@gdol sOligdmds 30
5MHYMBOM 3MMGE5305d05 30BEHMEMYOME 5300301900560l bomolbmsb s domdgEMomddo
0635B05Lmsb.  dbgoglbo  Tggagdos  Bobobo, CD3+ T @odxmEo@gdmsb  800s6:090530.
960M3gBHHomo 35603063930l 0dxnMG 3356d30 Fg@oLEIBYIOL SMLYIMOILMID Lodlogbols
950630 @HM0MGdgwo  @odBM30GHJOoL 39380600  sbgzs  bsB3gbgdos  Lbgs  533™EMgd0L
33093580(3[26]. 339, 5060360 Lszombo LsFoMHMmgdL oGO0 FglHogEsls. 2O sdobs,
LoEIoLlmE 5MLYdIME LsdgEboghH ™M OoEBHIMIGMMSTo 56O 0d9gobgds Bmbsi3999d0 Lodbogbols
9506030 @HM0MGOgwo odBME0GJO0L 3530060Dg 9bMIgEHMOMEo 35ME0bmAol MHg30030L
296300560900l 5¢d5MIL6.

bbgoolbgs  33e0g390000  65B3969005,  9bomdgBHGmom  39MiEobmdgddo,  Lodlbogbols
950630 @GHM0MG0go 0IRM(303HJOOL SMOLGIMIOL BIRsE0OO SbME0S305 303 MLy bsB-2-
ol (COX2) gduddgboslomsb, MmIgeoz msgolb  dbGog  HomIMoygbl  9bmdgE Moo
390306m3700L gOHm-9Mm 3960sd) 3OMAbMBMY T39Ol [25]. COX2-0l FoMdo 9dudcglos
0539390693905 69MsbyomagbgHmsb, 39@3oLEIBMO0 BOHOL MBIMMIB WS 3 3OIMPBMBM6.
933H™Mgdol  dobggzom, 53 963900l  9JudMglos Bowowros 9BEMAYEBHMOMO  35ME0bMIoL
d90mbgg35d0 Bm®mTscmo 96MmIgEHModol 60dw9dgdmsb dgsMgdom. 9)d3s, Loegobm
3OLYOMEO WO GIOIGHMOMEo dmbs3999d0, COX2-0 3MMAbMBMEo oMgdmgdols dgliobgd
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9600M3gEHHoM  39630bm3d80 MOHPO0gOM[Hobss0IIAMIN0305 ©s LSFOOHMIIL ITEHJOOM
399033350.

OMamO3 300mbo30sb Rsbl, 9bmdg@®momdol gdomgerymo Lodlogbggdol Mg30o30Ls s
39BLGHOB0MYOOL  BbMmBHO3MMO  obobosmgdEgdol  dogds  odBHowed  BsBsdos  ©d
960360393690 3560 3mbs(399900 301 Gglobgd 56 SMLYGOMBL.
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Abstract

Endometrial carcinoma is a common gynecological malignancy, the incidence of which is increasing
worldwide and accounts for 65,620 new cases annually. In Georgia, uterine tumors take the 3rd place
in prevalence (13.3% per 100,000 women), and the 4th place in terms of mortality (4.8% per 100,000
women). Among endometrial carcinomas, endometrioid carcinomas are the most common, accounting
for approximately 75-80% of endometrial malignant lesions. In recent years, there has been no
significant improvement in the prognosis of endometrial carcinoma. It has also been shown that tumors
that appear at an advanced stage with a high degree of malignancy and aggressive histopathological
features are still common. Adjuvant therapeutic approaches today are still complex and contradictory,
and there is only a small selection of treatment approaches for metastatic disease. Still, a significant
difficulty is the reliable identification of the subgroup of patients who are at high risk of developing
recurrence and metastases. The search for phenotypic characteristics of recurrence and metastasis of

endometrial epithelial tumors is in an active phase, and there are no unambiguous data about them.

Key words: endometrial carcinoma; prognostic markers; relapse;
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Pemphigus vulgaris: a clinical case Report
Rusudan Kuliashvili- Marina Kuparadze?, Gigi Gorgadze? , Natalia garuchava?, Giorgi Zhorzholiani?,
Mariam Morchiladze?
1Greek medical foundation hippocrates

?Tbilisi State Medical University

Abstract

Pemphigus vulgaris is a disease belonging to the group of rare severe autoimmune bullous dermatoses,
characterized by the formation of various painful morphological skin elements on the skin and mucous

membrane.

In this article, we discuss the case of a 32-year-old woman, who developed a rash in different parts of
her body one and a half months after her third delivery, in particular in the back area, from where it
spread to the whole body. The case is interesting both theoretically and practically. From the described
case, it is worth noting that in the anamnesis of the patient, a few days after giving birth, the
development of rashes on the skin and in the oral cavity, difficulty and discomfort while swallowing.
Though treatment was carried out by the dermatologist, the process progressed, the condition
worsened, the intensity and severity of the rash increased. The rash appeared on the skin first in the

back area, from where it spread to the whole body.

Patient applied to our clinic for diagnosis and treatment. Multiple bullae, vesicles, erosions, ulcers-
hyperemic head with serous hemorrhagic crusts in the center are detected on the background of

diffusely unchanged skin on the whole body and on the mucous membrane of the oral cavity.

She is constantly under the constant monitoring of a therapist, endocrinologist and dermatologist. No

recurrence was observed for several months. The patient is on a maintenance dose of Metipred 8 mg.

It is difficult to talk about long-term results, the disease progressed in a difficult way, currently

remission has been achieved. There is no place for additional complications.

Keywords: Erosion, Ulcer, Dysphagia, Hyperemic head, Acantholytic cells.
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SLOGIGOS FCE0IGROBIUR0Y
ASSOCIATION FOR SC

50000MdM030 bgMzw9eo 30360MYM93ML Mmoo Bs330MUBML ggerols
0639300900 69m3sBogdols 3hmyMglinsdo

3603037900 303mboggs
300630 3Mm303H0dg!, moms 39341e5dg?, bobm 093Bsdg?, omMyo dm®m3sdg?

lmd0obol bLabgwdfonm Lsdgwooobm mbogg®lodgdol PhD LEmwogb@o; 200d0wobol Labgwdfogm

1539030bM b03gMLoEgEHOL PhD L3 o; 9Jodo 3s00memasbs@mdo; *mdowoliol Labgwdfogm

15390030bM MB039MLOEHIEOL 35MEMYONEOO 565BHMI00L Y356ME9TIBEHOL MH0WIbE0; ‘dooliols
Lobgedfogm bsdgoEobm MboggdliodgEol 3OHMBILMOO, MM 35MEMAO00L I35MESd96E0L

b9wddm3zsbgaro;

5BBEIHO

39Moxgmomwo  byMgmwo LobEgds [FoMmdmoygbgb Lod30WMLBML  ggwol JozMms6gdml
930909 3m33mbgbBL. 6363900 sbMmM309wgd9b Fobogsbo mEysbmgdol oBomwmyomeo
536930900L OgaME0Mgdsl, 1939 IMbsfowgmdgb GHMmMEB0IMEo BMbI300L AoBbMmME0gwgdsdo,
Jumg30ol 2963005693580, 50MYIBILS s MYRgbgM30530. 1939 3bMmdOWOs, GMI bgmzmwo
Q3MEMYOIO0 53530LvBgd9b bLbgoalbgs byoMmE®mobldoEgdgdl. Jumgowols 4ob30mamgdols
@ 693969653006  ©@OHML  BgM3900L  BOOL  LEBOTNWoMmgdol  J9doboBdgdo  ©WgIwY
399963393900 ©BYds. LodLogbME 3MHM39Lgddo bxM3o B03OMYIMYIIML MO XM 3093 SO
5ol dqLfogrowo, d3s d0d0bsegmdl 0bEHIbLlomMo 33w 93900 BgMzMo  Juimgool
00m356 3960900l 2533w bs®© XIOXIOMIOm, JoLgdMwo 1336900 Jommomgdls bgMHzmwo
LobBYdob 3mEHIbE0IMS© 3OOGHOIME OMEbBY 3963960MygbgHTo. LyobEHIMgLbms 0dol glfogwns,
099 05 OMEL 058530396 Lodlbogbols byMzMe MgyMsE0sdo Bbgs Loboabswm Imerg3mwgdo,
HMI9003 GHMIOGOIWIQ ©939300609d0s BgM3zo LoliEgdol Lbgosslbgs 3vbd (3090096,
0050 5093OMNOQ  BIOMMWO  9M056  39639OMabgHTo.  bgez9d0Ls s  bgMzmwo
9900053H™MM900L OHMEOL IGO0 493905 39639MMabgHT0 Tgodergds Loggmdzgaro Asbwgl
5boE0 00MF6396M900L 0©IbEHOTR0E0MYOOLS s oo 36019396300, s5EMYMEO Fodm3zwgbols
96 0996530190 BEGE Y0900l G98+9853900Ls bbgsalibzs GHodol Lodlbogbggdol gdmbgzgzsdo.

1553396dm LoEyzgdo: LEA30WMLBML ygerol 30dm; 0bEMG30MYEIMHO bgM3WsDBOs;
3036Mm56Mm90m; 6gM3meo LoliEgds;
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3960n9009wo 6903900 §oMm3Mmog696 Lodz0WmLBML ygwol MxMgo JozOMYsMHHIML
930909 3033MmbgbBHL. MHMAMO3 yzgms Jumzowo, bsA30MLBML ygwdog 900bodbgds
LgbLMOMo, 53BMbMmTonHo  (LOB3sGHOIMMO @S  35MLOT3SBH0IMNO0) /56  FMGHMOMEO
69639%0.[1] 6963900 SbmEME09wgdgb Fobsgsbo MmMRsbMmqdol FBobomemyomdo RwbJzogdol
92 0MgdsL, o939 dmbsfioErgmdgb GHMHMEB03MWwo §bJEool gobbm®mEogwgdsdo, Jumgowol
3963005690590, 50A965LS s M929696M5305T0. 515939 36MdOW0s, HMA bgM3MEO EIdMEMYdGdO
53530LRW0g6  bbgoolbgs  BgoMOm@EGH®Mmbldo@gMgdl.  Juimzowol  Asb30msMmgdoLy s
93969605300L OML BxM3900L BOEOL bEGHOTMoMgdol 39dsboBdgdo ®ITE A9M33939WO
Bds.[2]

LodLbogbmEmo FozMMYsMgdm Lologmiabemo d0d3bgermgzsbos bbgosslbgs Lsbol Lmerow&o
LodLo3gbgxadOL 0boESEOBS WS 3BIMAMILOMGO530. IYZMM30Oo 333039099 9d980 B0IOMYOL,
603 bgM39o LobiEgds dmbsfowgmdl Lodlogbol gsb3005M9gdoL yzqws LEsosdo s slY3g 0d
363969030, OHMAwgdog Hob MUHOGOID  SbofoMTMbsdabol  A9B30056qdL,  Fogowoma
GQMO0E00  356309oLol  0bGHMsg3omgwymo  bgm3wsBos  (PanIN) o6 3GMLEGEGHOL
06¢®5930090M0 bgm3wsHos (PIN), Lodzowmlibml ggeol 0b@®msgdomguw®o bgmdwsbos
(CIN) 9 5.9. [3]

Lodbogbwme 3MM39L9d30 bgM3zMo F03OMPIMYIIML WO XIO 30093 96 SMOL Tgbfagerowo,
09)9d3d  9000bsegmdL  0bBGHgbloMmo 3393900  BgMH3Mwo  Jum30@oL  B0MTMmIYMGOOL
399053 gbs, MHMYMMOEsS 356-bgoMmbrwmo om39Mm0 PGPI.5 (36Hm@Egobols ggbols 3Gmowd@o
9.5/UCH-L1/PARKS5), sbggg Ubgs bgo®mbmewo 80mds6396mgd0:  39M0igmobo, III  GHodol
3995090 MM0  Bowsdgb@ol  gows, GHMOMwobo B-3, 00OMBOL  IoOMJLoWSBs @
39H039909600 53930 JMobol 49s9Esbo dmergzmes (VACKT). go6qs 580bs, 3960589000
30MH0 YYxMH9Jd0L (33560l MxE9gdo), GFAP, S100-0l 459m3wgbs 0d9bm3olEmdodom®o
A99bmmyoom. 51939 dgLodEgdgos  bgm3900L  gobsfiorgdol  Lod3zMo30L  YobLLBEIGL
BOBOWWO 565¢0BoL FHgdbmermyools godmygbgdom [4].

LodLbogbols JozMrMYPSMGIm JmoEsgl 086G, LolbIowm3zsh s bgMzmer 3md3MmbgbBHJOL, Mog
BOM6390gmRlL 565 TBMEOM®  ©99350JO0L  3OMYOGLOMYOSL, 9M6TJE 293 gbsl  SBEYBL
0965309900 Bs6930L Tglodergdermdgdbya [5]. F0bgsgzs 0dols, MMT sGBYOMIL MYMOHOMEo
3@bs Lodbogbols s LodbogboLobstyg 3MMm(3glgdol dglsdwrm 0bgMzs300L Tglobgd, Xx96-
X9IOMO00 56 SM0L 25633990, OHMYMEO J0dObsMYMdL 6gMZ3MEo A96M9IML (330 YdJ00 ©
3960053960090 6306Mma960B0. sOLYOMdL dMbs399900, LoALOZBOLYE sdmMmmI30L¥IBWYdMEIO
935mbMmIgdoL Gemerol dgbobgd Lodlogbol JodsMm SJumbmagbyBol 0bwvydi0sdo. gabmlimdgdo,
990065b5bmob 5393800900 35BHoMS  39D03MWgd0s, GMIWdoE 99039396  Lbgsolibgs
d0g53LL (©bd, MBI, Jo-MBA, 03000 S (30¢gd0) s 0393V 3500 LOALO3bYMO F03MMY>MIGIMU
505¢0 pH-0Lsb. obobo slg3g FoMBMoygbgb M35 MMO S WOLEHIWMMO 3MIMbBogsEooL
989dAHME  LETMogdsl  Lodbogbgls s 3mEgbEoMMoE  Bs0byMz0Mgdge  bgM39dL  FmMob.
1539605 ME, bx0OMEHMM306900L, SJuMbol BOHOL FsGMYYME0MJdJWo M3l
93 5mbMdgdol 3m3d0bs3E0s 9OHNMI035 3Mdsmdl LodLogbol 0bgM35:300L olsdwr0gMdS.
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23903390 3309308 99009390 Bodz30mbbml ggerol 300mdo 0b6gM35300L Fglogaligders
00996030LE™J0d0mEs© 900935 B30 MBML ygarolb Lodbogbolb ddmbg 35:3096@gd0l bodwdqdo

B-IIT  GMdMwobdg s TRPV1I-Bg (Lgblbmemwo 0s639600) ©s 09oms  bo®dsery®
15930 MUBBML 4gel. oMgdMEo 990939006 25dmIEobstrg, HPV-owgdomo bsdzommlibml
ggwol  Lodbogbol  MYxMgEMo  bsHYooEIL  BoegdMwo  gabmbmdgdo  9x39dGHMO©
3L EG03mE0M9096 6x0MHMbBYBIOL BEHIL. 58 FMbs399900m LgblmEmEo byMzgdo dooBbggzs, Mmymes
15930 MUBBML  ggeol  Lodlogbol B03MMAsMYML  3m33MbIBEBHI00 @S  LOZIMOMOMS, ™I
LodLOZgbMEO FomdMmTMdOL 9GABMBMIgd0 byl MHYmdL om0 MroMEYbMBOL oBOIL [6].

