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Lipids of the Fruit of Phytolacca americana L. Common in Georgia
Durmishkhan Turabelidze1, Tsisana Sulakvelidze1, Mariam Malania2, Bela Kikalishvili3

1Doctor of Pharmacy, Senior Researcher, Institute of Pharmacochemistry I. Kutateladze Tbilisi State Medical University,
Tbilisi, Georgia; 1Doctor of Pharmacy, Senior Researcher, Institute of Pharmacochemistry I. Kutateladze Tbilisi State
Medical University, Tbilisi, Georgia; 2Master of Chemistry, Researcher, Institute of Pharmacochemistry I. Kutateladze
Tbilisi State Medical University, Tbilisi, Georgia; 3Doctor of Pharmacy, Principal Researcher, Institute of
Pharmacochemistry I. Kutateladze Tbilisi State Medical University, Tbilisi, Georgia

Abstract

      The content of lipids and associated biologically active compounds in fruits of young pokeweed
(Phytolacca americana L.) commonly growing in West Georgia was analyzed. The sum of neutral and
polar lipids (9% and 15%) was obtained from the object of study. Their main classes, and some physico-
chemical characteristics were determined; saturated, unsaturated and polyunsaturated fatty acids were
identified qualitatively and quantitatively by the gas chromatography, and high percentages of some of
them were identified: 9,12-octadecadiene: 30.99%, 9,12,15-octadecatriene: 31.56%, and hexadecane:
15.56%. Phospholipids were determined qualitatively and quantitatively in the polar sum with a total
content of 0.1%. The content of carotenoids in the product above is 33.0 mg%. The presence of amino
acids in the fruits has been proved. Vegetable oil obtained from the fruits of Phytolacca americana L.
is  rich  in  biologically  active  compounds,  what,  in  the  future  gives  an  opportunity  to  produce
inexpensive and efficient therapeutic and preventive agents using local raw materials, which may find
practical use in pharmacy, medicine and cosmetology.

Keywords: fatty acids, phospholipids, carotenoids.
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The anatomical structure of the aboveground vegetative organs of Solanum nigrum L.

K. Mchedlidze, M. Benidze, N. Sakvarelidze, J. Aneli

Iovel Kutateladze Institute of Pharmacochemistry

Abstract

The internal anatomical structure of the above-ground vegetative organs of S. nigrum  from
Georgian flora - a rich source of physiologically active compounds, has been examined using
conventional laboratory methods used in microtechnics. The study revealed diagnostic markers in the
anatomical structure of a prospective medicinal plant. S. nigrum's aboveground vegetative organs are
covered with conical, multicellular, hooked villis and rare spheroidal glandular trichomes. Anisocytic
type stomata apparatus is distinguished in the covering tissue of the vegetative organs, though
anomocytic stomata are also observed.

The conductive system of S. nigrum shoots is monocyclic. Xylem contains a network of
tracheidal  small-caliber and spirally thickened large-caliber openings  of conductive vessels. S. nigrum
has bifacial leaves with dorsoventral mesophyll, an amphistomatic structure, and a reverse-collateral
type conducting bundles.  The basal cells  of the leaf's  upper and lower epidermis are curvilinear and
have concave walls. A mixed form of collenchyma is observed in petiole. The outline of the transitional
tissue is arcuate; conductive tissue has collateral structure.

Keywords: Solanum nigrum L.; leaves; anatomy; diagnostic markers; flora of Georgia.
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1. . „ “  2017 .
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“ // The world of science and innovation. Abstracts of the 8th International
scientific and practical conference. Cognum Publishing House. London, United Kingdom. 2021. Pp.
425-432.

4. Dias M. Investment in Information in Petroleum, Real Options and Revelation, prepared for
the 6th Annual International Conference on Real Options, Paphos, Cyprus, July 4-6, 2002.

Investment projects, development phases and investment activity
Maya Lomsadze-Kutchava 1; Khatuna Giorgadze2; Salome Janelidze3

1GTU professor, Dr; 2GTU assistant professor, 3GTU doctoral student

Abstract

The article discusses the volume of the investment project, the timing of implementation, types of
investment project, development stages. After a complete review of the investment project, an optimal
methodology for the investment project is drawn up, the efficiency of the investment project
implemented for the energy facility is calculated.

Key words: investment, energy facility, investor, project
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Role of taxes in overcoming poverty

Natia Kakhniashvili

Doctor of Business Administration, TSU

Abstract
For the economic growth of Georgia, it is necessary for the tax system to be in accordance with

the existing reality and long-term strategic goals of the country. The country's tax policy needs to be
based  on  scientific  foundations  and  practical  examples  existing  in  the  history.  The  social  problems
existing in the country create additional challenges for determining the tax policy. Expenditures that
are necessary to run social programs and at the same time to create in the country a strong economy,
which has the ability to function effectively in a healthy environment, depends exactly on the proper
functioning of the tax system.

In order to overcome the poverty, it is necessary to have a tax policy consistent with the country's
strategic goals. Such policy allows, along with other economic instruments, to reduce the poverty levels
and create a more equitable way of redistributing income among the population.

Keywords:Poverty, taxes, tax base, budget, economic growth.

Introduction

The challenges related to the perfection of the tax system are the most important issues of the
economic development policy of Georgia. Economic growth of the country, achievement of sustainable
economic development, development of production and solution of social problems faced by the
country are possible only in the conditions of proper and effective tax system formation.
(Kakhniashvili, Inclusive business model as one of the financial aspects of poverty reduction, 2019)

As it is known, the economic basis of the formation and development of the state is financial
resources, which are mainly formed by taxes and their payment to the state budget. The proper and
effective functioning of the country's economic system significantly depends on the tax policy
implemented by the state and the proper functioning of the tax system. Taxes are a tool of the state to
influence the economy. The issues related to the perfection of the tax system always are and will remain
the most important key issue of the country's economic policy.
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The determination of the amount of taxes and their types, taking into account the country's
economic, social and living conditions, justnessand efficiency, was the subject of discussion by famous
thinkers of all times. The goal of any country is to create such a flexible and purposeful tax system, that
will easily adapt to the changeableeconomic environment and be able to take into account the nature
of the country's economic goals and objectives at a specific moment in time.

As a rule, the tax system should have a multi-purpose nature. On the one hand, it should be used
to form the main part of the budget, and on the other hand, the tax system should be an incentive for
entrepreneurial activity, attracting investments, expanding production, development and, accordingly,
further increasing the tax base, in wake of the mentioned. That is, generally speaking, the tax system
should be a mechanism promoting the economic development and stimulation.

In terms of low taxes, Georgia has been taking the leading place in the world in recent years, but what is
the economic and political  cost of this? It  is  also interesting that low taxes a priori  do not indicate the
prosperity of the country. The argument that low taxes promote rapid economic growth is not empirically
confirmed (Besley & Persson, 2011).

The Nordic countries had high income tax rates for high earners since the very beginning of their
development, but this did not prevent them from getting rich. On the other hand, lower taxes for the
rich have a negative impact on economic equality. The example of Georgia clearly shows the dark sides
of  this  approach.  After  2006,  in  order  to  ease  the  tax  burden  and  expand  the  taxable  base,  Georgia
introduced  a  flat  income  tax  and  abolished  social  contributions.  As  a  result  of  converting  the
progressive income tax into a flat income tax, the previous government of Georgia increased the tax
rate for low-income earners from 12% to 20% and kept the same 20% income tax rate for taxing high-
income earners. Partly because of this policy, inequality (GINIcoefficientby total consumer spending)
rose from 2006 to 2011. In 2003-2009, the largest part of the benefits received from the economic
growth went to the affluent segment of the society. More precisely, the incomes and expenses of the
upper fifth (20%) of Georgian society increased by 26%, while the lower fifth - by only 10%. In 2012,
the new government introduced a universal health care system, which partially helped reduce
inequality and poverty in the country. However, income inequality is still higher than the EU and CIS
average. The degree of income inequality can be seen on the Lorenz curve, where the "share of families"
is located on the abscissa axis, and the share of incomes - on the ordinate axis.Theoretically, an
absolutely equal distribution of income is possible, which is shown by the bisector in the diagram.It
shows that each given percentage of households receives a corresponding percentage of income: 20%
of households receive 20% of income, 40% receive 40% of income, 60% receive a corresponding
percentage, and so on. sh.,which is marked on the bisector with corresponding points. The space
between the bisector and the Lorenz curve indicates the degree of income inequality.The wider this
space or gap between the straight line and the curve, the greater the degree of inequality.If the actual
distribution of income were absolutely equal, then the bisector and Lorentz curve would coincide.The
figure  also  shows  the  situation  of  absolute  inequality,  which  would  occur  when  1%  of  households
owned 100% of the income. In this case, the Lorentz curve would coincide with the ordinate axis.
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Source: Compiled by me

  It should be noted that along with the decrease in the ratio of tax revenues to GDP, the ratio of budget
tax revenues to GDP increased, which is explained by the elimination of corruption in the tax system,
the regulation of the budget reporting process, and the improvement of administration. For more
visibility, graph  is provided, which shows the dynamics of tax in recent years.

Tax revenue, persent of GDP

Source:
https://www.theglobaleconomy.com/Georgia/Tax_revenue/

It is important to consider the tax revenues of the consolidated budget of 2022, which in nominal terms
amounted to 15,193.0 million GEL. Compared to the planned indicator of 2021, the forecast of tax
revenues for 2022 increased by 2,271.0 million GEL (by 17.6%).
In relation to GDP, the tax revenues in 2022 amounted to 23.5%.The forecast of the tax revenues
according to the types of taxes is as follows: the forecast rate of income tax was determined at 4,602.3
million GEL, including, the share of the state budget amounted to 4,262.1 million GEL, and the share
of the autonomous republics was 340.2 million GEL; The income tax increased by 25.2% (by 926.7
million GEL) compared to the planned rate of 2021. The increase in the mentioned volume is caused
by the expected excess as a result of the higher than planned economic growth in the current year, the
nominal growth of the economy in the next year and the fiscal effects of the end of the tax benefits
existing in the current year;The forecast rate of the profit tax was determined at 1,359.2 million GEL;
Compared to the planned rate of 2021, the profit tax has increased by 42.9% (408.2 million GEL). The
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increase in the mentioned volume is  caused by the high volume of taxes to be paid by the financial
sector.The profit  tax paid by the financial  sector in the current year is  minimal,  as the profit  in the
sector  was  small  in  2020.  The  profit  rate  in  the  mentioned sector  in  the  current  year  is  quite  high,
which leads to an increase in the profit tax to be paid in 2023.The forecast rate of value added tax was
determined at 6,616.9 million GEL, including, the state budget's share amounts to 5,359.7 million GEL,
and theshare of municipalities is 1,257.2 million GEL (VAT of the municipalities increases by 143.8
million GEL compared to 2021);Compared to the planned rate of 2021, the VAT in 2022 was increased
by 12.9% (by 756.9 million GEL).  The increase in the mentioned volume is  caused by the expected
excess as a result of the higher than planned economic growth in the current year and the fiscal effects
of the nominal growth of the economy in the next year;The forecast rate of excise duty was determined
in the amount of 1,876.9 million GEL, which is 76.9 million GEL higher than the planned rate of 2021;
The forecast rate of import tax was determined at 84.1 million GEL, which is  4.1 million GEL more
than the planned rate of 2021; It is important that the property tax forecast rate amounts to 524.2
million GEL;Compared to the planned rate of 2021, the property tax increases by 10.4% (49.2 million
GEL).  The  mentioned increase  is  related  to  the  expiry  of  the  preferential  period  established  for  the
tourism sector from the following year and the actual performance dynamics of the current year.The
forecast rate of other incomes was determined at 129.4 million GEL, which is 49.4 million GEL more
than the planned rate of the current year. According to the draft state budget of 2023, next year the
government plans to collect up to 16 billion GEL in taxes.The tax revenue plan increases by 2.5 billion
GEL compared to the figures of 2022.In particular, the forecast of tax revenues in 2023 according to
types of taxes is as follows. Income tax - 5.1 billion GEL, 806.8 million GEL more than the approved
plan  for  2022;Profit  tax  -  1.9  billion  GEL,  exceeding  the  approved  plan  for  2022  by  325  million
GEL;Value added tax - 6.4 billion GEL, compared to the 2022 plan, the increase exceeds 1 billion GEL.
Excise tax - 2.1 billion GEL, an increase of 210 million GEL compared to the previous year;Import tax
- 125 million GEL, an increase of 40 million GEL.The spending part of the consolidated budget of 2023
totals 24.3 billion GEL, and the economic growth is predicted within 5%.However, it is important that
economic growth should lead to an increase in the standard of living of the population and a reduction
in poverty.
The  increase  in  state  revenues  was  due  to  the  lifting  of  restrictions  related  to  the  pandemic.  The
pandemic of COVID-19 and the strict restrictions related to it caused a heavy blow to the economy of
Georgia, which directly affected the socio-economic situation of households.Loss of jobs and income
during the pandemic turned out to be a particularly acute problem, which had an impoverishing effect.
The percentage share of the population being below the absolute poverty line has increased. For
example, according to official data, it amounted to 19.5% in 2019, and 21.3% in 2020. However, the
reality is more difficult.
In response to the acute economic and social problems existing in Georgia, the regulation of taxation
is precisely considered to be one of the levers for reducing the poverty level. It is true that the poor
do not pay taxes - their pensions, allowances, allocations are not taxed, but if the poor person gets a
job,  no  matter  how small  his  remuneration  is,  after  the  abolition  of  the  tax-free  minimum (2015),
he/she will be taxed with 20% income tax, which will further contribute to their impoverishment.
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Therefore, it would be great to restore the non-taxable minimum, this will allow us not to tax low-
income earners with income tax. The proportional tax system should be replaced by the progressive
system and a differentiated scale of income tax should be established - less income - lower tax rate,
more - more. It is also possible to cancel the VAT tax on consumer goods and services and impose it
only on luxury items (for example, as in England). Charles Louis Montesquieu said: "Nothing requires
so much wisdom and talent as to determine the part that is taken from the servants and the part that
is left to them."
Thus,  the  tax  system should  ensure  the  fair  distribution of  incomes  and create  equality  as  far  as  is
possible under conditions of justness.

Conclusion

At the modern stage, the tax system faces different challenges, whether it should be the
proportional system in determining tax rates, or we should use the progressive system, from a general
point of view, can be considered more fair. It is important, what part of the received incomes should
remain with the private entrepreneur and what part should be collected as the tax.

In the leading European countries, we find the progressive system of taxation, which makes the
use of this system even more expedient. The separate issue is how tax rates should be established so
that people's incentives to increase their incomes are not reduced due to increase in the tax rate.

It is also important to take into account the Gini index. The data of this index is published by
the World Bank, according to which a positive trend was observed in Georgia in 2011-2016.
Nevertheless,  the  index  indicator  is  quite  high and we should  try  to  further  reduce  it.  In  2017,  the
numerical expression of this index increased again to 0.40 and reached the highest mark in Georgia, in
the following years it is also characterized by a slight downward trend, which once again convinces us
of the need to solve this problem.

It is necessary to have a non-taxable minimum, especially in the reality of Georgia, when the
salary of not a small part of society is lower than the subsistence minimum existing in Europe or other
developed countries. Collection of the same amount of incomes from the people with such low incomes
and the rest of society is unfair.
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Abstract

Triterpene saponins, which are widely distributed in the plant world, are characterized by versatile
biological activity. They are characterized by diverse pharmacological activity  including, but not
limited to immunostimulating, antitumor, antimutagenic, anti-inflammatory. The study reports the
results of chemical study of glycosides obtained the sum of purified saponins (PS-551) from Fatsia
japonica and Bupleurum B.wittmannii Stev. and from B. rotundifolium and their anti-inflammatory
activity. Glycosides content in F.japonica  appeared  6.5%,  in B.wittmannii Stev.  -  3.4%,  and  in
B.rotundifolium L. - 3.7%. Among the triterpene glycosides obtained from above-ground organs,
saponins  of  the  oleanol  type  were  identified  -  saikosaponin  A and saikosaponin  C.  In  the  model  of
carrageenan-induced edema in rodents, it was determined that all the investigated products exhibit a
pronounced dose-dependent anti-inflammatory effect. In addition, the effective dose of glycosides of
B.wittmannii Stev. was found to be twice more than that of B.rotundifolium and F. japonica, due to
which B.wittmannii Stev. can be considered as a promising raw material rich in saikosaponins for the
development of effective anti-inflammatory drugs.

Key words: Fatsia japonica; Bupleurum wittmannii; triterpene glycosides, saikosaponins, anti-
inflammatory.
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Influence of electron irradiation on structural phase transformations during
microindentation of n-Si

Giorgi Darsavelidze, Avtandil Sichinava, Kakhaber Shamatava, Marina Kadaria, Roman Abramishvili

Ilia Vekua Sukhumi Institute of Physics and Technology, Tbilisi, Georgia

Abstract

Influence of electron irradiation on structural changes in the process of microindentation by
the Vickers method in (111) oriented n-Si has been studied. It is shown, that electron irradiation with
1.1013 cm-2 fluence causes weak increase of elastic modulus and average contact pressure  causing plastic
deformation. In the area of unloading of the functional dependences of the indenter load-displacement,
a plateau and a gradual change in the slope are simultaneously revealed. The mentioned changes are
characteristic of partial amorphization and structural transformations in the metastable phases of
silicon. Electron irradiation reveales a tendency to increase the critical pressures of phase
transformations in the range of 4-5.5 GPa of average contact pressure.

Keywords: monocrystalline silicon, Vickers indenter, electron irradiation, contact pressure, elastic
modulus
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Evaluation of proliferative activity of pre-tumor and tumor processes of Barrett's
esophagus using AGNOR technology

P. Meshveliani, G. Didava, G. Tomadze, Sh. Kepuladze G. Burkadze

Tbilisi State Medical University

Abstract

Esophageal carcinoma is the eighth most common malignancy and the sixth leading cause of cancer-
related death worldwide. Adenocarcinomas account for the majority of esophageal carcinomas in the
US. The incidence of esophageal squamous cell carcinomas is decreasing every year, while the number
of adenocarcinomas has not changed over the last three to four decades. It has been established that
there is a strong correlation between proliferative activity and a poor tumor prognosis, so the interest
in clinical trials of proliferative potential on various markers is still relevant and increasing every year.
Within the framework of our research, a cohort retrograde study was carried out, for which the
archival material of the teaching-scientific and diagnostic laboratory of Tbilisi State Medical University
for the years 2019-2022 was used. Proliferative activity was determined by AgNOR technology in 35
cases evaluated in the following histological entity: Barrett's esophagus with enteric metaplasia;
Barrett's esophagus with foveolar metaplasia; Barrett's esophagus with low-grade dysplasia of the
epithelium; Barrett's esophagus with high-grade dysplasia of the epithelium; Based on the results of
our study, AgNOR technology can be used to evaluate proliferative activity in Barrett's esophagus.

