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It is known that humanity is facing a new and unusual problem, such as global climate change of
anthropogenic origin. The causes of this problem, its consequences for the environment, economy,
human health, and other areas of life are already being noted. In recent decades, 90 percent of the
causes of climate change have been associated with man-made pollution, especially the release of
large amounts of "greenhouse gases'" (carbon dioxide, methane, water vapor, nitrogen oxides, etc.)
into the atmosphere and deforestation. The concentration of "greenhouse gases'" in the atmosphere
has never been higher in the history of mankind. In particular, the amount of carbon dioxide emit-
ted into the atmosphere as a result of the use of hydrocarbon fuels is increasing rapidly in line with
fuel consumption. The essence of the ""greenhouse effect" known to science since the first half of the
XIX century is that the thermal energy released from the Earth's surface heated by solar energy
(50% of solar energy is absorbed by the Earth) is absorbed by atmospheric air and "greenhouse
gases''. It plays the role of a kind of "polyethylene cover'". As a result, the temperature of the
Earth's surface and oceans is gradually rising, and the Arctic, Greenland and some large mountain
glaciers are degrading. It was found that from 1899 to 2007, the temperature of the Earth's atmos-
phere increased by more than 1°C, and the temperature of ocean waters increased by 0.8°C. Such
global climate change is accompanied by a number of serious cataclysms on the planet - rising sea
and ocean levels, river floods, floods, storms, hurricanes, torrential rains, severe heat, drought, for-
est fires, desertification, and in some places swamps accompanied by natural disasters. Observa-
tions show that an increase in ocean temperature by 1.0-1.5°C leads to a rapid decline in several
oceanic species, including some fish species. It is predicted that by the end of the XXI century, the
level of ocean water will rise by 30-45 ¢m. This means, first of all, the flooding of large areas, a
number of islands and island countries, the world's largest coastal cities, the degradation of agricul-
ture, the threat of food shortages. The economic consequences of natural disasters as a result of
global warming include the destruction of houses due to flooding of coastal areas, the lack of drink-
ing water, the deterioration of living conditions of the population accompanied by the failure of en-
gineering facilities and infrastructure. Such natural phenomena are already registered in our coun-
try (in recent years, due to the rise in the level of the Kura River, groundwater in the regions, dam-
age to the infrastructure of some mountain rivers, landslides, etc.). The intensification of global
climate change increases the expected risk of such events. Therefore, there must be a limit to the
impact of human activities on the environment. Global warming of 2°C should be considered an
undesirable limit. If at 2°C by the middle of the century, 500 million people will suffer from a
shortage of drinking water, at 3°C their number will reach 3 billion. The initiative of Inter-
Academy Partnership (IAP) to address the climate change impact on health is a worthy scientific
effort. The effects of global climate change, and in particular, its impact on health, are already be-
ing felt in many different ways and forms around the world. Research by the World Health Organ-
ization (WHO) in 53 countries in the European region shows that the direct health effects of climate
change include abnormally high or low temperatures, as well as diseases caused by high tempera-
tures during floods, storms, and forest fires. It is accompanied by an increase in the number of ma-
lignant tumors, mental disorders, trauma, and death. According to the WHO, climate change now
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causes more than 150,000 premature deaths (excluding predicted deaths) each year. Climate warm-
ing, as well as an increase in the number of infectious and parasitic pathogens (acute intestinal in-
fections, viral hepatitis, hemorrhagic fever, etc.), the expansion of the range of some natural foci of
infection (tick-borne encephalitis, skin leishmaniasis, malaria, etc.), goes along. Moreover, COVID-
19 is also spreading due to a compromised immune system. Thus, the world needs the decarboniza-
tion of the world economy and change of financial power from grey to green to initiate the resili-
ence of people and communities to provide a safe and healthy environment for the future genera-
tions.
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1. INTRODUCTION

1.1. Climate change and health — A global
agenda

One of the WHO’s initiatives is the Health
and Climate Change Country Profile Project,
which is monitoring national and global progress
on climate change and health. The Project aims are:

e Increasing responsiveness of the health
impacts of climate change;

e Supporting evidence-based decision mak-
ing to support the flexibility of health sys-
tems;

e Supporting health participation in national
and international climate processes such as
the United Nations Framework Convention
on Climate Change (UNFCCC)

e Promoting actions that improve health
while reducing greenhouse gas emissions.

WHO’s report entitled, “The WHO Health
and Climate Change Survey: Tackling Global
Progress” emphasizes the neglected link between
climate change and health (WHO, 2018). This
report emphasized that the rising global tempera-
ture was extremely disturbing the social and envi-
ronmental determinants of health. The global bur-
den of disease increases due to climate change.

A global network of science academies rep-
resenting more than 130 academies (Inter-
Academy Partnership - IAP) and Association of
Academies and Societies of Sciences in Asia
(AASSA) took the initiative of addressing the
challenge of climate change impact on health and
will make a wide-ranging global associated report
by the end of 2021.

2. CLIMATE CHANGE AND HEALTH
IMPACT IN AZERBAIJAN

2.1. Climatic features of Azerbaijan

Azerbaijan’s geography covers a various col-
lection of landscapes, from wetlands to high
mountains, deserts to fertile valleys. The center of
the country is taken up by a broad valley, centered
around the Kura River. This valley is bordered to
the north by the Greater Caucasus Mountains, and
to the south by the Lesser Caucasus Mountains,
and opens in the east to the Caspian Sea. The
highest point in Azerbaijan is Bazarduzu Dagi, at
4,467 m (14,656 ft), and the lowest point is - 28 m
(-92 ft), in the Caspian Sea.

The Caspian Sea is home to many species of
fish, and the shores hold important wetlands,
where numerous species of birds live. Even
though the Caspian Sea is called a sea, it’s actual-
ly the largest lake in the world.

The issue of well-organized use of climate
resources in agricultural production is one of the
central tasks to solve the food problem. To im-
plement it, it is necessary to study the features of
our area in depth, to identify potential opportuni-
ties for more efficient and rapid development of
agriculture. As we know, the existing 9 out of the
world's 11 climate zones in Azerbaijan enable
growing abundant agricultural products in differ-
ent regions of it in all seasons. This assists to pro-
vide the population with agricultural products
around the year. Today 3 large enterprises in Re-
public realize the processing of agricultural prod-
ucts that meet ecological standards (Humbatova et
al., 2020). Besides these enterprises, several fami-
ly farms deal with the processing of homemade
ecological products. They are mainly engaged in



the desiccation of fruits (plums, apricots, figs,
apples, cornel, hirnic, and other wild plants), con-
futer and jams, soaps, juices, and compotes.

In general, Azerbaijan is a mountainous coun-
try. Therefore, the study of the spatial and temporal
distribution of natural factors, quantitative relation-
ships of individual elements of the climate, the dis-
tribution of agroclimatic indicators depending on
altitude, indented relief, exposure of slopes is of
great scientific and practical importance. Due to its
location in the southern hemisphere, the territory of
Azerbaijan receives a lot of sunlight and heat. The
duration of sunlight in the Kura-Araks lowland is
2200-2400 hours per year, and the annual amount
of PAR (photosynthetic active radiation) is more
than 64 kcal/cm®. The maximum value of these
indicators is observed in the Arzaboyu plain (more
than 2800 hours and more than 76 kcal/cm?, re-
spectively). The annual flow of solar energy in the
area is also well expressed. At a time when solar
energy is most concentrated (April-October), the
total PAR is 50-54 kcal/cm’ in the Kura-Araks
lowland and 59-60 kcal/cm® in the plains of the
Nakhchivan Autonomous Republic
(eco.gov.az/az/hidrometeoro-logiya).

In summer, the lighting conditions on the
eastern slopes are better than on the western
slopes. Plants are more affected by frost on the
eastern slopes. As the heating effect of solar ra-
diation increases, plants in the mountains require
a lower total temperature than in the plains in the
interfacial period. It is of practical importance to
take this effect into account when relocating crops
to mountainous areas.

Much of the area is characterized by high
thermal regimes, low rainfall, and in some places
very low rainfall. Almost the entire Kura-Araks
lowland, the Absheron Peninsula, and the Araz-
boyu plain receive only 110-350 mm of rainfall
per year. Thus, the amount of precipitation in the
mountainous area increases with altitude. Accord-
ingly, the role of precipitation in humidity is in-
creasing due to the decrease in air temperature. At
first glance, it seems that the total amount of pre-
cipitation in many areas is enough to meet the
plant's need for moisture. However, the annual
rainfall regime is such that at a time when the
plant is growing intensively and transpiration is
increasing, it is not sufficiently supplied with
moisture.
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2.2. Previous Academy Publications on

Climate Change and Health

Unfortunately, ANAS did not publish any
report on Climate Change and Health but there are

a number of papers on this issue, published by

academy institutions. Publications on the subject

of climate change and health by the Azerbaijani
scientists have been listed.

Agayev 1., Vahabov E., Jalilov V. et al. (2020)
Epidemiological situation and spatial distribu-
tion of visceral leishmaniasis in the Republic of
Azerbaijan. J. Parasit. Dis., 44: 639645
(2020).

Aliyev K., Gasimov 1. (2020) Life (DIS) satisfac-
tion and intention to emigrate in Azerbaijan: Me-
diating role of institutional trust. Economic and
Social Development: Book of Proceedings, 3:
306-313.

Allakhverdiev A.R., Allakhverdieva A.A., Ba-
bayev E.S. (2020) Functional state of the brain
of elderly women at rest and in mental stress
under varying geomagnetic conditions. Hum.
Physiol., 46: 408-416.

Guliyeva A.E., Lis M. (2020) Sustainability
Management of Organic Food Organizations: A
Case Study of Azerbaijan. Sustainability,
12(12): 5057.

Humbatova S.1., Hajiyev N.G.O. (2020) Ecolog-
ical agriculture and land resources in Azerbai-
jan. Economic and Social Development: Book of
Proceedings, 2: 242-256.

Huseynov R. (2020) The regional aspects of food
security: The case of Ganja-Gazakh region of
Azerbaijan. Dissertation.

Mammadov J. (2020) The impact of alternative
and renewable energy on global climate change.
Eepazutickuii Coroz Vuenwix, 5(71): 18-25.

Mammadov S., Gasimov E., Kurdova-
Mintcheva R., Wongsrichanalai C. (2016)
Elimination of Plasmodium vivax Malaria in
Azerbaijan. The American journal of tropical
medicine and hygiene, 95(6, Suppl.): 78-86.

Neudert R., Allahverdiyeva N., Mammadov N.,
Didebulidze A., Beckmann V. (2020) Diversi-
fication of livestock-keeping smallholders in
mountainous rural regions of Azerbaijan and
Georgia. Land, 9(8): 267.

Temel T. (2004) Malaria from the gap: need for
cross-sector co-operation in Azerbaijan. Acta
Tropica, 89(2): 249-259.
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Zeynalova Z. (2017) The role of economic and
social instruments of environmental policy, In-
ternational Journal of Development and Sus-
tainability, 6 (11): 1757-1767.

2.3. Effect of climate change in Azerbaijan

One of the global problems that the world
faces is climate change. The world community is
increasingly concerned about climate change and
its impact on the living world. Azerbaijan ranked
111, according to the 2019 Global Climate Risk
Index report which was released by the German-
atch, a public policy group (Eckstein et al., 2019).
The major contribution to this climate change is
the greenhouse gas emissions (CO,, CHs, N>O,
and H»O), though Azerbaijan’s contribution to
global greenhouse gas emissions is negligible and
insignificant.

Unstable weather conditions are felt not only
in Azerbaijan but also in a number of countries
around the world and create problems. Increased
attention to these problems is reflected in the
holding of a number of international events, in-
cluding scientific and practical conferences. Ac-
cording to a recent assessment by the Intergov-
ernmental Panel on Climate Change, the average
global temperature has risen by 0.8 degrees over
the past 100 years. The increase in temperature is
mainly due to anthropogenic factors. Anthropo-
genic factors are based on gases that create a
thermal effect: carbon, methane, nitrogen oxide,
nitrogen oxide 1, and chlorine-fluorine compounds.
The last 100 years of space observations show that
both the intensity and frequency of storms and
blizzards have increased. Warm winds, hurricanes,
and rains intensified. At the same time, the number
of floods has increased. If the surface of the ocean
is used to heat up to a depth of 1,000 meters, now
the heat reaches a depth of 2,000 meters. This
causes the hot streams to heat up even more. That
is, climate change is a key factor in the growth of
all these natural disasters.

Azerbaijan has also been affected by global
climate change. Over the past 100 years, the aver-
age annual temperature in Azerbaijan has in-
creased by 0.4-1.3°C. The temperature-rise is un-
evenly distributed depending on the regions. In
the last 10 years, the number and intensity of
floods in small mountain rivers in the territory of
Azerbaijan have increased.

Heatwaves and natural fires are other conse-
quences of climate change. Valleys, where normal
temperatures used to be around 35~40°C, are now
having a temperature of 45°C on several days dur-
ing the season. Desertification is one more
thoughtful effect of climate change in Azerbaijan.

2.4. Impact of climate change on human
health

Climate change is the supreme hazard to
worldwide health in the 21* century. The posses-
sions of global warming consist of their effects on
human health. The experimental and expected
increased climate change-related impacts will
auxiliary intensify the effects on human health.
Climate change is affecting the safety of shelter,
air and water quality, food availability, and nutri-
tion levels in the food that impacts human health.
As climate change grows, scientists assume an
increase in related health issues. Cold and heat-
waves, droughts, storms, floods, land sliding, and
natural fires can cause injury, illness and death
directly. Besides, due to the environmental and
ecological conditions, the quality and yield of
crops, and availability of food items there could
be decreased. Also, the availability of clean drink-
ing water can be decreased which will lead to the
spread of water-borne and vector-borne diseases.
Altogether, climate change could result in pov-
erty, hunger, food insecurity, and ill-health.

2.4.1. Impact of climate change on agricul-
ture and food security

The impact of climate change on the world is
already clear, and signs of this are being observed
in Azerbaijan. Compared to other sectors of the
economy, agriculture is the most dependent on
climatic conditions. Agricultural production is
sensitive to weather conditions and is therefore
directly affected by climate change. Currently,
non-seasonal weather conditions are observed in
Azerbaijan. The most severe period of the winter
season in February of this year was above normal
in the Republic, and on some days in the lowlands
was 15-20%.

In 2018, the average annual precipitation was
480 mm, and in 2019 - 360 mm. In 2020, the
downward trend and uneven distribution of pre-
cipitation continued. The current situation re-
quires a reconsideration of production models in
agriculture, the application of modern cultivation



technologies, and irrigation methods. The main
crop in the country is cereals. In areas where there
is normally enough rainfall in the autumn, there is
a serious lack of rainfall during the planting sea-
son. Due to the lack of moisture in the soil, most
of the seeds sown did not germinate, and the ger-
minated seeds did not develop due to drought.
They cause serious damage when feeding on
them. During severe climate change, productivity
decreases, crop losses increase, and product quali-
ty declines. More than 80 percent of crop produc-
tion in the country is produced on irrigated lands.
In this regard, the reduction of water resources
due to climate change has put serious pressure on
agriculture.

Impacts of climate change on crop produc-
tion in Azerbaijan are:

* Lacking of irrigation water, on the contra-
ry, increasing demand for water from crop prod-
ucts;

* Decreasing rainfall in remote areas, result-
ing in lower productivity;

» Changing in the vegetation period of plants
with changes in the seasonal cycle and changes in
the timing of the product on the market;

* Increased spring drought;

* Creating favorable conditions for the de-
velopment of plant pests.

* Decreasing in the number of irrigations due
to water scarcity in the irrigation system and re-
sulting in lower productivity (especially in cotton
and grain)

Impacts of climate change on livestock in
Azerbaijan are:

* Decreasing productivity in natural pastures
and increased risk of erosion

* Increasing infectious diseases and, accord-
ingly, preventive measures,

* Expanding of desertification, reduction of
natural pastures and hayfields,

* Decreasing biodiversity and vegetation in
natural pastures.

The “Strategic Roadmap for the Production
and Processing of Agricultural Products in Azer-
baijan” envisages preventive measures to reduce
the impact of climate change on agriculture.

2.4.2. Risk of infectious and vector-borne
diseases

Climate changes have an actual deep effect
on the life-cycle and growth of infectious organ-
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isms. Hence, the transmission of water and food-
borne diseases is at a peak after the rainy and
flooding season. Malaria vectors in Azerbaijan
include Anopheles  maculipennis (the  Cauca-
sus), An. sacharovi (Kura-Araksin and Lenkoran
lowlands) and An. Persiensis (Lenkoran lowland)
in 2011 (WHO Azerbaijan, 2011). Malaria was
once common in Europe and happened almost as
far north as the Arctic Circle. Recurrent outbreaks
have occurred in Eastern Europe, Azerbaijan, Ta-
jikistan, and Turkey. However, none of these out-
breaks was associated with climate change but
rather with hydro-agricultural development
schemes, movement of infected cases, and the
cessation of malaria-control activities (Githeko et
al., 2000; Temel, 2004). Azerbaijan successfully
interrupted malaria transmission in 2013, meeting
its national goal laid out in the 2008-2013 strate-
gic plan. Now the country focuses on preventing
malaria re-introduction. In 2015, the national
strategy for the prevention of malaria reintroduc-
tion for the years 2015-2020 was adopted (WHO
Reports Azerbaijan, 2020a). According to the
WHO'’s report, Azerbaijan effectively broke up
malaria transmission in 2013, meeting its national
goal laid out in the 2008-2013 strategic plan.
Now Azerbaijan focusses on avoiding malaria
reintroduction. The national strategy for avoid-
ance of malaria reintroduction for the years 2015—
2020 was adopted in 2015.

Leishmaniasis is a neglected and poorly re-
ported disease with an underestimated burden in
most countries of the Region. The regional inci-
dence of VL and cutaneous leishmaniasis (CL)
could be estimated at less than 2% of the global
burden. Cases of anthroponotic CL, which is
caused by L. tropica, could be found in Azerbai-
jan (Agayev et al., 2020). Cholera, diarrhea, hepa-
titis A, typhoid are also typical water-borne dis-
eases in Azerbaijan. However, we do not have
exact data for these diseases.

2.4.3. Impact of high levels of pollens, al-
lergens and “smog”

Increased temperatures contribute to higher
levels of pollens and allergens in the atmosphere,
which cause airway inflammation, asthma symp-
toms, and increased healthcare utilization among
individuals. Transport, industrial emissions and
crop burning residues have become major causes
of pollution, especially in the capital city Baku
(Krzyzanowski et al., 2005; Lacey et al., 2017).
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2.4.4. Impact of heatwaves and natural fires

Although now heat waves are more common
in the cities of the country due to climate change,
most natural fires happen in the mountain areas
because of the extremely hot weather conditions.
This leads to the loss of wildlife and vegetation.

2.4.5. Impact on the development of chronic
diseases

According to the WHO’s report, during the
last ten years, circulatory system diseases have
increased by 5%, respiratory system diseases
11%, endocrine disorders 2.5 times (including
diabetes 3.7 times), nervous system diseases by
15%, malignant neoplasms by 30%. During this
period, the global prevalence of noncommunica-
ble diseases has risen by 14%. As in most coun-
tries, noncommunicable diseases are the leading
cause of morbidity and mortality in Azerbaijan.
Noncommunicable diseases accounted for 50% of
all diseases, including 17.6% circulatory system
diseases, 15% respiratory system diseases, 15%
endocrine disorders, 2.7% malignant neoplasms
(WHO Reports Azerbaijan, 2020b). During 10
years (2007-2017) cirrhosis, Alzheimer's disease,
and lung cancer increase significantly in Azerbai-
jan, although, ischemic heart disease and stroke
are always on the top of the chronic diseases,
which cause the most deaths
(www.healthdata.org/azerbaijan).

Food insecurity and malnutrition, higher
temperature, heatwaves and pollution, and weak-
ened health systems due to climate change are
directly related to global diabetes epidemics ac-
cording to the 2012 report of the International
Diabetes Federation (International Diabetes Fed-
eration, 2012).

2.4.6. Impact on the risk of development of
cancer

Climate change is already increasing the
number of toxic chemicals, especially carcino-
gens after extreme weather events such as hurri-
canes and wildfires in nature. Increased exposure
of humans to these toxic chemicals can lead to
various types of cancer such as liver cancer,
breast cancer, and lung cancer. Moreover, vari-
ous air pollutants have also been shown to be
causing lung cancer in humans (National Insti-
tute of Environmental Health Sciences, 2019). In
addition to increasing cancer risk, climate
change is also affecting cancer survival (Noguei-
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ra et al., 2020). The frequency of stomach cancer
and lung cancer is higher in Azerbaijan
(www.healthdata.org/azerbaijan). The high inci-
dence of these types of cancer is recognized as a
consequence of adverse changes in the environ-
ment.

2.4.7. Impact on mental health

One of the health-related fields is the impact
of environmental changes on mental health, which
has not been adequately investigated in Azerbai-
jan. However, few works have been done to study
the effect of the geomagnetic conditions (Allakh-
verdiev et al., 2020). Depression, anxiety, psycho-
logical distress, post-traumatic stress, aggression,
complicated grief, complex psychopathology,
sleep disorders, sexual dysfunction, social avoid-
ance, irritability, drugs, etc. are the most common
mental health forms, which climate change af-
fects.

2.5. Adaptation and mitigation

Azerbaijan has already identified social and
economic development and poverty reduction as
its priorities. The country's mitigation and adapta-
tion strategies for climate change are reflected in
the following long-term State Programs:

» State Program on the Use of Alternative
and Renewable Energy Sources (2004);

» Azerbaijan 2020-FUTURE CONCEPT
OF DEVELOPMENT;

» State Program on Socio-Economic Devel-
opment of the Region in the Republic of
Azerbaijan for 2008-2015 (2008-2015);

» State Program on Poverty Reduction and
Sustainable Development in the Republic
of Azerbaijan for 2008-2015 (2008-2015);

» Strategic Roadmap for Agricultural Pro-
duction and Processing in the Republic of
Azerbaijan, 2016;

» To achieve the Sustainable Development
Goals, The National Coordinating Council
for Sustainable Development (NCCSD) of
Azerbaijan was established (2016).

Preventive measures against the consequenc-

es of climate change should also focus primarily
on the development of technologies that increase
the opportunities for sustainable and efficient use
of land and water resources, optimization and ad-
aptation of the agricultural sector. For that, we
need to do:



v" Soil monitoring and comparative research
to study the consequences of climate
change. Development of mathematical
forecasting models based on complex and
multidisciplinary research;

v Conducting research in the field of main-
taining soil fertility, prevention of salini-
zation, water and wind erosion;

v Development of an improved system of
agro-technical and  phytomeliorative
measures to prevent soil erosion;

v' Application of irrigation water-saving ir-
rigation systems in the conditions of an
arid zone, development of the concept of
efficient use of existing water resources;

v" Study of the possibility of adaptation of
new varieties of drought- and salt-
resistant created in the field of plant
breeding in different soil-climatic zones.

For successful development of action, all the
stakeholders including the government
agencies and academy institutions must
join hands to meet the climate change and
health challenges in Azerbaijan.

2.5.1. What needs to be done regarding ad-

aptation and mitigation

We need to create coordination among various

institutions related to climate change in Azerbaijan,
there is an urgent need to address the problem as
one of the uppermost importance plan items.

2.6. Recent initiatives by government of
Azerbaijan for climate change mitigation and
adaptation

2.6.1. International agreements

» The Republic of Azerbaijan acceded to
the UN Framework Convention on Cli-
mate Change in 1995 and ratified the
Kyoto Protocol in 2000.

» The Doha Annex, adopted for the second
period of implementation of the Kyoto
Protocol, was ratified by the Milli Majlis
(The National Parliament) of the Republic
of Azerbaijan on April 14, 2015, and
signed by the President of the country.

» The Paris Agreement was signed in April
2016 and ratified by the Milli Majlis on
October 28, 2016. By the Paris Agree-
ment, the Republic of Azerbaijan submit-
ted its National Contributions to the Sec-
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retariat of the Convention and aims to re-
duce greenhouse gas emissions by 35%
by 2030 compared to the base year (1990)
as its contribution to global climate
change mitigation initiatives.

2.6.2. Climate change mitigation measures

Although Azerbaijan has not made quantita-
tive commitments to reduce emissions from the
Kyoto Protocol, the country has taken several im-
portant steps in recent years, including the intro-
duction of low-carbon, energy-efficient, renewa-
ble energy and waste management technologies,
as well as forest expansion and deforestation.

In addition to national mitigation initiatives,
Azerbaijan successfully cooperates with several
international organizations through the implemen-
tation of various projects. Thus, more than 30 pro-
jects related to climate change mitigation technol-
ogy and capacity building have been implemented
(eco.gov.az).