3OLgdMBOL dMbs(399900, GMI LodLogbol FozMMYsMGIM 033w gds LoALOZbOL 2563005MGOSLBMI6
905 S gb 3OMEgLO FMOZ5LOBIHMEG0605 S FMO(393L 9J3L BLYd0? 330 gdSL: MFy39E@0
3OMORIMOE0MWO 5§ BH03MB;  93M3GHMDoLASD 2993939  B9BoLBHIBGHMdS  BeOL
LoHobosdgam Loabowgdol d0dscmm; sBb0MYgbgBo; MLsLlEGWMWM Mg3w03s30s; 0635%B0s @
39BLGHIB0MYDds. LoAhbsOMm© BxM3o LobBgdol Hmero Lodbogbols domermynsdo X6 3093
OIS 56 5OOL Jglfogwrowo.

LodLogboll ML BgMgmmo Lod3zzMogzg yobobowgds, MMM 360d3bgwm3zsbo 3sMsdg@®o,
GIgebsg 993l 353096G0L  89093990L  3OHMbMBoMYdoL  3mBGHbEosmo.  sMLYdMEO
93039090900 F0MPOMYOL 3MOHIWS305Dg bgM3meEo LLod330M039Ld s 29IMBIBOL odsE
956396909l, M9300003L5 S LHOMEIMM FodMBOZs DY dmddgo LBbgs 356539EMYOL FMEMOU.

69M3meo B09336030L M350 A96TIMEHGOS SMLGIMBL. 00 BA0MmS® FoBOLEBOZMYDS, MHMYMb3
BgM3mmo 9eg3963gdols Gromgbmds Jumgowol Bs3zwrgy BsOMMBBY, 03Mbm3olEHmdodommo
A99bmemyoom [7] 96 393s5@mdLogob-gmboboom (H&E) d9mgdoe Jumzowm3zsb sbsmeqddo[8].
069635305096 535380609390 y39ws 3960mIgb0, J500 Mol SJuMbMA9b9B0, bgoMmygbgbo o
B0 GHHM™30B30, Logs®momm@ 360d369em3z5605 Lodlogbol dommyoobmgzol, byMzren-
193693020 BH3sILBIS BodBHMMGOOL Asm3seolfiobgdoom.

Lbbgeols 130009565b¢g0500 X M90900 B0B0IMM© DM ME0s 5bs@MI0ME LogM399030
5 30b6GHOHMEYds I9HMdY MR M9JOME MONOgHDMIOL Do [9]. Jorbgsgs 0dols, Hma

©96H™3560 MXOHIOOL MOoMMGMo 60ds ©6035¢MM0s BMOIOLS S BB 300L MZseLIBOOLOM,
960 BogOHmm FobollosmMgdgo MO bgM3ME0 IdMEMYDJOOL SOLYGdIMDS. BYMH3900 5JE0MMI©
dmbsfoergmdgb  dmge  Ubgmwdo  Mgemzsbo  Mx6m9ggdol  Bodgdol  Bsdmyseodgdsdo,
339gmbGHsDdo, 3eoliB03MMdsLy s MYgbgms30sdo [10]. 98 60dgddo VgmM3s60 VX MYLIOOL
33530900 39653900 296L53MNMGOME MmMH09bEIE3000 FgBMBYE YYRMHIOIOMID
6963980056 808560009000, MO0 35UMbOoLdYYdIbo 5M0E Fomo BOOL MYAMWOMmGdSDY.
39093560  Logbosegdol  sMLYdIMOS  MYXOJEM (30300 Tgbolgrgs  HoMmdmoyqbl
36003690356  Logmb@dmmm  fadGHowl, ©mdgroi byl Mfymdl  m3mbEHOmEm o
530301900560 BOOL 5306  530wYdL. IOMZ9B0 MROYEIOOL B350  BHo3oLm30U,
5RA0WMIM030 69MH3ME0 IOMEMY3900sb IMIObscmg BOHPOL Loybsgdo 30w gdgE0s
339gmbEGOGH03MM0 0gOHM3560 MXMHJOIdOL 33300l BodFo®mM30L TgbobomBMbyds.
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69O3mwo  MgymEocmadol gl LobGgds gMm-ghHmo  306M390s, MMIJELSE 9300301900560
AG®bLRMOo3001396 F03535¢ 2BsBg LOALOZBYMO XM 0Ygbgdb.

6563969005, M3 L0A3sGH03WMO bgM3mwwo LoLEGIIOL 5MIBYIORMEO 3™ F3M00 BIOMMWOS
Lodbogbol 3MHMaMILOMYdOL  Lohgol Bsbgddo, [11] bmerm LodbogzbmMo Fo0bgMzoMmgdgwo
396510d35m0379M0  bgMzmeo  LolEgdol  Jmeobgbymwo  dmF3mgdo  B6TI6EHIM0S
LodbogbmEo  YNREIIOOL  0B35BosSLy s BogMszosdo  [12].  sLLb0dbsg0s, ™A
3999 5806900L5 S 539G IMEobol, HMAW G303 bgMH30 IdMEWMGOGO0ID odmoymazs,
L5FOBOYL  HoMBMOEYIBL  LEGHOMIMWO  MYXMJOJO0, OHMIGdoE  99JL3MJLoMYGdI6 B-AR  ©d
dm35M0bm M9EI3GHMOIOL. b 330603905 SILBEHWMGOL FMLSBEOYOL, GMI F03OMYSMGIM
3930965l 9bgbl LodLogbol domwMmosBg [10].

36OHMBEGHOL Lodbogbol JmEYEIOL godmygbgdom, bsBgz9bqd0s, MM Lod3sEozwmemo byMzgdol
353050 dEMIs LOALOZBOL 30MH39WHPO BOS O sMERYMBS FmEMgmwo F@sLESIBYdOL

393639905, 3OMLEGOL  BLoALOZboL sEOMIME 93BG RoBOMGOIo LoB3sBgdBHMdos ©s

Jodomemo ©9bgM35305 969gEgdL 9350 gdOL 0boEFoMYdIL. U 3393900 93egbl bgGm3mwo
LoLEgdolb MGIBOOZ MMEL 3OMBEGHIGOL Lodbogbol MM; Lod3sGnlwcmo bgMzgdo, HMIYdOE

b9b MFYmdIb 593500900 0boEOMYBL O 356M10F35070379M0 dMF3M900, HrIYdO3 Yo3gbols
3b9bab 53500900l 3MMYMILOMGOIDBY. 1939 65B3969305, O™ bgMzmeo Bo3MMAsMgdm byl
2Pgmdl 55350930l 3MIMYMGOMGdSL 379F0L LOALOZBOL EMMLYS. S1939 99EH0IMI® AobObOWGds
30OGH0BMEo, LEGHMILOL FMoz5M0 3mOMmIMbo s MMAMO Fgodwgds ol 3mGHIbE0MEMsE 0gmb
Bormmo  3935@M39IEsMeo  39G3E0bMAol  39630m0690530. boByoLalidgwos  bgMzmen
LobGgdsdo bbgs Loliogboenm dmeg329egdol Igbfagerols 360d369wMds, HMYMMOEss MmdloGmzobo
@5 oo M9393GHMO0 s OHMYMO Fgodwgds RO ogmlb olbobo 3s639Mmygbgbdo [13].
399960D39d0l  9BHIWMMS© 2oggds 0dol Tgbobgd, vy OHmame SMHoL BgMzmo LolEgds
Bormeo  35M306my9gbgbdo, 3m@GHabEomMo 890dwgds ©ogbdsGmml sboo B0MIs®3gMHdOL
0©96@08035305L s sbogro 36939630MWO O MYM30IO  LEMOBHIR0gd0L  T9d)F539d5L
Lbgoolibgs Lodbogbols ML [14].

LodLOZbME MYREIIOL 5930 AbYogLo FoMYYME0MJdgo LobZHYdgdo s §JadGMOMbYE bgGmzmen
IR O90JOM0  AbaogLo  FobobosMYIgdo.  FMbs3gdg00m  ILEHWMMEIdS, M3  Lodbogzby®

IR OIIOL 930 gd0m dgBHo duyogLgds sd3m bgMzmee [obsdmMmd/0gMHM36 MXM9YdIMIB,
300069 99H9bJodmwo FHodob MXMgEI0Msb s GMI Lodbogbols (oMmBMIMdS [oMBmoYgbl
X990l 56 MXM9OMo bsHgdol 0©IbEHMBOL M9BIMIBMBOM 35630l s ByMzMwo
2R MJOO0L  obolosmMYdgdol  Fgdgbol  3MmigLL.  slggg 9608369 mzsbos  Lodlogbols
9309 Y-d9HB9gbJodEmo  BHOBLEMOTo300l gobbowngs, 3mbzgnEools, GMdgwog dglsdarms
960083690m3560 oyml LodLogbol sHYgdsly s 2sbgz0mMscMdsdo. gl LobmgBo 0dgrgzs sboen
d9b900 9093l LodLOgbol Ho®IMBMdOL SBLBOLS S F9bsdY 5FMY36MdO dmBgdOL globgd, Mog

890d@gds 5 39903wobEIL o3IO INYIN OO Jmgwgbgdol 33wg3gd0om. [15]

69M3sBoMG MR gdLs s 6goMmMbYdL ImEMOl MOHPogMm]dggds bgds 6o dbmemo
69030 wgdml dogbom, GmymMi g PNI-ob 6009939030 500b0dbgds, 50989 dgswm
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6903 ©dMEMIdgdbYg. F3560L MXMJOIIOL  SOLYOIMDS  (39¢ 390 B3N dmFImL
©OMMYdsdo s 3963M9oLol YR MHJEIOMID  3MBEBIIBHT0  IILEHWMGOMW0S  OMYMEF
9600M36MH0bMo, oby 9abBM3O0bMwo 3s6309560L Jumzowdo gargdGHOmbmwo dozMmlzm3oom
135b0MGIOL  EOML. g MOPOYOMNJIJEIds  LogoMIM©OM©  BoMPRMbgds  F58obsis, B3
930009IMH0  MXMJOII0  2M0Jdbgds LodLO3gbME YR Ids©. 835601 OBMmEoMmgdMwo
IXOIIO0  25dm30obs  Mog39d0Ly @O 5s305boL 39636950l 0bEHMOg300g GO
69m3sBool  (PanIN)  @sH0569d900L  a56MH39dm,  35636M9sLbol  0635BomMo  LyobOHmgzsbo
5Q9b6M356M306Mm3ol  [HobsdmMdgo  Jsmm@myool  @OML,  sBY3g  LOTZ0WMLBML  ygarol
06593009 mM0 5gom3wsBogdol EOMLSSE, Mo3 F0Im00gdL 93560L MXMYEOIdOL MM DY
LodLOgbol 3MMAMILOMGOIOL SEMIME BESE0JdDY. 83560L MXEMIIOL, CMIwgdog dF0oEMOHMO
©139300600090056 65g0MHMbYAL, 9999050 MOHP0IOMMNJI9gds LOALOZEME YN 9IOMSE. [16]

9099595350 030LY, H®MT MBOM J9E0s 3BMdOE0 BgM3zMwo LoliEgdol Mmool dglobgd Lodlbogbols
36MaM06M0530, 6530900 3319350 BoGHoMmgdmwo dobo Mool dobam33935© Lodbogbol
0bogotMgdsdo.

XIOXIJOMOOom, B0MgdMwo  ©s13369%0 Fommomgdl byMzmwo  LobGgdol  3m@GHgbzom®a
36003039 OHMEBHY 3956390Mab9HT0. LoobEHgMglm 04690m@s 0ol Jgufoges, 09 Go Gl
05359096 Lodlogbols bgMzmw MgaMEs30sdo bbgs Lologbswrm dmeg3megdo, MHMIEGO03
AOOOOB0MEI®  ©39300609dw0s bgM3meo LobGgdol Lb3zsIlb3s 3630906, Toa®sd
5053006MOMMWO©  BsOMMO  5M05b  39639MMa9bgHd0.[17], [18] bgMzgdols s bgezmwo
9900053H™MM900L MHMEOL IGO0 453905 396390MabgHT0 Tgodwrgds Logmdzgeo Asbwgl
sboo d0mdsM3960930L 0096EGH0R0E0MGBOLS s sbowo 3693963010, SEOIMWO Yodmzgbols
96 09653090 LEGEH Y0900l 898+9853930Ls bbzoalibzs GHodol Lodlobggdol 9dmbzgzsdo.
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The Role of the Local Neural microenvironment in the Progression of cervical

intraepithelial Neoplasia
A critical review
Giorgi Gogitidze, Shota Kepuladze, Nino Tevzadze, Giorgi Burkadze
Thilisi State Medical University

Abstract

The peripheral nervous system is an essential component of the microenvironment of the cervix.
Nerves regulate the physiological functions of internal organs and participate in the trophic process,
tissue development, recovery and regeneration. It is also known that nerve endings release various
neurotransmitters. Mechanisms of stimulation of nerve growth during tissue development and
regeneration remain unclear. The Role of the nervous microenvironment in tumour processes has not
yet been studied, although intensive research is underway to identify biomarkers of nervous tissue; so
far, the obtained findings indicate a potentially critical role of the nervous system in carcinogenesis. It
is interesting to study what Role other signalling molecules play in the neural regulation of tumours,
which are traditionally associated with various functions of the nervous system but at the same time
are involved in carcinogenesis. A detailed understanding of the Role of nerves and neural mediators in
carcinogenesis can serve as a basis for identifying new biomarkers and developing new preventive,

early detection or therapeutic strategies for different types of cancers.

Keywords: cervical cancer; intraepithelial neoplasia; microenvironment; nervous system;
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Neutron Flux Measurement in TRIGA Reactor using Gold Foil Activation Method
Tornike Kimeridze!?; Tran Canh Hai Nguyen 3
' LEPL - David Aghmashenebeli National Defence Academy of Georgia
2LEPL - Ilia Vekua Sukhumi Institute of Physics and Technology

3Dalat Nuclear Research Institute, Dalat, Vietnam

Abstract

Neutron flux measurement is integral to nuclear physics, with implications across nuclear engineering,
medical physics, and material science. This study details neutron flux mapping in the TRIGA reactor
in Vienna using the gold foil activation method. Identical gold foils were prepared, subjected to 10-
minute irradiation within the reactor core, and subsequently assessed using a 4mp counter. The neutron
flux distribution was theoretically modeled as a Bessel function and cross-referenced against measured
activities to yield an experimental thermal neutron flux map. Findings reveal a close alignment
between theoretical and experimental data, with a slight flux increase at the core's outermost periphery
due to the graphite reflector. This work contributes valuable data on the TRIGA reactor's neutron flux

distribution, with broader applicability in the field of reactor experiments and operation.
Keywords: Neutron flux; Activation analysis; Experimental nuclear physics, Reactor physics.

1. Introduction

Determining the neutron flux is essential for both ensuring the safety and efficiency of nuclear reactors
and for designing new ones, as it impacts the rate of neutron-induced processes like fission and
activation. To measure this, the gold foil activation method is often employed; it involves irradiating
gold foils at different distances from the reactor core and then measuring the induced radioactivity to
determine the flux. This technique is widely recognized, has had a long history, and is frequently used

in dosimetry for reactors [1].

This paper presents a study that employed the gold foil activation method to quantify thermal neutron
flux in Vienna's TRIGA reactor. The TRIGA reactor, designed for safety and operational ease, serves a

diverse range of functions including educational training in reactor physics, R&D in areas like material
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science and neutron imaging, isotope production for medical and industrial use, research in radiation
therapy techniques, and testing of nuclear safeguards approach for international compliance [2, 3, 4].
Its versatility also extends to environmental studies, where it is used for neutron activation analysis to

identify trace elements and determine the age of samples.

The primary objective is to offer a precise and detailed experimental protocol for measuring thermal
neutron flux, designed to minimize errors while thoroughly elucidating the theoretical foundations

and rationale for each step in the procedure.

