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NUTRITION SUPPORT FOR PATIENTS WITH SEVERE BURN: THE ROLE
OF MODERN THREE COMPONENT SOLUTION

Hitakshi Soni

University Geomedi, Faculty of medicine, 6th year
E-mail: h.soni@geomedi.edu.ge

Supervisor: Dr. Alexandre Loladze

E-mail: aleksandre.loladze@geomedi.edu.ge

Abstract
Background

This clinical paper compares the effects of enteral nutrition and a combination of EN +
parenteral nutrition in patients with severe burns. These patients undergo profound
hypermetabolic and hypercatabolic response characterized by accelerated protein
breakdown, increase energy expenditure and significant nitrogen loss which puts nutrition
support as one of the cornerstones of the management in these patients. Among
contemporary nutritional strategies are enteral and combination of enteral and parenteral
therapy. In recent times, the three-component nutritional solution, consisting of amino
acids, glucose and lipid emulsion - has emerged as an effective modality for delivering
balanced nutrition in critically ill burn patients.

Objective
To compare the outcomes of only enteral and a combination of enteral + parenteral

nutritional therapy in patients with severe burn.

Methods

A group of patients with more than 30% TBSA burns with a mean age group of around 20 -
60 years were enrolled for this study. Some patients receive only enteral while others receive
EN+PN. Regular comparison was done with nutritional status parameters like calorie

requirement, total protein, nitrogen balance, lean body mass loss and length of hospital stay.

Results

In adult patients with severe burn combined EN+PN nutritional therapy using the three-
component solution achieves earlier caloric and protein targets, improves nitrogen balance as
compared with EN nutrition alone, and resulted in less loss of lean body mass and shorter

duration of ICU stay.

Conclusion

Combined EN+PN nutrition appears to be more effective in nutritional intervention than EN
alone in patients with severe burns. By ensuring adequate energy and protein delivery
during the hypermetabolic phase, this approach meets the nutritional demand earlier than
solo EN therapy. Early administration of three component solutions may improve recovery,

support wound healing, and optimize overall clinical outcomes.

Keywords: Severe burns, enteral nutrition, parenteral nutrition, protein, nitrogen balance,
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wound healing, critical care.

Introduction

The deranged metabolic responses in patients with severe burns put nutrition support at the
forefront of management. When left untreated, severe weight loss, and wound healing
failure can occur (1). Early and individualized nutritional therapy is essential to preserve lean
body mass, support immune function, and reduce morbidity and mortality. EN and PN
nutrition represent the two main principal routes of nutrition therapy. Enteral alone cannot
meet extremely high metabolic demands. EN+PN may accelerate healing because protein and
caloric targets are achieved earlier and hence has superior adequacy. Sufficient protein
delivery and maintaining a positive nitrogen balance in these patients is of utmost
importance because of hypercatabolic processes. Timely nutritional interventions also
prevent infection rates in these patients (2). Nitrogen balance must be calculated for proper

protein level specific to burn patients (3).

Commercial enteral solutions like Nutrison is nutritionally complete, fiber free, ready-to-use
enteral tube feed. There are parenteral counterparts like Nutriflex® 3- chamber bags which

when added with EN can provide rapid achievement of energy and protein targets.

Objective
To evaluate which nutritional intervention has overall better clinical outcomes, compared
with only enteral feeding with a combination of EN+PN in adults with severe thermal burns,

focusing on achievement of energy and protein requirements.

Material and methods

We enrolled patients with a similar age group with more than 30% tbsa burn for this study.
TBSA% was calculated based on the palmar method (the patient's palmer surface including
their fingers = 1% TBSA. In order to compare the clinical outcomes of patients getting only
enteral feed as opposed to those getting a combination of both therapies, we calculated the
parameters like energy requirement via the Toronto equation. The nitrogen balance was
assessed daily by the formula nitrogen intake/6.25 - (urinary nitrogen loss + 4) by daily urine
analysis. Calorie achievement rates were calculated at regular intervals based on (calories
delivered/calories required) * 100. Serial measurements of total protein loss were done in
both groups of patients through daily urine. The loss of lean body mass was also recorded to
evaluate which therapy was better in preserving the body mass. The length of hospital stay

was recorded to determine which therapy resulted in earlier outcomes.

Feeding Route Mean TBSA% Mean Age
Enteral 42% 44 years
Enteral + Parenteral 48% 50 years

Results

The patients receiving a combination of EN+PN nutritional interventions were associated

6



with improved outcomes. The nitrogen balance in these patients was less negative,
suggesting reduced catabolism earlier as compared to those who received only enteral
feeding. These patients also exhibited less loss of lean body mass as compared to those who

received only EN support. And a shorter duration of days spent at ICU.

Feeding Daily  Daily  Daily Daily Daily Daily Lossof Number
method wurinary urinary energy nitrogen protein  energy lean of days
nitrogen protein requirement  intake (g) intake (g) intake body in ICU
loss (g) loss(g) (Kcal) (Kcal) mass(g)
Enteral  15.0 93.75 2250 12.5 80.0 1875 500 25
EN+PN 145 90.625 2175 18.1 106.8 2715 354 21
(12.5+5.6)
Comparison of Nitrogen Balance: Enteral vs. Combination Support in Severe Burn Patients
61 —— Egtirbaill'\:t?gl (Enteral + Parenteral)
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Days Post-Nutritional Intervention
Discussion

Three component solutions when added with enteral feeding increase the delivery of nutrients

providing adequate calories in these deficient burn patients. Standard enteral solutions like Nutrison
provide 40 gm protein pr liter. In our patients, around 2 liters of this enteral feed solution was
administered, which resulted in providing 80 gm protein daily, which was not adequate to
compensate for the daily protein loss. When we added parenteral solutions like Nutriflex® omega
peri , it provided 5.7 gm of nitrogen per 1250 ml corresponding to 28 gm of protein per liter and
hence 106 gm of protein in total daily with combination therapy, which is closer to the target
protein. As the daily protein requirement for burn patients can get as high as 2.0 - 2.2 g/kg/day,
combination therapy meets this requirement more reliably than EN alone. And worked towards a
positive nitrogen balance. Another important aspect of parenteral solution administration is the speed
of infusion. If 1250 ml is prescribed over 24 hours (35.6 gm of proteins in one day through PN) then
the speed would be 52ml/hr, it will vary accordingly. Different types of Nutriflex solutions are
available with different nitrogen content, which can be chosen according to the individual patient.
These effects of combination therapy reduce the days spent in ICU as catabolic and metabolic

requirements are met earlier.

Conclusion

The addition of parenteral solutions to enteral feeding has benefits as the amino acids provided
parenterally bypass the gut limitations, and the target protein delivery becomes more reliable.
Different solutions of PN containing different concentrations of nitrogen and amino acids, and
various osmolarities can be used accordingly. The core problem of only enteral support is that it can
lead to underfeeding which might result in loss of lean body mass, which in our patients who

received combined therapy was less. So parental addition also helped us in preserving body mass in



patients.
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Abstract
Introduction/Background

Anxiety disorders are highly prevalent among medical students globally, driven by academic
demands, lifestyle disruptions, and social pressures. Medical students studying abroad face
additional stressors related to cultural adaptation and geographic separation from family. This
study assessed the prevalence and predictors of anxiety among medical students at University

Geomedi, Thilisi, Georgia.
Methods

An anonymous online survey was used to perform a cross-sectional study. The study utilized
two validated instruments: the Generalized Anxiety Disorder 7-item scale (GAD-7) to

measure anxiety, and the Patient Health Questionnaire-9 (PHQ-9) to assess co-occurring
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depressive symptoms. Students were grouped into three populations: Group 1 (Years 1-2,
n=66), Group 2 (Years 3-4, n=46), and Group 3 (Years 5-6, n=47). Statistical analyses included
descriptive statistics, chi-square tests, Spearman correlations, and independent samples t-tests
to find the major predictors and prevalence of anxiety among International Medical

Students.

Results
Among 159 eligible participants (98.1% consent rate), the overall anxiety prevalence (GAD-

7>10) was 32.7%. Anxiety severity distribution was: minimal 30.8%, mild 36.5%, moderate
20.8%, and severe 11.9%. Mean GAD-7 score was 7.81 + 5.32. Significant predictors of
anxiety included: female gender (40% vs 22.5% in males; p=0.031), perceived academic stress
(r=0.355, p<0.001), inadequate social/emotional support (p<0.001), recent major examinations
(p=0.015), stress-related meal skipping (p=0.033), higher study hours (r=0.231, p=0.003), and
lower academic confidence (r=-0.175, p=0.028). No significant difference in anxiety
prevalence was found across

academic year groups (p=0.323). A strong positive correlation was observed between GAD-7
and PHQ-9 scores (r=0.783, p<0.001).

Conclusion

Anxiety is highly prevalent among medical students at University Geomedi, with nearly
one- third meeting criteria for moderate-to-severe anxiety. Psychosocial and lifestyle factors
are stronger predictors than academic year alone. University-level mental health
interventions are urgently warranted, particularly targeting female students, tluhose with
low social support, and those experiencing high academic stress also Incorporating

Nutritionary Awareness and Peer Support.

Keywords: anxiety, medical students, GAD-7, PHQ-9, prevalence, predictors, University

Geomedi, Georgia.

Introduction

Medical education is widely recognized as one of the most academically and emotionally
demanding programs globally. The combination of an extensive and complex curriculum,
high-stakes examinations, clinical responsibilities, and long study hours creates an
environment conducive to the development of anxiety and other mental health disorders
among medical students [1,2]. Globally, the prevalence of anxiety among medical students
has been reported to range from 20% to over 50%, considerably higher than the general
population [3].

Students enrolled in medical programs at international universities face additional and often
compounded stressors. These include adapting to a new cultural environment, language
barriers, dietary changes, geographic separation from family and social support networks,
and financial pressures [4]. University Geomedi in Tbilisi, Georgia, hosts a substantial

population of international medical students from across Asia, South Asia, and Africa,

9



making it a unique and understudied setting for mental health research.

Anxiety, if unaddressed, can significantly impair academic performance, clinical reasoning,
interpersonal relationships, and long-term professional functioning. Early identification of
at-risk students and the implementation of targeted support mechanisms are therefore

critical priorities for medical institutions [5].

Despite the well-documented burden of anxiety in medical education globally, data specific
to students at Georgian universities remain sparse. This study aims to fill this gap by
determining the prevalence of anxiety using the validated Generalized Anxiety Disorder 7-
item scale (GAD-7), examining co-occurring depressive symptoms using the Patient Health
Questionnaire-9 (PHQ-9), and identifying key academic, lifestyle, and psychosocial

predictors of anxiety across different academic years.

Objectives
Primary Objective: To determine the prevalence and severity of anxiety among medical

students at University Geomedi using the GAD-7 scale.
Secondary Objectives:

(1) To assess anxiety levels in three demographic groups according to academic year.
(2) To identify demographic, academic, lifestyle, and psychosocial predictors of anxiety.
(3) To assess the co-occurrence of depressive symptoms using the PHQ-9.

(4) To compare findings with published international literature.

Methods
Study Design and Setting

This was a cross-sectional, observational study conducted at University Geomedi, Tbilisi,
Georgia, during May 2026. The study was designed and administered as an anonymous
online survey via Google Forms. The target population consisted of all enrolled medical

students across Years 1 through 6.

Sampling and Recruitment

Convenience sampling was employed. Participants were recruited through academic class
groups on messaging platforms (WhatsApp and Telegram) and via class representatives. The
survey remained open for data collection over a one-week period. Participation was entirely

voluntary, and informed consent was obtained digitally as the first item of the questionnaire.

Inclusion and Exclusion Criteria

Inclusion criteria: currently enrolled medical students at University Geomedi who provided
informed consent. Exclusion criteria: participants who declined consent or submitted
incomplete responses. In this study, one participant declined consent and was excluded,

yielding a final analytical sample of 159 participants.

Population Grouping

To enable meaningful between-group comparisons and to reflect distinct phases of the
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medical curriculum, students were categorized into three population groups:
Group 1 (Preclinical Junior): Years 1 and 2 (n=66);

Group 2 (Preclinical Senior): Years 3 and 4 (n=46);

Group 3 (Clinical): YearsScLE):m 5 and 6 (n=47).

Instrument

GAD-7 (Generalized Anxiety Disorder 7-item Scale): A widely validated self-report
questionnaire for detecting and measuring generalized anxtiety disorder. Each of the seven
items is scored 0 (Not at all) to 3 (Nearly every day), with a total score range of 0-21.
Severity categories: Minimal (0-4), Mild

(5-9), Moderate (10-14), Severe (15-21). A score of =10 was used to define clinically

significant anxiety (“anxiety case”) [6].

PHQ-9 (Patient Health Questionnaire-9): A validated nine-item tool for screening
depressive

PHQ-9 symptoms. Scored 0-27, with categories: Minimal (0-4), Mild (5-9), Moderate (10-14),
Moderately Severe (15-19), Severe (20-27) [7].

Additional questionnaire sections captured demographic information, academic factors
(stress, study hours, examination history, academic confidence), lifestyle factors (sleep,
exercise, caffeine intake, eating habits), health factors (chronic conditions, medications), and

social/emotional factors (family communication, social support, social media use).

Statistical Analysis
Data were exported from Google Forms into Microsoft Excel, cleaned for duplicate responses
and incomplete entries, and analyzed using Python (SciPy and pandas libraries). Statistical
methods included:
Descriptive statistics: frequencies, percentages, means, and standard deviations for all

variables.

Chi-square tests: for comparing categorical predictors with anxiety case status (GAD-7 >210).
Independent samples t-test: for comparing mean GAD-7 scores between male and female
students.

Spearman rank correlation: for associations between ordinal/continuous variables and GAD-
7 total score.

A two-tailed threshold of p < 0.05 was used for statistical significance. Results are reported

with exact test statistics and p-values.

Results

Participant Characteristics

A total of 161 responses were received. After excluding one participant who declined
consent and one incomplete submission, 159 participants were included in the final analysis.

Table 1 summarizes the demographic and background characteristics of the study population.

11



Table 1. Demographic and Background Characteristics of Study Participants (n=159)

Characteristic n ‘ % / Mean+SD
GENDER
Male 71 44.7%
Female 85 53.5%
Prefer not to say 3 1.9%
AGE (years) 159 21.6+1.9
ACADEMIC YEAR
Ist Year 15 9.4%
2nd Year 51 32.1%
3rd Year 24 15.1%
4th Year 22 13.8%
5th Year 15 9.4%
6th Year 32 20.1%
LIVING SITUATION
Living with 89 56.3%
roommates/friends
Hostel/Dormitory 40 25.3%
Apartment/Rent (alone) 50 31.6%
Living with family 2 1.3%
CHRONIC MEDICAL 27 17.1%
CONDITION
REGULAR MEDICATIONS 29 18.4%

Prevalence and Severity of Anxiety (GAD-7)

The overall prevalence of clinically significant anxiety (GAD-7 >10) was 32.7% (n=52). The
mean GAD-7 score across all participants was 7.81 + 5.32 (median = 7.0). When using a lower
threshold of GAD-7 =5 (any anxiety symptoms), 69.2% of students were affected. Figure 1

illustrates the full severity distribution as a proportion of the total sample.
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Figure 1. GAD-7 Anxiety Severity Distribution (n=159)

159

students

mmm Minimal (0-4) — n=49 (30.8%) mem  Moderate (10-14) — n=33 (20.8%)
Mild (5-9) — n=58 (36.5%) mmm Severe (15-21) — n=19 (11.9%)

Figure 1. GAD-7 Anxiety Severity Distribution Among ALL Participants (n=159). Over two-thirds of
students reported at least mild anxiety synptoms (CAD-7 > 5)

GAD-7 Scores by Academic Year

Figure 2 presents mean GAD-7 scores across each individual academic year. Third-year

students recorded the highest mean score (9.67), approaching the moderate anxiety

threshold. First-year students had the lowest mean score (6.53). Despite these numerical

differences, one-way ANOVA did not reveal a statistically significant difference across

academic year groups (F=0.989, p=0.374).

Figure 2. Mean GAD-7 Score by Academic Year

1 (One-way ANOVA: F=0.989, p=0.374)

Group 1 ~== GAD-7 =10 th@ﬂm}% (moderate anxiety) Group 3
(Y1-Y2) (Y3-Y4) (Y5-Y6)
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Figure 2. Mean GAD-7 Score by Academic Year. The dashed red line marks the moderate anxiety
threshold (score=10). One-way ANOVA: F=0.989, p=0.374 (non-significant).

Anxiety and Depression Severity by Population Group

Table 2 presents the full GAD-7 and PHQ-9 severity distributions overall and by population
group. Figure 3 shows the stacked GAD-7 severity breakdown visually across the three
groups. Group 2 (Years 3—4) had the highest anxiety prevalence (41.3%) and the highest
proportion of moderate and severe cases, although the difference was not statistically

significant (chi-square: x2=2.262, p=0.323).
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Table 2. GAD-7 and PHQ-9 Severity Distribution by Population Group

Severity Category Overall Groupl Y1- |Group2Y3 | Group3Y5-
n (%) Y2 n (%) -Y4 n (%) Y6 n (%)
GAD-7 (Anxiety Scale) n=159 n=66 n=46 n=47
Minimal (0-4) 49 (30.8%) | 20 (30.3%) 12 (26.1%) 17 (36.2%)
Mild (5-9) 58 (36.5%) | 26 (39.4%) 15 (32.6%) 17 (36.2%)
Moderate (10-14) 33 (20.8%) | 14 (21.2%) 12 (26.1%) 7 (14.9%)
Severe (15-21) 19 (11.9%) | 6 (9.1%) 7 (15.2%) 6 (12.8%)
Any Anxiety (CAD>10) 52 (32.7%) | 20 (30.3%) 19 (41.3%) 13 (27.7%)
Mean + SD 7.81 £5.32 7.64 +4.92 8.70 £5.85 7.19 £5.34
PHQ-9 (Depression Scale) n=159

Minimal (0-4) 41 (25.8%)

Mild (5-9) 49 (30.8%)

Moderate (10-14) 34 (21.4%)

Moderately Severe (15-19) 15 (9.4%)
Severe (20-27) 20 (12.6%)
Mean + SD 9.73 + 6.49

Note. * p-value for ANOVA comparing GAD-7 means across groups: F=0.989, p=0.374 (non-

significant). ns = not significant.

Minimal (0-4)
Mild (5-9)
Moderate (10-14)
Severe (15-21)

100 -

80 1 21%

$
X

60 4

Percentage of Students (%)

Group 1
(Y1-Y2, n=66)

Group 2

Group 3
(Y3-Y4, n=46)

(Y5-Y6, n=47)

Figure 3. Stacked Bar Chart of GAD-7 Severity Distribution by Population Group. Group 2 (Years 3-
4) shows highest combined proportion of moderate and severe anxiety (41.3% prevalence of GAD-7
210), though differences were not statistically significant: (p=0.323).

Co-occurring Depressive Symptoms (PHQ-9)
The mean PHQ-9 score was 9.73 + 6.49. Using PHQ-9 severity thesholds, 25.8% had
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minimal, 30.8% mild, 21.4% moderate, 9.4% moderately severe, and 12.6% severe depressive
sympoms, A strong and statistically significant positive correlation was found between GAD-
7 and PHQ-9 total scores (Spearman r = 0.783, p < 0.001), indicating that anxiety and
depressive symptoms frequently co-occur in this population.

(Spearman r=0.783, p<0.001, n=159)

B Minimal GAD (0-4)
Mild GAD (5-9)

[ Moderate GAD (10-14)

W Severe GAD (15-21)

25 A

20

15

10 A

PHQ-9 Total Score (Depression)

r=0.783
p 0.001

0.0 2.5

Predictors of Anxiety

7.5 10.0

12.5 15.0 17.5

GAD-7 Total Score (Anxiety)

Figure 4. Scatter Plot of GAD-7 vs PHQ-9 Total Scores (n=159). Points are colored by GAD-7
severity. The regression line confirms a strong positive association (Spearman r=0.783, p<0.001).

20.0

Table 3 summarizes all statistical associations tested between candidate predictor variables
and anxiety (GAD-7>10). Significant prdictors are discussed below

Table 3. Statistical Analsis Predictors of Anxiety (GAD-7>10)

Variable Test Used ‘ Statistic p-value
Gender (Male vs Female) Chi-square x2=6.964, df=2 0.031*
Perceived academic stress Spearman r r=0.355 <0.001***
Lack of social/emotional support Chi-square x?=19.379, df=2 <0.001**
Recent major exam Chi-square x?=5.952, df=1 0.015*
Caffeine consumption Chi-square x?=15.480, df=3 0.001*
Meal skipping (stress-related) Chi-square x?=8.736, df=3 0.033*
Daily study hours Spearman r r=0.231 0.003"*
Feeling overwhelmed Spearman r r=0.166 0.037*
Academic confidence (inverse) Spearman r r=-0.175 0.028*
Sleep duration Chi-square x?=4.523, df=3 0.210 (ns)
Physical exercise Chi-square x?=0.918, df=3 0.821 (ns)
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Academic year group Chi-square/ x?=2.262 / 0.323/0.374
ANOVA F=0.989 (ns)

Age Spearman r r=0.005 0.946 (ns)

Social media hours Chi-square x2=2.956, df=3 0.398 (ns)

GAD-7 vs PHQ-9 correlation Spearman r r=0.783 <0.001**

Note. * p<0.05; ™ p<0.01; *** p<0.001; ns = not significant.

Anxiety Prevalence Across Key Predictors

Female students reported significantly higher rates of anxiety than male students (40.0% vs
22.5%, respectively; x?=6.964, df=2, p=0.031). Mean GAD-7 scores were also significantly
higher in females (8.88 + 5.16) compared to males (6.28 + 5.05; independent t-test: t=-3.166,
p=0.002).

Students without adequate social support had 3.5 times the anxiety rate of those with
adequate support (61.8% vs 17.7%). Those consuming caffeine multiple times daily showed

the highest anxiety prevalence at 72.2%.

(A) Gender (B) Social Support (C) Caffeine Intake
(p=0.031%) (p<0.001%**) (p=0.001**)
80 90 1

50 7o 60

61.8%

72.2%

304

40.0% 60 701
§ 401
L) 60 -
8 501
g
w 301 50
@ 40
a 22.5% 31.7% 40
>
T 20 301 29.9%  28.8%
g

204 17.7%

—
=)

Male Female Yes Maybe No Never Occasionally Daily Multiple
(n=71) (n=85) (adequate) (inadequate) times daily

Figure 5. Anxiety Prevalence (GAD-7>10) Across Key Predictors. (A) Gender: females 40% vs males
22,5% (p=0031). (B) Social support: inadequate support associated with 3.5x higher anxiety Rate
(p<0.001). (C) Caffeine: multiple-daily consumers show markedly elevated anxiety (p=0.001).

Academic Stress and Anxiety

Figure 6 illustrates the dose-response relationship between self-reported academic stress and
mean GAD-7 score. A clear and consistent upward trend is observed across all five stress
levels (Spearman r=0.355, p<0.001). Students reporting the highest stress level (5/5) recorded
a mean GAD-7 score of 12.59, well above the moderate anxiety threshold of 10.
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Figure 6. Dose-Response Relationship Between Academic Stress Level and Mean GAD-7 Score. The
dashed red line marks the moderate anxiety threshold. Spearman r=0.355, p<0.001.

Social Support

Lack of adequate emotional or social support was among the strongest predictors of anxiety.
Of students who reported having no adequate support, 61.8% met anxiety criteria, compared
to 17.7% of those who reported adequate support (x?=19.379, df=2, p<0.001).

Lifestyle Factors

Caffeine consumption was significantly associated with anxiety (x?=15.480, df=3, p=0.001),
with the highest anxiety rate among those consuming caffeinated beverages multiple times
daily (72.2% anxiety prevalence). Stress-related meal skipping was also significantly
associated with anxiety (x?=8.736, df=3, p=0.033), with 46.9% of those who often skipped
meals due to stress meeting anxiety criteria. Feeling overwhelmed by daily responsibilities
showed a modest but significant positive correlation with GAD-7 (r=0.166, p=0.037). In
contrast, sleep duration (p=0.210), physical exercise frequency (p=0.821), social media usage

(p=0.399), and age (r=0.005, p=0.946) were not significantly associated with anxiety.

Interest in Mental Health Support
Of the 159 participants, 41.5% expressed interest in additional university mental health
support programs or workshops, 39.0% were unsure ("maybe"), and only 19.5% expressed no

interest. This indicates that over 80% of students are open to mental health initiatives.

Discussion

Overview of Findings

This study found an overall anxiety prevalence of 32.7% (GAD-7 >10) among medical
students at University Geomedi. When considering any anxiety symptoms (GAD-7 >5), the
proportion rises to 69.2%, highlighting that subclinical anxiety is also widespread. The mean
GAD-7 score of 7.81 + 5.32 falls in the mild-to-moderate range and is consistent with, or
slightly higher than, values reported in comparable medical student populations globally.
Comparison with International Literature

Several cross-sectional studies have reported anxiety prevalence among medical students
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using the GAD-7, providing a basis for comparison.

A systematic review by Quek et al. (2019) reported a pooled global anxiety prevalence of
33.8% among medical students, consistent with our finding of 32.7% [1]. Studies from South
Asian and Southeast Asian medical institutions, where many Geomedi students originate,
have often reported higher rates. A study from Pakistan reported GAD-7 rates of
approximately 48-52% among clinical-year students [2]. Studies from European and US

institutions typically report rates of 25-35%, aligning more closely with our findings.

A 2019 cross-sectional study published in the International Journal of Environmental
Research and Public Health examining medical students across academic years (MDPI
reference 1) found that anxiety prevalence was not uniformly distributed across years, with
some studies noting higher rates in preclinical years due to examination burden, and others
noting spikes in clinical years due to patient-related stressors. Our findings partially align
with this, as Group 2 (Years 3-4, the transition years) showed the highest numerical anxiety

prevalence (41.3%), though the difference did not reach statistical significance.

The co-occurrence of anxiety and depressive symptoms (GAD-7 and PHQ-9 r=0.783,
p<0.001) is well-established in the literature. Studies consistently find that anxiety and
depression co-occur in 40-70% of affected medical students, a pattern strongly confirmed in

our sample where mean PHQ-9 score was 9.73 (mild-moderate depression range).

Our finding of significantly higher anxiety in female medical students (40.0% vs 22.5%) is
consistent with a broad global pattern. A study by Wahed and Hassan in Egypt reported
female medical students had roughly 1.5 to 2 times higher odds of anxiety than males [3].
Similarly, studies from India, Pakistan, and Malaysia consistently report female
predominance in anxiety among medical students, attributed to both biological susceptibility

and sociocultural pressures.

The association between inadequate social/emotional support and anxiety (p<0.001) seen in
our study replicates findings across the literature. For international medical students
specifically, geographic distance from family is a well-documented amplifier of psychological
distress, as family serves as the primary social support network in many South and Southeast
Asian cultural contexts. Interestingly, despite 72.8% of students communicating with family
daily, only 39.9% felt they had adequate emotional or social support locally, suggesting that

digital communication does not fully substitute for in-person support.

Clinical and Institutional Implications
The high proportion of students interested in mental health support (>80%) suggests strong
demand and willingness, underscoring the feasibility and importance of university-level

interventions. Recommended actions include:

(1) Setting up a counseling service or student mental health center staffed by qualified
psychologists.

(2) Implementing structured peer-support programs, particularly targeting Years 3-4 students
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who showed the highest anxiety burden.

(3) Offering workshops on stress management, academic resilience, and healthy lifestyle
habits.

(4) Screening students with GAD-7 at the start of each academic year and referring those
scoring >10 to professional support.

(5) Addressing caffeine dependence and meal skipping through nutritional awareness

programs, as both were significant predictors in this study.

Strengths and Limitations

Strengths: This is one of the first studies to systematically assess anxiety among medical
students at a Georgian university using validated international instruments. The use of both
GAD-7 and PHQ-9 allows for concurrent assessment of anxiety and depression. The response

rate was very high (98.1% consent), and coverage spans all six academic years.

Limitations: The study employed convenience sampling, which may introduce selection bias;
students with higher anxiety levels may have been more or less likely to respond. The cross-
sectional design precludes causal inferences. Social desirability bias is possible despite
anonymity. The sample size, while adequate for descriptive and bivariate analysis, may be
underpowered for multivariate logistic regression. Future studies should include a larger,

randomly sampled cohort and prospective designs.

Conclusion

This cross-sectional study demonstrates that anxiety is highly prevalent among medical
students at University Geomedi, with 32.7% meeting criteria for clinically significant anxiety
(GAD-7 =10) and 69.2% experiencing at least mild anxiety symptoms. The findings are
broadly consistent with global literature. Perceived academic stress, insufficient social and
emotional support, recent high-stakes tests, excessive caffeine intake, stress-related meal
skipping, and diminished academic confidence are important modifiable predictors. Female
students experienced significantly higher anxiety than male peers. No statistically significant
difference in anxiety prevalence was observed across academic year groups, though Group 2
(Years 3-4) showed the highest numerical burden. A strong correlation between GAD-7 and

PHQ-9 underscores the frequent co-occurrence of anxiety and depression in this population.

Given that over 80% of students expressed openness to mental health support programs,
there is a clear mandate and opportunity for the university to develop targeted mental health
initiatives. Early screening, peer support, counseling services, and educational workshops on
lifestyle management should be prioritized to address the substantial mental health burden

in this population.
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Abstract
Tangier’s disease is an rare genetic disorder caused by mutations in the ABCA1 gene, which
is gene responsible for maintain Hdl levels, leading to very low HDL (good cholesterol) and

cholesterol buildup in organs like the tonsils, spleen, and liver. The Atp - binding cassette

transporter A1 (ABCA1) gene plays a important role in reverse cholesterol transport by
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facilitating the efflux of intracellular cholesterol and phospholipids to apolipoprotein A-I,
initiating the formation of high-density lipoprotein (Hdl). Mutations in the ABCA1 gene
impair this pathway, result in severe HDL deficiency. It increases the risk of premature
cardiovascular disease and it is incurable, but symptoms might be managed through lifestyle
changes and appropriate treatments. The symptoms shown in these disease are mainly large
yellowish - orange tonsils; some features of these disease may include neuropathies,
splenomegaly, hepatomegaly, ocular abnormalities, Hypercholesterolemia, atherosclerosis,
and coronary artery disease. Due to these disruption of these reverse cholesterol transport, it
can result in the inability of macrophages to remove excess cholesterol, which promotes
foam cell formation and accelerates Atherosclerosis, which can lead to Coronary Artery

Disease (CAD), myocardial infarction, and other cardiovascular complications.

Keywords - High density lipoproteins (HDL), ABCAl gene mutation, Tangier’s

disease, Atherosclerosis, Coronary artery diseases.

Introduction

Tangier’s disease is an inherited genetic disorder identified in 1961 by a physician studying a
family from Tangier Island, Virginia, US. It was first described by Donald S. Fredricson and
colleagues. It is inherited and is autosomal recessive disorder/disease. The main symptoms of
these diseases mostly include orange-yellow tonsils, hepatosplenomegaly, and peripheral
neuropathy, and a lipid profile showing extremely low or absent HDL cholesterol with
markedly reduced ApoA-I levels. Definitive diagnosis is confirmed by genetic testing

demonstrating pathogenic mutations in the ABCA1 gene.

In these disease Hdl which is a good cholesterol in our body, whose general levels are
60mg/dl or above, goes down to very low or almost absent, whose main function is to take
cholesterol from body tissues and take it back to the liver. But a mutation in the specific gene
of the ATP-binding cassette transporter Al gene (ABCAI) plays an important role in the
cellular pathway responsible for the secretion of cholesterol and phospholipids to lipid-poor
apolipoproteins. This suggests to us that when newly synthesized apolipoproteins are unable
to acquire cellular lipids through the ABCA1 pathway, they undergo rapid degradation,

leading to an over-accumulation of cholesterol within macrophages.

So, the overaccumulation of cholesterol within macrophages causes plaque formation and the
formation of foam cells in the walls of arteries, also called an aneurysm, which leads to the
blocking of the artery or atherosclerosis and coronary artery disease. that can lead to

myocardial infarction.

There is no cure for this disease and no approved therapy that directly corrects the ABCA1
mutation, so treatment mostly focuses on preventing complications, especially cardiovascular
disease. This includes lifestyle changes, avoiding smoking and alcohol, taking medication that

includes statins, and regular check-ups of HDL and LDL levels.

Methods
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A comprehensive and detailed search was conducted across many established academic
databases, including PubMed, Scopus, Google Scholar, and relevant scientific journals, using
keywords such as "Tangier’s diseases," "ABCA1 mutations, Atherosclerosis, and "Coronary
artery diseases. Relevant original articles and review papers were selected based on their
relevance to ABCA1 function, lipid metabolism, and cardiovascular disease. The collected
studies were analyzed to evaluate the relationship between ABCA1 dysfunction, impaired
cholesterol efflux, HDL deficiency, and the development of Tangier’s disease that leads to

atherosclerosis and coronary artery disease.

Functions of HDL and LDL and Genes involved in it

There are certainly many types of transporters that transport fats, lipids, and triglycerides for
synthesis in the liver from different tissues of the body, for example, chylomicrons, VLDL
(very low density lipoproteins), HDL (high density lipoproteins), and LDL (low density
lipoprotein). Out of which HDL and LDL play a general role in transport of lipids and fats
from the liver to tissues and from tissues to the liver. LDL, which is also known as Bad
cholesterol, transports cholesterol from liver to body tissues or body cells. When LDL levels
become elevated or rise a little from normal baseline levels, this cholesterol can accumulate
in arterial walls, which causes plaque formation and the formation of foam cells. Its main
function is to deliver cholesterol to cells for membrane synthesis and hormone production
inside the liver. Excess LDL also contributes to atherosclerosis. A normal level suggests to us.
Normal is <100 mg/dL, Borderline high is 130-159 mg/dL, A little High is 160-189 mg/dL,
Very high is 190 mg/dL.

HDL, which is also known as good cholesterol, removes excess cholesterol from peripheral
tissues of the body and blood vessels and carries it back to theliver recycling and
Degradation through a process called reverse cholesterol transport system, which helps in
the removal of excess cholesterol from arteries that Reduces plaque formation in blood
vessels, also Has anti-inflammatory and antioxidant effects that Protects against
atherosclerosis and coronary artery disease. The normal level suggests to us. For Men is >40
mg/dL, for Women is >50 mg/dL,>60 mg/dL is considered protective or moderate against
heart disease. There are many genes associated with HDL; ApoA-1, which is the main
protein for the formation of HDL; ABCA-1 transfers cholesterol to HDL particles; LCAT,
which converts free cholesterol into ester form which helps HDL to mature; CETP transfers
cholesterol between HDL and LDL.

A mutation in the gene that causes Tangiers disease

Out of these mutations in the ABCA-1 gene at (ATP-Binding Cassette Transporter Al) gene
that is located on chromosome 9q31.1, encode for a membrane transporter that exports
cholesterol and phospholipids from cells to apolipoprotein A-I, initiating HDL formation.
Genetic testing is mandatory for confirming the diagnosis and identifying affected family
members. There are many types of mutation that are involved in these, but the most

common are Missense mutations, Nonsense mutations, Frameshift mutations and Splice-site
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mutations. These mutations result in Tangier’s disease. It is rare worldwide, with only a few
hundred cases reported. Affects both genders males and females. Usually diagnosed during

childhood or early adulthood, although some cases are identified later in life.