2.6.3. Prevention of intrusion of the Caspian
Sea

The main factors determining the climate of
the Caspian Sea - the geographical location of the
sea, the nature of atmospheric circulation, the im-
pact of surrounding land areas - are the Aral-
Caspian lowlands in the east, the Caucasus Moun-
tains in the west and water exchange between dif-
ferent parts of the sea. The main characteristic of
the Caspian climate is the predominance of anti-
cyclone weather conditions, sharp temperature
changes throughout the year, cold, and windy
winters in the North Caspian and hot in the South
Caspian, and hot, dry, and calm summers
throughout the Caspian.

The water of the Caspian Sea is of oceanic
origin and the average salinity is 12.85%o (pro-
mille) (average salinity of ocean water is 35%o).
Low salinity is since the sea is closed and fed
mainly by river currents. The Caspian Sea has
more carbonates and sulfates than ocean waters
and fewer chlorides. Strong fluctuations in the
Caspian Sea occur, especially during strong north
and south winds in autumn and winter.

Observations are carried out on water level,
water temperature, salinity, color, transparency,
wave height, length and period, air temperature,
humidity, amount of cloudiness, wind speed and
direction, atmospheric pressure, precipitation in

11
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the Caspian observation network to study the hy-
drometeorological conditions of the Caspian Sea.
Studies covering the hydrometeorological regime
of the Caspian Sea are carried out at 4 observation
times at the stations and points located in the
coastal zone and open sea. Thanks to the continu-
ous information received from the observation
network, it is possible to analyze the long-term
hydrometeorological conditions of the Caspian
Sea. The National Hydrometeorology Department
exchanges information in cooperation with CAS-
PCOM, the coordination center of the Caspian
littoral states.

Climate change affects all hydrometeorolo-
gical parameters as well as the sea level.

2.7. Covid-19 pandemic and climate change

The first Covid-19 case was identified in
Azerbaijan on February 29, 2020. Until Septem-
ber 29, 2020; more than 40,061 positive cases of
Covid-19 have been identified and 588 deaths
were caused by this infection. Although, the com-
plete lockdown for several months has harshly
affected the economy of Azerbaijan it also had a
positive influence on greenhouse gas emissions
and the environment. The air quality index in ma-
jor cities in Azerbaijan becomes better. The health
system in Azerbaijan has been challenged. More-
over, people suffering from non-Covid diseases
were able to get mental problems due to the long
complete lockdown for several months. We be-
lieve that a climate-smart approach that may also
offer a better human immune system is likely to
provide better health for future generations
against the pandemic.

3. CONCLUSIONS AND RECOMMENDA-
TIONS

In a world of numerous “what if” scenarios
of immediate climate change, it becomes difficult
to make health policies for the future, because of
the improbability of expecting environmental
change and human decisions. To be familiar with
the difficulty of this issue, an ad hoc Interagency
Working Group on Climate Change and Health
(IWGCCH) bring together to develop research
and science needs, including research on mitiga-
tion and adaptation strategies. This research in-
cludes basic and applied science, technological

12

innovations and capacities, public health infra-
structure, communication and education. Atten-
tion is also given to the possible structure of the
climate change and health research agenda and
the use of these research results for applications
and decision making. Azerbaijan being a develop-
ing country with an oil-based economy has been
most severely affected by climate change and its
subsequent events and this is seriously affecting
the health of the people. To address the challenge
of climate change impact on health, it is authorita-
tive to take measures towards mitigation, and to
mitigate we need to identify the priority scientific
fields. The challenges that science needs to be
addressed is the impact of climate change on hu-
man health are: 1) Asthma, Respiratory Allergies,
and Airway Diseases; 2) Cancer; 3) Cardiovascu-
lar Disease and Stroke; 4) Foodborne Diseases
and Nutrition; 5) Human Developmental Effects;
5) Heat-Related Morbidity and Mortality; 6) Neu-
rological Diseases and Disorders; 7) Vectorborne
and Zoonotic Diseases; 8) Waterborne Diseases;
9) Weather-Related Morbidity and Mortality; 10)
Human immune system; 11) Pandemics. All these
aspects become more predominant because of the
increased human exposure to climate change. Ad-
aptation and mitigation adaptation may signifi-
cantly diminish these risks (WHO Reports, 2016).
Research should address the relationship between
climate change and the factors which affect hu-
man health.

A division on “Climate Change and Health”
in the Azerbaijan National Academy of Sciences
and the government should be created to prepare a
scientific, economic, and political agenda for the
adaptation and mitigation strategies. The specific
areas which could be determined by such divi-
sions should receive-extreme consideration.
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Iqlim doyisikliyinin Azarbaycanda saglamhga tosiri

I.S. Ziilfiiqarov, .M. Hiiseynova

AMEA-mn Molekulyar Biologiya va Biotexnologiyalar Institutu, Baki, Azarbaycan

Bosoriyyatin antropogen monsoli global iglim doyisikliyi kimi yeni vo qeyri-adi bir problemlos {izlosdiyi
molumdur. Bu problemin sabablari, otraf miihit, iqtisadiyyat, insan saglamligi vo hoyatin diger sahalori
ticiin naticalori artiq hiss olunur. Son onilliklords, iglim doyisikliyi sobablarinin yiizds 90-1 texnogen ¢irk-

13



Zulfugarov and Huseynova

lonmo ilo, xlisuson atmosfero ¢ox miqdarda "istixana qazlar1" (karbon qazi, metan, su buxari, azot oksid-
lori va s.) vo mesalarin qirtlmasi ils alagalondirilir. Atmosferdaki "istixana qazlari"nin qatiligi bagariyyat
tarixindo he¢ vaxt bu gadar yiiksak olmayib. Xiisusils, karbohidrogen yanacaqlarinin istifadssi naticosin-
do atmosfers atilan karbon dioksid migdar1 yanacaq istehlakina uygun olaraq siirotlo artir. XIX oasrin bi-
rinci yarisindan bari elma malum olan "istixana effekti"nin mahiyyati ondan ibarstdir ki, giinos enerjisi ilo
qizdirilan yer sathindon ¢ixan istilik enerjisi (giinos enerjisinin 50%-1 Yer torofindon udulur) atmosfer ha-
vasi vo "istixana qazlar1" torofindon udulur. Bu bir név "polietilen 6rtiik" rolunu oynayir. Noticodo, Yer
saothinin vo okeanlarin temperaturu todricon yiiksalir va Arktika, Qrenlandiya va bazi bdyiik daglarda buz-
laglar ariyirlar. 1899-cu ildon 2007-ci ila qadar Yer atmosferinin istiliyinin 1°C-dan ¢ox, okean sularimin
temperaturunun iso 0,8°C artdig1 gostorilmisdir. Bu ciir global iqlim doyisikliyi planetds bir sira ciddi ka-
taklizmlarlo miisayist olunur - doniz vo okean saviyyasinin yliksalmasi, ¢ay dasqinlari, dasqinlar, firtina-
lar, qasirgalar, leysan yagislar, siddatli istilor, quraqliq, mesa yanginlari, sohralagma va tobii folakotlor no-
ticasindo bozi yerlordo batagliglar omolo golmasi ilo miisayiot olunur. Miisahidoalor gostorir ki, okean tem-
peraturunun 1,0-1,5°C-ya yiiksalmasi bazi baliq névlari do daxil olmaqla bir ne¢s okean ndviiniin stiratlo
azalmasina sobab olur. XXI asrin sonlarinda okean suyunun saviyyasinin 30-45 sm artacagi prognozlasdi-
rilir. Bu, ilk ndvbado, genis arazilorin, bir sira adalarin vo ada 6lkolorinin, diinyanin on bdyiik sahil gsohor-
lorinin su basmasi, kond tesarriifatinin deqradasiyasi, srzaq ¢atismazligi tohliikasi demoakdir. Qlobal isti-
lasmo naticasinda bas veran tabii falakatlarin iqtisadi naticalarine sahil arazilarini su basmasi, igmali su-
yun olmamasi, miithandis qurgularinin va infrastrukturun siradan ¢ixmasi ilo miisayiot olunan ohalinin ya-
say1s soraitinin pislosmasi sabobindon evlorin dagidilmasi daxildir. Bu ciir tebist hadisslori artiq 6lkomiz-
do geyds alimmigdir (son illords Kiir ¢aymnin soviyyasinin qalxmasi, bolgslardoki yeralt1 sulari, bozi dag
caylarinin infrastrukturuna ziyan vurmasi, siiriismo vo s.). Qlobal iglim doyisikliyinin intensivlosmasi bu
kimi hadisslerin gézlenilon riskini artirir. Buna gore do insan fealiyystinin otraf miihits tesirinin bir haddi
olmalidir. Qlobal istiloasma 2°C arzuolunmaz bir sarhad sayilmalidir. Osrin ortalarinda global istilogsma
2°C oland 500 milyon insan i¢gmoli su ¢otinliyindon oziyyat ¢okirso, 1lobal istilosmo 3°C olarsa onlarin
say1 3 milyarda gatacaqdir. Iqlim doyisikliyinin saglamliga tosirini holl etmok iigiin Akademiyalararasi
Torofdaghigin (IAP) tosobbiisii layiqli bir elmi saydir. Qlobal iqlim dayisikliyinin tasiri vo xiisuson do
onun saglamliga tosiri onsuz da diinyada bir ¢ox forqli sokildo vo formada hiss olunur. Umumdiinya So-
hiyys Toskilatinin (UST) Avropa bdlgasindoki 53 dlkodo apardigi arasdirmalar géstorir ki, iqlim doyisik-
liyinin saglamliga birbasa tosirlorine anormal daracads yiiksok va ya asagi temperatur, hamginin dasqin,
firtina vo mess yanginlari zamani yiiksok temperaturun yaratdigi xostsliklor daxildir. Bunlar da badxassali
sislor, zehni pozgunluglar, travma vo 6liim sayinda artim ilo miisayiot olunur. UST-ya gora, iqlim doyisik-
liyi hazirda hoar il 150.000-don ¢ox erkan &liima sabab olur (prognozlasdirilan 6liimlar istisna olmaqla).
Iglim istilosmasi, homginin yoluxucu va parazitar patogenlorin (kaskin bagirsaq infeksiyalari, viral hepa-
tit, hemorajik qizdirma vs s.), bazi tobii infeksiya ocaqlarinin (gons ensefaliti, dori leysmaniozu) genislon-
masi, malyariya vo s.), sayinin artmasi birlikdo horaket edirlar. Ustalik, COVID-19, zoiflomis bir immuni-
tet sistemi sobabiylo ds yayilir. Bels ki, diinya, galocak nasillar iiciin etibarli vo saglam bir miihit tomin
etmok ii¢iin, insanlarin vo icmalarin dayanigl inkigafini tomin etmok ii¢iin diinya iqtisadiyyatin dekarbon-
lagdirilmasina vo maliyys giiciiniin bozdan yasila kegmasina ehtiyac duyur.

Acar sozlor: COVID-19, akingilik, gida tahliikasizliyi, global istilasma, xastaliklar, iglim doyisikliyi, kar-
bohidrogensizlogmoa, saglamliq, tasirlorin azaldilmasi, uygunlasma
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Biausinue u3MeHeHHUs] KIMMATA HA COCTOSIHUE 310POBbS HaceJeHUus1 A3epOaiilKkaHa
N.C. 3yadyrapos, U.M. I'yceiinoBa
Hnemumym monexyasipuou buonozuu u buomexnonoeutt HAH Azepbaiioscana, baky, Azepbaiiosxcan

N3BecTHO, YTO YEIOBEUECTBO CTOJKHYJIOCH C HOBOM M HEOOBIYHOW MPOOIEeMOM, TaKoH, Kak riaodaabHOe
M3MEHEHHe KJIMMaTa aHTPOIOIeHHOTO MpoucxoxaeHus. K HacTodmemMy BpeMEHH YK€ BBISBICHBI
MIPUYUHBI 3TOW MPOOIIEMBI, €€ MOCIEACTBHS A OKPY KAIOIIEH Cpebl, SKOHOMUKH, 3I0pPOBBS YeJIOBEKa U
Ipyrux chep xu3H. 90 IPOIEHTOB MPUYNH, TPUBOAALINX K U3MEHEHHUIO KITUMaTa B MOCIIEAHNE JECITH-
JieTHst, ObUTH CBSI3aHBI C AHTPOIIOTEHHBIM 3arpsi3HEHUEM, 0COOEHHO ¢ BBIOPOCOM B aTMochepy OO0bIIOro
KOJIMYECTBA «ITAPHUKOBBIX T'a30B» (YTJIEKUCIOro ra3a, MeTaHa, BOASHOIO Iapa, OKCHIOB a30Ta U T. I.) U
BBIpYOKOIi JiecoB. B ucTopun yenoBevecTBa KOHIIEHTPAIHS «TAPHUKOBBIX ra3oB» B atMocdepe HHKOTIa
He OblJIa Tak BBICOKA, Kak ceifyac. B 4acTHOCTH, KOIWYECTBO BHIOPACBIBAEMOro B aTMOC(epy yIIeKuc-
JIOTO ra3a, 00pa3yoLerocs B pe3yibTaTe HCIOIb30BaHUS YIIIEBOJAOPOIHOIO TOIUIMBA, OBICTPO YBEIUYH-
BaeTcsd BMecTe ¢ pacxonoM TorumBa. CyTh «HapHUKOBOTO 3¢ ¢eKTa», M3BECTHOrO HAayKe C IEPBOM
nosoBUHBI XIX Beka, 3aKJII0OYaeTcsl B TOM, UTO TEIUIOBAas HEPTHs, BbLIENsIeMas ¢ MOBEPXHOCTH 3EMIIH,
HarpeTol conHeuHoi 3Heprueit (50% conHedHoM sHepruu norjiomaercs 3eMieil), MOoraomaeTcst aTMoc-
(epHBIM BO3IyXOM U «IapHUKOBBIMU Ta3aMmu», 00pasysl MPOCIOHKY, UTPAOLIyl0 Poib CBOCOOPa3HOM
«TOJMATUIICHOBOM 000M0ukn». B pesynbprare, TeMnepaTypa MOBEPXHOCTH 3€MIIM U OKEaHOB IMOCTEIEHHO
TIOBBIIIAETCS, a JIEASHbIE MAacCUBBI ApPKTHUKH, ['peHNIaHAMM U HEKOTOPHIX KPYMHBIX T'OPHBIX JEIHUKOB
Jaerpagupyror. BeisicHuinocs, uto ¢ 1899 mo 2007 ronel Temneparypa atMocdepsl 3eMiH YBEIUYHIaCh
bonee uem Ha 1°C, a Temneparypa Bojbsl B okeaHe - Ha (0,8°C. Takoe riodanbHOE U3MEHEHHUE KJIMMaTa
COIPOBOXKIAETCS PSAOM CEPhE3HBIX KATAKIIM3MOB Ha TUIAHETE: MOBBIICHHEM YPOBHS MOpS M OKEaHa,
HABOJIHEHUSMH, IITOPMAMH, yparaHaMmH, MPOJHMBHBIMH JIOKISMH, CHJIBHOHN JXKapoH, 3aCyXOH, JIECHBIMHU
MoKapaMy, OIYCTHIHUBAHMEM, a B HEKOTOPBIX MecTax oOpa3oBaHHEM O00JO0T, (OPMHUPYIONIMXCS B
pe3ylbTaTe CTUXUHHBIX OefcTBuii. HaOmoqeHs TOKa3bIBalOT, YTO MOBBIINICHHE TEMIIEPaTyphl OKeaHa Ha
1,0-1,5°C npuBOAMT K OBICTPOMY COKpAIICHHIO YHCICHHOCTH Psiia OKEAHMYECKHX BHJOB, B TOM YHCIIE,
HEKOTOPBIX BUIOB pbIO. [Iporaosupyercs, uto k koHIy XXI Beka ypoBeHb BOJABI B OKE€aHE IMOJHUMETCS
Ha 30-45 cM. DTO O3Hayaer, MPEkAE BCEro, 3aTOIUICHHE OONBLUIMX TEPPUTOPHH - pslda OCTPOBOB H
OCTPOBHBIX CTPaH, KPyIMHEUIINX MPHOPEKHBIX TOPOJAOB MUPa-, AETPAJIAIUI0 CEIBCKOTO X03sICTBA, yTPO-
3y HEXBAaTKH MPOAOBOJILCTBUSA. K 3KOHOMHYECKUM IOCIEICTBHUSIM CTUXUWHBIX OCICTBHIA B Pe3yJbTare
r00aIbHOTO TOTEIUIEHUS MOXXHO OTHECTH pa3pylIeHHWE [IOMOB W3-32 3aTOIUICHUS MPUOPEKHBIX
TEPPUTOPHIA, HEXBATKy NMUTHEBOW BOJIBI, YXY/IICHWE YCIOBWH JKU3HW HACEICHHS, COMPOBOXKIAIOIIEECs
BBIXOJ/IOM M3 CTPOSI MH)KEHEPHBIX COOpYXKeHHH 1 HHQpacTpyKTypsl. [1o100HbIe TPHPOTHEIE IBIECHUS YKe
pEeTUCTpUPYIOTCS B Halllel cTpaHe (B MOCITEIHME TOABI M3-32 MoAbeMa YPOBHA peku Kypa u rpyHTOBBIX
BOJI B pErvoHax, MOBPEXAAETCS MMEIOMAsAcs TaM HH(PPacTPyKTypa, a Takxke WH(PACTPYKTypa, pacmo-
JIO)KEHHAsI BJIOJIb HEKOTOPHIX TOPHBIX pPEK, BO3HWKAET OIACHOCTh CXOXKIEHHUS OION3HEH W T. I.).
Yceunenue ri00anbHOT0 M3MEHEHHS KIIMMAaTa yBEIHYNBACT OKHUIAEMBIM PUCK Takux coOwITHid. Ciemo-
BaTeNbHO, JTOJDKEH OBITH Tpened BO3JCHCTBUS YEJIOBEUECKOW NEATENIbHOCTH Ha OKPYIKAIOIIYIO Cpemdy.
I'mo6ansHOe oTermenue Ha 2°C clieayeT paccMaTpuBaTh Kak HeXellaTeabHbIA npenen. Eciam k cepennne
BEeKa TeMIlepaTypa Bo3myxa yBennmautcs Ha 2°C, TO OT HEXBaTKH MHUTHEBOW BOABI OyayT crpamath 500
MUJUTHOHOB YeJIoBeK, MpH 3°C WX YHCIO JOCTHTHET 3 MHJUTHApIOB. MHWIMaTHBa MekakaaeMHUIecKoro
naptHepcTBa (IAP) mo pemenuro mpobiemMbl BO3IEHCTBUS M3MEHEHHUS KJIMMaTa Ha 3/I0pPOBbE YelOBeKa
SBIIIETCS JIOCTOMHBIM Hay4YHbIM mounHOM. [locnencTBue rio6anbHOTO H3MEHEHHS KiIMMara H, B
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YaCTHOCTH, €TO BIHUSHIE Ha 3/I0POBBE YEIIOBEKA YK€ OTMEUEHO BO BCEX CTpaHaX MHUpa M MPOSBISAETCS B
pasnuaHbIX Gopmax. HMccinemoBanus BcemupHoit opranmsamum 3apaBooxpanenus (BO3) B 53 crpanax
€BPOIIEHCKOr0 pernoHa MOKa3bIBalOT, YTO MPSIMBIM TOCIEICTBUEM M3MEHEHHS KJINMaTa, BKIFOYAOIIETO
aHOMaJIbHO BBICOKHME WM HH3KHE TEMIIepaTypbl, HABOJHEHHS, IITOPMBI M JIECHBIE MOXKaphl, SBIAETCS
YBCIMYCHUC KOJINYECTBA 3JIOKAQYCCTBCHHBIX onyxoneﬁ, IICUXHUYCCKHUX paCCTpOﬁCTB, TpaBM U JICTAJIBHOT'O
ucxoga. [lo ganasiM BO3, u3aMenenne kimMara B HacTosIiee BpeMs BeizbiBaeT 6omee 150 000 mpexme-
BPEMEHHBIX CMepTel €XeronHo (He cuMTas MPOrHO3HMpyeMbIX). IIpM MOTeruieHun KiuMara, YBEeTHYH-
BaeTCs KOJHMYECTBO BO30yAuTENe MH(PEKIMOHHBIX U Mapa3uTapHBIX 3a00yieBaHUi (OCTphIE KHUIIEYHBIE
WH(EKINH, BUPYCHBIE TEMATUTHI, TeMOpparnieckas JIMXopaaKka u Jp.), OMHOBPEMEHHO C 3TUM pacIIup-
s€TCs apeajl HeKOTOPBIX MPHUPOJIHBIX 0YaroB MHGEKIUHU (KJIEHIeBON dHIEPaTuT, KOKHBINA JeHIIMaHn03,
Mamsipusi ¥ T. 7). bonee toro, pacnpoctpanenne COVID-19 Takxke cBs3aHO ¢ oCiabiIecHHEM UMMYHHON
cucteMbl. TakuM oOpa3oM, MHPY HYy)XHa JeKapOOHH3aIllMs MHPOBOW HKOHOMHUKH M H3MEHEHHE
(UHAHCOBOW MOIIM C Cepoll Ha 3€JIEeHYI0, YTOObI CTUMYJIHMPOBAThH >KU3HECTOMKOCTH JIIOJCH W JKUBBIX
coo0miecTB 1 00ecTIeYnTs 0€30MACHYI0 M 3I0POBYIO OKPYKAIOIIYIO cpely Iisi OyIyIINX MTOKOJICHUH.

Knrouesvle cnoea: Aoanmayus, 6Oonesuu, 2nobarvhHoe nomenienue, O0eKapOOHU3ayus, 300posbe,

UBSMEHeHUe  KIUMAma, Npoo08OAbCMBEHHAS  Oe30NACHOCMb,  CeNbCKOe  XO03AUCME0,  CMs24eHue
nocaeocmeuii, COVID-19
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Cellular functions are carried out by complexes of coordinately functioning proteins. Understanding
genome organization and gene functions in diverse organisms can reveal new insights into the evolution
of the coordinated gene expression mechanisms. It is suggested that gene sets of different species may
be mostly similar, while regulatory mechanisms of the gene expression are expected to be evolved in
the species-specific manner. In this work, the genome-wide peculiarities of organization, transcription
and evolution of 5 fish and 4 crustacean species were explored. The interspecies BLAST comparison
of annotated protein sets revealed that inter-species protein diversity of crustaceans varies in much
wider range. Moreover, in some cases, comparing with the crustaceans-crustaceans homology, the crus-
taceans-fish protein conservation seems to be higher. A search for possible traces of the mitochondrial
DNA (mtDNA) in the nuclear genome of 8 crustacean and fish species discovered that only one crusta-
cean and one fish species (Armadillidium vulgare and Carassius auratus) have quite long (=500 bp) in-
sertions of mtDNA in the nuclear genome, including the almost complete insertion of the organelle DNA
in the C. auratus nuclear genome. Exploring the promoter architecture of 8 crustacean and fish nuclear
genes revealed that (1) most of protein genes have, at least, one putative bidirectional promoter, and (2)
hundreds of genes in these genomes are organized closely in the Head-to-Head manner with a potential
BDP between them. It is concluded that BDPs may play a key role in the coordinated transcription of
the crustacean and fish genes involved in the same cellular processes.

Keywords: Fish, crustaceans, mtDNA, bidirectional promoter, Head-to-Head genes

INTORDUCTION

Our current knowledge suggests that the
aquatic vertebrates have been evolved from heavy
benthic microphages to floating, mobile, and om-
nivorous. Vertebrates including the first fishes
were probably originated about 530 million years
ago during the Cambrian explosion. The evolution
of fishes seems to occur in freshwater, while crus-
taceans mostly evolved in marine habitats
(Wagele, 1992). The bony fish species (Osteich-
thyes) with about 27 000 living species represent
more than 50% of all known vertebrate species

https://doi.org/10.29228/j1sb.2
Available online 30 June 2021

(Spaink et al., 2013). Crustaceans (crabs, lobsters,
crayfish, shrimps, prawns, krill, woodlice and bar-
nacles) diversified over the 455 million years ago
form a large, diverse arthropod taxon. To date,
67,000 crustacean species have been described.
Decapods (crabs, shrimp and lobsters), the most
definitely recognizable crustaceans, include over
15 000 living and 3000 fossil species from 233
families (Wolfe et al., 2019; Stillman et al., 2008).