2. Theoretical background

The study took place at Vienna's Atominstitut, which houses Austria's only reactor [3]. This TRIGA
reactor is a multipurpose pool-type reactor. It utilizes UZrH fuel and is outfitted with graphite
reflectors. Operating at a maximum thermal neutron flux density of 1x10*® n/cm? - s and a power
output of 250 kW, the reactor features a built-in safety mechanism: its fuel material and structure
exhibit a negative temperature coefficient, causing the reactor power to decrease automatically if the
fuel temperature rises beyond a certain threshold. The core is comprised of 83 fuel rods and is encased

in a graphite reflector.
Neutron flux can be categorized into three groups according to their energy spectrum [5]:

- Thermal neutrons: 0 — 0.1 eV, with Maxwell’s equations.
- Epithermal neutrons: 0.1 eV — 1 MeV, with 1/v (1/E) distribution.
- Fast neutrons: 1 — 10 MeV, with Watts’ distribution.

In nuclear reactors, thermal neutron flux is pivotal for multiple key aspects including power output,
fuel burnup, and safety. It directly affects the rate of fission, the main process for energy generation. A
stable thermal neutron flux is indispensable for operational safety and efficiency, influencing reactor
control and diagnostics. It is also critical for material testing, isotope production, and research. Accurate
measurement, such as through the gold foil activation technique, is essential for calibrating safety

systems, optimizing fuel use, and developing new reactor designs.

To establish an accurate relationship between measured activity and actual neutron flux, it is necessary
to account for various correction factors [13] such as the cadmium correction factor, neutron self-
shielding factor, f self-shielding factor, Wescott factor, and detector efficiency. Additionally,
parameters like the activation cross-section, irradiation time, and decay time are critical to the analysis.
Each of these factors and factors is delineated in the subsequent subsections, beginning with an

examination of the theoretical thermal flux shape.

2.1.Neutron flux distribution for pool-type reactor

One-group time-dependent neutron diffusion equation for a homogenous reactor, bare reactor is

PVD— 5,045 = 200 )
a ST T Lot
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The balance between source, absorption and neutron leakage always exists (the right-hand side term
of equation (1) is eliminated). To ensure this balance, we multiply the source term by a factor of 1 &, &

being an unknown constant.

1
DV?® = 3, ® + - vED = 0 2)

Given that Bg2 = %(% I — Za) is geometrical buckling, equation (2) becomes:
VO +B;® =0 €))

The solution of equation (1) for a finite cylinder of height H and radius R, the flux depends on the

distance r from the axis and the distance z from the midpoint of the cylinder is

() = R(1)Z(2) (4)
With
m.z.m
Zm(2) = Amcos( T ) (5)
XnT
Ra(r) = AnJo () ©®)
Therefore, the neutron flux density distribution is:
. 2.405r T.Z
D(7) = Dy. /o ( R >cos (7) (7)

where:

H (cm) — extrapolated height of the active core.
R (cm) — extrapolated radius of the active core.
Jo — Bessel function of first kind of order zero.
@, — first null solution of J,.

X, —n" null solution of /.
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Figure 1. Radial shape of thermal neutron flux [6]

2.2.Neutron flux determination using the gold foil activation method

The gold foil activation technique is based on the concept that a neutron interacting with an ”Au
nucleus may be absorbed, thereby creating an unstable ®Au isotope. This isotope subsequently decays
into ®Hg, emitting f particles and y rays in the process. By quantifying the activity of the resulting

1%Hg, the neutron flux can be determined. This neutron activation and decay process is outlined as

follows:
ﬁ_
197 198 198
70Au(n,y) - “70Au — “goHg
1
78AU
2.7d
B 25 ps
1087.7 keV
i
- Y
0
{2368
411.8 keV
i :
L b
198
aoH g

Figure 2. Decay scheme of 8Au [7].

The ideal foil for flux measurement should have a simple decay scheme for accurate absolute counting,
a well-known activation cross-section that closely adheres to the 1/v1aw, and a conveniently long half-
life. Among available probe materials—such as #In,”Mn-25, ¥Co-27, and #’ Ag-47—gold is the standard
[4]. It has a well-characterized activation cross-section at a neutron speed of vy = 2200 m/sec (04t =

98.5 + 0.4 barn), a g-factor (Westcott factor) consistently close to one, and a half-life that is
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sufficiently long (2.7 days) for taking measurements. Its simple decay scheme, shown in Figure 2, also
facilitates precise absolute counting. Other advantages of using gold include its mechanical flexibility,
owing to the absence of a crystal structure, and its relatively low cost at high purity levels

(approximately 100%).

Aluminum was used as the sample holder due to its short half-life (~7 min), small neutron absorption
cross-section (o, = 0.231 barn), low density (p = 2.7g/cm?) , and mechanical integrity in highly

radioactive conditions [8].

Once the foils are irradiated and their activities determined, we need to correlate that activation of
different foils to the neutron flux at that location. To accomplish this, we need to define some

fundamental concepts.

Activity

Activation rate C refers to the quantity of radioactive atoms generated per second per cm? of foil surface
due to neutron capture. In the context of thin foils, this activation rate is directly proportional to either
the neutron flux or the density of the material. When focusing on thermal neutron flux, the activation
cross-section adheres to the 1/v law, as dictated by the Maxwell-Boltzmann distribution. Consequently,
it is possible to determine the neutron flux based solely on the activation rate, without requiring

knowledge of the neutron spectrum. C is described by
C = ®I,d (8)

Where ® (n/cm?.s) is the thermal neutron flux, ¥ ,..(barn) is the activation cross section and d (cm) is
foil thickness.

The total activation represents the number of radioactive atoms per cm™" of foil area at any given time.

For a constant activation rate starting at t = 0, B(t) is expressed by the equation:
¢ —At
B(®) == (1—e™) 9

Here, A (s™1) is the decay constant at t = 0. Upon “infinitely long” irradiation, B(t) approaches the

saturation value C/A .

After irradiation ceases, B(t) falls off according to the law:
¢ ~At;yp—At
B(ty) = X (1—e*1)e 2 (10)

Where t, is the duration of the irradiation period and t, is the time elapse after the end of irradiation.

Activity A is the number of atoms decaying per sec and cm? of the surface. Here we should distinguish
between theoretical activity A; and experimental activity A.,. A, = AB (11) and A.(t;) = C(1 —
e M1)e=A2 (12) or
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AT=C (13)

With the time factor being

=1

(14)
The activity experimentally measured by the gas flow counter is related to the theoretical activity first
by

A, =¢e.F. A (15)

Where F is foil area, and ¢ is counter efficiency.

Self-shielding factor Gy,

Due to the non-negligible thickness of the gold foil, some neutrons will be absorbed within the
material. This lead to a lower average thermal neutron flux within the foil, denoted as @y, sampie>
compared to the average thermal neutron flux at the foil’s surface, ®;;,. The ratio between these two

flux values is referred to as the self-shielding factor:

(Dth,sample

. 16
5., (16)

Gep =

Activation cross section of thermal neutrons

At conditions of room temperature, Ty = 293 K (20°C) and Ey = k.T = 0.0025 eV, the following
relationship between neutron cross section at neutron temperature T, and at T, can be derived from

Westcott formalism as follows:

Vi |T,

Jﬁ,act(Tn) = aO.act? T_ (17)
n

S self-absorption

It is not advisable to use foils thicker than those corresponding to maximum sensitivity for flux
measurement. The sensitivity of the foil diminishes with increased thickness because, in beta-counting,
only a thin surface layer effectively contributes to the measurement. As foil thickness increases, the
likelihood of neutrons penetrating this effective region from deeper layers decreases, while the
probability of backscatter processes increases. Therefore, it's crucial to use the thinnest foil material

feasible for accurate measurements.

p self-absorption can be approximated using an exponential law of attenuation: For a f-emitter with a
negligibly small surface area covered by a layer of thickness x, the probability w(x) that a decay f8
particle penetrates the layer is given by

wkx) = e™* (18)
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Therefore, the expression for f self-absorption can be written as follows [9]:

6 _
fo e dde 1_8“'9

19
&g 7 0 (19)

where u (cm?. g?1) is absorption coefficient of the foil for #; and 6 (g.cm™2) is foil thickness.

Sensitivity of the counter

To ascertain the sensitivity € of the counter, two measurements are conducted using the same foil and
counter. The first measurement is taken with the foil deposited on the counter's sample holder,
resulting in a sensitivity value of &;. For the second measurement, the foil is covered on top with an

additional sample holder, producing a sensitivity value labeled &,.

&
=— 20
e= (20)

Cd-cover method and Cd correction factor

The presence of epithermal neutron flux and the gold foil's notable activation cross-section for these
neutrons result in significant epithermal activity. To isolate this from the total activity, cadmium (Cd)
is employed. Cd's large absorption cross-section for thermal neutrons effectively screens them, while
allowing epithermal neutrons with energies above 0.4 to 0.7 eV to interact with the gold, depending

on the Cd layer thickness.

To quantify thermal neutron-induced activity, two identical foils—one bare and one Cd-covered—are
irradiated simultaneously. By comparing their resulting activities, the thermal and epithermal

contributions can be differentiated.

It's important to note that the Cd "cut-off" energy does not strictly match the upper energy limit of
thermal neutrons but also includes some epithermal ones. Thus, a Cd-correction factor is introduced
to ensure accurate representation of solely the thermal neutron flux in the activity difference between

the two foils.
Atn = Ap — Aca (21)

In which A,y is the activity from thermal neutrons; A, is the activity from bare gold foil; and A4 is

activity from Cd-covered gold foil.

Cd-correction factor is defined as

A Ay — Ay A
b th eplzl_l_ th

F = =
€4 Acg A A

(22)

epi epi

Following the process outlined above, thermal activation as a function of foil thickness, neutron flux,

activation coefficient and absorption coefficient is expressed as
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Do (Hactd)

s Ve (23)
act

Ctn = Uactd

For thin foils u,6 < 1 at pure 1/v absorber, Westcott coefficient g = 1 and resonance integral s = 0,

we have

Dy = (24)

With activation and absorption coefficients ratio

Hact

=$..G 25
u, F (25)

Where Sp is the f self-absorption coefficient; and G being the neutron self-shielding coefficient of
gold.

Here we arrive at the complete equation to determine thermal neutron flux considering all attendant

factors is:

_2(1—e) T,
 &.F.55.8.G.pg N To

Dy, [Acert2 — F g Acqet’| (26)

Specifications of the gold foils and the values of relevant factors are:

a = 1 (isotope enrichment)

mp .
6= 3 (mass surface loading)

my, = 0.0079 (g) (gold foil mass)

F = diameter of gold foil

R = 0.32 (efficiency for 2 m — detector) [10]
Ty
T~ 1.07 [4]

t; = 10 minutes (activation time)

_ In2

1=——
Ty,

= 1.783x107* min (decay constant)

t, = 60 hour (decay time for bare foil)

t,’ = 65 min (decay time for covered foil)
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Fcq = 1.22 (cadmium correction factor) [11]
G, = 0.9766 (self — shielding factor) [4]

S = 0.6968 (beta self-absorption) [4]

3. Experiment setup

3.1.Measurement locations

The neutron flux measurement using the gold foil activation method was conducted by irradiating gold

foils at separate positions on the same axis on the azimuthal plane to cover radial neutron flux

distribution of the reactor from the center of the core to the periphery.

A picture of core map is shown in Figure 2, left side view, while the corresponding positions of fuel

rods and irradiation channels are illustrated by the schematic on the right. The exact distances between

each irradiation channel can be found in Table 1,

i, 1, and o.

with the insertion of samples done at channels b, f,

@ \U “%
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Figure 3. TRIGA core (left) and core map (right)

It should be noted that the locations of the foils were carefully selected to be away from any control

rods, to avoid flux depression caused by neutron capture.
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Table 1. Positions of experimental holes in reactor core

Position Distance (cm)
a, b 5,3
d 6,0
C 6,2
g8 9,7
e f 10,6
h,i 13,5
j 13,8
m 17,6
k, 1 18,5
n,p,o0 21,3
Diameter of an irradiation 7,95 mm
hole

3.2.Experiment procedure

In nuclear physics experiments, careful preparation of samples and proper calibration of measuring

instruments, including activity counters, scales and detectors, are essential for accurate and reliable

measurements.

The samples used in the experiment involve Cd sheaths with a thickness of 0.5 mm, Au foils with a
weight spread of 40 mg/cm? and a diameter of 5 mm. In terms of measuring device, an analytical scale

with an accuracy of 0.0001 g and a 478 counter are used.

3.2.1. Equipment for measurement

For absolute activity measurement, the standard is the 4mp—y coincidence counter. However, this
approach has limitations such as difficulty in detecting low activities and stringent setup requirements.
These include no electron conversion, positional-independence of sensitivity, and counter specificity
to the radiation type being measured. Therefore, we opted for a 4mp flow-type proportional counter,

simplifying the apparatus while still accomplishing the objective [9].
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Figure 4. Schematic of a 41 gas flow proportional counter [14]
3.2.2. Samples preparation

To standardize the samples, individual gold foils are cut to achieve uniform shape and size. These foils
are weighed on a high-precision electronic scale and cleansed with alcohol to remove contaminants
and any adhering organic substances. The foils are subsequently positioned in sample holders and
secured with tape. One foil in each holder is shielded with Cd, while its counterpart remains

unshielded. A total of five sample holders are utilized, each containing two gold foils.

Figure 5. Aluminum sample holder (bottom) and experimental equipment (top)
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Figure 6. Gold foils (left) and cleaning alcohol (right)
3.2.3. Irradiation of samples

To initiate sample irradiation, the reactor is stabilized at 10 Watts for a 20-second period, accounting
for foil activation during start-up. Samples are then accurately positioned in the core and irradiated for
10 minutes. Post-irradiation, the reactor is deactivated, and samples are removed and allowed to decay
until their activity reaches background levels, ensuring that Al activity becomes negligible to

minimize error.

Figure 7. Inserting sample holders into the reactor core
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3.2.4. Activity measurement

Upon removal, foils are meticulously flattened to preserve their surface area for accurate activity
counting. They are systematically grouped to enable precise radial distribution analysis, facilitating the

assessment of neutron flux distribution.

Figure 8. Flattening irradiated gold foils (left) and grouping them according to radial location (right)

To obtain accurate neutron flux measurements, the counter's plateau is first determined along with its
background levels to ensure counts consistency. Activities are then measured via the counter and flux

is calculated using the designated equation.

Internal air within the counter is vented to maintain methane gas purity. A stable voltage plateau is
crucial for ionization. The detection setup includes a dual-counter system, preamplifier, interface, and

computing hardware.

Figure 9. Measuring activity of irradiated foils using 4mf} counter
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4. Results and Discussion

Activity measurements, acquired as described earlier, are incorporated into the complete thermal flux
equation (26). Table 2 presents the thermal neutron flux results for both covered and uncovered foils,

with their distribution further visualized in Figure 8.

Table 2. Thermal neutron flux results

Distance T1 T2 Activity Activity Neutron flux
from the ) ) (Uncovered)
(min) | (min) (Cd-covered) | (nmeutron.cm?s?)
core (cm) (counts/sec)
(counts/sec)
5.3 10 82 181.4 64 133427566.7
10.6 10 89 179.1 55.53 125753219.3
13.5 10 95 126.7 49.34 93182802.83
18.5 10 102 | 85.34 34.61 55872014.13
21.3 10 107 | 72.15 23.65 56166272.53

The measured neutron flux distribution aligns well with the Bessel function, the theoretical model for
a bare, homogeneous reactor. The slight flux increase at the reactor's periphery is due to the graphite
reflector in the TRIGA reactor, which scatters and reflects escaping neutrons back into the core. This
confirms both the TRIGA reactor's efficacy and the reliability of our measurement methodology. The

flux shape, visible in Figure 10, closely resembles the theoretical curve shown in Figure 1.