Diagnoses and pathophysiologies of Tangiers disease and how it causes
Atherosclerosis and Coronary artery disease (CAD)

Tangier's disease is a rare Autosomal recessive disorder characterized by very low HDL
levels. There are many symptoms to diagnose these disease, we can see enlarged yellow-
orange tonsils in which Cholesterol-ladened macrophages (foam cells) accumulate in the
tonsils causing Difficulty in swallowing in severe cases Snoring or airway obstruction (rare),
Peripheral Neuropathy neurological involvement is most common and may be the first
symptom of these disease in which these Cholesterol particles deposits or accumulated in
Schwann cells and the peripheral nervous system. This damages nerve conduction, leading to
sensory abnormalities like: Numbness in hands and feet, Tingling sensations, Reduced ability
of receptors to feel touch, pain, or temperature, Loss of vibration sensation. Motor
abnormalities include muscle weakness, foot dropping in some cases, and reduced reflexes in
the ankle as well as in tendons. Hepatomegaly (Enlarged Liver): Cholesterol esters
accumulate within liver macrophages and hepatocytes.We can detect by Fullness in the
upper right abdomen, Mild abdominal discomfort, Splenomegaly (Enlarged Spleen) Storage
of cholesterol esters within splenic macrophages. Detected by: Fullness in the left upper
abdomen, Early satiety (feeling full quickly during eating), Abdominal discomfort
Lymphadenopathy (Enlarged Lymph Nodes) Foam-cell accumulation in lymphatic tissues.
Can be detected by an enlarged neck, axillary and inguinal lymph nodes Corneal
Opacification (Corneal Clouding)-Cholesterol deposition in the cornea. Detected by Cloudy
appearance of the cornea, Mild visual blurring, and increased light sensitivity in some
patients. Cardiovascular Symptoms are one of the most serious complications. These occur
due to HDL deficiency, which impairs reverse cholesterol transport. Cholesterol accumulates
within arterial walls. ,Accelerated atherosclerosis develops. Can be detected by Coronary
artery disease, Chest pain (angina), Shortness of breath, Reduced exercise tolerance,

Palpitations. Atherosclerosis, which can lead to Myocardial infarction.

Treatment and Management

There is no specific cure or treatment for the disease itself at present that directly corrects
the ABCA1 mutation, so treatment focuses on preventing complications, especially for
cardiovascular disease. Make changes in our life style preventing Reduce saturated and trans
fats, and eat less dietary cholesterol. Increase fruits, vegetables, whole grains, and fiber.
Include omega-3-rich foods (fish, flaxseed, walnuts). Maintain a healthy body weight and
make sure to do physical exercise daily, yoga, and gym, strictly avoid smoking and alcohol.
To avoid cardiovascular disease/coronary artery disease and atherosclerosis, take medications
of statins, for example: Atorvastatin, Rosuvastatin, Simvastatin. These are first-line
treatments for lowering the risk of CAD. Regular monitoring of your lipid profile,

monitoring of cardiovascular reports, x-rays and MRI of the abdomen for liver and spleen
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enlargement. And the genetic counseling might help.
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Abstract
Background

Hemodynamically unstable patients in the emergency setting require rapid, accurate cardiac

assessment to guide resuscitation and management decisions. Point-of-care echocardiography
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(POCUS) has gained widespread adoption as a bedside tool, yet its diagnostic performance
compared to standard echocardiography remains heterogeneously reported across the

literature.

Objective
To systematically evaluate the diagnostic accuracy of POCUS echocardiography compared to
standard echocardiography (performed or interpreted by cardiology specialists) in adult

patients with hemodynamic instability in emergency settings.

Methods
A systematic review was conducted following PRISMA 2020 guidelines. PubMed was

Searched using a comprehensive strategy. Studies were included if they compared POCUS
echocardiography with standard Aechocardiography in emergency settings involving abult
patient (=18 years), and reported at least one diagnostic accuracy outcome. Quality was
assessed using the QUADAS-2 tool.

Results

Seven studies (n = 1,747 total patients/scans) met inclusion criteria, comprising five primary
studies and one systematic review/meta-analysis. POCUS demonstrated high diagnostic
agreement with standard echocardiography across multiple cardiac assessments. Pooled
interobserver agreement ranged from x=0.68 to x=0.97. Sensitivity for detecting left
ventricular systolic dysfunction ranged from 88-91%, with specificity 85-92%. In a
handheld POCUS (echoscopy) study, sensitivity for LV dysfunction was 91.5% and
specificity 86.1% against a high-end reference system. Time to diagnosis was markedly

reduced with POCUS (21 minutes vs. 208 minutes with standard workup).

Conclusion

POCUS  echocardiography = demonstrates  high diagnostic = agreement  with
standard echocardiography for key cardiac pathologies in emergency settings. It offers a
substantial time-to-diagnosis advantage. These findings support the use of POCUS as a first-
line diagnostic tool in hemodynamically unstable emergency patients. Further high-quality

prospective comparative studies with consistent outcome reporting are needed.

Keywords: point-of-care ultrasound, POCUS, echocardiography, hemodynamic instability,

emergency department, diagnostic accuracy, Sensitivity, specificity.

Introduction

Hemodynamic instability in the emergency setting is a time-critical clinical emergency
demanding rapid identification of the underlying cause. Conditions such as cardiogenic
shock, acute decompensated heart failure, pericardial tamponade, massive pulmonary
embolism, and acute valvular pathology can each present with haemodynamic compromise,
yet require fundamentally different management strategies. Delays in accurate diagnosis are

directly associated with increased morbidity and mortality in this population.
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Echocardiography is the gold standard non-invasive tool for evaluating cardiac structure and
function, providing real-time assessment of ventricular function, pericardial effusion,
regional wall motion abnormalities, and haemodynamic parameters. Traditionally,
comprehensive transthoracic echocardiography (TTE) has been performed by trained cardiac
sonographers and interpreted by cardiologists. However, in the emergency department (ED),
access to formal cardiology echocardiography is often delayed, particularly outside working

hours.

Point-of-care ultrasound (POCUS) echocardiography has emerged as a transformative
bedside skill for emergency and critical care physicians. Focused cardiac ultrasound
(FoCUS/FOCUS) protocols allow emergency clinicians to rapidly assess ventricular function,
pericardial fluid, and right ventricular strain at the bedside without waiting for a cardiology
consultation. International societies including the American College of Emergency
Physicians (ACEP), the European Association of Cardiovascular Imaging (EACVI), and the
American Society of Echocardiography (ASE) have published guidelines supporting POCUS

use in emergency settings.

Despite growing adoption, the diagnostic performance of emergency physician-performed
POCUS compared to standard cardiologist-performed echocardiography has been variably
reported. Concerns regarding operator experience, image quality, equipment limitations, and
protocol variation have raised questions about the reliability of POCUS in the most critical
patients. A systematic synthesis of comparative evidence is therefore essential to inform

clinical practice guidelines and identify gaps in the evidence base.

This systematic review and meta-analysis aims to evaluate the diagnostic accuracy,
interobserver agreement, and clinical impact of POCUS echocardiography compared to
standard echocardiography in adult patients presenting with hemodynamic instability in

emergency settings.

Methods

Review Registration and Reporting
This systematic review and meta-analysis was conducted in accordance with the Preferred
Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) 2020 guidelines. The

review protocol was defined a priori using the PICO framework.

Research Question (PICO Framework)

The clinical question was structured as follows:

Populat Adult patients (=18 years) presenting with hemodynamic instability in
opulation
P emergency settings (ED, ICU, or prehospital critical care)

Interventio POCUS echocardiography — focused cardiac ultrasound (FOCUS/FoCUS),
n bedside handheld echocardiography, and hybrid POCUS-TTE protocols
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performed by emergency or critical care clinicians

Standard echocardiography — comprehensive TTE performed or interpreted

Comparison . o .
by cardiology specialists or credentialed sonographers
o Primary: Sensitivity, specificity, diagnostic accuracy. Secondary: Time to
utcomes
diagnosis, interobserver agreement (Cohen's kappa), clinical decision changes
Study RCTs, prospective/retrospective cohort, cross-sectional diagnostic accuracy
designs studies, and systematic reviews/meta-analyses

Table 1. PICO framework for the systematic review.

Eligibility Criteria

Inclusion Criteria Exclusion Criteria

Studies comparing POCUS with standard Case reports, editorials, letters, and narrative

echocardiography reviews

Emergency settings (ED, ICU, prehospital), . .
) Animal studies
adult patients (>18 years)

Reports sensitivity, specificity, accuracy, or Non-emergency settings or exclusively stable

kappa patient populations

RCTs, cohort studies, cross-sectional, or Studies without any echocardiographic

SRMAs comparator

Published in English, from 2010 onwards Exc;usively pediatric populations (age<18 yers)
Table 2. Inclusion and exclusion criteria.

Search Strategy
A comprehensive literature search was conducted in PubMed (MEDLINE) in May 2026 using
MeSH terms and free-text keywords:

("Point-of-Care Ultrasound" OR "POCUS" OR "Bedside Echocardiography" OR "Focused
Cardiac Ultrasound" OR "FoCUS" OR "Handheld Echocardiography") AND ("Standard
Echocardiography”" OR  "Transthoracic = Echocardiography" OR  "Comprehensive
Echocardiography" OR "Cardiology Echocardiography") AND ("Hemodynamically Unstable"
OR "Hemodynamic Instability" OR "Emergency" OR "Critical Care" OR "Shock") AND
("Diagnostic Accuracy" OR "Sensitivity" OR "Specificity" OR "Agreement" OR "Kappa") AND
("Adults" OR "Adult Patients").

The search was limited to English-language publications from 2010 onwards. Reference lists

of included studies were hand-searched for additional eligible studies.

Screening Process

Screening was conducted in two sequential stages:
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1. Stage 1: Title and abstract screening: All 60 identified records were screened against the
eligibility criteria. Studies were excluded if they were clearly case reports, reviews, animal
studies, exclusively paediatric, or lacked any echocardiographic comparator.

2. Stage 2 : Full-text eligibility assessment: Fifteen studies passed abstract screening and were
assessed for full-text eligibility. Ten were excluded (full text unavailable n=5; wrong
outcomes n=2; wrong population n=1; other n=2). Seven studies were included in the final

synthesis.

Data Extraction

Data were extracted independently by the primary reviewer using a standardised form.
Extracted variables included: first author and year, country, study design, sample size,
clinical setting, patient population, POCUS type and operator, reference standard, outcomes
reported (sensitivity, specificity, accuracy, kappa), and key findings. Where multiple

outcomes were reported, all relevant diagnostic accuracy metrics were extracted.

Quality Assessment

The QUADAS-2 (Quality Assessment of Diagnostic Accuracy Studies-2) tool was used to
evaluate the methodological quality of all included primary studies. It assesses four important
domains: (1) patient selection, (2) index test, (3) reference standard, and (4) flow and time.
Each domain was assigned a bias risk rating of low, unclear, or high. Using pertinent

AMSTAR-2 criteria, quality was further evaluated for the included systematic review.

Statistical Analysis

Due to the heterogeneity in study designs, POCUS protocols, patient populations, and
reported outcomes, a formal quantitative meta-analysis pooling sensitivity/specificity was not
performed across all studies. Instead, a narrative synthesis was conducted. Where similar
outcomes were reported across studies, values were tabulated and compared descriptively.
Interobserver agreement statistics (Cohen's kappa) were summarised where available. The
existing meta-analytic results from the included SRMA (Kobal et al., 2021) were reported

and contextualised but not re-pooled.

Results
Study Selection

The PubMed search identified 60 records. After abstract screening, 45 were excluded, leaving
15 for full-text assessment. Ten full-text studies were excluded, and seven met all inclusion

criteria. The PRISMA flow diagram is presented below.

IDENTIFICATION
Records from
PubMed

(n = 60)

!
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SCREENING
Abstract
(n = 60)

screening

ELIGIBILITY
Full-text
(n=15)

assessed

l
INCLUDED

Studies included in

synthesis
(n=7)

Excluded at abstract screening (n = 45):

Reviews (n=4)
Paediatric only (n=4)
Case reports (n=2)

No echocardiographic
(n=20)

Wrong population/stable patients (n=8)
Other (n=7)

comparator

Full-text excluded (nm = 10):
Full text unavailable (n=5)
Wrong outcomes (n=2)

Wrong population — stable only (n=1)

Other reasons (n=2)

Figure 0. PRISMA 2020 flow diagram of study selection.

Study Characteristics

Seven studies published between 2016 and 2025 met inclusion criteria, comprising five

Prospective or retrospective primary studies, one systematic review and meta-analysis

(SRMA), and one prospective cohort evaluating a combined heart-lung POCUS protocol.

Studies were conducted across multiple countries including the USA (n=3), Germany (n=1),

Iran (n=1), Sweden (n=1), and an international multi-centre SRMA. Sample sizes ranged

from 61 to 1,131 patients/scans (the SRMA pooling 1,131 scans from 12 individual studies).

POCUS was performed by emergency medicine residents (n=2 studies), emergency physician

attendees (n=2), critical care physicians (n=1), and multiple operator grades (n=2). The

reference standard in six studies was formal TTE performed or interpreted by a cardiologist

or specialist sonographer; one study used standard emergency department evaluation as the

broader clinical comparator.

The full data extraction summary is presented in Table 3.

Author, . Key
Country | Design POCUS Type Comparator
Year Outcomes

Moschk

owitz et |Iran Cross-

al., 2017

Prospective

sectional

205

LVEF, RV
FOCUS by Cardiology @ enlargeme
EM residents TTE nt,

pericardial

36

Main
Findings
LVEF 91%
(x=0.85); RV

96% (x=0.86)



POCUS Type

omparator

Key
Outcomes

Main

Findings

Weitzel
et
2016

al., USA

Shokoo
hi et al,,
2019

USA

Unluer et
al., 2021

Breitkreu
tz et al.,German
2022 y

Stankovic
et al., Sweden

2025

Retrospecti

ve cohort

Prospective

cohort

Prospective

comparative

Prospective

comparative

Prospective

cohort

69

75

113

93

Kobal

et al.

2021

FREE hybrid
POCUS-TTE

EP  bedside

echo

EP
estimation,
FS, EPSS

visual

Handheld
POCUS
(Vscan)

JMulti-centre

HealLus
combined
POCUS

Cardiology
TTE

Comprehensi

ve cardiology

echo

Cardiology
TTE

(Simpson's)

High-end
ultrasound

system

SRMA(12

studies)

Standard ED

evaluation

effusion,

kappa

LVEF,
diastolic
parameters,
RV,
pericardi al

effusion

Sensitivity,
specificity,

kappa
RWMA

LVEF
accuracy,
kappa,
for
LVD

Sens/spec: LV

dysfunction,
RV
pericardial
effusion

Pooled
spec,
for LVSF

Accuracy,
sens,
time

diagnosis

for

Sens

severe

strain,

sens,

kappa

spec,

to

LVEF r=0.89;
pericardial
effusion 94%

88%o,
92%,

Sens
Spec
x=0.79

VE x=0.94—
0.97;
severe LVD
85-93%

sens

LVD
91.5%/spec
86.1%; RV
strain
90.9%/96.7
%

sens

Sens 89%,
Spec  85%,
x=0.68

Accuracy
95%,
98%, Spec
90%; 21 vs
208 min

Sens

Table 3. Summary of included studies. FOCUS = focused cardiac ultrasound; EP = emergency

physician; LVEF = left ventricular ejection fraction; LVSF = LV systolic function; RWMA = regional
wall motion abnormalities; STEMI = ST-elevation MI; Healus = heart and lung POCUS; TTE =

transthoracic echocardiography.

Primary Outcomes: Diagnostic Accuracy
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Figure 1. Sensitivity and specificity of POCUS vs standard echocardiography
by study and clinical application

98.0%

91.5%

86.1%

Percentage (%)

60

Kobal 2021
(LVSF SRMA)

Breitkreutz 2022
(LV dysfunction)

2025

osc itz
(RWMA/STEMI) (LVEF/FOCUS) spnea)

Figure 1. Sensitivity (blue) and specificity (teal) of POCUS echocardiography compared to standard
echocardiography, by study and clinical application.

Left Ventricular Systolic Function

As illustrated in Figure 1, POCUS consistently achieved high sensitivity and specificity across
studies. Kobal et al. (2021), the included SRMA pooling 1,131 patients across 12 studies,
reported pooled sensitivity of 89% (95% CI 80-94%), specificity of 85% (95% CI 80-89%),
and kappa of 0.68 (95% CI 0.57-0.79) for LVSF assessment by ED clinicians compared to
expert TTE.

Moschkowitz et al. (2017) found 91% agreement between FOCUS performed by EM
residents and cardiology TTE for LVEF (x=0.85). Unluer et al. (2021) demonstrated that
visual estimation by experienced EPs yielded k=0.94-0.97, with sensitivity for severe LV
dysfunction of 85-93%. Importantly, quantitative surrogate methods (fractional shortening,
EPSS) performed significantly worse (xk=0.38-0.70), establishing visual estimation as the
preferred POCUS approach. Breitkreutz et al. (2022) confirmed these findings with handheld
POCUS achieving sensitivity 91.5% and specificity 86.1% for LV dysfunction against a high-

end reference system.

Regional Wall Motion Abnormalities

Shokoohi et al. (2019) enrolled 75 STEMI patients and reported sensitivity of 88% (95% CI
75-96%) and specificity of 92% (95% CI 75-99%) for RWMA detection by emergency
physician POCUS, with substantial agreement (x=0.79, 95% CI 0.64-0.94) versus

comprehensive cardiology echocardiography.

Right Ventricular Assessment and Other Pathologies

Moschkowitz et al. (2017) reported 96% agreement for RV enlargement (x=0.86) and 100%
for RV pressure overload (x=0.83). Breitkreutz et al. (2022) found sensitivity 90.9% and
specificity 96.7% for RV strain, and sensitivity 73.7% with specificity 97% for pericardial
effusion with handheld POCUS. The FREE hybrid protocol (Weitzel et al., 2016)
demonstrated LVEF correlation r=0.89 and 94% concordance for pericardial effusion versus
standard TTE.
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Figure 2. Forest plot of interobserver agreement (Cohen's kappa)
for POCUS vs standard echocardiography across included studies

Substantial Almost perfect

Unluer 2021 — LVEF -
visual estimation ' K = 0.96

Moschkowitz 2017 — RV

enlargement K = 0.86

Moschkowitz 2017 — LVEF H_I K = 0.85

(FOCUS)

K = 0.79

Shokoohi 2019 — RWMA 1
(STEMI) 1

Kobal 2021 SRMA — _
LVSF pooled H_I K = 0.68

0.4 0.6 0.8 1.0
Cohen's kappa (K)

Figure 2. Forest plot of interobserver agreement (Cohen's kappa) for POCUS vs standard
echocardiography. Diamonds represent point estimates; horizontal lines are 95% confidence
Intervals. Shaded regions denote substantial (k=0.61) and almost perfect (k=0.81) agreement
threshold.s

Secondary Outcomes
Time to Diagnosis
Stankovic et al. (2025) provided the most striking secondary outcome data. The HeaLus
combined POCUS protocol achieved median time to diagnosis of 21 minutes versus 208
minutes with standard ED evaluation (p<0.001) — a tenfold reduction. Overall diagnostic
accuracy was 95% (95% CI 87-98%), sensitivity 98%, and specificity 90%.

Figure 3. Time to diagnosis: POCUS vs standard emergency evaluation

(Stankovic et al., 2025; n=61)
10x faster

POCUS 21 min =
(Healus)

Standard 208 min
evaluation

0 50 100 150 200
Time to diagnosis (minutes)

Figure 3. Time to diagnosis comparing POCUS (HeaLus) with standard emergency department
evaluation (Stankovic et al., 2025; n=61). The arrow indicates the 187-minute difference (p<0.001).
POCUS was approximately 10x faster.

Interobserver Agreement

As shown in Figure 2, interobserver agreement ranged from substantial to almost perfect
across studies: xk=0.68 (pooled SRMA), x=0.79 (RWMA in STEMI), k=0.83-0.86 (FOCUS vs
cardiology TTE), and k=0.94-0.97 (visual LVEF by experienced EPs). These values
demonstrate that POCUS results are substantially reproducible when performed by trained

emergency clinicians.

Clinical Decision Changes

39



Several studies commented on the clinical impact of POCUS findings. Stankovic et al. (2025)
reported that HeaLus results led to changes in clinical diagnosis and management in a
substantial proportion of cases. Weitzel et al. (2016) described the FREE protocol as
providing actionable information for critical care decision-making in the majority of
encounters. While formal data on rates of management change were not uniformly reported,

the collective evidence suggests POCUS materially influences emergency clinical decisions.

Quality Assessment

Quality assessment using QUADAS-2 is summarised in Table 4. The overall quality of
evidence was moderate. Most primary studies were assessed as low risk of bias across the four
QUADAS-2 domains. Concerns were noted regarding patient selection in the retrospective
cohort (Weitzel et al., 2016), where convenience sampling may limit external validity. The
comparator in Stankovic et al. (2025) was standard ED clinical evaluation rather than formal
cardiology TTE, introducing some applicability concern. The SRMA by Kobal et al. (2021)
was of moderate to high methodological quality but acknowledged significant heterogeneity
in patient selection, reference standards, and POCUS operator definitions across its

constituent studies.

Table 4. QUADAS-2 quality assessment summary

Study Patien.t Index Reference Fl.ovs.r & Bias Risk
Selection | Test Standard | Timing

Moschkowitz 2017 | Low Low Low Low Low Low
Weitzel 2016 Unclear Low Low Unclear Unclear | Low
Shokoohi 2019 Low Low Low Low Low Low
Unluer 2021 Low Low Low Low Low Low
Breitkreutz 2022 Low Low Low Low Low Low
Kobal 2021 (SRMA) | Low* Low* Low™ Low* Low* Low*
Stankovic 2025 Low Low Unclear |Low Low Unclear

"SRMA rated using AMSTAR-2 criteria. Low = low risk of bias; Unclear = unclear risk.

Discussion

This systematic review synthesises comparative evidence on the diagnostic performance of
POCUS echocardiography versus standard echocardiography across seven studies involving
patients in emergency and critical care settings. The principal finding is that POCUS
echocardiography demonstrates high diagnostic accuracy and strong agreement with
standard cardiology-performed TTE for the most clinically important cardiac assessments in

emergency patients, including LV systolic function, regional wall motion abnormalities, right
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ventricular pathology, and pericardial effusion.

Diagnostic Accuracy

The pooled sensitivity of 89% and specificity of 85% for LVSF assessment (Kobal et al., 2021)
are clinically meaningful performance metrics that support the use of POCUS as a reliable
first-line assessment. These figures are consistent with the individual study findings of
Moschkowitz et al. (2017), where agreement for LVEF reached 91% with a kappa of 0.85.
The importance of operator experience was highlighted by Unluer et al. (2021), who
demonstrated that visual estimation by trained emergency physicians yielded near-perfect
agreement with cardiology TTE (x=0.94-0.97), while quantitative surrogate methods such as
EPSS and fractional shortening were significantly less reliable. This finding has direct
practical implications: emergency POCUS training programmes should prioritise visual
estimation of LVEF over quantitative methods.

The Breitkreutz et al. (2022) echoscopy study is particularly relevant to resource-limited and
prehospital settings, demonstrating that a handheld device (Vscan) was non-inferior to a
high-end system for the detection of most major cardiac pathologies in emergency and ICU
patients. The finding that handheld POCUS achieved sensitivity >90% for LV dysfunction
and RV strain, while maintaining specificity >85%, supports its use in time-critical scenarios

where high-end equipment may be unavailable.

RWMA detection, as shown by Shokoohi et al. (2019), represents a clinically high-stakes
application, as identifying wall motion abnormalities in STEMI patients directly informs cath
lab activation decisions. The 88% sensitivity and 92% specificity reported in that study are
reassuring, suggesting that emergency physicians with core POCUS training can reliably
identify patients with acute myocardial ischaemia requiring urgent intervention.

Time to Diagnosis and Clinical Impact

The dramatic reduction in time to diagnosis reported by Stankovic et al. (2025) — from over
three hours with standard evaluation to 21 minutes with POCUS — is perhaps the most
clinically compelling finding of this review. In haemodynamically unstable patients, where
minutes determine outcomes, this time advantage may translate directly into improved
survival. While the comparator in that study was standard ED evaluation rather than

cardiology TTE alone, the composite reduction in diagnostic delay is meaningful.

This time-to-diagnosis benefit is consistent with the broader POCUS literature, which has
consistently shown that bedside cardiac assessment avoids delays inherent to formal
echocardiography, which is typically unavailable out-of-hours and requires scheduling and
specialist availability. In centres where after-hours cardiology echo is not routinely available,
POCUS may be the only rapid cardiac imaging available to the emergency clinician.
Limitations

Limitations include heterogeneity in the definition of haemodynamic instability, variable
POCUS operator training, differing POCUS protocols, modest primary study sample sizes
(61-205 patients), and restriction to a single database. Future studies should explicitly define

instability criteria, stratify by operator training level, and use standardised POCUS protocols.
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Implications for Practice and Future Research

POCUS echocardiography should be a key capability for emergency and critical care
physicians, according to current guidelines, which are supported by the review's findings.
The evidence suggests that after appropriate training, emergency physicians can reliably
assess LVEF, detect RV pathology, identify pericardial effusion, and recognise RWMA with

high diagnostic agreement versus cardiologist-performed TTE.

For haemodynamically unstable patients who cannot be safely transported to the cardiology
department, POCUS may represent not just a convenient alternative but the standard of care
for initial cardiac imaging. Integration of POCUS into structured resuscitation protocols (e.g.,

RUSH exam, FEEL protocol) should continue to be promoted and formally evaluated.

Future research priorities include: (1) large multicentre RCTs comparing structured POCUS-
guided resuscitation with standard care in haemodynamically unstable patients, with
mortality as the primary outcome; (2) studies evaluating the impact of artificial intelligence-
assisted POCUS interpretation on diagnostic accuracy; (3) standardised reporting frameworks
for emergency POCUS studies; and (4) economic analyses of POCUS integration into

emergency care pathways.

Conclusion

This systematic review demonstrates that POCUS echocardiography achieves high diagnostic
accuracy and substantial-to-excellent agreement with standard cardiologist-performed
echocardiography for the assessment of key cardiac pathologies in emergency settings. Visual
estimation of LVEF shows near-perfect agreement in experienced hands, while handheld
POCUS devices perform comparably to high-end systems for most emergency-relevant
pathologies. The time-to-diagnosis advantage of POCUS is substantial and clinically

meaningful in haemodynamically unstable patients where speed is critical.

The evidence base supports POCUS as a reliable, accessible, and time-efficient first-line
cardiac assessment tool in emergency and critical care settings. Ongoing investment in
emergency physician POCUS training, quality assurance frameworks, and larger prospective
comparative trials is recommended to further consolidate this evidence and optimise clinical

outcomes.
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Abstract

Synbiotics are advanced microbiome-modulating systems that combine probiotics and
prebiotics to enhance the survival and activity of beneficial microorganisms in the
gastrointestinal tract. Modern classification distinguishes complementary synbiotics, where
probiotic and prebiotic components act independently, and synergistic synbiotics, in which
the substrate is specifically selected to support the co-administered microorganism.
Synbiotics exert beneficial effects through selective fermentation, increased production of
short-chain fatty acids, pathogen inhibition, enhanced probiotic viability, and immune
modulation.

Recent studies demonstrate the therapeutic potential of synbiotics in gastrointestinal,
metabolic, and systemic disorders. Clinical applications include irritable bowel syndrome,
inflammatory bowel disease, Helicobacter pylori infection, obesity, type 2 diabetes, and non-
alcoholic fatty liver disease. In surgical and critical care settings, synbiotics help reduce
postoperative infections and maintain intestinal barrier integrity. In pediatrics, synbiotic
formulations support immune development and may decrease the severity of atopic
dermatitis in infants. Emerging evidence also suggests a role for synbiotics in the gut-brain

axis, with possible effects on stress, anxiety, and neurotransmitter regulation.
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Technological advances such as nanoencapsulation, targeted-release systems, and
personalized microbiome-based formulations have improved probiotic stability and delivery
efficiency. Beyond pharmaceutical applications, synbiotics are increasingly incorporated into
functional foods, beverages, infant nutrition, and animal feed as alternatives to antibiotic
growth promoters. The rapid growth of the global synbiotic market reflects the transition of
synbiotics from conventional dietary supplements to precision microbiome-targeted

therapeutic strategies with broad clinical and industrial applications.

Keywords: Synbiotics, complementary and synergistic synbiotics, nanoencapsulation,
targeted-release systems, personalized microbiome-based formulations.

Synbiotics are a sophisticated approach to gut health that combines the benefits of probiotics
(beneficial bacteria) and prebiotics (nutrition for bacteria) into a single delivery system,
refering to a synergistic relationship where the prebiotic "fuels" the probiotic, enhancing the
survival and activity of beneficial bacteria in the gastrointestinal tract. The current scientific
consensus categorizes synbiotics into two distinct types ' Complementary Synbiotics and

synergystic synbiotics [1].
Types of synbiotics
Table. Properties of different types of synbiotics. [1,2,4]

indipendently  satisfies  the

criteria for its respective

Types Composition Mechanism of action
Complementary Composed of a probiotic and [ The components act separately
synbiotics probiotic, each of which [to provide health benefit, The

prebiotic does not necessarily
have to be the specific "food"

designed to be selectively
utilized by the co-administered
microorganism. The substrate
(prebiotic-like)

growth or

supports the
activity of the
specific live microbe (probiotic-

like) included in the
formulation.

category. for  the co-administered
probiotic.
Synergystic synbiotics The substrate is specifically | Unlike complementary

synbiotics, the individual
components of a synergistic
synbiotic do not need to meet
the formal definitions of a
"probiotic" or "prebiotic" on
their own, as long as the
combined mixture provides a

proven health benefit.

Mechanism of action

Synbiotics function through several biological pathways to stabilize and support the gut
microbiota . Selective Fermentation: The prebiotic component selectively favors the growth
and metabolite production of beneficial microbes, leading to the production of Short-Chain
Enhanced Viability:

Synbiotics improve the survival of probiotics as they pass through the upper gastrointestinal

Fatty Acids (SCFAs) like acetate, propionate, and butyrate [5]
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tract, protecting them from gastric acid and bile salts[3] . By promoting beneficial bacteria,
synbiotics inhibit the Growth of pathogenic strains through competitive exclusion and the
production of antimicrobial substances[3] .They Regulate immune responses by enhancing
phagocytic activity, increasing antibody production, and maintaining the integrity of the

intestinal epithelial barrier [3].

Clinical applications

The clinical application of synbiotics has evolved from general gut health promotion to
targeted therapy for complex systemic diseases. By combining live microbes with specific
growth substrates, synbiotics offer a "precision medicine" approach to modulating the
microbiome. Gastrointestinal (GI) Disorders is the most established area of application,
focusing on restoring microbial balance and strengthening the gut barrier. In treatment of
Irritable Bowel Syndrome (IBS) Synbiotics help modulate the visceral hypersensitivity and
gut motility issues associated with IBS. Formulations often include Lactobacillus or
Bifidobacterium paired with Fructooligosaccharides (FOS), which help reduce abdominal
pain and bloating in specific patient subgroups [8]. Inflammatory Bowel Disease (IBD): In
conditions like Ulcerative Colitis, synbiotics are used to maintain remission. They work by
suppressing pro-inflammatory cytokines (like TNF-\alpha) and increasing the production of
butyrate, which provides energy to colon cells [5]. Synbiotics are often used as an adjuvant to
standard antibiotic triple therapy in eradication of H. pylori . They improve the eradication
rate and significantly reduce the side effects of antibiotics, such as diarrhea and nausea. A
major emerging field is the "Gut-Liver Axis," where synbiotics influence metabolism through
distal signaling. Synbiotics help reduce liver fat accumulation and systemic inflammation.
Research shows that synbiotic supplementation can lower liver enzymes (ALT/AST) and
improve insulin sensitivity by reducing the translocation of bacterial endotoxin

(LPS) into the bloodstream [7]. Synbiotics influence the secretion of GLP-1 (glucagon-like
peptide-1), which regulates appetite and glucose metabolism. Clinical trials have noted
improvements in fasting blood glucose and HbAlc levels after consistent synbiotic intake [6].
Synbiotics in surgical and Critical Care : Synbiotics are increasingly used in hospital settings
to prevent healthcare-associated complications. For patients undergoing major abdominal or
cardiac surgery, synbiotics are administered to prevent "bacterial translocation"—the
movement of gut bacteria into the blood. This reduces the risk of post-surgical sepsis and
pneumonia [8]. In critical care, they help maintain the integrity of the intestinal mucosa,
which often breaks down during systemic inflammatory response syndrome (SIRS).
Pediatrics and Early Life : The application of synbiotics in infants is focused on "priming" the
immune system. There is strong evidence that synbiotic mixtures (like Bifidobacterium
brevis with GOS/FOS) can reduce the severity of eczema in infants under two years old by
modulating T-cell responses [4]. Many modern formulas include synbiotics to mimic the
prebiotic and probiotic properties of breast milk, aiding in the development of a healthy

neonatal microbiome.

Emerging fields of Application
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Synbiotics are emerging as important tools for precision microbiome modulation, with
potential applications in mental, metabolic, and gastrointestinal health. Early studies suggest
that “psychobiotic” synbiotics may influence serotonin and GABA production, reducing
stress and anxiety through the gut-brain axis[5]. Clinical evidence also supports their role in
improving insulin sensitivity, obesity, and atopic dermatitis.By 2026, synbiotics had evolved
from niche supplements into a multi-billion-dollar industry integrated into pharmaceuticals
and functional foods.They are increasingly incorporated into beverages, dairy products,
plant-based alternatives, and infant formulas containing HMO mimics and Bifidobacterium
strains [12].

Technological advances, including nanoencapsulation, targeted-release systems, and
personalized microbiome-based formulations, have improved probiotic stability and delivery
efficiency[10]. In medicine, synbiotics are used as adjunct therapies for metabolic syndrome
and to reduce gastrointestinal side effects of GLP-1-based treatments [11]. They are also
widely applied in animal agriculture as alternatives to antibiotic growth promoters,

improving intestinal immunity and nutrient absorption.

Main limitations and bottlenecks

Despite their therapeutic potential, synbiotics have several limitations and safety concerns.
The most common adverse effects are gastrointestinal symptoms such as bloating, flatulence,
and abdominal discomfort caused by prebiotic fermentation, particularly in patients with IBS
or SIBO [16].

Another major challenge is formulation complexity, since not all prebiotics selectively
support the administered probiotic strains. As a result, some products may provide limited
synergistic benefit . In addition, synbiotic efficacy is highly strain- and dose-dependent,
meaning that results obtained for one formulation cannot be generalized to others [2].
Clinical use is also limited by insufficient standardization and regulatory oversight, as many
commercial products lack rigorous evidence supporting their effectiveness. In vulnerable
patients, especially those who are severely immunocompromised, probiotics may rarely cause
bacteremia or fungemia [15].