Cellular functions are carried out by complexes
of coordinately functioning proteins. Therefore, the
evolution of closely related species could involve
the coordinately gains or losses of such gene groups.
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Therefore, understanding genome organization and
gene functions via comparative genomic and prote-
omic studies in extremely diverse organisms can re-
veal new insights into the evolution of the coordi-
nated gene expression mechanisms (Martin and Fra-
ser, 2018). In particular, it is supposed that gene
(protein and non-coding RNA) sets of different spe-
cies may be mostly similar, while regulatory mech-
anisms of the gene expression are expected to be
evolved in the species-specific manner. The com-
parative genomic studies are very important for
both fundamental science and practical use (the de-
velopment of new medicines, sustainable aquacul-
ture strategies, etc). In the last years, the great ad-
vances in genomic studies of bony fish species and
some crustaceans were achieved (Spaink et al.,
2013; Martin and Fraser, 2018). To date, the nu-
clear genomes of about 300 fish and over 10 crus-
tacean  species  have  been  sequenced
(https://www.ncbi.nlm.nih.gov/genome/?term=an-
imals).

In general, all known eukaryotic genetic sys-
tems consist of the nuclear genome and semi-au-
tonomous mitochondrial genome; plants have also
the plastid genome. Mitochondrial functions were
conserved almost in all eukaryotes studied and it
supposed that these organelles are of the endosym-
biotc a-proteobacterial origin. The mitochondrial
genome encodes only about 10% its proteins and
most of mitochondrial functions are encoded in the
nuclear genome, synthesized in the cytosole and
transported to the organelles. In comparison with
plants, animals have smaller mitochondrial ge-
nome (Adams et al., 2002; Burger et al., 2003;
Herrmann et al., 2003). The current findings sug-
gest that during the evolution most of the organel-
lar genes were transferred to the nucleus and, to
date, such a transfer process was discovered mostly
in plants (Shahmuradov et al., 2003; Barbrook et
al., 2006; Noutsos et al., 2007). Moreover, the or-
ganelle-to-nucleus gene transfer seems to be pres-
ently continued. Presently (Sheppard et al 2008).

Transcription is the first, decisive phase of the
genome expression. Genome transcription (when,
where and how) is regulated by RNA polymerases,
transcription factors and promoters. Protein coding
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genes are transcribed by RNA Polymerase 11 (Pol I1;
Solovyev et al., 2010; Danino et al., 2015). Previ-
ously, it was thought that promoters are unidirec-
tional: they can initiate transcription only on a single
strand of DNA. But, recently it was revealed that a
single promoter can initiate transcription in both di-
rections (Wei et al., 2011; Duttke et al., 2015;
Bagchi and lyer, 2016; Weingarten-Gabbay et al.,
2019). Moreover, it was found that most genes are
transcribed from alternative promoters. Using alter-
native promoters is regulated in a cell/tissue-specific
manner, depending on the development stage and/or
environmental signals. The alternative transcription
initiation seems to be one of main principles of the
RNA metabolism (Chen et al., 2016).

In this work, the genome-wide peculiarities of
organization, transcription and evolution of some
fish and crustacean species were explored. Results
of these studies are presented below.

MATERIALS AND METHODS

For the inter-species comparison of protein
sets, promoter studies and search for possible splin-
ters of mitochondrial DNA (mtDNA) in the nu-
cleus 4 crustacean (Adrmadillidium vulgare, Eury-
temora affinis, Hyalella azteca and Daphnia pulex)
and 5 fish species (Carassius auratus, Neolampro-
logus brichardi, Oryzias latipes, Salmo salar and
Cyprinus carpio) with sequenced and annotated
nuclear genome were selected
(https://www.ncbi.nlm.nih.gov/ge-
nome/browset#t!/overview/).

The pairwise comparison of DNA and protein
sequences was performed by BLAST package
(Altschul et al., 1997) and BLAN computer pro-
gram (I.Shahmuradov, unpublished). To search for
the nuclear copies of the mtDNA sequences based
on the BLAST comparison of nuclear and mito-
chondrial genomes, we applied the TRANSFER
computer program (I.Shahmuradov, unpublished)

Search for bi-directional Pol II promoters
(BDPs) and exploration of the mutual location of
neighbor protein genes in a genome was done by
TSShm and BDPGfinder computer programs (1.
Shahmuradov, unpublished).
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Table 1. Summary of the reciprocal interspecies BLAST comparisons of all annotated proteins from 4 crustacean
and 5 fish species

Aqur EafCr HaZCr DpuCr CcaFish CauFish NbrFish OlaFish SsaFish

Avu®r, 19051* 199/246 | 430/437 |326/356| 224/652 221/990 212/332 193/399 230/857
EafCr, 30425*% | 246/199 277/229 |492/400| 342/733 269/1341 242/388 226/532 291/1037
Haz®r, 22749* | 437/430 | 229/277 415/407| 248/693 217/1211 215/365 198/503 249/890
Dpu®’, 30611*% |356/326| 400/492 | 407/415 418/1257 392/2225 372/750 350/997 403/2166
Ccash, 63928* |652/224 | 733/342 | 693/248 [1257/418 43432/69140]| 11469/8768 |11115/12174| 1578/29117
Cauh, 96703* |990/221 | 1341/269 | 1211/217 |2225/392|69140/43432 17985/7352 | 16930/9402 |22184/15784
NbrFish, 31372+ |332/212| 388/242 | 365/215 |750/372|8768/11469 | 7352/17985 12284/15342| 9884/21312
Olafsh 44766* |399/193 | 532/226 | 503/198 |997/350 [12174/11115|9402/16930 |15342/12284 12664/19639
Ssafish 97555* | 857/230(1037/1037| 890/249 [2166/403|29117/15782|15784/22184| 21312/9884 [19639/12664

Species selected for pairwise BLAST comparison: Avu — A. vulgare, Eaf — E. affinis, Haz — H. azteca, Dpu — D. pulex, Cca — C.
carpio, Cau — C. auratus, Nbr — N. brichardi, Ola — O. latipes, Ssa — S. salar. Cr: crustaceans. Full-length homology level:
>80%. * —number of analyzed protein sequences for every species

The TSShm program searches for CpG, non-
CpG /TATA and non-CpG/TATA-less promoters
in animal DNA sequences. Depending on the pro-
moter class, the TSShm has the highest prediction
accuracy among analogous methods (90-98%).
The BDPGfinder program identifies the close
H2H gene pairs that may be associated with
BDP(s) by analyzing the genome-wide TSShm re-
sults and genome annotation files in the GenBank
format. Hereinafter, a DNA region with a pair of
TSSs on the opposite strands of DNA and at dis-
tance less than 300 bp is termed as BDP.

RESULTS AND DISCUSSION

To study trends in evolution of fishes and crus-
taceans, we performed the pairwise interspecies
BLAST comparison of all annotated to date proteins
from 4 crustacean and 5 fish species, including crus-
taceans A. vulgare (19051 proteins), E. affinis
(30425), H. azteca (22749) and D.pulex (30611),
fishes C. auratus (96703), C. carpio (63928), N.
(31372), O. latipes (44766) and S. salar (97555).
Results of the analysis are summarized in the Table
1. Although thousands of proteins from 5 fish spe-
cies show the full-length high (=80%) level evolu-
tionary conservation, the inter-species protein diver-
sity of crustaceans seems to be high. Moreover, in
some cases, comparing with the crustaceans-crusta-
ceans homology, the crustaceans-fish protein con-
servation seems to be higher (see Table 1: marked

in grey). The biological relevance of these findings
remains to be further investigated.

Further, we performed a search for possible
traces of the mtDNA in the nuclear genome of 4
crustacean (4. vulgare, E. affinis, H. azteca and D.
pulex) and 4 fish species (C. auratus, N. brichardi, S.
salar and C. carpio). For this purpose, an intra-spe-
cies BLAST comparison of the DNA sequences of
the nuclear and mitochondrial genomes for each
species was performed, and the obtained BLAST re-
sults were analyzed using BLAN and transfer pro-
grams. Contrary to the previously discovered facts
on higher plants (Adams et al. 2002; Shahmuradov
et al. 2003; Shahmuradov et al., 2010), it was re-
vealed that only one crustacean (4. vulgare) and one
fish (C. auratus) species have long (=500 bp) inser-
tions of mtDNA in the nuclear genome (Table 2).

Table 2. mtDNA insertions in the nuclear genomes of
analyzed crustacean and fish species

Organism |Length of mitochondrial Length of the
genome, bp mtDNA insertion, bp
A.vulgare 13939 2545
1168
C.auratus 16580 15658

In particular, for the first time, almost complete
insertion of the mtDNA was found in the fish nu-
clear genome. The results of this study and previous
studies on the existence of the striking differences in
the number and total length of DNA sequences of
mitochondrial origin in the nuclear genomes suggest
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that the Mitochondrion-to-Nucleus transfer in crus-
tacean and fish species occurred after these species
separated from a common ancestor.

In any genome, the neighbor genes may be or-
ganized in Tail-to-Head (T2H) or Tail-to-Tail
(T2T) or Head-to-Head (H2H) manner (Fig. 1). In
particular, the non-stop transcription of the closely
located T2H neighbor genes may produce chimeric
transcripts (proteins). The closely located H2H
genes might coordinately transcribed from the
BDP between them. The H2H fashion of location
of close gene pairs seems to be very important in a
sense of the coordinated transcription (expression)
of genes via the BDP(s).

Gene 1 Gene 2

T2H: q q
Gene 1 Gene 2

T2T: ﬁ h
Gene 1 Gene 2

H2H: < — —

Figure 1. Schematic presentation of the T2H, T2T and
H2H genes.

In this study, for 3 crustacean (4. vulgare, E.
affinis and H. azteca) and 5 fish (C. carpio, C. au-
ratus, N. brichardi, O. latipes and S. salar) species,
we performed (1) the genome-wide analysis of the
mutual location of the neighbor genes, (2) a search
for putative BDPs for all annotated protein genes

and (3) an identification of potential H2H gene
pairs with BDP between them. Results of these
studies are summarized in Table 3. Initially, using
the TSShm tool, we performed search for CpG,
non-CpG/TATA and non-CpG/TATA-less pro-
moters in [-1000:+100] regions (+1 corresponds to
the gene start) of these genes. Then, applying the
BDPGfinder tool, we explored the putative BDPs
for every gene analyzed. At least, 1 putative BDP
was identified for 73-83% of the protein genes in 8
species (see Table 3) where most of these promot-
ers belong to the CpG class (data not shown).

13404885

LOC113070208
5! . F ’ 3!
31' ‘ 5:

10C113069938 e

Chrl

13404484

Figure 2. Bi-directional CpG-island promoter between
neighbor genes LOC113069938 and LOC113070208
located on the opposite strands of the chromosome 1 of
C. auratus (gold fish). These genes encode succinate-
CoA ligase [ADP/GDP-forming] subunit alpha (mito-
chondrial; protein ID: XP_026098902.1) and CDGSH
iron-sulfur domain-containing protein 2-like (protein
ID: XP_026099249.1), respectively. Inter-genes dis-
tance — 401 bp, inter-TSSs distance - 196 bp.

Table 3. Some peculiarities of the genomic organization and promoter architecture of protein coding genes in 3 crus-
tacean and 5 fish species

T2H T2T H2H BDPs BDPGs
Avu®, 6152* 1975 /55%/0P 1073/20%/58° 739/18%/66° 5121; 83% 13
Eaf“", 19743* 11504/615/676° 3337/105%/206° 3339/341%/555° 14935; 76% 300
Haz ", 17842* 7890/408 %/179° 3510/3972/238° 3003/309 %/140° 14425; 81% 303
Cca®™sh, 24424 12986/272%/507° 5720/161 279" 5718/637%592° 18785; 77% 550
Cau®™", 39645* 21063/700%/375° 9311/701%/755° 9293/1671 */960P 3096; 78% 1416
Nbrfsh, 18486% 9298/157%/148° 4310/328%/195° 4315/717%312° 14117; 76% 599
Ola®™", 22040* 11390/496/204° 5284/405 /613" 5340/997 %/831° 17331; 79% 883
Ssa’™h 6719* 3517/1244/78° 1610/91%/121° 1606/224%/230° 4904; 73% 175

* — number of analyzed protein genes for every species. ® — pairs of genes located at distance of <1000 bp and >50 bp; ® — number
of overlapping gene pairs. The designation of the species is the same as in table 1.
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At last, H2H pairs of the neighbor and non-
overlapping genes at distance from 50 bp to 1000
bp were investigated for an existence of putative
BDP(s) between them. It was found that the num-
ber of H2H genes with shared BDP varies in quite
diapason in the crustacean and fish species ex-
plored (Table 3).

In particular, excepting the S. salar, all fish
species are significantly enriched in H2H pairs
with putative BDP. An example of the adjacent
H2H pair with a putative BDP between them is il-
lustrated in Fig. 2. Summarizing these results, it
can be concluded that BDPs may play a key role of
in the coordinated transcription of genes involved
in the same cellular processes.
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Bazi baliq va xar¢anq névlorinin genomlarmin taskili vo takamiiliiniin miiqayissli tadqiqi
A.U. Abdulazimova', K.G. Qasimov?, M.O. Abbasov’, T.A. Somadova?, 1.9. Sahmuradov"**

' AMEA-mn Molekulyar Biologiya va Biotexnologiya Institutu, Baki, Azarbaycan

AMEA-nn Biofizika fnsti{utu, Baki, Azarbaycan
SAMEA-nin Genetik Ehtiyatlar Institutu, Baki, Azorbaycan

Hiiceyrs funksiyalar1 razilagdirilmis sokilds isloyan ziilal komplekslari tarafinden hayata kegirilir. Miixtalif
organizmlardo genomun togkilini vo gen funksiyalarini aydiniasdirilmagqla genlorin razilagdirilmis expres-
siyast miixanizmlorinin takamiiliinds yeni maqamlar1 agkar etmoys imkan vers bilor. Giiman olunur ki,
miixtolif névlords gen dastlorinin ¢oxu oxsar ola bilar, lakin gen ekspressiyasinin tonizmlonms mexanizm-
lori név-spesifik yoniimdo tokamiil edir. Bu igdo 5 baliq vo 4 xar¢ong noviindo genomun togkili, transkrip-
siyasi vo tokamiil xiisusiyyatlori aragdirilmigdir. Tadqiq olunmus xargoangkimilar vo baliglarin annotasiya
olunmus ziilal dastlaorinin novlerarasi BLAST miiqayisasi xar¢onglords ziilallarin miixtslifliyinin daha ge-
nis diapazonda doyisdiyini askar etmisdir. Ustalik, bazi hallarda, xorgong-xor¢ong oxsarligi ilo miigayisodo,
xar¢ong-baliq ziilallariin konservativlik deracasi daha yiiksokdir. 8 xar¢congkimilar vo baliq névlarinin nii-
va genomunda mitoxndri DNT-sinin (mtDNT) izlorinin axtarig1 gdstormisdir ki, yalniz bir xer¢cong ve bir
baliq néviniin (Armadillidium vulgare vo Carassius auratus) niiva genomunda mtDNT-sinin uzun (=500
nc) insersiyalart movcuddur. O ciimladen, C. auratus noviiniin niive genomunda organella DNT-sinin, de-
mok olar ki, biitov insersiyasi vardir. 8 xor¢ong vo baliq ndviiniin niive genlorinin promotor arxitekturasini
arasdirarkon, (1) ziilal genlorinin goxunun, an azi, bir ikiistigamotli promotorunun (1iP) oldugu va (2) bu
genomlarda yiizlorls ciit genlarin yaxin qonsuluqda Bas-Basa yerlosmislori vo onlarin arasinda potensial
[IP mévcuddur. Belo bir noticays golinmisdir ki, IIP-lar xor¢ong va baliglarda eyni hiiceyra prosesinda
istirak edon genlorinin razilagdirilmis transkripsiyasinda miihiim rol oynaya bilor.

Acar sozlor: Baliq, xar¢ongkimilor, mtDNT, ikitorafli promoter, bas-basa genlor
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CpaBHUTeIbHBbIE HCCIEAOBAHUS OPTaHU3AIHHA T€HOMA W YBOJIOIHH HEKOTOPHIX
BM/IOB PbI0 M PAaKOOOPAa3HBIX

A.JO. Adaynasamonal, K.I'. TaceimoB?, M.A. A66acos’, T.A. Camanosa %, . A. Illaxmypanos'**

! Unemumym monexynsproii 6uono2uu u 6uomexnonozauii, HAH Azepbaiioscana, baxy, Azepbaiiocan
2 Unemumym 6uogpusuxu HAH Azepbaiioscana, baxy, Azepbationcan
3 Unemumym zenemuyeckux pecypcoe HAH Aszepbaiioncana, baxy, Azepbatioscan

DYHKIMA KIETKU OCYIIECTBISAIOTCS OJ1arogaps COrliaCOBaHHOM paboTe KOMIUIEKCOB (hyHKITHOHUPYIOIIIX
0enkoB. YTOYHEHHE OpPTaHU3alMK TeHOMAa U (QYHKIUN T€HOB y Pa3IMYHBIX OPraHU3MOB CO3AAaCT BO3MOXK-
HOCTB ISl BBISIBJICHHSI HOBBIX aCMEKTOB B MOHMMAaHUU IBOJIOIUN MEXaHU3MOB CKOOPANHUPOBAHHON JKC-
npeccur reHoB. [Ipeanonaraercs, 4to HaOOPBI TEHOB Pa3HBIX BUAOB MOTYT OBITh B OCHOBHOM MOXOKHMH,
B TO BpeMsI KaK, MEXaHU3MBI PETyJISIIIAN SKCIIPECCHH T€HOB, KaK 0)KUIAeTCs, Oy IyT pa3BUBATHCS BHIOCIIE-
muuaHbEIM 00pa3oM. B manHO paboTe ncciie10BaHbl MOJTHOT€HOMHBIE OCOOCHHOCTH OpraHU3alliy, TPaH-
CKPHITLIH | 3BOJIIOLUH 5 BUIOB PBIO U 4 BUIOB pakooOpa3HbIX. MexXBUIOBOE CpaBHEHHE aHHOTHPOBaH-
HBIX HaO0OpoB OenkoB ¢ momoirsio BLAST mokazano, 94To MexBHIOBOE OeNKOBOe pa3HOoOpa3ue pakood-
pasHBIX BapbUpyeT B ropa3ao Ooiee MHUPOKOM Iuana3oHe. boiee Toro, B HEKOTOPHIX CIIyYasx, 10 CpaBHe-
HUIO C TOMOJIOTHEH pakooOpa3HbIe-paKooOpa3Hble, KOHCepBalHs Oeka pakooOpa3Hble-phI0a OKa3bIBACTCSI
0onee Beicokoi. [lonck Bo3amMoxHBIX cieqo mutoxoHapuanbHoi JJHK (mT/IHK) B ssmepHoM renome 8 Bu-
JIOB paKkooOpa3HbIX M PHIO TOKa3aj, 4TO TOJBEKO Y OJHOTO BHAA PAaKOOOpa3HBIX W OAHOTO BHAA PHIO
(Armadillidium vulgare u Carassius auratus) nosonasHo anuaHBIE (=500 1.H.) BctaBku MT/IHK B simepHbIit
TE€HOM, BKJII0Yas MOYTH moHyto BcTaBky JIHK opranemn B simepusiil resom C. auratus. VI3ydenue mpomo-
TOPHOM apXUTEKTYPHI 8 ACPHBIX T€HOB paKooOpa3HbIX U PBIO MOKa3ajo, 4To (1) GOIBUIMHCTBO I'eHOB Oe-
KOB MMEIOT, 10 KpaifHel Mepe, OJUH MpeaoaraeMblid IByHAIPaBICHHbIH POMOTOP, (2) COTHU T€HOB B
3THX TeHOMaxX OPTaHW30BaHbI OJHM3KO APYT K APYTY B MaHEPE «TOJI0BA K TOJIOBE» C MOTEHIIHAIHHBIM ABY-
HanpasieHHbIM TpomotopoM (JIHIT) mexny aumu. Crnenano 3akmodenue, yto JJHII moryT urpats kio-
YEBYIO POJIb B KOOPIUHUPOBAHHON TPAHCKPHITIIUU T€HOB PAKOOOPAa3HBIX U PHIO, YU4aCTBYIOUIUX B OJTHUX U
TeX K€ KJIETOYHBIX IPOIIEeCCaX.

Knrouegwie cnosa: Pviba, paxoobpasznvie, vm/IHK, 0synanpasienHuliit R(pOMOMOp, 20108a-K-20106€ 2€Hbl
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The possibility and prospect of breeding wild silkworm of the Giant Peacock
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It is known that in modern times there is a great demand for wild silkworm silk and its products,
especially in the field of biomedicine and nanotechnology, among domestic and foreign consumers.
The presence of large areas of various forests and favorable conditions in Azerbaijan provides great
opportunities for the cultivation of wild silkworms of the Saturniidae family for industrial purposes.
In this regard, there is a need for a detailed study of the productivity of the breed, which actually
lives in the green spaces of our country, i.e., the study of its biological and technological parameters
in laboratory conditions. The article describes breeding experience of the Giant Peacock moth (lat.
Saturnia pyri) in laboratory conditions at constant temperature (20-25°C) and humidity (80-85%) on
the leaves of cherry plant (Prunus avium L., 1755). The prospects and possibilities for the future
expanded cultivation and production of specific silk, which will be the first in Azerbaijan and the
entire Transcaucasia, have also been assessed.

Keywords: Wild silkworm, Saturnia pyri eggs, silkworm hatching, silkworm molting, cocoon, sericulture

INTRODUCTION

Within the framework of the state program for
the development of silk industry, specialists from
our Sheki Regional Scientific Center of the Na-
tional Academy of Sciences of Azerbaijan partici-
pated in various scientific events, analyzed the lat-
est research articles to study methods for the im-
provement of sericulture and searched for methods
to restore the former glory of Azerbaijani silk. In
the articles of famous foreign scientists as well as
young researchers, works devoted to non-tradi-
tional wild species of silkworms, about the aspects
of using their silk in biomedicine, in smart and
nano technologies were most frequently mentioned
(Volova and et al., 2009),(Vepari and Kaplan,
2007), ( Kasoju and et al., 2009).

Based on this, we began a detailed study of the
possibility of breeding and obtaining silk of a local
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species of wild moth in laboratory conditions. Gi-
ant peacock moth, Bombyx pyri or Saturnia pyri -
insects of the order Lepidoptera, family Saturni-
idae, genus Saturnia as a wild species that actually
lives on the territory of our country (Efendi, 1971),
became the object of our research. Although quite
common in Azerbaijan, this species is very rare in
Europe, for example, included in the Red Book of
Ukraine and a number of southern regions of Rus-
sia (Shapoval, 2010) This moth has got its name
due to the peculiarities of its colors: on each wing
of the moth there is a disc-shaped ocular spot, sim-
ilar to the spots on the tail of a peacock. S. pyri be-
longs to one of the largest species among all lepi-
dopteran insects in Azerbaijan, and in the common
folk this moth is called Butterfly-Soul (azerb. Ruh
kaponayi), probably due to its large size and due to
the fact that it mainly flies at night.

https://doi.org/10.29228/jlsb.3
Available online 30 June 2021



The possibility and prospect of breeding wild silkworm of the Giant Peacock moth

LABORATORY RESEARCH

We were able to find a pair of mated Giant
Peacock moths at night from May 28 to May 29,
2019 in the mountain village of Bash Shabalyd
(azerb. Bag Sabalid) in the Sheki district. These
two moths were captured with a light trap and were
carefully transferred into a cardboard box covered
with gauze (Kumar and Shukurova, 2018). After
fertilization, the male was taken away for further
research, and the female was inactive. On May 30,
2019, the fertilized female started to lay the first
group of eggs which consisted of 6 eggs, this pro-
cess lasted until June 3, 2019 when the total num-
ber of eggs was 63. On June 4, the female moth
died and was withdrawn for a detailed examina-
tion.

RESULTS OF VISUAL EXAMINATION OF
MOTHS

Female Saturnia pyri: the length of body was
40 mm, the length of forewing — 85 mm and the
wingspan — 170 mm. The body of the male was a
bit larger — 45 mm, the length of forewing — 70 mm
and the wingspan — 150 mm (Fig. 1). The inner (ba-
sal) part of the forewings of both moths is dark
brown but the outer part is light grey, and both
parts of the hindwings are light grey. There are
dark straight inner lanes and light brown unevenly
serrated outer lanes which divide all the wings into
unequal transverse parts.

Between the lanes on each wing there is a large
eyespot of a dark blue color. On the upper part of the
eyespot the hair scales sharply decrease — this small
part is transparent, above that there is a slightly wide
rufous (reddish brown) strip in the shape of a cres-
cent, then there is a white crescent above it and an-
other rufous thin one on the top of that. On the bot-
tom of the eyespot there is a light brown crescent.
Finally, the outermost border of the whole oval is a
black line (Zolotarev and et al., 1940).

A light stripe runs along the edge of the wings,
which gradually becomes slightly darker (cream
color) towards the border of the wings. At the base
of the wing there is a wide black strip that stretches
to the apex, then breaks off. The body is massive,
covered in thick hairs, divided into three parts:
head, thorax and abdomen.