®— Measuments Poly. (Measuments)
1.50E+08
1.30E+08
1.10E+08
9.00E+07
7.00E+07
5.00E+07

_ 4 _ 3 2
3.00E+07 y =924572x* - 6E+06x° - 243719x* + 2E+07x + 1E+08

Neutron flux (n.cm-2.s-1)

1.00E+07
1 2 3 4 5 6

Measuring position

Figure 10. Radial distribution of neutron flux density in TRIGA reactor
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5. Conclusion

Neutron flux measurement is an important parameter for nuclear research, and this study validates the
utility of the gold foil activation method in performing such measurements. Experimental results were
adjusted for Cd-correction, temperature dependency and self-shielding effects, offering a detailed
thermal neutron flux profile at varying core distances. Comparison between theoretical and
experimental flux shape showed good qualitative agreement. This work serves as both an educational
resource and a template for experimental research, outlining each experimental step clearly as well as

the reason behind it.

Future work may explore alternative materials for flux measurement and further optimize the gold foil

activation method for specific reactor configurations, as was done here at the TRIGA reactor in Vienna.
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439wsbBg GHM9g032wo 9ol dJmbgms dmMolsg 30 398moMBg3s 9P 5esb 3m, 3bmdowo
50960390 IFgeowo, MHMIBEGH0ZMBo  3mgBHo, 3O0G03MLO,  MSIOO  WOGHIOIGHOEO
(093993H0M00, Bomogyosbogerm, bydobgargdsms, Lsdgaboghm  7sb@olBHozmemo) 5660l
0339 IYOJ0, RMLBY  LBoFdMEOLEHMS F0ge Foo  HobsdmEMmdgI© s  FsLogwrgdero
50056980, GMmIwol 3bm3zcgds3 ol bofo®BmgdgdBg sM5b53egd 30Mdmbo s ForboGgwo
A0bOm.
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JmeHobgds  Bogdows, dmgo  Logmabwrg 3539056 BLoEMbFoMGFo  ooBIMS S
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39905350l BMYR IO 5 3M3MWLS O SBIOEHWW 585303 30 99JOW, MBLOE, M 0Jds Mb.,
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G0l 33w smmdsd, dgmeg dbMog 30 3mA3MMIoLm 3969358 @S WOEGIMSEEIDds
360030359 3mb obgmo bs8odo IBHM9do dglidobs, OHMMOOE RobWOm, ogooms, dobo
5350Usblgbgd9wo 693MMmMyolL 53EMM0, MboFm 3mg@0, 300G03MBO S MYEIJBHMOO OVBML
Mowdm@)  aMolgmwo. LBHmOgo 956 ©o oLmsbgdds dscrobbdgzs O ©s0dMOgL 3l
Bobgobomgol  BoMdol  dmlsgbgdo ©s 9JuEgbGH®oMwo  3m9BHo  FOJOIE, WMMOQ @
1396oOobEBHO©  IMbBsIEgL. gm3zgurogg 3oL BmEDY, PO 3ml 09300  °3GMBdGHWMS©
Sm9oLEAO©O M30s. Bb39d0 BodMHmdEbIb, MHMI JOMIIOHDO WIJOHO, MMIgWLs3 0Q0
90593956935, Hgarmzbgds ogm. Mo, dgbcsdgdg Lo3mbgdo, 2oblozmmEmgdom, IMZ060L
09MMo0l 8999985390599 5 Bodmdssdm mBsd@y, JMoLEH0BMWo Mgwoyos 0dwgbs OO
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O™, 353ombbgdslls s bgedmdFo®bgmdsl 60dbsgs. ©IEMdOWo  V3MOLIMBIMBOM
390m0MBgmEs s 39sd guHMgIMEs 93w glosdo FoM3z5-mE3sL, BooE 39@OMS ORI
©539453000. 1836 Hgeml, 9asmb s 300X 0b0sL X35M0 3M19B30EM05bgTs d3gEds LFYMS.
[https://www.eapoe.org/geninfo/poerelig.htm]
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dobo ®fdgbols s DBMYPIWIE, MJ0FOLMID M0 IOMEGOOL 5ABsbgge ToLoewsl dob
390md090905d0 3m30d090m. 53 dbGO3, y3gsg 3600369 mzbs wgdbo “Hymn [to the Virgin
Mary]” (,bogomdgero) dogzs6600.

30l ,li535¢mMdgEo*

wqodbo  Hymn 3o63gws 1835 (gl  g08md399bs, mOmbo 565  Mmam®3
59930009390 B5HoMmIMgd0. 080 953BHMOL Jg@oboo 3Jmbos ymmE JmmbOH™dsdo Morella,

15O LBOYOIMIJL J935M0 2doMmo dgMob. 1845 gl ergdbo Broadway Journal-ds od93s
Loomom®oom A Catholic Hymn o bfm&g 59 bLoomom®oom 893000 030 30gd9edo Raven and Other

Poems.

50b0dmo 65{ocmdmgdols 30mb3zoLsl JgdwgdgEos 56 0MAbm s3EMMOL Lo{MH Ry s
Bobimgds. egdlol sbsfiyoldo 3mg@o 533mdL, HMA 8L, F0HToE S bobdos, ©3mOlddMdYWL
d9LobMm3s MbsYMISL:

At morn - at noon - at twilight dim -
Maria! thou hast heard my hymn!
In joy and woe - in good and ill -
Mother of God, be with me still!
[https://www.eapoe.org/works/info/chlpoems.htm]
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39bLs3Ido B5356GEb0O, YBEOL YL 33wz Fgfig3bab 39O ds:

Now, when storms of Fate o'ercast

Darkly my Present and my Past,

Let my Future radiant shine

With sweet hopes of thee and thine! [ibid.]
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ool 9943l, Eol MmMm®mIgELs s LHPITML g3l LssDg Bl 933000 MmO
9mMdMmbggdl  s®g3wobsm mgs “Angelus” [https://www.ncregister.com/blog/poe-hymn]. gl
M35 965905 ©300LTIMIOLIMZOL FM635M9BRGMDO FodMHOgol Jogh Mfygdsls 0dobs, GHed
030 9MmdEs 3oL dgb, 09bm  JOHobGHL. 893M0  JSMMEP03MMO  wm30L  ALYs3Lo, dob

Lobgufimgdo GH9gdu@ob 30H39wo bo@ygss s©gdwo - “Angelus” (“Angelus Domini nuntiavit
Marize” - @wsm., ,98E0ol s639ermBds o053l sbo®s®, @.9.). MMM LogsEMdIWL d9353960U,
©@9dbo 53RN FJRIOL > O JINEOYO-gLOIHOINE JBIIOL bl dz0mbzyEw by,
MoboEg 3m FoLMZOL OTobolosmMgdgEo bo@Mgzsbgdom (“hours flew brightly by,” “not a cloud

» <« » «

obscured the sky,” “storms of Fate o'ercast / Darkly my Present and my Past,” “Let my Future radiant
shine”), 564503900l (“thou”, “thine,” “thee”), s6&00mgboLol (“In joy and woe - in good and ill”) s

bbgs IbsG3ze bg@bomos 25dmyqbgdom s©fgal.
30l 38030009099 gds B0330mb s Bolio Fo®dmagbs Lsogomby

B39 m© dmPsbl obog, O™ 3ml gdudo Tamerlane, GMIgEdoE 593905 0OABMOS
350MmMboL  a53egbs [https://yes-pdf.com/electronic-book/185], 95385000560 &Hodgdemsbo (0039
»9096-09690%) 50LsMGOL JooMmE03g V3L 5d5MYBL. bligbgdmewo wgdbo FoMdmoyqbls
3039 635G IMbmEmal, MHMIOlL EOMLIE WoM03Mwo 330600 MisBO3O® Lobsbwmwls
399mmd3598 0dob godm, MM Lo Fsdm3900 LOYz9MHYIDY Fod doEIsMBEGds I9Yghs [Wang,
Chazelle, 2009]. 35b XX Mmbgool 56 98060, oYL 3960 FoMmBmM©ygbos 03 Lobsbmw By oo
Aobx 35, 53500 MM 49boEEOL. LoY3z5MEo FoLM30L MY MEo Lsdmmbgs, Logmabarol
dmmb b3gds, MM 9HMIOHMO 390b0gMYds, Moz 30 Logmabargdo gobmiEos, Loyzstrmwdo
04®, ™I LsIMMbY S bgEHMYOs FbMWME LHGHORML M35 gddo sdmMmBgbos (I saw no Heav'n,

but in her eyes) [https://www.eapoe.org/works/poems/tamerlna.htm].
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(“Beloved! amid the earnest woes /That crowd around my earthly path” ... “where grows / Not even

one lonely rose”). gl ¥65Hgd0 dmg3560¢05 3mb wgduosb To F— , GmPgeroi 89-19 Lowmzmbols
330 5996039 3HgMo s 3m9@) Jowl, 3MIBLOL LoMAI6E MbAML BoYdwgbs. wgdldo

Georgian Scientists/do®mnggaro dgisbogmgdo .5 N 3, 2023 209


https://ka.wikipedia.org/wiki/%E1%83%98%E1%83%94%E1%83%A1%E1%83%9D_%E1%83%A5%E1%83%A0%E1%83%98%E1%83%A1%E1%83%A2%E1%83%94
https://www.eapoe.org/works/poems/tamerlna.htm

650794358005, BT Joarbg m3bgds dgEOL ©Y3MWTIONMBOM IEBKX M 3mgEL dofioge Lodmmbg
(An Eden of bland repose), 5530600901000 3o gdom 45M9dmEwe Bg@Ee® 3bdmes@ globgds,
Lo 030 JoOH0TbIETo MH3L 583569l (Like some enchanted far-off isle / In some tumultuous sea ).

900990l 05056 ML F9EIMYIMWO 5§ M339 935MRMWO boyzsM)ewo ewgdsdo To One in
Paradise, Losg 30 0000E boEgdls ImobIMBL, MHmym®mo@Ess “A green isle in the sea” (,0(3569

399630 B3580%), M3 5dw0gMHgdl Lofdobwobs s dd39b0gmgdol Loddmemgdo “A fountain
and a shrine/All wreathed with fairy fruits and flowers” (,{go®m @5 mEbm bowooms @
435306190000 IO bog569):
Thou wast that all to me, love,
For which my soul did pine -
A green isle in the sea, love, -
A fountain and a shrine
All wreathed with fairy fruits and flowers
And all the flowers were mine.

[https://www .eapoe.org/works/info/chlpoems.htm]
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bowom, y3530eom bgdmgzol Immomweo. [gdcewody, 2023:23]
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0Y®, ®I35 3m9AL 50500 (3@ F50b(3 53b693905 L3NG Wgdlgddo 0ol OdYX0YGO0)
29990690, I dolo 35O B0Y35Mwo HBgEsdo bagXMBYIME 0dymeygdIMEs @9,

d9Lsdems, 033000l 89809y 33¢e3 39b3gMMs L.

wqdbdo Lenore o030 4doMo 80oMmmgL L3NG M3l S LEBMYPSOMIISL,
MMdgbsg 303bogL s 3sLvbl LbM3aL LoyzsM9wo Joerol Lo3zOEOL 49aM. 3mgBEo BsIMMOM
0536 5 BB390LYE FMHmgOL, MMA QOMEIBEILPOE0 56 0ZEM3MB, o6 dolds »dsb3zm Lvmends
0530 55005 GO LHTYsMMUL, 053500 30 KX MK MbMOE MM IMoblighogdl, s ByEsdo MBowls
Q5 9b6390mBGIL  J059MMs, Losi Tl Fbmem@ BgBHoMmgds geob. seLsbodbsgos gdusdo
3990g9g690mo  JoMMEMYOMMHO @S  B0IWONOHO  SWDB0g0, FoRO0MO, BofoMdmgdol
30639039 fobowogds — broken is the golden bowl - ,,93c0gLosLEHIL* M3930060©YdS (,300069
3°09©00mEgL 396EbEOL LBIXO S FoAYRIOMPIL MJOML FIOFIEo, ©03LL3OIMEIL Mo
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- 30(339¢9d9 s Lol Imbsbligbgdgaro dgbs (FoMm3s) J9mMmeE03me Mgero05do; Peccavimus —
(@om) B608bsgL ,6396 8933m©gm“; Sabbath song — ©3000LALELYOGOOLSL TGl gdgEo

LoQOEMdgO.

15935690 Joerol L0330 Om 5MOL oogmbgdryeo sligzg crgdulo Annabel Lee. 00 dmeom
qdbo 4obW3m, HMIWOL ILEOWIGdSE 3023 FMOLHOM. 5T POML 30OHX 0605 9339 3MEBITO SVWG
0Ym, 05350 3m9E0 30 ol godmdzgybgdsdwg (1849) 9GO ™300 MY F9MEO03E35Ws. gdldo
S0f9M0E05, M) MHMYME MY350sm JOHMIbgM0 WoMO3ME 4doGMlLs s 33396096 sbsdg ol
Q5 OMAMO M0 Jom0o 39b0gMYds (3590 9b39wMDBYIL, 300 FMbIdYIMTs Llibosbds Jo6ds
30 3MaMbs 4553035 S LOEMEbEIGL 4oTMOLOEDs.

The angels, not half so happy in Heaven,

Went envying her and me—

Yes!—that was the reason (as all men know,

In this kingdom by the sea)

That the wind came out of the cloud by night,

Chilling and killing my Annabel Lee. [ibid.]

3bg9embm 99899H 00 bLosdg, 3¢3309O0MPOM

Gdwomsg b396 — 39 s ob: —

9 0ym 30Bgbo, gb 030L ymzgwds,

30633 3bM36OHMBL FobEMdws BE30U,

3°000mIgL Jo69035 VOHWYBOEL0ED 6509MTs,
9m303wgl 56539 0. [9dMsE0dy, 2023:23]

3L 565900 gdLol oMoz 2d0ML LA LETMMbOL sOLYdMds s LMy of
9371090 9390200 LOGHORM, JogaMod, IgmEq FbM0Z, LHZIMIYOMS, MM STAZ9MIQ 3O MO
05350 30930 IFMboMgdsLmb 4583153905L. 030 3 boBL Mbgsds, Mrmd Loyzs6MH9wo Jogols
RB0D03ZNMS©0 535030l F0bgO35, Tl 39MIRIMHO O530(Ygds O ISIMEMGO©S. gdbdo
»00909 O0“ gl sBMO V15009 F935®0 SMOL  FodmMboEMo MbEGIGHWEMo© IMIsMX390WO
30396Mdmgdol 99939mdoo:

And neither the angels in Heaven above

Nor the demons down under the sea

Can ever dissever my soul from the soul

Of the beautiful Annabel Lee; [ibid.]

653 b 9390™b, BgEsdo sbgwMbBm,

©93mbgdL 30 BL3IODY B3zoL,

56 d9LH93 MbsMO gb Lo Fodysemb

Lol OGS 560G ol: — [9dMowr0dy, 2023:23 ]

3l 9m0-9m0 wgdudo, GMIgerbsg Spirits of the Dead, 5699 ,,250G5330®s LwyeErgdo™
90™995 5 033000Ol 0EYFHEgdOL MYl Gbgds, 650135005, MHMA MIEIOMs bLYIEgdo
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3oOEMbBO 56 50056, M6 LoogomTo olobo bgqd0sh om, 3063 MBOM SOMY FIMEIOEGZIWS.
5939 2306005 2530bLgbmo wgduo For Annie. ogo 6gblbo GoBRIMbOL 9dwngbgds, HMAgermsbsg 3ml
3@ MbMM0 LoYyzs6MHYI0 53538060900s. gl Lo sOLBOBsZ05 0dom, BT dslido Lo3l3EOEO s
LoMEbEg 493039 gdwo JgbgwEgdols bLy3oMOL30MMsS HoMdmwygbowo, s6v9 Logmisbarg
- OHMPMO3 9350TYNGBMds, LO3ZOWO 30 — OMPMOF 2ob3MMbYds. bsfoBMmgddo gbo (BobrenD
69RO M0RIMBEOL J36M030) 450MmY35600s OHMYMOE LoY35MY0 5530sbOL 3356530,
9330069 Jo¢0, GMIgbsg gLy 56mygdgdl s sMfdMbgdL, MM 00 ©939m9L SYOEISL
900l @S 49M(335¢gd0l 9993 9ooL LoyzsM¥Iemdo gobsa®mdmdl sGBGOMBIL. s0bodbwmwo
@qdbo sMOL 9MHMY356M0 bmygdo BsmmM30l, 3063 LoY395MYE0 5@T0sb0 839ERYS, 535 MU
Bomgzwom.