Keywords: Barrett's esophagus; AgNOR; dysplasia; metaplasia;
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Influence of alpha particle irradiation on dynamic mechanical properties of p-SiGe
substrates

Ia Kurashvili, Kakhaber  Shamatava, Ekaterine Sanaia, Giorgi Chubinidze,
Giorgi Darsavelidze

Ilia Vekua Sukhumi Institute of Physics and Technology, Tbilisi, Georgia
Abstract. Influence of alpha particle irradiation on electrophysical and  dynamic mechanical properties
of p-SiGe substrates with (111) orientation has been studied. Experimental results show, that changes
in electrical resistance and concentration of current-carriers holes are more revelaed in p-Si+2%Ge:B
substrates with high Ge content.  In the alpha-irradiated test samples increase of the values of torsional
oscillations strain amplitude and elastic limit by 1.5-1.8 times and 15 % increase of absolute value of
shear modulus are observed.
It is supposed, that the radiation point defects induced by alpha particle irradiation in the p-SiGe
crystalline lattice form additional braking centers for dislocation motion  and cause the radiation origin
dynamic mechanical strengthening. The strengthening effect is more revealed in p-Si+2%Ge:B alloy.

Keywords: silicon, germanium, alpha particle, shear modulus, elastic limit, dynamic strengthening
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Impact of harmful environmental factors on the visual system
Gigi Gorgadze1, Marina Giorgobiani2, Tinatin Jikurashvili3, Mzia Phirtskhalaishvili3

1Tbilisi State Medical University, Faculty of Medicine
2Tbilisi State Medical University, Department of Hygiene and Medical Ecology

3Chichua Medical Center "MZERA"

Abstract

Harmful effects of climate change on health include many pathologies. There are many ways that
environmental factors affect the visual system, including exposure to UV rays on the cornea, lens,
retina, and the development of cataracts, glaucoma, uveal melanoma, photokeratitis, and others.
Cataract development is also caused by infrared radiation. In the case of both mentioned types of
radiation, the development of oxidative stress or the disruption of the protective mechanism against it
is thought to be a pathogenic mechanism. The visual system is also affected by dust, air pollution, active
and passive smoking, changes in various climate parameters (including precipitation, temperature,
humidity, albedo).

In order to avoid problems, it is necessary to pay attention to the hygiene of the visual system, which
includes the use of appropriate protective equipment, timely cleaning of contaminated eyes, care for
dry eye syndrome, correct use of contact lenses and etc..

The release of carbon into the environment has long-term negative effects on the health of the
population, mainly due to the increase in temperature and the problems caused by the latter. Single-
use medical instruments and equipment contribute to the mass generation of clinical and non-clinical
waste and release large amounts of carbon. Ophthalmosurgical manipulations (including cataract
surgeries) are characterized by the highest quantitative index in the world. This makes cataract surgery
an obvious target for reducing carbon emissions. Because of the above, it is important to put into
practice the principle of "The 5 R" provided in modern medicine, which implies reduction, reuse,
recycling, review and research.

It  is  important  to  understand all  of  the  above  and take  into  account  in  everyday  life  both  ordinary
individuals and ophthalmologists and health care managers.

Key words: Visual system, Ophthalmology, Environmental factors, Pollution, Ecology, Hygiene,
Climate.
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Features of the microstructure of the leaves of Fatsia japonica (Thunb.) Decne. et Planch.
(Araliaceae)

Zurab Kemoklidze, Ketevan Mchedlidze*, Manana Churadze, Jemal Aneli

TSMU I. Kutateladze Institute of Pharmacochemistry

 Abstract

The internal structure of leaf of the F. japonica that is introduced in Georgia as a source of biologically
active substances,  was studied, and its  microstructural diagnostic signs were determined. F. japonica
leaf glabrous, bilateral, dorsoventral, hypostomatic structure. The basal cells of the abaxial and adaxial
epidermis of the leaf are non-stitched, curvilinear and curved-walled, the cuticular mosaic of the lower
epidermis is wavy. The stomatal apparatus of the Japanese fatsia leaf is anisocytic, the stomatal gap is
fusiform, and the location of the stomata is chaotic. A reverse-collateral conductive bundle is imprinted
in the pulp of the leaf. In the structural units of all morphological organs of the plant leaf,
differentiation of calcium oxalate druse crystals and secretory cells is noticeable. The tissue of the main
vein of the leaf of F. japonica is polygonal, the conducting system both in the vein and in the petiole is
of fibro-vascular,  open-collateral  type, but in the main vein bundles are asymmetrical,  while in the
petiole they are symmetrical and closely interconnected. The  xylem of the main vein and petiole of F.
japonica leaf’s has differentiated bulbs arranged in longitudinal rows. Xylem conductive vessels with
spiral, ring and mesh thickenings of the shell are observed lengthwise the petiole.

Keywords: Fatsia japonica (Thunb.) Decne.; leaf; petiole; anatomy; diagnostic signs.
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Abstract

Why are more and more large and mid-sized organizations now considering data center
outsourcing? Are the pros of IT outsourcing overblown? Or do organizations want to embrace the trend
for the financial and operational advantages that data center management outsourcing offers?
Unfortunately, a simple yes or no will not be enough to answer the above questions. According to a
recent survey of Fortune 500 companies by Forbes, most IT companies now prefer IT outsourcing over
in-house data center operations due to the advantages that data center outsourcing offers. This includes
minimal operational costs, better utilization of infrastructure, access to servers and compute/storage on
demand, etc. Before you decide to outsource your data center, carefully research your options, analyze
your business prospects, and conduct a careful examination of your assets, budgets, and requirements.
Carefully evaluating the pros and cons of data center outsourcing and how it might affect your business
is something you should consider before signing an outsourcing contract.

Data centers are critical to today's business scene. Although their demands have always been on
an upward trajectory, the situation created by the COVID-19 pandemic has pushed it further. Like all
other segments in and around IT, data center technologies are rapidly changing to achieve a highly
optimized and efficient system. Therefore, it is very important for you as a business owner to stay up
to  date  with  each of  these  technological  changes  and trends.  After  all,  they  are  going  to  create  the
future of data centers.

Advances in technology will help the overall performance of the data center. Predictive
analytics tools can help security and real-time monitoring teams spot potential problems early and fix
them before they impact operational performance. Data center AI can highlight areas that could work
more efficiently, such as cooling or power consumption. Thus, data center composability means
creating resources that can work with many different systems. Instead of dedicated or narrow-use
resources providing only one service, data centers should use resource pools that can contribute to the
deployment of different types of workloads, such as storage, networking, or server equipment.
Likewise, the implementation of composite resources helps to avoid locked capacity in the data center,
thereby improving efficiency and throughput. Above all, digital transformation will enable data centers
to deliver additional value to customers. Edge computing will help providers run low-latency
workloads with end users, while software virtualization will create more budget-friendly options for
multiple workloads. As private and public clouds combine to create more flexible and robust hybrid
cloud deployments, companies will leverage technology to do more with less.
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Equipment for tightening and straightening non-woven fabrics

N. Natbiladze, L. Lursmanashvili, O. Rukhadze

Abstract: The article represents equipment that belongs to the light industry, in particular non-woven
fabric manufacturing techniques and technologies, and may be used for felt fabric tightening and
straightening.

The article describes the device constructed by us, by which it is possible to tighten and straighten
the felt without creating differently deformed areas, protecting the structural composition of the
treated fabric over the entire area and increasing the strength of the straightening. In addition, the
reduction of the time intended for the treading process and the release of manual labor.
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Traditional methods of fabric making in Georgia
O. Rukhadze

Doctoral student,  Technical University of Georgia

The history of making and using nabdi in ancient Georgia and the types of nabdi are discussed
in the paper. From time immemorial, Georgia has been the motherland in the development of
menabdeobi, which occupies one of the most important places among artistic products made of wool.
The article presents the types of wool needed for the production of yarn, production techniques,
technologies, sequence of technological processing, areas of use and types according to functional
purpose.

Key words: felting, spinning, inkjet and non-inked fabric, ethnography, technology, wool.
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Type I and Type IIb Autoimmunity in Chronic Spontaneous Urticaria Patients:
Evaluating the Clinical Response to Omalizumab

Bidzina Kulumbegov1,2, Maia Gotua1, Tinatin Chikovani2

1Center of Allergy and Immunology; 2Tbilisi State Medical University

Abstract

This study aimed to evaluate the clinical response to omalizumab in patients with Type 1 and Type
IIb autoimmunity suffering from chronic spontaneous urticaria (CSU) and to compare the difference
in laboratory data. A retrospective study was conducted from September 2019 to December 2022 in
the Center of Allergy and Immunology in Tbilisi, Georgia, involving 39 patients (95% females, 5%
males,  average  age  35.82  years).  Total  IgE  and  ANA  antibodies  were  taken  as  markers  of
autoimmunity. The study included patients who still had high disease activity despite using a fourfold
dose of non-sedating antihistamines. Patients were prescribed omalizumab according to international
guidelines with an interval of 4 weeks for at least 3 months. Disease activity was determined using
the  urticaria  activity  score  (UAS7),  and  patients  were  divided  into  three  groups  according  to  CSU
activity: low, moderate, and high disease activity. Response to omalizumab was assessed as non-
responders, partial responders, and complete responders. The results showed that Type I
autoimmunity had a higher percentage of complete responders than Type IIb (55.5% vs. 18.3%). Non-
responder rates were higher in Type IIb than in Type I (72.7% vs. 18.5%). The median total IgE levels
were significantly higher in Type I than in Type IIb (138 vs. 23.95 kU/I). The median duration of the
disease  was  significantly  shorter  in  Type  I  than  in  Type  IIb  (9  vs.  27  months).  No  significant
differences were found between the two groups regarding age, angioedema, CRP levels, H. pylori
infection rates, anti-TPO IgG levels, eosinopenia, and basopenia.

In conclusion, this study suggests that the clinical response to omalizumab differs depending on the
type of autoimmunity. Type I autoimmunity patients had a better response to omalizumab than Type
IIb. The median duration of the disease was significantly shorter in Type I than in Type IIb. Further
studies are needed to evaluate the mechanism underlying the difference in response to omalizumab
and the use of different treatment options for patients with different types of autoimmunity.

Keywords: chronic spontaneous urticaria, omalizumab, Type I and Type IIb autoimmunity
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Introduction

Omalizumab has emerged as a crucial therapy for individuals suffering from chronic spontaneous
urticaria (CSU) who do not respond to antihistamines, even when administered in doses higher than
those recommended by the manufacturer1. Around 70% of patients (referred to as fast responders)
experience a quick decline in UAS7 levels when treated with Anti-IgE, whereas an additional 15% of
patients (called slow responders) have a similar response over 3-4 months. The remaining 15% appear
to be resistant to the treatment2. There have been several studies conducted in recent times which have
demonstrated a correlation between the initial total IgE levels and the clinical response observed after
treatment with the drug 3,4. Identifying an IgE-mediated auto-allergic mechanism in many CSU patients
explains the rapid response observed in severely affected individuals upon being treated with
omalizumab5. At the same time, there are data on Type IIb autoimmunity with a poor clinical response
to omalizumab and a good response to cyclosporine 6. Based on two types of mast cell degranulating
signals, two endotypes of CSU,  auto-allergic and autoimmune, are proposed. The first is known as type
I autoimmune CSU mediated by IgE autoantibodies and the second – aiCSU, known as type IIb
autoimmune CSU, in which IgG autoantibodies, and probably IgM and IgA, are responsible for direct
activation of mast cells through binding to high-affinity IgE receptors. According to existing studies,
total IgE, anti-TPO, autologous serum skin test (ASST), basophil histamine release assay (BHRA), and
other tests have been used to determine mainly two types of autoimmunity mechanisms7. It is
important to find simple and cost-effective markers to distinguish between forms of autoimmunity.
We used total IgE and ANA antibodies in our study. Our study aims to evaluate the clinical response
to omalizumab in patients with type I and type IIb autoimmune disease and the difference in laboratory
data between the two groups.

Methods

This  retrospective  study  was  conducted  from  September  2019  to  December  2022  at  the  Center  of
Allergy and Immunology in Tbilisi, Georgia (GA²LEN Urticaria Center of Reference and Excellence).
Thirty-nine adults and adolescents (  12 years old) with a diagnosis of CSU, confirmed by an
allergologist according to the international Guideline1, were included. The study included patients with
high disease activity despite using a fourfold dose of non-sedating antihistamines. According to
international guidelines, these patients have been prescribed omalizumab at intervals of 4 weeks for at
least three months.
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Patients were divided into two groups according to autoimmunity. Total IgE and ANA antibodies were
taken as markers of autoimmunity. Namely, the first group is Type I autoimmunity with high total IgE
(> 43 kU/l) and negative ANA, and Type IIb autoimmunity with low total IgE (< 43 kU/l) and positive
ANA.

Disease activity was determined using the urticaria activity score (UAS), which was calculated as the
sum of the itch (no = 0, mild = 1, moderate = 2, intense = 3) and the wheal score (no wheals = 0, < 20
wheals/24 hr = 1, 20–50 wheals/24 hr = 2, > 50 wheals/24 hr = 3) for seven consecutive days (UAS7,
minimum = 0, maximum = 42).  Response to omalizumab was assessed as non-responders (a reduction
in UAS7 of less than 30%), partial responders (a reduction in UAS7 of 30% to 89%), and complete
responders (a reduction of 90% or more from baseline in UAS7), respectively.

According to the manufacturer's instructions, total IgE levels were measured using the ImmunoCAP
system (Thermo-Fisher, Uppsala, Sweden). ANA was detected using HEp-2 cells and an indirect
fluorescent  antibody technique.  The  result  would  be  reported  as  a  titer.  The  cut-off  value  to  define
positive ANA was 1:80. Thyroid microsomal antibodies were detected by radioimmunoassay (cut off >
34 kU/l). Serum CRP concentrations were measured by ELISA using commercially available reagents
(reference range < 6.0 mg/L). H. Pylori was detected by a stool antigen test.
Statistical analysis: Differences in continuous variables between test samples were analyzed using a t-
test for independent samples and the Mann-Whitney U test. The Chi-Square test was used to see
differences in categorical variables. Normally distributed data are presented as mean ± SD, and
nonnormally distributed data are expressed as a median. Date were analyzed using SPSS software
version 22.0 (IBM Corporation, New York, USA). Statistical significance was defined as p < 0.05.

Results

Of the 39 patients in this study, 95% (n=37) were females, and 5% (n=2) were males. Average age 35.82
years (range 12-71). The results indicate that Type I autoimmunity had a higher percentage of complete
responders (CR) than Type IIb (55.5% vs. 18.3%). Non-responder (NR) rates were higher in Type IIb
than in Type I (72.7% vs. 18.5%). The median total IgE levels were significantly higher in Type I than
in Type IIb (138 vs. 23.95 kU/I). The median duration of the disease was markedly shorter in Type I
than in  Type  IIb  (9  vs.  27  months).  The  study did  not  find  significant  differences  between the  two
groups regarding age, angioedema, CRP levels, H. pylori infection rates, anti-TPO IgG levels,
eosinopenia, and basopenia. All data are collected in Table 1.
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Table 1 - Comparison between the study populations' baseline clinical and serological characteristics.

Group1

Type I autoimmunity (Total
IgE high > 43, ANA -) n=28

Group 2

Type IIb autoimmunity (Total
IgE high < 43, ANA +) n=11

p-value

Gender (Female) 92% 100%

Age (years) (mean ± SD,
Range)

34.63 40.25 0.368

complete responders (CR) 55.5% 18.3% 0.004*

partial responders (PR) 26% 9% 0.758

Non responders (NR) 18.5% 72.7%% 0.012*

Angioedema 42% 60% 0.351

duration of diseases (month)
median

9 27 0.019*

Total IgE kU/I (median) 138 (min-max 8.6-1297) 23.95 (min-max 5.73-386) 0.02*

CRP 24.57+42.96 22.71+39.67 0.444

H.pylori + 32% 27% 0.085

anti-TPO IgG + 50% 36.6% 0.867

Eosinopenia (<0.05 × 109/L)
0.24 0.21 0.847

Basopenia (<0.01 × 109/L)
0.06 0.02 0.478

Note: CRP- C reactive protein, H.pylori – Helicobacter pylori, IgG-anti-TPO - anti-thyroid peroxidase immunoglobulin G. *statistically
significant values are shown in bold
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Discussion

The study aimed to evaluate the clinical response to omalizumab in patients with Type 1 and Type IIb
autoimmunity and the difference in laboratory data. Patients were divided into two groups according
to autoimmunity - Type I autoimmunity with high total IgE ((> 43 kU/l ) and negative ANA and Type
IIb autoimmunity with low total IgE (<43 kU/l)  and positive ANA. The response to omalizumab was
assessed as non-responders, partial responders, and complete responders. The results showed that Type
I autoimmunity had a higher percentage of complete responders than Type IIb, while non-responder
rates were higher in Type IIb than in Type I. The median total IgE levels were significantly higher in
Type I than in Type IIb,  and the median duration of the disease was considerably shorter in Type I
than  in  Type  IIb.  No  significant  differences  were  observed  between  the  two  groups  regarding  age,
angioedema, CRP levels, H. pylori infection rates, anti-TPO IgG levels, eosinopenia, and basopenia.