There are eyes, antennae and mouth on the
head (Fig. 2 and 3). The antennae are bipectinate
and have a feather-like shape, they are composed
of segments with long slender lateral processes on
both sides. The processes on the antennae of fe-
male moth are thinner and have denticles, on the
contrary, the processes of male are quite conspicu-
ous, and they resemble a feather. Therefore, the fe-
male is easily distinguished from the male due to
the structure of the antennae. However, the length
of the antennae of both moths was almost the same.
(Symonds et al., 2012).

Fig. 1. Female Saturnia pyri; wings in a wide (1) and
seated position (2).

The organs of vision are located on the both
sides of the head — two large dark compound eyes,
each of which consists of many separate simple
eyes —ommatidia. The mouthparts of the moths are
underdeveloped (Mikhailov and Gershenson,
1958).

The thorax of Saturnia pyri consists of three
segments, fused together: prothorax, mesothorax,
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and metathorax. Each of these segments has a pair
of jointed legs that are covered in scales; the legs
end up with small paws. There are claws on the
paws which enable the moth to cling to the surfaces

(Fig. 4).

Fig. 3. Saturnia pyri antennas: male (1) female (2).

Fig. 4. Corpus (1) and leg (2).
The mesothorax and metathorax carry a pair

of well-developed wings which are made up of two
chitinous layers, the veins that pass through the
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wings support them by providing mechanical
strength.

The abdomen is multi-segmented, it consists
of nine segments linked together by soft flexible
tissues. It should be mentioned that the abdomen of
male looked thicker because the segments were
more closely linked and the scales were longer
which gave an additional volume, also the striped
color of abdomen was more distinguished. On the
contrary, the abdomen of female was more elon-
gated. At the end of the abdomen are the anus and
external genitalia. The end of the abdomen of fe-
male is blunt and is covered in hairs. The end of the
male abdomen is conical and has genital append-
ages with setae. So, this is their distinguishing fea-
ture.

Moreover, several moth eggs of different days
from different fragments were also taken away for
the examination. The eggs were examined for 10
days, right up to their hatching.

RESULTS OF EGG EXAMINATION

The eggs of S. pyri are oval, slightly flattened,
they have an average length of 2.5 mm and an av-
erage width of 1.5 mm (Fig. 5). Due to the small
amount of eggs, they were weighed in groups and
it was possible to approximately calculate the mass
of one egg (6 mg) that appeared in the first egg-
laying, the egg weight in all subsequent egg-laying
was approximately 4 mg.

Fig. 5. Eggs after laying (1) and hatching (2).

Upon a detailed examination, the eggs have a
greenish-white chitinous shell but the coating sub-
stance which glues the eggs to each other is greyish-
brown, so that is why the eggs are greyish-brown in
appearance. It was seen under the microscope that
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the eggshells were penetrated by many filamentous
thin tubules where the gas exchange was likely to
occur, also there was a point hole (micropyle)
through which the sperm penetrated, and the egg
was fertilized. The egg was filled with greenish
semi-liquid contents — egg white. The color of the
egg changes and becomes lighter with the develop-
ment of the embryo because a transparent yolk
membrane emerges under the shell, and eventually
a third serous membrane appears under it. After
hatching, the eggs are empty, dry and have a cor-
roded pole of the shell.

The development of the eggs of Saturnia pyri
began immediately after the egg laying and did not
have a resting stage (diapause). We tried to work
without tactile contact and sudden movements with
the experimental subjects during our experiments
on growing S. pyri. The first 4 days after egg laying
— during the period called embryo overturning
(blast kinesis), the eggs were kept at the room tem-
perature (22-24°C). In the evening of June 3, the
eggs in a plastic box with good ventilation and pro-
tection from other insects were placed in the gar-
den, in a specially designated self-made structure —
in a mini greenhouse, where the natural conditions
for incubation were created in the open air. Our
mini greenhouse was placed in the shade where the
air temperature was 24-26°C, it could reach up to
30° C in the afternoon. In order to maintain the mi-
croclimate inside the greenhouse, we daily placed
a fresh branch of cherries or pears and a 30 ml con-
tainer with water. Air was well accessible to the
eggs throughout the incubation period. All the
time, the eggs remained perfectly still on that paper
surface where they were laid by the moth (Sinitsky
et al., 1952).

Age 1. The first hatching took place on June 8§,
2019 and this process lasted 3 days, so the caterpil-
lars in the greenhouse were of different ages during
the whole control time. The approximate number
of hatched and viable ones: 50/63. The larvae, that
hatched on the first two days (the majority) were
about 6-7 mm long and weighed about 4 mg, while
the ones hatched on the next day were 5-6 mm long
(Fig. 6)

At the first age, the caterpillar was black and
had four rows of warts where long light brown se-
tae protrude. The branches of elm, oak, plum,
cherry and pear were offered as food sources; the

young shoots of cherry turned out to be optimal for
them, but they also fed on elm, pear and plum
branches (Klimiashvili- Nutsibidze, 1952).

From June 12 to June 15, the sleep of caterpil-
lars was noted — this is a stationary state in which
the front part of the caterpillar’s body is raised, the
old chitin capsule is sliding from the head and dur-
ing this period which lasted 1-2 days, the feeding
stops. It should be noted that further feeding was
continued in the laboratory in a portable small
greenhouse.

Fig. 6. Saturnia pyri at the first age (5-7 mm).

Age I1. The first molting occurred from June
14 to June 16: the caterpillars achieved a gap on the
dorsal side of the old skin by making wavy move-
ments. Caterpillars of the second age had changed
their body color to taupe, the warts throughout their
body became orange and more conspicuous, and
their head and anal segments acquired a brown
color (Fig. 7).

Fig. 7. Saturnia pyri at the second age (26-30 mm).

About 1-2 hours after the molting, the cater-
pillars actively began to feed on young branches of
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cherries and plums. They excreted a lot of granular
feces. By the end of the second age, the length of
caterpillars was ~ 26-30 mm. Since June 19, the
activity of most of the caterpillars had stopped,
they fell asleep.

Age III. The second molting took place on
June 21 as a result of which the caterpillars par-
tially shed the old skin and the old cranial capsule
came off. Their new skin was light green with
small black dots, yellow warts and quite long hairs.
In addition, their head had solidified and hardened,
so became a bit larger. In less than two and a half
hours, the caterpillars started to eat again. The
feeding continued with young branches of pears,
cherries and plums. The length of the caterpillars
by the end of this age reached ~ 35-40 mm (Fig. 8).

Fig. 8. Saturnia pyri at the third age (35-40 mm).

At that moment, there were caterpillars of two
ages (II and III) in the experimental greenhouse.
On June 23, 5 caterpillars of the third age were re-
leased on the plum tree for the control study. On
June 26, the remaining caterpillars of the third age
fell asleep and their sleep lasted two days.

Age IV. The third molting occurred from June
27 to June 28, 2019. During the fourth stage of de-
velopment, the caterpillars acquired a green body
color and sky blue warts with long hairs and spikes
filled with liquid. Also, a long yellow stripe oc-
curred on the side of the body. The length of the
caterpillars was ~ 45-55 mm (Fig. 9). On July 3-5,
the caterpillars of this stage stopped eating food,
some of them strongly clung to the branches, others
to the gauze that covered the box. They took a tense
elongated shape; the color of their warts became
slightly lilac.

Age V. From July 6-10, the old cranial capsule
came off and the old skin was torn — so, the fourth
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molt had occurred. During this molt, three caterpil-
lars could not completely get rid of the old skin
since it did not fully tear on the back and caused
the constriction of their body leading to their death.

Fig. 9. Saturnia pyri at the fourth age (45-55 mm).

The color of the caterpillars that passed to the
fifth age gradually turned into yellowish-green,
starting in July 12. Their massive legs and prolegs
were clearly seen, the head width was about 9 mm
and the labrum (upper lip) was quite large. Cater-
pillars grew rapidly, as they consumed a large
amount of foliage: we provided them with 6-7 ripe
branches of cherry (~30-35 cm in size) per day. It
should be noted that the average length of their
body at the fifth age was 90-100 mm, weight —
10.0-10.5 g (Fig. 10).

Another color change took place by July 16,
right before pupation. The color of the caterpillars
changed, starting from the head, and became yel-
lowish orange, this time there was no molting. The
caterpillars gradually stopped eating, their body
became dull and sluggish, it felt like they shortened
in length. They were moving anxiously and jerking
the leaves, it was clear that they were looking for a
convenient place to spin themselves a cocoon. As
soon as they found such a place, they calmed down
and began to excrete excrement and mucus, and
then they started to spin their cocoons. The cater-
pillars began the process by pulling together sev-
eral leaves around their body with the help of silk
threads, thus forming a comfortable bed for them-
selves. Then, they weaved the inner surface of the
pulled leaves and in 2 hours, the caterpillars liter-
ally were not visible.

Cocoon. There were several freshly spun co-
coons in our laboratory on July 18 (Fig. 11). They
were of an elongated oval shape (pear-shaped),
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dark brown in color, with a diameter of ~ 22.7 mm
and a length of ~54 mm. Their walls consisted of a
loose outer shell and a dense inner shell which is
formed by strongly glued loops of silk thread. In
the future, we will continue experiments to deter-
mine the structure and shape of the threads, to find
out the causes of some subjective facts.

Fig. 11. Cocoon (90-100 mm).

Controlled Silkworms: Out of 3 silkworms
of the third age that were transplanted to the plum
tree on June 23, just one specimen was found on
July 6 (Fig. 12). That caterpillar was reddish green
in color, quite large in size, its length was ~ 10.5
cm. On that day, it was going down the trunk of the
tree, probably in search of a place to pupate. To
protect it, the caterpillar was moved to a well-ven-
tilated container with a dry plum branch.

2 hours later that evening, the body of the cat-
erpillar contracted as it neither was eating nor ex-
creting feces. It was clearly seen how a silk thread
was secreted from a silk-secreting papilla, due to
which the caterpillar was able to connect several
leaves and began to weave the outer (main) part of
the cocoon. In almost 4 hours, the caterpillar was
no longer visible, only a dark brown, shaggy, pear-
shaped cocoon was seen between the leaves.

Fig. 12. The control one (105 mm).

Examination of excrements: Excrements
(feces) were in the form of prismatic hexagons with
a star-shaped cross section. The size of the granule
increased with the development of the caterpillar.
The color of the excrements was dark blue green,
they unfolded in warm water secreting a greenish
tint and a specific smell.

CONCLUSIONS

In the article, we described the biological char-
acteristics of Saturnia pyri, the period of growth
and development of the caterpillar from hatching
to pupation in vitro. Our experiment allows us to
make the following conclusions:

1. It is possible to breed Saturnia pyri in labora-
tory conditions.

2. To provide food to the caterpillars, the leaves of
cherry which grows well in our forests and gar-
dens can be used.

3. The following feeding regimen must be ob-
served, depending on the age of the caterpillars:
at [ — II ages, feeding must be 1-2 times a day,
IIT age — 3 times a day, IV age — 4 times a day
and V age — 5 times a day.

4. The optimal feeding rate by age per 100 cater-
pillars: I age 30-35 g, II age 180-200 g, III age
1000-1500 g, I'V age 3500-4000 g, V age 14000
g.

5. To fully satisfy the stocks of fodder leaves for
further mass breeding of this species, it is nec-
essary to plant cherry plantations, which is very
low-budget in the natural conditions of our
country.

6. Throughout the entire feeding period, it is nec-
essary to maintain the temperature within 20°-
25° C, with a relative humidity of 80-85%.

7. The control caterpillar, which fed and grew in
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the natural environment, had a shorter develop-
ment cycle. The pupation process of this cater-
pillar was 10 days earlier than the experimental
group.

8. To obtain the cocoons of good quality, the cat-
erpillars should defecate for the last time before
pupation. After that, they can be placed in sep-
arate paper bags with adequate ventilation,
where they can weave their cocoons in a clean
environment.

9. To maintain the best quality of the cocoons,
they must be collected in 15 days after the be-
ginning of the pupation.
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Vahsi ipak qurdu olan armud saturniyasinin (Saturnia pyri, Denis & Schiffermiiller, 1775),
Azarbaycanda ipakgiliyin yeni bir qolu kimi yetisdirilmasi ehtimah vo perspektivlori

Y.H. Siikiirlii', Kh.A. Oliyev?, Z.Y. Siikiirova'

" AMEA-nin Saki Regional E{mm Morkazi, Saki, Azarbaycan
2 AMEA-nin Zoologiya Institutu, Baki, Azarbaycan

Molumdur ki, miiasir doviirds yerli vo xarici istehlakeilar arasinda, xiisusils biotibb vo nano texnologiyalar
sahosindo, vohsi (yabani) ipakqurdu ipayine vo ondan hazirlanan mohsullara boyliik tolobat var. Azorbay-
canda genis meso arazilorinin va alverisli soraitin olmasi Saturnidae ailasine aid vohsi ipakqurdularinin
sonaye maqsadlori {i¢iin yetisdirilmasina boyiik imkanlar yaradir. Bununla slaqodar olaraq, 6lkemizin yasil
arazilorindo m&vcud olan vahsi ipokqurdu ndviiniin bioloji vo texnoloji gostoricilorinin laboratoriya sorait-
indo aragdirilmasina, istehsal giicliniin atrafli 6yronilmoasina ehtiyac var. Maqalade miioyyan temperatur
(20-25°C) vo nomlik (80-85%) soraitindo, armud saturniyasi (lat. Saturnia pyri) ipakqurdunun gilas agaci
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(Prunus avium L., 1755) yarpaglar ilo laboratoriyada yetisdirilmasi tocriibasi tosvir edilmisdir. Homginin,
moaqalado ilk dofs olaraq Saturnia pyri ipakqurdunun va ondan alinan xiisusi ipayin galacokds Azarbaycan-
da va biitiin Zaqafqaziya bolgasinds genis istehsal miimkiinliiyii vo somaraliliyi qiymatlondirilmisdir.

Acar sozlar: Vahsi (vabani) ipakqurdu, Saturnia pyri yumurtalari, ipakqurdunun yumurtadan ¢ixmast,
ipakqurdunun qabiq dayigmasi, barama, ipakgilik

Bo3MokHOCTH U IEpCIEKTHBBI Pa3BeleHHs] TUKOT0 IIeJKONpPsiia rpyuieBoii catypuuu (Saturnia
pyri, Denis & Schiffermiiller, 1775), kak HOBOT0 HATIPABJIeHHUS LIEJKOBOICTBA B A3epdaiifkane

10.X. Illykiopay!, X.A. Annes?, 3.10. Illykioposa!

! Hlexunckuii pecuonanvuwiii nayunwiii yenmp HAH Azepbaiiooncana, Illexu, Azepbationcan
2 Unemumym 3o00n0euu HAH Azepbaiioocana, Baxy, Azepbaiiocan

W3BecTHO, YTO B HACTOSIIEE BPEMs CPEIM OTCUSCTBEHHBIX M 3apYOCKHBIX MOTPEOUTENCH CYIIECTBYET
OOJIBITION CTIPOC Ha MIEIK MUKHUX IICTKOIPSIOB, 0COOCHHO B 001aCTH OMOMETUITMHEI M HAHOTEXHOJIOTHA.
Hanuuue GOJBIIMX JIECHBIX MAaCCUBOB U OJIarONpUsITHBIC YCIOBUS A3epOaiikaHa co31at0T OOJIbIINE BO3-
MOKHOCTH JIJIsl BRIPAIUBAHUS B MPOMBIIIICHHBIX HENMAX AUKHUX MISTKOMPSIOB, MPHHAIISKAIINX CeMei-
cTBY Saturnidae. B CBs3H ¢ 5TUM BO3HUKAET HEOOXOIUMOCTh U3YUCHHS B J1aOOPATOPHBIX YCIOBUAX OHO-
JIOTUYECKUX U TEXHOJOIMYCCKUX XAPAKTCPUCTUK JUKOTO HICJIKOMpAAa, )KUBYUICTO B 3CJICHBIX paﬁOHaX
HaIlIel CTPaHBbI, a TAKXKE JETATLHOIO H3yUYEHUsI €r0 MPOU3BOJICTBEHHON MOIITHOCTH. B cTaThe onmuckiBaeTcs
OMBIT pa3Be/ICHUs TPYIICBON caTypHuu (nat. Saturnia pyri) B 1a00paTOPHBIX YCIOBUSAX MPH MOCTOSHHOM
temreparype (20-25°C) u Bnaxnoctu (80-85%) Ha aHCThIX pacTeHus uepetnu (Prunus avium L., 1755).
Takxe OIICHEHbI BO3MOXKHOCTH U MEPCIIEKTUBEI PACITUPESHHOTO BHIPAIIUBAHUS TPYIIEBOM CATYPHUU U MTPO-
W3BOJICTBA B OyIyIIEM «IHKOTO» MIEJKa, KOTOPbIA OyIeT mepBbiM B A3epOaii/pkaHe U BO BCEM 3aKaBKa3-
CKOM pErHoHe.

Knroueswie cnosa: [uxuil wenxonpso, sya Saturnia pyri, uLIynieHUe WeIKONPOd, TUHbKA UWeIKONpsoa,
KOKOH, WeaK0800CME0
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The results of a study conducted to compare the diagnostic role of vitamin D, calcium and phosphorus
in patients with various tumours in the female reproductive system have been presented in this arti-
cle. For the research, 50 women diagnosed with a tumour in the reproductive system were selected.
The concentrations of vitamin D, parathormone (PTH), calcium and phosphorus were determined in
all patients by immunoenzyme and biochemical methods. The concentration of vitamin D in patients
with a malignant tumour was 2.2 fold higher than that in patients with a benign tumour. Moreover,
the concentrations of the calcium and phosphorus in patients with a malignant tumour were signifi-
cantly lower in comparison with the control group, while the concentration of PTH increased. Thus,

these markers can be used for early diagnosis and screening of female genital tumours.

Keywords: Cancer of the female reproductive system, vitamin D, parathormone, calcium, phosphorus

INTRODUCTION

Vitamin D deficiency is widespread world-
wide global public health problem. Determination
of the level of vitamin D used not only in studies
that are about prolonging life but also in other stud-
ies that confirm the presence of the pathological
process.

Vitamin D plays an important role in the pro-
tective function of the immune system. Vitamin D
deficiency is a serious health problem, which in-
creases the risk of many diseases, as well as the risk
of cancer formation. Statistics show that the for-
mation of cancer in the female reproductive system
is rapidly increasing among women (Siegel et al.,
2017). Recently, large-scale studies show the role
of vitamin D in the pathogenesis of certain types of
oncological diseases, such as colorectal and lung
cancer. Studies show that there is a link between a
decrease in vitamin D concentration and an increase
in the incidence of female genital cancer. Re-
searches show, that calcitriol and other forms of vit-
amin D have a proapoptotic, antiproliferative, and
antimetastatic effect on cancer tissue by altering the
expression of many transcription factors of apopto-
sis and proliferation (KoGsikoBa u zp., 2015).
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Recent investigations on the metabolism and
biological effects of vitamin D bring to a radical
change in the known information about its role and
importance in the body (3axaposa u np., 2013).

The hormonal system of active metabolites of
vitamin D stimulates the synthesis and resorption
of bone tissue (Lappe et al., 2004). During the suf-
ficient concentration of vitamin D in the body, the
calcium absorption reaches 30% in the intestine
and 60-80% during the active growth of the child.
Deficiency of vitamin D leads to a reduction of cal-
cium absorption. Low levels of ionized calcium
stimulate the secretion of parathyroid hormone,
which in turn accelerates the reabsorption of cal-
cium in the kidneys and its absorption from the
small intestine (Turti et al., 2017; Golden and
Abrams, 2014). Increased levels of parathyroid
hormone have an adverse effect on the amount of
phosphate in the blood, as it slows renal reabsorp-
tion, increases the loss of phosphorus in the urine,
and as a result, its level in the blood decreases. De-
creased levels of phosphorus and calcium in the
body cause changes in bone mineralization (Dob-
nig et al., 2008; Maltsev et al., 2008). An elevated
level of the parathyroid hormone considered an

https://doi.org/10.29228/jlsb.4
Available online 30 June 2021
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early and very reliable indicator of vitamin D defi-
ciency (Rastogi et al., 2013).

It should be noted that this hormone maintains
the concertation of the calcium in the body and to-
gether with vitamin D metabolites the constant sta-
bilization in the organism achieves. The study of
phosphorus-calcium metabolism is not enough to
assess the condition of vitamin D in the body, since
the level of total calcium in the organism is stable.
During Vitamin D deficiency and decreased intes-
tinal absorption of calcium, bone resorption main-
tained for a long time, due to the parathyroid hor-
mone.

In these studies, the effect of vitamin D and
vitamin D receptors on endometrial, ovarian, cer-
vical, vulvar, and vaginal cancers analyzed system-
atically.

Environmental studies show a positive corre-
lation between vitamin D synthesis and decrease
the risk for ovarian cancer (Gagel, 2000).

Vulvar cancer is the most common gyneco-
logical cancer, accounts for 3% to 5% of all genital
cancer cases in women (Parkin et al., 2015). Tak-
ing into account the lymph node metastases among
these patients, the recovery rate for five-year is
40% (Beller et al.,, 2006). Vitamin D receptor
found in the non-pathological ovarian epithelium,
as well as in ovarian tumours. It is important for
ovarian function and affects the biosynthesis of es-
trogen receptors (Lurie et al., 2007). Vaginal carci-
noma is a rare gynecological malignancy, accounts
for only 1-2% (Parkin et al., 2015).

Preclinical and epidemiological evidence
shows that the presence of vitamin D in the body
reduces the risk of gynecological cancer [Holick,
2007; Walentowicz-Sadlecka et al., 2013).

Studies that investigate the effect of vitamin D
and its receptor on tumour formation in the female
reproductive system are few.

Studies show that women with a high level of
vitamin D have a lower risk (15 to 25%) of the
breast, colon, endometrial and rectal cancer. High
level of vitamin D can increase the chances of sur-
viving even after cancer diagnosticate (Reichrath
et al., 1998). The metabolism of vitamin D in the
body is closely linked with the levels of calcium,
phosphorus and magnesium, as well as parathyroid
hormone (PTH). PTH plays an important role in
calcium-phosphorus metabolism by regulating the
stable concentration of calcium and phosphorus in

the extracellular fluid. Study of recent decades
show that vitamin D deficiency may alter calcium-
phosphorus metabolism and thus can lead to a
number of degenerative changes in bone formation
(Holick, 2007).

Vitamin D deficiency is now seen as a com-
mon problem in women and thus, there is a need to
increase its level.

The aim of the study was to investigate vita-
min D deficiency as well as calcium-phosphorus
metabolism in women with various genital cancers.

MATERIALS AND METHODS

The fresh blood samples collected on a volun-
tary basis from 50 women diagnosed with genital
cancer who had applied to the Oncology Clinic of
the Azerbaijan Medical University and received
treatment. The studied include 28 women diag-
nosed with uterine cancer, 25 with cervical cancer,
and 7 with vulvar cancer. The diagnosis confirmed
based on general instrumental examination meth-
ods and pathohistological opinion. The control
group consisted of 20 healthy individuals.

Blood samples from case and control group
taken to determine the concentration of vitamin D,
calcium, PTH and phosphorus from the blood se-
rum.

The concentration of vitamin D in blood se-
rum was determined by immunoenzyme analysis
with the reagent kit belonging to the company "Bi-
oaktiva Diganostica". The concentration of cal-
cium and phosphorus was analyzed by colorimetric
method using "Human" kit.

Statistical analysis of the obtained results was
calculated by the Student non-parametric method.

RESULTS AND DISSCUSION

The metabolic activity of vitamin D, regard-
less of the source of the vitamin (exogenous or en-
dogenous) or its chemical form (cholecalciferol or
ergocalciferol), achieved through a number of en-
zymatic pathways that differ from each other. Vit-
amin D enters the body through food (dairy prod-
ucts, eggs, fish and meat). In addition, under the
influence of ultraviolet rays, vitamin D is synthe-
sized from 7-hydroxy-cholesterol in the skin and
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provides 90-95% of the body's need for vitamin D.
Meanwhile, provitamin D undergoes enzymatic
transformations in the liver and kidneys and con-
verted into the active metabolite 1,25-dihydroxivit-
amin D3 (1,25 (OH)-D3). 25(0OH)-D3 is stored in
adipose tissue and is an accurate biomarker of the
body's overall vitamin D status. Two major metab-
olites formed during the metabolism of 25(OH)-
D3: 24.25-dihydroxycholecalciferol [24.25(0OH)2-
D3] or 25-dihydroxycholecalciferol [1.25(OH)2-
D3] (Dobnig et al., 2008). The level of 25(OH)-D3
determined in the study.