Further concerns include the potential transfer of antimicrobial resistance genes from
probiotic strains to pathogenic bacteria, as well as reduced microbial viability caused by

incompatibility between probiotics and the delivery matrix during processing or storage [14].

Conclusion

The study and application of synbiotics represent a significant leap forward in precision
nutrition and gastrointestinal therapy. By moving beyond simple supplementation toward a
"synergistic" model, synbiotics offer a more robust method for modulating the human
microbiome than probiotics or prebiotics alone. Synbiotics are a powerful tool for modern
medicine, but their effectiveness is highly strain- and substrate-specific. For clinical success,
the focus must remain on synergistic formulations—where the prebiotic is proven to feed the

co-administered probiotic—rather than mere complementary mixtures. As research
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progresses toward 2030, synbiotics will likely become a cornerstone of adjunctive therapy for
chronic inflammatory and metabolic diseases. The Future is Personalized: The industry is
shifting from generic "shelf-stable" mixtures to personalized synbiotics. Future success
depends on matching specific microbial strains with substrates that are tailored to an

individual’s unique baseline microbiota.
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L3swoom (I-IV 3amslio), o3 3e0bozméo 3sMmz0ls s 3MMabmbol  dgaisligdsdo
LobgdIN356gEm  OHMEL  SBOWMYOL. OSRBMLEBH03T0  Adsd)Y39BH0 9608369 MdS
9603905 99m3500MmaM305L, BNP/NT-proBNP-ol 56LbsH03Msls s gmen-03960H @0l
960396006 350m33wg39L; JLIIHOMIIOOMEMB0S > LAHOIL-GILAO Y39
3oL 0bxzMMTo30sL 0drgzs. 3ObsEMds IMOEI3L BoMBo3Mmmgemadosl — ACE-
063030@MmMm90L, B93)o-dMIo@MMgdL, FomrIYbgdls s ARNI-L — s LsFoMHmgdols
99000b393580 mfiymdoEMdgdby ©sxdbgdmer MYMs30sl b Jomeyome BaMg3sl.
5QMIMWo  ©E05AbMLEGH035,  IMXEH0OLE030bsOMo  JoEamds s 353096¢0L
3obomgds  oodfy39® 9609369 MdL  5BHIMYOL  s935©JOOL  IBIMYMglool
399306900L5 S 353096GMs J9TMBOZOL 25Tx MdYLGIOLSMZOU.

1533560 BoGYzgdo: 3ol ¢3056oLmds,  LobEHMEMOO ©s ONBEHMEMOO
©obxbd;309, 300bozmemo Bodbgdo, OsEbmLE 03, New York Heart Association (NYHA)

3woll0gR035(309.

99L535¢00

3ol 30500Lmds (Heart Failure — HF) §o®3mopgbl gOHo-9gho  439eeBy
9603936900™356 3060003539 sMWE 3OMdWGISL M9bsdgM™mag dgo0bsdo. gl sGob
3wobozmeo Lob®mdo, MMIgwdog gmEo 396 sHIObYAL Ls3ToMOLO MoMmgbmdol
LobbOL 9EMAdZL MOYIBOBIOL FMMbM3boEGdgdOL ILSITIYMROWGOS, b 53
90Bbol o935 GgLsdrgdgEos FbMEME 950 9dMEo d93b9d0l B930L botrxby.

3WMBISCMEI0 9300JIOMMY0OHO dMbs3g8900L Jobg30m, ol v93d5G0lMd0m
AbmyEomdo 64 doErombby 3930 5305605 93500JO0. 45630M MO 39969080
dolo 36935¢9bGHM™MBS BOHILOME FMLobegmdsdo 1-2%-U 99oa9bl, bomerm 70 (gl
239009300 gde  Sb53MIM0Z XyMBdo b F9B3969d90 10%-b 5FoMdYOL. 993500
4390 Heom®o© 3603d369cm3s60 30U30@o0bs3E0gd0U, 99bemMo
d6MIobg656H05bMdOLS s 3OO 1L0IZEOE0sbMdOL JobYbO..

9GOMEMAO0MOHO0  M35LIBOOBOm, Mol M35MOLMIOL  Y43z9gwsbg  bdoMo
90DgHgd0s: 03990MH0 4ol 59350ds (40-50%), sGGHgMHoMwo 3039MGHIEBos (25-
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30%), gm0l  LoGdgrmgsbo  3sommwmyos  (10-15%),  FogMosbo  @osdg@o,
3900MI0M350900 s 3MH0MI0gd0. 98 BOJBHMMGIOL SOOI godm3wgbs o
3Mb6@OMOo 4ol 3856m0LMmdoL 3093953008 Logwmdzgwl HomBmoygbl.

fobodgdatry  dmblgbgool  doBsbos Mol M3dsMoLmdOL  3MA3wgduMo
dodmbogs, ®MIgeo3 8moEegl o935 JIOL  35VMBOBOMWMYONE  BogrdzEgdl,
30603600 258m3wobgdol L3gd@®L, 939MbscMdOL LBEBHMGIR0IOL s 353090FS
d5mm30L  36M0630390L. A9bbomwo slsems 9x3dbgds 300bo3MGmO  Fo0ES0bgdOL,
LoLEBHYIMOHO J0IMbOE3gdOLS s TYES-9650BGdOL FMboizgdgdL.

3ol M30500LMIOL  35MBODBOMWMAONOHO  Jeslogozsgool  dobgzom
39b51b3939896 MG doMoMs© BMMTSL: LOLEBHMEW OO OLBMBI3000 B0dEObscy ol
m305600bmdsl  (HFrEF — Heart Failure with reduced Ejection Fraction) o
39656066900 9496009360L BOsJ30000 8080 gm0l 3dsG0LMdSL (HFpEF —
Heart Failure with preserved Ejection Fraction).

LobEGMEMEOO 93d560LMmd0L (HFTEF) coMmlb dsm3bgbs 3563930l 99609360l 3tadizos

40%-%g b53gd0s. 35637930 396538 9939308 MBsM, Jobo 3ggdo LJiwrgds s
0O RoOMMZN00 — 9JABIBEGHM03MWo 3039OGHOMA0s. FJIRO© I30MEIds ool
{o8mgds (Cardiac Output) s 0HMHYdS drEOMbOLEHMEMOO FMEEMdS.

©O3LEHMEOHO  1305MHoLbmdol  (HFpEF) ©®mb 3563730l 893993308  13wbjsos
99650BMbad M0y, MI3s ©IMM39Mos dobo Mgwsdlsgos s dg3b9ds. 3963 Fol
3000900 25b0bEHJdMos (3m6396GMMWo 3039MGOMR0s), Mo3 bgwls «Mdwol Lobbeols
Ba®doem®  999m0bgdsl  oslEGmeol ©@®mb. HFpEF  gsblogmmgdoo  bdoGos
bs6@sBAMW, Joar s 3039M3H9bD000d 99350 YOME 35:3096¢39d30.

3ol 3bJ300L ©9d3900900L Ladslbmo MmMsbobdo Moy 30mI3gbLoEMmEOME
999560D3gdL  55dBH0MgOL. 58 89doboBIms Mol 2oblszmmEmgdIemo  360d369wmds
9603905 Bod doMomo LoliEgdob:

* O35 MOPEMYBIMMO LoLEBHIIOL FosJBHOMMGOs — 3539JMesd0bgdOL Qodmymas

DMHOL 429ol3gdsl s Jom3sMomdols d93dd3z0l dogrsls;

* 9606-560m396B0b-5¢0mbEgO™Mbol LobBgdol (RAAS) gosd@om®mgds — byl

PgmdlL boE©0dols s fyarol 893539058, BOOL Lobberols dmrIEMmdsl;

* 36M963-LGHoOWobaol 9Jobobdo — 356399 F0l ImF0d3s BOOL 8933930l doesbs.

901bgs35©0  dM3E9350560  Lobotygdm  gx3gdBHols, 98 3mA3gbLoGmOEo
397560%agd0l Je™bozmwo 259930905 LOdMEMME 3536909e0o.
B033sMMOEMGbsEMmO  LobGHgdol  boba@dwmogo  LEHodMwsgos o393t d9gGo-
5009696030 H9;398G™MMGIOL ©Y6-MgAM30sL, J9OOMI0M303HJd0L BHMJLOIMO
5H05b6gd5Ld O FodOMDBL. RAAS-0l JOHmbozmwo goodBHowm®gds 30 bgwl MHymdl
3039639905, 3033500930565 S 3039ME96BOSU.

3ol 9930560LMd0L  3OMYMmILOOL  (39bGHGIWMo  d9doboBdos  Fom3sMmowmdol
H900m@IwoOgds — LAHOYIGNOYwOo, GbJzoNc0 ©s INWIINW YOO FZLOLIBYoOl
9OMMIWOMdS.  M9IMEI0mds  IMOEI3L  39OOMI0M(303HJO0L  3039MGHOMBOL,
39O©0MIoM303HJO0L  3MMAMIBOMIOI®  ©39MAZL  (93m3GHMBo s By3BMDOo),
06@9OLGHOEMo  BodOMDBOL 9630 gdLS S 3MBEHMOIJBHOW OO  30EgdoL
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9936900l JgE3EsL.

59 30m39bd0 3MO0G03M OHMEL SLGMEGOL Sbngdomo go@m3obgdo (TNF-«, IL-1p,
IL-6), ™mdbosiom®mo LEGMLO, bgo®Mm3NImOwMwo  GoJBMOgdo  (s6x0mEHEBob 1I,
SembBEIO™bo, 9bmmawobo) ©s domzsMomwo  mJulosgomo  LEHMmgLo. 5d
39dBHMOIO0L  gOHOMdoz30  dmddggds  2oblaH®gz®magzl ameol gbdiool
36MHMMm9L0MGOSO 2515Mgd0L (3H9a3L.

3ol M385(oLMdOL  3woboz®o  LyGsmo  godmo®mBgzs  LOd3GHMIGOOL
36535 xn9MO™m36000m, GMIgems 1Loddodg J3MMIEOMIIL  I935JOOL  LEOSOLMB.
Jmdobo (oldbmg) 439esBg bdomo Lod3Emdos s 3e0bEgds LbgsILbI3s FmGTom:
©53300m30L  Jmdobo  (exertional dyspnea), 3MmOH0BMBGIME  IYMISMGMBdSTO
(OHDMx6Mmg) s 0sdob 3oMmmglobdmwo Jndobo (paroxysmal nocturnal dyspnea). Jmdobo
396300009005 BowG30L 396960 (6930l do@gdom, 0bEgMLEOE0MEo 8933900ms
5 0OHMBJML3sHBI0.

3960539000 999993905 (99ds) 30093 JOMO sdsbILSMGdgo B0odsbos. ol
B399 90603 3c00bgds J39000 300MH0T0, 4obLo3MPMGd0m BHIMRJILs s 3039000,
5 BodgBHM0MEo bolosmolss. 3dodg d90mbgzg390do 3000560 SL3OGHO (3ol
6 do LoMBOL EOYMMZ90S) S 5BsLIMFS (29BgMSEOBYdMEO F9dM39ds).

OQWOMMdS s LoLMLEG 939 bdoMmo Boz0wdos, GMIWYdoE 353095GHJOOL
3bm36Mq00L  boGolbl  86003bgemgbo  9996gligdL.  obobo  gob3oMmMdYOME0s
3993060900 bobberols Fsdmgdom, L39wgdHemo 36mgdol 303m39ORBMBooms ©
JOmbozmmo  sbgdoom, MMIgwos ol ©93d56MH0LbMdoL  bdoMo  msbdbegdo
9 Md50gMd5.

530D03MM0 A5L0bx30L OML 3obgds BbgsOlb3s Md0gdE Mo Bodsbo. ymeol
313 GHoE00LOL Fgodergds dmolidobml dglsdg ol Gmbo (S3 asem3o), GMmdgeos
domEbgbs  39M3mFol  LEGHOMIGHMOWMWO  33E0EGdJOOL  F639M0s.  Bo3H390DY
m®IbOogzo bggwo bobobo (crepitations) JoMMOMPIL BOEEZ0L 9YIobY. Lorwang
396990l go53Lgds (jugular venous distension) sbobogl Focrx39bs 3o63MFol bg3z0L
3o@909L.

J6O®bo3Mwo gmob v3d56m0LbMmdol O™ bdoMms 305MEYdS 35MEOMIGRIM0s —
3990b BMAoL o0Yds, OG0 Bomrs Bsbl dw-339Mol M9bEygbmyMms35%yY.
H5J039Mm@05  30000M©Jds  LOIZsMMOOMYBsMEO  LoLEGIIoL  3MB3GBLLGHMOO
399430900l 99gyo©. 8dodg d90mbzg390do 3eobEgds (3056MmBo — 3960Ls o
m®fig560 omLGdOL JmErmexm 9953963s.

3ol 993056MH0bMdoL  BMbJgommo  Loddodol  TgBOLYIOLIMZOL  BIMPME
399m0yqgbgds New York Heart Association (NYHA) 3arsbogogzsgos:

I 3o — goBozméo sd@Hogmds 89Bmm©og0s; B39MEgdcm030  356Mx0d0
L0d3GHMIGL 56 0fj393U;
IT 3eslo — goH03MOO 95dGH03mds MmEbsg I9BOM0s; B39 gdMH030 356K 00

0§1393L Jm3obl, oMEOEMdSL;
IIT 3¢05b0 — 1oB03NOO 5dEHo3mds 860d3b9wm3bs J9HBVMMos; dobodserMo
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©53300m353 30 LOI3GHMIGOL 0fj393U;

IV 300560 — L0d3@GHmdgdo dmliggbgdol MLz sMLYdMBL; Badolbdogmo 130HBo3MGO
5943H03Mds 99 gd9e00s.

NYHA 3sb0go3sgos go9moyggbgds 65 dbmermo Loddodob 99z3sL9dolsmgol,
56589 353096¢0L 358mbogEol 3MMYBMBOMYdOLS s 839MbsEIMdOL 9339dE IO MdOL
dmbo@GMmEm0bAoLIM30Ls.

93MMbogrmds
30l 38560H0LMdOL 33MbsMds 953dbgds bsd doMoMs© 3G063E03L:

o bod3mdgdol 9dlbwdeygbs;

53500900l 36mgtgbool dghgi9ds;

o boz3000mm80l d90300905.

363003896B06-356c05040679¢70 39396¢H0L 0630d0HMmM980 (ACE-1) 30(39¢v0 (Gogol
3639356599805 HFrEF-0ob bsdz-96565¢7m@. obobo 585009896 302bdosdg06m35b, byerls
290056 Goms(0wd0l (90200900905 s 5930039896 bozzc00¢rBsl 20-25%-00.

09BHO-0M3IdGHMEMO0 (3939000 M0,  JYGHMIOMMMEWOo,  dOLMIOHMEMEO)
Lo39WYdMEm  3mI3mbgbBos  HFrEF-ol  93996Mbseomdsdo.  olbobo  dewm3s396
103350 MOOYBsMOO  LoLEBIIOL B0sbIMIYMR  9x39dBHL, 9930MGdI6  FMEEOl3gL,
59xmd919d96 Jom350MEO0MAoL RMBJ305L @S 9830609096 Lo33OMdIL  34%-3¢Y.
956y 3560 Jo6rdgbgdo (3MOHMLYGoo, GHMMBYGoO) gosdmoygbgds Lod3EH™INMO
33900l doBboo — 593069096 303963 g0sLS s T9F39dL.

ARNI (5630m3H96B0b ©9398GHMM-6g3H0Wobobols 0b630d0@MmM0) —
BodMOOGHMOW/35eloMGBO  —  sbogwo  Momdol  36M935MoBH0s,  MMIgwdsg  ACE-
0630003H™MM90m56 890569300 1LO3IZOWMBOL sT5EHJO0m 20%-0560 Fgd;30609ds 5B39bs.
SGLT2-0630003™mM900 (9935300R3emb0obo, ©i353oxnzwmHBobo), 0530306039ws©
050930 b3 MMbIEME 8999985390990, sbEs Mol v385MHOLMBdOL bEIBIOEMWO
0965300 Boffoeros.

ddodg HFrEF-ob (LVEF <35%) o™l go8m0ggbgds Bolioadgwro 3560m3960 ¢ 6-
©9BR0dO0WsEGHMmOo  (ICD), 6Mmdgwog o33l 3530963L  Logmabaobsmgols  bydodo
3963031 MM0 560H0m0m30g00LsYsb. ICD 33060908 193500 Lo3zEOEMdOL GOolgL 23-
54%-o00.

3ol MHgLobOMbobsgool mgMmsdos (CRT) 0bodbgds 35309639080, GMmBgdlss
59300 LobJMMbMEMdOL smM393s (QRS >150 39, dsdbgbs 396GgMml derm3ss). CRT
5MAxMOgLYdL 3563 FJdol  F933d30L  3MMEOEObE0L, 89306093l LoA3GHMAJOL o
BOEOL 2osmBgbsl. dgMPgmer 353096(3)9ddo s93g FodM0Ygbgds ool dbsMISTFIM0
9mfiymdomds (LVAD), 456L539006090000 GHMobL3sb@s30s0g wmobols 3g@omedo.

3oL GHObL3EsbGHIE0s MmdOHML  LEAHBIOGL FoMTMoagbl dmemm  LEowool
3990l 395Mm0LMdOL 1YIFMObIYME, MMIES TYIHWMEMWOS PMBMOO MOABMIdOL
653090™30bL 35M. Mm39Ms300L d99yma 5-Fe0sbo dosMbBgbs 70-75%-0s. LoGdzermagsbo
3500MMAO00m ob30MMBGOMO Mol ©3356H0LMBOL OML BotJawrols 993900905 b

B96533e905 9839390 15II3MObIEIM TGNMEOS.
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3033gdbmeo  oemzol  aobmymago  boflowos 569856530 MmQ0MH0
©mbolidogdgdo: doMool dmbdscmgdol d9bemgs (2-3 g/m-do), Loombols domgdol
3mbGHOmwo (1.5-2 /e-00), y4m39e0oMHo fmbol 3mbEmmemo, bozm@Eobols s
5e3m3meol  doegdol 9093930, 3993065305 (6030, 36930m3m30) s DbBmdogho
R0DBO3NOO  M9o00E0GE0s. 353090G0L  2obsEgds @S M300ToMM30L  MbIMIYGOOL
3963056905  490059(y39® 9609369 MdIL  5BHMGOL  3ML30GHIOBIFosMs  LobdoMob
d9L59306M9dE>.

51336

3ol 9385(0LMds Msbs3gMH™39 3903E0boL 9OHM-9Hmo Y439wsby GO s
96535 dbM030  godMmf39350.  ©935JOOL  3oMMBODBOMWMA0s  FOEOMM®  HMOL
39BWOHMYIEO — LOLEHMEYIMHO S OSLBEBHMW YOO OLRWMBJ30s, BgoOHMIMIMOHMWO
399594H0ME90s, 8035000l 3500MWMYOOHO MHJIMPIOMHYOS S LOLEBHIIMEMO SB0GdS
9MMI0350 3ob330MHMgd9b 53500900l 3OHMYMYLOSL.

3060360 59m3w0bgdol b3gdBmo — Jmdobosb 39MHoxgMomwr 993939050,
QIVWOMO0ED  sdol  Jmdobols 99393905009 — dmombmgl  ym3zeoldmad33ge
99935b90sL. NYHA 3000093035300 330003 }doLgme 0bl@®mwdgb@e ®Bgds Loddodol
3905L5g3590o, beewm BNP/NT-proBNP 80m3563960900 ©002bmbiEozol Lobmbdgl
9600936903650 BH@OH.

93996065¢0md0b bLBgOHMT0 drrEM s gdds 360T369eM3560 3MMYMGLO FMOEsbs
— ACE-0b630003m6M900056 @5  093Ho-dem3s@mdgdosdb ARNI-0g o SGLT2-
0630003H™905809. dMfymdowmdgdbg ©53mdbgdmwo mgemsdos (ICD, CRT, LVAD)
30093 NBOM 5R3MMMZgOL LodFMGbosm Jglodergdermdgdl. ol GMIBL3EsbESE0s
0mM BBoool 999mb393900L5mM30L MMM bEObIMEHI MRgdS.

9dmds3colb 39ML39dGH03900 3538069005 49693030 MYMHI300L, BEBHIMW YOO
MIXOIOMNWO  GHOBL3BGHIEo0L  ©d  bgwmzbm®o  0b@gwgdBHol  godmygbgdoo
5QMIMO  osEbMLGO30Ls s 39MLMbIE0BYdMmo FgoEobol 4963000560905Lsb.
3ol 305608md0L  [omdo@gdmwo BsMmzs dmombmal I EHooLo3wobs®vye
90MaAsl, 353096@0L  gobomgdslls o 3F0EOHM  MoBSFIOMAMISL  bbgoolbgs
139305@MdOL  9J0dgdL FMmMOL. SEOMIMEo B35, 93MbswMmdol Mgg0dols 353600
HE30 OO MYYMEMHI0 IMboGMMm0bao — gl bLsdo 3M0bE030 353096GMs Fodmbisgaols

39990%M09L900L Loxgwmdzgwl HoMmBdmoygbl.
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Abstract

Thymus tiflisiensis Klokov & Des.-Shost. is a Georgian endemic plant of the Lamiaceae
family that remains critically understudied. This study systematically collected and
synthesized all available data on the chemical composition and bioactive properties of this
species. The information about species is very limited, but GC-MS analysis detected 27
compounds, including camphene, sabinene, endo-borneol, nerol, bornyl acetate, and o-
terpinyl acetate, unique to this plant. The Thymus tiflisiensis extracts also possess high
antioxidant activity and cytotoxic activity against A-549 (lung carcinoma) and DLD-1

(colorectal adenocarcinoma) cell lines. Future research should characterize its non-volatile
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phenolic compounds and flavonoid profile.

Keywords: Thymus tiflisiensis, Georgian endemic, essential oil, chemical composition,

antioxidant activity, cytotoxic activity.

Introduction

Thymus is a Latin name of the plant genus, and there are two different theories about the
origin of the word: some authors presume that it derived from the Greek word thyo
(perfume), while others consider the Greek word thymos (courage, strength) [1]. The genus
Thymus belongs to the Lamiaceae family and includes about 350 aromatic species around the
world. The genus is the most abundant in the West Mediterranean region, where they have
long been used in traditional medicine as antiseptic, antimicrobial, antioxidant, anti-
inflammatory and analgesic [2]. All species of the genus are perennial herbaceous subshrubs
or shrubs with small and simple leaves and big clusters of small pink, white, cream or violet

flowers [2].

The medicinal value of Thymus species is associated with essential oils and bioactive
compounds such as phenolics, flavonoids, and terpenoids [3]. Most notable bioactive
constituents isolated from the plants of the genus 7hymus include monoterpene phenols
thymol and carvacrol with potent pharmacological activities [4]. Thymol and carvacrol are
positional isomers with high antimicrobial efficacy against a broad spectrum of pathogenic
microorganisms, including bacteria Staphylococcus aureus and Escherichia coli and fungi
Candida albicans [4]. Furthermore, these compounds exhibit potent antioxidant properties
[4]. The species of the genus Thymus were also shown to be a rich source of other phenolic
compounds, including rosmarinic acid, caffeic acid, chlorogenic acid, and flavonoids
apigenin, luteolin, and rutin [5],[6]. These compounds synergistically contribute to the
overall antimicrobial, antioxidant, anti-inflammatory, antiviral, and antitumor effects of
thyme extracts and substantiate its use in traditional and modern medicine. Due to the
unique chemical composition, the most studied species of the genus 7Thymus vulgaris are

widely used in the food industry as natural preservatives to inhibit foodborne pathogens and
extend shelf life [4].

The flora of Georgia, according to the latest list, includes 4275 plants [7], and one-fifth of
them are endemic [8]. Around 700 species have been used in Georgian traditional medicine,
and 200 taxa have been listed in the country's official pharmacopoeia [9]. Across human
history, various organs of medicinal plants, such as leaves, stems, bark, roots, seeds, and
fruits, have been used for the treatment of major types of diseases. Bioactive compounds
derived from plant materials demonstrate various biological activities and represent primary
sources for new drug molecules [9][10]. Georgia hosts 11 species of the genus 7hymus, out of
which Thymus tiflisiensis and Thymus collinus are endemic to the region [11]. Thymus
tiflisiensis Klokov & Des.-Shost. (Fig. 1) is the species endemic to the Eastern Transcaucasus
region. Its specific epithet, "tiflisiensis," references Tbilisi (historically known as Tiflis), the

capital of Georgia, underscoring its strong biogeographic affiliation with the country. Even
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though preliminary research has indicated that 7Thymus tiflisiensis possesses promising
biological properties [11], it remains critically understudied. The primary goal of this study is
to comprehensively collect and synthesize all available scientific data on the chemical
composition of Thymus tiflisiensis to establish a unified reference baseline for the chemical
composition of the species, which will not only highlight existing knowledge gaps but also
provide a foundational resource for future phytochemical and pharmacological of this

endemic Georgian medicinal plant.

L 4

Figure 1. Thymus tiflisiensis Klokov & Des.-Shost.

Materials and Methods
Our literature search adhered to the PRISMA guidelines for systematic reviews [12]. The

literature search was carried out in PubMed, Scopus, ScienceDirect, and Google Scholar
databases. A total of 16 publications were collected and assessed. The following search

criteria were used: (1) “Thymus tiflisiensis’; (2) “Chemical composition”; (3) “Essential oil”.

Results

1. Antioxidant activity

The antioxidant activity of various 7Thymus species has been extensively evaluated using
different methodological approaches. In the study of 6 Thymus species (7. longicaulis, T.
praecox subsp. polytrichus, T. pulegioides, T. serpyllum subsp. serpyllum, T. striatus, and T.
vulgaris). All tested extracts possessed DPPH (ICso= 3—6 pg/mL) and nitric oxide (ICso= 70—
177 ug/mL) free radical scavenging activities and ability to inhibit lipid peroxidation (ICso=
34-80 ug/mL), and high total antioxidant capacities (238-294 mg AAE/g) [13]. The essential
oils of Thymus collinus endemic to the Caucasus demonstrated a high DPPH (2,2-diphenyl-
1-picrylhydrazyl) radical scavenging rate of 94.2% at a concentration of 2.87 mg/ml,
alongside high antioxidant activity confirmed by the ORAC (Oxygen Radical Absorbance
Capacity) test [14]. Similarly, studies on 7hymus daenensis revealed that its essential oils
exhibit dose-dependent DPPH scavenging properties, with the total phenolic content being
primarily responsible for this antioxidant behaviour. Significant total antioxidant activity
was revealed for methanolic extracts of the aerial part of Thymus tiflisiensis Klokov& Des.-
Shost. (1100 pg/ml) by DPPH method [15].

2. Essential Oil Yield
A major study by Getia et al. (2022) investigated the chemical composition of of 7hymus
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tiflisiensis growing in Georgia [11]. The essential oil (EO) content of Thymus tiflisiensis was
found to be 0.2% (v/w) from aerial parts collected during the flowering stage in the vicinity
of Dusheti, Georgia [11].

3. Qualitative Composition of Essential Oil

Gas chromatography-mass spectrometry (GC-MS) analysis of 7. tiflisiensis essential oil
resulted in the detection of 27 compounds [11]. The major volatile constituents identified in
the essential oil of 7hymus tiflisiensis based on GC-MS analysis are shown in Table 1 [11].
The data show that the oil is dominated by the sesquiterpene alcohol £-nerolidol (25.8%),
followed by the sesquiterpenoids germacrene D (17.3%) and caryophyllene (6.4%), and
monoterpenoid a-terpinyl acetate (6.9%), together accounting for more than 50% of the
total identified composition.

Table 1. Composition of essential oil from 7. tiflisiensis [11]

Compound Class Relative Concention (%)
E-Nerolidol Sesquiterpene alcohol 25.8

Germacrene D Sesquiterpenoid 17.3

7-Isopropy-4,10- Sesquiterpene alcohol 11.0
dimethylenocyclodec

Caryophyllene Sesquiterpenoid 6.4

o -Terpinyl acetate Monoterpenoid 6.9

4. Compounds Unique to T. tiflisiensis

Comparative analysis of two species 7. tiflisiensis and I’ collinus revealed several compounds
present exclusively or in higher abundance in 7. tiflisiensis [11]:

Monoterpene hydrocarbons: camphene (0.1%), sabinene (0.1%)

Oxygenated monoterpenes: endo-borneol (0.5%), nerol (0.2%), bornyl acetate (0.3%), o-
terpinyl acetate (6.9%)

Aldehydes: B-citral (0.1%)

Sesquiterpene hydrocarbons: o-muurolene (0.3%), B-bsabolene (1.5%), E-a-bisabolene
(1.6%)

Oxygenated sesquiterpenes: caryophyllene oxide (1.1%), epi-cubenol (0.3%)

5. Biological activities of 7. tiflisiensis

The Thymus genus is widely recognized for a diverse spectrum of biological activities. Plants
of this genus possess antimicrobial, antioxidant, anti-inflammatory, cytotoxic, analgesic, and
antidiabetic properties, attributing these effects to a rich profile of volatile oils and phenolic
compounds [3]. In addition, it was shown that the extract of 7hymus spp. can modulate cell
death and survival pathways, showing anti-tumoral activity by regulating apoptosis while
also promoting cell proliferation for applications like wound healing [16]. The essential oil of
T. tiflisiensis demonstrated moderate cytotoxic activity against human lung carcinoma (A-

549) and colorectal adenocarcinoma (DLD-1) cell lines [11].
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Conclusion

Thymus tiflisiensis is a Georgian endemic plant with an essential oil yield of 0.2% and 27
identified compounds dominated by sesquiterpenes, particularly E-nerolidol (25.8%) and
germacrene D (17.3%). The essential oil exhibits moderate cytotoxicity against lung (A-549)
and colon (DLD-1) cancer cell lines, while methanolic extracts demonstrate significant
antioxidant activity (1100 pg/ml by DPPH assay). These findings indicate that 7. tiflisiensis
possesses promising bioactive properties worthy of further investigation. However,
significant knowledge gaps remain, as the non-volatile phenolic compounds (such as
rosmarinic, caffeic, and chlorogenic acids), flavonoid profile (including apigenin, luteolin,
and rutin), and chemotypic variation across different Georgian populations have not yet been
characterized. Future phytochemical and pharmacological studies are urgently needed to

fully evaluate the therapeutic potential of this understudied endemic species.
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Abstract

Background

Myasthenic crisis (MC) associated with Acute Respiratory Distress Syndrome (ARDS)
presents severe ventilatory challenges. Perioperative anaesthetic management requires strict
titration to preserve lung function. This case describes a individualized anaesthetic approach
for an intubated patient with MC and concomitant ARDS undergoing early tracheostomy.

Case Description: A female patient with established Myasthenia Gravis presented with MC
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complicated by ARDS diagnosis was supported by bilateral pulmonary infiltrates and a
PaO,/FiO, ratio of 136 mmHg. On day three of endotracheal intubation, prolonged
ventilatory support was anticipated and early tracheostomy was selected. ICU ventilator
parameters showed a positive end-expiratory pressure (PEEP) of 7 cm H,O and a fraction of
inspired oxygen (FiO,) of 65%, maintaining an oxygen saturation (SpO-) of 98%.

Case Presentation and Management: Anaesthesia was induced with Propofol (100 mg) and
Fentanyl (0.2 mg). Atracurium 50 mg was administered to facilitate neuromuscular
relaxation during tracheostomy. Anaesthesia was maintained using 1.0MAC Isoflurane with
Volume Control Ventilation and lung-protective ventilation strategies. Pharmacological
reversal with anticholinesterases was intentionally withheld post-procedure to reduce the
risk of cholinergic crisis; the team relied on spontaneous Hofmann degradation of
Atracurium.

Conclusion: The post-operative course demonstrated stable respiratory status. Early
tracheostomy combined with lung-protective ventilation, volatile anaesthesia, and careful
neuromuscular management was associated with stable perioperative respiratory status in a
patient with MC complicated by ARDS. Avoidance of pharmacological reversal agents and
reliance on spontaneous Hofmann degradation represented an important component of

perioperative management.

Keywords: Myasthenic crisis, ARDS, tracheostomy, Atracurium, anaesthesia management.

Introduction

Myasthenia Gravis (MG) is a chronic autoimmune disorder characterized by autoantibodies
against postsynaptic acetylcholine receptors, leading to fluctuating skeletal muscle weakness.
Myasthenic crisis (MC) represents the most severe manifestation of MG and occurs when
respiratory muscle weakness causes respiratory failure requiring ventilatory support.
Managing an active myasthenic crisis is inherently complex, but the clinical challenge
becomes significantly more challenging when the condition is complicated by Acute

Respiratory Distress Syndrome (ARDS) [1].

For this patient, the coexistence of MC and ARDS created a major ventilatory challenge.
Respiratory muscle weakness impaired effective ventilation, while reduced lung compliance
associated with ARDS increased ventilatory demands. This combination predisposed the
patient to prolonged mechanical ventilation and its associated complications, including

ventilator-associated pneumonia, tracheal stenosis, and barotrauma [1].

In patients requiring long-term mechanical ventilation, transitioning from an endotracheal
tube to a tracheostomy is a commonly used approach. While traditional guidelines often
suggested waiting 10 to 14 days, modern intensive care unit (ICU) early tracheostomy
(within 3 to 5 days of intubation) for patients with a low probability of rapid weaning [2].
Early tracheostomy was selected because prolonged ventilatory support and difficult weaning

were anticipated. This approach may reduce dead space, improve secretion clearance, and
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decrease airway resistance.

However, performing a surgical tracheostomy on an already intubated, patient with
coexisting MC and ARDS presents significant perioperative anaesthetic risks. Airway
manipulation and tracheal incision may produce sympathetic stimulation leading to
perioperative hemodynamic fluctuations. Furthermore, the use of neuromuscular blocking
agents (NMBAs) poses challenges; patients with MG exhibit extreme sensitivity to non-
depolarizing NMBAs, risking prolonged postoperative paralysis [3]. Conversely, conventional
pharmacological reversal using anticholinesterases poses a risk of precipitating a cholinergic
crisis, which can mirror or worsen myasthenic respiratory failure [3]. This case describes an
anaesthetic approach using volatile maintenance and carefully selected neuromuscular
blockade via Atracurium, relying entirely on spontaneous Hofmann elimination to support

perioperative management in complex MC-ARDS patient through early airway intervention.

Methods

A retrospective review was performed on a female patient with known history of generalized
Myasthenia Gravis who presented to the ICU with acute myasthenic crisis. The primary
clinical indication for immediate endotracheal intubation and mechanical ventilation was
neuromuscular respiratory failure, characterized by a declining vital capacity and respiratory
muscle fatigue. Following initial stabilization, the patient's clinical course was further
complicated by the development of Acute Respiratory Distress Syndrome (ARDS). Diagnosis
was established according to the Berlin Definition demonstrating acute respiratory failure,
bilateral pulmonary infiltrates on imaging, PEEP of 6 ¢cmH,0, and impaired oxygenation

with a PaO,/FiO; ratio of 136 mmHg, consistent with moderate ARDS [4].