Recent  reports  characterised  2  possible  endotypes  according  to  the  type  of  mast  cell  degranulation
signals: type I autoimmune CSU mediated with IgE autoantibodies to auto-allergens (or autoallergy),
and type IIb autoimmune CSU mediated with autoantibodies that target activating mast cells receptors.
These 2 endotypes of autoimmune hypersensitivity have been postulated as etiologic in most CSU
patients. There is a need to develop diagnostic tests to differentiate these two endotypes of CSU to tailor
the appropriate treatment and help each patient achieve remission 8. The study's findings suggest that
total IgE levels and ANA can help identify patients with Type I and Type IIb autoimmunity and predict
their response to omalizumab 9,10.  Many  studies  indicate  that  total  IgE  levels  affect  the  response  to
omalizumab. Baseline total IgE levels above 43 IU/l and twofold or more increased IgE levels at week
4 were correlated with the improvement of CSU at week 12 of treatment as assessed by UAS11. Weller
et al.  found that elevated total  IgE levels were common in complete responders (77.5%), and rarely
detected in non-responders (20%) to omalizumab12. Asero has recently confirmed that most early
responders to omalizumab have elevated baseline total IgE 13. The response to omalizumab in severe
chronic spontaneous urticaria (CSU) largely depends on the autoimmune or autoallergic endotype of
the disease, and total IgE levels are the most reliable prognostic marker for omalizumab response. The
study concludes that thyroid autoimmunity alone cannot be used as a clinical predictor of omalizumab
response in patients with severe CSU. Total IgE levels remain the only and most reliable prognostic
marker for omalizumab response in these patients14. According to our results, too, there was no
difference in thyroid autoimmunity.

The  study's  limitations  include  small  sample  size,  retrospective  design,  and lack  of  a  control  group.
Further studies with a larger sample size, prospective design, and a control group are needed to validate
the findings. Nevertheless, the study provides important insights into the use of omalizumab in patients
with CSU and different types of autoimmunity. Overall, the study highlights the importance of
personalised medicine in managing CSU patients, considering their autoimmunity status and laboratory
data.
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Conclusion

This study evaluated the clinical response to omalizumab in patients with chronic spontaneous urticaria
(CSU) and Type I and Type IIb autoimmunity.  The results showed that Type I autoimmunity had a
higher percentage of complete responders than Type IIb, while non-responder rates were higher in
Type IIb than in Type I. The median duration of the disease was significantly shorter in Type I than in
Type IIb. These findings suggest that omalizumab may be more effective in Type I autoimmunity than
Type IIb autoimmunity in CSU patients.

The results of our study indicate that total IgE and ANA, two simple and inexpensive tests, can be used
to predict the efficacy of omalizumab. Further studies are needed to evaluate the mechanism
underlying the difference in response to omalizumab and the use of different treatment options for
patients with different types of autoimmunity.
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Abstract

The aim of the work was to study the introduced plant on the Black Sea coast of Adjara Mahonia
bealei (Fort.) Carr. for the content of alkaloids. A comparative analysis of the quantitative yield of the
total amounts of alkaloids isolated from the aerial organs of M. bealei, collected in the phase of active
flowering, showed the advantage of the amount obtained from flowers - 2.48%. Based on the results of
the HPLC analysis,  it  was concluded not only about the percentage of the main protoberberine and
aporphine  alkaloids,  but  also  in  which  fractions,  which  alkaloid  is  dominant  (in  leaves,  three  bases
dominate at once: berberine (27%), jatrorrhizine (23%), magnoflorin (18%), in branches and flowers -
dominated by one base - berberine (50%) and palmatin (57%), respectively, the rest are present in the
form of traces).

The results of the preliminary investigation suggest that the alkaloid containing substances
obtained from the aboveground vegetative organs of the plant demonstrate antioxidant and anti-
inflammatory activities.
Keywords: Alkaloids, berberine, liquid-liquid extraction, Mahonia, anti-inflammatory

Introduction
The study of introduced plant species of Georgia for the reliability of alkaloid-ness has been

carried out since 1946, as a result of pharmacobotanical expeditions, plant samples were collected in
the territories of: Svaneti, Racha-Lechkhumi, Samegrelo, Imereti, Guria, Adjara, Shida Kartli, Mtiuleti,
Tush-Pshav-Khevsureti, Kakheti, Kiziki, Gare Kakheti, Trialeti, Kvemo Kartli, Javakheti. Local
bioecological and soil-climatic zones of these regions, especially the Black Sea coast of Adjara,
contributed to the introduction of valuable medicinal foreign plant species. For example, one of the
representatives of the collection of the Batumi Botanical Garden is the genus Mahonia Nutt.,
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represented by 5 introduced plant species belonging to the family Berberidaceae Torr. et Gray: M.
bealei (Fort.) Carr., M. japonica (Thunb.) DC., which were naturalized back in 1913, and M. fortunei
(Lindl.) Fedde, M. lomariifolia Takeda., M. wagneri Jouin.- in the 70s of the last century (information
provided by employees of the Batumi Botanical Garden) [1,2,3,4].

In view of the fact that not a single species introduced on the territory of Georgia, Mahonia was
studied for the content of biologically active bases, the object for the study was Mahonia bealei (Fort.)
Carr., which was first studied for alkaloid content at the TSMU, Institute of Pharmacochemistry named
after . Kutateladze, direction of alkaloids.This plant is native to the mountainous regions of southern
China and is included in the Chinese Pharmacopoeia (2000). Its leaves, stems, and roots have long been
used in Chinese traditional folk medicine to treat a variety of conditions, including colds, dysentery,
jaundice, and pharyngolaryngitis, as well as to improve blood circulation.

The family Berberidaceae is known for its high content of isoquinoline alkaloids, which have a
wide range of physiological activities. To date, according to the literature, alkaloid-containing total
substances and individual compounds isolated directly from Mahonia bealei, according to in vitro and
in vivo tests, are positively evaluated for anti-tuberculosis, antimicrobial, antioxidant, anti-
inflammatory and many other activities [5,6,9].

M. bealei, is a low-growing evergreen shrub. The shoots are thick, erect. The leaves are alternate,
compound, unpaired pinnate, composed of egg-shaped or elongated leaflets, dense, leathery, shiny,
with a sharp-toothed edge. The flowers are bright yellow, collected in multi-flowered apical panicles
and tassels. Numerous small fruits in the form of spherical oval berries, black-purple with a blue
coating. Based on phenological observations, it was found that in the second half of February, the plant
comes  out  of  a  dormant  state.   From the  end of  February  to  the  beginning  of  March,  the  flowering
phase is noted. In the second half of March - by the end of May, the growth of shoots begins and ends.
Fruit ripening ends in June. All of these steps indicate the sequential and complete passage of all
phenological phases by the introduced plant [3,7,8].
Since the phytochemical composition of Mahonia bealei introduced to the territory of Georgia has not
been studied, this research intended to to analyse the plant's alkaloid content based on this  the aim of
the work was to study the introduced into Georgia plant Mahonia bealei for the content of alkaloids.
Materials and Methods.  The object of research was the above-ground, vegetative organs of the plant
(leaves, branches, flowers) collected in the Batumi Botanical Garden in the phase of active flowering.
Qualitative and quantitative analysis of vegetative organs of the plant for the content of alkaloids. 15 g
of crushed leaves, stems, above-ground organs of the plant were extracted on water bath  with ethyl
alcohol at 1000C and insisted for 24 hours at the room temperature. The extract was filtered and
evaporated under vacuum, dissolved in 2N HCl and alkaloid precipitation reactions were carried out
with following reagents: Dragendorf, Sonnanstein, Valser, Mayer, silica tungsten and picric acids [10].

After a positive reaction to alkaloids, the raw materials were subjected to further analysis. The
aerial vegetative organs of M. bealei, in an amount of 250 g (leaves-120 g, branches-80 g, flowers-50 g),
were extracted with hexane, in order to remove lipophilic substances. The raw materials were extracted
three times with ethyl alcohol, using liquid-liquid extraction and insisted at the room temperature. The
extracts  were  combined  and  evaporated  under  the  vacuum  and  the  residue,  as  a  sum  of  bases,  was
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treated with 5% HCl. Acid extracts were washed with chloroform, the sum was alkalized with a 25%
ammonia solution (while cooling) to pH 9-10 and  simultaneously the alkaloids were extracted with
chloroform.  The chloroform extract was dried with anhydrous Na2SO4, filtered, the solvent was
evaporated and the residue was dried. After the extraction of tertiary and quaternary bases from
acidified (pH 3, 10% H2SO4) mother solutions, the quaternary bases were isolated by adding a saturated
solution of potassium iodide.

Identification  of  alkaloids  in  fractions  was  carried  out  by  using  of  TLC  (thin  layer
chromatography), in the solvent system: Butanol - Acetic acid - Water (10 : 1 : 3) with the standards:
berberine, palmatin, iatrroricin, magnoflorarin (Boiron laboratory, France), on the plate Siliagel 254,
Merck; Dragendorf's reagent and iodine vapor were used as detectors, For qualitative and quantitative
analyses was used method of high-performance liquid chromatography (HPLC); Agilent Technologies
1260; column: Eclipse plus C18; 4.6 x 250mm, 5 µm; Column temp.: 200C; Flow: 1 ml/min. Solvents: A-
Water (0,1% HCOOC), B – ACN (0,1% HCOOC); Solv. B%: 10 100%; 20 min.
Results and discussions. while using technic of thin layer chromatography, total fractions containing
quaternary bases, in the presence of standards, compounds were identified that, by a qualitative
reaction  with  Dragendorff's  reagent  and  iodine  vapor  with  simultaneous  mobility  on  TLC,  gave  a
characteristic color: bright yellow - berberine, yellow-palmatine, pinkish red -jatrorrhizine,  brown-
magnoflorine . According to HPLC analysis in total fractions, the main quaternary alkaloids were
identified and quantified. (table 1).

Table 1. The results of the study of the vegetative organs of Mahonia bealei, for the content of alkaloids
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Content of quaternary based in alkaloid containing
total fractions, %

Aporphine
alkaloids

Protoberberine
alkaloids

Magnoflorin Berberine Jatrorrhizine Palmatin
Mahonia

bealei
(Fort.)
Carr.

Active
floweri
ng

leaves 0,07 18 27 23 2
branches 1,33 trace 50 5 3
flowers 2,48 trace trace trace 57

A comparative analysis of the total amounts of alkaloids revealed the advantage of the total
substance obtained from flowers - 2.48%. Based on the results of the HPLC analysis, we can conclude
not only the percentage of the main protoberberine and aporphine alkaloids in the fractions but also
which alkaloid is dominant. For example, in leaves - three bases dominate at once: berberine (27%),
jatrorrhizine (23%), and magnoflorin (18%), in branches and flowers - one base dominates - berberine
(50%) and palmatin (57%), respectively, the rest are present in the form of traces.

In Table 2 are shown the formulas with the main physical and chemical characteristics of
alkaloids: berberine, palmatin, jatrorrhizine and magnoflorin.
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Table 2. Quaternary bases presented in total fractions obtained from the vegetative organs of Mahonia
bealei.

# name Structure Plant Place of
collection

1 Berberine iodide
C20H18N+O4I-

336.1236
melting poit:  260°C -262°C
[ ] ±0°
R1=R2= CH2 2; R3= H; R4=R5=OCH3

-J+N

O

R4

R5

R2

R1
1

2
3

4 5
6

8

9

12

13

14

Mahonia
bealei (Fort.)

Carr

Botanical
garden of
Batumi

2 Palmatin iodide
C21H22INO4

479,3
[ ] ±0°
melting poit:  203°C -204°C
R1=R2 =OCH3

N+

R1

R2

OCH3

OCH3

3 Jatroricin  iodide
C20H20N+O4I-

338.1392
melting poit:  209°C -210°C
[ ] ±0°
R1=R4=R5=OCH3; R2 H; R3=H

-J+N

O

R4

R5

R2

R1
1

2
3

4 5
6

8

9

12

13

14

4 Magnoflorin iodide
C20H24N+O5I-

melting poit:  249°C-250°C
[ ]  ±100°

N
HO

CH3

CH3

H3CO

H3CO

HO

HPLC analysis of the extracts derived from the vegetative organs of the Mahonia bealei and and
main physical and chemical characteristics of the alkaloids, confirm the presence of the
abovementioned bases.
Conclusions: As  a  result  of  assessing  the  content  of  total  alkaloids  in  the  vegetative  organs  in  the
analyzed naturalized form of M. bealei, growing in a subtropical climate, it was found that the most
promising, in terms of quantitative yield, is the sum obtained from flowers. As a result of qualitative
analysis, by TLC, in the presence of standards, protoberberine and aporphine bases belonging to the
isoquinoline class of alkaloids were identified. In fractions containing quaternary bases, according to
HPLC analysis methods, information was obtained not only on the qualitative ratio of bases, on the
quantitative content of alkaloids also about the dominant - alkaloids. According to preliminary data,
the amounts obtained from the aboveground vegetative organs of the plant exhibit  antioxidant and
anti-inflammatory activities.
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Abstract

Endometrial stromal sarcomas (ESS) are rare neoplasms that arise from the endometrial stroma and
account for less than 1% of all  uterine malignancies.  Diagnosis of ESS can be challenging due to its
morphological overlap with other endometrial tumors, such as endometrial stromal nodules and
stromal  endometriosis.  AgNOR  count  is  a  marker  of  cell  proliferation  and  has  been  proposed  as  a
potential tool for differentiating between different types of endometrial tumors.In this study, we
analyzed the AgNOR count in 50 cases of endometrial tumors, including endometrial stromal nodules,
stromal endometriosis, low-grade ESS, and high-grade ESS. Our results show that there is a significant
difference in the AgNOR count across different types of endometrial tumors, with the mean AgNOR
count increasing with the severity of the tumor. Endometrial stromal nodules had the lowest mean
AgNOR count, while high-grade ESS had the highest. These findings suggest that AgNOR count may
be a useful marker for differentiating between different types of endometrial tumors, including ESS.
However, further research will be needed to confirm these findings and explore the clinical utility of
this marker in the diagnosis and management of these conditions. Overall, our study contributes to our
understanding of the biology of endometrial tumors and provides valuable information that may be
useful in the development of diagnostic and treatment strategies for these conditions.

keywords: Endometrial stromal sarcoma, Endometrial tumors, AgNOR count, Cell proliferation;
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Abstract

Breast cancer is a heterogeneous disease that can be divided into different molecular subtypes, each
with different clinical and pathological characteristics. HER2-positive breast cancer is a subtype
characterized by overexpression of the HER2 protein, which is associated with aggressive tumor
behavior. The process of epithelial-mesenchymal transformation (EMT) is believed to play a critical
role in tumor invasion, metastasis, and resistance to therapy in HER2-positive breast cancer. Tumor-
infiltrating lymphocytes (TIL) are an important component of the host's immune response against
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cancer, and their presence and composition have been shown to correlate with clinical outcome in
various types of cancer, including breast cancer.

Our study aims to reveal the phenotypic heterogeneity of EMT in different tumor sites, including the
primary tumor focus, tumor "Buds” and metastatic lymph nodes by molecular typing of HER2-
enriched breast cancer. The expression of EMT markers, including E-cadherin, Beta-catenin and
vimentin, was measured and significant differences in expression were detected. The presence of
EMT in the main tumor focus and tumor "Buds'' was associated with a worse clinical outcome.
Furthermore, the presence and composition of TILs varied between tumor sites and correlated with
the expression of EMT markers. Based on the findings, it can be assumed that EMT is a heterogeneous
process and that the presence of EMT in different tumor sites may have different clinical implications
for HER2-positive breast cancer. Identification of biomarkers associated with EMT and TILs may
facilitate the development of targeted therapies and improve personalized treatment for patients with
HER2-positive breast cancer.

Keywords: Breast cancer, HER2-positive, Epithelial-mesenchymal transition, Tumor buds, Tumor-
infiltrating lymphocytes, Cancer Biomarkers;
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Potential use of food production waste to obtain medical and cosmetic products.

Message 1. The use of one of the types of waste from the production of corn grain corn silk (review).

 Kakhetelidze M. B 1., Kikalishvili B.Yu 2., Gabelaia M.A.3 ,Yavich P. A.4, *   Mskhiladze L. V5.,

1Kakhetelidze Mzia Bondoevna, Doctor of Pharmacy, Senior Researcher, Institute of
Pharmacochemistry I. Kutateladze Tbilisi State Medical University

2Kikalishvili B.Yu., Doctor of Pharmacy, Chief Researcher, Institute of Pharmacochemistry I.
Kutateladze Tbilisi State Medical University

3Gabelaia Margarita Arkadievna, Doctor of Pharmacy, associate professor  Georgian Technical
University

4Yavich Pavel Abramovich, Doctor of Pharmaceutical Sciences, Professor, Chief Researcher,
Direction of BAA and Cosmetological Means Institute of Pharmacochemistry I. Kutateladze Tbilisi

State Medical University
5*Mskhiladze Lasha Vasilyevich, Doctor of Pharmacy, Associate professor,  Direction of

Pharmacognosy and Pharmaceutical Botany Department of Pharmacognosy Tbilisi State Medical
University *Corresponding author.

Abstract. One of the problems of modern technology for processing food technology products of plant
origin is the use of their waste - peel, seeds, shells  oilcake, leaves and other components, containing a
significant amount of bioactive compounds (phenols, peptides, carotenoids, anthocyanins, fatty acids,
enzyme, fibers etc.), which in most cases are not  utilized  and are burned, or go to dumps, worsening
the environmental situation.  The production of potential drugs  for the cosmetic and medical
industries from them is of great interest. A similar problem  takes place also in Georgia. A large amount
of  waste  remains  after  processing  the  corn  crop  -  stems,  leaves,  corn  stigmas.  In  this  review,that  is
mainly  based  on  literature  data,  the  problem  of  using  corn  stigmas  (silk),  which  is  available  in
abundance, is considered. Judging by the chemical composition, corn stigma powder contains a number
of phenolic compounds, pectin, glucan, glucomannan, cellulose, hemicellulose, lignin and others. It
also contains Na, Mg, K, Ca, copper, iron, manganese, zinc. Many scientists have studied   antioxidant,
anti-cancer, anti-inflammatory, acute and chronic activities.  Their studies and a number of other tests
have shown the pharmacological activity of extracts from the powder and their safety for use ,when
they are taken in certain doses.

According to available data, products, obtained from corn production waste, have found wide
application in cosmetology. They are used as  absorbents, fillers, proteins, emulsifiers, surfactants. All
this confirms the need of using waste products from the production of corn grain - corn stigmas (silk),
for further purposes.