103300OoLs S byodoml 0gdsl §dwgbgds dmmbOMdgdo The Colloquy of Monos and Una
(,;,00bMLOLS @S Bl LodM0“) s Mesmeric Revelation (,dobEH03OO 493m3EbOEYDS ). 30639
o630 85353530, IMbMLO, 9033w 0s S 1LO3Z3EOEOL 899Iy 39b0gMY, LE0gMO©
030 3353 530L LOGHOBMBMB, MbsLIMSD 5ML. HMEILSE b3 oL 1YgMHYdS 0T SYOEL,
MMdgeog 3obLoHIgbgeols Auas3L0s s 3Mmb3IMYGHIIE SOEG LsAMMbYS s SOF XMXMbgmo,
39Y356090ms b)ergdo B9gBHo®mgdgb s 33090056, 30650096 LsdMEITME GO 04690056.
dmmbOmdsdo Mesmeric Revelation 3m gobobosgl ©dghol Hmym®E dwdog dos@gcdost,
MMIgbsg Ym39e039 9mdemosmdsdo 3m3ysgl, s sliggg MMaMOE 30590603 mbl, GMIgwos
d09g 353MOMO0MBSL dMmo393L. Logmabwg s bo3zwoo 89IMYdINYWOs sdMYINTol Foolis o
3939@0Lm9b, 5699 go@90M9dMW0s B0, O™ LO3ZOEO BobslELMZB, obM30056M9dgw sGLYdIL
LOHMEYMBOEs© 59393V [Sanchez, Richardson, 2012].

B9dmo bligbgdme Lo@se@osdo, MmIgabsg Edgar Allan Poe’s Beliefs about the Afterlife
(-:B50gdoMb Jqlobgd gse 3mL JgbgEgdsbo®) gfimgds, 4o8mmJdwmeos sSBMHO, HMA GG 3l
(3965 1033000l JgdAMT0 FBMZMGOIOLS JOMHOMOIPI MO308 HFFZ30JdIOL FEFIELMAL
Do0mo9bs - APgMol LYOHS OgXIMJO0Ds, MHMI AIMPIE3Oms LM gdo 33003
526039 gdbab 9MLYIMBL s 00 L0330l d9d®gy Lsojomdo Jgbzgdms LoyzsMmgE
5005305690L; 30 Lsodoml LsdmMbYEO s XMXMBIMOE 96 3YMBS, 9M53J 2o60boWs3
OMamO3  356L9Hd96gwol ozl 9oL, LssE BsGOBM™s LmEgdo oMo  JOHMOE
094690m@b696. gl 356536900 SBOO Ml B30 b65GoMTGOT0s FoBIMGIMWO. 3MgEOL 035
439wsbg 3m3Modmen wgdsdo The Raven (,4mMsb0“) Lobmfs®3zgmowo woMozmwo adotmo
g4m®5bL 0IGOOL 5830390l s 930mbgdy:

By that Heaven that bends above us — by that God we both adore —

Tell this soul with sorrow laden if, within the distant Aidenn,

It shall clasp a sainted maiden whom the angels name Lenore —

Clasp a rare and radiant maiden whom the angels name Lenore.”
3L 230390 5 VIGO0 oo, MOHO3960 MMT 33900 15Y396L,
mMobo® Bgdl bryerls, b M™A bgbgdols: og, Imegme Lsdmmbgdo,

09 99b300905 0b SBwE0o, M, g Lwyeo 3obBY3 MEIOL, -
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$30bsls, LENBMU, 1300 by Mo T WbMGOO MM Mfimgl“. [gdtsody, 2006:58]

099939, 5060360 JgbgIengds, 3M@ 56 0ymb, DM 2398396905 08 B0dOWEO
5 H0gooL gom35¢olobgdom, MMIgEmsE 3L sMoghm bsfomdmgddo 3bzwgdom. s300Mmm
0bsi egduo The City in the Sea (,Jogrodo B3580%), 30©30L, LOZZEOWOLS S IWVM330L
09d5L ™I gbgds. dsLo FMMbOHMOO0s, MY OHMYMO 060ddgds 2obfoMrmwo Jsawmsdo Brmgzsdo,
3ol QLZYMBYE AL XX mbgmo germEgds. B39bo sSBOHOm, Jowrsdo LodMEMEMSE 5060l
Ll by AobsLObBOYGMNdIL, BEzs 3o — LsbEGog d9gEoLEYMOL. gdbo 8goEegl sGvgtom
906036905 035Bg, MM Joersdol 93300MO®» 0o Lo 3Jmbosm oyM™M30¢O,
959650, Bo35M9MMO, ©s030(Ygl FGIFsM0EGH0 FoLYMEXEMBYOO, MOL 4odmE Fomo Jowsdo obgzg
QO0LORYS, OMAMOF 0000OHO bLmEMIo s MIMGS, HMIWIdoE 53 BsHo®IMgdol 3ombzoLLL

339bL9gb9do.

5939 ©535L5b99dm 3l LogmEbEroll dmeml sHgMow 3093 9o 3Fbmdo wWwadul
Eldorado, ®mdgwog, wo3mbom®dmdols s LolLoogol 8owbgogs®, dgBo ©®Ts sSHBOOL
353oMgdgos. gdudo  FgBHIRMEOSE  A5dMYgbgdmos  Mvobo, MMmIgwos RIS 9dgdlL

LomEbgdm mdOH™MU Joensd ,9EMOMOEML®. 93319350900 BA0MmOE 93¢gd9b6 3oGroegul egdudo
50090 MH50bLy s 9350 3mgBHL ImGmOL: 30639wds Fomsbds guEMEMsE™l 3m3bs 396

dmobgmbs 599399boc, dgm©9d 30 — ¥9b0gMgdOLY. gdlol EsLELOWIL, JErEMOsEM™L dgdboom
QIQVEIOWO S OVIMGOMo  Ms0bo  b3zgds  30¢0yModol  BOEOEL  (HMIgEos
39GOBRMOMs© 0330wl 50b0dbogl) s JEEMEOEMUZI6 ABol g30mbgds, sBGMOo 30
d0va9dl, GMI gerE®MI©™IEg dolomgzs 8sb FmzsMol Jmgdo s ,HY3osom ImEwwo
b930°, 02039 ,853900L 390 (“Valley of Shadow™) «b6q5 2505MMb. gl ©93565L36900 dodOMGO
5000 (BLogrdmbo 22:4). ImEgdner BLoswd«bdo bscmdgzsdos: ,3000M©O MsMY) MOl
BOO®s LOIMPOWOLsMs, 36 F9I9dobml g dOMEHOLOYD, Mo8gmv) Tgb Bgd ™Mby bo®;
39996mb3sb 896056 o 956996856 966 — sdsm bmygdoboli-9i3gL d9“ [BLoEdmbbo, wm33560,
2005]. dbgero oK JMGOIE0s, MM 5323500 SEYDos ML 9OHM-9Hm dmerm bsfoedmgddo
d900b3930005. GgLsdsdolsg, B396 396 3060(dbgdod 9ol sSngoBAL.

353365

LodMWMME, v bHgdmm  m3gde  AxgE@dLl  F93ox9090m, 9RO  3Mb
©59M300090gds  1033OWMID s  Loodom  3bMm3zEgdLmsb  F9dgabsote  Mbs
©539bsLoSM™M: 00 296306MHMBYOM0s  bgermzsboll  3bmzMdolgwo  BHMOE)L0YdOm,
15939090 5E5F0569d0L, 49BLS 3NN FJMMEOOL O3IMRI00S S FsliMSb 33ersg dgbgzg®ol
bH30om; 103300 F3905@ JLObYDS 3MB OMYMOF FMOZEOEXZ525TM3OE 5E5T0SBL;
1033000 0U, Loodoml;, yermgzols s IPFmbsMgdol 198900 TobollosSMYOYEP0s MMAIbEH0IMEO
9GO MO0 F96MHYIoLsMZ0L, MMIWGIMbs3 3ml Fgdmddggds SLME0M©Yds; 3M9ABL
3996y JMobBosbmwo  ®fdgbs, Molo  ILEHWMOEsS dol  bsfoMmBdmgdgddo dodmdbgmwro
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00000 S H09d0, MBOLOTO T30 JIYIOOL SMIOGMMO JoTMbIEWWgds (Db “by
that God we both adore”), ©300LddMdCOLOETO LoQOEMdJO s 5.8. Ym39wogzg gb 30 3mb
3mOGOIAL  000Logob  UOMOos  goblbgogzgdmws  a30bsGogl, 300069 0o  Bmy
56539000 dMbOHbgL LyOs Hoerdmgbobs.

3°9mygbgdmero o@ghodmmms

®  30005. BodoMMZ39EML LO3sGHE0SMIM. MdOEOolo, 1989

*  90GMOW0dg ., — 0M03ME0 dMDs03s. 0M0FHIBIEO s 5396M03go 3g3HJd0. MdOOLO
2006

*  90M50dg ., — ®BJM0o wgJlgdo. JEOPIM 5¢b d3t. odmI3IIMBY ,,BOWIBEMY,
mdoobo 2023

® 050300 3., — 9O 556 3, gdlgdo. Mmdoolo 2002.
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https://interestingliterature.com/2020/04/edgar-allan-poe-eldorado-analysis/

The Theme of Afterlife in Edgar Allan Poe's Works
Lela Ebralidze

Ivane Javakhishvili Thilisi State University, Assistant Professor, Doctor of Philology
https://orcid.org/0000-0003-0802-4085

Abstract

The present paper deals with the attitude of Edgar Poe, a famous American writer and poet, to death
and afterlife — the themes of heaven and hell in his works. It shows the role of Poe’s life experience and
his personal tragedies in the formation of his understanding of the mentioned concepts; special
attention is dedicated to the peculiarities of romantic and gothic genres, especially the “dark
romanticism,” combining the features of the both, e.g. creation of a mysterious atmosphere, themes of
death and afterlife, mourning over the lost love. The paper presents Edgar Poe’s personality, his genius
and tragic fate, provides the biographical information, which gives the reader some idea about Poe’s
upbringing and education, his attitude to religion and his faith. While discussing its subject the paper
relies on Poe’s works — examples are brought from them in order to illustrate the viewpoints offered in
the paper. Based on the examples, conclusions are made, i.e., a number of factors like personal suffering,
upbringing, temper, peculiarities of the romantic and gothic literary genres, religious faith, are

identified, which makes it possible to create a truthful portrait of the artists.

Key words: heaven, hell, romanticism, gothic genre, religion
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LB G0

96535906 mEOYBoBIJo  yzgws  dzgwo Mgz,  LBLGHOMIGHOS (OO
396G®OMOobY),  MxXMIO 99399 JdMGOS  2obsPEMGOL S sbsEro  IMEY3MEOm,
LEAHOMIGHNO0m, NYXOIO0m Bsb33Wgd0m. FMg3MEgdol s BEHMYIIGHIMIOOL 39MHOMPLIS©
boEom  Bsbo3wgdol 3MmEgbl  M93s6o30s 3§30, Bmwm Mr®9gEgdol 3o M9gagbgeoios.
93565305 5 M996gM530s Bsbs(33egds bgds 358065 30, v IMg3MEgd0o, BEGHMWIGHWOIdO
b6 MxM90gd0 0©JoE FEYMIMYM5T0s. BO3 MBOM SO 9b5YMMGOL  MOYBOBAO
39033900 ©OMoL §ob (omdmddbor MxMggdl s Bssbs(33gdlL oo sbserom doo RG®
950505 939696053000 $H9d30 S Fom MBOM SHIEIYRIDBOHsS MEYSEOBT0.

QQIOMOM030 GMHM3Z560 MXMGOL SL0TYEHOOMEO IYMBOLLL FoMTMJdbgds §HMO YEMBIMOZ0L
abs3L0 F30CMBOWO MXREOIO S FJMEOY F30MIOWO YYXMJPO, HMIGE0E ORIMI6E0MGdOL
3ol 50905, Sbgmo BH03ol SLOTGBHMOIEO OYMBOL s J0bYEs35©, MMIJmoi 0dwYbogy
0)MOM356 MR OHIEL  9dMMBIRL, Modgblog boMXO3L, ©WIMHM3Z60 MY MIEOIOOL MoMm©IbMdS
OM™Ms  4obogermdsdo  9306M©Yds.  39H0E, ©IOM360  YRMIIOOL  IYMABL  FmMob
06396350900 0BOYds. 98 MO0 3OHMEILOL 9OHDMIOMdS 03938 M9A9bgMsEo0L  FHgd3ol
005939000905l 5 MMAS60DBTOL dYMGOSL.

096O™3560 MXM900L SL0TYEHOO0WO IYMBOL MM F30MBOWO MY MGOIO0, HMIIILSS
96390500 ©0gOM3560 MRMIOL 3mEHIb30swol FgbseBMbgds, 1939 9MRYOs0 IS (v9d39wglio)
395GHM0Mgdl. doMM3Mwo -0l IME93EgdoLsE AobLb3s3900m, M9356530900 56 bgds
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396G®0Mgd0E. M3Yb 396EGHMOMWO gOHMsIOHEBHO LBEAMWYIGHWGSs, HMIYEOL MY356M53053 96
bgds, dzgerglo 3bGOomgdo dgdeE bs 9d399wgdMYPOMEBIL bR YIMIBN, 30MY
X O90L b3y (69356006090500) LEAHMMJGHIOJOO0. MIXOIOO s MEORSBODT0 439wAsb SHgHEHHYOL
F9900b55009gamb  gbGH®M305L, 29MS  396GHMOMEYdOLS, OHMIGBS BMBJ30s XIO  96S
dmMI©) ©ORI60WO - M3 396GMO0MGIL MOA60DIOL IdIMGOOL 356 LBEBHMYIIBHEMO®

5J393L-

1533%6dm Lodyzgdo: (396GHM0MEO, ORIMHID305305, MgabaMsE0s, MEMYBODBIOL ©dYMYdS,
©9MH™M3560 MxMHggdo

Jdglisgsemo

36535 xMHg0560  3bMggGo s  9©T0BOL  MOAB0DIOL  gobzomaMgds  dmombmal
X 099008 BOOU, ogmx0l, O0RIMIH305300Ls s WI3OHMAMST0MYOME0 33Ol BMLE)
30MmOEObsE0sL.  g3zgws gl 3GmEgbo  Mbs oyml  sbzghowo s 3mmGEobo®mgdmwo
3Mb6EOMOob 393, M550 0lobo Mbs 0ymb 0bEYAMOMYdIMWO y39ws YYXOHILY, Jumgowls M
MOQ56m30. BOEILOMEO 55F0sboL gz9gws (3,72 x 10B(Bianconi et al., 2013)) wx6goo
$o68M0gdbgds gm0 X MI0IH - 25bsymR09MH9dMwo 3390 EbXMg0sb (Vaillancourt, 2009).
SMIMMI0D BHMOEomb MMyl dmmol 200- Ldy bogergdo Godos (Khan et al., 2022). gu
30olbIMBL, MM MmGYsboDBIOL 495300560905l 096 bzl byew dz06Mg 2 3OmEglo: 306039
60330, MXMIId0L 06@gbLoMEMO 3OMWORIMSE0s, MMIgEoE FMoMbM3L  FHMOWOMbMdOm
do@MBL; I9me93, 9IXOIJO0L OBIOHB305305L (Boulan, 2021).