By the third day of continuous invasive mechanical ventilation The multidisciplinary team
assessed the patient’s weaning potential. Given the coexistence of severe diaphragmatic
weakness from the myasthenic crisis and the reduced lung compliance associated with
ARDS, prolonged weaning was anticipated. To protect this patient from the risks of
prolonged endotracheal intubation clinical consensus was reached to proceed with an early

surgical tracheostomy [2,5].

Preoperative optimization was coordinated between the ICU and anaesthesia teams.
Immediately prior to transferring the patient from the ICU to the operating theatre, Baseline
pulmonary mechanics were reviewed to guide perioperative ventilation management. The
patient was maintained on an intensive care ventilator utilizing a volume-controlled, lung-
protective ventilation strategy. The Ventilator settings before transport included a Positive
End-Expiratory Pressure (PEEP) titrated to 7 cm H,O and a Fraction of Inspired Oxygen
(FiO,) set at 65. The patient maintained a stable peripheral oxygen saturation (SpO;) of 98%,
indicating adequate oxygenation with stable hemodynamic status prior to surgical

intervention.

Results

The primary intraoperative safety challenge was maintaining appropriate anesthetic depth to
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fully reduce the airway stimulation during tracheostomy, while avoiding a drop in blood
pressure that would affect respiratory status. Upon arrival in the operating theatre, the
patient remained intubated, and standard American Society of Anaesthesiologists (ASA)
monitoring was applied, including continuous electrocardiography, pulse oximetry,
capnography, and non-invasive blood pressure monitoring. Anaesthesia was induced with a
intravenous bolus of Propofol (100 mg) and Fentanyl (0.2 mg). Following induction, the
patient's hemodynamics remained stable, with blood pressure at 135/70 mmHg and a steady

heart rate of 80 beats/min.

To facilitate the procedure and prevent coughing or airway trauma during surgical dissection
and airway creation, neuromuscular blockade was established using an intravenous injection
of Atracurium 50 mg. Intraoperative maintenance of anaesthesia was achieved using 1.0
MAC Isoflurane delivered in an oxygen-air mixture. Intraoperative ventilation was
performed on the anaesthesia workstation using Volume Control Ventilation (VCV) with a
lung-protective strategy. Lung-protective ventilation utilized a low tidal volume strategy (6
mL/kg predicted body weight) to minimize peak airway pressures and reduce the risk of

ventilator-induced lung injury.

The tracheostomy was performed without anatomical or haemorrhagic complications.
Immediately following the secure placement of the tracheostomy tube, pharmacological
reversal agents such as neostigmine or other anticholinesterases were withheld. This decision
reduced the risk of excessive acetylcholine accumulation, which could precipitate a
cholinergic crisis and mimic or exacerbate myasthenic respiratory failure [3]. Instead,
recovery depended on spontaneous Hofmann degradation of Atracurium allowing

spontaneous recovery from neuromuscular blockade without reversal agents [6].

The patient was transferred directly back to the intensive care unit under continuous

sedation with stable respiratory status.

Conclusion

This case report highlights that the perioperative anaesthetic management of a patient
experiencing a concurrent myasthenic crisis and acute respiratory distress syndrome requires
an exceptionally tailored pharmacological approach. Early tracheostomy was selected
because prolonged ventilatory support and difficult weaning were anticipated. This approach
may reduce airway resistance, improve secretion clearance, and decrease sedation

requirements.

Successful intraoperative management relied on minimizing variables that could destabilize
the patient’s impaired respiratory function. Utilizing a lung-protective ventilation strategy
on the anaesthesia workstation was used to minimize the risk of alveolar derecruitment and
ventilator-induced lung injury. Furthermore, the selection of Atracurium provided adequate
neuromuscular relaxation while allowing careful neuromuscular management in a patient

with Myasthenia Gravis.
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An important observation in this case was avoidance of conventional pharmacological
reversal agents and reliance on spontaneous Hofmann degradation. In patients with severe
Myasthenia Gravis, conventional reversal with anticholinesterases may increase the risk of
inducing a cholinergic crisis. By relying entirely on spontaneous, organ-independent
Hofmann degradation, the anaesthesia team allowed the neuromuscular blockade to dissipate
naturally while the patient was transitioned back to controlled intensive care sedation. This
management strategy may provide a useful perioperative approach for patients with

concurrent myasthenic crisis and ARDS undergoing early tracheostomy.
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Abstract
Metabolic syndrome (MetS) affects 5 to 7 percent of young adults worldwide; in Georgia, the
estimated prevalence among individuals aged 20 to 40 years is 12 to 18 percent. In this age

group, MetS is associated with measurable subclinical cardiovascular dysfunction, including
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increased carotid intima-media thickness (cIMT), coronary artery calcium (CAC), and
elevated arterial stiffness. These structural changes frequently develop without clinical
symptoms and are not detectable by conventional lipid panels measuring total cholesterol,
triglycerides, and HDL cholesterol.

Plasma lipidomics enables quantification of hundreds of individual lipid species from a single
blood sample and offers a level of molecular specificity unavailable through routine assays.
Evidence from multiple large cohort studies demonstrates that elevated long-chain ceramides
(Cer 16:0, 18:0, and 24:1) are independently associated with increased cIMT and predict
future major cardiovascular events. Shifts in phosphatidylcholine fatty acid composition,
specifically a reduction in polyunsaturated species and an increase in saturated species,
correlate with arterial stiffness and vascular injury. Altered HDL lipid composition and
broader sphingolipid profiling provide complementary prognostic information. This review
concludes that plasma lipidomic signatures constitute sensitive early biomarkers of
cardiovascular dysfunction in young adults with MetS and represent a clinically practical

tool for risk stratification and targeted prevention.
Keywords: metabolic syndrome, lipidomics, cardiovascular dysfunction, ceramides,

phospholipids, young adults, biomarkers

What is metabolic syndrome and what are its features in young adults?

Metabolic syndrome is defined as a cluster of five interrelated cardiometabolic abnormalities:
central (abdominal) obesity, hypertriglyceridaemia, reduced HDL cholesterol, elevated blood
pressure, and impaired fasting glucose [1]. A diagnosis requires the concurrent presence of at

least three of these five criteria.

Among young adults aged 18 to 30, low HDL cholesterol is the most prevalent individual
component, affecting 27 to 41 percent of this age group, followed by elevated blood pressure
(17 to 27 percent) and abdominal obesity (7 to 24 percent) [2]. Although each abnormality
may appear mild in isolation, their coexistence initiates premature structural injury to the

vascular endothelium [3].

Approximately 5-7% of young adults worldwide meet the diagnostic criteria for metabolic
syndrome [2]. The prevalence is increasing, particularly in urbanised populations with

sedentary lifestyles and energy-dense dietary patterns.

Epidemiological data specific to young adults in Georgia remain limited; however, available
evidence indicates that the overall adult prevalence of MetS in Georgia is approximately
21%, with substantially higher rates in urban centres such as Tbilisi. Among Georgian adults
aged 20 to 40 years, the estimated prevalence is 12-18% [1,3]. Cardiovascular disease
represents the leading cause of mortality in Georgia, and hypertension affects 38-61% of the
adult population, underscoring the public health significance of early MetS detection in

younger age groups [1,3].
The principal consequence of MetS in young adults is subclinical cardiovascular dysfunction,
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defined as measurable structural and functional changes in the heart and vasculature that
precede overt clinical disease. Three well-validated markers are routinely employed: carotid
intima-media thickness (cIMT), which reflects early atherosclerosis; coronary artery calcium
(CAC), where any detectable calcium in an individual below the age of 40 signifies advanced

subclinical disease; and arterial stiffness assessed by pulse wave velocity (PWV) [3].

A strong association found between poor metabolic health in young adulthood and higher
CAC scores as well as subsequent cardiovascular events [10]. The metabolic syndrome
components present during adolescence and young adulthood independently predict
elevated cIMT in adults aged 18 to 34 years [11]. Critically, these subclinical abnormalities
are reversible with timely lifestyle modification and pharmacotherapy, provided detection
occurs at an early stage. Conventional risk calculators such as the Framingham score
systematically underestimate cardiovascular risk in young adults owing to their dependence
on age as a primary variable, highlighting the need for age-independent biomarkers of

vascular injury. Plasma lipidomics addresses this gap directly.

Plasma Lipidomic Profiles

Lipidomics is the systematic, comprehensive characterisation of all lipid molecular species
within a biological specimen. A plasma lipidomic profile constitutes a quantitative catalogue
of hundreds of individual lipid species, encompassing ceramides, phosphatidylcholines,
sphingomyelins, and numerous additional classes, derived from a single blood sample [4].
This approach contrasts fundamentally with the standard clinical lipid panel, which reports

only total cholesterol, triglycerides, and HDL cholesterol concentrations.

Three properties account for the diagnostic value of lipidomics in the context of early
cardiovascular dysfunction. First, lipidomic alterations frequently precede the onset of
clinically apparent disease by several years [5]. Second, the technique provides species-level
molecular specificity; within a single lipid class, individual species may exert opposing
biological effects on vascular health, a distinction that aggregate measurements cannot
capture [8]. Third, profiling is performed on a routine venous blood draw, rendering it

suitable for large-scale population screening [4].

Lipid measurement in clinical laboratories has historically relied on enzymatic colorimetric
assays for total cholesterol, triglycerides, and HDL cholesterol, with LDL cholesterol
estimated using the Friedewald equation. These methods are cost-effective, highly
automated, and retain clinical utility; however, they lack the molecular specificity required
to distinguish protective lipid species from pathogenic ones within the same biochemical

class [4].

High-resolution mass spectrometry represented a transformative advance in this field.
Contemporary instruments, including Orbitrap and time-of-flight platforms, resolve more
than 1,000 distinct lipid species from a single plasma sample [5]. Coupling with liquid
chromatography (LC-MS/MS) further enables structural characterisation, identifying the

specific fatty acid constituents, chain length, and degree of unsaturation for each species [4].
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Shotgun, or direct-infusion, lipidomics reduces analytical time and increases throughput,

making large-scale epidemiological application feasible [5].

These methodological developments have enabled the direct association of specific lipid
species with early cardiovascular dysfunction in young adults, an objective that was not

technically achievable a decade ago.

Lipidomic abnormalities have been characterised across a range of cardiometabolic
conditions. In young adults with MetS, three consistent patterns have been identified.
Elevated long-chain ceramides (Cer 16:0, 18:0, and 24:1) are associated with increased cIMT
and a higher incidence of future cardiovascular events [6,7]. Concomitant reductions in
PUFA-containing phosphatidylcholines alongside increases in saturated PC species correlate
with arterial stiffness and elevated cIMT [8]. Alterations in HDL lipid composition are
associated with impaired endothelial function.®’ Collectively, these findings indicate that
lipidomic signatures have progressed beyond research applications and are now being applied
to identify subclinical cardiovascular risk in young individuals.

Classes of Lipids Related to Early Cardiovascular Disfunction in Young Adults
Lipoprotein Cholesterol (with a focus on HDL cholesterol)

HDL particles mediate reverse cholesterol transport, facilitating the removal of excess
cholesterol from the arterial wall and its delivery to the liver for excretion or recycling. In
addition to this primary function, HDL exerts anti-inflaimmatory, antioxidant, and

antithrombotic effects on the vascular endothelium [9].

In MetS, plasma HDL cholesterol concentration is reduced, constituting one of the five
diagnostic criteria. Of greater mechanistic relevance, however, is the qualitative remodelling
of HDL particle composition. Lipidomic analyses have demonstrated that MetS-associated
HDL is enriched in saturated phosphatidylcholines and correspondingly depleted in
polyunsaturated species [9]. In young adults, this altered composition correlates with
diminished endothelial function and elevated cIMT [12]. Consequently, lipidomic
characterisation of HDL particles conveys diagnostic information that circulating HDL
cholesterol concentration alone cannot provide.

Ceramides

Ceramides are sphingolipids composed of a sphingosine base linked to a fatty acid chain,
typically ranging from 14 to 26 carbons in length. At physiological concentrations, ceramides
contribute to plasma membrane integrity and participate in the regulation of apoptosis.
Pathological accumulation promotes insulin resistance, systemic inflammation, and
endothelial dysfunction [7].

Individuals with MetS exhibit significantly elevated plasma concentrations of long-chain
ceramide species, particularly Cer 16:0, Cer 18:0, and Cer 24:1. The ceramide risk score
CERT1, derived from the combined measurement of these three species, correlates positively

with waist circumference, indices of insulin resistance, and circulating C-reactive protein [6].

Several large prospective studies have established direct associations between ceramide levels
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and early vascular damage in young adults. The Young Finns Study demonstrated that a
panel of plasma ceramides predicted elevated cIMT with an area under the receiver-
operating-characteristic curve (AUC) of 0.72 to 0.73, a performance comparable to that of
established traditional risk factors despite the use of only a limited number of lipid species
[7]. A meta-analysis of seven cohort studies comprising approximately 30,000 participants
confirmed that higher concentrations of Cer 16:0 (HR 1.21), Cer 18:0 (HR 1.19), and Cer 24:1
(HR 1.17) were each independently associated with future major adverse cardiovascular
events [6]. The CERT1 score additionally correlates with vascular age, providing a functional
index of arterial ageing relative to chronological age [6]. These data support the

incorporation of ceramide profiling into early risk stratification protocols for young adults.
Phosphatidylcholines (PCs)

Phosphatidylcholines constitute the most abundant phospholipid class in cell membranes
and lipoproteins. Structurally, each PC molecule comprises a glycerol backbone, a
phosphocholine head group, and two esterified fatty acid chains. The diversity of fatty acid

combinations generates hundreds of distinct PC species with differing biological properties
[8].

The principal lipidomic change in MetS is a remodelling of the PC fatty acid composition.
Species bearing saturated or monounsaturated fatty acids, such as PC 32:2 and PC 34:2, are
elevated, whereas polyunsaturated PC species (PUFA-PCs), including PC 37:4 and PC 40:7,

are correspondingly reduced [8].

In the MIDUS cohort, elevated saturated PC concentrations were positively associated with
circulating inflammatory markers and indices of vascular damage in MetS subjects [8]. A
subsequent systematic review of 16 prospective cohort studies concluded that saturated and
monounsaturated PC species represent independent risk factors for cardiovascular disease,
whereas PUFA-PC species confer vascular protection.!¥! The ratio of PUFA-PCs to saturated
PCs therefore constitutes a quantitative lipidomic index of early vascular injury in this
population [8].

Other Important Lipid Classes

Expanded sphingolipid profiling, encompassing hexosylceramides and lactosylceramides in
addition to ceramides, provided superior characterisation of MetS-associated vascular damage
in the MIDUS cohort compared with ceramide measurement alone [8].
Lysophosphatidylcholines (LPCs) present a more heterogeneous picture: certain species are
pro-inflammatory and positively associated with cardiovascular risk, while others appear
metabolically neutral. The clinical interpretation of LPC profiles requires further
investigation, although their omission from lipidomic panels is not currently justified [13].
Conclusion

Metabolic syndrome is present in 5 to 7 percent of young adults worldwide; in Georgia, the
estimated prevalence among individuals aged 20 to 40 years is 12 to 18 percent.l? In this

population, MetS is associated with measurable subclinical cardiovascular dysfunction,
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including increased cIMT, coronary artery calcium deposition, and elevated arterial
stiffness.[1011) These structural changes are clinically silent yet pathologically significant,
predicting future myocardial infarction, stroke, and heart failure. Crucially, they are

reversible when identified at an early stage.

Conventional lipid panels are insufficient for this purpose, as they lack the molecular
resolution required to detect the lipid species changes that precede overt vascular injury [4].
High-resolution mass spectrometry-based plasma lipidomics now enables the quantification
of hundreds of individual lipid species from a single venous blood sample [5], and the
accumulated evidence clearly demonstrates that specific lipidomic signatures are closely

associated with early vascular damage in young adults with MetS.

Elevated long-chain ceramides (Cer 16:0, 18:0, and 24:1) predict increased cIMT and future
cardiovascular events [6,7]. A compositional shift from polyunsaturated to saturated
phosphatidylcholines is indicative of early vascular injury.® Comprehensive sphingolipid
profiling and HDL lipidomic analysis provide additional, complementary prognostic

information [8,9].

Three priorities warrant attention in future research: the standardisation of lipidomic assays
for implementation in routine clinical laboratories; the conduct of large-scale validation
studies in young and ethnically diverse populations, including Georgian cohorts; and the
integration of lipidomic risk scores into electronic health record systems to facilitate early
preventive interventions. Plasma lipidomic profiling already constitutes a robust and
clinically actionable approach to the early identification of cardiovascular risk in young

adults with metabolic syndrome.
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Abstract

The rapid emergence of antibiotic-resistant bacteria has intensified the search for alternative
antimicrobial agents, particularly those derived from medicinal plants. This study evaluates
the antibacterial activity of 7hymus leaf and root extracts, against Escherichia coli and
Streptococcus agalactiae. Antibacterial efficacy was assessed using Minimum Inhibitory

Concentration (MIC) and disk diffusion assays.

The results demonstrated that both leaf and root extracts exhibited weak antibacterial
activity, with root extracts showing slightly greater inhibition than leaf extracts. In all cases,
plant-based treatments were significantly less effective than standard antibiotics.

These findings suggest that crude 7Thymus extracts possess limited antibacterial potential

under the tested conditions. However, they highlight the importance of optimizing
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extraction techniques and isolating active phytochemicals to enhance efficacy.

Keywords: Thymus, antibacterial activity, MIC, disk diffusion, plant extracts, Escherichia

coli, Streptococcus agalactiae.

Introduction

Antibiotic resistance has become a critical global health concern, significantly reducing the
effectiveness of conventional antimicrobial therapies. Pathogenic bacteria such as
Escherichia coli and Streptococcus agalactiae have developed increasing resistance to
commonly used antibiotics, posing serious challenges in clinical treatment. This growing

threat necessitates the exploration of alternative antimicrobial strategies.

Medicinal plants represent a promising source of bioactive compounds with antimicrobial
properties. These compounds, including phenols, flavonoids, and tannins, exert their effects
through multiple mechanisms such as disruption of bacterial cell membranes, inhibition of
enzyme activity, and interference with metabolic pathways. Additionally, plant-derived
compounds offer structural diversity and reduced toxicity, making them attractive candidates

for drug development.

The genus Thymus (family Lamiaceae) is widely recognized for its medicinal properties,
largely attributed to its rich phytochemical composition. The antibacterial activity of plant
extracts depends on factors such as the plant part used, extraction method, and concentration
of active compounds. Variations between leaf and root extracts are commonly observed due

to differences in phytochemical distribution.

In this context, the present study aims to evaluate the antibacterial activity of 7hymus leaf

and root extracts, against £. co/i and S. agalactiae using MIC and disk diffusion assays.

Materials and Methods
Plant Material
Fresh Thymusleaves and roots were collected and processed to obtain crude extracts.
Microorganisms

e  Escherichia coli;

e  Streptococcus agalactiae.
Preparation of Extracts and Solutions
Fresh Thymusleaves and roots were washed, separated, and freeze-dried until a constant dry
weight was obtained. The dried plant material was homogenized and extracted with 80%
methanol in a 1:5 ratio (w/v). The mixtures were continuously stirred for 24 h at room

temperature using an orbital shaker.

The crude extracts were centrifuged at 5000x g for 15 min to remove debris. For antibacterial
assays, the methanolic extracts were concentrated using a rotary evaporator at 50 °C. The
resulting residues were re-dissolved in 80% DMSO and sterilized through a 0.22 pm
Millipore filter.
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Prepared extracts were used for MIC, disk diffusion, and well diffusion antibacterial assays

against Escherichia coli and Streptococcus agalactiae.

Solutions Used
o Leafextract: 150 pL;
e Root extract: 150 pL;
o Bacterial culture: 30 pL;
e Media volume adjusted accordingly.

Minimum Inhibitory Concentration (MIC) Assay

The antibacterial activity of the plant extracts was evaluated using the broth dilution
method. Serial dilutions of the extracts were prepared in sterile LB broth to obtain final
concentrations ranging from 0.625 to 10 mg/mL.

Sterile culture tubes containing a final volume of 3 mL were prepared for each concentration.

Overnight cultures of Escherichia coli and Streptococcus agalactiae were added to each tube.

The cultures were incubated at 37 °C for 24 h. After incubation, bacterial growth was
evaluated visually by turbidity and by measuring optical density at 600 nm (OD600) using a
DU-8800 RS spectrophotometer. The MIC value was defined as the lowest concentration

showing no visible bacterial growth. All experiments were performed in triplicate.

Disk Diffusion Method

The antibacterial activity of 7hymus leaf and root extracts was evaluated using the Kirby-
Bauer disk diffusion method. Overnight cultures of Escherichia coli and Streptococcus
agalactiae were grown in LB broth at 37 °C. Sterile 6 mm filter paper disks were placed on LB

agar plates previously inoculated with bacterial cultures.

Different concentrations of plant leaf and root extracts were loaded onto the sterile disks and
placed onto the inoculated agar surface. Plates were incubated at 37 °C for 18-24 h.
Antibacterial activity was determined by measuring the diameter of inhibition zones (mm)
surrounding the disks. All experiments were performed in triplicate.

Tetracycline was used as the positive control, while 80% DMSO served as the negative

control.

Well Diffusion Method
Overnight cultures of Escherichia coli and Streptococcus agalactiae were spread uniformly

onto LB agar plates to obtain a bacterial lawn.

Sterile wells (14 mm diameter) were prepared in the agar using a sterile cork borer. Each
well was filled with 100 pL of plant extract.
The plates were incubated at 37 °C for 18-24 h. Antibacterial activity was evaluated by

measuring the diameter of inhibition zones surrounding the wells. All assays

were performed in triplicate.

Results
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MIC Analysis
Control tubes exhibited clear bacterial

conditions. None of the treatment groups

Combination treatments showed a slight reduction in turbidity compared to controls,

indicating partial inhibitory effects. Root extract combinations demonstrated marginally

growth, confirming the validity of experimental

achieved complete inhibition of bacterial growth.

greater activity than leaf extract combinations.

Suppression of Streptococcus Agalactiae growth by Extracts.

concentration (mg/mL) Leaf Inhibition (%) Root Inhibition (%)
10 71.2 71.44754316

5 48.1 43.2934927

25 29.2 42.56308101

1.25 24 42.16467463

0.65 6.2 17.6626826

Suppression of £.coli growth by Extracts.

Leaf extract (3.75 mg/mL) 45.3
Root extract (2.5 mg/mL) 32.5
Control 0

Disk & Well Diffusion Results.

Table 1. Comparative efficacy of T. tiflisensis extracts against
S. agalactiae and E. coli (* - including disk/weel size)

Test Organism Method Sample Volume Zone (mm)*

Gram-positive Disc

(5. agalactiae) (& mm) Gentamicin
Root Extract
Leaf Extract
(lrri:.lm Root Extract
Leaf Extract
Gram-negative Disc o
{E. coli) (6 mm) Armoxicillin

Root Extract

Leaf Extract

A. Streptococcus agalactiae
e Leaf extract: 1-2 mm;

e Root extract: up to 4 mm;

e Leaf + gallic acid: 1-3 mm;
e Root + gallic acid: 2-3 mm;

e Antibiotic: >10-15 mm.

10 pg 26.0
10 pL 12.0
10 pL 8.0

100 pL 35.0

100 pL N5
10 pg 27.8
10 pL 1.8
10 pL 12.1

e Gallic acid: no significant inhibition;
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B. Escherichia coli
e Leaf extract: "2 mm
e Root extract: up to 4 mm;
e Gallic acid: no significant inhibition;
e Combination treatments: 1-3 mm;

e Antibiotic: 714-15 mm.

Key Findings

e Root extracts exhibited higher antibacterial activity than leaf extracts
e Gallic acid alone showed negligible antibacterial effect

e Combination treatments demonstrated only slight improvement

o Standard antibiotics showed significantly higher efficacy than plant-based treatments

Discussion
tivity against Escherichia coli and Streptococcus agalactiae. Similar observations have been
reported in studies investigating crude medicinal plant extracts, where antibacterial

effectiveness is often limited unless active compounds are isolated and concentrated [2].

The slightly higher antibacterial activity observed in root extracts may be associated with
differences in phytochemical composition between roots and leaves. Plant roots can contain

higher concentrations of certain bioactive compounds that contribute to antimicrobial effects
[2].

The relatively small inhibition zones observed in disk diffusion and well diffusion assays may
also be related to limited diffusion of plant compounds through agar media. Unlike purified
antibiotics, crude plant extracts contain mixtures of active and inactive compounds, which

may reduce overall antibacterial efficiency [3].

Previous studies have demonstrated that plant-derived phenolic compounds and flavonoids
contribute to antibacterial activity through disruption of bacterial membranes and
interference with cellular metabolism[5]. However, the antibacterial activity observed in this

study remained significantly lower than that of standard antibiotics.

Although the antibacterial activity observed in this study was limited, the results suggest that
Thymus extracts still possess some inhibitory potential against bacterial pathogens. Further
studies should focus on improving extraction techniques, increasing extract purity, and

isolating active phytochemicals to enhance antibacterial activity.

Conclusion

Thymus leaf and root extracts exhibit weak antibacterial activity against E. coli and
Streptococcus agalactiae, with root extracts showing slightly higher effectiveness. Gallic acid
alone is ineffective, while combination treatments provide minimal enhancement.

Although the observed antibacterial activity is limited, the study highlights the potential of
plant-derived compounds as alternative antimicrobial agents. Further research involving

purification of active compounds and improved methodologies is necessary to fully explore
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their therapeutic potential.
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5 Db 3obsBLMHO 3OMYPbMBOMYOOL 59MmYygbgd0c 33356050 Fgdenm:
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e LOOOYHONWO BdYZIHOLWIOIOOL JoQYD.
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530656LM0  3OMYbMB0MYGOS bsd9MOM3g MEMRB0DsE309d0L  Boddosbmdols geon-
96mo Mdbod3z69wm3569b0 F0TsOMENGdSs, MO0 00 MHMMBI3gEYmBL dmdogswo
53065blmMo  9aMIoMgmdol  Hoboslfot  Fgxnolgdsl o 9BIIGHMOO  ©IRIRIZ0L
d9L5dgdEMASL. dOBBYLYMYML F1T030 (330 gd9d0L, 3MbB3MEGIbE00L bBMHOLS
5 930b6M30376M0 25163393030l 30090 MMHY60DBE0GOOLMZ0L obLOIMPMGO0
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01393800705 LAMIHIROVDW ©d M3IMIGHONL ©3IIZ. LAHMIGAIROVWO ©3IRIZOL
@OML MORB0B30980 3OMYPBMBOMOOL Bodw)oegdom FobloBZEMs396 Asb30mscgdOL
339350056 30Bbydl, 0639LEH0(E0gO0L  FMEFMWMOLLS O BIBOOL  QOTRIMCMYGOOL
9L OEMBIGOL. MIgMOGHOM  mbybg 3o 3OMABMBoMmYds  25dm0oyYygbgds
0099x9GH0MJO0L, boMrxgdol 3MBEMMEOLS s BMWsO 553500900l oGN30l 3O MEgLdo.
d9L50500b5, R0BBLMOO 3OMABMDOMGdS FoMTMobL Mo TbmEmE sbs5E0EH03M6
0bLEGHMMIIBAL, 56599 d9bgxTIbEHOL 95399dEB 0560 FMbd0MmbocMmGdOL Logmadzgel.

3963 MmMgdom 3603369 m3z5605  BoBBLMHO  IOMABMBOMmGIOL  3ModGHo3Mwo
3°9myg9bgds Lodommzguml d0Bbgligsmgdmdo. JoGmmwo 3md3560900, 4oblsgmmGgdom
93069 5 LSFMOM LOHoMmTMYd0, BIoMs® 66 93mbMTozMMO HMLEIdOWMOMBOU,
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530656LM0  MgLOMLgdo, 89593060Mb 63900 @S MROM 939G MMS© FoMNMb
1532905600 15gd0sbMds. 3MdEH0IME Fooe0mMTo Fobbowrads JoMmerds Lofoedma
Boomwo 93965, HMI  Bobsblmo  3OHMABMBoMdOL  godmygbgds byl MFymdl
950bEIO0 30X 9EHOL F9gbsL, FMgOoL gobloBzMsLs s MOLZ3gOOL oMm3sb.

31939 2990033905 B0bBLMGO  3OMPBMBOMmIOOL  IPIIOMO @S UYIMIYMBOMO
dbs6nqdo.  dobo  FMz5M0  MB0GBGHILMBSS  39(Y39BH0Wgdgd0ol  botolbol
39990xM09Lgds,  BobBLYYOO  LEIBOWNOHMOOL  MYBOHMD3gWYMBS S 2BZ0MIMGOOL
d9L5dgdEMdBOL Hobolfjot Fgxzolgds. M9dEs 3OMYBMBOMGOOL 3OHMEILL M6 sbersgls
39633990  LOOMII003,  OMPMMOESS  BMbs3ggdol  sELMYIYMBOGDY,
930b6m303Mm0  45Mgdml  LHMLRo  33ogds s  ImmEbgero  3Hobolgdo.
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SBLEMo9E0

396M30b6Lbmbol  oo3500q0s  (PD)  3Mmymgbo®gdso  bgodmmgagbgdezomro
3oMEMP055,  MMIJo3  dmoEsgl  OHMamOE  INGHMOMW, oLy  SMIMGHMEOW
LOd3BHMT>BH0IL.  WI3MEM3sHY  sxRMI30xdMO  BIMTS3MMYMS305  9BIJGHIMS©
59306M90L 30006036 259Mm3w0bgdqdL, MI3s bobyMdwogo 459mygbgdolsls LgMomBbwyem
3909090l 0f)393L.  s©0bodbmEds  I9BM3gdds  360d3bgEmgbs  gobsMs
06@96M9b0  5eGHYMHbIBH0MWO, 9M9BIMTS3MMYoMMo 0bEHIM39630900L 33wg30Bs©T0.
0659905609 oG Mo@IOHo 30dmbogrgs 98336905 LD LyY3609MHM 3B 3o3E0L
(PMC12391019, PMCI12311154, PMC10487610), Gmdgdoi 2023-2025  {iewgddo
3990939465 PubMed/PMC-0b 085b580. gosboewrobs bstroGomwo s Lob@gdmmo
d0dmbowggdo, LoMgosodiom LEGOGH09d0 s 36M93wobozm®o  33¢93900L Lobomgbo,
Mmdwadoi  dmoEegl  0bzsBbomMmo  bgodmdommmaool,  29bmMo  mgMsdools o
035H0)MH0/56050635bomEo B90mM™IMEMEs300L LIOMIOU. 3obboemo
@0GIO3GHMS LOT JOMOMIE 0935 oMYA GdSL SLobogls:

1. 0635B0Mmo JoHMy0s - H3zobol s LEOTMWsEos (DBS) 33wseg yzgursbg dyse
3w0bogmé 833039090 gOL  9ymEbMds,  bmwm  SI3GHMMH0 s IbYMMEo
3m6@MOol  (closed-loop)  LolLEgdgdo  doBbgmeros  LsdMIsgerm 296300056 gdOL
3961393GH0ME 3MHOMOOGHYBHO©. 35aboEIO-MBMbIBLMEO BHMIMYMSB00m F>MIMZ5O
3M3NLOOIOME0  MEGHMdd9Ms  (MRgFUS)  (o0moygbl  bo3wgds  0635BormM
JoOMEROM™  SeBHgMbsBo3sL,  mMPEs  dobo  AMIY350560  9BIJBHVIOMOOL
930390 900m0 dsDs XJOXIJOMOdOM F9BOMOYIWO..

2. 396mM0 0gM305 - 300U 39JBHMEOIODY ©IRMAZBIOMEO  LEBHGMBHIH0JOO
33930l v 3w0bozMe  RsHgodos s 93WgbL  OHmamemE  Lod3GHMING®Oo
39799x™d9LYdOL, oLy bgoMOHM3MmME 300l 3mEHIbE0swl, MMIiEs BoMCIMBLTFHIO06O
33093900 XJOXIJOMO0m 56 BoBoMgdrgams.

3. 5050635bomMmo  bgoMmBmEmsgos - GHMbLgmsboswmMo  dsabodmemo
bGH0IMWs30s (TMS), GHMBLIOBosmMo dmdozo ©Ibom LEH0IMwsEos ((tDCS) s
BOZNLOOIRIY0 Y HODEIS (FUS) 3bmggery® dm@egdls ©d 5O 3eobogy®

331939080 250mbodme 5goMm3wsliGolzmed 9x39d@goL 5B39690L, mMBiss Jwobolw®
365903500 850 RsOOMP ©69MA359 5F5EBHIOOMO 503055 BoFOMM.

PD-ol  939960bscomdol  obdog@o  360d3690mgbs  539M0™Mm3g0s, Lo
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Ubgoolbgs 30MTs 2963050900l A56Lb35390 bBHoEOsHYs - DBS-00056 89b6H
096053050009.  3MBGHOMWOoMmgds©o  JwobozmMo  2sdmEadol  foMdmgds o
3960LMb0HGOMo 153MObIEIM BEBHMOEJH0JOOL F9dwds39ds.

153356dm  BoGY3900: 3563066mbBoL 935D, @MB> G300l LBEHONLEOS,
53m37LO0 MEGHODYIMS, 396IM0 1796M6305, BJOMHMBEH0TMEIS(30d.

d9L535¢m0

396 30b6LMboL 55350905 (PD) dmbBeM©oe dmlobergmdsdo sen3350996M0ol 990099
99O y39wsbg  393M39wgdo  6gomMm©9ga9baMEowo  3500MEIMQ05s. 030
boboomMYds Fs30 LmdLGHSBEooL (substantia nigra) @MEsdobgOAMwo BgoMOHmbydoL
09396905300, o3 300b03MMs© 3w0bgds 0M5©03069BoOm, MHOYONIMOOM,
dmbggbgool BHM9dMmOmom, 3G MHO dsIbLOL IMP3g30m, sLg3g 3Mmabo@om®o,
533™bmdo©mHo s doeol sMM393900m.

©O9L-EJOLMdOM 930 M35-35MB0OM3SL 3003d0bs30s L0330
939960bomdol  doMomo©  LsxzMdzgwl  [omdmoygbl, mwdzs dobo  bsbyMdwrogo
399myggbads oligobgbogdls s  wearing-off g96mdgbL  ofj393L. 96O BBMds
090039005  oBIM©s  0bFGgMglbo  bgodmdoMmMaomwo  Bs6g3900L, 39660
096M3300L5 5 3M50635H0MMO bgoMHMIMPNIS300L FgMYdoLsdo. GH3060l s
bGHOoIMWws3os  (DBS) 1990-056 (iewgddo FDA-  db6Hosb  ©sd@303900L 3999y
35650093 06393906300  Bodmyswods [1], bmeom  Transcranial Magnetic
Stimulation (TMS), Transcranial Direct Current Stimulation (tDCS) s Focused Ultrasound
(FUS) sbogo, 3961399@0eo 3035600990905 339300bgds [2,3].