Keywords. Corn, waste, corn silk, pharmacology, cosmetics
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N - ,

F1 F2 F3 F4 F5 F6 F7

1 20,0 20,0 20,0 20,0 20,0 20,0 20,0

2 20,0 20,0 20,0 20,0 20,0 20,0 20,0

3 10,0 10,0 8,0 5,0 10,0 5,0 7,0

4 5,0 3,0 5,0 5,0 5,0 5,0 5,0

5 E6 PLV 13,0 15,0 17,0 20,0 15,0 17,0 15,0

6 12,0 12,0 10,0 10,0 10,0 13,0 13,0

7 80.0 80.0 80.0 80.0 80.0 80.0 80.0

  ,   
     .   N2 .

 N2

  

-

F1 F2 F3 F4 F5 F6 F7
, ( )

(80,0±10%)
80,0±0,2 80,0±0,3 80,0±0,2 80,0±0,3 80,0±0,4 80,0±0,7 80,0±0,7

, %
99,9±0,44 99,7±0,39 99,9±0,45 99,7±0,48 98,8±0,57 99,8±0,51 99,8±0,36

,
2)

5,3±0,53 6,24±0,46 6,5±0,51 7,6±0,49 6,56±0,55 6,4±0,46 7,45±0,52

,
(%) (  97%)

99,39 99,47 99,62 99,81 99,72 99,36 99,79

, ( ) 5,8±0,28 7,4±0,32 7,7±0,31 7,9±0,25 7,2±0,34 7,3±0,30 8,6±0,27
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Formulation and technology of Enteric and Foam-forming Rabeprazole tablets.

Revaz Zazadze1, Gulnara Mikaia1, Lasha  Bakuridze1, Dimitri  Lagazidze2,

Manana  Orjonikidze2, Ia Tsurtsumia1, Aliosha  Bakuridze1

1Pharmaceutical Technology Department at Tbilisi State Medical University

2TSMU Iovel Kutateladze Institute of Pharmacochemistry

Abstract

Helicobacter pylori (H. pylori) is considered the main cause of gastroduodenal diseases. For the

eradication of Helicobacter, triple therapy is actively used, the so-called "Gold standard", which

combines antibiotics and proton pump inhibitors.

Among the  innovative  delivery  systems  for  the  gastroenterological  drug  formulat  ions  foams

appear to be of particular interest.Foams are light systems. Unlike solid medicationforms, they are not

simply deposited in the gastrointestinal mucosa, on the contrary, they grow in volume,have a large

contact surface, completely cover the mucous membrane, and penetrate it. Targeted delivery, enteric-

soluble and foam-forming tablets have been developed from the "Gold standard"ingredients with a

significant amount of antacids.

The study aimed to determine the composition of enteric-coated and foam-forming rabeprazole

sodium tablets and process  their  technology.

Based on biopharmaceutical research, the optimal composition of foam-forming powder has

been formulated as an auxiliary substance for the preparation of foam-forming tablets, with the

following composition: sodium lauryl sulfate, lecithin, and METHOCEL™ E6 PLV (0.75:1.25:5) 7%,

Xanthan, and guar gum in a ratio of  1:1 - 2%, Isomalt 10%.

Based on biopharmaceutical studies, the formulations of enteric-soluble and foam-forming core,

tablet coating composition, and manufacturing technologyof rabeprazole have been drawn up.



Georgian Scientists/ . 5  N 2, 2023 171

The physical, chemical, and technological properties of foam-forming and enteric-coated rabeprazole

tablets have been studied. And, we have ascertainedthat the technology appliedfor their manufacturing

meets the quality requirements of this medication: its appearance, dosing accuracy, mechanical

strength, solubility, foaming, stability, etc.

The dissolution profile of rabeprazole tablets, generated at pH 1.2 and 6.8,has been studied. We

have ascertainedthat Active Pharmaceutical Ingredient (API) is almost 100% resistant to the acidic

environment:  the amount of API released during 2 hours in the acid area is  insignificant and varies

within 3%. The API of the tablet is completely released within 30 min at pH 6.
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Comparative description of Sphagnum austinii and S. Papillosum of the genus Sphagnum
species of Kolkheti plain

Natela Tetemadze¹, Izolda Matchutadze²

Scientific employee of Kolkheti Peatlands and Water Ecosystems Conservation Department, Institute of
Phytopathology and Biodiversity of Batumi Shota Rustaveli State University¹, Chief Scientific Employee, Head

of Department of Kolkheti Peatland and Water Ecosystems Conservation Department, Institute of
Phytopathology and Biodiversity of Shota Rustaveli State University of Batumi²

Abstract

      The genus Sphagnum is the edifier of living sphagnum peatlands spread on the plain of Kolkheti.
One of the dome-forming species of living sphagnum peatlands of Kolkheti is Sphagnum austinii
Sull., which is rare in Europe and has been assigned the category of Near Threatened (NT) by the
IUCN Red List (https://www.iucnredlist.org/). In the peatlands of Kolkheti, the species - Sph.
Papillosum Lindb., which in some cases is morphologically very similar to Sphagnum austinii Sull.,
and is almost impossible to distinguish in the field with a magnifying glass. We described and
recorded the anatomical features of the species under the microscope (OMAX-DC5V).

Key words: danger of extinction, edificator, white moss, peatland
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Some Social Aspects of Antibiotic Use in Georgia

Irine Korinteli, Irma Korinteli

Child and Adolescence Medicine Department, Tbilisi State Medical University Tbilisi, Georgia

ABSTRACT

Background: One  of  the  most  urgent  problems  of  modern  medicine  is  the  tendency  of  increasing
resistance to antibiotics. Which to a certain extent was caused by inappropriate use of antibiotics.

Objectives:The aim of the study was to study the social aspects of antibiotic use in Georgia.

Methods:To study the social aspects of the use of antibacterial drugs, we used a semi-structured open
questionnaire, which made it possible to conduct a survey with the respondents in a dialogue mode.

All persons participating in the study were adults, living in the capital of Georgia, with higher
education, including 25 patients / 6 financiers, 4 teachers, 5 marketers, 3 accountants, 2 economists, 5
housewives/, 25 family doctors and 25 pharmacists.

Conclusions:Antibiotic therapy in Georgia is influenced by a number of social aspects. The following
trends were revealed: in some cases, patients start self-medication with antibiotics, because they assess
the  need  for  antibiotics  based  on  their  complaints,  they  do  not  consult  a  doctor  to  save  time  and
financial resources. Specific pharmacies are selected according to discount cards.

Pharmacists believe that they have the proper knowledge to select an antibiotic based on complaints
alone. Recommendations are sometimes received from executives to sell specific antibiotics.

Family physicians believe that they have the appropriate knowledge to perform a complete
examination and select an antibiotic, they use the guidelines, but they would like to update it.
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Impact of epidemiological restrictions related to COVID 19 on children's health
status

Irine Korinteli, Irma Korinteli, Ana Darsadze

Child and Adolescence Medicine Department, Tbilisi State Medical University Tbilisi, Georgia

ABSTRACT

Background: In terms of prevention of COVID 19 In Georgia as well  as in the World, mobility
restriction and vaccination have been given the greatest role. As is known, at this stage, mass
vaccination of children is not carried out according to the WHO recommendation, and from the
epidemiological point of view, the reduction of mobility is relevant.

Objectives: Aim of our research was to determine the impact of online teaching in public schools
on the health of children during the COVID 19 pandemic in Georgia.
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Methods: A prospective study was conducted with closed questionnaire which included 15 closed-
questions. Public school pupils and parents were involved in the research. They were selected
according to the principle of the so-called snow team. A total  of 134 person was participated in the
study: 52 pupil /38.8%/ and 82 parents/61.1%/. The survey was conducted anonymously, no personally
identifiable information was recorded. Processing and analysis of the results was carried out with the
Microsoft Excel package.

Conclusions: Restrictions in the context of the COVID 19 pandemic have affected the health status
of children. The positive and negative results of the so-called online education were identified.
Dermatological complaints (especially rashes) decreased, as well as respiratory system and
gastrointestinal tract complaints. As for the endocrine, psycho-emotional sphere and vision.
Complaints related to visual impairment have increased. Also, cases of obesity, insomnia, convulsions,
dizziness, headaches have increased. In terms of bone-joint system complaints, scoliosis cases have
increased.
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Ways of learning of ideal gas state equation
(methodological material)

Magda Metskhvarishvili1; Iamze kalandadze2; Kakha Gorgadze3; Manana Beridze4

1Georgian Technical University, PhD, Candidate of Physical and Mathematical Sciences.
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2Georgian Technical University, PhD, Pedagogical Sciences
3Georgian Technical University PhD, Science of Physics
4Georgian Technical University PhD, Science of Physics

Abstract

The article presents methods of obtaining the Mendeleev-Clapeyron equation. Thermodynamics
considers the macrosystem as a whole and describes its properties not on the basis of the microstructure
of the substance, but on the basis of the experiment establishes a connection between the macroscopic
parameters of the substance. This method is distinguished by its simplicity, but it has a drawback, which
is that its internal mechanism is not explained in the thermodynamic discussion of events. For example,
one can experimentally obtain a relationship between the pressure and volume of an ideal gas at
constant temperature pV=const, but why this is so can only be explained by the methods of molecular
physics.

Key words: ideal gas, pressure, volume, temperature.
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Determination optimal conditions of  extraction  of sum of triterpene glycosides from
Fatsia japonica

Zurab Kemoklidze
Doctor of Pharmacy, Senior Researcher, Iovel Kutateladze Institute of Pharmacochemistry, Tbilisi

State Medical University

Abstract
Thus, as a result of the conducted studies, the optimal mode of extraction of total triterpene glycosides
from the leaves of Fatsia japonica (Thunb.) Dacne et Planch., cultivated in Georgia, has been
established: extraction of triterpene glycosides from raw materials should be done with 80% ethyl
alcohol for 2 hours, temperature regime 75-80 , at the ratio of solid/liquid phases (1:5), the size of
the raw material particles is 0.5-7.0 mm.

Keywords: Fatsia japonica, triterpene glycosides, extraction process.
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COVID 19 - the modern challenge of higher medical education

Irma Korinteli, Irine Korinteli, Ana Darsadze

Tbilisi State Medical University Tbilisi, Georgia, Child and Adolescence Medicine Department

ABSTRACT

Background: The COVID 19 pandemic created problems for the population not only in terms
of health, also in terms of education, especially in the field of medical education. In order to prevent
the spread of the virus in our country, regulations were adopted, including the so-called online teaching
mode.

The method of online learning is not new in the World, although this method of teaching in
the field of medicine is associated with certain difficulties.

Objectives: The aim of our study was In the conditions of the COVID 19 pandemic, in the field
of medical education, the so-called Scientific evaluation of the role of online teaching.

Methods: The research was prospective, based on the principle of the so-called snow team. through a
questionnaire. In order to determine the peculiarities of distance learning of medical subjects, only a
survey of students was conducted. In order to compare the results of the research, the following aspects
were distinguished: To what extent is it possible to study the clinical skills of the so-called online format
and In the clinical discipline, with the so-called on-line survey format, how much is it possible for the
student to demonstrate the acquired knowledge as much as possible.

The questionnaire intended for students included 25 closed questions. The content of the
questions was behavioral, measuring mood and assessing knowledge.



Georgian Scientists/ . 5  N 2, 2023 215

 102 respondents,  6th year students of Tbilisi  State Medical University,  were included in the
research. All of them were involved in the distance learning process and they were interviewed in a
telephone format.

Conclusions:  As  a  result  of  summarizing  the  results  of  our  research,  it  was  found  that  it  is
difficult to provide complete medical education in an online format under the conditions of a pandemic.
According to the results of our survey, 44.1% of students consider online learning format justified in
clinical  disciplines.  Also,  the  majority  of  students  /65.6%/  believe  that  It  is  possible  to  reveal  the
maximum of knowledge in online mode.

In the conditions of the epidemic, Online teaching is an alternative method and ensures the
continuity of the teaching process. In addition, distance learning has many positive aspects (for
example, financial and time savings during transportation), which can be used even after the end of
the epidemic.
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A review of new technologies in Anatomy teaching methods

Giorgi Durglishvili, MD, Ph.D.1, Nato Durglishvili, MD, Ph.D.1, Maia Gogashvili, MD, Ph.D.1 Veriko
Berulava  MD, PhD(c)1, Manana Machitidze MD, Ph.D. (c)1, Sopio Saparidze, MD1, Inga Ozelashvili,

MD1.

1The University of Georgia, Tbilisi, Georgia

In the 21st century, medicine is progressing very rapidly. This advancement has been further
accelerated during the period of the pandemic. We should be aware that during this era, technology is
becoming more accessible and versatile, greatly influencing the development of teaching
methodologies.

The human body is an intricate and meticulously organized entity composed of specialized cells.
Its cohesive functioning is paramount for the sustenance of life. The human anatomy exhibits a
hierarchical organization, spanning from the fundamental level of atoms to the more elaborate
structures such as organs and organ systems. (2)

Anatomy and physiology are fundamental subjects within medical and healthcare science
programs. Moreover, these disciplines are often regarded as inherently intricate, posing notable
challenges for students regarding comprehension and assimilation. In the present era, studying and
understanding human anatomy in medical and other healthcare science schools is undergoing a critical
and transformative period. Over the past few years, in line with the advent of the digital age, the
integration of technologies has brought about significant changes regarding how the morphology of
the human body is taught to students. This transformation can shape future approaches in its
comprehension and exploration. (3) Estai’s and Bunt’s 2016 critical analysis of literature explores
dissection, projection, plastination, anatomical informatics, visualization, and the continued relevance
of anatomy in education. These discussions delve into inquiries, integrated pedagogical approaches, and
innovative methods within the field. (4)

The revisiting of cadaveric dissection remains a main method in studying human anatomy. Hands-
on training and learning, rooted in practical education, have stood the test of time as the primary
instrument of anatomical instruction throughout the ages. Using real anatomical specimens (cadavers)
is considered essential and foundational for studying anatomy. It serves as the gold standard and
provides a fundamental framework for anatomical education's regional, systemic, surgical,
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neuroanatomical, forensic, and anthropological aspects. The field of anatomical research encompasses
creating  and  exploring  various  visualizations,  including  anatomical  models,  learning  methods,  and
diverse forms of illustration. However, when applying these new models, there are distinct
considerations regarding their suitability for comprehensive dissection, particularly in preparing
materials for interdisciplinary university education. (4)

In the twenty-first century, technological advancements have led to the reconstruction of
anatomical teaching methods, as there has been a prioritization of learning based on 2D or 3D models.
(5) As previously mentioned, significant changes have occurred in anatomical education and students'
learning experience in recent years. Anatomical lecturers have moved away from traditional
pedagogical approaches and responded to the evolving needs of the curriculum, the influence of
technology, and the demands of healthcare professions. When discussing the new methods in
anatomical education, we refer to technologies such as virtual reality (VR) and augmented reality (AR).
These technologies provide an immersive and enhanced reality experience. (6)

The study of anatomy is greatly enhanced by using three-dimensional (3D) visual models, which
provide a more comprehensive understanding. It should be noted that interactive multimedia models
and virtual visualization programs have become readily accessible to students, assisting them in
creating informative representations and facilitating significant memory retention. These tools enable
students to engage in the generation of knowledge actively and also contribute to the extended storage
of information. (1) Additionally, it provides students with more motivation and interest.

The study of anatomy and physiology, available through virtual dissection, enhances the quality of
structural detailing. In addition, we have incorporated interactive software called 'ANATOMAGE' into
the learning method, which allows for exploring anatomical structures and diagnostic information on
a high-resolution screen.

Students can actively manipulate the dissected structure and explore different anatomical components
in detail compared to anatomical illustrations while working with the anatomical table. They can
change the dissection plane and examine various anatomical structures from different perspectives,
learning specific aspects. The acquired information will assist students in applying their knowledge for
demonstration purposes and collaborative, interactive work with the lecturer to accomplish group
tasks.

    The table includes four cadaver 3D graphics with fundamental human parameters. The advantage of
the model is that it allows for the manipulation of the montage plane, meaning it is possible to change
the model's viewpoint. In the anatomical table, 1250 cases of clinical anatomy and 500 histological
slides are uploaded for normal and pathological clinical correlation. Additionally, high-quality CT and
MRI scans are available for radiological anatomy. It is also beneficial for embryology studies to enhance
visual learning of angiography for students. Animal models are also uploaded, which helps to compare
them with human structures for comparative anatomy.
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Indeed, all of this facilitates a more realistic simulation of working on actual human anatomy and
greatly aids students in understanding regional, systemic, pathological, radiological, and clinical
anatomy in more depth. Therefore, the anatomical model serves as a versatile multidisciplinary tool.
Moreover,  the  chosen model  stands  out  among the  available  options  because  it  incorporates  precise
digital photorealistic data and an extensive digital library.

In line with standard practices, integrating emerging technologies is crucial in enhancing the study
and understanding of various structures in the human body, promoting effective learning and
comprehension. (7) It is important to note that changes should not be implemented solely for the sake
of change, but rather, emphasis should be placed on evaluating the impact of these changes on learning.
In terms of research, quantitative and qualitative analyses demonstrate the necessity of effective
evaluation methods that accurately assess the students' knowledge levels, particularly concerning
clinical anatomical concepts. These evaluations should also account for the variations in spatial abilities.
The assessment format should be carefully designed to align with instructional methods and facilitate
the application of knowledge in clinical practice (8).