The results show that concentration of vitamin
D in control group varies from 11.5-39.8 ng/ml and
in average reached to 25.82+0.29 ng/ml. In female
genital cancer, the level of vitamin D varies be-
tween 5.80-24.60 ng/ml and in average reached to
11.51+0.18 ng/ml. According to statistics, level of
vitamin D decrease in 2.2-fold (p<0.001) in pa-
tients with genital cancer (Figure).

Low levels of vitamin D caused by liver or
kidney disease, taking certain medications, limited
epidermal synthesis of cholecalciferol (living in
low-radiation areas, low exposure to sunlight, etc.).
Vitamin D and calcium metabolism is an important
factor for bone health (Maltsev et al., 2012). The
study showed that the concentration of PTH in fe-
male genital cancer increased by 32% (p<0.01)
compared to the control group and in average
reached to 29.6+0.5 pg/ml. The concentration of

this hormone varies in the range of 14.8-48.9
pg/ml. Meanwhile, the concentration of PTH in the
control group varies in the range of 13.5-24.6
pg/ml, and the average is 22.4£2.8 pg/ml. It is
known that there is an inverse relationship between
the secretion of PTH and the concetration of cal-
cium in the blood. So, when calcium ions in the
blood decrease, the secretion of the hormone in-
creases. Vitamin D is an active regulator of cal-
cium-phosphorus metabolism in the body. PTH
maintains normal calcium levels in the blood, es-
pecially ionized calcium, by affecting the intestinal
absorption function of calcium through the acti-
vated form of vitamin D (calcitriol) (Rastogi et al.,
2013).

Vitamin D deficiency leads to serious disorders
in calcium-phosphorus metabolism. Thus, vitamin
D deficiency slows down the absorption of calcium
from the intestine and disrupts the calcium-phos-
phorus metabolism in the body.

Significant change in concentration of potas-
sium and phosphorus observed in the blood of pa-
tients with tumours in female reproductive system.
Thus, the concentration of calcium in the blood se-
rum of these patients is significantly reduced
(22.9%) compared to the control group (p<0.01).
The concentration of calcium in patients with can-
cer of the female reproductive organs is 7.98+0.16
mg/dl (control: 9.81% 0.16 mg/dl).

Values
o
wn

@ control
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vitamin D parathormom
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Fig. 1. Alteration of concentration of vitamin D and parathyroid hormone as well as calcium-phosphorus
metabolism in patients with malignant tumors of the female reproductive system.
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Table 1. Results of vitamin D, PTH and calcium-phosphorus metabolism in tumors of the female reproductive

system
Groups Results
Vitamin D3, ng/ml Parathormon, pq/ml Calcium, mgq/dl Phosphorus, mg/ml
Female patient with tumour in re- 11.51+0.18*** 29.60+050 7.98+0.16** 1.52+0.26*
productive system (n=50) (5.80-24.00) (14.80-48.90)** (7.15+0.80) (1.89-2.34)
Control (n=20) 25.82+0.29 22.40+2.80 9.81£0.16 1.69+0.35
(5.80-24.60) (13.50-24.60) (8.75-10.96) (1.54-1,75)

Note: ***- p<0.001; ** - p<0.01, *** - p<0.001.

Deficiency of vitamin D also leads to a de-
crease in concentration of phosphorus. The con-
centration of phosphorus in the blood serum of pa-
tients is 1.52+0.26 mg/dl (1.69+0.35). According
to the results of the comparative analysis, concen-
tration of phosphorus decreases by 11.2%
(»<0.005) compared to the control.

Based on the age, sex, and hormonal status the
calcium intake prescribed as a protective method
against decrease of calcium concentration in the
body (Beller et al., 2006). In addition, the intake of
vitamin D can increase the concentration of phos-
phorus in the body. Thus, the results show that vit-
amin D and its receptor play an important role in
cancer of female reproductive system. In addition,
vitamin D deficiency considered as a risk factor for
cancer of the female reproductive system.

It is impossible to compensate for the physio-
logical needs for vitamin D3 via food, therefore, its
main source is the B-ultraviolet rays of the sun.
Thus, these rays stimulate the synthesis of D3 from
provitamin D (7-dehydrocholesterol) in the skin ep-
idermis. This form of vitamin D regulates many
physiological processes such as proliferation and
differentiation of the epidermis. There are specific
receptors for D3 (1.25(0OH)2D that located in cells
of various organs and tissues, including mitochon-
dria. By possessing endocrine function, vitamin D
regulates gene transcription in nearly 40 cells. Thus,
vitamin D affects the transcription of the important
genes which make 3% of the human genome and re-
sponsible for the synthesis of sex hormones and car-
bohydrate metabolism.

1.25 (OH) 2D is a biologically active form of
vitamin D that binds to receptors located in the cell
nucleus, activates the expression of specific genes
in tissues, inhibits cell proliferation, induces apop-
tosis and differentiation, and prevents angiogenesis
in cancer seeds. Experimental studies show that
high doses of vitamin D suppress proliferation of

epithelium and carcinogenesis. Vitamin D is in-
volved in the process of carcinogenesis through
two biological forms: 1.25(OH),D and 25(OH)D.
25 (OH) D enters cancer tissue and shows a certain
anti-cancer effect. Later 1-a-hydroxylase promote
the conversion of 25 (OH) D to 1, 25 (OH) and this
conversion regulates cell proliferation, differentia-
tion, and apoptosis. Calcium thought to have an
anti-cancer effect in the presence of vitamin D, as
calcium is one of the main mediators of vitamin D-
induced apoptosis in cancer cells.

There is a metabolic relationship between Vit-
amin D and calcium, under normal physiological
conditions. Calcium homeostasis plays an im-
portant role in the circulation of 1.25 (OH),D. Its
level is inverse to the consumption of calcium. Re-
duction of the synthesis of 1.25 (OH) ;D in re-
sponse to a deficiency of trace element leads to a
decrease in calcium absorption. In addition, 1.25
(OH),D accelerates the release of calcium from
cells into the bloodstream. On the other hand, the
level of calcium in the blood affects the activity of
1-a-hydroxylase in the kidneys thereby increase
the concentration of vitamin D.

Thus, vitamin D has a mechanism that differs
from other classic vitamins and as a metabolic hor-
mone has anti-proliferative, anti-apoptotic and
anti-neongeon effects. The anti-cancer mecha-
nisms of this vitamin in carcinogenesis not fully
studied. The results show that maintaining optimal
levels of vitamin 25 (OH)D in the blood is one of
the most effective methods in the prevention of on-
cological diseases, including cancer of the female
genital organs.

REFERENCES
Beller U., Quinn M.A., Benedet J.L., Creasman

W.T., Ngan H.Y., Maisonneuve P., Pecorelli
S., Odicino F., Heintz A.P. (2006) Carcinoma of

35



Khalilova et al.

the vulva. FIGO 26th annual report on the results
of treatment in gynecological cancer. Int. J. Gy-
naecol. Obs., 95 (Suppl. 1): S7T-S27.

Dobnig H., Pilz S., Scharnagl H. (2008) Inde-
pendent association of low serum 25-hydroxyvit-
amin D and 1,25-dihydroxyvitamin D levels with
all-cause and cardiovascular mortality. Arch. In-
tern. Med., 168: 1340-1349; doi:
10.1001/archinte.168.12.1340.

Gagel R.F. (1993) Mineral and vitamin D RDA for
infants children and adults. In: Primer on the
Metabolic Bone Diseases and Disorders of Min-
eral Metabolism. 2nd ed., Favus M.J. (ed.). New
York: Raven Press, 413 p.

Garland C.F., Mohr S.B., Gorham E.D., Grant
W.B., Garland F.C. (2006) Role of ultraviolet b
irradiance and vitamin D in prevention of ovarian
cancer. Am. J. Prev. Med., 3: 512-514.

Golden N.H., Abrams S.A. (2014) Committee on
Nutrition optimizing bone health in children and
adolescents. Pediatrics, 134: 1229-1243.

Holick M.F. (2007) Vitamin D deficiency. MN.
Engl. J Med, 357 (3): 266-281: doi:
10.1056/NEJMra070553.

Kobyakova O.S., Deev I.A., Tyufilin D.S., Kuli-
kov E.S. (2015) Vitamin D - a new vector of can-
cer prevention? Bulletin of the RAMS, No. 5: 526-
533 (in Russian).

Lappe J.M., Travers-Gustafson D., Davies
K.M., Recker R.R., Heaney R.P. (2007) Vita-
min D and calcium supplementation reduces can-
cer risk: Results of a randomized trial. Am. J.
Clin. Nutr., 85: 1586—-1591.

Lurie G., Wilkens L.R., Thompson P.J.,
McDuffie K.E., Carney M.E., Terada K.Y.,
Goodman M.T. (2007) Vitamin D receptor gene

polymorphisms and epithelial ovarian cancer
risk. Cancer Epidemiol. Biomark. Prev., 16:
2566-2571.

Maltsev S.V., Arkhipova N.N., Shakirova E.M.
(2012) Vitamin d, calcium and phosphates in
healthy children and in pathology. Kazan: 120 p.
(in Russian).

Parkin D.M., Bray F., Ferlay J., Pisani P. (2002)
Global cancer statistics. CA Cancer J. Clin., 55:
74-108.

Rastogi A., Bhadada S.K., Bhansali A. (2013)
Pseudoarthrosis and fracture: interaction between
severe vitamin D deficiency and primary hy-
perparathyroidism. Singapore Med. J., 54 (11):
224-2217.

Reichrath J., Rafi L., Muller S.M., Mink D.,
Reitnauer K., Tilgen W., Schmidt W., Frie-
drich M. (1998) Immunohistochemical analysis
of 1,25-dihydroxyvitamin D3 receptor in cervical
carcinoma. Histochem. J.,30: 561-567.

Siegel R.L., Miller K.D., Jemal A. (2017) Cancer
statistics. CA Cancer J. Clin., 67: 7-30.

Turti T.V., Belyayeva L.A., Bokuchava E.G.,
Privalova T.E., Gorbacheva A.A. (2017) The
relevance of hypovitaminosis prevention in in-
fants. Vopr. Sovrem. Pediatr., 16(2): 131-141 (in
Russian). doi: 10.15690/vsp. v16i2.1714.

Walentowicz-Sadlecka M., Sadlecki P., Walen-
towicz P., Grabiec M. (2013) The role of vita-
min D in the carcinogenesis of breast and ovarian
cancer. Ginekol. Polska, 84: 305-308.

Zakharova I.N., Yablochkova S.V., Dmitriyeva
Yu.A. (2013) Known and unknown effects of vit-
amin D. Vopr. Sovrem. Pediatr., 12(2): 20-25 (in
Russian).

Qadin cinsiyyat sisteminin sislori zamam vitamin D vo biokimyovi miiayinalorin tayini

V.Z. Xalilova, A.Y. Qaziyev, G.A. Caforova, N.V. Qasimov

Azarbaycan Tibb Universitetinin Onkoloji Klinikasi, Baki, Azarbaycan

Mogqalads qadin cinsiyyet sisteminin miixtolif sislori olan xastslords vitamin D-nin, kalsium vo fosforun
diagnostik rolunun miigayisoli 6yronilmosi moagsadilo aparilmis todqigat isinin noticalori togdim edilibdir.
50 gadin cinsiyyat sisteminin miixtalif sislori diganozu qoyulmus xasta todqiq edilibdir. Biitiin xastalorda
vitamin D-nin, parathormon (PTH), kalsium va fosforun qatilig1 immunoferment va biokimyovi metodlarla
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toyin edilibdir. Badxassali siglor olan xostolords vitamin D-nin qatiliginin xosxassali sislor olan xostalorla
miiqayisads 2,2 dafa etibarli artmast miioyyon edilibdir. Bundan olave, badxassali sislor olan xastolorda
kalsium vo fosforun qatiliginin kontrola nsibaton shamiyyatli deracads azalmasi, PTH-nun gatiliginin iso
oksino artmasi askar edilibdir. Beloaliklo, gostorilon bu markerlor qadin cinsiyyot orqanlarinin sislorinin er-
kon diaqnostikasi va skriningi iigiin istifads edils bilar.

Acar sozlor: Qadin cinsiyyat orqganlarimin xargangi, vitamin D, parathormon, kalsium, fosfor

Omnpenesienue BuTaMuHa D 1 GnoxumMmuyeckne UCCIeJ0BAHUS NIPU OILYXOJISAX
JKEHCKHX I0JIOBbIX OPIaHOB

B.3. Xanunosa, A.1O. I'a3bieB, I'.A. Ixadaposa, H.B. Kacymosn
Knunuka onxonoeuu Asepbaiiodxcanckozo meouyunckozo ynugeepcumema, baxy, Azepbatioscan

B craTthe mpescTaBieHbl pe3ynbTaThl CPABHUTEILHOTO HCCIICAOBAHNS JUATHOCTHYECKON PO BUTAMUHA
D, xanpims u gochopa y ManMeHTOB C PAa3TUYHBIMHU OITyXOJIIMU KEHCKOW PEenpOyKTUBHONW CHCTEMBI.
HccnenoBano 50 ManueHTOK ¢ Pa3IMYHBIMHU OMYXOJISIMH JKEHCKHX IMOJIOBBIX OPraHoB. Y BCEX OOJBHBIX
KOHITeHTpamus ButamuH D, mapatropmona (I1PI'), kamsitus u dhocdopa B CEIBOPOTKE KPOBH ObLIIa OTIpee-
JICHA I/IMMYHO(i)epMeHTHBIM 1 OMOXMMHUUYECKUX METOAaMMU. YCTaHOBJ'IeHO, YTO KOHLCHTpALUd BUTaMUHA D
y MalMeHTOB CO 3JI0KAYECTBCHHBIMH OIYXOJISIMH IO CPAaBHEHUIO C MAIUCHTaMU C JOOPOKaYeCTBEHHBIMU
OIMmyXOJISIMH ObITa TOCTOBEPHO BhINIE B 2,2 pa3a. Tarke BhISIBICHO 3HAUYUTEILHOE YMEHBIICHUE COICPIKa-
HUA Kanblug u ¢ocdopa, a Taxke yBennderue [T y OOTbHBIX €O 3710KaYECTBEHHBIMH OIMYXOJISIMH T10
OTHOIIICHUIO KOHTPOJIF0. Takum 00pa3om, BCe 3T MapKEPbl MOTYT OBITh HCIIOJIb30BaHBI JUIS PAaHHEW aua-
THOCTHUKHU ¥ CKPUHUHTA MPH OMyXOJISX )KEHCKUX TIOJIOBBIX OPTaHOB.

Knruegwle cnosa: Onyxons sHceHCKUX N0I08bIX Opeanos, sumamut D, napameapmon, kanvyui u pocghop
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All lizard cells possess microfilaments. However, there are many microfilaments in muscle cells, and
these cells provide contraction. In our research, we have used three species (Ophisops elegans (Men-
etries, 1832), Lacerta strigata (Eichwald, 1831), Tenuidactylus caspius (Eichwald, 1831)) of lizards. In
the embryonic period of lizard, myoblast cells are formed from the myotomes. Migration of my-
oblasts are essential to generate the skeletal muscles. When myoblasts reach their target area, they
first form the muscle plate. The number of nuclei in the muscle plate is small and their length is short.
Muscle plates are fused with myoblasts to form a large syncytium for producing myosymplast. Dur-
ing the further development of the embryo, related parts of membranes of myoblasts disintegrate
and become the sarcoplasmic reticulum. As a result, a long myotube is formed. When we investigated
skeletal muscles of hind limbs, according to their colour, three types of muscle fibers were found in
the skeletal muscles of the lizard. Red fibers were observed in Lacerta strigata more commonly than
that in other two lizards. In the same muscles, light fibers were observed in Tenuidactylus caspius
more frequently. That allows them to move on vertical surfaces very quickly. Ophisops elegans had
more intermediate colored fibers than the other two lizards. Diameter of myotube depended on spe-
cies of lizards, muscle location, age of animal and its size. Thickness of epimysium, perimysium and
endomysium, observed in the same lizard, also varied depending on type of muscles, the animal's age,
weight and environmental conditions where it lived. Myofibrils of cardiomyocytes occupy up to half
of total volume of the cytoplasm. In lizards, force of the smooth muscle is more than that of the skel-
etal muscle. Structural characteristics of skeletal muscle fibers are influenced by many factors such
as species, genotypes, nutritional and environmental factors.

Keywords: Muscle cell, myofibril, histological structure, Ophisops elegans, Lacerta strigata, Tenuidactylus
caspius

INTRODUCTION

The micromorphological structural features of
the separate tissues and organs of a lot of species
of herpetofauna have not been studied in detailed
yet. One of the such kind of unstudied tissue is
muscle tissue of lizard. This tissue plays a vital role
in ensuring the dynamics of reptiles in nature, ad-
ditionally maintains the balance of the biocenosis
and trophic communication of animals. Consider-
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ing that reptiles carry a number of parasitic and in-
fectious diseases, the relevance of the study be-
comes even more obvious. The object of research -
Caspian bent-toed gecko, is naturally distributed in
the rocks of the semi-deserts, in all biotops where
it can hide. They have become synanthropic animal
by living in residential areas, gardens and fences.
Spending this type of nocturnal lifestyle protects
them against predators. Snake-eyed lizard lives in
semi-desert areas with rocky, hard soils and

https://doi.org/10.29228/jlsb.5
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drought-resistant drought-tolerant plants. The cas-
pian green lizard inhabits in pastures and bushes in
the areas where are rich in plants. As it can be seen,
the histological study of types of muscles of liz-
ards, which live in different environmental condi-
tions and with different physiological characteris-
tics, worth to study scientifically and practically.

MATERIALS AND METHODS

Researches were conducted at the Department
of Medical Biology and Genetics of AMU and the
Central Scientific Research Laboratory of AMU in
2009-2020. Snake-eyed lizard - Ophisops elegans
(Menetries, 1832), Caspian green lizard - Lacerta
strigata (Eichwald, 1831) and Caspian bent-toed
gecko - Tenuidactylus caspius (Eichwald, 1831)
spread in the territory of the Azerbaijan Republic
widely (Najafov et al., 2014) were used for histo-
logical researches. For this purpose, expeditions
were organized to various areas. Appropriate meth-
odological methods were used to conduct histolog-
ical analysis of slides from different organs of liz-
ards. Incisions from the muscles tissue of lizards
were sampled and fixed in 5-10% formalin. In
preparation of muscle tissue slides histological in-
cisions were made both longitudinally and trans-
versely. Paraffin-impregnated blocks were pre-
pared from these samples, and 5-10 pm thick inci-
sions were made using a digital microtome and
transferred to the glass. Subsequent histological
and cytological studies were performed in the la-
boratory. Initially deparaffinized samples of mus-
cles were stained with Giemsa stain, hematoxylin
and eosin stain. After the preparation the slide ob-
served under the microscope.

RESULTS AND DISCUSSION

Cells of muscle tissue of lizard are rich in
microfilaments, which provide muscle contraction.
Muscle tissues of lizards, according to their
morphofunctional structure, divided into skeletal,
cardiac and smooth muscles. Skeletal muscles
located on the bones or attached to the skeleton of
lizard. An example of smooth muscles are muscles
of walls of various internal organs, blood and
lymphatic vessels. Cardiomyocytes are observed in
the myocardium.

In the embryonic period of lizard, myoblast
cells are formed from the myotomes of the paraxial
mesoderm in the somites (Najafov, 2007). These
cells are proliferatively active. Migration of
myoblasts are essential to generate the skeletal
muscles. It has been discovered by us that, when
myoblasts reach their target area, they first form
the muscle plate. The existence of this structure in
lizard takes a short time. The number of nuclei in
the muscle plate is small and their length is short.
Muscle plates are fused with myoblasts to form a
large syncytia for producing myosymplast. During
the further development of the embryo, related
parts of membranes of myoblasts disintegrate and
become the sarcoplasmic reticulum. As a result, a
long myotube is formed. Each myotube contains
many nucleises, which are initially located in the
center of the tube. New myofibrils formed in the
periphery of the myotube. After the growing
myofibrils in the myotube push the nucleies into
the cytoplasmic membrane to perform their
functions well. If the nucleus retains in the center,
it impedes contraction of skeletal muscle fibers and
slows down the differentiation of muscle fibers.
Thin (actin) and thick (myosin) filaments can be
seen under a microscope in the myotube of the
lizard (Fig. 1).

Fig. 1. Microscopic view of thin and thick filaments in
the myotube of skeletal muscle.

Some myoblasts do not involve in the

formation of myotubes. These cells are located
outside of the sarcolemma and beneath the
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surrounding basal lamina to form myosatellite
cells. These satellite cells are observed in the
muscle fibers in the tail of the lizard more. When
lizard's tail is cut off for any reasons, these
myosattelites are involved in muscle regeneration
actively. On the other hand, along with
myosatellite, some red bone marrow cells also
divide and participate in the restoration of damaged
skeletal muscle tissues (Najafov et al., 2014). It is
not easy to see myosatellite by light microscope
staining techniques. These cells have branched
elongated cytoplasmic processes.

Completely formed myotube and satellite
cells are surrounded by basal lamina and form the
basis of the muscle fiber. Inside of the
myosimplast, the nuclei divide and multiply by
mitosis. Axon and myotube membrane are closer
together significantly on the sarcolemma (Garland
et al., 1994). This area is myoneural junction
consisting of the axon terminal, the synaptic
interval and the plasmalemma of the myotube.

We have identified three different types of
muscle fibers in the skeletal muscles of lizard by
their color. Red fibers of lizards contain a large
amount of myoglobin and lower amounts of
myoglobin. Through these fibers have rich
capillary network. They are slow but can to do
repetitive contraction over long periods of time.
White colored fibres fatigue more easily but can
sustain more intense activity. These fibres have
more myofibrils and a large diameter. Intermediate
fibers, as it may be seen by their names, are
intermediate in their colour and function. All three
of these fibers are found in every skeletal muscle
of lizard. When we examine skeletal muscles
(Triceps humeralis) of same type of forelimb (left),
red fibers are more frequent in the Caspian green
lizard than in the other two lizards. In Caspian
bent-toed gecko light-colored fibers are more
frequent in the same muscle. This allows the gecko
to move very quickly over vertical substrates in
short time. Intermediate fibers in the left forelimb
of snake-eyed lizard dominate over than other two
lizards. The reasons for these differences in
skeletal muscle fiber types are: capillary density,
oxidative capacity, myoglobin content, glycolytic
capacity and ATPase levels (Nelson et al., 2001).
The diameter of the muscle fiber varies depending
on species of lizard, age, size of the animal and the
functional state of the muscle. The diameter of the
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muscle fiber varies in different parts of each lizard.
Sarcomers of skeletal muscle fibers are seen in
lizards quite well. Muscle fibers structural charac-
teristics can be modulated by environmental fac-
tors independently. Skeletal muscle of lizard con-
sists of 88% muscle tissue and 12% of connective,
vascular, nervous and fat tissues. The connective
tissue in skeletal muscle is divided into endo-
mysium, perimysium and epimysium. Near the
tendon of lizard the connective tissue are all thicker
than in other regions of the muscle.

Each skeletal muscle fiber is surrounded with
an endomysium. It separate fibers from each other
(Higham et al., 2010). Within the endomysium are
present capillaries and neuronal branches. When
we examined the cross section of muscles, we saw
that endomysium were connected to each other. It
also connected to the perimysium by intermittent
perimysial junctional plates. Perimysium is
connective tissue partition that is thicker than
endomysium. It surrounds a group of fibers to form
a fascicle. Blood vessels and nerves also located in
the perimysium (Vitt et al., 2003). Endomysial and
perimysial network acts to transmit muscle force.
Epimysium surrounds collection of fascicles that
constitutes the muscle organ. it consists of dense
connective tissue and connects to perimisium. Near
the articular capsule and disc, endomysium,
perimysium, and epimysium were all thicker than
in other regions of the muscle. We noticed that the
thickness of endomysium, perimysium and
epimysium varies depending on the type of muscle,
the age of animal and the environmental conditions
in which it lives.

Lizard cardiogenic area are located in the
mesodermal component of the splanchnopleural
layer of the plate. Cardiomyocytes are
differentiated from cardiac mesodermal primordia.
Some cardiomyoblast cells multiply and mature
into cardiomyocytes, all other cardiomyoblasts do
apoptosis. All cardiomyocyte cells of adult lizard
arrested at Gy cell cycle. It means, they never
divide. However, we have observed a large number
of polyploid chromatin fibers in their nucleus.
Some cardiomyocytes may have 2 or 3 nucleuses.
The nucleus is located in the center of the
cytoplasm of the cardiomyocyte cell and is oval in
shape. In the cytoplasm of cardiomyocytes with the
proteins  provide  contraction  accumulate
myoglobin, fat drops and glycogen. Myofibrils are
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the protein complex that provides contraction. In
lizards, the percentage of cell volume that
myofibrils occupy in cardiomyocytes is being
approximately half of the total cytoplasm. These
cells are highly resistant to fatigue. Cardiac muscle
cells are branched and combine with neighboring
cells to form a muscle network (Fig. 2).
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Fig. 2. Cardiac muscle cells form long, branching
muscle fibers.