00obsdgdstrg  BsdMMAoL  BoBobos 53  Lsdo  3wobozmEo  BodsmIEgdol
39909g969050MdOLS s LEFMTsz3eM 39OL3YJEH03900L T9x3sligds.

d90Mm©gdo

65dG™mdo  (omBmoygbl o@gMo@meOme dodmbowgsl, Mmmdgwoi 9imdbgds Lsd
Lo393b0gMH™M 39980353058 PubMed Central (PMC)-ob 85%0sb (2023-2025 §¥.):

(1) PMC12391019 — Faheem et al. (Health Sci Rep, 2025): 50 33¢930L bs®ro@omeo
dodmbogs, MHmdgwoi dmo3sgl Deep Brain Stimulation (DBS), Magnetic Resonance-
guided Focused Ultrasound (MRgFUS), c0g®%06m90sLs o 4969960 ovgMo3osl [1];

(2) PMC12311154 — Koirala et al. (NPJ Parkinsons Dis, 2025): 0b3s%omMo o
56506350990 59goMHMIMO300L LoMgogdaom Lobmgbo [2].

(3) PMC10487610 — Muksuris et al. (J Clin Med, 2023): gbmggwnéo PD
9y gd0sb (6-OHDA, MPTP) Transcranial Magnetic Stimulation (TMS), Transcranial
Direct Current Stimulation (tDCS) s Focused Ultrasound (FUS)-ol 939J@&900lL Lobomg®bo
[3].

3b65¢0Bo  QoBbMME0gws  Bs®sBH0Mwo LobmgHol FgomEom;  Aodmyqgbgdero
UGH9G0930LMZ0L T3EHJO0MO BESEHOLEH03NM0 5BsODO 56 BodoMgdms.
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A3060b 6ds bhodwyensgos (DBS)

DBS {o6m3mopqgbl PD-ol 0635%0ovm®o 93160bseomdols mdhml bEsbst@t [1,2].
99JHOM©00 JoMMOMAOMWI© o30S STN, GPi 56 ViM-do. 8s@swo LobdoMol
BGHOINWHE0S  BEIMIOZL  JoMMEIMAONH  MBEOEIS3090L,  S830MPOL  BHMYIMOL,
M030MdsLS s dMso3zobgbosl  [1]. STN-DBS s GPi-DBS  do®mn3q0do
909JGHOM©go0L  IMM3Lgds  MBIVIOBMI0gH 3006036 989AHL 0dwg3s, I3
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Abstract

Memory is the brain’s remarkable capability to encode, associate, store, and retrieve
experiences, sculpting who we are and helping us respond to the world. There are two major
classifications of memory according to the type of information stored: declarative and
nondeclarative memory. Non-declarative memory is further bifurcated into procedural
memory and emotional conditioning. Emotional conditioning occurs when a stimulus is
associated with an emotional outcome. The emotional outcome can be either fear or
pleasure. The amygdala, along with the thalamus, plays a crucial role in encoding fear and
linking stimuli with emotional significance. The prefrontal cortex (PFC), hypothalamus, and
hippocampus together link cognitive regulation, how our body reacts, and the contextual
details of the stimulus. The fear-encoding pathway in patients with post-traumatic stress
disorder (PTSD) and anxiety disorder becomes dysregulated: the amygdala is hyperactive,
while the PFC loses its regulatory function, thus resulting in exaggerated fear and stress
response. Modern neuroscience has begun to unravel how these circuits interact and can be
modulated. Transcranial Magnetic Stimulation (TMS), a noninvasive technique that uses
magnetic pulses to influence brain activity, offers a promising way to rebalance these
dysregulated networks.

This review summarizes how fear is encoded and how TMS functions to facilitate memory
modification in neuropsychiatric disorders.

Keywords: Emotional conditioning, amygdala, thalamus, PFC, TMS.

Introduction

Memory is defined as the ability to encode all types of experiences and retrieve them when
needed. Depending on the neuronal synapses and how they respond, memory is subdivided
into three systems: (i) a habit learning system, which forms automatic associations between
stimuli and behavioral responses; (ii) an emotional learning system linked with the
amygdala, which helps in reminding the outcome of the stimulus; and (iii) a declarative
learning system, which consists of semantic and episodic memory [1].

Emotional conditioning has two main components: classical conditioning, which deals with
how a stimulus is associated with an emotional response; for example, a child bitten by a dog
(pain/fear) will learn to associate the sight of all dogs with intense fear; and operant
conditioning, which deals with behavioral outcomes followed by a positive or negative
response towards the stimulus; for example, fear of dogs makes the child avoid the street, and
the temporary relief he feels reinforces the avoidance. Fear memory encoding occurs via a
framework of different brain regions and molecular processes that transform and store it as a
long-term memory.

Ivan Pavlov discovered classical conditioning, which shows how a conditioned stimulus (CS;
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e.g., tone) is linked to an aversive unconditioned stimulus (US; e.g., shock) to elicit a
conditioned response. The amygdala plays a major role in the acquisition of fear conditioning
[2]. The pathways begin when sensory input (sound, visual, or pain) occurs via sensory
organs (ear, eyes, or skin), through which the first-order sensory neurons transmit the signals
to the thalamus. From the thalamus, two pathways arise: the thalamo-amygdala pathway
(fast response) and the thalamo-cortico-amygdala pathway (slow response).

The fast response pathway from the thalamus projects directly to the lateral nucleus of the
amygdala, which acts as a convergence point for the CS and US. Synaptic plasticity encodes
the initial fear memory. The immediate response to the stimulus is observed when signals are
further sent to the central nucleus of the amygdala. The central nucleus links the
hypothalamus and brainstem, which generates the final outcome through physiological
changes such as freezing, increased heart rate, or hormone release. This pathway lacks details
but provides a fast response to fear stimuli.

The thalamo-cortico-amygdala pathway involves the sensory cortex, where the signals are
analyzed and forwarded to the lateral nucleus. The amygdala, in association with the
hippocampus, which supports explicit memory, notes whether the stimulus is a
threat. There is a parallel operation of our explicit (hippocampal) and implicit (amygdalic)
memory systems. Furthermore, signals from the lateral nucleus reach the central nucleus,
resulting in a physiological response. This process is called memory consolidation, by which
a temporary, labile memory is transformed into a more stable, long-lasting form [3]. When
fear memory is recalled (reconsolidation), the synaptic engrams formed become labile and
weakened for a short period, during which they can be strengthened, modified, or updated
[4]. When there is repeated exposure to CS (tone) without US (shock), the PFC
(ventromedial) sends inhibitory signals to the basolateral amygdala, which acts as a brake for
fear responses.

This is known as fear extinction [5,6]. In patients with PTSD, fear extinction is disorganized
due to diminished neuronal connections between the PFC and amygdala. In addition, the
amygdala becomes hyperactive because traumatic experiences trigger the formation of
stronger engrams (synaptic connections). The hippocampus, which helps in explicit memory,
differentiating between context, how, where, and when the event occurred, is hypo-
functioned, which implies that a person with PTSD correlates the harmless stimulus with
fear or danger. These are the reasons why patients with PTSD experience flashbacks,
intrusive memories, and exaggerated fear responses. In PTSD, the ventromedial prefrontal
cortex (VMPFC) and dorsolateral prefrontal cortex (DLPFC) are hypoactive; therefore, there
is no inhibitory action on the amygdala, making it hyperactive and resulting in heightened
emotional reactions [7]. PTSD treatment combines a pharmacologic approach (SSRIs/SNRIs
are first-line) along with psychotherapy (eye movement desensitization and reprocessing and
stress inoculation training) to reduce symptoms and induce coping.

Based on this information, we can interfere with the reconsolidation process to minimize the
negative experiences faced by patients suffering from neuropsychiatric states. This can be
achieved by chemical methods using anisomycin, which inhibits peptidyl transferase, halting
protein synthesis. During the process of reconsolidation, the synapses become weak because
the AMPA receptors present in the post-synaptic region are removed, and when one needs
to restore the memory, there is a requirement for the reinsertion of AMPA receptors and
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protein synthesis to restore the memory. Anisomycin was being used in animals during this
phase when synaptic conditions are most vulnerable and thus inhibiting the synaptic
connections, hence the engram gets degraded [8]. Although it showed good results in
animals, it is toxic to humans; therefore, instead of anisomycin, propranolol (a beta-blocker)
was used for humans, which showed that the memory was not erased, but the emotional
response towards the stimuli was dampened [9].

Transcranial magnetic stimulation (TMS) was first introduced in 1985 as a tool for mapping
cortical functions and as a therapeutic tool. It is a non-invasive procedure that works on the
principle of Faraday’s electromagnetism, wherein electric current flows through a coiled
circuit, which induces a magnetic field perpendicular to the electric current; the magnetic
field reaches the skull and inside the brain regions [10]. It uses one or two copper coils
connected to capacitors. When a current flows, the coil produces a rapid magnetic pulse.
This pulse passes through the scalp (approximately 2 cm deep) and reaches the brain’s
neurons, where it stimulates specific neurons.

There are different modalities of TMS, and repetitive magnetic transcranial stimulation
(rTMS) is the most commonly used, where a regularly repeated magnetic pulse is delivered to
exert its effects. High-frequency rTMS applied to the left DLPFC is approved for treating
major depressive disorder (MDD) in patients who have failed at least one medication trial. In
PTSD, the DLPFC is hypoactive, which means its normal inhibitory influence is weak and
contributes to amygdala hyperreactivity; therefore, TMS targets the DLPFC to help it regain
its regulatory function. When a reminder of a fear memory is given, the reconsolidation
process starts, and synaptic connections can be manipulated.

The application of rTMS to the dorsolateral prefrontal cortex 10 min later interferes with the
reconsolidation process. The patients were checked 24 hours after the procedure, and their
skin conductance response (SCR) — a physiological measure of arousal and fear—was
reduced. Inhibiting the prefrontal cortex during the reconsolidation window appears to
decouple memory from its emotional charge. The memory remains, but its negative
emotional weight is diminished. The procedure is safe, with headaches and scalp discomfort
being the most common side effects reported. Noninvasive brain stimulation, such as TMS,
shows promise for safely weakening the emotional impact of memories; however, we need to
be sure about which memories to target.

While it may be safer and more controllable than drugs, the fact that private clinics already
use it for non-medical “well-being” raises ethical and societal concerns about its widespread
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use. The bioethical literature has two perspectives regarding TMS use: “bio-liberal” and “bio-
conservative” [11]. The bio-liberal approach signifies autonomy and allows humans to
practice, adopt, or implement any therapy they perceive as beneficial to them, as long as it
does not harm others. While bio conservatives resist memory modifying techniques because
they may distort authenticity and personal identity, even if they seem beneficial.

Helping PTSD patients with TMS is widely accepted, using it to reshape memories in healthy
people is ethically problematic. For example, if fear, guilt, and remorse can be erased with
TMS, the natural safeguards against crime collapse, opening the door to misuse and black-
Consider the following case, where normal people are often held back from committing
wrongful acts due to deterrence or guilt. If they can modify or erase the memories of guilt,
this would definitely increase crime rates and mishaps in society. Hence, there is a
requirement for clear rules, ethical debate, and strict restrictions to ensure that memory
modulation is used responsibly, especially when moving beyond therapy into enhancement.
Conclusion

Fear is a deeply coded memory trace, shaped by structures like the amygdala and prefrontal
cortex, and retrieved through reconsolidation. The different synaptic connections made
during process of memory encoding (engrams) becomes labile when the memory is being
recalled, which marks the chance for modifying the memories. Individuals with disorders
such as PTSD, major depressive disorder, and anxiety often exhibit disrupted neuronal
networks, which can amplify and exaggerate their symptoms. Techniques such as
transcranial magnetic stimulation (TMS) show that we can intervene in this process,
dampening the physiological grip of fear without removing the memory itself.

TMS works by directing magnetic pulses to specific brain regions (like the DLPFC) and using
tailored protocols (rTMS) to either excite or inhibit neural circuits. This flexibility makes it a
powerful tool for both clinical treatment and memory modulation research. This opens
remarkable therapeutic possibilities for conditions like PTSD, yet it also raises profound
ethical questions. Memory modulation stands at the intersection of neuroscience and ethics:
a tool powerful enough to heal, but also disruptive enough to demand caution.
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Abstract

Introduction

Mortality rate due to inadequate fluid therapy is substantially high in patients with severe
burn shock, making proper fluid management very critical to the survival of the patients.
Sterofundin has the potential to be a better alternative to conventionally used normal saline
as the electrolyte and buffer composition of Sterofundin is closer to human blood plasma.

Methods

62 patients aged 27-50 years were categorised into 2 groups - Group A and Group B with
severe burns (TBSA>30%) in this retrospective cohort study. Group A patients received
normal saline in the first 8 hours in primary hospital and Sterofundin following transfer to
the central regional hospital. Group B patients received treatment directly with Sterofundin
in the central regional hospital. The fluid requirements of the first 24 hours were calculated
using Baxter formula. All the parameters like pH, lactate, serum chloride, heart rate and
central venous pressure (CVP) were measured at 1, 8 and 24 hours.

Results

Minimal changes in pH were seen in Group A patients but it recovered rapidly in Group B.
Lactate recovered rapidly in both the groups but it was more rapid and effective in Group B
patients. Heart rate improved significantly in both the groups. CVP increased but still
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remained below normal levels in both the groups for 24 hours, though CVP in Group B did
come closer to normal at the end of 24-hour fluid resuscitation. Serum chloride increased in
Group A in the first 8 hours but then decreased following administration of sterofundin. No
significant changes were observed in Group B patients with regards to serum chloride.

Conclusion

Sterofundin is more effective and rapid when compared to normal saline for hemodynamic
stability and metabolic correction in severe burn shock patients, although further studies are
required.

Keywords: burn injury, fluid resuscitation, Sterofundin, normal saline, balanced crystalloid.

Introduction

Proper fluid management is critical to the survival of patients with severe burn injuries as
they are accompanied by hemodynamic changes like decreased cardiac output, plasma
volume, and oliguria which can rapidly lead to hypovolemic shock. This makes appropriate
fluid resuscitation in the first 8 hours of post injury one of the most challenging tasks. Even
after vigorous focus on fluid resuscitation in the last 20 years, approximately 50 % of deaths
happen within 10 days after burn injuries mainly due to inadequate fluid resuscitation
therapy among many other causes (1).

More than 180,000 people die each year from burn related complications, especially in low -
and middle - income economies according to WHO, highlighting the importance of this
research study (2). Balanced crystalloids such as Sterofundin may not improve overall
mortality but have been associated with reduced mortality risk in critically ill patients,
particularly regarding AKI outcomes, compared to normal saline (3).

Sterofundin contains buffer ions like malate and acetate along with other electrolytes, making
its composition closer to plasma compared to normal saline, so Sterofundin may have multiple
advantages over normal saline, but evidence regarding the use of balanced crystalloids,
particularly Sterofundin, in burn shock patients remains limited (2).

Methods

This is a retrospective cohort study in patients with severe burns (TBSA >30%) presenting
with hypovolemic burn shock. We categorised 62 patients aged 27 - 50 years into 2 groups:

Group A (n=28): Group A patients (Mean age = 34.78 years) were taken to a primary hospital
and given normal saline during the first 8 hours and later were transferred to a regional
central hospital where their fluid resuscitation continued with Sterofundin. The mean TBSA
of this group was 38.17%.

Group B (n=34): Group B patients (Mean age = 36.32 years) were directly taken to the
regional central hospital and given Sterofundin in the first 8 hours and mean TBSA was
40.29%.

Mean TBSA of both the groups indicates comparable burn extent between groups.
Initial fluid requirements for the first 24 hours of burn resuscitation to prevent shock were
calculated using the Baxter formula, i.e.,

Total Fluid Volume=4mLxWeight (kg)x % TBSA

Parameters measured
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We measured lactate, pH and serum chloride in ABG using Abbott i-STAT analyser. We also
focused on measuring HR and CVP. All these parameters were measured at 1, 8 and 24 hours
after admission. Significance of the result was defined by P-value < 0.05.

Results

The mean age was 34.79 + 7.83 years in Group A and 36.32 + 8.23 years in Group B (p =
0.455). The mean TBSA burned was 38.17 + 6.08 % and 40.29 + 4.95% respectively (p = 0.145)
indicating that both the groups had comparable characteristics.

Table 1 presents mean pH, heart rate, central venous pressure (CVP), serum chloride and
lactate values at 1, 8 and 24 hours after fluid resuscitation. Both the groups demonstrated
improvement in all the measured parameters over the first 24 hours.

Compared to Group A, serum chloride levels were significantly lower in Group B patients at 8
hours (109.50 + 5.23 vs 100.47 + 4.54 mmol/L; P<0.001). Similarly, lactate levels were
significantly lower in Group B patients at 8 hours (3.28 + 0.88 vs 2.78 + 0.84 mmol/L; p =
0.027).

In both the groups, mean pH increased over 24 hours, Group A reaching 7.32 + 0.08 and
Group B reaching 7.38 + 0.06. Heart rate declined and CVP increased in both the groups,
though CVP improved to a greater extent in Group B in comparison to Group A as shown in
Table 1.

Table 1: Comparison of hemodynamic and biochemical parameters between the groups

Variable Group A (NacCl + Sterofundin) Group B (Sterofundin Only) p-value
Mean x SD Mean = SD
Baseline Characteristics
Age (years) 3479 +783 36.32+8.23 0.455
TBSA (%) 38.17+6.08 40.29 +4.95 0.145
pH
pH1h 7.33 +0.07 7.31+0.09
pH8h 7.33+0.08 7.35+0.08
pH 24 h 7.32+0.08 7.38 £ 0.06
Serum Chloride (mmol/L)
Chloride 1 h 99.21 +3.40 100.61 + 2.98
Chloride 8 h 109.5 + 5.32 100.47 + 4.54 <0.001*
Chloride 24 h 98.96 +3.21 9911+ 373
Heart Rate (bpm)
HR1h 11764 £10.46 115.31 +10.72
HR8h 97.14 +15.15 93.94 + 5,50
HR 24 h 92.57 £13.15 88.32£4.72

Central Venous Pressure (CVP; cmH.0)

CVP1h 292+ 0.81 259+118
CVP 8h 3.03+1.37 3.55+1.13
CVP 24 h 3.46+177 6.02 +2.02

Serum Lactate (mmol/L)

Lactatel h 501+1.13 4.98 +1.00
Lactate 8 h 3.28+0.88 278 +0.84 0.027*
Lactate 24 h 2.02+0.29 1.89+042

Data are presented as mean + SD.
“Statistically significant at 8 hours.
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Group A: NaCl + Sterofundin; Group B: Sterofundin only

Discussion

From the above results, Sterofundin may be a better choice for faster recovery of the severe
burn shock patients. One possible explanation of this finding could be the composition of
Sterofundin. Sterofundin contains physiological buffer ions like acetate and malate with
lower chloride concentration, unlike normal saline. Excessive serum chloride is associated
with hyperchloremic acidosis. This may explain the increase of serum chloride in Group A
patients during the first 8 hours and eventual improvement of pH and serum chloride
following administration of sterofundin after 8 hours in Group A.

Even hemodynamic parameters like CVP support potential benefit of Sterofundin over
normal saline suggesting better end organ perfusion and normalisation of fluid volume.
Limitations like small sample size and not comparing Sterofundin with Ringer’s lactate,
Hartmann’s solution, Plasma-Lyte among other balanced crystalloids should also be
considered.

Conclusion

Findings from this study suggest that early Sterofundin administration may provide
advantages over normal saline in burn shock resuscitation with faster metabolic correction
and improved hemodynamic recovery. Early Sterofundin administration was associated with
improved resuscitation parameters like acid-base status and heart rate recovery during the
first 24 hours. A substantial gap remains in comparative studies of balanced crystalloids in
burn shock and more research is required for the same.
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Abstract

Behavioural variant frontotemporal dementia (bvFID) refers to a progressive
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neurodegenerative disease that presents with behavioural changes, difficulties in
cognitive function, and executive dysfunction. Diagnosis in its early stage is often late since
memory remains fairly intact initially. This report describes an 82-year-old lady with gradual
neurobehavioral deterioration that started at the age of 65. Initial symptoms were suspicion,
poor judgment, abnormal behaviour, and social isolation. Eventually, she developed
difficulty in short-term memory retention, psychomotor agitation, fatigue, sleep disorders,
anorexia, vertigo, and frequent falls. Other diseases were myocardial infarction, ventricular
tachycardia, and significant visual impairment with loss of sight in the central portion of the
left eye. Her behaviour eventually worsened with non-compliance to medications and a lack
of insight into her disease. Her therapy was mainly through symptomatic treatment,
cardiovascular intervention, caregiver education, home-based nursing, nutrition monitoring,
and fall prevention measures. However, despite her comprehensive management, there was a
gradual worsening of her condition, poor sleeping, and nutritional deficiencies. This case is
an example of how complicated late-stage bvFTD can be when it is associated with diseases
related to the heart, impaired senses, and declining functional capabilities. There is currently
no cure for any of these conditions, but new treatments that aim at neuroprotection and
altering disease progression show promise in the future.

Keywords: Frontotemporal Dementia; Behavioural Variant Frontotemporal Dementia;

Neurocognitive Disorder, bvFTD, Behavioural Deterioration.

Background

Behavioural Variant Frontotemporal Dementia (bvFTD) is a variant of frontotemporal
dementia, mainly marked by progressive change in behaviour and personality, executive
dysfunction, and impaired social abilities. In contrast to Alzheimer’s disease, where memory
loss becomes prominent early, it may be preserved in bvFTD; therefore, leading to its
underrecognition and delayed diagnosis. The condition develops because of progressive
atrophy in the brain’s frontal and temporal lobes and is significantly disabling. There is

currently no cure available for the disorder.

Case Presentation

An 82-year-old female who has exhibited symptoms of progressive deterioration
in neurobehavioral function beginning at age 65 and having symptoms compatible with
bvFTD, initially presented with suspiciousness, poor judgment, social isolation, and changes
in behaviour. As the disorder worsened, she exhibited significant short-term memory loss,
psychomotor agitation, fatigue, insomnia, anorexia, vertigo, and a tendency to fall. She stated

that she is unable to be still despite being fatigued.

She has a history of myocardial infarction occurring six months earlier, for which she had
been hospitalized; she also experienced ventricular tachycardia under medication
management; she has lost central vision in her left eye completely and retains only

peripheral vision. As behavioural problems progressed, compliance with treatment became
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more difficult.

Management and Outcomes

The management strategy involved symptomatic and supportive treatments.
Neuropsychiatric issues were addressed using pharmacotherapy, while the cardiovascular
disorders continued to be treated medically. Other treatments involved home nursing
services, assistance from the carer, prevention of falls, assessment of sleep, and nutritional
assessments. However, despite a multidisciplinary approach, the patient showed progressive

deterioration characterized by increasing dependence and poor quality of life.

Discussion

The diagnosis and treatment of bvFTD pose great difficulties owing to the presence of
both psychiatric and neurological symptoms in the condition. Problems related to
behavioural abnormalities, lack of insight, and cognitive decline are common barriers in the
management of patients with the disease. In the present case, the presence of cardiovascular

disease and vision loss added to functional disability and dependence.

Conclusion

This case demonstrates advanced bvFTD complicated by cardiovascular disease, sensory
impairment, behavioural disturbances, and progressive functional deterioration. While
current management remains supportive, ongoing research into disease-modifying and
neuroprotective therapies may improve future outcomes for patients with neurodegenerative

disorders.
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Abstract

Nitric oxide (NO) plays a central role in the regulation of vascular tone and is essential for
maintaining cardiovascular homeostasis. It is synthesized by endothelial nitric oxide synthase
(eNOS) and mediates vasodilation primarily through activation of soluble guanylate cyclase
and subsequent cyclic guanosine monophosphate (cGMP) production. Beyond this classical
pathway, NO participates in a network of signaling interactions involving ion channels,
purinergic receptors, and endothelial cell communication. This review examines the
mechanisms underlying NO signaling, its physiological functions in different vascular beds,
and its involvement in pathological conditions such as hypertension, atherosclerosis,
pulmonary hypertension, and pregnancy-related vascular disorders. Particular attention is
given to the variability of NO responses and the challenges associated with translating
experimental findings into clinical practice. Understanding these aspects may provide a more

comprehensive framework for future therapeutic strategies targeting vascular dysfunction.

Keywords: Nitric oxide, vascular tone, endothelial function, eNOS, cGMP, vasodilation,

pulmonary circulation, endothelin, cardiovascular disease.

Introduction

The regulation of vascular tone is a fundamental aspect of cardiovascular physiology,
ensuring that tissues receive an adequate supply of oxygen and nutrients under varying
physiological conditions. Among the factors involved in this regulation, nitric oxide has
emerged as one of the most important endothelial-derived mediators. Since its identification
as an endothelium-derived relaxing factor, NO has been recognized for its ability to induce

rapid and reversible vasodilation [1,2].
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NO is synthesized from L-arginine by nitric oxide synthase, with the endothelial isoform
(eNOS) being particularly relevant in vascular tissues. Due to its gaseous and highly diffusible
nature, NO can rapidly move from endothelial cells to adjacent smooth muscle cells, where it
exerts its biological effects. This property allows it to function as a local signaling molecule,

finely adjusting vascular tone in response to physiological demands [1,9].

While the fundamental role of NO is well established, its function is influenced by a range of
interacting pathways. Rather than acting independently, NO is integrated into a broader
network of signaling mechanisms, making its effects context-dependent. This complexity
becomes especially apparent in disease states, where alteration in NO production or activity

can have significant consequences.

Mechanisms of Nitric Oxide Action

Classical NO-cGMP pathway

The most widely described mechanism of NO action involves the activation of soluble
guanylate cyclase in vascular smooth muscle cells. This leads to the formation of cyclic
guanosine monophosphate (cGMP), which promotes relaxation of smooth muscle by
reducing intracellular calcium levels [1,2]. The speed of this signaling process allows NO to
regulate vascular tone almost instantaneously. Although this pathway explains many of the
observed effects of NO, it does not fully account for all its biological actions. Evidence
suggests that additional signaling mechanisms may contribute, indicating that the classical

pathway represents only part of a more complex system.

Calcium-dependent regulation of eNOS

The production of NO is closely linked to intracellular calcium levels. Mechanical forces
such as shear stress can activate channels like TRPV4, leading to calcium influx and
subsequent activation of eNOS [5]. This mechanism provides a direct connection between
blood flow dynamics and NO production. However, variations in calcium signaling across
different vascular regions may result in differences in NO output, which could explain why

vascular responses are not uniform throughout the body.

Endothelial communication
Endothelial cells communicate through gap junctions formed by connexin proteins. These
structures allow signals to spread between cells, coordinating vascular responses. NO appears

to interact with this communication system, enhancing the overall vasodilatory effect [5].

The extent to which this interaction contributes to disease processes remains uncertain and
represents an area that warrants further investigation.
Purinergic signaling interaction

influence vascular behaviour through NO-dependent mechanisms.
Physiologica Roles of Nitric Oxide

Basal regulation of vascular tone

Under normal conditions, NO provides a continuous vasodilatory influence that counteracts
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vasoconstrictors such as endothelin. This balance is essential for maintaining stable vascular

resistance and blood pressure [3,15].

Coronary circulation

In coronary vessels, NO contributes to the regulation of blood flow in response to changes in

myocardial demand. Its rapid action ensures that oxygen delivery is closely matched to

cardiac activity [2].

Pulmonary circulation

NO plays a particularly important role in the pulmonary vasculature. It facilitates the
transition from fetal to postnatal circulation by promoting vasodilation in the lungs [8,14].
This function underscores the importance of NO in both early development and adult
physiology.

Placental circulation

During pregnancy, NO supports placental blood flow and fetal development. Reduced NO

availability has been associated with complications such as preeclampsia and impaired fetal
growth [7,12].

Pathophysiological Implications

A reduction in NO availability is a key feature of endothelial dysfunction. This may result
from decreased production or increased degradation due to oxidative stress. The consequence
is impaired vasodilation and increased vascular resistance, contributing to conditions such as

hypertension and atherosclerosis [9,10].

In contrast to deficiency states, excessive production of NO can be harmful. In septic shock,
high levels of NO lead to widespread vasodilation and severe hypotension [12]. This dual role
of NO highlights the importance of maintaining a balanced level of activity.

Reduced NO signaling contributes to increased resistance in the pulmonary circulation.
Therapies targeting this pathway have shown benefit, although responses vary among

patients [14].

Altered NO production is also implicated in disorders of pregnancy. Insufficient NO activity

can impair placental blood flow, leading to adverse outcomes [7,12].

Interaction Between Nitric Oxide and Endothelin

The regulation of vascular tone depends on the balance between vasodilators and
vasoconstrictors. Nitric oxide and endothelin represent two opposing forces in this system.
When NO levels are adequate, they help limit the effects of endothelin. However, when NO

availability decreases, endothelin-mediated vasoconstriction becomes more pronounced [15].

This interaction is particularly relevant in disease states, where disruption of this balance

contributes to vascular dysfunction.

Clinical Implicaions

Therapies targeting NO pathways are widely used in clinical practice. These include NO
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donors and drugs that enhance cGMP signaling. While effective, these treatments are not
without limitations, such as tolerance and systemic effects [14].
Understanding the complexity of NO signaling may help refine these therapies and improve

patient outcomes.

The clinical importance of nitric oxide is especially evident in disorders involving impaired
pulmonary circulation. Inhaled nitric oxide has been used to improve oxygenation in
conditions such as pulmonary hypertension and neonatal respiratory distress because of its
selective vasodilatory effect on pulmonary vessels [16]. In critically ill patients, modulation
of NO signaling may also help reduce pulmonary vascular resistance and improve blood flow

in ventilated regions of the lung.

Altered NO bioavailability is closely associated with endothelial dysfunction, hypertension,
atherosclerosis, and thrombotic disorders. Reduced NO activity contributes to impaired
vasodilation and increased vascular resistance, whereas excessive NO production in
inflammatory conditions may lead to pathological vasodilation and circulatory instability
[17,18]. These findings suggest that maintaining a balanced NO response is essential for
normal cardiovascular function.

Recent research has also explored the role of NO in severe inflammatory and respiratory
conditions, including acute respiratory distress syndrome and COVID-19-associated
pulmonary complications. Although the therapeutic potential appears promising, variability
in patient response and the risk of adverse effects indicate that further investigation is still
required [18]. Future advances in targeted NO delivery systems and NO-based therapies may

improve treatment specificity while minimizing systemic complications.

Conclusion

Nitric oxide is a central component of vascular regulation, influencing a wide range of
physiological processes. Its role extends beyond simple vasodilation, involving complex
interactions with multiple signaling systems. Both reduced and excessive NO activity can
contribute to disease, emphasizing the need for balanced regulation. Continued research that
integrates molecular insights with clinical observations will be essential for advancing

therapeutic strategies.

Further investigation into targeted NO modulation and endothelial signaling pathways may

contribute to more individualized therapeutic approaches for vascular disorders.
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Abstract

Long revered for its role as a messenger; the chemical Dopamine is also (but not often
considered) essential for almost all the major systems/functions of living organisms.
Dopamine is not only a neurotransmitter involved in motivation, reward, cognition, and
motor control, but also an important mediator of gut-brain communication. Research in
microbial endocrinology shows that dopamine can be produced and modified by both the
host and intestinal microbiota. Gut microbes interact with neuroactive compounds to
influence gastrointestinal physiology, immune responses, metabolism, and brain function.
The bidirectional relationship between dopamine signaling and gut microbiota demonstrates
that microorganisms can affect neural communication, while host-derived dopamine can

influence microbial behavior, including colonization and virulence.

Keywords: Dopamine, Gut microbiota. Microbial endocrinology, Gut-brain axis,

Neurotransmitters, Host—microbe interactions.

Introduction

Dopamine functions as both a neurotransmitter and a hormone, regulating reward,
motivation, movement, learning, emotions, blood pressure, kidney function, immunity, and
gastrointestinal activity [1,2]. About half of the body’s dopamine is produced in the
gastrointestinal tract, emphasizing its role in gut physiology and gut-brain communication.
The human microbiota forms a complex ecosystem that strongly influences metabolism,
immunity, and neurological function. Over the last two decades, the gut has come to be
understood not simply as a digestive organ, but as a major communication hub connected to
the brain through neural, hormonal, metabolic, and immune pathways. This has led to the
emergence of microbial endocrinology, which studies interactions between microorganisms
and host neurochemicals. Microbial communities colonizing the gut, skin, oral cavity,
respiratory tract, and vagina contribute to immune defense, tissue homeostasis, pathogen

protection, metabolism, and inflammatory regulation.

Traditionally, dopamine research focused on the central nervous system and disorders
such as Parkinson’s disease, schizophrenia, addiction, and depression [3,4]. However,
increasing evidence highlights important dopaminergic activity within the gut
microbiome [5].

In the digestive tract, dopamine regulates motility, blood flow, immune
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responses, and communication between epithelial cells and microorganisms. Certain gut
microbes can synthesize dopamine or produce metabolites that modulate host dopaminergic
signaling, with this activity influenced by diet, environmental conditions, and microbial
composition. In turn, host-derived dopamine affects microbial growth, colonization, gene
expression, quorum sensing, and biofilm formation. These findings suggest a bidirectional
neurochemical communication system in which neurotransmitters act as signaling
molecules between humans and their microbiota, indicating that microbial communities

actively participate in neuromodulation rather than functioning as passive inhabitants.

Methods

A narrative literature review was conducted using scientific articles indexed in PubMed,
Google Scholar, and ScienceDirect databases. Relevant studies related to dopamine
signaling, gut microbiota, microbial endocrinology, and the gut-brain axis published

between 2014 and 2025 were reviewed and analyzed.

Results

Recent studies have revealed a strong connection between gut microbiota and dopamine
signaling. Changes in microbial composition are closely associated with altered
dopaminergic activity, suggesting that microbiota contribute to neurological and
physiological regulation through the gut-brain axis. While most evidence focuses on gut
microorganisms, research on dopamine interactions with microbiota at other body sites,

such as the skin, oral cavity, and vagina, is still limited but emerging.

Fecal microbiota analyses in neurological and psychiatric disorders often show reduced
microbial diversity and shifts in bacteria involved in neurotransmitter metabolism. Genera
such as Lactobacillus, Bifidobacterium, Enterococcus, and Bacillus can produce dopamine or
influence dopamine precursor availability. Animal studies further support this relationship:
germ-free or antibiotic-treated mice display altered stress responses, cognition, and
dopamine turnover, while probiotics or microbial transplantation can partially restore
normal function. Additionally, transferring microbiota from patients with neuropsychiatric
disorders to animals can induce behavioral and inflammatory changes, highlighting the

microbiota’s important role in neural communication and behavior regulation.

Treatment

Growing understanding of dopamine-microbiota interactions has opened new therapeutic
possibilities for neurological, psychiatric, and gastrointestinal disorders. Unlike traditional
treatments that mainly target symptoms, microbial endocrinology suggests that modifying
the gut microbiota may help restore neurochemical balance by influencing dopamine

metabolism, immune signaling, intestinal barrier function, and neural communication.