    The table includes four cadaver 3D graphics with fundamental human parameters. The advantage of
the model is that it allows for the manipulation of the montage plane, meaning it is possible to change
the model's viewpoint. In the anatomical table, 1250 cases of clinical anatomy and 500 histological
slides are uploaded for normal and pathological clinical correlation. Additionally, high-quality CT and
MRI scans are available for radiological anatomy. It is also beneficial for embryology studies to enhance
visual learning of angiography for students. Animal models are also uploaded, which helps to compare
them with human structures for comparative anatomy. The goal of anatomy courses in medical and
healthcare education programs is to provide students with a comprehensive understanding of the
human body's main structural and functional aspects. Due to the ongoing COVID-19 pandemic, the
team of anatomy lecturers has already adapted as pedagogical innovators, demonstrating the best
practices in online learning and assessmentsAccording to Florence University statute (1388),  no one
can be considered a competent physician or adequately trained if unfamiliar with human anatomy. (9)
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ABSTRACT

Vinca alkaloids are used extensively in the treatment of various diseases and despite their
usefulness, drug resistance, attributed to a number of mechanisms associated with the multidrug-
resistance phenotype including overexpression of P-glycoprotein (P-gp), remains a serious clinical
problem. To identify the possible role of P-gp on the intestinal permeability of anti-arrhythmic crude
alkaloids (Vingerbine) from Vinca herbaceae, Caco-2 cells were used in this study. The four
Vingerbine constituent alkaloids were analyzed by high performance liquid chromatography (HPLC).
Transport parameters, permeability coefficients and percent transports were calculated. Vingerbine
constituent alkaloids displayed the identical tendency but with dissimilar degree of modulation in
absorptive transport direction. Vincarine and Herbadine demonstrated higher-level intestinal
transcellular efflux; the co-presence of verapamil, the absorptive transport of alkaloids increased,
while the secretory decreased. No asymmetric permeation was observed for Herbamine and
Vincamajine. The study suggests the involvement for multidrug resistance-associated proteins (MRPs)
in the intestinal transcellular efflux of Vincarine and Herbadine. The further studies will be focused
upon  the  screening  appropriate  nanomedicine-based  strategies  to  combat  MDR  and  thus  improve
intestinal absorption of anti-arrhythmic alkaloids.

KEYWORDS: Vinca alkaloids, Indoline alkaloids, Vingerbine, Caco-2, P-glycoprotein (P-gp).

Introduction
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Vinca alkaloids (periwinkle plant, Catharanthus roseus) are an important group of natural
products  widely  used  as  medicinal  agents.  Despite  of  various  therapeutical  efficacies  such  as
antiarrhythmic, hypotensive, antitumor, these compounds are facing problems with less oral
bioavailability and interpatient variability (1).

It  was found out that the responsible for a low oral bioavailability of alkaloids are the ATP-
binding cassette (ABC) transporters such as P-glycoprotein (P-gp, MDR1), by pumping a variety of
drugs out cells at the expense of ATP hydrolysis (2). In comparison to most other transport proteins
that recognize specific chemical substrates, P-gp is unusual since it pumps out a variety of lipophilic
and cationic compounds including vinca alkaloids (3). The molecular mechanisms underlying broad
substrate specificity of this transporter are generally unknown. Different attempts have been made
to find a common set of structural and functional features required for a substrate to interact with P-
glycoprotein. It has thus been suggested that common property of P-glycoprotein substrates is their
relative  hydrophobic  nature  and the  minimum set  of  structural  features  includes  a  basic  nitrogen
atom and planar aromatic domains (4-5).

Vinca  herbacea  Waldst  et  Kit,  the  least  investigated  among  the  Vinca  species,  is  widely
distributed in Georgia. The detailed chemical investigation of this plant has been performed in the
laboratory of alkaloids of I. Kutateladze Iinstitute of Pharmacochemistry TSMU and novel natural
anti-arrhythmic component – Vingerbine, has been isolated from its aerial part (6-8). Vingerbine is
composed by four indoline alkaloids of ajmaline series; the pharmacological studies confirmed that
its  therapeutic  efficacy  is  generated  by  specific  activity  of  each  compounds  (9-12).  Thus,  high
intracellular accumulation of these alkaloids will provide maximal therapeutic effect for Vingerbine.

Since Vinca alkaloids are known to be pumped out by P-gp, the transport of Vingerbine
constituent alkaloids was investigated in this study through the Caco-2 cells, which can imitate the
transport in vitro. P-gp is known to be located in the apical (brush-border) membrane of Caco-2 cells
and presents a major barrier to the oral delivery of many structurally diverse drugs and drugs
candidates (13-14).

Materials and Methods
Materials.  DMSO  (Dimethyl  sulfoxide)  was  purchased  from  Acros  organics  (USA).  Sodium

chloride (NaCl), Potassium chloride (KCl) and Glucose were purchased from Fluka chemical and all
other reagents and solvents were obtained from Sigma (St. Louis, MO, Austria). The chemicals were of
analytical grade and solvents used in high-performance liquid chromatography (HPLC) were of HPLC
grade. Vingerbine (Fig. 1), sum of indoline alkaloids was obtained according to the procedures in a
previous report (10, 15).

Vingerbine is represented by 4 indoline alkaloids of ajmaline series:

Vincarine (1) [C H N O  (353.3), m.p. 264 - 2650C, [ ] D + 13.75 ± 0.80 (ethanol)];

Vincamajine (3) [C H  N O (366), m.p. 226- 2270C, [ ] D - 21 ± 0.10 (chloroform)];
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Herbadine (2) [C H N O  (368), m.p. 203- 2060C, (acetone)];

Herbamine (4) [C H  N O  (382), m.p. 174-1760C, (acetone)] (16).

Fig.1. Structures of Vingerbine constituent alkaloids alkaloids.

In-vitro transport studies across Caco-2 cell monolayers. Caco-2 cell monolayer (passage
number 85) was grown onto 12 well Transwell polycarbonate membranes (Transwell®, Costar, 0.4
µm pore size, 12 mm diameter) according to the protocol as described by Sattler S. et al. (1997). The
cells were cultured in Minimum Essential Medium Eagle (MEM) medium supplemented with 20%
fetal calf serum (FCS). The culture medium was exchanged every other day and the cells were stored
in a 5% CO -incubator at 37°C. To evaluate the integrity of Caco-2 cell monolayers, transepithelial
electrical resistance (TEER) was measured with EVOM instrument (World Precision Instrument,
Sarasota, FL). Cell monolayers with TEER values in the range of 500 to 600  cm² were included in
the in-vitro transport studies only.

On the day of experiment, the cell monolayers were rinsed with phosphate buffer saline (pH
6.8). Afterwards 1 mL of HEPES buffer was added to the apical and 1.5 mL to the basal sides of the
Transwell insert and after a 30 min equilibration period in 5% CO  incubator, TEER was measured
to ensure integrity of the Caco-2 cell monolayers. Vingerbine stock solution in a final concentration
of 0.02 % (w/v) was added to the apical side for absorptive (AP to BL) transport.  Respectively the
same concentration of DMSO was made in basolateral side. 200 µL samples were withdrawn from the
acceptor sides every 60 min over a time period of 3 h and immediately replaced by 2 % DMSO solution
in incubation medium equilibrated at 37°C. The final concentration of DMSO was less than 2% in all
experiments, which did not have any detectable effect on the cell monolayers.

Inhibition of transport. Inhibition of Vinca alkaloids transport was tasted with known P-gp
inhibitor Verapamil (100 µM), which was freshly prepared by dissolving in incubation medium and
applied in either the apical or basolateral side. Unidirectional and net flux of Vingerbine was
measured  in  the  presence  and  absence  of  Verapamil.  After  30  min  equilibration  the  drug  stock
solution was added giving a final concentration of 0.02 % (w/v) to the apical side for absorptive (AP
to  BL)  /  or  basolateral  for  secretory  (BL to  AP)  transport.  Then the  experiment  was  performed as



Georgian Scientists/ . 5  N 2, 2023 223

described above. TEER was measured every hour. The amount of transported Vinca alkaloids were
analyzed as described below.

After completion of the permeation studies, transport medium was removed carefully and Caco-
2 cell  monolayers were rinsed with phosphate buffer saline (pH 6.8) and the culture medium was
applied on the monolayers. The Caco-2 cell monolayers were allowed to regenerate for 24 h in the
CO -incubator.

Chromatographic conditions. The quantitative analysis of samples that permeated through the
monolayers was measured by reversed-phase HPLC (Merck Hitachi ELITE LaChrom, Autosampler
L-2200, Pump L-2130). To determine the corresponding alkaloids, the samples were centrifuged at
15000 g for 5 min at room temperature and 50 µL of supernatant was subjected to HPLC. The amount
of permeated Vinca alkaloids were measured by HPLC in accordance with the previously reported
analytical method (15). The column used was an Agilent Zorbax Eclipse XDB-C8 reversed-phase
column (150 x 4.6mm i.d.; 5µm) operated at 25°C and eluted with 0.1% triethylamine (solvent A) and
methanol (solvent B) according to the following protocol: 0–40 min, linear gradient from 50:50 (A:B)
to 30:70; 40–50 min, isocratic elution with 10:90; and 50–60 min, isocratic elution with 50:50 for
column equilibration. The flow rate was 0.8 mL/min and absorbance of the alkaloids was detected at
280 nm. No interference from any Caco-2 monolayers substances was observed during the elution.
Compounds were identified according to peak retention times and MS (Fig. 2) (18).

Fig 2. Retantion time and identification of Vingerbine alkaloids: Herbadine (1), Herbamine (2), Vincamajine
(3), Vincarine (4)

Data analysis. The Permeability coefficient was calculated from:

             dQ       1

Papp=
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Where dQ/dt is the permeability rate (µg/s), C  is the initial concentration in the donor chamber (µg
/mL), and A is the membrane surface area (cm²).

Efflux ratios (Pratio) were calculated from Papp values by Pefflux = secretory Papp/absorptive Papp.

Percent transport (%T) was calculated as the ratio of permeated alkaloids in the receiver side to
the initial concentration in the donor side x100. Transport was monitored for a period of 3 h.

Statistical analysis. All the experiments were conducted in triplicate and the data are expressed as
mean ± SEM. The statistical significance of difference was analyzed using student’s t-test. Values of
P < 0.05 were considered

Results and discussion
The present study was undertaken to determine the bioavailability and intestinal transport of

the Vingerbine compounding vinca alkaloids: Vincarine, Herbadine, Vincamajine and Herbamine
(Fig. 1) using Caco-2 cell monolayer. The two transport parameters, Permeability coefficient (Papp)
and percent transport (%T) for these compounds were determined in the apical to basolateral
(absorptive), as well as in the basolateral to apical (secretive) direction of the monolayer. Transport
was monitored for a period of 3 h. The cumulative amount transported with respect to time is shown
in Fig. 3; the percent of transported compounds and compared degree of AP-to-BL and BL-to-AP
fluxes are listed in Table.

Fig. 3. Transepithelial transport across Caco-2 cells of Vincarine (A) and Herbadine (B). Each value
represents the mean ± SD of at least 3 trials.
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Table Transport of Vingerbine Alkaloids across Caco-2 Monolayer (means ± SD; n = 3-5)

compounds Absorptive (AP to BL) Secretory (BL to AP) Pratio

Papp (cm/s) x 10 %T Papp (cm/s) x 10 %T

Vincarine 0.65 ± 0.12 7.82 ± 1.48 1.78 ± 0.13 21.48 ± 1.54 2.74

Herbadine 0.73 ± 0.12 8.85 ± 1,50 1.64 ± 0.04 19.83 ± 0.49 2.27

As illustrated in Fig. 3, two Vingerbine alkaloids demonstrated bidirectional transport; BL-to-
AP flux for Vincarine and Herbadine was found to be significantly higher than AP-to-BL; the mean
apparent permeability coefficients (Papp) of Vincarine and Herbadine in the absorptive direction were
accordingly 2.74 and 2.27- fold higher than those in the secretory direction (Table). P-gp efflux resulted
in higher BL to AP transport than AP to BL transport (21).  This assay, where P ratio was compared
with a value of 1, was regarded as the standard for identified P-gp substrates. Involvement of a p-gp
mediated efflux mechanisms was indicated if the Pratio > 2. The %T for these alkaloids in the mixture
vary from 7.8 - 8.85% for absorptive and 19.83 - 21.5% for secretory directions. The results suggest that
specific efflux systems such as P-gp may be involved in the permeation of these alkaloids.

This directional difference in transport was not observed with Vincamajine and Herbamine; for
them fluxes were approximately equal in both directions. After one hour exposure, the rapid raise of
transport was observed in both directions. This pronounced rise of influx and efflux cannot be
attributed to drug-induced membrane damage, as the used concentrations of alkaloids and DMSO do
not change normal mucosal cell morphology. The efflux ratio value around of 1 (0.84 ± 0.35 and 0.72 ±
0.14 for Vincamajine and Herbamine correspondingly) means that the permeation of these compounds
in  the  AP-to-BL  and  BL-to-AP  directions  is  identical,  and  is  consistent  with  permeation  by  simple
passive diffusion.

The functional involvement of P-gp in this process was verified by the addition of verapamil,
often used at 100 µM to selectively inhibit the P-gp-based efflux transport. Studies have suggested that
verapamil competes with other substrates for binding to P-gp-associated ATPase (19). The influence of
inhibitor  on  the  Efflux  ratios  of  Vingerbine  constituent  alkaloids  across  Caco-2  cell  monolayers  is
shown on Fig 4. The co-presence of P-gp inhibitor substantially reduced the basolateral to apical efflux
of  Vincarine  and  Herbadine  and  significantly  increased  the  AB-BL  flux,  thus  provided  supportive
evidence for the involvement of an ATP-dependent active mechanism for intestinal transport of these
compounds; on the other hand, the insignificant effect of verapamil on Herbamine and Vicamajine
transport indicated a minor role of P-gp in the oral absorption of these alkaloids and excluded them as
a substrate for P-gp. These results are compatible with the data obtained earlier from rat intestine
model for Vingerbine constituent alkaloids (15).
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Fig. 4. Paracelular permeability dependence of Vingerbine constituent alkaloids transport across
Caco-2 cell monolayers in the presence and absence of Verapamil

In conclusion, Vngerbine constituent alkaloids, having in common certain chemical and physical
features, such as hydrophobicity, cationic charge, planar aromatic domain and nitrogen atom,
demonstrated different permeability properties across Caco-2 cells. Vincarine and Herbadine, bearing
hydrogen atom at first position (N-H), have typical P-gp-involved transport properties including
preferential transport in the basolateral to apical direction; meanwhile, in the transport of Herbamine
and Vincamajine, possessing methyl group (N-CH3),  PgP/MDR1  played  a  minor  role.  Strong
relationship  has  been observed  between the  lipid  solubility  of  compound and its  affinity  for  P-gp;
more hydrophobic Vincarine expressed more effectiveness for interaction with P-gp.

Due to the involvement of P-pg in Vingerbine transport, the further studies will be focused upon
the screening appropriate nanomedicine-based strategies to combat MDR and thus improve intestinal
absorption of anti-arrhythmic alkaloids.
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Importance of amino acids

Nana Tserodze,  Nino Karkashadze, Leila Tatiashvili,  Nino Kavtaradze, Rusudan Uridia, Khatuna
Tserodze*

Iv. Javakhishvili Tbilisi State University, Petre Melikishvili Institute of Physical and Organic
Chemistry

 Georgian Technical University*

Abstract
Amino acids are organic compounds included in the protein structure. They contain functional

groups of an amine  and a carboxyl group. Approximately 500 naturally occurring amino acids are known,
although only 20 are found in the human genetic code. Amino acids play an essential role in the human
body. They participate in the formation of all kinds of tissues, the production of hormones, enzymes, and
antibodies, the proper functioning of the nervous system, the restoration of cells, etc. Amino acids in the
human body are divided into essential, conditionally essential and nonessential amino acids. 9 of the 20
amino acids present in the body are essential, those which are not produced in our body and required to
be supplied from outside. The remaining 11 are non-essential amino acids that human bodies can produce
even if we do not get them from the food we eat by converting other amino acids.
Key words: Essential amino acids, conditionally essential amino acids,  nonessential amino acids.



Georgian Scientists/ . 5  N 2, 2023 234

Georgian Scientists

Vol. 5  Issue 2, 2023

https://doi.org/10.52340/gs.2023.05.02.31

Interactions of bioflavonoid robinin with efflux transporters: P-Glycoprotein and Breast
cancer resistance protein

Lia Tsiklauri1*, Guohua An2,3, Meri Alania1, Ether Kemertelidze1 and Marilyn E. Morris2

1Iovel Kutateladze Pharmacochemistry Institute, Tbilisi State Medical University; Tbilisi 0159, Georgia
2Department of Pharmaceutical Sciences, School of Pharmacy and Pharmaceutical Sciences, State

University of New York, University at Buffalo, Buffalo, NY 14214, USA
3 Current address: Division of Pharmaceutics and Translational Therapeutics, College of Pharmacy,

University of Iowa, Iowa City, IA 52242, USA
* Correspondence: l.tsiklauri@tsmu.edu; Tel.: + 995 577 418 414

Abstract: Present study investigated the possible role of P-glycoprotein in the intracellular
exposure of active substance (robinin) of natural medicine Flaroninum™ and effect of robinin on the
cellular accumulation of mitoxantrone in either BCRP-overexpressing and BCRP-negative cells.
Robinin - kaempferol-3-O- -D-robinoside-7-O- -L-rhamnopyranoside, has been obtained from
over ground parts of Astragalus falcatus Lam., growing in Georgia. The compound possesses
hypoazotemic and diuretic activities and is proposed for the complex therapy of kidney diseases. P-
gp-overexpressing and P-gp-negative human breast cancer cells (MCF7) were used to examine the
absorption character of kaempferol and robinin with or without of verapamil (P-gp inhibitor).
Flavonoids concentrations were determined by LC/MS/MS. Robinin transport was P-gp-dependent
and verapamil significantly increased the extent of uptake of robinin in cells, which is attributed in
part to P-gp-inhibition by verapamil. When comparing the intracellular accumulation of aglycone
with kaempferol-3-O- -D-robinoside-7-O- -L-rhamnopyranoside, we found that kaempferol
uptake was greater than robinin. Since some glycosylated forms of flavonoids
have been demonstrated to significantly suppress breast cancer resistance protein (BCRP/ABCG2),
we hypothesized that kaempferol-3-O- -D-robinoside-7-O- -L-rhamnopyranoside may act  as  a
BCRP-inhibitor. Mitoxantrone accumulation studies were performed in BCRP-overexpressing and
BCRP-negative MCF7 cells using flow cytometric analysis. Robinin (5 and 50 M) had no significant
impacts on the BCRP-mediated mitoxantrone transport; on the contrary, the aglycone kaempferol
produced increased accumulation of mitoxantrone. From these results, we suggest that the active
component of natural hypoazotemic medicine Flaroninum™, robinin, may be a substrate of P-gp and
its efflux outside of the cells mediated P-gp may contribute to its decreased intracellular
concentration.
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1. Introduction

Plasma membrane transporters, including P-glycoprotein (Pgp/MDR1) and breast cancer
resistance protein (BCRP/ABCG2), contribute to the intracellular exposure of many drugs and thus
they have been recognized as significant determinant for drug efficacy and safety [1].  Intracellular
drug disposition is responsive to tissue- and cell-dependent expression of important drug transporters
found in organs (like kidney and intestine) involved in the processes of absorption and secretion [2].
Therefore, examination of interaction between active substances and main transporter proteins is
critical in drug development process.