2d9GHILMBS  FE6350 YR MJE05BbMS Lobgmdgddo 53 3MM39go0L oMo F0dEObsMYMBL Tglsdg
360HmEqlog - 89930350 bgds JOMbmEmyom@ms d39wo MXMIEOIOOL ©IBME3dS s oMo
JOMBMEMYom©Ho 9HIE0 MRG0 Bsbo33gds - M199696M5305. M9agbgMsEo0l 3MMEqLo
9080bsMMdL 496995Y393@03.. Y3gms GHodob MxM9EIdL Bsbs33wgdol Lo3mmotmo 39M0m©o
399BbB0s. 09ME0580, 1) LEWMEOSE BYE MK MITo bEgds 9BEGHMM300BsI0 [obsswdgymdols
390935 693505300l 3MMELYdOm, M9agbgesEool Ggddo Mbs @IMRIL LESdOW YOO MMM
3968530Md5d0. 5939 9 MBS 0333w YdMPIL VIOMZIBO MXMGOIOOL MOMPIBMOL. VIMM3560
“IX IO 04mRs SB0TYGHMOMEISE: MMPOILIE IS VJOMZIB0 YK OIO 0gmRs, JoLo JOM-9OMO
d300M300o MXOI0 ORIMOG63E05300L FBoBY ©YJds. FgmMg T30 MO0 WYX OIO 30
0050FmMbqdL  gmM3z560 MXMIOL  3mEHgbgoswl, Gomsg MBYdS ©IPMIM0Z0  WYHM3Zs60
X OI0L 0©I6EHMIM0. 5TM0RS©, WIOM3560 MYRMHJIIOL MomEIbmds bgermbegdgero Mbs
MBdM©L. 530l BodGHol Lsgmdzgw by, (3bM39wdoLs s 5@F0s6gdOL MYA96gM300L FHgddo s6
<65 I30690MIL S 3OE MBS OBOHOIIMEIL. oYL M9A969Ms300L Hgddo GHgmM0sdo 56
mbs 330MEIdMEYL, Fom0 MEOYBOBIGOOL IBGMHYOL s5EPOWO 56O MbEs 3Jmbgl. FoGsd
9005 LESOMOLSOMMH: 5E5F0BMS WS (3BMZIEMS GHNO MM FJMEOL Jogmgd0m dYMHPOYOS.
439 3000 M53MY0dg gooboeasHBM390500 b MBdIMIdgo 3bM39WMHO MMYIEOBIoLAoLS
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0O bsbos s0byms BgMgwrg Tgbfogzeol 9BHe3bga 30. XIOXIOMBOM SOF JOO FMBHOE0s 56
ddbsMs, MHMIGELog 99deos 99;33950ml dmgegbqdo s dgobgmmb 56 M939MLos 2o)3gmmls
Q509609055  bgbmdMogzo IMIFoxzgdol Fgdgy. oYL SLgmo FMESE0s 96  ASTMBBOEs
90ombmdom  Lobgmdol, 98 dowombmdod Lobgmdgdol dowrombmdom  ™Momdgddo o
M3 0600030009030, ©BYMGdS MMymeaE Imzwgbs ©BI- By 96 ITMI0EYdMWO.
9653500 X 0900560 MMA60HIGd0L dgMHGOOL J0BYIHYd0 HI- b JoEads Mbs 39dgdmom.

3m39b305eo s oxgMYbEosEgos

Loyg3s "3m3H9b30s" B39 gdM0g goblsBLz®msgl MbsML b TglisdwgdEmMdgdlL, GMIgEoE 56 SMOL
3(30009IOQ MO 0DHYOME0. YXROIODY 2oOGBom, GHgMdobo "MxGgMwo 3m@H9bi3os"
B399 90603 259m094qbgds 0oL 25dmMUBsbodd, ™) Mdgbs dgwdwos dmEgdme MXMILL
29bgl 3GMg60EHMOHM0o ((obsdsMo) MxMgo Lbgsslbgs GHodol MxMggdolomgol (Binder et
al.,, 2009). ®5096 Boym@L (pobsgmxogmadmwo 33903bMx ML) Fgmdwos yzgus GHodol
2R MH90LmM30L 0yml HobsdsMo, Aol MHm®gdgb GHMGH03MmGHIBEGHWO Mx gL (Hansis, 2006). doligob
0594900 580G M5MmdSL Fgvder0s G90bs@BMBML EME03MmEHIb305? OHMymO3 Habo, Hm®bog
3oboymxz096MH9dmwo  33903bMxXMgo 0gmays 3060390 FoGHmbolbsl, gl 0fj393L  9IdGOMbOL
d30mdowo  MxM9gEqdol  HoMmdmddbsl.  dmg305690000 830MdMOZ30  MmM03g  MXMIO
9dmbsforgmdgb 9M00 9gadMHOMBOL 29630005693580. M35 BMYR IO 2-XMJE0s60 §FdOHOMBOL gl
2R 090900 LBsP0MsMmE Jdbol LEW MEYSBEOBAL- dMbMBoYMEGHMO BHYw39dL (MZ) (Silva et al.,
2011). 5360350, gb 59330390, ™A 306390 (s FGBodErms FgmEg S IgLsdg3) J9YmzoL 3909
6039 930MdM030 X MJ0 065MFMB6gOL BHMEH03m@gb3osl (Galan et al., 2013). Loob@EgMglms,
MOmd MZ §s60mgdbs 9FoMm 3530060305 ©b3-0b LEGHIdOWOHO 900300 LMD INBOEO
bL@IsBHMO  Jumzgowgddo. gl ImoEegl  BHY™IGHYIMb s 396EGHOMAYMGOML  Fobrmdws
990569  M9200bg0L,  3MW03MId-M93MYBOMGIM  M9R0mbgdl s 39@gMmdH™MTo@obl,
X O9JO0L  5©3gbosdo  Po®omer  29bgdl, WNT  Loaboswobosgost o 51939 MxOgoob
30G™MI6IGON® 8IQL.

0539096305305 O BMEMIESZOd

5MLYIMOL  IMO35w0  LMBsGHMO  MYXRMJO, OMIgoi  AbyogLos Lbgs  GHodol  99dyma
ORIM9I630090Mw  MXMJOIOMB. HMEILSE gu  MXMIIO0  90IMBBEIBOL  Lbgoolibgs
39M90mdo, Tomo  AdYMmBolL  A9M9dg  (ORYIMYIBE0sE00L  SM30gdIo  30MMdS), olbobo
w066 Jd056 O0RIMI6E05300L MG LBHOOSL. OHMmEILsg 0Lbobo 0fygdgb godmMogwqdsL,
o 8999305m, FoROMIW, 50A0DMb 3500 3000MO BIMJOIO BOMMGSIEMMOL
©obdsMmgd00 (Murugan et al., 2022). 35000 4mx0wo 3m@9bz0swol 3sboxgldsgos, LogsMsmome,
9019»0mgoL 035DY, H®MA Jom 56 3965300 JOMOMJOEO 3MEg6E0sWO , 30BHMYIBIG03MEO
UEHIGHLO. YOMILM, YK OJJOTs J0OGL 256339990 BMMTS, Foblb3s39dw0 03 BMMIoLYH,
o3 3Jmbsm 50MY, gm0 Jgbgz300 “oRIMIBE0s30sdwY” (Driesen, 2014). 0d dgdmbgg390do,

L3 YYIXOIO0 BYdS 30D ,O0RIOIBF0MIOMWO™ S 56 033wl 3MmEHIBE0WU,
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35006 503md96, Mmd SLgmo  MXMIEO  FMEMEOMIOMOs S JJ399GdIMgds  Lbgo
dmeo3osbsg (Ham, 1987).

9ROJIO0L 30RO I35 POBRINIBE0E0L MBOL dobgz0m - 30¢MagbgB03MMO bGsEmLo
3963000060905  98dM0Mbdo  ORIMID305305  B3gMgdMm03  bgds  MIbIMbMdom s
0539300690905  bbgoolbgs »x©®gIeo bsbol Bm®mIomqdslmsb. (Shankar et al., 2021).
IR OIIO0L M9MdJ0T0  OFBIOIBE05300L  JBHOI3MIMOZ3MOOL 45dM, 9IdOOMbOL/BOEILEOMWO
MmM560d900L MXMggd0 Fgodwgds 0gmlb Lb3zoslbgs bsbobs s Lbgoolibgs mosmdols -
bbgoslbge  303H™a9693H03900 LEHsGMLbol (Tkemaladze, 2023). 506020 “IxXOIIOL o3
bbgoolbgs 3m@Egbgosero (Han, 2020). 303 ™3969¢03600 BEGHMLoL m35¢bsBMolom, olobo

390d90s ©o0Ymb 99009 393)JMM09d5:

Doam@HOL 3063900  9Ymiqgdol 2 (50580560l dgdmbggzsdo 8) GHMGH03mE9bGHMMo
IR O90-0¢slEMIGMHO.

3995009 M0 M5MdOL MXMGOI00, FNOWWSL YN M9JOIOL FsdMTo3¢gdl GOl dMEM
0500597, 50056 3¢ MM03M 363 ¥M0/3EH03MEHIBEGHWM0/303mEHIbGHWEMO. 53 YR OOl 5730
®60/ 6B 39EH0 GH0o30L(30GH™3I69303900 LAHIGMLOL) MXMYIdOL Fo®dmddbol 3m@Hgbgoswo
(Sobhani et al., 2017). sbod039gEHMO0MWO oymBol G99 53 BH030L YYxM9EId0 Fo08mddbosh me
0303603 MXOIL, OMIgdoE  AobLb353Y000  9HPTbgMOLgb s  yMdMO3Z0
2 MgoLysb(Gonczy et al., 2005). ©gH™3560 MxGggool 6odsdo (Venkei et al.,, 2018) 30 -
03000M3M030 JOM-9OHDO YYXOIOO 3OIBOHOM oblbgsgwYds s X MIOLYSE (Chen et al.,
2016), 3gmMg 30 CO0RIMIBE0SE300L FBIL 5QYYdS.

O™ M5MOJOOL X OIIO0 OBIMIBE305300L LEdMEIMM FgYY0s, Fo0 56 Qo5RboSM
3m@G9bioswro (Giehl, 2007).

Uobidgbm  MxE9gdol 13930803530, LMIsGHWMmO  MXMIIOIOLYD  MIOIsW MO
3obLbg53900lL B0bgo35, 3MB(393GHMIW MM 080395, M3 bgdoldogMo GHodol Lmds@meo
X O90L: H0bs3sMmBs MxMgdo MbEs 4o00dMb ©IEIMIM0Z MXMJT0 5dGHOMMO 4960
JU9Eo @ 35954 BHOMOPIL sboo S 303MPIOIEHOMMO bBHoGMLOLIGHZOL dglsdsdolo 4gbwcmo
JB9e0, ®™3 dmbgls 35993 mygbgbo (Ewen-Campen, 2010).

O0RgM96(305300L5 S 3MOMEORIMHS300L dsB39690go F30MYds IBYIMYOOL BMEDY
©96OH™3560 MXM9go0L 9030M9gdLMb GO FMIZSEMXMG0sb0 (3bMmggEgdol LG
239630056090 MGY60BIdo bgds M9agbgMs30s - dz9wo LMs@GOo X MIIOOL F933ws
sboom. 1bgsolb3s 3H030L YYXMgJIL 5g300 bbgosbbgs MgaqbgMogool 3gMomeo (Spalding et
al., 2005). obgGo MXM9IIO03 30, OMIMGIOEG SO 0MZWIOMPS 3950 YI60M, 99399JdMYdS
BobBo(330gdsL (Boldrini et al., 2018). 09 Ggaqbgcogool 3GmEglo 8vdogs@ 5dEGH0MH0s @S 56
d306M©Y0s, gm0 MmMPsboBIo 56 MBS IBIOPIL — RBIBS3JOMW0/FEHBEHMOO
"X 090900 399000350 Bsb5(330gds X BLOMO s SHBHEO YR OJJOOM. o8 M19gbgEMsEO0L
39930 5153096 g d30MEYds (Pechersky et al., 2016). LogsM9M, gb 25339 0s 0dom,
60 09OM3560 RO IOOL MoMmIbMds 30MYdS 3gMIgEHM0O 3MIMAMIBOOM, Mo SBJsMYOL
5096905 (Encinas et al., 2012). 0gMmgs60 mx69gogdol 99930609006 30BgHBoL ©oy9bo,

d9Lodems, 295300l BMIs@GHOo  MYxMHgOIdOL  OoRYIMH6E0Mgd0L  Fmeng3MEO
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399ob0bdgdoll  Lo®IoLbgmero  Jgufogerom @O IOMZD X G9EgdHy  dsmo
b99mgddggdom(Eckfeldt et al., 2005).

©0xIMY6305300L IgdsboBIgdol 3mb395E50gd0L 39ddbs s gsmAxmdgligds

sl 99009, M3 XIX ULom3mbol dmeoml g9boL (36905 BsIMYSE0d©s, ©ORIMY6E0sE00L
3995608 035059l 49boL 35035, MMIGdIOE WYBITIO F9IRL 5O 0dgME.. SY!
396G MIXMIL F9MIos 2os®mAgEml 2ogmas s 2oalgl ©bBT-ob (330w dgdo M530L
0005903530 gdL. 003 9dM@Y, MHMI Lb3ssbb3s MXMYo 35MA93L Bbgsolbgs ggbl s sdodma
X OIIOL, OMAWIdoi3 §0933693056 bbgoolbgs GH03g0l, bs 3dmbmom bbgoasbbgs
R0H03O0 s BW6J30MG0 FobolosMYdgdo (Weismann, 1890). JOH™Imbmdmwo sbserobols
9900mEqdoL 99909953900l 9909y 90dMBbEs, MHMI  3bmzgwmMmo MMl  3Ho39gdol
36530 gLMdSL 593L 04039 JOHMIMBMIMo B53M00 s EBT-0b T9doYIbEMdS Y39ws LeToEG
2 M9dog 03039 (Batty, 2019). 59 god@ds Fo03msBobs bsFoHmgds 8modgdbml 0bwyd@EmMgdo,
MOMIwgdo3 (330056 ©IMdM030  YxROIOL  30EGHMR0IBH0ING  BEAIGHMLL  F30MdMHO]
X 0909030~ M3 0§393L O0RIMIBE0530b.

L@IsGHIM0 MXROJOIOOL dOMM3d0 O0RGMI6E05300L 0bEIEBHMMGOO 56 SMBYdIMOL Lb3gsslbgs
3039693031600 LEIGHMLOL IJmbg XML 29b6lb35390900 sdM{3gmeEos odom, ™A
950030 4560339090 296900 5GHOL Mg3MHLOMYIYWO s 53539 POML F>PMZ0L HBbILOSMYOYEO
396900 560l 5dBH030090wo (Brown et al., 2003). LsFodOm gobs 0bmd@mEol dmdgdbs,
Mm3gbsg 9990 899993939009 259mOHmMMmb gMmo 4969M0 Jugero s BsGomL bbgs 49660
Jugeo. 339603EHYXOI0IE BoMmMZOL 53MM0sd s dolo Bsbs33egds Lms@Mo Wx MOl
00MHM30m, H©MIJdoE IBOJLI0MGOME0S 56339990, br®Tsdo 399993935000 30G™MI69G0MOO
bEodmbo (Campbel et al,, 2001) 3093 gOMbge ©98G30Es, MM dOMMZT0 o6 SOLYdIMBOL
0RIM96(305300L godmdf3930 060IBHMOMYd0. LOWMWSE 9B30MIMYOdMWo Jarmbgdo Lbgs o
Lbgo Lobgmdgddo 3oL Loy39mglm ELEWM0S 1960 ierosb (Briggs, 1960).