Probiotics, particularly Lactobacillus and Bifidobacterium, can modulate neurotransmitter
synthesis, reduce inflammation, and improve gut barrier integrity. Studies associate

probiotic use with improvements in stress response, mood, gastrointestinal symptoms, and
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cognition. Prebiotics—dietary fibers fermented into short-chain fatty acids—also support
gut-brain communication, immune regulation, and neurotransmitter balance while

reducing neuroinflammation.

Dietary intervention is another important strategy because diet strongly shapes microbial
composition and activity. Plant-based foods, fiber, fermented products, omega-3 fatty acids,
polyphenols, and tyrosine-rich foods may support dopamine production and microbial
diversity, whereas processed foods and excess sugars may promote dysbiosis and
inflammation. Personalized nutrition approaches are therefore increasingly explored to

improve gut-brain health and neurological function.

Conlusion

Research on dopamine-microbiota interactions has revealed that the gut-brain axis is a
complex communication network involving microorganisms, neurotransmitters, immune
signaling, metabolism, and endocrine pathways. Dopamine serves as a key signaling
molecule, while gut microbes can produce, modify, and respond to neuroactive compounds

that influence intestinal and systemic physiology.

Gut microbiota affects dopamine metabolism through neurotransmitter precursor synthesis,
metabolite production, immune regulation, and intestinal barrier modulation. In turn,
dopamine influences bacterial growth, quorum sensing, and virulence. Disruptions in this
bidirectional communication are linked to disorders such as Parkinson’s disease, depression,
schizophrenia, anxiety, and autism spectrum disorders. Notably, gastrointestinal symptoms
and microbial dysbiosis often precede neurological manifestations, suggesting a role for gut

microbiota in disease progression.
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3MbdMemgdols  Abgoglo  MxEgEgdol  dgboddbgs.  35309BAL  Bam@oM©s
009bmb3OLoMwo  MYM305,  FOIBYIMHROWO  MYRGIIOOL  oMYymzol  MHobob
d9L5930M9dOE. MIXMIWVIO0  2oBIMA0wo 0dbs 353096G0L 39693985  Jumzodo
dm3ol 5G9d0. GHOBL3WIBEGs300L T9dgy 3060390 6 ™30l Q9BTogwMdsdo  dob
509603690m©s  303Mme039009G0  dm3wgbgdol  LobdoMol  sd3goMgds o
0blEobmgMsdool  byFommgdol FgdEoMgds. dolbo  obbywobol oMo ™D
390300  Ibemgdom 34 gohmgmwom ©Egdo. 99damdo 30D0EHJdOL MM,
3)30mBoL dmbo@m®mobyds sB39bs Lolbdo oMol LEGHsdow MmO 3mb3gbGGMsE0s Fodob
390009y, 653 00wmomadL  085Bg, GMI  Q9IBIOYOWO  MYXGJIOO 9GO
30o63m9gdbgb  0bLYIEOBL. 353096GHT>  LEOYI  0bLMEEOD  OBM30YOEMBSL 390
doopfios.  ®Mdi3s,  0bLMEobDy  ITIM30PIMWgds B3 gdo  0ym, 3000609
36 (390M59©).

25 Haool Jogwl Godo 1 FogdMosbo ©osdg@ol  ©osabmbo ©omliggl, 11 Ferols
3963533530 oL gU 535S 3JMmbs, dobo LsBgEOE0bM OLEBHMMOS BMO(393.
03000l MmO GHOIBL3WIBE 30, 2014 s 2016 §ergddo, 35636095606 EGHEBL3EbESE0s
2017 §gaol, 39636095L0L MRG0 s0mPgdYw  0dbs ghmo ol 99dgy  9dody
0OMIdMDMo 39090930l 350, 3530960 ©9OMIMOOS
03996l MOHgLMGOHJOL,96M3O0bMEMYgdmb Qo G®5BL3 B EH M MYgdMb
3MBLM@oi30L, bog3mdzgabg Asbobowgl 33MbIEMdOL s®BYOVIEO 350056EJd0, oo
dm60ob, iPSC-sb 300900 d9@s MXMIOIO0L BHMSBL3WIBESE0s. 35:3096GHL 2553bgL 53
99639608963 Mo MYMH3300L MOLZYIO0 s BGMRJOIEO0. FOBRMOIS 0bxMOHI0MYdIMWO
56bdMds.  PSC  0bmEo®gdmmo  ogm  3bodmgzsbo  fo®dmdmdol  89%H9bJodmero
LEGHOMIMEO MXOIOIO00, MLl Jolo ORYIMIBEFOMYdS WHBMESEHMEM05d0, BT
d090mm  0bbeobol  Fomdmdddbgro MxMggdo. T9Y3969L  353095GHL  0bgdzo0m
dmaeol §obs LHmMo 3Mbmol odOlol 390, 395sbgMH306 2 33060l 963s3wPMdsTo,
35309630l YmM39wOEoMMo  gabmygbmMo  0blryewobol  MmBoL  Immbmzbowgds
93060905 LoHgoLosb 54 + 0.9 gMMgMwo/Mgdo. GHGMBL3EbEE00L F9dymd d9-18
OO, 353096¢0L  0BLYIEObol OGO MBOL  LsFoMmgds  LEHIOOEIMEMSE
930M©YdMmEs 43 9hHmMwosb/mgdo. 3s3096GHds  dosmfjos  0blwobol LGy
©59MM3009dMdsL  75-g gL,  sdob 989y, 353096(¢0 @RS 0blvyerob-
©59M)3000935© 1 {ierob 3960m@ob 356353emdsdo.
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64 Heools 959535308 dgdmbgzgzsdo Jobgogs 0dobs, ™I 3Mm39weol 8909
500608693m©s 35309630l FAMTMYMOOL  godx™mdJLgds  0gm  09MH5305Lmb
05393906930 ©59gb0Tg 259Mf)3935 O JoMOMMEYOS: 35309DEGHOL 03MbME LobEgdol
5MHYMB0M0o 35UBO 496 gMROM MNEMGIODY. 2506gMP0WTs MR EMIdTs SB3969L
0bbEobol  Lofyolo  godmdmBsggds, dog®msd 6  m30L 8999 IR0 JLOM©S
536Jd30Mmb0Md0L 3000905, 1Z39MMYOM®  3MSLSIFIMOLO 3oL IMODIGOOL 96
OM®MS  356353eMdsd0  MXMHJOIOOL 9390308 2odm. 353096 gobmz0m9Ms
009bmbm3dglomwo 89000359963 gd0  296300Mmdgdmo  AbBdYJo 339000
9396900, 3500 ol 063539930900l 4oBOOWO MoL3o s Abdydo 3mF-bofiersgol
Lod3GH™AYd0. 91939, 25 ool JoedsGHMbol Jgdmbgzgzsdo, 353096@L  obmz0msM©s
dbddo  9390GOmMO 9839943900, OMIGIOE3 ©H393306MJ0IE0s  0FMbMLM3MHgLoIE
369356539056, Fom FmMHolb  ©30dwol  BgMIG6EHGdoL  ToBgds s  3MF-bofersgol
dbdydo  oMM393990. 98 JoedsBmboll Jgdmbggzsdo 96 ogm d)3939 MoymzoL
9600836903560 6086900, 1o356M9MM, MR MJOJIOL JoRLIES300L Yodm.

3560560 ©05d9EHOL gOHM3560 MR IO0 MYM305 MBYdS 33eg30L Logbs s
d0bgogs@ 03oLy, ®MmI  3MMmAMILO  doe(gwos, LsFomms dgBo 3wobozm®o
33093990.  ©9OM3560 MR G9ggd0m  I3NOMHbsMmdOL  MLsgMmMbm  ©@s  9B9IGHOO
LAHO9BHR0gd0L  3mBBOBOMGds  sOLYOMIE  gMI30E  B0EYMIGOMB,  HMYMOOEFSS
GOobL3EbGHE0s,  sbg3g  03bmb3OHgLowo ©s  03MbMIMPYWHEHMOHYWO
9900035996()9d0L  259mygbgds  MHBOWD39wYmRl  gMmgzsbo  MrMHYId0m MYMs300l
Do6053 90000 Q5BbMM309wgdsl. LogMomm ¢330 99230005 30g3sm, OHMI WgMHM3560
X O90JIO00 MJM5305 G030 1 ©0539EOL LT3 MMBIWME doe0sb 3gML3gdGHowMwos.
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©96GsMMH0 0gM™M3560 MR M9Id0, Hrymea 3gMldgd@Eomwo
090530990 15T GdS

356050 3bsqsos

03. X535603830¢0l LobgErmdol Mdowoliols bsbgwdfoxzm MboggdLoE @0,

990003060l Bo3Mm@GHgBH0 (BLEGHMISGHMEWMY0s), IV 3MmOLO.
9w-g3mb@o: mariam.tskhadaia907@med.tsu.edu.ge

bgdde3569o: 3ersodgMm 356y39e¢s330¢0, 3OHMAILMEOO

SBLEMo9E0

939696053090 d9030boLs s BEBMISEGMEMYO0L 3563069053 OOl Hglcoydo
554965 80MMQ0MHO JuM30eGOOL >EYIHOL 0bMZ530IM0 FoEAMIJdO0. IbE WMo
©9HM39560 Mx®90900 (DSCs), 35000 bgardolsfzmdmdol, 350w 3MMEORIMIEFOIO
wBsGoLs o FMGH03MGHIBE0MO0  OBIOIBE0300L  3MEHbEoswol  fysermdom,
Do0mo96L Mb03owmE domEmaomem GLMOLL 9GS FBMEOM® MMIEMEO, 5(5TJE
LoLFHJINNOO  IB0BYdGOOLMZ0L.  65FOMAOL  Fobsbos  IbGIMMO  WgMHM3s60
2R 0900l Bb350sLb3s 3M3Ms30gd0L BOMEIMYOMMO Fsbolioomgdgdol Fgasligds,
dom0  M93969M530Mw0  3mE9bEosol  sbsgroBo s Mobsdg®m™Mm3g  3wobozM®
3659303500 096300 353mygbgdol  39ML3gdBH03900Ls s  godm{393900L
39BLsBE3MS.  WOFHIOIGHMOMETs  9BseoBTs  9B39bs, BMT  IBEINO  WIOM36

2R MIOIOL 94300 MbsM0  989JGHWMI© BMIbEObMb  3Mw3sgbEobol  3Mm33egdlol,
5Q39MMo  d3olsy s 39M0MEOMBEIMMO  Jum30Wgdol  MgagbgMoEos. 3500
mb03oemMo  089bmIMmEMWs3oMo  3mGH)b3oswo  Log®dbmdws  5d30MmYdL
69303096¢0L DGO GHOMIBL3WBGHIGHOL  0dMbMMO IOl (RomEbmgdols)
60oL390L S byl MHgmdL EsB0sbYdMEo LEBHMIEBHOHIOOL BODOMEWMYOMO S©AIBSL.
33093900  5@ILEGHMMGL, MmI om0  godmygbgds dommoglgdo 3D Fo@Mm0E)OmIb
(Scaffolds) 303306530500 Log®dbmds  sBJoMgdl  (3sy. dzwrmzsbo  ©IR9dBIOL
dgbmM 39050 / 63M39wo d™F3g0o0L M199bgMoE0sl).

dombgszs  0dols, MHMI  MxGgEgool  dgbsbzol  (3M0M3MHYHBIM3s300L)
UG9bIMEHOBYOMWO 3OHMGHMIMgdol Jqdvdsgzgdol JMmboo XM 3093 SOLYIMOL
3°9mf3939%0,  DSC-gd0l  3wobozm®o  3mGgbgoswo  Logwmdzgwl  ¢ygeHol
3960LMb0BYIMo Mga969M530w0 Fgo0boL Sbow g3mdsl.

U53356dm  LoBYzgdo:  @IbGHINMo  ©@gemzbo  MxGggdo  (DSCs),
9239696053090 BEBHMISEGHMWMY0s, d0MMo3Lgds©o 3D FsBHM03900, Jumzowmgzsbo
0b5069600.

do60mso GgduBo

56589000Mm39 JuM300M356 065069gMHOILS s BHHIBLESE30ME TgE0E0bsd0 WIMHM3s60
2R MJOIO0L B0MWMYONOO 3:ME 63050l FoMrmzs gHm-9eo 5994356 0TGN gdsL
DoM0mo9bl.  gHmzsbo YxGgwgdo (Stem Cells — SCs) 9Mo©0xgIO9630609dMwoO
2R 090005, OHMIJWD3 SHIB0SMJO PNZ0MPBIbEIGOOL MBsmO s B3YE0SX0DBYdN™
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PRI  ©O0RIMIBE0MIOOL  3MmEgbgoswo. 300wgdo  FoMdmoygbl  ©gMHM3560
IR OIIO0L Y39y 069dMI03 s 3M50635B0MO [gommb. ©IbGHIwMmO MgMH™3560
MIXO9I00  FoMFH035©, MBOoROMbM® FM03M3905 @S AdTM0Ygbgds MOz IbMH030
096530090 35603 s30900LM30L.  IBEGHIMMO 330l MYIMHM3s60 VRGO
306039ws 50fgemql 2000 Fgarl. o0 908MoBobIL, M abGIMMHo 3meds 890393L
9d9H9bJodme gHM3z56 MXM9IOIIL, ORIMOI6E0MId00 MEOMBEHMIWILEGdS©, ]300
35050 3OMEORYOS300L  MbsMo, slggg  Tgbodergdgwos  Fsmo 3N EH03060905
@50MMEGHMOH0I 3060MdJIT0.

8900m9d0

500530560l 3MUEbsEBME ©gbGHIWMH Jum3zowqddo QsdmYmBowos IBE IO
©96H™M3560 YxGggdol (DSC) boyomo doMomso  §ysdrm:  ©gbGswmeo 3930l
©96HM3560 MxMggdo (DPSCs)- 330l 0Mmdo gb »xM9gd0 ©dg@gbo 0bsd@ome®
9 M3oM9Md5805, MMI3S IHB0s6gdoL  FgdmMbzg35d0 5gGH0YIMIO056, BoYMOMYdID
©H05bgdm mdsbdo, 3OMWOBIM0M©Id056 Qo ORIMG630MYd056
mEO®BEMOWILEHOL b3V VX MJOGOS© S Ho®MJdbosb Hg3sM030Mw ©9bEH0bL. DPSC
Do0m5o96L I9H9bJ0dMO g™z Mx gL, CMIWgdoE JIOISMYIMOL 3mE3sdo.
dom 59300 MBEGIMA6MM0 s JMbOMYbMMmO 3mEgbzoswo in vitro 306H™dGd30 ©
39919000 ©9Y6EGH0boLS s IHEH06-3MW3MMo 3mA3gJlol BMOGToMgds in vivo.

¢ boMdg39 300Egd0oL dbxdM030 9JuBMWOsEO0L 9IRS FowgdMwo MIMHM3560
2x 90900 (SHEDs)-8500w0 360H:™m@0gg®s3099o wbs®om bsliosm@gds, sd3m watem
M3 ©MOOMIOOL OOM S MBOM FoMOE0 J3mbmygbmMo 3m@Egbioswo, 30MY
DPSCs-b.obobo ©0xgMH963060H Y0056 5©03Mm(30} Y05, MbGHMOWHLE YOS,
JbOHMOWIL3HJ05©, MOMBEMIWILEZHYIS© S 6xMZME MR OIIOS®.

* 39600mmbGHol  ogsdgbBol  ©ghmgzsbo  Mx®gwogdo  (PDLSCs)-  sbgbl
39996@&Mobs o 39MHOMPMBESWMEOO W0sTgBEHOLBRZM0 Jum3z0w0ol  BMOT0MYISL

@5  3600369m356 Ol SOHMEdOL  39HOMOMbEIMGO Jum3zoegdols
9396960530580, 51939 943l 3wobozMMo 3m@EGHgbgoswo 39600m©MbEGH 0G0l
93Mbsmd530.

* ©I6GHIWMOO  BMo3Mol  gmHmzsbo  MxGmggdo  (DFSCs)-0mbsfoergmdgb
39600MmOMbEGHIWMOHO  JuMm30wgdol, SEIZ39MEWMIOHO 30l S JOOWOL  BME03ZNol
3™03bgb@gdols 939696530500. O0R9M9630Mgds: b GYMdELE 9O,
399963 ™dELE GO, BOOOMOIBEHIOS.

* BOEOL Dmbol(53035¢MO 35300L) VgMHM3560 xMgwgdo (SCAPs)- 8mdogo
300ob 139130L 3(39M35¢0d0, 29630MYOIO S SMVRMOHT0MGOIO Bqligol IJmbg
dmdog 300gddo. Imbsfforgmdgb Rqligol ©IbEGHOboL FBMMToMmgdsdo s byl
2Pymdgb 539dLm969BU.

51336

©IBBINOH0  0gOMm3560 X9 Id0  FoMTmMmoabl  ddezm  BOMEMYO®
3EoBHBMOAsL M9a969M030w 3900306580, oo 331935 bLBOL sbsEr 3MOHODMBEOL
3960LMbs0HJOM 30MYMH3305d0 — baels Mfymdgb dz3ermzsbo Jumgzgowol smygbsl,
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003WwsbEBHOL M3EH035O MYMobEgasE0sl, sD0s6gdo bMHEH 0wl Mgaqbacsiosts
5 BB dgar-439s ydol LoblMol (TM]) obgbdiool 3329MbseMdL, Mo 83390MO©
59306M90L  0635BoMMo  JoOmGmyommo  Bs693900L  LsFoMHMgdL.  5GHMEWMY0IMHO
@R MIOIO0L  250Mmygbgds  MHBOYD39wYmRlL  39OLMBIEOBYIM  MgMs3osls o
0060019095009 ©5394o3L 06O MoGmYmBol MHoL3o. 3wobozemo IOHMEHMIMEIOOL
935300  BEBIOEGHDBIE0s @O  MBOBOMbMYdOL  IMbo@MmMobgo  HoMmBmoygbls 53
3996m0ma00l 36159303590 ©bge30L FobsdoMmMdL.

9990g9bgdEo woBIMGHIMs

1. PMC PUB MED CENTRAL: Current overview on dental stem cells applications in
regenerative dentistry.

2. International Journal of Oral Science volume:Dental stem cell-derived extracellular
vesicles as promising therapeutic agents in the treatment of diseases.

3. Genesis Publications:Stem Cell Usage in Dentistry: A Promising Future.

4. ScienceDirect:Dental pulp stem cells — A basic research and future application in

regenerative medicine.

miR-141-3p Gmym®E 96MmIgEHMOoMBOL 5EMHGME0o 0sRbmMLE00LS s
55350700 Loddodol 3mEGHIbE30MO doMASMIGMO

98565 09bhsnsg3s
03569 X% 93560930¢0b Bobgemdol MdoErolols Lobgwdfogzm bogg®bodg@o, dgoobol

B39 OIO0: V 390bo
9w-gmb@o: egana.mustaphaeva521@hum.tsu.edu.ge

SBLBHOJE0

96393 HombBo Do00mo 90l Je®bo 3, 36MHMM9L0MYGdS© Qo
IBGHOMPIBIMI0EIOME 935 JOL,  OMIJoi  BoLosMEYdS  9bMTgEHMoMTol
adbaogbo  Jumgool  sOLYdMB0m  LYIZoMBBML AL ASMgm,  GMIGEOos
9360300 SB530L JoEgdol IsbErmgdoo 10%-8o a3b3wgds s 360d369wM356
393Wgbsl  sbgbl  dsod  BOBO3WE, M3OMEMI3o s GLoJMLMEOsEME
X 963009 Md5Dg. ©05bMLEHOI0L Bodwmomm ©og300690s 7-10 gl sfiggl, o3
3965300M390L sbsero, LEBEM S 3M50635HOMMO BOMTsM3IGMHGOOL BoFOMMYdIL. dMEM
Prgddo  0obsdgomzg  33e093900  oBLOZMNPOGOIMW g EYOIL  5Tob30qdL
microRNA-93%g, Omam63 303963006 560150635016 d0ms39Mo.

LPmOgo 330930l B0Bsbos,  FMsBHTo  miR-141-3p-ob  gdudmglools  Tgzolgds
96039 BH®omBol dgmbg 35309639000 s doLo  OsRBMLEG03MMO  3B0d36gwMdOL
39BLsBEZMS 993500900l LoAIOTGLMb 353806 T0.

d9Lfogeoe 0dbs Ws3sMmMIZM30MWIE s 30LGHMWMYOMESO OIPIBEIOJOWO
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9600M39EH®0MBoL Jmbg 246 353096E0LS s 87 x9BIOMYo JMEEHMM@OL dmbs39d9d0.
999356y miR-141-3p-ols 9du3dMglos, dobo 3530060 99350 JOOL LEHoOILMb, EHP-30
L3MOM9b s CA-125-01 O0s6MLEH03ME Bsb39690gdMHb.

33930l dobgzom, 9bmIgBHMombol  dJmbg  353096(3gddo  miR-141-3p-ob
9Ju36gLos 3608369 M3bs B0 0gm XBIOMYE 3MBGHOHMEW YIS Fgsmgdom
99b3MgLOOL Y39WsBY B0 EMbY 500b0TbIOdMPS Ws5350gdoL III-IV LEsogddo.
399m30bs  oMYmBomo  3MmMgws3os miR-141-3p-ol @mbgls s EHP-30 Lgm6l
dmM0b, M3 ©99350Jd0L MRM™ 3dodg J0dObIMGMBLMID 0ym SLME0MIOdo. miR-
141-3p-obs s CA-125-0b  3m3d0b0GgOMds  godmygbgdsd  sB39bs  dowowo
0536mLGH03MM0 LOBMLEY.

miR-141-3p  §o63mopagbl  gbmIg@Mmombol  39ML3gdBHome  5M50635BoM
00356 39ML.  dobo  Fgd0cMgdmEo  9JudcMLos  ©939300MNOMEN0S 53500l
3OL9dMBILBMIB, 3OMYMHILOMGOILMID S JeobolzMEGo Loddodol BOEILMB. CA-125-056
303006060900 godmygbgds 3603369em3bs BMHOL OsrbmliEG03Me LoBMLEHIL s
d9Lsdems ImImzsendo 3609369 ™3560 P00 0393 9B MIGEHMOMDBOL SO
0536mbE035d0.

153396dm  Bo@yzgdo: gbomdg@Gombo, miR-141-3p, microRNA, 5050635060
0536mbE039, CA-125, 30MTo6 3960

0d9L535¢m0

960M3gBHmombBo  JOHMmbogmwo  sbmgdomo  ©99350gdsd,  MHMIoL MM
9600393 ®0dol Agoglio Jumzowo BsdZz0EMLBML F9MYm WMIsE0DEIOS. 9350 YdS
33630995 ©93MMOYJ30E0 SBO30L Joegdol IbErMgdom 10%-8o s MbsgmzMdOL
dJmbg  Joawgdols  30-50%-8o. dolo  doMOMIEO  30bozMMo  250M3e0bxd9d0s
obdgbmG9s, JOHMbozmeo dgbxol $H3030¢0, OL3MYMBOs s MbosygMTBMdS.

90bgo35®0  ©@O0RBMLEBHO03MMO g™l 29630 MGBOL  3BIMEMgLOLY,
9600M39E®0MBOL 0sbMmbEH03s 33es3 36033690 M356 259Mf)393500 MBS, 9350000
BodMEMM  EIEIBEGHIOJOOL MMM BEBIOGHI® 5855050 03B E835MMIIM305
30LEGHMEMYOMM0  39M08035300M, 0dgs s©0bodbmwo dgomm®o 0bzsBomMos o
©5393006090w0s  BobsblmE  borxgdmsb,  JoOHmGaome  MOLZYdMb o
©053bMLEH039M0 3056900 3OIMBGTSBS.

oMM §gddo goblogMmMgdmwo ymemsegds godmds microRNA-9dL (miRNA),
MmIgdoi 930609 BmIol 56M53MPOMYdSEO MB3-0l BrMmEg3MEgd0s O SMYRMI06MHdIb
396900L  9Ju3MgLoSL  3MUEGHMIBLIO0330M MbYHY. olobo d608369wM3s6 Gl
SOHMgdgb  MIXMIOMW  3OMEORIMS30500, 93Mm3GHMBI0, b0oMygbgHdo, Bmgdom
36MH™m3E9LYdLS S 0FMBME MYAMS30500.

miR-141-3p 809379036905 miR-200 myxsbols 936908 s dmbsfioergmdls g3omgeym-
d9b9bjodmemo G®96B0E300LMYAMWs3E05T0. dolbo 993G gLool (330EgdS
SbME0MYOM0s BH35LLZS 350MEIMR0NIH 3OIM(39LMD, 500 Mol 9bmIg@mombol
39630056M9d5L5 5 3MMYMILOMGOIBMD. 50b0dbeo microRNA 2560boggds, MHmyme ;s
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3m3H9bE0m0 56MH50635H09MH0 B0MTM3IYN0 ©99350JOOL SOEMmIMWO 25dM3wgboly o
Loddodol Jggz35L900LIMZOL.

d90mgdo

65dG™mdo 953996905 9b5dg9M™M3g LodxEbogH™M WO FHIOIGHMOOLS ©S 30bozMMo
33e930L  3mbs399900L  9b5eoBL. 33093580 dMbsfowgmds 246 9bmIgBH®mombBol
9Jmbg  353096@0 o 87 xsbIMMo Jowo. @osxbmbBo  yzgws Fgdmbzgzsdo
IGO0 0YM W535MHMLZM30I0 O 30LEHMEMAO0OHO FJOOMPIIOMm.
3530963900 553500930l Loddodol dobgz00m sYMBRowo 0Y3b9gb MG X ym3s: I-1T o
III-IV bEosogdo. Lolbeols IMs@HTo AobLsBM3MIwo ogm miR-141-3p-ol gdu3dMglbool
©Mby, ®ol 890953 F9BsLs dolo 3930060 935JdOL  LBHoOosLmsb, EHP-30
L3MOM6 s CA-125-0l 353969093 b.

89@)d9%0
33930l 8900939  ©oyobs, MHmd  IMsBHdo  miR-141-3p-ob  9Ju3GgLos

9600™39G®0MBoL dJmbyg 3530963930 360d369w™m3bs0 9983060930 0ym X S6IG Mg
3Mb6EOMEgdmb  Fgsmgdom (p<0.001). 9b™IgE®oMDBOL Xamxndo miR-141-3p-ol
390005699M0 ™bg 8950039605 0.37-U, bmm 3mbEHOMEOL xamndo 1.11-b
ROC-565¢w0Bds  9B3965, ©md miR-141-3p-b 998605  Fo@owo  ©osabmliozm®o
©0M9dMgds  9bmIgEHMombol  sdmzwgbolsmzol. ROC-8Mm©ol 4398 x3sG0mMmd0
(AUC) 9dgop9bs 0.916-1 (95% CI: 0.881-0.944), d3mH3bmdgeomds — 94.72%, bmerm
13930830329OMds — 74.71%.

31939 399Mm3wo0bs 3930060 miR-141-3p-ob gJudmgLioslsy s 935YdOL Loddodgl
dmeob. III-IV bEooob 9bmdgd®momBol ddmbyg 35309639030 microRNA-ols ombg
960393690m3b500 ©sdse0 ogm I-IT bGoool 353096@ 50096 dgamgdoom (p<0.001), Gog
80190090l ol Jgloderm MHMEHY H5350JOOL 3OMYMHILOMGd5T0.

3905 5doby, IROJLOMS AWOIMO  VSMYMBOMO  JMEMGEs30s miR-141-3p-ob
©mbgls s EHP-30 L3m®l dmMob (r=-0.755; p<0.001), Gog 608bs3L, Mmd microRNA-ob
9Ju3Gglool  Fgdz0Mgds  SLMEOMEYdS  O935©YdOL  MBGM  ddodg  3¢0bolME
9090b5M9gMd35Lmsb s 3bM3MGOOL boMolbol gow)segligdsliorshb.

5MgMo  BAHOEOoL  GbEMIGGHOOMBOL  EOPbMLEHO30LSL miR-141-3p-0s 1939
05050 989JGHMOM™dS sB396s (AUC=0.858; da™dbmdgrmds 87.50%; UL3gEon03m®mds
74.71%).

39bLO3MPMgd0m 360936935605 MiR-141-3p-ols s CA-125-0b 3mddoboMHgdmwo
3090mygbgds.  5©0bodbmeo  dmEguol  99d;mbgg35d0  ©OsRBMLEBH03MMTs  LoDMLEHD
dooofios AUC=0.958-1 (95% CI: 0.933-0.983), 9a6dbmdgermdsd — 89.77%-U, bmeom

U39308039OMdsT  —  89.66%-b, o3  5©0gISGIOIMOS  MOMMIMWO T 3gHOL
©59M¥)30009IS© 3odMmygbgdols J99a9dL.
513360

miR-141-3p (o60moygbl  96MIgEHMHOoMBOL  sMIMEO  ©OIRBMLEGHOZOLS o
553500900l Loddodol JgxzslgdoL  39OL3YIEBHOM  5M50635B0MMH doMTsM3gML. dobo
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993G gLool 999306905 0535380609300 5535090l 3OL90MBLb,
36MHMMH9L0MGOIBMID s 3¢006039MO 25dM3e0bgd900L LoddoTGb.

miR-141-3p-ol 85050 ©0sbmbEozmemo 35839693900, 4obLszmmMgdoo CA-125-
056 3m3d0bs305d0, FoMMmomgdl ol 3609369 ™3z56  3mBHIbEosby  3e0boME
365943H03580. 5060360 30mTsM3gMHolL godmygbgdsd dmdsgsendo glsdanms dgsdiEotml
0536mLGH03MM0 3056905 @S bgwwo Fgmhgml 9bmIgB®oMBOL MROHM SO
399m39b5Ld S 9BIIGHE FoOMIL.
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Abstract

A study published by scientists and collaborators in Nature Communications reports [1], for
the first time, a technique for the biosynthesis of plasmonic gold nanoparticles directly
within cancer cells. This article is presented in the format of a Journal Club article and also
incorporates elements of case reports, highlighting experimental observations and their

biomedical relevance.

According to the researchers, this approach has the potential to significantly expand
biomedical applications, particularly in x-ray imaging and cancer therapy. The study
demonstrates that gold nanoparticle biosynthesis can be achieved efficiently and directly

inside cancer cells without the need for conventional laboratory synthesis methods.

The researchers investigated the response of various cancer cell types to the introduction of
chloroauric acid into their cellular microenvironment, which resulted in the formation of
gold nanoparticles. These intracellularly generated nanoparticles may be utilized for multiple
biomedical applications, including x-ray imaging and therapeutic strategies aimed at

destroying abnormal tissues or cells.

The paper describes a novel method for producing plasmonic gold nanoparticles within
minutes inside the cell nucleus, using polyethylene glycol as a delivery vector for ionic gold.
A unique system was developed in which cellular biomolecules reduce gold ions while
preserving nanoparticle functionality, including the ability to guide the remaining gold

clusters toward the nucleus.

To further demonstrate the biomedical potential of this approach, the research team induced
in situ biosynthesis of gold nanoparticles within a mouse tumor, followed by photothermal
remediation of the tumor. This mouse model serves as a case-based demonstration,
emphasizing the promise of intracellular formation and nuclear migration of gold

nanoparticles for targeted drug delivery applications.

The authors describe gold as the quintessential noble element that has been utilized in
biomedical applications since the first colloidal syntheses over three centuries ago. This study
represents a small yet significant step toward advancing intracellular nanotechnology for

diagnostic and therapeutic purposes.

Keywords: gold nanoparticles, photothermal therapy, teranostic agent, bioorthogonal
synthesis, PEG vector.
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Introduction

The aim of this study is to find a new way to produce gold nanoparticles directly in tumor
cells, using internal biological processes..

According to this study, gold nanoparticles are produced within the tumor cells and when
exposed to light, it heats up and kills destroying tumor cells . This process is a biologically

controlled and tumor cell targeted.

The researchers prepared a special Au-PEG complex, which consisted of gold ions and PEG
molecules. In this complex, the gold ions were stored inside the PEG without being pre-
reduced, thus gold was still in its ionic form, but not its metallic form. The scientists then
introduced this complex into MCF-7 breast cancer cells.

Innovative approach of the study
This idea is fundamentally different from traditional methods, because in this case the

nanoparticles are not produced in advance in a laboratory and then injected into the body -
but rather the cells produce gold nanoparticles themselves.

To achieve this a special compound was used - polyethylene glycol (PEG), which acts as a
"vector".

Characterization of ionic Au-PEG delivery vehicle
Representative transmission electron microscopy (TEM) images of

(a) PEG and (b) ionic Au—PEG clusters.

(c) UV—vis absorbance spectrum of ionic Au—PEG clusters (200-800 nm).

(d Electron dispersion spectrum of ionic-Au—-PEG clusters (on copper tape) captured from

(e) scanning electron microscopy-energy dispersive spectra (SEM-EDS). Purple spectra
correspond to signal obtained from the clusters, where the blue spectra corresponds to the
background.

(f)Spectral intensity of light scatter obtained through enhanced dark field hyperspectral
imaging of discrete Au—PEG clusters in solution (n = 3 particles, with 5 spectra from each).

(g )Enhanced dark field hyperspectral image with 2X digital magnification where the red
box highlights the particles those represent the spectra as shown in (f).

in vivo testing
The scientists conducted an experiment on mice that had breast cancer xenografts—that is,
human tumors transplanted into an animal model. They injected the Au-PEG complex into

the tumors and checked two days later to see if nanoparticles had formed.

The results were impressive—it turned out that the gold nanoparticles were indeed formed
intratumorally, and when the tumor was exposed to 633 nm laser radiation, the temperature
increased up to 50°C which was enough to kill the tumor cells while sparing the surrounding

healthy tissue.

Study results

This experiment proved that gold nanoparticles obtained with the Au-PEG complex actually

act as theranostic agents — they can be used for both diagnosis and treatment at the same
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time. The presence of nanoparticles allows the tumor to be more visible, while the

photothermal effect ensures its targeted destruction.

After 30 minutes, gold nanoparticles began to be formed inside the cell.
The scientists fractionated the cells and then performed spectroscopic analysis, which
showed that gold reduction — so, the conversion of ionic gold to metal — occurred most

intensively in the cell nucleus and membranes.

The scientists also identified 16 key proteins that are involved in this process. Among them
are IGHA1, GBE1, CALM1 and DDX31, which are associated with cell membranes, energy
metabolism and nuclear regulation.

The authors also studied how this process affects cell viability. The results showed that the
PEG-gold complex did not cause serious toxicity. During the observation, most of the cells
maintained their normal structure, only a small part showed mild apoptosis — which is a
natural response to stress. This means that the internal formation of gold nanoparticles is a

fairly safe process that does not harm healthy cells.

Conclusions
Gold nanoparticles can be produced directly in cancer cells using PEG, which reduces

toxicity and simplifies the process.

This process occurs through natural biomineralization, with the help of cell proteins and the
biochemical environment.

Nanoparticles are functionally active: they exhibit a photothermal effect and can be used for

both treatment and diagnosis.