Various diseases, such as renal dysfunction, have been shown to alter many pharmacokinetic
parameters and cause clinically significant influence in drug disposition and corresponding response
to drugs [3]. The impact of chronic renal failure (CRF) on drug transport has been investigated not so
long ago. It was found out that CRF affects function and expression of membrane transporters (for
instance  Pgp/MDR1  and  (BCRP/ABCG2)  primarily  involved  in  the  movement  of  drugs  and
metabolites across cell membranes [4]. Furthermore, the studies indicated that P-gp or BCRP activity
and abundance may be perturbed by renal dysfunction not only in the kidney but in the other organs
as well [5-7]. Thereby, it is reasonable to use drug dosage adjustment in patients with kidney diseases
[3, 8].

CRF has been acknowledged as a major global problem of nowadays medicine as it is associated
with high health care expenditure and poor quality of life [9, 10]. However, still, effectual approaches
for the restraining its progression have not been generally recognized. Discovery of novel remedies
for CRF has become a top priority for healthcare.

Along with the conventional medication, phytotherapeutic agents (for example polyphenols) are
effectively used for the symptomatic treatment of renal failure [11, 12].

Flavonoids are an important class of polyphenolic compounds universally distributed in plants in
glycoside-bound or free aglycone forms. These natural products exhibit several bioactive potencies,
such as antioxidant, renoprotective and anti-inflammatory effects [13-16]. There is an accumulate
data that various flavonoids can interact with the principle drug transporters in the body. They can
be substrates of and/or chemical modulators for particular efflux pumps (like Pgp/MDR1 and
BCRP/ABCG2) that will influence the disposal of many compounds as well as flavonoids themselves
[17-19]. Despite their biological importance, only fragmentary information is available regarding the
interactions between flavonoids and transporters [20-21].

Astragalus is one of most extensively used herbs for cure renal disorders [16, 22-23]. It represents
the largest genus of plants,  comprising over 2000 species and found widespread in the world [24].
[25]. Astragalus falcatus Lam. - species of Astragalus genus, is broadly available in Georgia. This plant
has been thoroughly studied at the I. Kutateladze Institute of Pharmacochemistry (IKIP), Tbilisi State
Medical University (TSMU) [26-27]. The hypoazotemic flavonoid glycoside was separated from above
ground parts of Astragalus falcatus Lam and Flaroninum™ - an original remedy for the treatment of
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CRF complicated by azotemia, has been developed on its basis in the tablets form (30 mg) [28]. The
preparation has passed clinical approbation and its application (1 tablet 3 times daily) in medical
practice has been authorized by the Russian and Georgian Ministries of Health. Flaroninum™
increases the nitrogen elimination function of kidney, lowers blood levels of residual nitrogen,
creatinine and urea, and improves renal clearance.

Kaempferol-3-O- -D-robinoside-7-O- -L-rhamnopyranoside, known as robinin is the active
substance of this drug (Fig.1A). Robinin has been also detected in several herbaceous plants, in
particular Pueraria hirsuta L. (Thunb) Matsun., Vinca erecta Regel & Schmalh.,  and Astragalus sp.
[29-32]. It should be pointed out, that no intracellular drug disposition and metabolism has been
investigated for Flaroninum™. Moreover, despite extensive investigations of flavonoids, there is a
lack of data on robinin (an active constituent of Flaroninum™) interaction with drug-transporting
proteins. Just some studies indicated, that after oral administration, kaempferol-3-O- -D-robinoside-
7-O- -L-rhamnopyranoside is hydrolyzed to kaempferol (Fig.1A) by intestinal microbial flora [33].
Previously we found that kaempferol is not only a BCRP substrate but also can inhibit mitoxantrone
efflux in BCRP-overexpressing MCF-7/MX100 cells and represents a potent BCRP inhibitor [19, 34].

Since drug transporters are determining factors for the intracellular drug exposure, we first
investigated the interactions of active component of Flaroninum™ and two essential drug
transporters in cells over-expressing these proteins [1]. This study tasted the possible role of the ABC-
type efflux transporter P-gp in the absorption of robinin and the effect of this glycoside on transport
of substrates by another ABC transporter, namely BCRP. The results were compared with those of its
aglycone – kaempferol.

Drug-resistant cells, over-expressing only specific transporter, as P-gp, might be used for the
identification of the efflux pump engaged in the absorption of flavonoid [35-39]. For this purpose in
the experiments we used P-gp-over-expressing and P-gp-negative human breast cancer cell (MCF7)
lines.
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Figure 1. Structural formula of bioflavonoids robinin and kaempferol (A); Q1 and Q3 scans
from LC/MS/MS analysis of robinin (B) and kaempferol (C)

2. Materials and Methods

2.1 Materials.
The  bioflavonoid  robinin  ( 95%),  the  active  component  of  Flaroninum™ and robinin  standard

(99% purity) used in this experiment were isolated from areal parts of Astragalus falcatus Lam in the
Department of Phytochemistry, IKPI, TSMU as reported previously [40]. The leaves and flowers of
Astragalus falcatus Lam  were  gathered  from  Kartli  floristic  region  (Georgia).  The  plant  was
authenticated in division of Pharmacobotany, Department of Phytochemistry, IKIP, TSMU by
comparison with the voucher specimens (N 16354) deposited in the herbarium collection of IKPI
(Herbarium Code-TBPH). Kaempferol (99% purity) and rutin were bought from Indofine
(Hillsborough, NJ, USA). Human breast cancer MCF-7/Sensitive, P-gp-overexpressing MCF-7/ADR
and BCRP-overexpressing MCF-7/MX100 cells and fumitremorgin C (FTC) were kindly provided by
Dr. Susan E. Bates (National Cancer Institute, MD, USA). The Caco-2 cells were a gift from Dr. Amrita
Kamath (Bristol Myers Squibb, Princeton, NJ, USA). Mitoxantrone was bought from Sigma (St. Louis,
MO). Fetal bovine serum (FBS), phosphate-buffered saline (PBS) and RPMI 1640 were obtained from
Invitrogen (Carlsbad, CA). Eagle’s Minimum Essential Medium (MEM) and nonessential amino acids
solution were from Gibco BRL (Buffalo,  NY, USA). All  the other chemicals or solvents used were
commercially available and of reagent grade.

2.2. Cell culture
MCF-7 (parent,  MDR and mitoxantrone-selected subtypes) and Caco-2 cells  were grown in 75-

cm2 flasks. MCF-7 cells were cultured in RPMI 1640 culture medium supplemented with 2 mM L-
glutamine, 10% FBS and 1% penicillin/streptomycin. MCF-7 MX100 cell culture media also
contained  100  nM  of  mitoxantrone.  Caco-2  cells  were  cultured  in  MEM  culture  medium
supplemented with 10% FBS, 1% penicillin/streptomycin solution and 1% nonessential amino acids.
All cells were incubated at 37°C in a humidified atmosphere with 5 % CO2/95 % air. Confluent cells
were subcultured using 0.25 % typsin.
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2.3. Western Blotting Assay
The expression of P-gp in MCF-7/ADR cells was demonstrated by Western blot analysis.

Experiments  used  MCF-7/Sensitive  and MCF-7/ADR cells  with  passage  numbers  9-18  and Caco-2
cells with passage numbers 83–87. The cells were washed with PBS, harvested using a cell scarper
and  homogenized  on  ice  in  lysis  buffer  consisting  of  50  mMTris  (pH  8.0),  150  mMNaCl,  1%  of
Protease Inhibitor Cocktail (1:100) and 1% Nonidet P-40. The soluble extracts were collected by
centrifuging the cell  lysates at 17,000 x g for 10 min. The concentrations of protein in the lysates
were  measured  using  a  BCA  protein  assay  kit  (Thermo  Fisher  Scientific  Inc.  (USA).  Proteins
predetermined quantities (50 g) were electrophoresed on 8% sodium dodecyl sulfate–
polyacrylamide gels (SDS–PAGE) and electroblotted onto nitrocellulose membranes using standard
procedure (Invitrogen, Grand Island, NY). Blots were blocked overnight at 4°C in Tris-buffered saline
containing 0.2% (v/v) Tween-20 and 5% (w/v) non-fat- dry milk (Bio-Rad, Hercules, CA) followed
by a 2 h incubation with primary antibody and then 1 h 30 min incubation with secondary antibody
at room temperature.  C-219 (Abcam. Inc.  Cambridge, MA) was used at 1:150 dilutions as primary
antibody to detect P-gp. Anti-mouse IgG horseradish peroxidise (Amersham, Piscataway, NJ) was
used as the secondary antibody at 1:1500 dilution. Membranes were washed after incubation with
the antibodies, and detected with enhanced chemiluminescence detection reagent (Amersham
Biosciences Inc., Piscataway, NJ). Western blot results were analyzed using 1D Image Analysis
Software (Eastman Kodak, Rochester, NY). Cell lysates from Caco-2 and MCF-7/sensitive cells were
used as the positive and negative control for P-gp respectively.

2.4. Cellular uptake studies
The cellular accumulation of robinin and kaempferol was evaluated in P-gp over-expressing MCF-

7/ADR  and  P-gp  negative  MCF-7/Sensitive  cells  in  the  presence  or  absence  of  well  characterized
transporter inhibitor, verapamil, at the concentration of 100 M based on previous studies [36].

Briefly,  cells  were  separately  seeded  at  density  of  1.6  x106cells/well into six-well tissue culture
plates and after reaching 80~90 % confluence the uptake studies were started. Dimethyl sulfoxide
(DMSO) was used for the preparation of stock solutions of robinin and kaempferol at a concentration
of  10  µM.  On  the  day  of  the  experiment,  the  cells  were  first  washed  three  times  with  PBS.  The
medium containing tested compounds with or without transporter inhibitors was then added to each
well. DMSO final concentration in the transport buffer was 0.1 %. Following incubation for specific
time (60 min – for the concentration dependence and 30, 60 and 120 min – for the time dependence
accumulation studies) at 37°C, the medium was removed, and the cells  were washed with ice-cold
PBS (pH 7.4) three times to stop further uptake. To lyse the cells one mL of 0.5% Triton X-100 was
added to each well. The concentrations of tested compounds in cell lysates were assayed by
LC/MS/MS and normalized with cellular protein content. The concentration of protein in the cell
lysates was analysed by BCA Protein Assay Kit, with Bovine Serum Albumin Standard (Pierce
Chemical, Rockford, IL).

2.5. Mitoxantrone Accumulation Studies
Accumulation studies were conducted by flow cytometric analysis followed the protocols reported

by Minderman et al [41] with minor changes. Mitoxantrone stock solution was prepared in doubly
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distilled  water.  Stock  solutions  of  flavonoids  were  made  in  DMSO,  and the  final  concentration  of
DMSO in the cell medium was maintained at 0.1%. In brief, the cells with around 90% confluence
were treated with trypsin washed with FBS-free RPMI 1640 and re-suspended in this medium with
a cell density of around 106 cells/ml. Intracellular accumulation of mitoxantrone was carried out by
incubating 1 ml of cells with two concentrations (5 and 50 M) of the test compounds, the vehicle
(0.1% DMSO), or a specific BCRP inhibitor FTC (10 M)for 15 min, at 37°Cin a humidified
atmosphere  of  5%  CO2in air, followed by addition of 3 M mitoxantrone. After incubation for
another 30 min, the accumulation was stopped by adding 3 ml of ice-cold PBS and centrifuging at
17,000 x g for 5 min. The cells were then washed twice with ice-cold PBS and the measurements of
cellular fluorescence of mitoxantrone was made on a FACScan flow cytometer (Becton Dickinson
Immunocytometry Systems, San Jose, CA) equipped with a 488-nm standard argon laser and 670 nm
bandpass filter. The background fluorescence of robinin and its aglycone was examined as well and
found out to be negligible under the assay conditions. Mitoxantrone accumulation was expressed as
percent of the control (in the presence of the vehicle, 0.1% DMSO). All flow-cytometric data were
analyzed with the WinList software program (Verity Software House, Topsham, ME).

2.6. Preparation of Sample and LC-MS/MS Analysis
The  intracellular  concentrations  of  robinin  and  kaempferol  were  quantified  by  liquid

chromatography-tandem mass spectroscopy (LC-MS/MS) as described previously [42]. 100 l of
methanol was added to cell samples to precipitate protein and briefly vortex-mixed. To prevent
oxidation, 5 l of ascorbic acid was added into each sample. Following vigorous vortexing, the samples
were centrifuged for 10 min with 17,000 x g at 40C. One hundred l of the supernatant was transferred
into a 200 l vial insert for LC/MS/MS assay.

LC/MS/MS was performed on an Applied Biosystem API 3000 triple-quadruple tandem mass
spectrometer (Applied Biosystem, Foster City, CA) linked to a Turbo Ionspray interface and a
Shimadzu Prominence liquid chromatograph. Data acquisition and processing were carried out using
analyst software version 1.4.2. Chromatographic separation was performed on a XTerra MS C18
column (2.1x 100mm i.d., 3.5 um; Waters Corporation, Milford, MA, USA). The mobile phase
consisted of 0.025% formic acid and 1 mM ammonium formate in water (A) and 0.025% formic acid
in acetonitrile (B). The gradient program was as follows: initial condition 16% B; gradient 16-75% B
over 4 minutes; increased to 95% B and held for 1.4 minutes and finally returned to initial conditions
for a total run time of 10 minutes. The injection volume was settled as 35 l for each sample and the
solvent flow rate was maintained at 0.2 mL/min. The retention times of robinin and kaempferol were
3.66 min and 5.51 min, respectively. The MS operating conditions were optimized as follows: an ion
spray voltage was set to - 4200 V and vaporizer temperature was kept at 3500 C. Nebulizer and curtain
gas flow were set at 10 ml/min and 8 ml/min, accordingly. The optimized declustering potential,
focusing potential and entrance potential were 70, 300 and 10V respectively. The collision cell
exit potential was 15V for robinin and 8V for kaempferol. MS was conducted in the negative ion
mode using the multiple reactions monitoring (MRM). Selected parent-ion/product-ion pairs were
monitored for each compound: robinin 739/593, and kaempferol 285/285.
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2.7. Statistical Analysis
All data are expressed as the mean ± S.D Statistical analyses were conducted using SPSS version

11.0; (SPSS, Inc., Chicago, IL).The differences between the mean values were analyzed for
significance using a Student’s t-test or one-way analysis of variance, followed by Dunnett’s test. The
p-values less than 0.05were considered statistically significant.

3. Results

3.1. P-gp Expression Level
To investigate P-gp involvement in the cellular uptake of robinin in MCF-7/ADR cells, first we

characterized P-gp expression in the cells employed in this study using Western blot analysis. MCF-
7/sensitive and Caco-2 cells were used as the negative and positive control for P-gp. As shown in Fig.
2, MCF-7/sensitive cells had no detectable P-gp expression which is in accordance with earlier
observations [43]; however, P-gp is clearly detected in MCF-7/ADR cells and in the positive control
Caco-2 cells, consistent with previously report [19].

Figure 2.Western blot of the expression of P-gp in MCF7/sensitive (lane 1), Caco-2 (lane 2) and
MCF7/ADR (lane 3) cells.

3.2. Cellular uptake studies
To observe  the  time uptake  of  robinin,  a  fixed  concentration  of  tested  compound (50  M)  was

added to inserts and after 30, 60 and 120 min, the media was removed and the cells were washed in
ice-cold PBS (pH 7.4) 3 times to stop further uptake. The samples were analysed using LS/MSMS. All
values were normalized with protein content (Fig. 3).

Figure 3. Intracellular concentration of robinin in MCF-7/ADR cells in the absence and presence
of the P-gp inhibitor verapamil (100 M). MCF-7/ADR cells were incubated with 50 µM robinin for
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30, 60 and 120 min. Cell lysates were prepared as described in Material and Methods; intracellular
robinin was assayed by LC/MS/MS. Each column illustrate the mean ± S.D.; n =6. p< 0.001

In experiments robinin showed linear time dependence uptake in MCF-7/ADR cells up to 60 min;
the cellular concentration of tested compound was increased in the presence of P-gp inhibitor and
the maximum rate was observed for 60 min incubation time (2.25 fold). No difference in intracellular
concentrations in the presence or absence of verapamil was observed at 120 minutes. The
accumulation of robinin following incubation with different robinin concentrations in MCF-
7/Sensitive and MCF-7/ADR cells was measured at 60 min and the drug intercellular accumulation is
presented in Table 1.  During the experiment,  robinin displayed less accumulation in MCF-7/ADR
than in MCF-7/Sensitive cells.

Table 1.Robinin accumulation with different incubation concentrations

Applied 25 M Concentration
50 M

100 M

MCF-7/Sensitive
(ng/mg protein)

20.80 4.08 46.60 7.0 65.10 4.17

MCF-7/ADR
(ng/mg protein)

14.60 3.23 29.30 4.72 47.00 3.28

1 Data are presented as mean ±S.D.; n =3.

Four concentrations were chosen to study the concentration-dependent uptake of robinin by
MCF/7ADR cells, and inhibition by verapamil. P-gp-over-expressing cells were loaded with 10, 25,
50 and 100 M flavonoid and the experiment was conducted in the absence or presence of verapamil
100 M.

The representative  chromatograms  of  robinin  in  P-gp-over-expressing  MCF-7/ADR cells  in  the
absence or presence of verapamil are presented in Fig. (4). The peak area of robinin increased more
than 3-fold when, 50 M robinin was co-incubated with 100 M verapamil.
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Figure 4. (A) Representative chromatograms of robinin when MCF-7/ADR cells  were incubated
with 50 M robinin in the absence or presence of the P-gp inhibitor (100 M).  (B) Cellular
concentrations of robinin when P-gp-over-expressing MCF-7/ADR cells were incubated with 10, 25,
50 or 100 M robinin with or without verapamil.  Data are presented as the mean ± S.D.;  n =6. p<
0.001.