Dark layers appear in the areas where these
cells touch each other. Sarcolemma does not
disappear in areas where there is a contact between
cardiomyocytes cells. The intercalated discs are
formed on the contacting areas. The surface of
cardiomyocytes is covered by basal lamina. There
are no satellite cells under the basal membrane.
The endomysium is present on cardiac muscle
cells. Elements of connective tissue, rich in
capillaries are identified.

We have seen during our observations that
cardiomyocyte sarcomeres are differs from skeletal
muscle sarcomeres. The sarcomere lies between
two Z-lines, A and I bands are not clearly defined
(Curtin et al., 2005). There are dyads instead of
triads. Cardiomyocyte sarcoplasmic reticulum is
better developed than the fibers of skeletal
muscles.

During the embryonic development of lizards,
mesenchyme gives rise to connective tissue, bone,
cartilage, circulatory and lymphatic systems and
smooth muscles. Smooth muscle cells are
elongated and spindle-shaped. They are tapered at
both ends and round at the center. The nuclei are
located closer to one lateral membrane of the cell
along the midline of myositis. Smooth muscle cells
of the lizard retain ability to reproduce throughout

their life and have capacity to regenerate. By
morphofunctional properties smooth muscles of
lizard is divided into two subgroups: single-unit
and multi-unit smooth muscles. Each multi-unit
smooth muscle cell innervated by a neuron and
receive synaptic input. Their contraction does not
spread from one cell to the another. These types of
smooth muscle is found in the large blood vessels
and in the respiratory airways of lizard. In the walls
of all visceral organs single-unit smooth muscle
fibers are connected via gap junctions. Few of
single-unit smooth muscle cells are innervated by
neuron. The smooth muscle cells of lizard are
much smaller than that skeletal muscle cells. They
have in the cytoplasm actin and myosin filaments
but do not have sarcomeres (Fig. 3). During lizard's
myositis contraction, it can remain 20% of its
volume comparing in the quiet situation. During
contraction, the nucleus also alters its shape
considerably. If we compare with the skeletal mus-
cles, smooth muscles contraction are weak.
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Fig. 3. Location of myocytes in the smooth muscle
tissue.

Smooth muscles can remain contraction posi-
tion for a long time. But contraction strength of
smooth muscle observed in lizards is greater than
that of skeletal muscle. The reason of this is the
transverse bridges from the myosin that can form a
strong bond with the actin (Garland et al., 2005).
These compounds separate from each other hard.
Smooth muscle cells are innervated autonomic
nervous system. Another feature of the lizard's
smooth muscle is that it does not lose its former
strength in spite of being in a stretched or shortened
position for a long time.
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CONCLUSION

In the embryonic period of lizard, myoblast
cells are formed from the myotomes of the paraxial
mesoderm in the somites. Migration of these cells
are essential to generate the skeletal muscles.
When myoblasts reach their target area, they first
form the muscle plate. The existence of this struc-
ture in lizard takes a short time. The number of nu-
clei in the muscle plate is small and their length is
short. Muscle plates are fused with myoblasts to
form large syncytia for producing myosymplast.
During the further development of the embryo, my-
otubes are formed. Three types of muscle fibers in
the skeletal muscles of the lizard were determined
in the basis of their colours. When we examine the
skeletal muscles of the same type locating in the
forelimb, red fibers are more observed in the Cas-
pian green lizard more commonly than in the other
two lizards. The intermediate fibers are more com-
monly in the snake-eyed lizard in the same mus-
cles. The light fibers of skeletal muscle of limbs of
Caspian bent-toed gecko are dominant over the
other two lizards. Species, age and size of lizard
affects to diameter of the muscle fiber. The thick-
ness of endomysium, perimysium and epimysium
observed in the same lizard alters depending on
kind of muscle, age of the animal, its weight, and
the environmental conditions in which it lives. Car-
diomyocytes contain up to half of the total amount
of contractile proteins. On the cardiomyocyte en-
domysium is present. The sarcomere areas of cardi-
omyocytes under the microscope are almost indis-
tinguishable from the sarcomeres of the skeletal
muscles. If we compare to the skeletal muscles, the
smooth muscles contraction more slowly. These
muscles can stay in a contraction position for a long
time. But the erection strength of smooth muscles of
lizards are greater than that of skeletal muscles.
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Kartonkaldlards (Reptilia, Squamata) azaldlorin histoloji va sitoloji analizi
C.9. Nacafov!, R.T. Hosimov?

! Baki Déviat Universitetinin Zoologiva va fiziologiya kafedrasi, Baki, Azarbaycan
? Azarbaican Tibb Universitetinin Tibbi biologiya va genetika kafedrasi, Baki, Azarbaycan

Kortonkololorin biitiin hiiceyralorinin torkibindo mikrofilamentlor mévcuddur. Amma azalo toxumasinin
hiiceyralarinde mikrofilamentlor ¢oxdur ve bu hiiceyralar togalliisii tomin edir. Biz todqiqatlarimizda ti¢
nov kortonkolodon istifads etmisik (Ophisops elegans (Menetries, 1832), Lacerta strigata (Eichwald,
1831), Tenuidactylus caspius (Eichwald, 1831)). Kortonkolonin embrional inkisafinda somatik ozolo toxu-
mas1 miotomlardan yaranir. Mioblastlarin miqrasiyasi azalalarin formalagmasi {igiin shamiyyatlidir. Mi-
oblastlar hodafladiklori nahiyays galdiklori zaman ilk avval azals plastinkasi amasls gatirirlor. Bu qurulusun
movcudlugu kortonkoslods ¢ox qisa vaxt ¢okir. ©zolo plastinkasinda niivalorin say1 az olur vo 6l¢iisii qisadir.
Daha sonradan mioblastlarin plastinkaya birlasmasi yolu ilo miosimplast formalagmis olur. Embrionun son-
raki inkisafinin naticesinde miotubul yaranir. Kortonkolonin skelet azalalorinds rongine gors ii¢ tipds olan
azolo liflori miloyyaon edilmisdir. Otraflarda yerloson eyni nov skelet azslslorini arastirdigimizda, zolaql
yasilkortonkolodo qirmizi liflor digor iki kortonkoloya nisboton ¢ox miisahido olunur. Eyni azalolordo xozor
nazikbarmaq gekkonunda agiq rangli liflor daha ¢ox miisahids olunur. Bu da gekkonun saquli vaziyyatda
olan substratlar {izerinds qisa zaman orzinds ¢ox cald harokat etmasing sobab olur. Bi¢imli ilanbasda otraf-
larda araliq liflor digor iki kartonkoloyo nisbaton iistiinliik togkil edir. Miosimplastin diyametri kortonkolonin
noéviindan, yasindan, heyvanin 6l¢iisiindon va azalonin néviinden asilidir. Eyni bir kartankalods miisahids
olunan endomiz, perimiz vo epimizin qalinlig1 da azslonin ndéviindan, heyvanin yasindan, onun kiitlosinden
vo yasadigi ekoloji soraitdon asili olaraq doyisir. Kortonkalolordo miofibrillor kardiomiosit hiiceyralorinin
sitoplazmasinin imumi hocminin yarisina qadar olan hissasini tutur. Kortonkalods miisahids etdiyimiz saya
azalalarin y1g1lma giicli eninazolaqli azalslorin giiciine nisbaton daha ¢oxdur.

Acar sozlar: Kortankals, bicimli ilanbas, zolaqll yasilkortonkals, Xozor nazikbarmaq gekkonu, histoloji
qurulug, azalo, mioblast, miotub, miosit

I'ucTosioruyeckuii U MUTOJIOTHYECKHii anaau3 Mbi y siepun (Reptilia, Squamata)
Jix.A. Hamxagos!, P.T. amumos?

! Kagpeopa s00n02uu u ¢pusuonocuu Baxunckozo 2ocydapcmeenno2o ynusepcumema,
baxy, Azepbaiioscan
? Kagpeopa meouyumnckoii 6uonouu u enemuxu A3epbaiiodcanckozo MeouyuHcKo2o
yuugepcumema, baxy, Azepbaiioncan

Bo Bcex kieTkax smepuIl coaepkarcss MUKpoduiaameHTsl. OHAKO B KJICTKAaX MBIIICYHON TKaHH, o0ecme-
YHBaIOLIel COKpalleHne, MUKpo(HIaMeHTOB MHOTO. B Hame# paboTe MbI HcCiIeJOBaIN TPH BUA SILEPHUI]
(Ophisops elegans (Menetries, 1832), Lacerta strigata (Eichwald, 1831) u Tenuidactylus caspius
(Eichwald, 1831)). B sMOproHansHOM pa3BUTHH SAIEPUI] COMAaTHIECKast MBIIIEYHAs! TKaHb (POPMUPYETCSI
U3 MHOTOMOB. Murpanuss MuoOJIacTOB HeoOxoamma Juisi (OPMHUpPOBAaHHS CKeNeTHHIX Mbimm. Korma
MHUOOJIACTHI IOCTUTAIOT HEOOXOIUMOHN 00JIacTH, OHM BHavaje (pOPMUPYIOT MBIMICUYHYIO TUIACTHHY. MBI-
IIeYHast TUIACTHHKA Y SIIIEPHI] CYIIECTBYET OYeHb KOPOTKUH MPOMEKYTOK BPEMEHH, KOJIUYECTBO sAep B
Hell HeMHOTOYMCIICHHO U OHA JOCTaTOYHO KOPOTKas. MpIeyHas IUIACTUHKA CIIMBACTCS C MHOOJIaCTaMH,
o0pa3yst MUOCHMILIACTHI. B mporiecce nanpHENIero pa3BuTrs SMOpHOHa 00pa3yeTcs MblledHas TpyOoKa.
B 3aBHCHMOCTH OT 1IBETa B CKENETHBIX MBIIIIIAX SIIEPHUL] PA3IHYAOT TPH THIIA MBIIICYHBIX BOJIOKOH. Korna
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MBI UCCIICI0BAJIM CKEJICTHBIE MBIIIIBI, PACIIONIOKEHHbBIE B 3aJHUX KOHEYHOCTSIX, KpacHbIe MUO(UOPHILIBI
yanie HaOmronanuce y Lacerta strigata (Eichwald, 1831), yem y aByx apyrux BuioB simepuil. CBeTible
MHOGUOPHIUIBI Yallle BCTPEYAINCHh Y KaCIIMHCKOrO TOHKOMAJIOro T'€KKOHA. JTa OCOOCHHOCThH IO3BOJISET
TEeKKOHY OYeHB OBICTPO MTePEMEIAThCS 10 BEPTUKATBLHBIM IMTOBEPXHOCTAM. Y Ophisops elegans (Menetries,
1832) Gounblire MpoMeKyTOYHBIX MHOGUOPHILTL, 4eM Y JIBYX JIPYTUX sliepHil. JJuamerp MuocuMILIacTa 3a-
BUCHT OT THIIA SILIEPHILIBI, €€ BO3pacTa, pa3Mepa XKMBOTHOTO M THIIA MBIIIL. TOJNIIMHA SHAOMH3HSA, [IEPHU-
MU3HS ¥ 3IUMHU3HS1 Y OTHOW U TOM e SILEPUIIbl TAKKE BapbUPYET B 3aBUCHMOCTH OT THIIa MBIIIL], BO3pacTta
’KMBOTHOTO, €T0 BECa M HKOJOIMUYECKOIO COCTOSIHUS OKpY’Karollei cpelsl. B xieTkax KapJuOMHOLUTOB
MHUO(UOPHUIUIBI 3aHUMAIOT 0 TOJOBUHBI 00IEro 00beMa IUTOIIa3Mbl. Y SLIEpPHIl COKPAaTUTENbHAS CHla
TJIaIKUX MBIIII] BBIIIE, YeM CKEJICTHBIX.

Knrouesvie cnosa: Mviuywl, muogubpuiinsi, eucmonocuueckoe cmpoerue, gopma kiemox, Ophisops ele-
gans, Lacerta strigata, Tenuidactylus caspius

44



Journal of Life Sciences & Biomedicine, vol. 3(76), No 1, p. 45-51 (2021)

Some biomorphological features of the Stevia rebaudiana Bertoni

and its in vitro cultivation

S.Sh. Asadova'?’, Sh. N. Gasimov®

YInstitute of Molecular Biology & Biotechnologies, Azerbaijan National Academy of Sciences, 11 Izzat

Nabiyev Str., Baku AZ1073, Azerbaijan

2Research Institute of Crop Husbandry, Ministry of Agriculture of the Republic of Azerbaijan, Pirshagi

Settl., Farm No. 2, Baku AZ1098, Azerbaijan

3Central Botanical Garden, Azerbaijan National Academy of Sciences, 40 Badamdar Highway, Baku

AZ1004, Azerbaijan
*For correspondence: biotexnologaz@mail.ru

Received: October 30, 2020; Received in revised form: March 21, 2021; Accepted: May 03, 2021

Stevia rebaudiana Bertoni was reproduced vegetatively under greenhouse conditions and its different
developmental stages were studied. Seeds were obtained from Absheron cultivated plants. In order
to obtain cell culture under in vitro conditions, various plant organs were isolated and transferred to
nutrient environments that differed in mineral and phytohormonal composition. The reaction of
plant tissue culture to the in vitro conditions was studied.

Keywords: Stevia rebaudiana Bertoni, in vitro, morphogenesis, developmental stage, explant, sterilization

mode, kallusogenesis

INTRODUCTION

Stevia Rebaudiana Bertoni (Asteraceae) is
considered as one of the most promising drugs and
nutritional plants. This subtropical perennial herb
lasts 8 to 11 years while its aerial part dries every
year. The natural habitat of this plant is located in
South America (Paraguay, Brazil) and it grows in
bush, riverbeds and swamps. It produces kurtin via
both seeds and vegetative propagation (Sumida,
1980; Verzilina, 2005). At the same time, the Ste-
via is also known as honey plant, sweet leaf, honey
leaf, sweet grass, etc (Lyakhovkin et al, 1990;
Pototsky, Pokrovsky, 2004; Ozerova, 2005; Cara-
kostas et al, 2008). The main feature that distin-
guishes Stevia from other crops is that its leaves
contain a complex of 8 diterpene glycosides
(Tanaka, 1980; Semenova, 2004; Podporinova,
2005, 2007; Amin et al, 2017), which sweetness is
200-350 times higher than sugar’s: stevioside, re-
baudioside A, B, C, D, E, steviolbioside, duclucid
(Zubenko, 1990; Sokolov, 2004; Abou-Arab et al,
2010). Nowadays, stevioside and rebaudioside A
are used as natural sweeteners in many countries.

http://dx.doi.org/10.29228/proc.76
Auvailable online 30 June 2021

European countries, Canada, Australia, New Zea-
land, Japan, Korea, Great Britain, Russia and
China have already started to use Stevia plants for
nutritional purposes.

Stevioglycosides were first isolated from the
leaves of Stevia rebaudiana in 1931. Glycosides in
1 kg of dry leaves of the plant completely substitute
30 kg of sucrose and unlike sucrose do not increase
the nutritional value, because there are only 18 kcal
per 100 gram (Gregersen, 2004; Massoud, 2005;
Brahmachari, 2011). Substitution of sucrose with
stevia products in food and sweet drinks reduces
the amount of glucose and insulin in the blood
without increasing the energy intake of the diet,
thus having a positive effect on the human body
(Tsapko et al, 1990; Smolyar, 1990; Gorbatenko,
2003; Kuznetsova, 2014). It should be noted that
the daily maximum dosage of steviosides is 4
mg/kg (depending on body weight) (AO, WHO,
1985), which is much less than of sucrose’s. In ad-
dition, the sweetener extract from Stevia is com-
pletely natural and its glycemic index is zero
(Youssef, 2007).
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In economic terms, E 960 sweetener obtained
from Stevia rebaudiana costs 3 times cheaper. Ad-
dition of dried and cut plant leaves to livestock feed
increases meat and wool production (Surkova,
2007; Rastovarov, 2009; Lavrenova, 2018). Fur-
thermore, as recent research shows stevia glyco-
sides and the extract obtained from the plant have
a therapeutic effect and can be used in the treat-
ment of various tumors (Limarenko, 1995; Mas-
soud et al, 2005; Ghoshet al, 2008).

Extensive use of Stevia rebaudiana for various
needs (preparation of medicines, food, as well as use
as feed additives) attracted attention of scientists to
this plant and made it a research target. Unfortu-
nately, this culture isn’t still widely known in Azer-
baijan, even though the country has favorable soil and
climatic conditions for its cultivation. In order to put
in place cultivation of Stevia in the country first of all
it is necessary to study its bioecological and biomor-
phological features, develop appropriate agricultural
methods, conduct breeding work using biotechnolog-
ical methods, which lets possible the study of the
plant response in vivo and in vitro conditions. Con-
sidering the above, the study of Stevia rebaudiana in
closed ground and in vitro conditions has begun for
the first time in Azerbaijan.

MATERIALS AND METHODS

Planting material of Stevia rebaudiana
brought from Turkey was planted in flower pots
with a substrate consisting of soil, sand, humus and
rotted manure (2:2:1:0.5).

The plants were cultivated in the greenhouse
of the Central Botanical Garden of the Azerbaijan
National Academy of Sciences. Stevia rebaudiana
cuttings were used as the study object, and their
various parts were isolated for cultivation under in
vitro conditions. Leaf blades of large, medium,
small leaves, primordial leaves, petioles, parts of
the stem and inflorescences were used as explants
(Figure 1). The following sterilization options were
used to introduce the explants in vitro:

1) 1 min in 70% ethanol + 10 min in 5% so-
dium hypochlorite solution;

2) 1 minin 70% ethanol + 12 min in 5% so-
dium hypochlorite solution;

3) 1 minin 70% ethanol + 15 min in 5% so-
dium hypochlorite solution;
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Fig. 1. Explants introduced into in vitro culture:
Large (3-1), medium (3-2) and small (3-3) leaves;
growth points with primordial leaves (3-4); parts of the
stem (3-5); inflorescences (3-6).
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4) 1 min in 70% ethanol + 18 min in 5% so-
dium hypochlorite solution;

5) 1 min in 70% ethanol + 20 min in 5% so-
dium hypochlorite solution;

6) 3 min in 70% ethanol + 15 min in 5% so-
dium hypochlorite solution;

7) 3 min in 70% ethanol + 18 min in 5% so-
dium hypochlorite solution;

8) 5 min in 70% ethanol + 15 min in 5% so-
dium hypochlorite solution;

9) 5 min in 70% ethanol + 18 min in 5% so-
dium hypochlorite solution.

After sterilization the seedlings were planted
in two nutrient media with different mineral com-
position: Gamborg (Bs) and Murashige-Skoog (M-
S). In order to obtain callus tissue, phytohormones
of different concentrations were added to medium
where the transplants were planted: 2,4-dichloro-
phenoxyacetic acid (2,4-D) - 5 mg/l and 8 mg/I; ki-
netin (KIN) - 5 mg/l and 8 mg/1; a-naphthylic acid
(NST) - 0.5 mg/I.

RESULTS AND DISCUSSION

Observations showed that since March plants
began to actively vegetate (Fig. 2). In August and
early September, buds started to form and by the
end of September, flowering was observed. Mass
flowering (Fig. 3) continued until the end of Octo-
ber. Fruit ripening and seed formation began in late
October.

Based on experimental data obtained in in
vitro conditions, it can be stated that during the in-
duction of callusogenesis no significant differences
were observed on nutrient media with the same
phytohormonal but different mineral composition
(M-S and Bs). The lack of differences can be ex-
plained by a very high level of explant infection
and the associated reduction in the number of re-
peatability. In general, callus formation is not in-
duced when transferring differentiated plant tissues
to hormone-free media regardless of the mineral
composition of the nutrient medium. Callus and
morphogenesis are obtained only from the vegeta-
tive organs of plants with active meristematic cells
(Sidorov, 1990).

Despite this, each plant is characterized by its
endogenous phytohormonal balance and the need
for mineral elements. Therefore, for each type of

plant and even for each genotype customised re-
generation protocol is developed (Kolesnikova,
Zhuzhzhalova, 2012). Thus, during induction of
callusogenesis for flax both Bs and M-S media
were equally favorable, whereas for alfalfa and
cockle the favorable ones were Bs and M-S respec-
tively. Whereby, various combinations and con-
centrations of phytohormones were required in or-
der to obtain a cell culture of each of these plant
species. It should be noted that in the cockle, a poi-
sonous weed, morphogenic calli formed more in-
tensively on hormone-free M-S medium (Litvi-
nova and Gladkov, 2012), which let us classify this
plant as a high auxin type.

Fig. 3. Inflorescences of Stevia rebaudiana.

In literary sources, information on the introduc-
tion of Stevia rebaudiana into an in vitro culture is
scarce. But the results of some experiments shows
that without the use of phytohormones, a Stevia cell
culture cannot be obtained, despite the fact that this
culture belongs to the high auxin type of plants.
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Fig. 4. Callusogenesis on Stevia rebaudiana explants:
primordial leaves (4-1), stem parts (4-2), small leaf (4-
3), middle leaf (4-4), large old leaf (4-5).
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Callus and morphogenesis could be obtained
from leaf and stem explants only by using auxins
(Kolesnikova, Zhuzhzhalova, 2012; Kononova,
2015). Both 2,4-D and cytokinin were used in our
experiment, and callus cultures were obtained in
each experiment (Figure 4). It can be seen from the
pictures that calli are composed of dense greenish,
somewhat loose yellowish and hydrated white cells.
Due to the fact that numerous explants were in-
fected, many of them were withdrawn from the ex-
periment, so the number of repeatability decreased.
Therefore, it was not possible to carry out statistical
processing confirming the advantage of one explant
over another. However, we can state that in the me-
dium with 5 mg/l 2,4-D and 5 mg/l KIN, the process
of callus proliferation was more intensive and there
were significantly less white hydrated cells. In ex-
periments of other authors, morphogenic calli were
obtained when 0.5 mg/l 2,4-D was introduced into
the nutrient medium. In this case, the calli were of
medium density and had a light yellow color, while
separate meristematic foci were observed (Kolesni-
kova, Zhuzhzhalova 2012). Undoubtedly, an opti-
mal balance must be maintained between endoge-
nous phytohormones of the explant and exogenous
hormones added to the nutrient medium in order to
obtain a cell culture in vitro and induce morphogen-
esis. It depends on both the type of implant and the
characteristics of the genotype. In our experiment,
depending on the type of explant, the structure and
shape of the calli was different (Fig. 4). For exam-
ple, dense, knotty dark-colored calli formed on large
old leaves (Fig. 4-5).

This may be due to the accumulation of phe-
nols during explant aging. Despite this, the mass of
calli increased significantly after 4 weeks, and calli
for the induction of morphogenesis were trans-
ferred to a nutrient medium containing 0.2 mg/I
BAP.

Stevia seeds obtained from plants grown in
greenhouses were also planted on nutrient media.
However, during sterilization the seeds were very
wet and within 1.5 months cultivation did not ger-
minated (Fig. 5). This may be due to defects in the
seeds themselves or destruction processes that oc-
cur in the shell of the seeds during sterilization.

It is known that Stevia rebaudiana is a self-
incompatible plant and is characterized by a very
weak germination of seeds and its germination
ability is quickly lost (Bodrug, 1995; Verzilina,
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2005; Bozhimirov, 2011). However, the lack of
germination and wettability of seeds in our experi-
ment is probably associated with adverse green-
house conditions — whiteflies, which are carriers
of the sooty fungus, were seen on plants (Fig. 6).

Fig. 5. Seeds of Stevia rebaudiana obtained in a green-
house and planted on an artificial nutrient medium.

Fig. 6. Stevia rebaudiana explants infected with a
black fungus.

A similar type of infection was observed in ex-
plants isolated, sterilized and transferred to artifi-
cial nutrient media. And this indicates the presence
of an internal infection in the plants from which the
seeds were obtained. Probably, formation of defec-
tive seeds is the consequence of internal infection
which weaken the plants.