This study is demonstrating that nanoparticles are synthesized in a living cell process called
bioorthogonal;. Such approach could be used in the future to treat not only cancer, but other
pathologies as well where targeted, controlled, and less toxic therapy is needed.

Ultimately, the authors of this study have created a path that combines biology, chemistry,

and physics — and show us how technology can disrupt nature itself, at the cellular level.

The intracellular formation and nuclear migration of these gold nanoparticles presents a

highly promising approach for drug delivery application.

Recommendations
This method is advantageous compared to conventional approach of treatment, although not

yet approved by FDA.

There is no need to inject preliminarily prepared nanoparticles into the body, which often
leads to toxicity and/or distribution problems. The amount of gold formulation is very low
and the process NP formation is fast, i.e. 30 minutes due to size of nanoparticles.

Gold is the quintessential noble element that has been used in biomedical applications since

its first colloidal synthesis more than three centuries ago.

The most challenging research ahead will be to find new methods of producing these

particles with uncompromised reproducibility with functionalities that can promote efficient
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cellular binding, clearance, and biocompatibility and to assess their long-term term effects on
human health.

This new study is a small but important step toward that overarching goal.
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393965 30Mm0oL OHNML 803OMdOMIBY bb3oolibzs 3mb3gb@®mogool 306HMddTdo 33ws3
59BH0oemo 330930L Logsbos.
33930l doBsbl  HomBmoygbs Lbbgosalbgs 3mb3gb@®MsEool g@Em®ol 899339wo
3000l 35b3gooL 493w 9bols Fgg3olgds B3MEsdEYEo sbs30L 89303ms 3060l eIl
9036MMdM  2oMgdmby.  33wg3zsdo  Imbsfforgmds 48 853030,  GMMIWgdo;
30565f0bgb Lod xamxs: 1000 ppm gGH™MOL d9d339gero, 500 ppm BGMMOL
3993390 @5 MYBREMOM 30Ol 35U¢30L IMIbTsMYd9d0. IbEH SO bsgdol

60918930 s©0gdM 0dbs 331930l ILLHyoldo, 1 3306M0Ls ©@s 4 330600L F90IY.
90360md0mdol sbserobo gsbbmemEogus 16S rDNA 19339606900L 8900Mm©o0. 99535Bs

alpha diversity, beta diversity o bbgo@slbgs dod@gMomo @sgumbgdol gsHmdomo
50 gbmds.

33930l J993g0ds 9639bs, GmA alpha diversity-ols dsB39690¢gd0 g39es xawndo
39005609000 LGB0 MMO MRS, MmwdEs, beta diversity-oli sbs¢r0Bom sdmgzw0bs

d603369cmg560 25639390980 BEHMMOL 99339 O NBEHMOM X AYRGOL  dmMOU.
396bs3MMMHgd0m 1000 ppm GBEHMOOL X3Rd0 A50DIMES BolMPGOW™M 35JE9M0gd0U,

ds» dmEol  Streptococcus parasanguinis-obs o Veillonella-l  Gom@gbmds, bmerm
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d90gots  Haemophilus-obs o  Neisseria-b  fo®dmdo9begdo,  GmIwgdos
SbMEoMYd056  d0Mmzowdol  BMOI0MBILMD s JoMOgLMPIBMMO BB IM0gdOL
3M@MbobBs305L05b.

3309308 89092990 F0momgdL, MM BGHMMOL F9d339wo  3dowol  3sBEgdo,
396bs3MMHgd0m 1000 ppm 3mb396EMsE00m, bgarl »figmdl 3060l Ol doMmdomdol
055bLOL QoMBX MOl O 3960gLOL AB30MMYOOL MOLZOL F9I30MYO ds33ms
sbs3do.

1553356dMm LoEY3900: BEHMMO, EIBEHIWMOO 3560gbo, 3060L O Jo3OMdOMBO,
16S rDNA 19339606905, 3058090 sB530L 85333900, 3000l 3sU@)o.

dgLogagmo

3000l 35M0gL0 d53d3ms 15300 JOM-9M Y39WsBY P93MEILYd JOHMbo M
Q55350095L  [oMmBmoygbl s  3009MEYdS  FMOZIWO  BodBHMMOL  JOHOMOWOZ0
©90mddggdoll 999ao©.  ™sbsdgMmzg  33w93900L  dobgzom,  39Mogliols
39630006M905d0 86033690356 Ol SOl 30MHOL WAL Bo3MMdOMIOL
O0LOSBLO, HMIOL EOMLE 0BOHYDs 3500gLMAIEMEMO BoJBHIM0JIOL SJEH0ZMDdS
@5 06003935 9030MdMwo  93mbobGgIol  dosblo.  3dowol  bsgddo  sOLYdMWO
05d3H9M0900 o0dmdabosh T75390L, o3 0f393L F0bbJOOL ©gdobgM0BsEosL o
3960gLoL 3MMAMBOMYO.

390090l 3609396300LM30L BoOOME  49dM0Ygbgds BEHMMOL F9d339wo  3dOEOL
33G900. GBGHMOO  bgwl  MHgmdL  dobsbdMol  M9FobgemogoBoosl,  5830MHdL
©9906965¢0Bs30sL o BOHOL Fdowol JuMm3z0wgdoL JEYMEMOSL F553900L J0Ts6I0).
535Lm5b, BGHMOL G905 go3egbs BMobObmL 30MmOL MWL J03OMBY 4oMgImbg o

3933350 ML 2563399900 d5gdBHJM0gO0L 5J3H03Mds. 0bgIZ9® 5T0LY, BAHMMOL go3egbs
3060L MM J030MO0MIDY, A9BL3MNMYIO0m Bb3sEILBIS 3MbEIBEHMIEOOL 306HMdgdTO,

X966 300093 LOHMWSE FLHOzEXOE0 56 SGOU.

dobsbo

33930l doBsbo oym Lbgoolbgs 30mbi396¢®s300L BEMmMoL 9993390 3d0Eol
33L&900L (1000 ppm, 500 ppm ©5 MBEHMOM) 453¢9b0oL FgisLgds B3mEsdEIEo SBs3ZOL
0530939008 3060l OML  Fo3OMdOMIYY.  F9gRILE, OMYMO  ImJdgEIOL  BEHMOO
903600 LEBMYSMIOIOL LBEOVIBHMMSDY, 965350 RGOMZBYdLS s BdJEHYHO
05bLBY, 91939 MPYMOL M MS Bl LobaMAGO™ dodBHgM0gool DML s ds369
90360MmMMHQ560Dd9d0l Jd(3060905b.

dgorm©gdo
33093580 9mbsfioergmds 48 13MEsdgEo SBs3ol 853930, HMIgdOE Lo X AYRS©

390565f0bgb: 1000 ppm @EGMMoL 9993390, 500 ppm BEGHMOOL d9d339o s
2RGHMOM 3000l 3s5LE0L IMTbTsMgdEgdo.

936G MOmo bsegdol bodmdgdo dgadmmzs 33e9g30L sLsfyolbdo, 1 3306M0Ls s 4
33060L 99909y. F03OMBOMEMA0NOH0 bseoBo Bo@ods 16S rDNA 19339606930l
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dgonmom. dgg3slios alpha diversity (Chaol, Shannon, Simpson 06gJlgdo), beta diversity
5 3Mm6309@Mwo d5dBH9Momo  Bodumbadol (33¢0wgdgdo. dowgdmwo dmbsz)dgdo
LEAOGOLG03M9© M35 X{IBIOL TGO goblibgs390900L gedmbiagergbsco.

99098900
3309306 9909390ds  oh39bs, ®md alpha diversity 0bgdugddo 96093690 m3560

(3093900 96  g5dm3Ergbos, Mo3  9030MMO0MAol  Loghmm  LEOd0EMOMdIBY
dommomgdl. mvyd3s, beta diversity 56oeroBds 299mog0bs goblibgez9d900 BEHMMOL

899339 ©> NBOMO X3IBIOL wMob.
390Lo3MmMgdom 1000 ppm  BEGH™OOL  XyMBdo  IROJBOMOES  BJBHIOOO

LAHOMIGHMOOL  NBOM  ATMBIGMWO  (33XOEJOJO0  —  A0DIOES  LabIMYIOCM
05d3H9M0gdols  (Streptococcus parasanguinis, Veillonella) ©sm@©gbmds s 89dgocs

Haemophilus s Neisseria, ®m3¢g003 005353906090w9¢005 300g30¢0dol ZmGmI06qdLomb.

500 ppm xavxdo (33090900 6530935 250Mbs@Iero 0ym, bmerm wa@dHmedm
X3953d0 36003690mM3560 (3300090930 56 IFOJBOMS.

33365
3309308 3909900 0oL, MM BGHMMOL F9d339wo  3dowolb  3sBEgdo,
39bbo3MmMgdom 1000 ppm  3mbB3EgbGHGSE00L,  2o3egbsl  9HgbL 30Ol WO

90360md0mdol 3985090 Mdsbg — 59306090L 3mBGHGbE0GMs© 85369 d5gd@9M0gdL o
b9l MHgmdL BobisMagdem Jo3MmMMGMY60BIGOOL BML.

5000350, BGHMOO M5 FBMEME  5dE0gMHGAL  FobsbJoOl s byl MFymdl
9906965¢00Do300L, 9599 Jdbol MBOM IOIWIBLYIME JoIOMOVIE oMgdml, Gro;
5930690L 39Mm09LOL gob30msMgdOL MHOLIL Bg3MEPsYEO SB530L 353d390d0.

399mygbgdyemo MgledLo:
https://share.google/tUtIH9lirm7MpdzFN
https://pubmed.ncbi.nlm.nih.gov/12535435/

2093 BoL Hgwo BL3MOETo S BoB03MMO F5MX0dJdOL 9bgGYgE0IME ™
9OY63oymBs
®3569 g<95856(235

03569 X 935603830000l Labgermdol mdowoliol bsbgwdfoxzm MboggdLoE g0,

39329 GH9YGH0 390003065,V 396L0.
9-gmb@s: orhane kurbanov049@hum.tsu.edu.ge

bgdd©3s69e0: 0M85 KoJos
9-gmb@s: irmajiki@hotmail.com

SLEGHMJGO
23 3mbs  FoMm3mMmoagbl  mEMABoHIoL  ghm-9Mm B350 9bgMR9GH0IMIE

161


https://share.google/tUtIH9Iirm7Mpdz
https://share.google/tUtIH9Iirm7MpdzFN
https://share.google/tUtIH9Iirm7MpdzFN
https://share.google/tUtIH9Iirm7MpdzFN
https://pubmed.ncbi.nlm.nih.gov/1253543
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LmBLEBHOOGL, 296L53NMGO0 BODBOIMEMO 5dGH03MBOBS S BEMOGHMO IBHI0MMZOL
©OML.  3MbmMm3zsbo  FMBomdolsl gbgeool dmmbmgbs 9339Mo 0BMmYds, MOl
©5153054MBOEIGOWHE MMHR60BT0 0ggbgdls MmamGmE Lolbedo sGBYO A 3MBSL,
51939 2w03MA9b0OL  FoMoaqdL. FY3MBOL  F9ESOMOoDBIo FMOEI3L  Jero3MEODBUL,
39Ol 303wl O MJLOWIE0IO FMLBMOOOMGISL, Mo3 YYOOHMb3gwymals ATP-ol
Po68mddbsl My Mgmwo 9bgMaool doMoms gommb. ©aG30MmmM30L 0bE9bLogmMdOL
dobgz0m 033wgds  9bgMaool  fyosmmgdoa: dosero  0bEgblogmdols gty odolsl
30053 9LO© 398Mm0Yabgds e 3Mmbs, beagrm bsbaMdwozo @sdswo 0bEHgblogmdol
OML (3bodmz560 d553900.

L3mOGHTo  gem3mbol  I60d36gw™ds  Slg3)  ©9393806M9d oS  FGLMIEgdOlL
3999x 09U gdLMD,  OIMVEPOEIMIOL  FoIEYOILMID s sMEIBOL  3MELOL
BJoMmgdsLmb.  qaozmagbol oMo gdol  sBmfezs  ofiggzl gobozmeo
d9L5dgdMIGOOL  ©J390009d3L,  MoEg  3bMmdOWos  GMAMOE 9696089303 IO
30M0BoLO®.  Fgbodsdobs, ULHmMo 33905 o 3mbBol  ©mbygdol  Mgymes30s
960393690 ™35605 B3 3GI5gL0MbsE0, 515939 FYg35M¥o L3MMEGHLIY6gdOLMZ0U.

33930l 30Bsbos e 3mBol Grmeol Fga3eligds BoH03MMO ZsOX0ToOL O™

9596029303790 MHBOMB3gymaol  3OmEgbdo ©s dobo  2o3gbols  goblsbwges
L3OV F9YRIdVY.

153396dm  LoBYzgdo: agwmzmds,  969GRgBH03Iwo  dg@edmeobdo, ATP,
303m960, B0HB03IMMO IBHZ0MMNZs, LEMOEO.

dgliagsero

530D03NO0  35OHX0T0  ©395380M90os  9bgMRo0L  IMbIsMgdol  Ib0T369wM36
DOEILMB.  @mORB0DIoLIZOL 30 gdgos  LHOsgs ©o  9839dGHMGMe©
MBONB3ggml  9bgPgos  3Mbmgdol  FMBomdolomzgol.  gurmzmbs 53 3Mm3gldo
390G ME OHMEL SLMMEgdL, G50 ol Fomdmowygbl LHMIxs© bgwrdolsfzmd
96962000 figo®Omb.

33mbs  MmOHPsb0BIdo  Fo0Mgds 15339000 96  [oMImoddbgds gerozmaqbols
©53wol 8909250  (303mg6MmE0bHo).  3MBmMadLy O  ©30dwdo  IYZOMZOO
303ma9bo  2obls3MmEmgdom 3603369cm35605 0bEHIBLOMOO IBHZOMM30L OMU.
96962000L Fomdmgdols doMomso dgdsboBdo sGol ATP-ol Lobomgbo, Gmdgeroi bwgds

3 30mDob gsby300m.

d900mgd0

Bsddmdo  9g3mdbgds WO MsGHWMOL Jodmbogsl s 9OBYdIMo  Lsdg3bogHm
33093900l 5B5se0oDBL. godmygbgdwos L3MOEGHMWO BoHBoMEMYOoLs s domgodool

300500 gd0m  BoBoMgdmero 33103900,  OMIwgdog  gbgds e 3mbol
39390 oBalL, 9bgMAo0l Homdmgdsls s B0DBOIMMO IGHZOOMZOLIL MEMYBODIOL

954(3090L.
565¢0Bo IM0o3539:
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* 3@ 30D0ob 459mygbgdols 99doboDdgdl g3s6x0dols EMOH™U;

* 2039608 M@l 969600l F9bsbgzsls s dofitmgdsdo;

* ©533060m30L 0639bLo3MBOL gog3wgbsls gbgMyool Hysmrmgdby.

39093900

3393900 dobgz0m, g3mbs 9MOL doMOMIEO GbgMFool figsrm  Towsro
06@9bb03Mdol BoB03MOO HBHZ0MMZ0L MML. 3MbmNgddo SOLYIMEO Feo3MP9bOL
396520 256L5HBWZM3L 35MX0ToL bobYOA0Z3MBILS S 9739dBHWOMAS.

50dmPRbs, H™A:

* 203960 9993060905 03938 IVEOEMdOL LHMSG 49630ms69dsls;

* 3@ 30D0L JoLgds 39OX 00509 S 35OX0TOL O 599dx MdILYOL gl gdsls;

* Lobbwdo  q3mbBol  LEHMowmOHo  ©mbg  35083b6gwmgzsbos 33060l
5319694 300Lm30LG.

51939 OGO, MMmA  gbgMgool  HoMdmgdsdo  Fmboffoergmdl  Hmymes
56590000 (03 E0b0), 51939 959MMIMMO 3MM(39BJd0, Bro3 ITMIOWIONIE0S
53H3060Hm30L 3H03BY.

51336900

33mbs FoMdMoaabl 300E03Mws© 36083690m356 3m33mbBEBHL L3MmO GO
5JBHo3mdol @OML  9bgegBHozMwo  MHOMB3gymaob;mgol.  dobo  Gmeo
39bLO3MPMGd0m  FoEowr0s  0b3HIBLOMEO  HBHZMMZOLLL, MMEILSE  MEMRRIBOBAL
LEOR0 9bgey0s bLF0oMId..

303Mma9bol  JoM5g9d0l TgbsePmbgds s ge3mbol Lfim®o dofimgds bgwls
Mhymol:

* 30D03)MH0 353dgmdol BOEL;

* QIQEOEMBOL 49O IOS;

* 50960l 3MM39LOL gordx MmdgLGdL.

5303md, LB3MOELIYH6gdOLM3oL  603369eM35605  BIWHBLYIMEIO 33905 QO
9596029303290 HgbyOLgdoL LHmGMsw JsMrm3s.

999mggbgdIEwo wodgHad s
1. Jensen TE, Richter EA. Regulation of glucose and glycogen metabolism during and after
exercise. ] Physiol. 2012;590(5):1069-1076.

2. Coggan AR. Plasma glucose metabolism during exercise: effect of endurance training in
humans. Med Sci Sports Exerc. 1997;29(5):620-627.
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0630MHgdMEo 3EMM03m@IbEIMo MgMmgsbo vxMggdo (iPSCs) -
399496030 s 359myggbgdol 39MmLi3gdE039d0 Fom3sMowydol 0bgstd@ols
09000 ™3 M9a9b96Ms30s5d0

05050 JmBryemsdy
03569 x535b08300b Lobgermdol Mdowoliols Lobgedfonm Mbogzgdlo@gdo, 09o03E0bol

B23ILOIO0: V 39Ob0, X330 B;
9-gmb@o: mariam.kobuladze553@med.tsu.edu.ge

598035690 - s 3m3sergodzowo
9-g3mb@s: lelakopala@gmail.com

R G TORY; o te)

d0m356>0dol  0bxsMdBHo, B0bgEozs  MgMs3ool  Lygmmdo  dowHgMo
96039369c™3560 36MaMgliols, 33003 MRYds 10330W0sBMBOLY s 935MdOL JMt-gHm
905356 Jobgbo AbmBEomdo. ob 0f)393L 39OOM0M30GHJIOL FsLOWME 35635, O3
3ol J9BOMEMWOo  3OMWORIMSE0NWo bsGOL 498m, ROBOMDBMWOo bsfjodmmol
B59MY5e08900m5 O 2490l “93d56MHOLMdOM LMY YdS. 33MBIMIOL FHEMIWO(30MEO
9900900, B33 EPILOEIMO0M SMHOL IBIMYOWO, MOH0YbEHOMGOIMW0s Lod3EHMIgdOL
0oOmM35H9 5 MO 39RO Jum3owol  sOPIBIBY. 93  B0sMIHMgdO,
93MmM3096H0  80yMAsL  g3m035HMIL  0bEMEoMgdIIwo  3WO03MmEGHIBEGHMMO
09H™m3z960  MxMggdol  (iPSCs)  F9gdbmermaos, 306506  0dwgzs  0bmgzgszom®
9L OEIMBSL 3530960 Lo eo 2R M90I00b 1964300
39000M30m30¢gd0L (IPSC-CMs) dowgdobs.

dobsbo

653G0mdols JoBsbos domzsromdol 0bgs®d@ol 998ymad Mgygbg®siosdo iPSC-gdols
9mgdd9gdol  89doboBdgdol,  9dmygbgdol  mgMsdomwo  39ML3gdBH039d0Ls @
3060360 258mf393900L LoLBHYIMOHO Jodmbogngs.

d90Mm©gdo

3boeobo gi3dbgds dmem fiemgdol 9dudg®odgb@ e s 36M93oboz® 33wg39dL,
OMIWado3  YMoEgdsls  59sb30egd96  iPSC-900s6  F0©gdMwo  39MO0SMMO
X 90900l GHEobL3EsbEHIE00L 9B39JGHIOMBdSDY.

89©g3000

33193900  S@dLEGHMOYOL, M3 iPSC-CMs-0l 500696935 9mdxmdglgdl  gmeols
domEbgbs 35M3m3Fol goba3zbol BEMsd30sl. MgMs3omwo 9x39d@BHo 80093 Mmyme3
PR MIOJO0L 30630600  Bsbo3zwgdom, olg  3M53M0bmwo  sdBHogmdomn  —
935mbMIgdoLs s BOHOL RFogBMMgdoL 193MY300m, Mog bawl MPHymdl s6yomy9gbgbL
5 5930MOL  S3M3GHMDBL. 9EMEMA0MO0 [o®IMAMdoL godm, iPSC-gdo 56 of393L
00996996 3sbbl, 33, JobozN® 36M0dBH03500 500 BoOmm EIBYMY3ZL 5739MbYAL
5363060 MIfoROMdom  499mf 390 9MO0MIMYI6YWMdS s GHYMoGH™IgdoL
13mOI0M9d0L 3mE9bzowmco Golzo.

513360
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iPSC-@&9dbmemgos dom3smrowgdols LEAHOYIGHOHMEO Qo 196400
93MbLEGHOMJ300LM30L  0bM3s30MMH0  3EOGHBMOTss.  3wobogMe  3M5]E035d0
©sb9M30bm30L  153356dm  8B0T369MdOLsS MRl  gargdGHOmAgdsbolzmMo
dmadfoggdol Igomgdol sbzghe s 899D0MZgO BoJ@MMYdOL SIMBHIGS.

153356dm LoEY3z900: 060E0MIRM@O 3eM03mEIbEM™mo W HM3sBo Mx IO
(iPSC), 80m35601d0L 0bxsMJGH0, 39M0MI0Mm30EJd0, M9a9bgdmszowmwo dgoaobs,
Jumgz0m3zs60 06550696 0s.

99L535¢mo

2006 9ol 053mbgaro 893bogMol, dobos 058565358 xR, Mog30L 9ddMOMbIo
R0OOMIWILGHIOOL  M93OHMYMsT0MHd0m  0bEMEoMgdwo 3 IOH03MmEHIBEHMOO
©96™3560 MxM9wgdo (IPSC-900) d000M, Mo3 3EM03m@GHIbEHMO0Ls s 93089693 03MM0
UEAHIGHMLOL  MZoLIBOOLOM, doEbHg 3393 9IdOOMbME VIMHMZ6 MM gEIdL [1].
936058060905  0m3z5wobfiobgds LMmIs@me Y9I  3OHO3MEHI6EHMBILMD
53933069390 JOMOMIPO FHMIBLIOOREFOMWO Fo5IEBHMMGdOL («939@ 9L 9dmbggzsdo
Oct4, Sox2, K1f4) ©99Ju3609gLosb.

iPSC-0 999mygbgds 0993563 M0s Lbgosbbgs LgggHmbmgol. gsblszmmemgdryen
3960L39JAH0390L  2300535BMOL  e-bobbdsMgms  LoLGHGIOL O35 YBSMS
9mY0M9d530. EEILEEOIMBOM sOBYIMwo Tmbs3zgdgdol dobgzom, dbmzomdo
1033000056MdOL  TgbsTgEDg @S  Ymzgfimeme 20 dowomb  Logmabargbg
3900M3539WMOHO 993500909005  35Lbolidygdgwro.  dobgogs  0dols, GM™J
99000353963 MH0 960305 83300005  sbobyMdwro390L 3530963900l Logmabargl,
300l 38560H0LMBOL GOHMDOIOHM MHHOIIWNIH 0JMH305L s Fglsdwm 45639Mb7dOL
3ol AMol  BHEMBL3WBEIE0s  HoMmBMogbl.  33MMbswmdol  BHMOEOE0Io
9900900 MO09bEGH0MGO0s L0A3EHMTGOOL FoMMZHY S 965 O39MRMWO Jum3z0Eol
50965bY. LHmMgo dom356ME0Maol Mga9bgMe30meE TgbodegdmdgdHg 53530 gdl
496509l iPSC. 93 M) M9gqdl d9w9dwrosm ©o03gMgb3ombab 35MoMmdom3odgds©
@5 508xbzMsb  aMmol  GHMIBL3EDESE0LMSE  SLmEoMgdMEo  0dbmlm3mglools
L5F0OMYds.  65dOMIoL  Jog5M0  JoBobos  gobobowml ol 3gML3gdBHogzs, MOl
90356000130l 0bxs6MdEol 999amd Mgagbgems30sd0 iPSC-0b 259myqbgds 3300535BMBL,
39965 0BMb 5OLYIMWO EHOMIMWGIFOO O FIBLIDBWIOML MYMS30EO LoMygdgEo.

(936 maM3d0Md0L dgoMmEYdo

3900900, O®MIgdoE LeToGOHO MY MIIO0L iIPSC-9d5 Mg3OHMAMITOMHIOOLMZ0L
399Mm0ygqgbgl, 890dwqds  3LOGOEFOOEIL  06HIFHOMIBI© @5 IB306(998HOMHIBSO
d90020985.

0999 dopgdwo iPSC bsbgdol «dg@gbmds dowgdeos  0b6E9aMH0Mmgdswo

d900MEOom. Y39wsbg HBdoMms 459m0ygbgds HIAHGM20GIC0  29HH2H980. MYME3
30300, 30090 ool LETobbY MXMYGOOL 3¢sBINE FgddMbIL, Fgomfiglzl doGmM3do

<X O90L ©b63-0l %53300 06EH9Mm0M9d96 M93MIMAEMa06Md0L 29690, Mo3E 0blgMEoYICro
3mB93969B0ol  MHoLZMb ML 39300MGIMO. oM  5TOLY,  MYEHOMZ0MHLICO
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3993H™6900  bolosmYd0s6  GHG®bLYIboL  SMLOMEO  IMMRM63000 - BMOTSEME
3060Md90d0, HMOILSE YIXOIOO MY3OMYM TGO ONLOIGOL S VYMMZ6 LESEGHMLL
(iPSC) 9050fg3L, 956 g3oMmloo Tggzsboero gl g9bgdo  Mbs IMGOYMBML. o
QIMA635 SOOI, 30Oo 9bgd0 53Mdgegdab FMTomdsl, VX MJO 3563
3MBGHOMWL, 39056 ©ORIMHI6E0MEIds s 353096GT0  F9IBYMAZ0LL  Foedmgdbols
A9M5@GHM™ISL.

69GHOM300BE0 d9gonmols MBog3ONbm S B 9eMbo@ 0350 d9040bs
36506998 M33029¢m0  Jgorm@o, MmIgeoa MXMITo MHg3OHMYM30Md0L Bod@EHmMgdol
39939658 296mddo  0bFgMo300L 25690 4300035DMBL. 98 MML doM™M3do TJgE0b
POomwo ©bd-ob Imeg3Mwgdo, GMmIWwgdog sOLYIdMINE sTMY30WIIWSE OMYME3
930Lmdgdo.  MXMJEO 5T  EOMIPBOMO  [YsMHM©Ib  300bMEMdL  0bxgm™MBo30sL,
36OHMEOME0MIOL  H93OHMYMT0MmgdoL  30gdl s 0fygdl gmM3zs6 Mxcgs (iIPSC)
39M5ddbsL. Aol G989, M3 YYIXMIO MY3OMPMSF0MGOSL SOOI GIL S I0[YgdL
06@9bLomE 2ogma3sls, gl MEbm 2969GH03MMO ooy gmzgwo gogmaxzobsl Lmlidwgds,
D9300905 5 3MEml LGS JEr0doboMEIds. 39gao©, B30 300gdm iPSC-ls, GMmdrol
396m3o  bgermbargdgeos. 98 dgomom 0blgMomeo 3930y gbgbol s Lodlogbol
39630056900l MHob3o 69wsdEg 30MEYds. MLITRODMGdOL B0bgEs350, 53 dgomEols
©0EILO 65300 3M0GH03MWO VWO 9BIJAHVIOMDOSS - 306506 ggbo 96 MOl
530Jb0MGdMYo  JOMAMbMIsdo, bJoMsE 0dwgds 035Bg S, 30O MYXOHIOO
9360530609008 EolEGMEgdl Jmabfitgol. 10,000 »x©Hg0sb Fgodwrgds dbmemo
9635 dosfhoml iPSC LEo@mul.

50 IOM3MEGOIMS POV IbO, 2013 Fgurls 393060l MbogzgdloGgBdo 890vds3s
93069 9m939900L90 F90YIM0 JPMY35M0 ,,JodomMo  3mdGHJow0”, GMIgEds3
4m39a3500 496930300 BsM9g30L 206M9dg d9dwm moa30L LeMBos@GMmo MR M9IdOL
LEOHYERILMZD  PYOHMZ6 MY MJOIOs©  FMEOROE0MYds  [2]. momgdolb 9 Ferol
2960030mdsdo, 3960 bgMbadms 98539  FJOMPO®  55T0BOL MK EOIdOL
693600 6(50060935, 306500056 0lobo boliosmYd0sh dowosh dgsmo g30a9bgE03MM0
dgblogemgdom. 2022 (gl 3OMmRILMETs  ©9bads Tmoambgds doowm  b3wro39d0L
93969605300l MBsM06. MMmEILsg b3zl 3MEL 9FM056, FHOWMDBOL  SEYOWSL
OO0 DBOEILOMO  MYXMJOII0 30 9O 330090050, M09 2960306
3713963000060905L.  0LObo  OHMYBO” Q50D 13305 FEYMTsMgMdsTo, ol
990000353 9boeo 370 0BMEYds. ©gbads dssbos, MH®A ,,JodomGo  3mddEHgowol®
153995¢090000  5@5F0bOL MXMIOE XIO FMPWIEME  3EbGHOE dEYMTsMYMdSTo
65 2959943965 o TbmermE sdol 99dgy d9godergds ol LobIMZ9E X OIOIO
0xR9gM96(3060905L [3].

3900 I00;309900L ©ORIDI6505;305

0603060900  3eG03mE 0G0 ghmzsbo MxMggdol (IPSC-gd0) dowmgds
961535000 Bb35sb3s 3Ho3ol MRMHIE0L sMOL Jglodwgdgo. 35GMEO0MI0ME0EGJOS©
O0RIM9I6305300L Y39oBg 35050 9BIJAHVIOMOOM 35MPOSXMMO 3OMA9b0EMOHYIO
X 090900 bollosmgd0sb.
iPSC-900bL 390::0000m30Mm303)Jd5© 356M©ogdbs in vitro 306H™d9ddo 0dgmMHgdl 9ddMO0MbIo
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396300006900l  93Ho390L.  dMMOGMEM05d0 53 Fggaol doLorfigzs 3 d0MOMSO
99000 SOLYOIMBL:

o 990600 wo  Bbgmws3gool LBoLEGHIIs - ©IOM3D MXMHIOIIL 505319396
139309H Lombgdo 8 oL obdsgzemdsdo. oliobo Jabosh xgM 3sGsts Lbgrars3gdl,
3900099, 39-16 MOLM30L BbWYds MXM9gEIO0L 396dMEgdO s Yoe0dYds JuM30Wo.

. 9603M0560 3MEGHMOS - EOILEOIMI0D Y39ewsDY godmygbgdso FgoMO..
37)obbIMBL YR MIS §gMH0O TOHOL QDML 9GOl Bobxbol BL39MDY.

o 0b6J30mo  3m-3M9GH03060985 - 953060l gmMzsbo MR MHgIdOL
33900 5mo3B909b ™sa30L Mol AOLOL YR GIPIOL, GMIGdoE FodMmYmRab
3900M30M30}HJOS© ©ORBIO63E05300L  LBogboegdl, ™Id3s, g Fgom®O d39e0 o
bo3agdo 989JONO0s.

030Lm30L, MHMI MYXMHIOOL ORIMI6E0530s BMMg© gmErol bsbom FoModsHmmU,
9936096900 OHMOL 3636093 FMbs3390080 X MIIOL 5)3W0s0 3 doMomsE HBOOL
BodBHm®L: BMP, WNT s FGF.

J BMP - Ls{gol 9@s3Bg 9960390Loecrmo 0gemm3zsbo 1xMqgdll 99bmogemdso
39654360l 396 ©d0dygdL.

. WNT - 99bs89 ©@mgl Lobxs®sdo 9ds@gds WNT-ob 0b30d0@H™mM9gd0, 6omd
Loabowo  HOdMZML O MXMIO  LBOLbEPAsMP35®, bofarsgzo 96 dzwo@ oM
39650gdbgls [4].

J FGF - 9gb3s6gds ool (jobsdmMdgo mxMgoqdl, ®md o0b@gblowm®o
3996530 b9b, Goms Bs3MmYs0dEIL IeoLm30L BoFoM™ Loliobs s Bl 3gEgdo.

MIXOIOS  BHOBL3bES3050g  36033bgem3sb60s  ©ogMhdmbrogm,  H™I
3905L56gMa0 FsBaerols 100% 5oL 39MmEOMIOMEFOGHI© ORIMI6E0MIOME0, 306500
Bs®bgbo  gHmzsbo  YxGgol  353096¢0L  Lbgmdo  dmbggMs  Lodbogbol
3963005609008 MOL3gdMb sMOL 5353006090 ME0. 35MPOMIOMFOGHMS 3M3IWSFO0L
0DMWoMgds  3MM03mBHIBEGHMO0  WgMHM360 WYY IO0ID Tlodwrgdgwo  gobs
13930803795 35M0MI0M3E0GJOBY 9dudMgLoMgdmo dsM3zghgool (EMILIN2, SIRPA
©> VCAM) o0w96@0x80300900m, 653 RmmOgbzobgomw  sb6EGHolbgmwgdols
259my9gbgdoom doowfgzs [5][6].

350996985 Jo235(00900b 0b6756G9H0boz0l

903560001930l 0603560JEH0LIL Mol §30609306M3560 sGEJM0s 0bTMdY, 5569050000
390939 ©©MBIBOE0 B0E05MHPMBOM 35MEOMTOMEOE0 JMmIGDEHIWMMmS® 3300905 S Fom
505l Fbgds MLogmabarm, MImddgm bsfodmmo 649 BodGOMBMo Jumgowo.
BOHEILOO 500530560l ol 3MBML 3GIME0RIMSE00L MBsMO MOl 56 2558600,
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53039096 1-ro  BHodol  3mmoggbol  o@MoEsdo, MMmIgEbsg 939609096 dsgJmbol
65393%9 [7]. 30650056 d500gJmbo Lolbeds®M390000 yzgamsby dosMo Bsfoeros, 3sb
0©YOWMO®© 35933905 2osbgyowo Mxcmqwgdo. 8 3306M0L 9999y, ©9303096¢3)
35399330 s530JB0MEs 3ol 356360l BESJ300L 833900M0 2oTXMdILGdS S
35MEMA0IMH0 M9IMEIL0MHO0L ©ogzgomgds [8][9].