Figure  4B  shows  the  cellular  concentrations  of  robinin  when  P-gp-over-expressing  cells  were
incubated with different concentrations of robinin; we noticed that the intracellular accumulation of
flavonoid in MCF-7/ADR cells was proportional to its incubation concentration. During the
investigation period, robinin showed less accumulation in P-gp-over-expressing cells in the absence
of verapamil; the intracellular amount of robinin was raised in the presence of verapamil 1.77 - fold
at 10 M, 1.79 - fold at 25 M, 1.79-folds at 50 M and 1.72-fold at 100 M (Fig. 4).

We investigated P-gp role in the transport of robinin (50 M) in P-gp-over-expressing and P-gp
negative cells. During the investigation period, robinin accumulation differed between the two cell
lines:  intracellular  concentrations  of  robinin  were  ~  1.6  fold  less  in  MCF-7/ADR  than  in  MCF-
7/Sensitive cells (Fig. 5). When the P-gp inhibitor,100 M verapamil, was added to the incubation
fluid, the intracellular concentration of robinin was increased by 125% in P-gp-over-expressing cells,
whereas this phenomenon was not observed in the corresponding P-gp-negative control cells. This
result suggested that robinin is a substrate of P-gp.
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Figure 5.The uptake of robinin (50 M) in the absence or presence of 100 M verapamilin either
P-gp-over-expressing MCF-7/ADR cells or P-gp-negative MCF-7/Sensitive cells. Data are presented
as the mean ± S.D.; n =6. p< 0.001.

In order to compare the intracellular uptake of the aglycone kaempferol with the glycoside form,
robinin, MCF-7/ADR cells were treated with 10 M of the compounds and incubated with or without
transporter inhibitor for 1 hour (Table 2).  The Q1 (first  quadruple) full  scan and product ion scan
mass spectra of target compounds are presented in Fig. 1.

Table 2.Intracellular accumulation of robinin and kaempferol in MCF-7/ADR cells

Without
inhibitor

With inhibitor Fold
Increase

Intracellular
Amount

of compound

Robinin ( g/mg
protein)

6.88 1.27 x10-3 12.27 1.2 x10-

3

1.8 5.31 1.2x10-3

Kaempferol ( g/mg
protein)

1.46 0.13 4.69 0.5 3.2 3.23 0.4

1 Incubation concentration - 10 µM; Data are presented as mean ±S.D.; n =3.

The chemical inhibition of the ABC-transport protein, P-glycoprotein with 100 mM verapamil
had significant effects on the uptake of both the flavonoid glycoside and its aglycone. In the presence
of inhibitor, the uptake of both compounds was increased (1.8 and 3.2 respectively) in MCF-7/ADR
cells  and the uptake of kaempferol was increased considerably higher than its  glycoside (Table 2).
This finding, in combination with the detection of P-gp [44] in MCF-7/ADR cells, implicated a role
for P-gp in the transcellular efflux of these flavonoids.
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3.3 Mitoxantrone Accumulation Studies
To  evaluate  the  effect  of  robinin  on  BCRP-mediated  efflux  and  compare  with  its  aglycone

kaempferol, the 30-min accumulation of mitoxantrone (a known substrate for BCRP) was examined
in the presence or absence of 5 and 50 M robinin or kaempferol, in BCRP-over-expressing MCF-7
MX100 and BCRP-negative MCF-7/sensitive cells, using flow cytometric analysis.

Figure 6.Concentration-dependent effects of robinin and its aglycone on the accumulation of
mitoxantrone in MCF-7 MX100 cells. Data represent means of six independent determinations;
bars, ±SD.

Figure 7.  Influence of flavonoids on the intracellular accumulation of mitoxantrone. The 30 -
min accumulation of mitoxantrone in MCF-7/sensitive and MCF-7 MX100 cells, in the presence of
50 M concentrations of flavonoids or the vehicle (0.1% DMSO) was evaluated as described under
Materials and Methods. FTC (10 M) was used as a positive control. The data are expressed as
percent of control (in the presence of the vehicle, 0.1% DMSO). Data represent means of six
independent determinations; bars, ±SD

As shown in  Fig.  6,  robinin  had  no  considerable  effects  on  mitoxantrone  accumulation  at  both
concentrations either one in BCRP-negative (74%  2.2)  or  BCRP-positive  cells  (77%  5.4). In
contrast to its glycoside form, kaempferol demonstrated concentration dependent activity and high
BCRP inhibition when tested at a 50 M concentration (Fig. 6). Mitoxantrone accumulation
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increased by 205%  4.3% of  the  control  value  in  MCF-7  MX100 cells,  which is  similar  with  the
accumulation in the presence of 10 M FTC (281%  7.5% of the control); however, it had no impact
in the BCRP-negative cells (MCF-7/sensitive cells) (Fig. 7). These results are consistent with data
reported earlier by our laboratory [19, 34].

4. Discussion

In the present study we investigated the possible role of membrane-associated drug transporter
P-gp on the cellular uptakeof the hypoazotemic bioflavonoid, kaempferol-3-O- -D-robinoside-7-
O- -L-rhamnopyranoside (robinin),  and  compared  results  to  that  of  the  robinin  aglycone  -
kaempferol. We also evaluated the influence of this glycoside on the BCRP-mediated mitoxantrone
transport.

In cellular drug accumulation experiments, robinin uptake in P-gp expressing cells was compared
with  accumulation  in  cells  from the  parental  cell  line.  Two lines  of  evidence  obtained  from our
experiments indicated that robinin is a substrate of P-gp: 1) the cellular uptake of robinin in P-gp
expressing cells was lower than in P-gp negative cells; 2) robinin uptake was greatly increased in
P-gp over-expressing cells in the presence of verapamil, a known P-gp inhibitor, broadly employed
as p-gp activity modulator in multidrug-resistant cells [45]. The reason for the lack of difference in
intracellular robinin concentrations at 120 minutes is unknown but may be due to higher
intracellular concentrations of robinin at 120 minutes resulting in the saturation of P-gp transport
proteins, decreased driving force for transport, i.e., cellular ATP availability, or decreased
concentrations of the inhibitor verapamil, due to its metabolism or binding in cells resulting in
decreased inhibitory activity. Results from the update study showed that robinin was accumulated
in cells a time- and concentration-dependent manner (Fig. 3, Fig. 4). During the investigation
period the rate of robinin uptake by MCF-7/ADR cells increased linearly with concentration,
within  the  test  range  of  concentration  (10-100  M)  (Fig.  4).  The  accumulation  of  robinin  in
MCF7/Sensitive cells was greater than that in MCF7/MDR cells (Table 1). As noted earlier, when
MCF7/MDR cells were incubated with the P-gp inhibitor verapamil, the uptake of flavonoid was
significantly greater (Fig. 4). These observations support our hypothesis that robinin is a P-gp
substrate.

In  recent  years,  the  absorption  and  metabolism  of  several  bioflavonoids  have  been  widely
investigated and it is assumed that flavonoid aglycones are absorbed in greater quantities than their
respective glycosides [46-47]. Here, cellular uptake of robinin and its aglycone were investigated
and compared using P-gp-over-expressing MCF-7/ADR cells. We found that aglycone was taken
up more  easily  and to  a  greater  extent  by  the  cells  than its  glucoside  (Table  2).  When the  P-gp
inhibitor was added, the uptake of kaempferol increased 1.78 times more than robinin. This is
consistent with a report that aglycones are generally more bioavailable than their respective
glycosides because of their moderate lipophilicity [47-48].

It has been reported that many flavonoids have inhibitory effects on BCRP [19]. Structure-
activity relationship studies on the inhibition of BCRP by flavonoids showed that the presence of
the aromatic ring B attached at position 2, the 2,3-double bond in ring C, an OH group at position
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5, the 4'-O-methoxylation or the 4'-hydroxylation of the B-ring and absence of hydroxylation at
position 3 are related with more potent BCRP inhibition [49]. In general, the potency of glycosides
has been displayed to be weaker than that of their aglycones since they are less penetrable to cell
membranes. However some studies demonstrated that not only aglycones but also some
glycosylated flavonoids, such as naringenin-7-glucoside and quercetin-3-rutinoside, effectively
inhibited transporter BCRP over-expressed in cells [50-51].

Interestingly, several authors have shown that attachment of a sugar moiety may differently
modify BCRP inhibitory actions of flavonoids [50, 52-53]. For example, naringenin-7-glucoside,
possessing one sugar substituent, glucose, bound to a hydroxyl group of the A-ring (position 7)
exhibits BCRP inhibitory activity [50]. In contrast, naringenin 7-rhamnoglucoside, which has the
diglycoside rhamnoglucoside (rhamnose + glucose) in the same position, does not alter BCRP
transport [19]. It was shown that glucose and rutinose conjugates at position 7 (luteolin-7-glucoside
and hesperidin) do not hinder BCRP inhibition [54]. Also, several studies demonstrated potential
inhibitory effect of rutin, containing the diglycoside rutinoside (rhamnose + glucose) attached to
the hydroxyl groups of the C-ring (position 3) on breast cancer resistance protein [51]. Intriguingly,
robinin possesses a double bond between positions 2 and 3 of the C-ring, a hydroxyl group at
4`position of the B-ring, the 3`position of the B-ring is not substituted, the mono glycoside
rhamnose is attached at the hydroxyl group of C-7 carbon, and the diglycosiderobinoside (rhamnose
+ glucose) is present in position 3, similar to rutin. Therefore, since some glycosylated flavonoids
have been reported to possess BCRP inhibitory activity, we hypothesized that the glycoside form
of kaempferol may also affect BCRP-mediated transport.

The  choice  of  the  concentration  range  of  robinin  for  these  studies  was  based  on the  previous
reports that numerous flavonoids can reverse mitoxantrone efflux mediated by BCRP in breast
cancer cells with EC50 values ranging from 0.4 to 34 M [55]. Our previously reported Western
blot data showed that BCRP is expressed in MCF-7/MX100 cells and that MCF-7/sensitive cells had
no  detectable  BCRP  expression  [19].  In  our  experiments,  robinin  did  not  produce  a  rise  in
mitoxantrone accumulation in BCRP over-expressing MCF-7 MX100 cells and had no notable
influence on mitoxantrone accumulation in BCRP-negative MCF-7/sensitive cells at a
concentration of 50 M (Fig. 6, Fig. 7). Meanwhile its aglycone, kaempferol, significantly increased
mitoxantrone accumulation in MCF-7 MX100 cells and this effect was concentration-dependent
(Fig. 6). The obtained data is consistent with the results of other studies suggesting that kaempferol
is a BCRP inhibitor [34, 50].

In conclusion, we report for the first time that the active component of the hypoazotemic natural
medicine, Flaroninum™, kaempferol-3-O- -D-robinoside-7-O- -L- rhamnopyranoside (robinin),
is  a substrate of P-gp, and its  efflux outside of the cells  mediated by P-gp could contribute to its
decreased intracellular exposure. However, robinin had no remarkable effectiveness on
mitoxantrone  accumulation  in  either  BCRP-negative  or  BCRP-positive  cells,  unlike  its  aglycone
kaempferol, indicating that it is not an inhibitor of BCRP.

This research provide a good starting point for further investigation the fate of Flaroninum™ in
the body after oral administration. Eventually we will undertake additional studies to test the
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interactions between this bioflavonoid and other membrane transporters (whether involved in the
input or in the output processes) as well as elucidate its metabolism in order to extend the evidence
base and purpose proper delivery system to optimize efficacy of hypoazotemic phytodrug, intended
for the complex therapy of CRF.
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Abstract

Corporate  governance  is  the  basic  form,  which  involves  combining  the  interests  of  various
stakeholders. In the process of transformation of the economy, the main goal was the formation of the
private sector and the development of entrepreneurship. Privatization played an important role in
achieving the mentioned goal. The process of privatization of state property is a result of the current
globalization in the world. One of the main tasks of privatization is the formation of a corporate system
of ownership. That is why the result of the mentioned process should be improved and highly
technologically developed services, increased production and financial efficiency. Accordingly, the
process of ownership redistribution will be a normal and effective mechanism of corporate control
when the efficiency of the corporations' activities will increase and, accordingly, economic growth will
take place. Unfortunately, such processes were more the exception than the rule in Georgia.

Thus, we can unequivocally state that privatization could not solve the main task - to increase
the efficiency of the work of newly created joint-stock companies. It was expected that owners
interested in more efficient management would emerge. But the emergence of multiple ownership
instead of one owner - the state, had a weak effect on the increase in the effectiveness of the internal
management mechanisms and its  results.  At the same time, the ability to promptly resolve issues of
ownership and overall strategic leadership has become significantly more difficult. One of the main
reasons for this is that effective corporate governance mechanisms were not offered alongside the
increase in ownership.

Key words: Corporate governance, Privatization, iInvestment flow, shareholders, Corporate
structures.
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Abstract

Sums  of  neutral  and  polar  lipids  with  the  yield  of  8%  and  2.6%  were  obtained  from  the  cones  of
Cupressus sempervirens L. Verticalis  growing in Georgia and the main classes were identified:
hydrocarbons, diglycerides, triglycerides, fatty acids and sterol.
Some physico-chemical characteristics were detected: specific gravity, refractive index, acidity
number, iodine number, saponification ratio.
In cypress cone oil saturated, unsaturated and polyunsaturated fatty acids with high percentage of some
of them were identified qualitatively and quantitatively by gas chromatographic method. Among them
rare 5,11,14,17-eicosatetraenoic acid was found.
In the sum of polar lipids phospholipids with a total content of 0.16% were determined qualitatively
and  quantitatively  by  spectrophotometric  method  and  some  biologically  active  compounds  -
carotenoids and amino acids were determined.
Based on the study results a new lipid-containing plant resource growing in Georgia is identified, which
will find practical application in medicine and cosmetology.
Keywords: lipid, fatty acid, phospholipid, carotenoid.
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Abstract

      Sea-buckthorn (Hippophae rhamnoides L, fam. Eleagnaceae) is one of the most widespread plants
of the Georgian flora. Its rich chemical composition determines a variety of pharmacological effects in
the treatment of burns, gastritis, gastric and duodenal ulcers, cervical erosion, radiation diseases of the
skin and esophagus, and others [1,2,3].

    The object of the research were vaginal suppositories made using fruit oil from Georgian sea-
buckthorn. Model suppositories with Hippophae rhamnoides oil based on cocoa butter and Vitepsol
W35 were developed. These suppositories were standardized with the sum of carotenoids - 0.66-0.75
mg/sup. (converted to -carotene). Comparison of the in vitro release profile of carotenoids from sea-
buckthorn oil 0.3 g vaginal suppositories shows that the samples prepared on both bases are
characterized by prolonged release, while the process is more intense with the diphyllous base
(Vitepsol W 35), which is recommended as the main suppository base for sea-buckthorn suppositories.
The leading fatty acids of this oil are identified in suppositories - palmitic, oleic and stearic acids. The
physicochemical and structural-mechanical indicators of suppositories were defined.
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Abstract
Metaplastic processes represent the transformation of one type of cell into another type within the
same tissue. It belongs to the group of adaptive-compensatory processes that develop in response to
changed environmental conditions, hormonal stimulation or the development of inflammatory
processes. Because its development is directly or indirectly accompanied by the tumorogenesis, they



Georgian Scientists/ . 5  N 2, 2023 287

are considered as a pre-cancer condition with different potential for malignancy. The type of metaplasia
depends on the type of target tissue itself. AgNOR/The Nucleolar Organizer Regions stands for
Nucleolar  Organizer  Regions  and  are  loops  of  DNA  that  project  beneath  the  nucleolars  of  mitotic
interphase nuclei. Increased amounts of AgNOR are associated with increased cell proliferation. The
aim of the study was to evaluate the proliferative activity of different types of metaplasias of the cervix
using AgNor technology. Based on the results of our research, we can assume that the mentioned
technology can be used in routine practice as an aid to evaluate proliferative activity during cervical
metaplastic processes.
Keywords: cervix; metaplasia; proliferative activity; AgNOR;
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The current problems and the ways of development of the universal health care state
program

Abstract
            In the paper ,,The current problems and the ways of development of the universal health care
state program”, there are indicated the role and the importance of this program, also the activities of
involved institutions are mentioned. Health insurance is always current issue, without any doubt.
            The universal  health care state program is functioning in Georgia from 2013. Because of this
year is 10th anniversary of this program, we decided this subject for our research. Besides, the popularity
of the subject is due to the health insurance as special business activity of insurance.

Therefore, the government of Georgia has done a lot of things for the development of the
program during the last 10 years, still there are problems which are obstacles for the development of
the program:

1. personnel
2. The sophistication of the legislature
3. More involvement of pharmacies and the regulation of the prices of drugs
4. More control on the hospitals

    The training of There are also shown the results of the survey and the statistics:
1. The trainings for workers
2. Affordable drugs
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3. Restrictions of the control in hospitals
4. Shortlisting/training of workers in hospital
5. Special offers according to the needs

Taking all of these into consideration will decrease the problems of the program around the
country.

There are also indicated the viewpoints and advice of the authors, which are seen from the
scientists’ point of view and using them practically will help the improvement of the certain domain.
Keywords: state program, health care, medical institutions.
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Effect of quenching on the dynamic mechanical properties of polycrystalline
vanadium

I.Tabatadze1, I.Kurashvili1, I.Janelidze2, G.Darsavelidze1

1 Ilia Vekua Sukhumi Institute of Physics and Technology
2 Georgian Technical University

Abstract
The effect of quenching at high temperatures on the regularities of changes of the logarithmic decrement
of  the  torsional  oscillations  damping  and  the  dynamic  shear  modulus  in  the  10-5-10-3 interval of strain
amplitude in polycrystalline vanadium has been studied. The critical values of the strain amplitude, at which
the dislocations segments begin to breakaway from the weak and strong pinning centers have been
determined. After short annealing (20 min.) at fixed tempertures of 700 and 900° C and subsequent
quenching at room temperture a decrease of impurity concentration in Cottrell atmosphere around the
dislocations is achieved. These changes led to a significant reduction of the critical strain amplitude of
dislocations  blocking  and  the  dynamic  shear  modulus,  and  a  strong  increase  in  the  intensity  of  energy
absorption in a wide range of oscillations amplitudes. The concentration changes of the Cottrell atmosphere
around the dislocations led to the formation of several  values of elastic limits.
The obtained results reveal the possibilities of changing the mobility of the dislocation structure by
quenching from high temperatures, which is the basis for controlling of the mechanical properties of
vanadium.