©0xRgM96(3053008 0bEMJ@MMGd0 LMIsEHMMO MXMIIOOL (30GHMIWsDTsdos Y) doG™M30L
G®9BL36EE0S BLMT>GMMO YR OJOO0IH GBI goMYdME BodmEHdo begds 08539 Lobgmdsdo,
569 50630l EMBMOO RO WS 3390 3R OJO F09393593056 gOMLY s 0Tsg39 Lobgmdsls,
505 9fmgds 06@OLIBYMBGO0Z0 BOMMZMYWO BHMIBL3WLbGHs30s (Gurdon et al., 2011). ovw
33906bIXM900 @ d0MM3MWwo  EMbmOO  MxMggdo  Lbgoslbzs  Lobgmdolss, sbgomo
d0MM3NO  BHEMBLIWIBFIE0L  MPMm©gdgb  x396Mgobo  Lobgmdgdol  dommzmen
A6bL3sbE305L (CSNT) (Moore, 1960). 30650056 bmds@ Mo 1x Mgl CSNT-ob 9539dGHmOmds
QO050s, 9B 30©J3 9OHO  FoMmomYdss 0dboby, MM  3390EbLYXOIOL  (30EHM3WSBDs
3°59(939@ MMl 0535dmBL 2500569MR0w0 doMHMZ0L 3MMYMFoL dg33ewrsdo (Narbonne et al,,
2012).300093 96000 domomgds 30GHM3WsBIoL by 085803359, MMI GrELsg Lbogddg gbgds
Dma09Mm0 4505896900 3065L dymao ddwma[mgzmgdol 3EMmboMmgdsl, HMYMMOESS goy®o (Lanza
et al., 2000), dmx3embo (Loi et al., 2001), 5360390 o6gmwo 35¢s (Gémez et al., 2004), J30d0L
39¢)° (Gémez et al., 2008) s 3mom@o (Hwang, 2013), CSNT- 9 ©o@sl@GHw6qs, H®m sOLYd000s
339003bxXM90g00 JoEgdme 0dbss Fsmo  sberm  Fmbomglisgg  Lobgmdgdosb. CSNT- ol
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Ho635@gd0L 2DMPOO 5¢d50MdS IFOOMHMP 5393000 JI0S SHEM LEbYMdYIMB s CSNT-
ol 3M5JB03ws©  bmwmzsbo  sEdsmMMds  393d06MTos  Jmegmer  Lobgmdgdl  dmEol
33906bxXMgool  399mygbgdolimsb. gl dommomgdls 035Dy,  OMMI  OBIMIBE0300L
69329069008 BoLEBHITS O M350 06EYIGHMMJO0 MBS 0ymb MOMEMIBOI® 9353806090 MO,
53L905000, IMbsmgliogy.

9099595350 0dobs, HMI 3mboMgdol 9du39MH0d96@EJdTs 5BMoxkb3MS LMBs@Gmo MY MgLIdOL
006MH™M390d0 ©OxIMO6305300L 06@MJBHMOIOOL 3360l  HEEBIMMBSE 30, SOLYOMOL OO
5¢00500Mds 0dobs, HM3 06IEMMd0 [o®dmoddbgds dommMzMwo ©bd-om (MBI/30s) @
©0RIM96(305300L fiY9ds3Yg 59 06JBHMMGOOL go@sbs bEgds doMmM3MeEo 89306560l Jowdss.
J6O@AMbMIGO0oLsE AobLb353900m, MMAWdOE MBIBdMIE bsfowgds I30MdMH03 XML
3060l doGHMmBol EOML, 30GHM3WSBTS 0565365 56 oo gds F30¢MdM0Z MXMIIIT0 563
(om©gbmdom s M3 bo®olbboom (Wen, 2020). 9535b5s3g, Lbo35MM©Ms ©O0RIMBE0s300L
060dBH™MM900 8m0dgdbml (30EHM3W B0V LEHSDdOEMM S MZ30mYS6IGMOYds® LEGHMMIEHO9dT0
- 303Mmdmb®0gdlLs 96 39bGHMomgddo (Chichinadze et al., 2008).

SLmE306HYdd 049 565 ORBIMHIDE305300L 0bEMIBHMMIdO (39bEHMOMMGdE?

5QMJ0 YR OIOL BOMEMPGO0 YR MIEOL 35TM53¢gdOLMZOL 99930 gdgEs doohbg3wbgb
396GHOMLMIgOL s dosmdo Bsdodme gz0e (396GHOMMgdl (Schwarz et al., 2018). sbgwos
36MdO0s, O™ 563 395EGHMOMMGd0 S YO 39BGHOMUBMTGOO0 56 SGOL 59930 9dIEO X MIGEOIOOL
399653 qgoobmgol (Gadde et al, 2004). Fsa6Msd QI 9MM33939e005 OOl 0¥) 5o

395GH®0M9d0 OFIMHIB305300LIMZOL ) (30¢gdJO.

3963M0Mmegd0 Lemds@we MR MHIgddo
396mbo3zmMo  396GHH0MEolm30lL  sToboLosMYdg0s  B03OMAGHVIIMWNOO  HE03WYEJOOL
3659530 LoAYEHOOMEO Fobeogyqds.

396@®0mol 3GrmdlodsmMo MHgaombo 99ygds M58 bodg J39LEHOMIGIOOLAD. gMm-gHmo
3063900 0©g6GH0RB0E0MIOM0, SEdIM, B0 0gm. Jobdolmoggdo 9839ds do3MHMEBdOL
39000l 3OMmJLoTIEMOO  dMWMEID s FMOZMHEYds  BMOBWOL  dMEMID  Mo3gbodg
656m39gBHMTo 96 035390L B1g0mbL MIMsEm© 3OMJLOTIMMO Mga0Mmboll OLEIXMMS© S

36390905 03OMEHMBMXMEMO BHOHO3WYEHOL OLEIWO demU3gb, LosE IEYOsMHYMOL Jo
bo6roBe.

395@Momol LEGOWJGHMOOL 33093530 FoMHgmEo J9MP3930L dobgszs©, dolo Mmoo

MXO9I0 X9 30093 LO0ENIWMGdom  SMHOL  IMEMo. 39BGHMOMWIdL  BoghgMgdMmOs
JO®AMb@IGOoL 2565H0wgds I30mdMH03 YxMHgIIL Mol s dus3Lo BbJ309d0 doEMmBOol

QOML. Y399 9L 39090 J3IMO 5©FMRBE.. 53539 MM FHMIBLBMMOT0MYOME s LodLogby®
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"X 0909030  396GHM0M@gdol  MHoabgzols s  JOMIML@IOL  MIMm©IbMdOL  MIbIFIMMIOL
QM3939, LO35MIMOME, B0MOMIOL (396EOO0MEDY, OMAMOF ORIMNIEE0sE0sd0 oI
LAHOMIGHNODY, ToaEed  9M>  OHMYMOEF  FoFGMBOL  OYYMEGMODY  (539DGHMOMMWIG MO
L@IsGHIMO MR OIOIOO0 BLOLIYMBOEISP 0YMR0SD s LOWMWYMBOMSE S65H0Egd9b 29b9BH03MG
Lol I30MdMO3 MXMIOIOL FMOL). 995505 3bMdOE0s, MM 396GGMOMEgdo SHymdgb
39603396¢®0MmEMem  3m33mb9gb3HJdL oL3MYGI BM3MLTo, BM6J30mboMGdI6 G5 MmamGE
domdodonmo 396@G®o (Woodruff et al., 2014). 99456000 Loodwwmo MBgds, 353653 9i39Jd@O
5935655 52308 dELEMEoLADY, LdsE 390GHMOMMgdo 96 BbYdS OEHMEGH03MbEHIOMBOL
5396359009, ORIMIB(305300L Y9x5~ TgmEg 56 Iglodg doGmbsdy (Calarco-Gillam,
1983). (396G ®0omegdo 99933000M)Md0m J0oMgds MXMIJOME (3039080, MMmam®E (obslfs®
B59Myse0890w0 30003560 LEHYJEHMMYd0, GMIGIOE 505D FEYMIOS 30MHMDYIOL 4569
903560, OHMIgd03 96500MMg09gb Lbgs 03O MEH1dgdl (Bobinnec, 1998).

395GHM0Mgdo 9hymds 339 9OLYOIMWO 39BGHMOMWOL 3MMJLoToEMEH dmermdo, GMIJEOos
00309365 5Mge YR O (30300 O A3IPOMOS FOGMBOLS O YYXMJJIOL JogmBol
abom. (Goénczy et al., 2019). 90360mGHVVMY@gdoL 56 296mTol Fobsbfo® BsIMYsE0dgdwo
53030l 3mb39BE0, OMIGOE WMIsobgdIos (396GHH0MEgddo, MHMIMgdoE Fo61015396
395GHM0Mgdol 99369056, @odds  9du3gMH0TgBbEH Mo  FBsMELFIMHOL  SMIMLGOIMIOL  QoTM
(Marshall et al., 2000). doubgsgzs sdols, doBbgmeos, Gmd ©9EI0©MH030 39bGMoMm®oO
39M339MHomo bgwl Mfymdl sbowo  (396¢®omegdol Ho@mdmddbsl. gMm-gMm 30639
3393580, MHMIgEoE gbgdm@s 98 Ls3zombol, dozMmdoMMaomwo dgmmEgdom d9ddbgls
3oGHM3bAO (9603w goOIRMo  IXOIEO), Omdgwog Fgosages  3IBEO0MEBL. 1939
006mM30L 99933900 39MH0M3WOLEJO0  396GOOM®WgdIOL o69d]. 39M0M3EslGHTS Tgobo®bbs
LoEmEbEolKybsM0sbMds, FogMd b0 (396EHOOMEGdO 56 Fo®dmoddbs (Maniotis et al., 1991). gl
90930000090 035Dy, HMI 0¥ 396GMOMEGd0 56 Fo0dm0ddbgds de novo (Nabais, 2021), fobs
3OO0 39bGHMOoMgdo  JgbodErms  BoFoMm  oygml  sboewo  (396GHG0MmEgdol Lo
39360900Lm30L S Fom o3Bb0sm MOWE, MOE LOLYIMZ905 TZ30MOMOZ (396EHOMEOL 4.
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(a)

Distal
- 50 nm

Central Cora
-~ 250 nm

450-500 nm

Proximal
~ 150 nm

(b) (c)

Proximal view Microtubule triplet
Currore Opirsan m Strucural Biology

LYYOSMO 1. 39BGHOOMW OO 5OJ0BgdEHOHOL dmEgero.

(9) 396GH0ME0ol 456Lb35390w0 LEHMMIEWIOHMEOo dbJdOL dmogero. (1) 396EHMOMEOl LOIEo
bgo, (2) 395G®0MmEol bgo Fo3OMEHOIMWNHO 30MHJdOL FoMgdyg, OMIgEoE bobl MLgsdl
5653030mBEGHMdMYNO bLEOMJEHMOME Jobobosmgdwgdl, (3) yMdogzo 4obogo 339ms, GMIgEos
bsBL mlz35aL LsbsIOOL LEMWYJEHOIE 9EgTgbEgdL.

(0) 396&HM0ME0, HMIgeos BsbL 36OMJLoToHo BHOWLH.

®  Foghoddgeg®o  biggeob  pEoEpdgro  byro  9H03H0MRIo
36OMGHMBowsdgb@gdom (Le Guennec et al., 2021).
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(2)

~ 200 nm

S ERREE R

~ 100 nm

CAlEET R

(b)

Tnchonympha J Chlamydomonas
Currervt Qprvon in Struciurad Buoiogy

b0 2. 396GH®0MEol 3H:MJLoTo MO MOYBOD(30s.

(9) 395@®0MmEol  3MmJbodsermMo bsfoerol aMdogo asbogo 339ms (FomEbbog) s Bgws
(@56x3603) bggdo. Bsbstrmo (J3gs dotx3bogz) bsBL ML3sdl A-C ©585353806M9090
LEHOMIAHMOOLMZ0L OBOJBOMGOME? 3JMHOMPIEIMBSL.

(0) BM0gmbodgs (Asbbog), 356599304990 (495) S JursdoEmIMbalio (Fotrx3603) drGdgdOL
396030 (Bg9) s 339000 (J39Ws) 36030 339009d0 (Le Guennec et al., 2021).
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Current Opinien in Structural Biotogy

b0 3. 396G MGHO BoOHMZ0 s Fos bocIdBM.

(9) 396G OO Boffoerol yMdogo 33gme.

(0) 356599304900l Jos batrvBml bzgmewro 60dmTol yMo303w0 25dmbobvengds.

(3) Jesdo™Imbsliol, 3565993030l @S 5@30sboL (396EGHGOMEIOL (396GHMIWMHO doMOM30L
396030 996030 33900900l O9BOIME0  F9TMBIbMEGds, Fos  bsMsBmgdol  JggMmgdom

30360MGH¥dgdol GHOM03wBJOmsb/mMEMEHId™Mb. (Le Guennec et al., 2021)
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©36908g30gwo  33waggdom  dgobfisgeroe  ofbs  gxOIEolb  BMadghddo  fig3ade
90360m3M3wo ImboGM®mobyols §39d. o0 3300939005 39dMo3¢0bs Lsdo d60d3zbgermgsb Fggao

(Hinchcliffe et al.,, 2001). 306390~ 6556 5390GH0MWIOHMIO  35M0M3WsLEGHJ00 93000606
90@MBT0 O SO gL 00, 5356 33EZ0ES 0L, OMI (396GOMLMIYO0 WS (396GHOOMEGdO G
5MHOL 593009090 BO3MW GO VYMHMYOOL BMOIoMgdoLmzol (Wadsworth, 2004 §f). dgmeg-
3OA™30bgHBOL  sOlMHgds T9gsMgd0m bo3wgdo (oMmBs@goo oym, Moz d0vmOomydL
395GHM0Mgdol HMmEbHg 30GH™3069Dol LobMuBHgdo. dgbsdg- 30GH™Z0bgbom Ho@mdmddbowo
5396GOOMEO™MEO YR M9JO0 BIM©I0056 S-gsBsdo Jglgesdg, Momdml XMoo 396
A™39096 G1 7Bl 396GHMOMEgdol go69dg.