©EoLsmM30L, LBbgo@slbgs GHo30L Mgmmzsbo  MXM9EIooL  MbsMo, sMoER0bmb
0653503430900 o, Jgbfogeroos MMM 3b™M39gwme  dmEgergddo, olg

5Q580560L 300060396 3309390d0.
2020 Hogeob 3OMmxgbeme omdogzo Logsl bgwddw3sbgemdom 3530960l by

39005536091 0.1 8oeodg@®o Lobdolb 3 3D 3s@bo, GMIwgdog 890353 100 dogrombsdg
iPSC-35600m30m303L. 35309631  ©58qbodg ™30l 256d53cnmdsdo  0bEgblowmGs©
533060©90Mm©b9b. A5bgMYOoMTs MY M0 LogMdbmdws 8gsd;30609L oM 3bgbs
35639930L H9IMOI0MmYds s 3997691 35U3MEIMOBEOOL 3969d0. Fobgsgzs 0doby,
G0 X O9gooL Bofforo MMM gobdsgzwmdsdo M9303096GH0lL 03Mbm@Ts LobEgdol
9096  gwodoboMs, domds  9n9dBHTS  353096@JOL  Logmabarg  Fgmbs®BMbs @
A69bL3E6ESE00L LoFoMHMgds WO HglMmyosb sdmomm [10].

90bgo35©  M3BH0ToLGHVIM0  TgIRJO0Ls,  SOBYOMBL  B3M0YMHGdO,  MHMIEGOO3
5063090l 06EvE0MYOMWO 3WMH03MGHIBGHWO0 WIOM3960 MXMIIdOL JwobolwmE
3659303500 ©obgc3oL. gl gmerolbdmdl bsMBgbo 3 MO3MEGHIBEMMH0  Vgemgsbo
X OIIO0L 359 BHgeoGHMIol  BMO0MGOOL  LOBOMbL s 9MO0MAMYEMEMBSL.
3905696000 MXMIOId0  Ymzgwm3zol 3960 sbgMbgdab  dsldobdgwo gm0l
909JHOM  HoGIMb  LBobJOMBOBIEoL, o3  3903MFMZ60  BHOJ03OM©OOLs
35309630l 9Es®o  Logzowol dobyBo Tgodwgds  Aobgl. LHmeMgo sdo@ma
3603039 3603369em35605 ©0RIMG6E305300L 8353600 8x035¢YMMHGMdS @S J2ICol
3063609GHo Bs36930bmM30L b3gE0B0IMMO J5MmOMToME0GEHJOOL d9Jdbs.

L3365

dom3smomdol 0bxgo®mdEHol  T9damd  M9ga9bgMogosdo  s@sdosbols  iPSC
A9dbmemyosls
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960393690 ™m3560  amdom@o  3OHMdEgdss. 030  30MaMEgds 35306,  MmgLss
0543960900  b6E0d0MFGH03900L  0dsm  BYMIbo  bgdosb s  0bggdisogdol
939Mbomds  OHMMEEYds. 3OMdgdol  doGoms  FoBgbgdl  Fomdmowygbl
3b63030MmEH03900L MmO 25dmygbgds, M30m939OBIMdS @S F3Obsermdol
BosMg30  90939d0. OgPolEIBGHMo  d5dBHIM0gd0  BOOL  3mLdoEHswobsEools
bobaMdewogmdsl,  93MMbsgrmdol  boGxgdls s 103300W0sbMdOL  GOLJL.
39653 gdM BogO®Mbgl FoMBmowabl ,wY39MHdIEJM09d0%, MHMIgdoE IMI35wo
3b630d0mEH030L 03O 453dgbo  56056. 95EGH0BOMEH03IMOGBOLEHIBEHMDdS Logmmbal
4dbols JoHG0sl, GHEMBLSIBEHMEMA0LS O MbIMEMYOsL. 3GIMdEGIoL Fg30609ds
d9L5dgdgE0s  56EH0d0MEH03900L  M530MbIMmO  A5dmYygbgdoms s FMLobegmdols
0b6x3mMH3069dMEMmdOL QsDOHO.

U53356dm  LoBYzgdo:  s6EGHOdOME0ZMMIBOLEHIBEHMBS,  BGHOdOME039d0,
0543960900, 068399305, 369396309, LEBMYOOMYIM030 K S6IOGMDS.

d9L535¢00

3630d0MmFH03900L  50dmBgbs  dg0Eobol  36033b69crm3zs60  Jo(gzss.  Penicillin
399y9gbgdsd 99593065 06939J3099M0 99350090900 25dMf39o  10330W0s6MdY,
0930 36&0d0mEH03900L NOMHYOIIM 2590y9bgdsd 359M0f305
363080MEH030m609BolEbEGHMd0L 253039 90s.
3b6E000mE030MmM09HBoLEHIBEHMDdS Mol 05939M0900L Mbseo, 395MMRb96
36¢0d0mEH03900L dmgddggdsl. World Health Organization 50b03653L, H®A gl 36:md¢0qds
LogMMbL ¢93bol 0653930900l I39MHBMBIL, JoMMMAOLS S MBIMEMYOSL.

d90m©gdo

659OMdol  IMIBOEYOOLOL  25TMYgbgdew  0dbs  o@IMeGHMGOl  dodmboggol
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MmO560bs3E0gdol 93396530900 Qo 056539000 M39 33093900
36¢080mEH030609DoLEGHIBEGH™dOL Fqlsbgd.
0653m®35300L Fyo6rmado 259mygbgdemo oym:

. World Health Organization ©93m3896@530900;

. 06933993060 59350090900l s J03OMBOMEMY00L Lobgerddmzsbgwmgdo;

. Lod93609MHM OB gdTo godmd399bgdmwo 33¢0g39d0.
33930L 3OHM3gL30 Qoobsrobs:

. 36&000mE03m09BoLEHIBEHMBOL 45dmdfj3g30 JoBgHgdO;

. 05990900l MHHBoLEI6EMOOL A5b30mMMgd0L T9dsb0BIgd0;

. M9DoLEGHIBEGHMIOL 2530965 LoBMYSMYGdIMH0Z K SBIODYEMBSBY;

. 369396300 s 3bGHOMEoL mbolidogdgdo.

99@g39%0
33093900l 5bse0oBds 96396, M 963H0d0ME03MMGHBOLEIEEGHMIOL 49B30msMgdol

do60m50 30DgBgd0s:
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. 363030M3H039008 M300b939MH0 259myqbgds;

. 93996b5¢md0l 3MOLOL bss®g30 99HY393)9;

. 30600 06939930900L COHML 9BEH0dOMEH 03930l SMBLHMOO ©sb0d3b6s;

. 36¢030M3H03900L GommM 25dmyqgbgds Lmgeols dgmbgmdsdo.
5006y, MMd  MHYHBoLEBHIPGHMWo  B5JBHIM0gdo  Ib0dzbgrmzgbo  YMMMEgdIb
0b6939930900L 936Mb5EMdsL s BOHOsb:

. 330 GOE0B300L bobOA03Mdss;

. L5990E0bM boGrxgdL;

. 39M0909080LS S 03Z3OWOIBMBOL MHOLZL.

51336

36G030MEH03mM9)BoLEBHIBEGHMdS  FoMBmoagbl  armdowre  bYdgEoEobm o
LOBMYSOMIIM030 K IBIOMGMOOL 3OHMDGISL. dogdEHgMH0gdol DGO CHGHBOLEI6E™MdS
5930MgdL  96GH0B0MFH03g00L  9B9gdBHMOMMOSL s  36033bgermgbs 50 qdls
0683943060 ©99350090930L  839MHbsEMBSL.  3OMdEgIol  JoMomOO  godmafj3g30
339dBHMEOJO005  9BEG0d0MEGH03900L  SMILHMMO  250myqbgds,  13000039ObseMds o
3693963090 ©mbolldogdgdol 565B53dMOLO (339

36&000mE030609B0oLEbEGH™BOL H0bsswdwgy dGIMEOLMZ0L s30egdgE0s:
. 36&0830M3H03900L Mro30Mmbsm0 259myqbgds;

. 9Jodol ©930896o30900L ©Vs(339;

. 030093Mbsenmdol 9930609d;

. dmbobEgmdol 06x3mMH30MGO)MBOL QoBOY;

069139J309d0L 369396305 5 3MBEHMMEO.

dbmmE  LYYOMSFMOOLM  MOYIBOBIE0dOL,  BsdgoEobm  3gMOLbmbowols o
LOBMPSEOMIOOL  9OHPMOE030  dogrolbdgzom  0dbgds  Fgbodegdgo  s©bodbmero
36HMdgdol Jgd3060905 s 96EH000MGH03900L 9539JGYIOMdOL F9bs®BMbgds ImBszswo
05M900LmM30U.
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PCSK9-0l 0630800985 @5 063¢00b0oMsbo: LDL-C-ols 0b6&gblom®o
099306905 500gMHM3EgOHMBMEOo 35MEOMZL3MEMMHO Holgol dsOmgzsdo

60bm b690bsdg

03569 X% 53560930¢0b Lobgemdol Md0Eolol Lsbgwdfoxzm «bogg®bodgEo, dgoiEobol

B3I HIO0: 89-5 3OLo
9-gmb@o: nino.nemsadzel23@med.tsu.edu.ge

b9wddm3zsbgao: gges 3m35¢g0d3z0eo
9-g3mb@s: lelakopala@gmail.com

LEGHMJGO

SM9OHMBZIOMBMo  Ae-LolbEdsMO3MS 99350 gdg00L (ASCVD) doGmm35do
Q905¢0 1093360030l W03M3OHMEHJ0bgdol (LDL-C) bsdoBby 9s639690gd0l dowfggs
3303 399m)39350 MBgds. BHMOIPOEOMWO MYM3305 BEOGH0bgdom bIoMs 6 GO
153956M0L0, M6 olobo dsGoEmJumws BOHPOE PCSKI 30wols sd@o3mdsl, Gog
5dw0gmH9dL 3000l LDL-693933™M900L oBmbmdme ©9gacmeogost. dmEgdoe
659030 gobbowos o030OHO 33wl IMg3Go dgdobobdgdo s PCSK9
LobFgdsBg dmddgo 0bm3z5309M0 MYMS30IWO LTS GdYdO.

dobsbo

PCSK9 0b630d0@&™mM9d0L  (dmbmzemmbmmo  sb6EGHolbgmargdo) s 06300Bomsbol
(siRNA  og6Ms305)  0mgddggool  dgdebobdgool, 3wobozm@o  B3zgbgdgdols o
993993O™dOL  dodmboergs LDL  Jmegbdg®obol  Msds@en 999306090585 o
39000035039 M0 Mol 3gdol doGm3sdo.

do6M0mdo bsfjogro

6590330  ©YGHIMMO©E  5MOL  sfgMOowo  39353HM3039080  dogr0sb SO
10933600308 W03M3OHMEHJobgdol (VLDL) de novo Lobomgbobs s bg3zmgzool g@sdgoo.
3obbomos  mMo (994360  RMBs3mwmyo®o  Jomds:  dmbmzwmbmmo
3b6EoLbbgmEgdo s 063oboMsbo (Inclisiran) — 306390 siRNA mgMs30s.

390093900 ©5 3¢0b039M0 36033690MdS
3wo0bozmMo 330939008 (ORION  36MHmaMsds: ORION-9, 10, 11) dobggzoom,

35gdB0BsO LGOGHObMMYMs305Dg dgmg 353096¢9dd0 063c0B0MBs 337MbsEMdOL
15 o30L ®93%g 9BOHWMb3gegm LDL-C mbol LEsdowmMo, 50%-bBg dgBo 3wgds
35390MmLBmMb  F9sMgd0m. 3M935M5¢0 bolosmgds bobyMdwogo dmddggdoo s
L5F0OMIYIL Fgrroffodo FbmemE M Jgdsbs®hMbadge 0bgdizosl.

13365
PCSK9 300l d¢om3069ds, oblsgmmdgdom siRNA @gdbmermyoom, Fo6dmaowaqbl

930306 30ymdsl odo)® d9bgxdgbGdo. ogo MbBOHMBlgwymal LDL-C-ol
95Jb0doEME 30EMIBLL M9(393BMEM-09000MGdMWO FDom, 593900090L SMYOHMYIDICP
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139396% 9O -3oMMEMPO5L s FB0I369M3gbs sBXMDYLYOL 353096GMS MgMmI30E
3M33¢59bLL.

153356dm Lo@Ygzgdo: PCSK9 0b630d0¢m@gd0, 06360006560, LDL Jomabdg®obo,
siRNA, ORION 33093900, 50096mb3gOhmbo.

doM0ms0 G9duGo
PCSK9-0b 0630d0¢™m6Mgd0 §o6dmo@aqbl Jmegli@gmoboll mbol 89dsd306Mgdgwo

9900035996¢)9d0L  3o3dl,39Mdm@, 59d30MHgOL dswo 103300308 03M3OMEHJobydOl
(@b / LDL) 6Gom@gbmdsl, MHmdgebsg bdoMs® 310" Joeab@gemoblss mhmgdgb.
©3000  259m03v)do390L 30l  Lobgwmgdom  3OM3OMEHI0b 36396 @ 0Bo
UBEOoHob/3gduob GHodo 9 (PCSK9). PCSK9 s6929wo6mqdl m®mysbobddo bier-
69393GH™OIO0L  MomEbmdsl. PCSKI-0L 5dBHogmdol 353gds  3m69ws305dos  Len-
JegbBgeobols (LDL-C) @mbol 5(g35b096. 53mbdi00ol 39deogdgdols 1393053032960
313530990 0§393L 59AHMLMINH-M0BBEHMEO M) sbmem 3039Mdmwglidgmobgdosts. gb
3965036900  bobosmgds  LogMdM  JMEglBgMobols s LE-JMEglGIMobob
"300OqLs  dopogo  39B3969dgdom,  Bos©Mg30  sm9MHMUZEgOHMBYIo
LobbedsMP3M3zs60  L935JdoMs s TYgbgddo JuobmMIgdol FmEOToMgdom. sdol
Lo30MmOL30MOME, 00 306M9ddo, MMIgddog PCSK9-ob of@Eogmds d99300M9dwos -
5006036905  JmeglBgMobol  WROM  EdOWo  Mbg s 39MPOMZL3INIMHO
Q055350098900 25630056900l 9830609090 Mol 0.

Jegli¢g®obol bem®dserm®o dgEsdmemobdo

dELE-0by s  ©LE-ol  doMomso  v3M3OMmGHgobo  B-100  LobomgBomgds
39353)M30GJO0L  gM9bMEsmME  9bEM3EsDBING  B59BY. w3  9BHOMIW BN
050)bg  bgds  dELE-ob  ofjymds. 83  3OMEgbol  LEGH0IMWL  FoMmBMoIbL
3659 9M053030609090 3H0dM3560 8553900l 3mb3IBEGHME00L FoBgds. gb 396513690
®30dedo bgzgds Lolbwom, s6 0d3g LobmgHBEYds. LML SGVMYHIOO0R0EOMYdIMWO
3b003m3560 8553900 Fo6dMo9bL GHM0y039MH0©Yd0L JoM0Ms© FYoMHml. 0bxgzmEMmo3z0s
3659M9M0x030090wo  3bodmgsbo 855390065 S GHMOYO(39MH0IdIOL  globgd
d9Lsdsdolo  Lologboswm gbgdom 250593995 FMBMWIBIME 9BMIWsBING dowbHY
5OLYdME HOdMLMIGOL,M3, 0308 IbOOZ, [oMmdmoygbl Loabsels Apo-B100 0ol
LObMIBOL  IBEPYgdO®.  ILObMYHIOMEO oS  gPM390s  AMBMWIHMWO
96@M3wsBdMmO  dools 9g8dMsbsdo. sl 98Iy, B3 (oS  MOHMDOYIMHIIGIOL
3mbRMEW0300JdMb, 898065600 Bgds 25603390 MBBOL  e8myYma3s,OmMmIgeros
5oL BHmMHgo  wodm3OHm@gobmwo bofogszgdol Hobsdm®mdgwo. d90amad 93e3dy
BOWS-BMLBME030MM0 3m33¢gduo bggds w3 9bEM3WsBING d5gdo, L3
“OH0JOMJIJOIOL  BHM0RW0EIM0EIOMB s JIHOBOEF0MGOI  JMeglBIM0bmIb,
6oL 999953 9o Moo BLEGHOMIGHWOMWO 2MPIJIBYdOL FgIPI© BMOTOMOIYdS
9.0, ©300536090900  0o3Mm3OHM3HJobgdo.  obobo gm0l 539MOEHOL  SMbYdOL
©obdoMmgdom  bgads  193MIAHMOME 3903 gddo,  OHMIGE™MS  IHTIMGIOM

39099OPOEI0S  MXMJOOL Bg3060390 O JABMEFOEBHMBOL gBom  FodmoymRs
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ol LogM39do, bmwm 53 35655369006 LobmLmool Logmigdo, Looz bwgds
AbE-96 93m3MHMEgobo C-U A5IMEHBs s LHdMEOMME IELE-0L BMOAOMYOS. 5T
95050bGHYM0M9gd  LobGHYdsdo,  OHMEILSE  MIXMIVO  ELE-MYEISGHMOVWO
B®docrmMo  gboom 9@ JmeglBg®obl  dmobmdegl,  Jmergldg®obols de novo
36OM©MJ30s  930MYds, 999,  LE-MYE93GHMMIOOL  doge  dobo  sm30Lgds
310909 mdlL. 08 d90mbgg3580, HMEgLYE ELE-0L ™MLY 49BLOIMNPMGO00 ToLow0s b
39b603OL 0bgm FMPOBO353090L, MMPMOOES JE03I530s 9B MJLOWS(30S, 0o MBOM
99>  0My30wos PO PYROIEIPPBY  sOLYEYO  13IIZIBXIO-
©9393GHMOMo AaBom Jmsbmnddolzab, Moz 0fi393L sMYOHMUIIEIOMBMO FmEsdqgdol
396300056905L5 @S LOLBEASOOZMZID FoPMWMYOJOU.

9600369035605 00 3063398300 495BMYds, MHMI ELE-MY393GMMJd0 dI03Z5©
396030056 M9303w0Mgdsl MY OHgol  Bgs3omby,  Loss  obobo  33wsg
3930060090056 @5  250m©936056 9@ LE-JMeEglEBgMobl. PCSK9, ®mdgos
3935¢)m30GJd0L  3MMm©NIBHos,  g3mB0MEIds  3sHBdsdo,  MgMmYds  ELEV-
©9393G™MOL 5 byl MFYmdL doc WoBMbMING ©EIYMIIFOSL.

LAHOG0b900 5930609096 HMG-CoA  6H9md@obol  5d@G0g3mdsl, 6Mog  0Mymbogls
JegbBgemobols  LObmgBL.  5353OMMWSE,  9dW0gMHYdL  LE-JMeEglBIMH0boL
30MgbLL  5655009MmMA9bMwo, ®9393EGMM-0900M9dMwo dBom, GOl TJOIROIWI3
139396%9M-3Bom  obmddobomzgol  bogargdo  LEr  ®Rgds.  ®MIES,  LEIGH0bYdO
39659 )MHo© BOE0s6 PCSK-ol 5gd@0gmdslsg. PCSK9 0630d0@m™mMgdl, Gomams
09Lo, 60365396 08 3069doLMZ0L, MHMIEGdOE M339 009096 LBESEH0BYdLS s 9HBYEHOTOJ,
099935 8500 JMegliBgmobols mbg X9 30093 56 BsAMLIEs LdoBbg JoB3969desd@Y.
obobo, s1939, F90dEgds obboWE 0dbsll BMaMOE Se@GHIMbsEH03s 00 3oOHMDomM30L,
30Lm30L53 LESGH0b7d0L b6 9H9EH0B0dOL oWYds F9mAEGdY0 (399860 @b MDdY).

PCSK9 06300d0@¢™M930 93130390405 08 3060900Lm30L, Gdwgdlsg sd3o FH
(ax5b96m0 3039MJmegligmobgdos) o:

* 50 54300 E-LOLbEEIIOPIZMS 835D, MMI3S F500 ELBE-JMEglBYHObol
(LDL) ©@mbyg 50985&9ds 5 80mn/go-U, 80bgogs@ obgmo 39w0035996@ 900l dowgdobs,
MMaMmO035 bASEGH0b9d0 s 9BYEH0T0dO.

* 54300  IIEGHWMMIOMO  A-LOLbLEAIOOZMS  9939®0YdS S  Fomo
©UE-JmegbBgmobols (LDL) ombg 5098s@gds 3.5 80men/gn-U.

9L 9900359963900 51939 IBHI0EIOME0s 08 30609d0LM30L, HMIWIGOLSE 56 59300
FH, o9d3s 509608690500 amemols s Lolberds®emzgdol  o@aldMgdwyemo
350MEMQ0900. 8500 603365 Fglsdergdgaros, ov:

* 309399369000 ,,0505¢0 MOLZOL” XFMBL S MJ3960 ELE-JmerglGg@obo (LDL)
509353gds 4 9dmen/e-b. 05050 MHob3o“ 60dbogl, MM  goo@sbowo  yodzm
dom3smodol 0bxsddEHo,  00ymxgdmEom  Bss35IYmuMIo  9GMLEHIOOLMO
UEGHIOMZIMO0m  49dMP 390 330300l 45dM,  BIGHIMJOMEO 45300  olgmo
36MHMEIOM, OMAMO0(355 SBR0M3EslE03d 96 BEGHIBGH0MYdS, 459300 el JOHMbo3Mwo
Q553500909, 2500539600 0bleE0 96 39MH0RYMH0MEO sOEHIMH0JOOL 9350 ds (PAD).
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* 9093736900 05056  Foporo  MHoLIOL®  KAMBRL S  d3960 LN
Joegbdg®obo (LDL) 5093s¢9ds 3.5 38men/@o-b. ,,d5¢0sb domsgro Moligo” 6odbsgl, md
3Jmbosm  Bgdmom  BsIMMZWOWO  ©s935©0JOd0L 56  F9gINb393900L  FMHZEXOMBOMO
930DM©O, 6 254300 BIMMNMIsLIE900560 (3OIMYMILOMYO©O) FrE-LolbEdsMIMIMS
Q9535@900.

583-0b  LOLLSMOLS s 09000359963 JOOL  LooggbBHmd (FDA) o593 303> PCSK9
0630003H™mMm900L8 MmM0  3H030: SWOMHMIMID0, G3MWM3MIsd0. b SMOL  LEMESE
5Q5305699M0  dMbMm3Embmmo  sbEobbgmegdo, GMmdwgdog  Lobberdogg dmFog0b
530 RBse  PCSK9-L. 5300 olobo bgwl ¢8wosb ©933@GH™Mm9d0lL  ©9ace@ogosl,
D056 LDLR-930L 9du36M9Lb0sL 39353™30(3)JdBg 05 06535@Hwws© $de09gMgdgb LDL-
ol 3e06M9gbuLb.

0b6300boMmsbo

0630006560 s®0Ol 30M39e0 S JOHMIEIMHMO 30609 0b3HYHBIMIBE0Io MbJT
(siRNA)  ogMs30s LDL  Jmargl@g®obols  99b59306090¢s@. dobo  bo3omwy®mmds
9 M3oM9mdL 09580, OMI ol dmgdggdl "Lomsgzgdo" — 4969E03MO MbyBY 30Ol
LobmgHOL derm30MHgd0.

063000b06m560 139308303965 3538060905 N-53930wowdEHMmbsdobl (GalNAc)
©5 30000l YxMHgEIdol  9930Mbsbg  9OLYGIME  SBOSEMAW0IM3OMEJObE
©9393GH™OL (ASGPR) (Kosmas et al., 2018). GalNAc {s63mo@p9bL Bobdo®{igemgsb
dng3Msl,  GMIgwog  9dwogmgdl 0630 BoMmsbols  5x30bMOMdLS o
13930580329OMOL ASGPR-0b 8035M:0; gl 356553690 30 5M0L BYEI3GHMM0, GMIJEos
39653060Mmd90L 3000l MxMIEIdI0  E03Mm3OMBHJobydol  9bmio@mBL.
3935¢)m30@ 90830 dgnfgzol 9999y, 990035d96@0 M3953806Mads Mb3-0bwmEocMgdem
3995Bm39dge  3m33¢gdul  (RISC). RISC oGm0l  3omgsbo  30m83wgdbo, GmIgaros
50m0@Ebmdl o beroBsgl  LsToBBy  FoB®ogmer  ®BI-L (MRNA/IGBI) dzocy
06@ 9653900090500 MbI-0ol (siRNA) d9aB6Mm0 %5330l L3 dzgEdy. 5853OMNIMS,
3b6GoLgbLMmOHMwo  xo330lL  9839Mmdom, 00 93953006MEYds 0d AMBI-U, G®MIgwos
53m©0M9dL PCSK9 30sl, Msg ofh3g3b PCSK9 ool 36Gmwydiool d9d;3060905b.
dgLsdsdobo, PCSK9-ol  36Hm@daool  9993060900m,  06300Bo6sbl  dgderos
39990gmHML ELE-M9:393GMMYd0L 9gJB3MLOS S IFOoML L -JMmeEglBgMHobol mby.

063000b06560L geHmxgMH9©0 MmBol Jowgdol 999wy, LE-Jmegli¢gHobols mby
Q9bermgdom 50%-00m 999300 ©s 9B 989dEH0 6 ™399 bsMbbgdms (Barale et
al., 2021; Miname et al., 2021). 50b560365300, &0m3d RISC 0656061690 5gE03m0sL d6-E3-0b
©936505300L 899953, 30b03MO0  989BHMIOMDS O MLIFODBMYdS  BoliEgds
3396000 IoBI 390056 JemdIE 3OHMYM535d0, MMIgEog dmo3sgL III i3sBob, mGmIsgs©
0635, M3BEMIOBIOIMW, 3e5(390M-3MBEGOME0MYds© 300bo3ME sdmi39gdoL (ORION
3393900).

3693505¢0b  dogem LDL  Jmegbdg®obol  93394¢Mo 8993060905  w930653)gLo
Q99ILEHMEMS 153> MbdgbEGHWMTs 339350 — ORION-9, ORION-10 s ORION-11,
Gmdwgddos xoddo 3,660 35309630 dmbsforgmds. 33wg3s80 BsGomo 3069d0l
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94%-%g 99BH0  39MOEYMIMOE 0090 FoJLoToEIMSE  9BHIbY  LBoE0bgdol
096053055 96 Ubgs  03000935933060999¢  99035996GHOL.  BsdoBby X YMBIOL
0o0m596bab MMam®dE Mmxsbwmemo 3039MJmegbgMobgdool ddmbg 3oMmgdo, obyg
353096H900  ©OILGHNMMYIMO  sYOHMUZWGHMbBMo  e-bolberdsGm3ms
593500900 (ASCVD) b dobo 29630000900l domowo  Mobzom. d329MHbsermdol
©50Yyg006 510-9 @mal, Usdogzg 33wgzsdo dbgogLo, ULGsdowMHo  89wgaq00
©5830JLOME: 063WO0BOMIBOL ¥ AMRT0 ELE-JNEWglEIMO0BoL E™by Lodmsewme 50%-
g  99BHom  89030M®S  3wO3g0Ml  XaRMSb  FgsMgoom. 3560,
06300Hb0Mmsbol  aMdg350560  39MOMIILZMNOHO  godmbogzergdols o
1033OEMdOL  MoL3gdOL  F9gI30MgdolL  Fglobogero  B0dEObsMgMBL  MRG®
3396000l 3Ho00560 330093900, MMYMOO35, Bogowoms, ORION-4.

50 36935M53H0L  Joegds 353096@L ™35 96 Fgmdewos — 0bgdaosl 5390093l
dbmem© 994080 96 BsdgoEobm 3gMbmbsero. 339ObswMdOL 3MMLO sbg bofowrgds:

1. 306390 BsdoK 0 (Lofgolo EMDBY): 39gNIds 30390 BydLo;

2. 9gmEg Bsdox0: BMLEGHS© 3 ™M30L J9IY 3000©JOS IgmMg 6gdlo (gb Mo g@s30
L5F0OMS MORB0BITo (ool BoBoLYIMHO EMbol Jgloddbgers);

3. 899030 396M0MmEO (d9056560BMbgdgwo gsBs): sdob dgMg Hodswo 3gmgds 6
3900 dbmem gomnbg.

5699, 98399AOL 9gLsbsMRMBIds© Fawrofhodo bLryer Momsg 2 MBS LyFoMm, Gos
do05b mLsbgMbgdgeos s 98mbgzg3s 9Jodmsb 4923mM 30D0@E9dL. 3608369wm3560s,
MOmd 59 o090l 3565¢gMMs©  35309D63G0s 96 T9hy30BH™ML  JmerglBgMobol Lbgs
§o0¢9gd0l (3oy. BEOGH0bgdOL) Jowgds, v 9Jodl bgs Jomomgds 56 FowE30s. 33390l
dobgz0m, wgdzom 1s35m© MLIFODMBM 36935650, 3E5(39dMBML FgsMmdom,

339000 dMm3wgb69d0L 3OME9bEWwo 3583969890 Sy godmoygmEgds:

e g439wobg bdoMmo Mgodios (8%): 30650006 odero 3964398 Fgyogm, yzgasby

bdoMo 306 MO MMO Mgodios 69aLol BoBbggE  syowsl  (BH3oz0wo,
Bofomagds 56 Alvdmdo 98mboysto). 3ersigdmlb xando gl dbmerm 2%-b 3dmbs.

* Loblmgdob 330300 (5%): 3530963)9d0l dzocMg bsffocrdo sxzoduoMEs LablMgdol
©oL3MIRMOGHO (09930 3390ML XaRdoa 3o gb 35B396909w0 4% ogm, Mg 0dsl
60dbsgL, ®Md gl Ig0degds dmemq Fodol 3OO 563 0ymU).

* 37Wd39MmEO0L go30905/0MHMbJo@o (4%): s0obodbs Lsbbodo gbgdol Abwmdmdo
23900D0569353.

e 33996bs¢md0oL 990Y39@)° (2.5%): 00 gbs F935(wbgdgero 4390 oMO 9539930,
Gdob godma 353096@s LogMHmm dgfyz0@s Hodwrol Jowgds, Abmewm 100-sb
2-3 55905630 530JLOMS.
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10wE30l 300Ml BMmeg3MEOHO 3OHMBOEOMIGES S 05b599EMM3Y
35039GH10 YM3309

093¢ 3833026505
03569 X 93560330¢0l Lobgemdol Mdooliols Lobgwdfoxzm »boggmol@g@o,

990003060l Bo3ME9g@o, IV 3medLo
9w-gmb@s: tekle.patchkoria912@med.tsu.edu.ge

b9wddmgzsbgero: Bobm bgoBos, sLmEoMgdmwo 3OMmBLMMO
9-g3mb@s: nino.khvichia@tsu.ge

SBLEMsJBHo

1303308 300m ABMBWomIo Mb3MEMA0MMO 103300W0sBMBOL gOHM-9Mm (jodyz56
d0BgBL  GoMTMmopaabl s 9603369 m356  LEBMPOOMIIM030 K IBIOYWMBOL
36HMd9ds MRYds. 53500900l d9dmbgg35ms ¥9dgEHJLuMdS 8393806MO0S MsTdsJMs
33990l 3963960mygbmero  3m33mbBEBHIO0L  Bgdmddggoslmb, o3  39bgBH03MGmO
33090900l IMM3gdsLy s  LodLogbmMo  3MMELOL  gob30m8MgdL  0f393L.
3650300 MgMm3500 Gow@EHzolb 3odm (NSCLC) gow@gol 300ml  g439eeby
393039 gdMwo  gm®mTsd o 9gdmbggzoms  osbwmgdom  85%-U  T9ocaqbl.
56589000Mm39 Mb3MEMa05d0  oblo3MPMgdIMwo 360dzbgemds 9603Fgds Lodbogbol
9 939H 3OMBOWOMYdsL, MHMIgedsz 360d3b9wmgbs 99335t ©OsRbMLEHO30Ls
Q5 93MbsMmdol doymdgdo.

30A30L 30dmb O®ML 35003690 m356 LsdoBby Tmeng3mwgds dookbgzs EGFR,
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ALK s ROSI g9bméo  san@gco3ogoo, sa6gom3g PD-1/PD-L1 - Lsboaboenm  g%bo.
50b0dbmeo 85639M900L godmbogugbo® godmoygbgds msbsdgMmgzg dmg32IIHO
9d9nmEqd0, o dméol PCR, NGS, FISH s IHC, 6Hmdwgdos MH6OHMb3gemymals
3069G03000  33XogdIool  bALGH  0©IBEHOBOFOOIOL.  Borgdwo  Bgrgagdol
Bo®dzgbg 06086905 oM@ Io  gMs305, MMIgEo3  FoBsbdodsMrno©
9mgddggdl  LodLogbM®  MXMIEIODY @O PodMmoMBg3s  FJOIMIOOM  OIVIWO
AMJLO3MOMBOm. obLH3IMMMGIMEO 3er0b03MM0 9R9JEOMDdS sB39bs Tglsdg msmdols
EGFR 063000@m®ds  mbodgm@obodds, 6MHmdgedsg 96003690m3abs  goomdxmdgls
3530965 2oMBR9gboL dshz39bgdgwo.

09939,  05MRIGMIWO s 03MBbMMGMI30MEo  93Mbormdol  dobgsgzs,
360383690356 45dmf393500 ®Rds (ool dodo®mo GBOLEHIBGHMOOL gobgzoms®mgds.
d9L50530L5, sboeo BsIFMGBIWM LEHMEJ0JOOLS S 39MHBMbIODYdMEo TgoiEobols
39630m5690s 565890060m39 ™b3mema o0l 9em-960m 96033693569l
90856077995l Ho0dMoqbU.

153356dm BOGY3gd0: BoEH30L 30dM, MIOFIAIO MJM3305, N3N0
3OMB00M9ds, 39693039600 3993530900, 39OLMbIETOBEOdMO dgo3obs.

d9L535¢m0

R0wE30L 300M LOBMYSOMYIMH030 X56300gMmd0l 360036900 ™356
36MHMdgIsl HoM3mo9bl, MMIwomsg godmfggmwo 0330w 0sbmdols 363969090
Jdo0sh  oeonos.  300mb  33¢0930L  LEgOMdMMObMm  LosggbBmL  (IARC) 3096
dmfimgdeo  dmbs3gdgdol  mobbdo  3odMmmo  2sdm{3go  1L0330E0bMdOL
3995190900 5639690L, MM FoGH30L 308M Mb3MEMAO0OHO 1033OW0sBMdOL (jodYy3s6
doBgbo ®Rgds. 2020 gl ossbermgdom 1.8 dowwombo s@sdosbols Lozzowo
ROWA30L  300MmmMOo  0ym  asdmfizgmeo  (18%). Lojohmzgermdo  gor@GHzol  30dMm
05053539080 9OHM-9MHMO Y439wsDg 393039900 LBodbogbgs, Jowgddo FgsMgdom
003000095. 4m39WHeom@s isbermgdoo 1100-1300 sbogro 89dombggzs s00bodbgds.
353096900l 75%-b goGH30L 303l 0sABMBL Miigsdgh 33056 LGHOOsDbY, BrrEIbss
93996b5Mmd0ol 356056¢ 900 9B, BowEZ0L 30dMm MmO JOMOMIP KYIBOIP
0ymxzs: 300w MHgom3s60  396M306MTs s 9MH3M0 IR MHYM3560  356306Ms.
565)36000XM9M3560 39630bMAs dmo3o3L 8909y J39G0390L: dMEYI IR OILIO
39030bmds, bbgomxMgm3s60 3503063 s 9©gbMm3sMmE0bMTs. ssbermgdom 85%
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