Despite this, as a result of research it can be
stated that Stevia rebaudiana propagated under the

greenhouse conditions exhibited competence for in
vitro cultivation. The calli obtained as a result of
the experiment had a dense structure and numerous
meristematic foci. Exactly such calli demonstrated
successful morphogenesis (Kolesnikova, Zhu-
zhzhalova, 2012). This fact indicates the possibil-
ity of selection in in vitro conditions.
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Stevia rebaudiana Bertoni bitkisinin bazi biomorfoloji xiisusiyyatlori
va onun in vitro kulturaya daxil edilmasi

S.Sh. Asadova'?, Sh.N. Gasimov®

Y AMEA-nin Molekulyar Biologiya va Biotexnologiyalar Institutu, Balka, Azarbaycan
2 Azorbaycan Respublikasi Kond Tasarriifatt Nazirliyi Okingilik Elmi Tadgiqat Institutu, Baki, Azarbaycan
SAMEA-min Markazi Nabatat Bagi, Baki, Azarbaycan

Stevia rebaudiana Bertoni vegetativ yolla (qolomls ilo) goxaldilmis vo miixtalif inkisaf fazalar1 6yronilmis-
dir. Abseronda ortiilii soraitds becorilon bitkilordon toxumlar alinmisdir. /n vitro soraitinds hiiceyrs kultu-
rasinin alinmasi mogsadi ilo bitkinin muxtslif organlar tacrid edilmis, mineral va fitohormonal torkibins
gOra farglanan slini gida mihitlerine ko¢lrilmisdir. Bitkinin toxuma kulturasinin in vitro soraitinoe cavab
reaksiyasi 6yroanilmisdir.

Acar sézlar: Stevia rebaudiana Bertoni, in vitro, morfogenez, inkisaf morhalolori, eksplant, sterilizasiya
rejimi, kallusogenez

HexoTtopbie 6uomopdosiornyeckune ocodeHnocTu pacrenust Stevia rebaudiana Bertoni
U BBeJleHHE ee B KyJbTYpY in Vitro

C.II. Acazlosal‘z, IIL.H. l'acbimos®

Y Unemumym monexynsproii 6uonoeuu u buomexrnonozuii HAH Azepbatioocana, baxy, Azepbatioscarn
2 Hayuno-uccredosamensckuii uncmuntym 3emaedenus Munucmepcmsa cenbcko2o xo3siicmea
Asepbatioscanckoii Pecnybnuku, baxy, Azepbaiioscan
8 Lenmpanvuwiii 6omanuueckuii cad HAH Asepbaiioncana, Baxy, Asepbaiioican

N3yuamuchk (as3pl passutHs pactenus Stevia rebaudiana Bertoni, pasMHOKEHHOTO BEreTaTUBHBIM MyTEM
(1eperkoBaHMeM). Y PacTEHHH, BBIPALICHHBIX Ha AIIIEPOHE B YCIOBHAX 3aKPBHITOrO IPYHTA, MOMYYEHBI
cemena. C IIENbIO MOYYeHHS KIIETOUYHOW KYJIBTYPbl H30JMPOBAHHbIE OPTaHbl PACTEHHUI KYJIbTUBUPOBAJINCH
Ha MCKYCCTBCHHBIX IUTATEIBHBIX CPElax C PA3MYHbIM MHHEPAIBHBIM M (PUTOrOPMOHAIIBHBIM COCTABAMH.
HM3y4ena oTBeTHAsI Peakiysi PACTEHUI Ha KyJIbTUBUPOBAHUE B YCIIOBHSX IN Vitro.

Knrouesuwie cnosa: Stevia rebaudiana Bertoni, in vitro, mopghozcenes, cmaouu pazeumus, sxcnaanm, pexcum
Ccmepunu3ayu, Kaunyco2eHes
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The article analyzes the treatment of long-term weight increment, morbid obesity and non-alcoholic
steatohepatosis of the liver through medication, diet, lifestyle changes, and physical activity. An anal-
ysis of the literary data suggests that at morbid obesity, lifestyle changes, increased physical activity,
different diets, or medications do not provide a basis for complete cure of the disease. After stopping
taking both drugs and cures to reduce body weight, it begins to increase again.

Keywords: Body weight, morbid obesity, diet, drug treatment

Obesity and type-2 diabetes are interrelated
and are considered to be the epidemic of the XXI
century. Approximately % part of the population in
economically developed countries suffers from this
disease. According to the World Health Organiza-
tion, by 2025, 2.3 of the world's elderly overweight
and morbidly obese (Jensen et al., 2014; Younossi
etal., 2016).

Visceral obesity plays an important role in
the development of insulin resistance, type-2 dia-
betes, non-alcoholic steatohepatosis of the liver,
cardiovascular diseases. Therefore, the treatment
of this disease is in the focus of attention of the
medical community, both in the past and in the
present century.

Many researchers are devoting their research
to developing different methods to prolong the
lives of those with the disease, and are working to
prevent the association of morbid obesity with
other diseases and to improve the quality of life and
psychological status of patients. Decreasing of the
body weight, blood sugar and blood pressure were
considered as the main criteria for treatment.

Recently, some changes have been made in
the main criteria for the treatment of morbid obe-
sity. If in the past the attending physician tried to
reduce body weight suddenly, now it is recom-
mended to perform this procedure gradually.
L.V.Savelieva shows that the gradual reduction of
body weight (0.5-1.0 kg per week) in patients with
morbid obesity, as well as non-alcoholic fatty liver
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is more effective in terms of compensation of met-
abolic syndrome (Savelieva, 2011).

S.A.Buturova considers that if treatment re-
duces body weight by 10% before treatment, it
should be considered an effective treatment (Bu-
turova 2004).

From the first years of the XXI century, doc-
tors have tried to treat this disease with medication,
lifestyle changes and various diets (Promrat et al.,
2010; Marra et al., 2013; Eckard et al., 2013).
Thanks to research in this area, a new strategy for
morbid obesity, as well as non-alcoholic obesity of
the liver has been developed. According to this
strategy, treatment consists of gradually reducing
body weight by changing lifestyle. For this pur-
pose, the treatment period is divided into the fol-
lowing stages:

1. The period of weight loss - 3-6 months;

2. Stabilization of body weight - 6-12 months:

Malnutrition in the pathogenesis of morbid
obesity has led researchers to use diets to treat it.
In this regard, diet has been widely used in the
treatment of morbid obesity since the end of the
last century, including the first decade of modern
times (Rytting et al., 1995; Astrup, 2000; Lichten-
stein, 2006). However, the diet is not based on a
single system. Some authors prefer to eliminate
high-calorie foods from the diet, while others pre-
fer to limit fats and carbohydrates without compro-
mising total calories.

https://doi.org/10.29228/j1sb.7
Available online 30 June 2021
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L.V.Savelieva took a more realistic approach
to dieting (Savelieva, 2011). According to her, be-
fore determining the composition of the diet, it is
recommended to take into account the patient's diet
and what type of food he prefers when eating. Ac-
cording to him, the patient should keep a daily
weight record to control his/her weight while eat-
ing according to the prescribed diet.

On the basis of this registration, the nutrition-
ist should monitor the changes in the patient's con-
dition and, if necessary, make some changes in the
diet.

At present, nutritionists prefer the WHO-ap-
proved diet. According to the WHO, in addition to
reducing calories from the diet, it is necessary to
limit the taking of fats.

Thus, the diet should consist of 10-15% pro-
tein, 55-60% carbohydrates, 25-30% fat (provided
that the fats of animal origin do not exceed '3).
When calculating calories, the patient's age,
weight, sexual and physical activity should be
taken into account. In addition, the diet should be
adjusted to the changes in the patient's blood. If ex-
cess body weight has caused dyslipidemia in the
blood, it is necessary to limit the entry of nutrients
and cholesterol into the body to 250-300 g.

Also, the daily intake of salt in the diet of peo-
ple with high blood pressure should be reduced to
5 grams.

Thus, by the first decade of the 21st century,
the increase in diet and physical activity in the
treatment of morbid obesity was more widespread.

The authors of this idea (Savelieva, 2011; Po-
pov et al., 2015; Lazebnik et al., 2017; Zhirkov et
al., 2019; Wong et al., 2013 etc.) believe that the
establishment of this aspect of treatment in patients
with morbid obesity and non-alcoholic fatty liver
based on it can reduce elevated levels of liver en-
zymes in the blood without the use of pharmaco-
logical drugs is successful. According to their data,
the proposed diet has led to a decrease in adipose
tissue in the liver and an improvement in the histo-
logical structure of the liver.

However, this idea has not been unequivo-
cally accepted in the scientific literature.

Promart et al. believe that the treatment of
non-alcoholic liver obesity cannot be achieved by
diet alone (Promart et al., 2010). According to
them, the diet should be accompanied by a variety

of physical activities, including track and field ath-
letics, as well as regular brisk fast movement. Sum-
marizing the results of their clinical observations,
they concluded that the combined effect of diet and
physical activity, along with a decrease in body
weight, improves the histological picture of non-
alcoholic steatohepatosis of the liver in 3-5% of
cases. However, it is unrealistic for Promart and his
colleagues to reach such a conclusion without per-
forming a liver biopsy.

F.Maagkos (2010), V.Heijden et al. (2010)
note that a diet combined with increased physical
activity improves patients with non-alcoholic he-
patic obesity. The authors came to this conclusion
based on a positive change in the concentration of
markers in the blood of patients, including ami-
notransferase, which reflect the functional state of
the liver.

Although dietary treatment of morbid obesity,
as well as non-alcoholic liver obesity has been de-
veloped, no standard diet has been developed for
the treatment of this disease. Most supporters of
diet therapy have limited themselves to the pro-
posal to exclude fructose and trans-fats from the
diet (Petta et al., 2013; Simopoulos, 2013).

However, clinical observations and experi-
mental results accumulated over time have shown
that non-drug therapy is not an effective treatment
for morbid obesity.

E.G.Starostina (2011) rightly points out that a
special diet and increased physical activity create
certain problems in the treatment of morbid obe-
sity, especially in the quality of life of patients. It
is known that dieting of overweight people faces
the problem of hunger. In addition to having a psy-
chological effect on a person, starvation also re-
sults in a violation of the balance of a number of
metabolic processes in the body (Timofeeva et al.,
2008; Askerov, 2018).

In addition, as noted by Ye.Q.Starostina
(2011), diet used as "Treatment starvation" often
leads to fatal arrhythmias. In this regard, new, more
convenient methods were sought. As a result of
these studies, in addition to diet therapy, physical
therapy, physiotherapy and psychotherapy are
widely used in modern clinical practice in the treat-
ment of morbid obesity. Barte et al. (Barte et al.,
2010) note that the application of these methods
significantly reduces body weight, lowers blood
pressure, stabilizes blood sugar, relieves metabolic
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syndrome. As the functional state of the liver im-
proves, the concentration of markers in the blood
decreases, and even in 10-15% of patients, the in-
creased concentration of enzymes falls to normal.
However, this positive dynamic is not sustainable.
After 1-2 years, body weight begins to increase
again, and the positive results obtained change in a
negative direction.

In the treatment of morbid obesity, the pro-
gram developed by L.V.Savelieva (Savelieva,
2011) in 1998 at the Scientific Center of Endocri-
nology of the Russian Federation (Program of ther-
apeutic training and treatment of obese patients) is
more advanced method of diet therapy.

The program contains information for patients
to get used to diet therapy and physical training,
and shows the rules of their conduct. The program
was used by 2,000 patients, and the author of the
program analyzed the obtained results and con-
cluded that the patients who were difficult to treat,
were patients with morbid obesity caused by eating
disorders. They not only struggle to follow the diet,
but they also die as a result of a number of dietary
complications, especially arrhythmias.

Along with all this, a number of researchers
have considered the use of drugs in the treatment
of morbid obesity and non-alcoholic obesity of the
liver, and extensive research has been conducted in
this direction (Popov et al., 2015; Ryan et al.,
2010; James et al., 2010).

Drugs used for this purpose are divided into
2 groups:

1. Drugs that reduce the need for food.

2. Drugs that reduce the absorption of nutri-
ents.

Although the first drug to reduce the need for
food was synthesized in 1893, each drug synthe-
sized was soon withdrawn due to its side effects.
About a century later, in 1980-1990, a drug called
“Phen-Phen” was synthesized from Phenteramine
and Phenfluramine and began to be widely used in
medical practice for a long time (Tishkovskiy et
al., 2015).

This drug has a stimulating effect on serotonin
metabolism through phenfluramine, sympathetic
nerve through phentramine. However, over time,
the scientific literature began to collect information
about its undesirable effects on the body. These
data include changes in the heart's valve apparatus,
a sharp rise in blood pressure, an increase in the
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number of heartbeats above normal, and so on,
which also restricted the use of this drug (Michka
etal., 2010).

Acompila, manufactured by the French com-
pany Sanofi-Aventus in Europe since 2006, has en-
tered medical practice and is considered a pathoge-
netic drug for morbid obesity. This is because the
drug drastically reduces the need for food by selec-
tively inhibiting the type 1 receptors of Canna-
binoid. However, this drug, which has been popu-
lar among gastroenterologists for only 3 years, has
been banned from clinical use due to its undesira-
ble side effects on the central nervous system.
However, the synthesis of new drugs to inhibit
Cannabinoid type 1 receptors has not escaped the
interest of researchers. In 2010, OOO Company,
“NPF”, “Materials Medical Holding” registered a
relatively mild drug called Dietress. However, it
did not take long for this drug to be as successful
as the others.

Although the failure of physicians to treat
morbid obesity conservatively led to the abandon-
ment of pharmacological drugs, individual re-
searchers continued to search for new pharmaco-
logical drugs. At this stage, the search for drugs is
aimed at creating a feeling of satiety. For this pur-
pose, Gelesis Inc. Company has produced the drug
in tablet form. This drug dissolves in the stomach
and prevents the intake of excess food by creating
a feeling of satiety (Nerobeev, 2014).

Thus, many drugs corresponding to the path-
ophysiological mechanism of morbid obesity and
developed from it of non-alcoholic liver obesity
(pentoxifylline, rosiglitazone, orlistat pioglitazone,
metformin glucagon-like peptide 1 (GLP-1), vita-
min E, angiotensin receptor blockers, probiotics,
synobiotics) was synthesized and widely used in
medical practice. The drugs synthesized should re-
duce insulin resistance, eliminate inflammation
and, most importantly, reduce body weight.

One of such drugs is Orlistat, synthesized in
1998 in Belarus by Lekfarma Production Associa-
tion. The proponent of this drug, S.A.Harriston and
colleagues (2009) claim that patients with morbid
obesity, as well as non-alcoholic hepatic obesity,
had positive results from Orlistat by activating
physical activity. According to the author, this
drug, along with increasing physical activity sig-
nificantly reduces body weight and improves the
functional state of the liver.
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We consider unfounded the arguments for the
positive effect of the Orlistat given by S.A.Harris-
ton and his colleagues in the article "Orlistat for pa-
tients with overweight and non-alcoholic steato-
hepatitis: randomized prospective study" published
in 2009. First, the research was not divided into
groups. As a rule, only Orlistat should be given to
1 group of patients. Without conducting such a
study, it is incorrect for the authors to explain the
positive result obtained under the influence of
Orlistat. This is because by increasing physical ac-
tivity during the day, for example, walking at a dis-
tance of 5-10 km at a brisk pace can lower body
weight even without taking medication.

Clarification of the mechanism of pharmaco-
logical action of the drug is also not in its favor.

H.K.Lee has shown that this drug absorbs into
the stomach and blocks the lipase molecule, which
in turn prevents enzymes from breaking down fat
(Lee et al., 2009). For this reason, about 30% of
triglycerides are not absorbed by the body.

On the other hand, Riyan et al. (Ryan et al.,
2010), James et al. (James et al., 2010) and others
note that Orlistat is a contraindication for diseases
of the cardiovascular system. In this regard, the use
of Orlistat in morbid obesity is not recommended.
Because, morbid obesity is the most associated dis-
ease of the cardiovascular system.

C.Zein et al. noted that pentoxifylline not only
reduces body weight to some extent, but also has an
emollient effect on non-alcoholic steatohepatitis
(Zein et al., 2011). However, the results obtained
cannot be considered reliable, as the drug was ad-
ministered to 9 patients. On the other hand, the au-
thors did not provide information in the article about
the long-term consequences of taking the drug.

V.Ratziu et al. have found that rosliglitazone
improves steatohepatosis level and significantly
lowers aminotransferase level in blood (Ratziu et
al., 2008). It is known that aminotransferase is a
marker that reflects the functional state of the liver.
In this regard, rosliglitazone can be considered a
useful drug for the treatment of non-alcoholic stea-
tohepatosis of the liver. However, Yu. Takahashi and
colleagues have shown that rosliglitazone is a high
risk factor for coronary heart disease (Takahashi et
al.,, 2015). Taking into account that high body
weight is a factor that accelerates atherosclerosis
and creates real conditions for ischemia of the

heart, it can be assumed that the use of rosliglita-
zone has a greater risk of developing myocardial
pathology than the therapeutic effect.

In addition, the sale of this drug is currently
completely banned in Europe, although it is par-
tially banned in the United States.

Pioglitazone has been shown to significantly
reduce elevated aminotransferase concentrations in
the blood. Signs of steatosis and inflammation in
the liver samples of these individuals showed a sig-
nificant change in the positive direction (Sanyal et
al., 2010).

However, pioglitazone is also banned in Eu-
ropean countries because it is a trigger for bladder
cancer.

Positive histological changes in the structure
of the liver also occur after the administration of
Liraglutide, a glycogen-like peptide-1 (GLP-1) an-
alogue (Armstrong et al., 2016). However, alt-
hough this study was a randomized study, no long-
term results of the drug have been reported. The
authors described only 48 hours of changes. In our
opinion, the fact that the histological profile of the
liver changes in a positive direction within 48
hours of any drug is not very convincing.

There are also various reports in the scientific
literature on the consequences of taking Vitamin E
in patients with non-alcoholic hepatic steatohepa-
tosis with diabetes mellitus (Sanyal et al., 2010).

These data suggest that Vitamin E may have a
positive effect on steatosis due to its antioxidant
properties. However, numerous studies (Yoneda et
al., 2010; Klein et al., 2011; Takeshita et al., 2014)
have unequivocally shown that long-term intake of
Vitamin E increases the risk of prostate cancer.
Therefore, we believe that the use of Vitamin E in
non-alcoholic steatohepatosis of the liver is unac-
ceptable.

Sibturamine has also been widely used in the
treatment of morbid obesity.

Sibturamine selectively captures serotonin
and norepinephrine on the back side and stores
them in brain neurons. This affects both parts of the
energy balance. Therefore, unlike other drugs,
sibturamine is a centrally acting drug that affects
the donaminergic system (Florentin et al., 2008). In
the Russian Federation, sibturamine is used under
the name Reduksin. According to opinion of the re-
searchers, sibturamine has a strong effect on 79%
of patients, reducing their body weight and helping

55



E.A. Abdinov

to maintain that level for a long time (Vlasova et
al., 2012; Romantsova et al., 2012; Ametov, 2013).
At the same time, Sibutramine has attracted atten-
tion with its stimulating effect on carbohydrate me-
tabolism, blood lipid profile and blood pressure.

An analysis of the literary data suggests that
at morbid obesity lifestyle changes, increased
physical activity, different diets, or medications
does not provide a basis for complete cure of the
disease. Summerbell et al. rightly point out that af-
ter stopping taking both drugs and drugs to reduce
body weight, body weight begins to increase again
(Summerbell et al., 2008).

REFERENCES

Ametov A.S. (2013) Effective treatment of obe-
sity: ways to fight epidemic of diabetes mellitus.
Meditsinskiy sovet = Medical Council., 2(2): 78-
83; doi: 10.21518/2079-701X-2013-2-2-78-
83(in Russian).

Armstrong M.J., Gaunt P., Aithal G.P., Barton
D., Hull D., Parker R., Hazlehurst J.M., Guo
K., Abouda G., Aldersley M.A., Stocken D.,
Gough S.C., Tomlinson J.W., Brown R.M.,
Hiibscher S.G., Newsome Ph.N. (2016) Lirag-
lutide safety and efficacy in patients with non-al-
coholic steatohepatitis (LEAN): a multicentre,
double-blind, randomised, placebo-controlled
phase 2 study. The Lancet, 387(10019): 679-690.
doi: 10.1016/S0140-6736(15)00803-x.

Askerov F.B. (2018) From the receptor to the re-
flex. Baku: 419 p. (in Russian).

Astrup A., Grunwald G.K., Melanson E.L., Sa-
ris W.H.M., Hill J.O. (2000) The role of low-fat
diets in body weight control: a meta-analysis of
ad libitum dietary intervention studies, Interna-
tional Journal of Obesity, 24(12): 1545-1552.
doi.org/10.1038/sj.1j0.0801453.

Barte J.C.M., Ter Bogt N.C.W. Bogers R.P.,
Teixeira P.J., Blissmer B., Mori T.A., Be-
melmans W.J.E. (2010) Maintenance of weight
loss after lifestyle interventions for overweight
and obesity, a systematic review. Obesity Re-
views, 11(12): 899-906. doi.org/10.1111/j.1467-
789X.2010.00740.x

Buturova S.A. (2004) Obesity therapy. In book:
Obesity: Etiology, Pathogenesis, Clinical As-
pects: A Guide for Physicians (Ed. by [.1.Dedov,

56

G.A.Melnichenko) Moscow: Medical News
Agency, p. 378-405 (in Russian).

Eckard C., Cole R., Lockwood J., Torres D.M.,
Williams Ch.D., Shaw J.C., Harrison S.A.
(2013) Prospective histopathologic evaluation of
lifestyle modification in nonalcoholic fatty liver
disease: a randomized trial. Therapeutic Ad-
vances in Gastroenterology, 6(4): 249-259. doi:
10.1177/1756283X13484078

Florentin M., Liberopoulos E.N., Elisaf M.S.
(2008) Sibutramine-associated adverse effects: a
practical guide for its safe use. Obesity Reviews,
9(4): 378-387.

Harrison S.A., Fecht W., Brunt E.M.,
Neuschwander-Tetri B.A. (2009) Orlistat for
overweight subjects with nonalcoholic steatohep-
atitis: A randomized, prospective trial. Hepatol-
ogy, 49(1): 80-86. doi: 10.1002/ hep.22575.

Heijden G.-J., Wang Z.J., Chu Z.D., Sauer P.J.
J., Haymond M.W., Rodriguez L.M., Sunehag
A.L. (2010) A 12-week Aerobic Exercise Pro-
gram Reduces Hepatic Fat Accumulation and In-
sulin Resistance in Obese, Hispanic Adolescents.
Obesity, 18(2): 384-390. doi:
10.1038/0by.2009.274

James W.Ph.T., Caterson I.D., Coutinho W.,
Finer N., Gaal L.F.V., Maggioni A.P., Torp-
Pedersen Ch., Sharma A.M., Shepherd G.M.,
Rode R.A., Renz Ch.L., SCOUT Investiga-
tors. (2010) Effect of sibutramine on cardiovas-
cular outcomes in overweight and obese subjects.
The New England journal of medicine, 363(10):
905-917. doi: 10.1056/NEJMoal003114.

Jensen M.D., Ryan D.H., Apovian C.M., Ard
J.D., Comuzzie A.G., Donato K.A., Hu F.B.,
Hubbard V.S., Jakicic J.M., Kushner R.F.,
Loria C.M., Millen B.E., Nonas C.A., Pi-
Sunyer F.X., Stevens J., Stevens V.J., Wadden
Th.A., Wolfe B.M., Yanovski S.Z. (2014) 2013
AHA/ACC/TOS Guideline for the management
of overweight and obesity in adults. 4 Report of
the American College of Cardiology/American
Heart Association Task Force on Practice Guide-
lines and The Obesity Society. Circulation,
129(25): S102-S138. doi:
10.1161/01.¢ir.0000437739.71477 .ee

Klein E.A., Thompson I.M., Tangen C.M., Crow-
ley J.J., Lucia M.S., Goodman Ph.J., Minasian
L., Ford L.G., Parnes H.L., Gaziano J. M.,
Karp D.D., Lieber M.M., Walther Ph.J., Klotz



The role of conservative treatment in morbid obesity (minireview)

L., Parsons J.K., Chin J.L., Darke A.K., Lipp-
man S.M., Goodman G.E., Meyskens F.L.,
Baker L.H. (2011) Vitamin E and the Risk of
Prostate Cancer: Updated Results of The Selenium
and Vitamin E Cancer Prevention Trial (SE-
LECT). JAMA, 306(14): 1549-1556. doi:
10.1001/jama.2011.1437.

Lazebnik L.B., Radchenko V.G., Golovanova
E.V., Zvenigorodskaya L.A., Konev Yu.V., Se-
liverstov P.V., Sitkin S.I., Tkachenko E.IL.,
Avalueva E.B., Ailamazyan E.K., Vlasov N.N.,
Grinevich V.B., Kornienko E.A., Novikova
V.P., Khoroshinina L.P., Zhestkova N.V.,
Oreshko L.S., Dudanova O.P., Dobritsa V.P.,
Turyeva L.V., Tirikova O.V., Kozlova N.M.,
Eliseev S.M., Gumerov R.R., Ventsak E.V.,
Aleshina E.I., Gurova M.M., Goryacheva L.G.
(2017) Nonalcoholic fatty liver disease: clinic,
diagnostics, treatment (recommendations for
therapist, 2nd edition). Eksperimental’naya i
Klinicheskaya Gastroenterologiya, 138 (2): 22—
37 (in Russian).