396¢®0megd0 Fbmeem LmsdGHM EoRIMYBE0MYdME MRMY©IdT0s

09 395@OMLMIgd0/396GH0MmEgdo 56O sMolL  3603369wm3zsbo  JozOMmEGHMdMEgdOL
0o68mgdbolimzol, JOHMmIMLMIgdol A9sbsfogdsdo, 3580b GoGHMI 6oL (396@GMMLMIGd0 ©
395GHM0M®gdo 3bmzgwms 43z9gms 0RgMHIb3E0MdME LGNGO MY MIJ0? 1535M9YOM,
3H™390gd0Ls s 5053056930l LMAsEH MO VX MGEJOOL ST MEMRBMOEOL JoMOMIEO GB350
3930060305 ©0xgMH9b305300L 060IEBHMMgdmMsb (Tkemaladze et al., 2005). 65h3969d00, B3
LmdsGHmeo MXOI0900L 39GHLMDS 5396l ©99™06M03 Qo 930000603
396G MLMIgd0L/396EGMO0MEYdOL bGYOHIMEH03E 890330MYMDL, HOMSE BYds F30MdGHO30
2900l Bl 2obLEBOZGMS  SLoTgBHMOwo  Joymaol  Fgdga(Chen et al, 2021).
33906bX 6909030  396GHOML@AOL 96 sOLYdMds 360309 M39b  HMEWl SOVl
35Om9bm9b9BH03Mmo  gddMOoMYgbgbols  36g396G30sLs s gddGmOoMbol  MxEggddo
3906GHOMLMIGOIOL  Gom©gbmdol  Eodssblgdsdo  (Manandhar, 2005).  (396&®0oMmEgdoL
590d0bs300  353WMmoEMMO  33903bYIXOJIO0L  [o®dmddbol  3OMm3gldo  O3EMOYIMHO
bmdsGmo  MxMggdosb (Hartung, 1977) ULsges®omome oMol 99dmadfjgdol  fodEowo
AMGH03mGHIBE00L  50Ebolmzol - "Byarmzsbo”  303H™g69303MM0  LEIGMLOL  dowgds.
MOmEgbyE bgds 139gMHAsBHMBMOoOL s 339OELYYXMIOL Fgefiyds, Fggas© dowgdmwo
AMGH03mGHIBGHMO0 BogmBs 04mas s FoMIMIMdL I30MdMH030 X MGOIOOL 306039 MSMOSL -
2 HmGH03m@6GHMO MxOHIL. 9B MXMI©IO0 51939 0YMR0SD s Ho®Bmddbosb T9dgao Momdols
AMGH03mGHIBGHMO YR O9gdL (Maemura et al., 2021) @, 5360, Ju AOIJGEIdS 25633999
05009830, 115659 MMIger0dg M5MBdOL I30¢MIM0Z VX M9J0 56 Fo®mdmdbgds 39bEGHMOoMEgdo de
novo (Abumuslimov et al., Maro B et al., 1991). 53 5000b v1x69©09080 35635396 GHMGH03MmE9b30sL
395GH®0Mgdol Fomdmddbol dmdgb@Hosb (Ishiuchi et al., 2013) s ©39d056 99J3935000
©089IMI6305300L BBy — 0dgbgb 3M3IZPNW FOGMPIBIGOING LAIALL. FoGAMEIBIHOIHGO
LAoGMLOL 933w 5oTbs3L, GMI IPIMOM030 39699M0 JugEo FodMmoMmMM, berm bH3MEIMO S
303969300 LGHGMLOL gLsdsdobo 49bmo Jugero Bso®omm (Roy et al., 2014). bmdsEGo
WX OIIO0L MO0l MomgbMds, Yoo BoaMmGH0Ib, F9BOMMWos 3908w030L
wodo@oom (Hayflick L (1997). dm@m 050m00b 9x6H90 96 ©30m6maMs806939wo 53m3EGMmbBom
3300909, 56 89000l 8g0mBob 2 goyma3sdo s Ho6dmdadbgds 353wmomo 3589@)s. 50 BOHILEGWME
©9O™M356 MYRMIIOL 30 399MmBoL 0ToE0 96 Foshbosm. L35G M® STol Jobgbo Fsmdo
SL0TYIEHH0O 359 BJGOOLLL ©d39wqLO 396EOOMEGdIOL IYMM39gdss (Tkemaladze, 2023).
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5do 390dgds 3aMIsMgmdOIL ILEHMWYJ300 IROMZ0w0o  396GHO0MEGOOL BEOEILEWE
096H™356 MxM99g0d0 996HBI30000 EIYOMZGOOL BOMEMAO0YOHO SHEOO?

5935655, ®©™3 303 MOR60DIT0 Yym3zgem30L s Y39wasb bgds 9bGHOm™M300l LHobsswdgym
36MH™39LYd0: B0 (dSWO 9BEHMMI00L IJmbg) LEGHOIEBHOIO0m 390l (Foswo 9BEGHMM300L
dJmbg) Bbs3E3egds. LOSOE O OMEILSE SHIOm  BBIE3Eds 9GS TMTYgd0sbo, bgds
LEAHOMIGHMMIOOL M935M5305 s SFom Tomo gbGHMmM300L T9d30M9ds. gl bgds Y39ash s
4m39mm30L  39M©s  3956GHMOoM@gdols.  ©EMdM030  396@GMoMmMo  (Bsswo  9bEGM™M3oom)
Do00mddbol  d300mdM03  396GHMOMML  (BSEo  gbGmM300m), ToyMed  IVMIMO30
390GHMO0M®WgdolL 093565305 9B  gwodobszos LmIs@Gme  MxM9gEgddo 56 bgds. d9gEoga,
DOHILOMEO ©gOHM3560 MXMGEOIOOL SL0TYEHOONIO 2oYmagdoLIL BMLEBHOPE GMT SLbgmOo
d39wgbo  (B0oeo  gbGH®MM300L  F5BHs6M9d9w0) 39BGHMOM®Wgdo  gMHRgds 0d TJZ30MdMHO3
2R M9q0L, OMIgdoE 065MGFMbYdI6 ©gMdMO30 MXMIOL 3mE 6305wl (30GH™YI6G03W6
BEAOGNMLL). gU 356G MJBO )OO B3 ghs, HMBYEOE 035¢LIBOBM Wsdsd 3MEbIEO MGYIEOBAOL
96@®™300L Fobsswdgy 3M3Mmesdo, MYy AbMEME gHmO, s 0LOE FBMEWM® F5M9MPOMsS
SbLBo0: B0MEMA0MHO sOLO 53 IMg9bols IAMTsMYMOL 0350, OMA (396EOO0MEGIO 5B6GdIb
Q5 565(0gd96 d300MdM03 X M9IdLs MOl O0RYMHY6E05300L 0bEMIEMMGOL.

1553565 MC:

1. 139MTo@MYgbgHoLsol  (Simerly et al, 2016)/mmygbgbolol (Simerly et al, 2018)
396@®0Mmgdol gerodobsgool s dsmo de novo (Zhou et al., 2015) Fo®dmgdbols 3gGomdo
45e00d@gds MO0 256b353900, Jglisdsdol (396@M0MEgdd0/(396¢M0MEgdbg d0dogMgdmwo
0xIM96(305300L 060YJEHMOOOL LEBHMMIEHIOS (o).

2. ol 99905 (30EM356/MB8 ©oxkgMbEos3E0ol 0wbwMJEMMMEo M3 gdoLoYsb
(©003d), H™AgdBY3 06830MHT5305 doMM30l/doEMJmb®mools bI-Tos.

3. 396G®0Mmgdol M3E035300L5L F30MdMH03 39BGHMOMEBY FoaM©Ids IPMOMO30
395G®om@ob fyzowol ob-ob BYLEo sbigro.

4. Sb0TYAHGOO 259mMmRoL 9IRS 30 MdM03 YYXMJIOT0 IOMIM03Z (396GOOME Y
900536939 ©OL-06 BYds MmO (Fgbsdsdolo) E0d-ob 4odmbmOzoLMBEgds s gl (33¢ob
wIX 09030 304™390693H03M BEAIGHMULL. SHIER DM F30MIM030 (396EMOMEBY 0o MgdvYew
O0L-0@6 s bgds ©0T-0L QodMbMOZ30LMBGds. TP OT-9d0LOYSD OL-9d0l WIS
b0 5M93MM3MEO(304E05.

5. 96000  ©oL-0  2sbs30MHMBGOL  SBOTYGHMOIO  FoYmRIOOL  “omM3Esl”  F30MdMOZ
2xM90do ©0d-930L AsdmymRol d9d39mdom ©s dobo ©OT-9doLogsb oW FobsdoMmmdgdls
DOHOILOMEO  0YMOMZ00 XML  [omdmddbsl. dobo gemo F30¢MdMO30  MXMIOO
4m39m30L  990bsMhmbgdl BOHILOIMO ©gH™M3z560 MXMIOOL M30L7d9dL, oYL gomo
395GH®0Mol EOL-0 (35M0JO 0YMm JOMOMOZ MXMIJ0 S FgLodsdols OL-0 Jobsh 3960
300m0oygmazs - 96 396 dmbgds 303H™A969BH03MM0 LESEGHMOLOL Tg33ws. 53539 OML Jgmdg
395G®0mol ob-o 9o 3093 8903536 OL-9dL s SFoEHmd dgmeg d30¢MdMHO3 )X Mg
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dmbqds ©oL-0l A5dMBMogoLYRWIGds- Ol O5YJOS ORIMI6E0s300L BOL, Fgogbgerols
30396930396 LEGHIGMLU. (350350 53 LEHMIBHWOSL S-Oob)

6. d9m6M9, 306039 0Logsb 2oblbzez9dwmo EOL-0, s1g3zg “0MZEOL” SL0TGEHMOW Yogmagdls
306390obgsb 256lb35398wo ©0d- gdol godmyma0m, JoaMsd 306M39w0lsYsb 2306023006 qds
9900MBom s 359939d0L Fo0dmgdbom (3503500 53 LGHGMJGOSl H-obs).

7. 15653 S-ob s H-ool -93do 560l gmr000 35063 ©03- 0, X OIEO 0mM3egds GIIGMOMbSEMEM
QO35 IXOIS.

8. 099 S-ol s H-ol -900 LOE0s© ©o03wgds ©0d -900bogsb, »xcgdo Bso0MMZ390s
3MOHMYM580M90)0 530M3GHM Dol dgdsbobdo.

9. LodLO3bE S BHOBLBMOTMYOMW VXM IOTO IMMIIME0s OT- OOl godmymaols
d9960%0do.

506050 d90degds S0blbsl dgzgagbo 396@GM0Mmgdol 99MRJ3000 IGHMZIds BOILEOY
M96HM356 MXM990d0- sdom bs6MhMbgds S-ol- 0 bywrmbagds d30mdMH03 Yx 9o,
3903 065608690l 9IMOMmO3 WgMM35b (330 gdadL (33 IWSE. OHMMS 4oBTo3EMdST0
©96H™3560 MXMH9Gd0L M3Mmgbmdol 93060905 begds WgMM™M3560 MY MILIO0L MBOM 0J305000
©59Mx0L 30Bgbo. slg3g bwgds gMm3s560 MXMIIdIOL dogmagol 3Hgddol 89830M9ds, M3 MBO™
3935 99390390L M93969M5300L 3H9a3L s, FGLsdsT0LOE, BYMGOIOL 3MIM(39LYdL MHYmMdL bgenls.
X OIIO0L MOoMm©gbmds, MMIgdo3 999amdo oxgMY63E0s300L aBsBg BB, Tswowo
©0xgMH96305300U, 30{MME 139305 OHBOMYOMWO YK MHYEIOOL F0bsdMMHBIWII0, PMVOMO MY
dboM9006. 5d0FH™MI Jumzowgddo MXMIIOOL FoBsbrgdol LobJoGmal WROH™M OO O™
L F0MYBS, M93969M5300L GH9gddo 03wgdlL, MMYSEOBA0 dgMds.

ol3Mbos

Jum30 900l G9a9gbgM o300l 3MmEHGb(305w0l G90306MJdS OYMHYIOOL JOHI-gMHMO Y39esDY 593560
9oboboomgdgE0s (Lépez-Otin, 2013). 8525000050, 3995¢™3m9bo 3060005 sb53m9b ghms, gl
30 0f393L 5@3GHMM0 0896mmHO MXMIEIOOL [oMmBmgdol T9gdoMgdsl (Shaw et al., 2010).
©96H™3560 MXM90900L 3MBI30MM0 S MoMPYbMIMOZ0 F9d(30609ds 45dM3w0bEs BMPILEOWWO
©96M3560 MXMIIOOL 3M10dBH03MWS® Y39 $03do, dom FmMol moep3z0L fobs B30bo (Molofsky,
2006), 309080 s 399609000 (Conboy, 2012). 51530096 gHms M9969GMs30Io 3m@gbioswols
©5J390m9ds oo  bbob  ob ogm  Bofobslifo®mBgByzgugdo.  gdudg@odgb@dsi  9B39bs
93969653006 Hgd3ol  (odyzsbo  OmEro  ¥YOOOL  3OmiEgbdo: (1) Gmd  dbmerm
JOMBMEMY0m®Ho 51530 96 sOOL BoJBHMMO, HMIJo BOMIZL MYA6gMsE00L F0boasb »bs®l
9 (2) B3 Esds0 9396965300 39330 Imbvys 3bM3gwgddo sMOL Fogdml JogM 4sdmfizgwmero,
5096 45005696000 JumM30 00 O MOYBMGdO (BHOIBL3WIBEH0) doe0sb Forg 98mEOROWIYdS
6560l (60dsls) s bodol sbszol begds(Carlson et al., 1989).

Mo 0mbgds, 09 dnE0sbo Jumgzgool b mEOYBML  A5sbgey3zol  bogzwro  dbmerme
DOHILOMEO  0gHM3Z9560 MXOHIOIOOL 4569MY3d FMbgds? slgmo 9dudgModgbEo Wws3sLsbod
Boo@o®s (Lavasani, 2012) s 9900930 35650mJbeo ogm- GOMmBL3wsbEGHTs ©s0dm®mBows bods.
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boaobMms  MMAB0HBI0EID  93MEGdIMds  BOEILEOWDS  WIOMZ96Ts YR OJJODS
299D BMm35 boboBIMo MMYBODT0 S FobebyMderogs Aol LomaEberg momddol 30%-
0m. Sbgmo  9gBJHO  MJMO0MEs©  b3HobslHoMIgBHY39mgdo  0gm, MoEYPb  SBEHRSBEMS
MmO560Hdol  BOHILOMEO  MWgMM3960 MYXRMIId0 Domddol 2 xgM UHEIRI© 0gma05b
bsbsBIMwo MmMHysb0BIoL BOHILEOWIW MGMHMZID VX M9IOM6 FxsgMgdom.

LAY MBOOM, 2oBIMOWO DBOHILOIEO WIOMZ60 MXOJOId0 MEYIBODBOL 0dMbMMTS
Lob3)dsd Boeg3zg 299bsAMGS.

al33bs

QY O™ Ol 9JL3gM0d9bGHJd0, MMAwgddoi Imbgds Lo3MmsMo bsogmeo b
1930 0bEMEOMYdIMwo Bsdodo 9IdGMOMbIMMHO WgMMZ560 YYXMJOIdIOL  Q5Tmygbgds
MBoBOMbM  BOEILEOMWO  VYNMZ60  MYXROIIOOL  TobsPGdSE  TF0WMIM0Z IR OIOIOOL
000098d0. oo 9bJdgom  sBosE  LObMYBOMYPIMO  (IBdO  GBGHOM300L  BoBoMgdgWO)
396G®0Mmwgdo, B3 HobsdoMmmdss 98 VX M©gdoL B6J30MM0 s MoMmEY6dGHO30 LOLEOYIOU.
L3MAHIM0  MYXMJIO0ID  BHoMmBMgdo  DBOHILOMEO  MgMHM360  MXM9gEIdo  03MbmE@Ts
LoLEGHYFSD 56 MBS 29565 YPMOML > BOZ3MIMME bS FMbIL MGYSEOBAOL Mg39MLMEo
299boEsHBMH3905 - LoEMEbEol bsmolbol odxMmdglgdslmsb ghms, sbowro 60-90 {erol
903995 50530560l MMYs60BIoLOMZ0L. B0TsbEMdE0305, MM 58 3OHMEIPVIOOL  FodgMMYOS
d9L5dgdgE0s 03 WS 0liYg MLSLEOIW M.
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Abstract

All molecules, structures, cells of organisms are subject to destruction in the process of vital activity.
In the organisms of multicellular animals and humans, the process of regeneration is always taking
place: the destruction of old cells and their replacement with new ones. Cells are replaced even if the
cells are in perfect condition. The earlier the body destroys the matured cells and replaces them with

new ones , the younger the body is (the higher the rate of regeneration).

Stem cells are the precursor cells of all differentiated cells. Asymmetric division of the mother stem
cell gives rise to one, analogue of the mother, daughter cell and another daughter cell that follows a
further differentiation pathway. Despite such asymmetric division, the pool of stem cells decreases over
time. Moreover, the intervals between stem cell divisions are increasing. The combination of these two

processes leads to a decrease in the rate of regeneration and ageing of the organism.

During asymmetric division of stem cells, daughter cells, with preserved stem cell potency, selectively
retain mother (old) centrioles. Unlike nuclear DNA molecules, repairs do not occur in centrioles.
Hypothetically, old centrioles are more susceptible to destruction than other cell structures—making

centrioles a potentially structure of the ageing of organisms.
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