Keywords: vanadium, shear modulus, quenching, elastic limit, strain amplitude.
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The Spectrum of Diseases in Hospitalized Frequently ill Children

Irine Korinteli, Irma Korinteli

Tbilisi State Medical University, Child and Adolescence Medicine Department, Tbilisi, Georgia

BACKGROUND:  Frequent  illness  in  children  is  a  very  common  problem  in  preschool  and  early
childhood, and they are often referred to pediatricians. Especially respiratory diseases are the cause of
frequent morbidity in children. Children with a history of recurrent or unusual infections present a
diagnostic challenge/1/. Detection of etiology is very important for achieving appropriate diagnosis and
treatment of these patients/6/.
   Frequent childhood morbidity includes eight or more documented respiratory tract infections per
year in preschool children and six or more in children over three years of age/4/; Remarkable morbidity
with non-specific infectious agents; the presence of rare complications; and permanent laboratory
changes /2/,
   Recurrent infections in children are a cause for concern/3/. It is estimated that a total of 10–15% of
children experience recurrent respiratory tract infections/4/. Recurrent respiratory tract infections are
very common in children and a major challenge for pediatricians/5/.
   Frequent morbidity in pediatric patients represents a heavy financial burden for public and private
insurance systems /7/.
   The majority of re hospitalized children are treated with antibiotics in the hospital, which increases
the risk of antimicrobial resistance. /8/.
Frequent morbidity in children may be associated with an inborn error of immunity; therefore, timely
diagnosis is crucial /6/.
   Based on the above, it is appropriate to determine the spectrum of frequently hospitalized patients.
  The aim of our study was to determine the spectrum of frequent illnesses in hospitalized pediatric
patients.

METHODS: The study was retrospective and randomized. The data of pediatric patients hospitalized
at  Tbilisi  State  Medical  University's  G.  Zhvania  Pediatric  Academic  Clinic  from  December  2018  to
December 2019 was studied. We randomly selected every third patient from the total number. Among
them was separated the data of patients who were hospitalized two or more times during the past year
and detected the spectrum of disease and length of stay in hospital. Microsoft Excel software was used
for data processing.
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RESULTS: From a total of 678 patients, 226 inpatients' medical data were randomly selected (every
third). The age of selected patients was 1 month to 5 years; males were 118/52,2%/ and females were
108/47,7%/. Among them, all 47 /20.7%/ patients were re-hospitalized. 30/63.8%/ was hospitalized two
times, and 17/36.1%/ had more than two hospitalization. Respiratory infections were most often reason
for repeated referrals. 35/15,4%/ of cases; next place urinary tract infection: 12/5,5%/ of cases and
coexisting conditions 14/6,1%/.
Information of re-hospitalized patients, based on diagnoses and coexisting conditions are included in
Table N1.

Table N1. Information of re-hospitalized patients, based on diagnoses and coexisting conditions

N diagnose quantity %/ from
226/

1. Acute upper respiratory
infection

4 1,7%

2. Acute bronchitis 7 3,0%

3. Acute bronchiolitis 11 4,8%

4. Acute tonsillitis 5 2,2%

5. pneumonia 8 3,5%

6. urinary tract infection 12 5,5%

7. Coexisting Conditions 14 6,1%

   The majority of re-hospitalized patients (29/61,7%) were treated in the intensive care unit.
   The length of stay in the clinic of the majority of re-hospitalized patients (32/68,0%) was 7-9 days.
Co-existing diseases were identified with acute bronchiolitis, pneumonia, and urinary tract infections,
in particular
• Atrial septal defect: 6/54,5% of cases; re hospitalization with bronchiolitis
• Ventricular septal defect: 3/37,5% of cases; re hospitalization with pneumonia
• Congenital vesico-uretero-renal reflux (5/41.6%) cases re hospitalization with urinary tract
infection.

DISCUSSION: We studied the spectrum of disease in frequently hospitalized children. According to
our data, 1/5 of patients admitted to pediatric clinics during one year were re- hospitalized.
   Among re-hospitalized patients, two times more hospitalizations are noteworthy. The most frequent
reason for  repeated  hospitalization  is  respiratory  infections.  Our  data  is  the  same as  that  of  another
authors /3,4,5/.
   A  significant  number  of  re-hospitalized  patients  are  treated  in  intensive  care  unit.  For  repeatedly
hospitalized patients, the duration of treatment in the clinic is prolonged.
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   A high rate of repeat referrals may indicate some gaps in the healthcare system and has a negative
impact on the economic development of the country.

CONCLUSIONS: A frequency of two or more hospitalizations within one year is noteworthy.
Recurrent respiratory tract infections are the most common cause of morbidity. In the case of repeated
infections,  the  length  of  stay  in  the  hospital  is  prolonged.  The  high frequency of  repeated  referrals
indicates the existence of a likely immunodeficiency condition in the children's population. It is
recommended to produce more clinical research in this direction, and it is very important to select a
group of children who may have primary immunodeficiency

   KEY WORDS: Children; Recurrent infections; Spectrum of diseases
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Study of weld seam strength parameters
Nino Dolidze

Akaki Tsereteli State University
Faculty of Engineering and Technology

Professor

Abstract

In the scientific work, the study of the strength parameters of an ultrasonic weld on the example of
artificial fur is considered. A characteristic trend in the change in the raw material base of the textile
industry in all developed industrial countries of the world is the steady growth in the production and
consumption of chemical fibers. This is due to a number of advantages of chemical fibers, in
particular, the cheapness and availability of the raw material base, and the important properties of
chemical fibers. Despite the foregoing, the use of new, chemical fiber-containing textile materials in
the production of clothing by the traditional filament method has caused a number of problems, to
eliminate which it has become expedient to use welding methods for the manufacture of garments.
products from fabrics containing chemical fibers, which are based on the thermoplasticity of these
materials. In this scientific article, the strength of an ultrasonic weld of artificial fur, changes in the
structure of the area surrounding the weld, and the reasons for the decrease in the strength of the
weld were studied by X-ray diffraction analysis. The results of the study showed that the reason for
the decrease in the strength of the artificial fur weld is the uneven structure of the area surrounding
the weld, a sharp transition from the weld to the base material. This can be eliminated by improving
the design of the working bodies of the apparatus used for ultrasonic welding.

Keywords: artificial fur; welding; welding seam; seam strength; destruction
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(22.7%); (Z)-  (5.2%); (E)-  (0.2%); 
(0.6%);  (0.2%);  (1.2%); 

 (0.2%);  (0.2%);
 (0.4%); -4-  (0.8%); 1-

-3- -2-  (0.2%); -8-  (0.1%); -
 (0.4%);  (0.3%);   (0.3%);

(2 E)-  (0.5%);  (1.1%); (2E,4E)-
 (0.2%);  (1.0%); 

(0.2%);  (0.1%); 
(26.9%);  (1.3%); (E)-  (0.1%); 4-

 (0.4%);  (0.2%);
(E)-  (0.2%);  (0.7%); (E,E)- -

 (0.2%);  (0.7%); 
(0.8%);  (1.9%); (E)-  (0.5%);  (25.6%);
(Z)-  (0.1%); (E)-  (0.2%);

 (0.2%);  (7.0%); (Z)-
 (10.6%);  (0.4%); 

(2.8%);  (9.4%) [75]

H. montanum (0,4%); - (0.7%); (1.0%); -1,8-
 (0.5%);  (1.5%); (Z)-  (20.4%); (E)- -

 (0.5%); 2-  (0.8%); 7-
(0.6%);  (3.2%); (Z)-  (1.3%); (E)-

 (0.8%);  (2.0%); (Z)-
(7.8%);  (1.7%); (E)-  (1.5%); (E)-
(1.9%); (E)-  (1.2%);  (0.9%);

 (1.3%);  (0.8%);
 (0.7%);  (E)-  (2.8%);
 (3.8%);  (2.8%); (Z)-12-

 (0.7%); 1,13-  (1.1%);
 (6.3%); (Z)-  (4.6%);

 (2.5%);  (1.0%);
 (1.6%) [75]

H. ternatum (Z)- (0.8%); (0.6%);
 (0.7%);  (0.5%); 4-

 (0.5%);  (1.3%); 
 (0.3%);  (2.4%); (E)-  (0.4%);
 (1.2%);  (0.4%); (E)-

 (0.4%);  (0.6%);  (0.6%);  (5.5%);
 (0.4%);  (47.3%);  (2.8%);  (1.5%);
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(2.3%); (Z)- - (15.6%); (E)- - (0.3%);
(4Z)-2- -4-  (0.2%); 2-  (0.3%);

 (1.1%); (E)-4-  (0.3%);  (0.3%);
 (0.6%);  (0.2%); 

(0.5%);  (0.2%); (2E)-  (0.7%); (2E,4E)-
 (0.3%);  (0.4%); 

 (0.5%) [75]

H. pyrenaicum
subsp.
pollinianum

 (1.0%); (Z)-9-
(1.2%); (Z)-  (1.0%);  (0.7%);

 (0.4%); 1,13-  (0.4%); 
(0.5%);  (0.3%); (E)-  (0.6%); 4- -

 (1.2%); ;
 (0.7%);  (0.8%); ; (E)-

; ; ; ; (Z)-
; ; (E)-
; ; -2- -1- ;

4,8- -1- ;  -4- ; -8- ; -
;  ;  ;  ;  (2E)-

; ; ; 
; ; ; ; ; ; -

; ; ; ; ; ;
(Z)- ; ; ; ; -

-2- -1- [75]

H. pyrenaicum
subsp. orsinii

2- ; ; ; ; - ; ;
; ; ; ; (Z)- ; (4Z)-2-

-4- ; -2- -1- ;  2- ;
; ; 4,8- -1- ;

-4- ; ; ; ;
(2E)- ; ;  (2E,4E)- ;
4- ; ;

;  ;  ; (E)- -
; (E)- ; ; (E)-

; ; ;
(Z)- ; [75]

H.
verticillatum

4- +3- ; ;  2- ;  - ; - ;
; ; ; (Z)- ; (E)- ;

; ; 2- ;
; ; ; 4,8- -

-1- ; 2- -3-(1- ; 1,8-
-4- ; 1- -3- -2- ; -

-8- ; ; ; ;
; ;  ; ; -
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;  - - ; (E)- - ; ar-
; ;  ; ;
; ; 7- ; 

; (E)- ; ; 1,10-  -
; ; ; 

; (Z)- ; (Z)-9- -1- ; ;
; [75]

H. austriacum ; 2- ; ; (2E)- -1- ;
; (2E)- -1- ; (2E)- ; (2E,4Z)-
; (2E,4E)- ; ; 

; (Z)- ; ; (Z,Z) -
9,12- [75]

H. orphanidis ; ; ; ; - ; (Z)- -
; (E)- ; ; ; (E)-4-
; ; ; (2E)- -1- ; -8-

;(2E)- ; (2E,4E)- ; ; ;
; ; ; (Z)-
; (Z)-9- -1- ; (E)-9- -1-

; [75]

, 
, , 

. , 
. , Heracleum pastinaca

:  3-O-
),  3-O- -(1 6)-

),  3-O-  ( ),  3-O- -
 ( ),  3-O- , 

3-O-  ( ),  3-O-  ( )
[76]. H. montanum, H. persicum H. sphondilium
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,  (NO),  E2 (PGE2),

 (iNOS) -2 (COX-2), 
 - -1  (IL-1 ), -6 (IL-6), 

 (TNF- ) [79]. 
, 

, 
, ,  [80], [81]. H.

moellendorffii-
 [82]. , H. moellendorffii-

. , ,  ( :
C17H24O, : 244.378) , H. moellendorffii-

, , 
 [83], [84].

H. nepalense-
 ( )

. ,  TNF-  IL-6- ,
 [25]. ,

.
 ( ) 

. , 
, 

, , ,

 [85]. 
, , 

 [86].  , 

, , 
 [87]. 

  . 
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, , 
. 

 [12], [88]. 
, H. persicum

. )
-

 (HOMA-IR) . , H.
persicum , 

. , H. persicum ,
, 

 [89]. 
H. persicum

 (HbAlc) 
c-  [90]. H. persicum

, , , 
[42]. , H. persicum

, , 
[12].

 2 
. , H. persicum

 IC50 307 , 
 78.5±3.9% [91], [92]. H.

crenatifolium  68.8±0.76%-
 [93].
H. mantegazzianum- :

, , 
 [94]. 

, H. persicum H. mantegazzianum

 [95]. H. persicum H. mantegazzianum   -
, : Bacillus megaterium, Micrococcus sp., Pseudomonas

sp.,  Staphylococcus aureus  [94]. H. persicum
 [15]. 

 46 . C.
albicans  -  12 - 21 , MIC 0.625-  20-

. 
. , , H. platytaenium-

 [96], 
 (C.  albicans   C.
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glabrata) . 
, 

. H. persicum
 [97]. , H. persicum

. H. mantegazziannum
S. aureus-  (MIC  0.5  ,  MBC  1   4  )

, E. coli C. albicans  [98].
H. dissectum H. sphondylium subsp. montanum (Schleich. ex Gaudin) Briq.)

, 
 ( )

,  [67]. ,
H. Dissectum  ( -Heracleum sphondylium subsp.montanum (Schleich. ex

Gaudin) Briq.) , , . 
. 

 HepG2 . 
 (IC50 57.6 ± 1.1 ,

 IC50 – 35.4 ± 2.9 )  -  C, 
 IC50  100  [63].

H. sphondylium subsp. ternatum - , 
: 

(MDA-MB 231),  (7986),  (A375) 
 (HCT 116), , 

 A375  HCT 116  [30]. H.
pastinacifolium  H. transcaucasicum

 (Hela), 
(LS180)  B  (Raji)  [99]. H. rechingeri

 LS180 ,  H. persicum
. , ,

H. pastinacifolium H. transcaucasicum-
, . H. sibiricum

. 
 T  (C-8166) . H. humile

 (MDA-MB-231 )  [100]. H. persicum-
, 

 (IC50

12.08)  (OVCAR-3) . , 
 - Pseudomonas

aeruginosa Salmonella paratyphi-A  (MIC<62.50 µ )  [74]. 

 [101]–[103].
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Chemical Composition and Biological Activity of Species of the Genus Heracleum

Abstract: Heracleum is the widest genera of the Apiaceae family. From these genus 120 species,
25  are   growing    in  Caucasus,  while  23  are  spread  in  Georgia,  among them 5  species  are  endemic.
According to the literature, only 1/6 of Heracleum species have been studied phytochemically. Plants
of this genus contain aromatic compounds and are considered to be a very rich source of essential oils
and diverse furanocoumarins. Heracleum species are well-known in folk medicine all over the world.
They are used as remedies for various diseases, as food and beverages (mostly as spices). Plants from the
mentioned  genus  possess  a  wide  spectrum  of  biological  activity,  such  as  antimicrobial,  anti-
inflammatory, anticancer, antioxidant, antidiabetic,antiviral, etc.

Keywords: Heracleum, furanocoumarins, essential oils, anti-inflammatory, cytotoxic, photodermatitis,
antimicrobial
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Chemical composition and biological activity of aerial parts of Salvia glutinosa L.
growing in Georgia

Teona Korkotadze 1, Vakhtang Mshvildadze 2, Malkhaz  Jokhadze 1, Sopio Gokadze 1, Dali
Berashvili1

1. Department of  Pharmaceutical Botany
2. Iovel Kutateladze Institute of Pharmacochemistry

Abstract

A study of the chemical composition of the essential oil obtained from the aerial parts of Salvia
glutinosa L.,  growing  in  Georgia,  was  carried  out.  The  percentage  of  dominant  components  was
determined by integration, the dominant component in the essential oil are caryophyllene oxide (11.43
%),  spathulenol  (5.93  %),  humulene  oxide  (4.5  %).  From  terpene  compounds  oxygenated
sesquiterpenes are dominants. The content of phenolic compounds was determined by  using Folin-
Ciocalteu reagent in the aqueous, methanol and chloroform fractions of the residual plant material. In
aquaeous fraction total phenolic content is 25 ± 2 %, in methanolic fraction 26 ± 3 %, chloroformic -
1.8 ± 0.5 %. Fractions antioxidant and anti-inflammatory activity were determined. The methanolic
fraction showed antioxidant activity in ORAC test (6 ± 2 micromole TE/mg), aquaeous fraction revealed
antioxidant activity (0.61 ± 0.06 micromole TE/mg) using cell culture WS1. Methanolic fraction
exhibited high anti-inflammatory activity, 100 % inhibition of NO production, at 52 g/ml dose,

without any significant toxicity

Key words: Salvia glutinosa L., essential oil, phenolic compounds, biological activity
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Chemical composition and biological activity of aerial parts of Salvia verticillata
L. growing in Georgia
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SUMMARY
A study of the chemical composition of the essential oil obtained from the aerial parts of Salvia

verticillata L.,  growing  in  Georgia,  was  carried  out.  The  percentage  of  dominant  components  was
determined by internal integration, the dominant component in the essential oil obtained from the
leaves is  caryophyllene (10.15 %), spathulenol (9.8 %), valeranone (11.9 %), and in the essential  oil
obtained  from  the  flowers,  germacrene  D  (17.2  %),  caryophyllene  (9.43  %).  The  ratio  of  terpene
compounds was determined in the leaves and flowers of Salvia verticillata L., oxygenated
sesquiterpenes are 38.43 % and 23.48 % respectively, and sesquiterpene hydrocarbons are 28.03 % and
40.61  %.  The  content  of  phenolic  compounds  was  determined using  Folin-Ciocalteu  reagent  in  the
aqueous, methanol and chloroform fractions of the residual plant material. The methanolic and
chloroform fractions showed anti-inflammatory activity, the methanolic fraction – 100 % and the
chloroform fraction – 83 % inhibiting the production of NO from lipopolysaccharide-stimulated mouse
macrophage cells (RAW264.7). The aqueous fraction showed antioxidant activity (6.7 ± 0.3 micromole
TE/mg) in the ORAC test.
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