Lee H.-K., Choi E.B., Pak Ch.S. (2009) The Cur-
rent Status and Future Perspectives of Studies of
Cannabinoid Receptor 1 Antagonists as Anti-
Obesity Agents. Current topics in medicinal
chemistry, 9(6): 482-503. doi:
10.2174/156802609788897844.

Lichtenstein A.H., Appel L.J., Brands M., Car-
nethon M., Daniels S., Franch H.A., Franklin
B., Kris-Etherton P., Harris W.S., Howard B.,
Karanja N., Lefevre M., Rudel L., Sacks F.,
Van Horn L., Winston M., Wylie-Rosett J.
(2006) Diet and Lifestyle Recommendations Re-
vision 2006. A Scientific Statement from the
American Heart Association Nutrition Commit-
tee.  Circulation, 114(1):  82-96.  doi:
10.1161/CIRCULATIONAHA.106.176158

Magkos F. (2010) Exercise and fat accumulation
in the human liver. Current opinion in lipidology,
21(6): 507-517.

Marra F., Lotersztajn S. (2013) Pathophysiology
of NASH: Perspectives for a Targeted Treatment.
Current Pharmaceutical Design, 19(29): 5250-
5269. doi: 10.2174/13816128113199990344

Michka V.B., Blinova N.V., Gornostaev V.V.,
Sergienko V.B., Ataullahanova D.M.,,
Masenko V.P., Chazova L.E. (2010) Drug treat-
ment obesity in patient’s metabolic syndrome.

Effective pharmacotherapy. Cardiology and An-
giology, 2: 38-43 (in Russian).

Nerobeev V.D. (2014) Pharmacotherapy and sur-
gical treatment of obesity in the structure of mod-
ern medical-social problems of diseases of civili-
zation. Newspaper “Medicine and pharmacy
news”, 503-504(9-10): 18-20 (in Ukrainian).

Petta S., Marchesini G., Caracausi L.,
Macaluso F.S. Camma C., Ciminnisi S.,
Cabibi D., Porcasi R., Craxi A., Marco V.D.
(2013) Industrial, not fruit fructose intake is as-
sociated with the severity of liver fibrosis in gen-
otype 1 chronic hepatitis C patients. Journal of
Hepatology, 59(6): 1169-1176. doi:
10.1016/j.jhep.2013.07.037

Popov V.B., Lim J.K. (2015) Treatment of nonal-
coholic fatty liver disease: The role of medical,
surgical, and endoscopic weight loss. Journal of
Clinical and Translational Hepatology, 3(3):
230-238.

Promrat K., Kleiner D.E., Niemeier H.M., Jack-
vony E., Kearns M., Wands J.R., Fava J.L.,
Wing R.R. (2010) Randomized controlled trial
testing the effects of weight loss on nonalcoholic
steatohepatitis. Hepatology, 51(1): 121-129. doi:
10.1002/hep.23276

Ratziu V., Giral P., Jacqueminet S., Charlotte
F., Hartemann—Heurtier A., Serfaty L. Po-
devin P., Lacorte J.—M., Bernhardt C., Bruck-
ert E., Grimaldi A., Thierry Poynard LIDO
Study Group. (2008) Rosiglitazone for nonalco-
holic steatohepatitis: one-year results of the ran-
domized placebo-controlled fatty liver improve-
ment with rosiglitazone therapy (FLIRT) trial.
Gastroenterology, 135(1): 100-110. doi:
10.1053/j.gastro.2008.03.078

Romantsova T.I., Poluboyarinova L.V., Roik
0.V. (2012) Dynamics of adipose tissue changes
measured by MRI in obese patients during Re-
duxin treatment. Obesity and metabolism, 9(4):
39-43 (in Russian).

Ryan D.H., Johnson W.D., Myers V.H, Prather
T.L., McGlone M.M., Rood J., Brantley Ph.J.,
Bray G.A., Gupta A.K., Broussard A.P.,
Barootes B.G., Elkins B.L., Gaudin D.E., Sa-
vory R.L., Brock R.D., Datz G., Pothakamuri
S.R, McKnight G.T., Stenlof K., Sjostrom L.V.
(2010) Nonsurgical Weight Loss for Extreme
Obesity in Primary Care Settings: Results of the

57



E.A. Abdinov

Louisiana Obese Subjects Study. Archives of In-
ternal Medicine, 170(2): 146-154. doi:
10.1001/archinternmed.2009.508.

Ryttig K., Rossner S. (1995) Weight meitenance
after a very low calorie diet (VLCD) weight re-
duction period and the effects of VLCD supple-
mentation. A prospective, randomized, compara-
tive, controlled long-term trial. Journal of Inter-
nal  Medicine, 238(4): 299-306. doi:
10.1111/5.1365-2796. 1995. tb01202.x.

Sanyal A.J., Chalasani N., Kowdley K.V.,
McCullough A., Diehl A.M., Bass N.M.,
Neuschwander-Tetri B.A., Lavine J.E., Tonas-
cia J., Unalp A., Natta M.V., Clark J., Brunt
E.M., Kleiner D.E., Hoofnagle J.H., Robuck
P.R. (2010) Pioglitazone, Vitamin E, or placebo
for nonalcoholic steatohepatitis. The New Eng-
land journal of medicine, 362(18): 1675-1685.
doi: 10.1056/NEJM0a0907929.

Savelieva L.V. (2011) Modern concept of treat-
ment of obesity. Obesity and metabolism, 1: 51-
56 (in Russian).

Simopoulos A.P. (2013) Dietary omega-3 Fatty
Acid Deficiency and High Fructose Intake in the
Development of Metabolic Syndrome, Brain
Metabolic Abnormalities, and Non-Alcoholic
Fatty Liver Disease. Nutrients, 5(8): 2901-2923.
doi: 10.3390/mu5082901

Starostina E.G. (2011) Problems of treatment of
patients with morbid obesity. Obesity and metab-
olism, 8(1): 57-66 (in Russian).

Summerbell C.D., Cameron C., Glasziou P.P.
(2008) WITHDRAWN: Advice on Low-Fat Di-
ets for Obesity. Cochrane Database Syst. Rev.,
16(3): CD003640.

Takahashi Y., Sugimoto K., Inui H., Fukusato
T. (2015) Current pharmacological therapies for
nonalcoholic fatty liver disease/nonalcoholic ste-
atohepatitis. World Journal of Gastroenterology.
21(13): 3777-3785. doi:
10.3748/wjg.v21.i113.3777

Takeshita Y., Takamura T. Honda M., Kita Y.,
Zen Y., Kato K., Misu H., Ota T., Nakamura
M., Yamada K., Sunagozaka H., Arai K.,
Yamashita T., Mizukoshi E., Kaneko Sh.
(2014) The effects of ezetimibe on non-alcoholic
fatty liver disease and glucose metabolism: a ran-
domised controlled trial. Diabetologia, 57(5):
878-890.

Timofeeva N.M., Egorova V.V., Nikitina A.A.
(2008) Quality of nutrition during pregnancy or

58

lactation programs functioning of enzyme sys-
tems of digestive and non-digestive organs in
“Grandchildren” during their adult life. Journal
of Evolutionary Biochemistry and Physiology,
44(2): 254-257.

Tishkovskiy S.V., Nikonova L.V., Doroshkevich
L.P. (2015) Modern approaches to treatment of
obesity. Journal of the Grodno State Medical
University, 2: 134-139 (in Russian).

Vlasova Yu.Yu, Ametov A.S. (2012) The influ-
ence of sibutramine therapy on the body compo-
sition and metabolic characteristics of the pa-
tients presenting with exogenous constitutional
obesity. Endocrinology Problems, 1: 34-38 (in
Russian).

Wong V.W.-S., Chan R.S.-M., Wong G.L.-H.,
Cheung B.H.-K., Chu W.Ch.-W., Yeung D.K.-
W., Chim A.M.-L., Lai J.W.-Y., Li L.S., Sea
M.M.-M., Chan F.K.-L., Sung J.J.-Y., Woo J.,
Chan Henry L.-Y. (2013) Community-based
lifestyle modification programme for non-alco-
holic fatty liver disease: A randomized controlled
trial. Journal of Hepatology, 59(3): 536-542. doi:
10.1016/j.jhep.2013.04.013

Yoneda M., Fujita K., Nozaki Y., Endo H.,
Takahashi H., Hosono K., Suzuki K., Mawa-
tari H., Kirikoshi H., Inamori M., Saito S.,
Iwasaki T., Terauchi Y., Kubota K., Maeyama
Sh., Nakajima A. (2010) Efficacy of Ezetimibe
for the Treatment of Non-Alcoholic Steatohepa-
titis: An Open-Label, Pilot Study. Hepatology
Research: the official journal of the Japan Soci-
ety of Hepatology, 40(6): 566-73. doi:
10.1111/5.1872-034X.2010.00644 .x.

Younossi Z.M., Koenig A.B., Abdelatif D., Fazel
Y., Henry L., Wymer M. (2016) Global epide-
miology of nonalcoholic fatty liver disease-Meta-
analytic assessment of prevalence, incidence, and
outcomes. Hepatology, 63(1): 73-84. doi:
10.1002/hep.28431

Zein C.0., Yerian L.M., Gogate P., Lopez R.,
Kirwan J.P., Feldstein A.E., McCullough A.J.
(2011) Pentoxifylline improves nonalcoholic ste-
atohepatitis: A randomized placebo - controlled
trial. randomized, prospective trial. Hepatology,
54(5): 1610-1619. doi: 10.1002/hep.24544.

Zhirkov LI., Gordienko A.V., Gulyaev N.I., Ser-
dyukov D.Yu., Stepanova A.A. (2019) Chronic
diffuse liver disease of non-viral etiology in the
military. Bulletin of the Russian Military-Medical
Academy, 68(4): 72-76 (in Russian).



The role of conservative treatment in morbid obesity (minireview)

Morbid piylonmada konservativ miialiconin rolu
E.O. Abdinov
Azarbaycan Tibb Universiteti, Baki, Azarbaycan

Mogqalodo uzun bir dovr orzindo badon kiitlosinin artmasinin, morbid piylonmonin vo garaciyerin qeyri-
alkoqol moansali steatihepatozunun derman, diyeta, hayat torzinin doyisdirilmasi, fiziki aktivlik vasitasilo
miialicasi tisullari tohlil edilmisdir. ©dabiyyat malumatlarinin tohlilinden bels bir gonasto galinmisdir ki,
morbid piylonmo zamani istor hayat torzinin doyisdirilmasi, fiziki foalligin artirilmasi, miixtolif diyetalar-
dan istifads edilmasi va elocado dorman preparatlarinin qabulu xastaliyin tam miialicasina zomin yaratmur.
Istor dorman preparatlarinin vo istorso do badon kiitlosinin asag1 salinmasina yénalmis vasitolorin gobulu
dayandirildigdan sonra badon kiitlasi yenidon artmaga baglayir.

Acar sozlor: Badan kiitlosi, morbid piylonma, diyeta, dorman miialicasi

Posib KOHCEPBATUBHOIO JIeYeHUS MPH MATOJOTHYECKOM 0KMPEeHHH
J.A. AOAUHOB
Aszepbatiodcanckuil meouyurckuil ynusepcumem, baky, Azepbatioscan

B crathe aHaTM3UPYIOTCS METOMABI JICUCHHS B TEUCHUE NIUTEIBHOTO TIEpUOa YBEIMUEHUS Beca, aTOJIO-
TUYECKOTO OKUPEHUS U HEAKOTOJILHOTO CTeaTorenaro3a neuyeHu ¢ TOMOIIbI0 MEAUKAMEHTOB, TUETHI, U3-
MeHEeHHsI 00pa3a KU3HHU, GPU3NIECKONH aKTUBHOCTH. AHAITU3 JIUTEPATyPhl IOKAa3bIBAET, YTO MPH MATOJOTH-
YECKOM OKMPEHHUH H3MEHEHHe 00pa3a KM3HH, MOBBIIIEHIE (U3NIeCKON aKTHBHOCTH, UCTIOIH30BAHHE Pa3-
JUYHBIX TUET, & TAKXKE JIEKapCTBEHHBIX MPENapaToB HE 00CCIECYNBAIOT MOJTHOE U3JICUCHHE 3a00IeBaHUS.
[Tocne mpekpamnienns npremMa Kak JeKapCTBEHHBIX MPErapaToB, TaK U CPEJCTB Ul MOXYICHHS, BeC Tela
CHOBa HAYMHAET PaCTH.

Knroueente cnoea: Macca mena, namonocuyeckoe oJrcupenue, Ouema, MeOUKameHmo3sHoe ledenue
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The dehydration responsive element binding (Dreb) genes which are representatives of the AP2 /
ERF transcription factor family and playing a key role in drought-induced transcriptome in wheat
were studied using in silico methods. For this purpose, information on relevant genes (Accession
Nr. AF303376.1, AB193608.1, KM520370.1, DQ195068.1) was obtained from the NCBI. FASTA
data of proteins corresponding to each gene were analyzed comparatively by the MAFFT
CLUSTAL format alignment software, and the main conservative areas were identified. Two
conservative functional amino acids specific for AP2 domain - valine and glutamine - were
identified in positions 14 and 19 in all studied genes. Specific amino acid substitutions have been
identified in the protein (DQ195068.1) that binds to the dehydration element specific to the D
genome in the areas involved in the formation of the nuclear localization signal (NLS) and the o-
helix structure. The results obtained could be a scientific basis for future laboratory studies of Dreb

genes in wheat.

Keywords: Dreb, AP2 domen, nuclear localization signal (NLS), a-helix, in silico analysis

INTRODUCTION

Although the advances in genomics contri-
buted to the improvement of some agriculturally
important crops, similar efforts in wheat (Triticum
spp.) were more challenging. This is attributed to
the size and complexity of the wheat genome, and
the lack of genome-assembly data for multiple
wheat lines (Walkowiak et al., 2020, Alotaibi et
al., 2021). The current knowledge of wheat bio-
logy and the molecular basis of central agronomic
traits are not sufficient for wheat breeding. There
is an urgent need for wheat research and breeding
to accelerate genetic gain as well as to increase
and protect wheat yield and quality traits for
meeting the demands of human population growth
(Zhu et al., 2021). Clarification of gene functions
and availability of wheat genome sequence infor-
mation as well as genome editing methods will
open up new opportunities for improving crops
under stress conditions (Rathan, 2021).

Some candidate genes involved in the adap-
tive responses to abiotic stress have been
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determined in cereals. Transcription regulators
have been found to play an important role in the
adaptation of plants against changing environ-
mental conditions. According to large-scale
transcriptome analyses, protective proteins and
regulatory proteins are the main types of mole-
cular stress responses (Shahzad et al., 2021).
Proteins such as chaperones, osmotin, antifreeze
proteins, mRNA-binding proteins protect cells
against stress conditions. Regulatory proteins such
as transcription factors, including myeloblastosis
oncogene (MYB), basic leucine zipper (bZIP),
NAM, ATAF, CUC (NAC), and dehydration
responsive element binding (DREB) proteins
rearrange the gene expressions to protect the plant
from stresses. The interaction between transcrip-
tion factors and cis-elements of target gene pro-
moters is very important for the regulation of
stress-related gene expression.

Dehydration responsive element-binding
proteins are essential transcription factors that
stimulate stress-related genes (Niu et al., 2020).
Two types of DREB transcription factors were

https://doi.org/10.29228/jlsb.8
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observed: DREB1 and DREB2. They are contain-
ed in different signal transduction pathways under
low temperature and dehydration, respectively.
The C-repeat (CRT) and low-temperature-
responsive element (LTRE) known as cis-acting
elements both contain an A/GCCGAC motif
similar to the core of the DRE sequence regulating
cold-inducible gene expression. DREB1/DREB2
homologous genes were identified in several
grasses, including wheat, rice, barley, sorghum,
maize, oat, rye, and perennial ryegrass. Dreb1/CBF
genes are stimulated by cold, whereas the Dreb2
genes are generally stimulated by dehydration, high
salinity, and heat (Hassan et al., 2021). DREB
family proteins belonging to the AP2/ERF
transcription factor family contain one AP2/ERF
DNA-binding domain.

We aimed at the detailed analyses of Dreb
genes in the bread wheat genome. For this
purpose, we performed in silico comprehensive
analysis of four Dreb genes using the available
nucleotide and protein sequences from the current
databases.

MATERIALS AND METHODS

Sequence Sources

The complete cDNA and corresponding protein
sequences of DREB in wheat (Triticum aestivum
L.) were retrieved from the GenBank database
(http://www.ncbi.nlm.nih.gov/genbank/).
Multiple Sequence Alignment

Multiple Sequence Alignment is generally the
alignment of three or more biological sequences
(protein or nucleic acid) of similar length. Based
on the results, homology can be assessed and the
evolutionary relationships between the sequences
studied. MAFFT v7.427
(https://mafft.cbre.jp/alignment/server/)
CLUSTAL format alignment program was used
for sequencing. MAFFT (Multiple Alignment
using Fast Fourier Transform) is a high-speed
multiple sequence alignment program.
Annotation of Functional Motifs

For searching functional motives in the selected
Dreb genes, the relevant functions of Softberry,
Inc. software (http://www.softberry.com/)
intended for annotation of plant genomes was
used.

Softberry, Inc. is known as a leading
developer of software tools for genomic research
focused on computational methods of high
throughput biomedical data analysis, including
software to support next-generation sequencing
technologies, transcriptome analysis (with
RNASeq data), SNP detection and selection of
disease-specific SNP subsets.

NSITE-PL service was used to search for
promoter/functional motives
(http://www.softberry.com/berry.phtml?topic=nsit
ep&group=programs&subgroup=promoter)
(Shahmuradov and Solovyev, 2015; Solovyev et
al., 2010)

Annotation of Sub-Cellular Localization
ProtComp v. 9.0 service was used to study the
localization of the studied gene products
throughout cell compartments.

RESULTS AND DISCUSSION

Despite both the fundamental knowledge
gained from relevant studies concerning the wheat
genome and the importance of the crop, a
comprehensive genome-wide analysis of gene
content was not conducted until recently (Dabab
Nahas et al., 2019). This was because of the large
size, repeat content, and polyploid complexity of
the genome. However, assembly of the 17-Gb
allohexaploid genome of Triticum aestivum faced
major difficulties, because it is composed of three
large, repetitive, and closely related genomes. In
the current study, the Dreb genes of bread wheat
were analyzed in silico. For this purpose, four
genes encoding the Dreb genes were selected from
the GenBank database, and information about them
was obtained. The first information we analyzed
was Access Nr. JQ004969.1, the beta isoform of
the DREB AP2 binding factor, labeled “Triticum
aestivum DREB AP2 binding factor beta isoform
mRNA, complete cds”. The length of this mRNT is
1286 bp. The protein-encoding area is shown to be
smaller, in other words, it is located in the area
between 64-264 nucleotides. The id of the protein
corresponding to this gene: "AEX59145.1". This
gene is translated to the amino acid sequence as
follows:
"MTVDRKHAEAAAAAPFEIPALQPGRTCGA
EESTRSHVLVKPIGKSDLGDHVMGLIQSLKR
SGDGKK".
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The second researched information is an
AP2-containing protein-encoding gene labeled
“Triticum  aestivum AP2-containing protein
(Drebl) mRNA, complete cds” with Access Nr.
AF303376.1. The length of this locus is 1292 bp.
The region encoding the protein covers an area
between 252-1088 nucleotides. The id of the
protein corresponding to this gene in GenBank is:
"AALO1124.1". The translation of the gene into
an amino acid sequence was as follows:
"METGGSKREGDCPGQERKKKVRRRSTGPD
SVAETIKKWKEENQKLQQENGSRKAPAKGS
KKGCMAGKGGPENSNCAYRGVRQRTWGK
WVAEIREPNRGNRLWLGSFPTAVEAARAYD
DAARAMYGAKARVNFSEQSPDANSGCTLA
PPLPMSNGATAASHPSDGKDESESPPSLISNA

PTAALHRSDAKDESESAGTVARKVKKEVSN
DLRSTHEEHKTLEVSQPKGKALHKAANVSY
DYFNVEEVLDMIIVELSADVKMEAHEEYQD
GDDGFSLFSY™".

The Dreb gene searched in NCBI under the
name “Triticum aestivum Wdreb2 mRNA for
EREBP / AP2 type transcription factor, complete
cds” is information available under Accession Nr.
AB193608.1. The length of the current locus was
1456 bp. The region encoding the protein covers
the area between 123-1157 nucleotides. The
amino acid sequence of the EREBP / AP2 type
transcription factor protein corresponding to this
gene is shown as follows:

CLUSTAL format alignment by MAFFT (w7.481)
LRT.011Z24.1 METGGSEREGDC-———-—-————— PGOERRKEVMRRRSTGPDSVAET IKKWEEENQELQOE——
ABRR(OB4Z24 .1 METGGSKREGDC————————— PGQEREKEVRRRSTGPDSVAET IKKWEKEENQELQQOE——
BAD97369.1 MTVDREEHAFAARAAPFE IP}ALQPG——RKK-RRSRDGPNSVSETIRRWKEVNQQLEHDPQ
* . _c *_ . K *'t*: *H ‘k*:*‘k:***::*‘k* *‘k:‘k:::
LRT.01124.1 ——NGSREAPAKGSKEGCMAGEGGPENSNCAYRGVROQRTWGEWVAEIREPNRGNRLWLGSE
LBRB4Z4.1 ——NGSREAPAKGSKKGCMAGEGGPENSNCAYRGVRORTWGKWVAEIREPNRGNRLWLGSE
BDS7369.1 GAKRARKFPPLRGSKEKGCMLGEGEFPENTQCGFRGVRQRTWGKWVAEIREPNRVSRLWLGTE
:**_********** ***'}(***::*_:******************** _*****:*
LRT.011Z24.1 PT KARVNESEQSPDANSGCTLAFPLEPMSNGATAASHP-SDGK
Ba0424.1 PT FARVNFSEQSFDANSGCTLAFPPLPMSNGATAASHE-SDGE
BAD97369.1 PTRAED LARTNFPVHPAQAPAVA?PAAIEGVVRGAS&SCESTTTST
E ****** ******** * R ** :___* z . *_ ** '9: . o .
AAT01124.1 DESESPPFSLISNAPTAALH-RSDAKDESESAGTIVAREVEREVSNDL-————-———— RSTHE
AR0OB424 .1 DESESPPSLISNAPTRAATLH-RSDAKDESESAGTVAREVEEEVSNDL-————-———— RSTHE
BDS7369.1 NHSDVASSLPRQAQAPEIYSQPDALESTES——VVLES?EHYSHQDTVPDAGSSISRSTSE
- L - - S - & S - g *hk K
LRT.011Z24.1 EH--KTLE--VSQPKGKALHKARNVSYDYFNVEEVL-————- DMIIVEL-———-————~— SA
AR0B4Z24 .1 EH--KTLE--VSQFKGKALHKARNVSYDYFNVEEVL-———- DMIIVEL-————-———-- SA
BAD97369.1 EDVFEPLEPISSLPFDGEA————————— DGFDIEELLELMEADPIEVELVTGGSWNGGANT
*_ _*k* " *_*:* * * “k* " * K KA E
AAT01124.1 DVKMEAHEE-YQDGDDGFSL————-——— I e e
LBROB4Z4.1 DVKMEAHEE-YQDGDDGFSL————-——— Fsy----———--———-——-———————————
BAD97369.1 GVEMGOQEPLYLDGLDQGMLEGMLOSDYPYPMWISEDRAMHNSAFHDAEMSEFFEGL
* oK -k ® kK K * = X

Fig. 1. CLUSTAL format alignment by MAFFT. Specific nuclear localization signal (NLS) area for the Dreb
genes is highlighted in green, the amino acid substitutions in this area are highlighted in red. The valine 14 and
glutamic acid 19 amino acids of the AP2 domain are yellow. The specific sequence for a-helix is pink, and the
amino acid changes observed in this region are highlighted in blue.
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"MTVDRKHAEAAAAAPFEIPALQPGRKKRP
RRSRDGPNSVSETIRRWKEVNQQLEHDPQG
AKRARKPPAKGSKKGCMLGKGGPENTQCG
FRGVRQRTWGKWVAIREPNRVSRLWLGTFP
TAEDAARAYDEAARAMYGALARTNFPVHP
AQAPAVAVPAAIEGVVRGASASCESTTTSTN
HSDVASSLPRQAQAPEIYSQPDALESTESVV
LESVEHYSHQDTVPDAGSSISRSTSEEDVFEP
LEPISSLPDGEADGFDIEELLRLMEADPIEVE
LVTGGSWNGGANTGVEMGQQEPLYLDGLD
QGMLEGMLQSDYPYPMWISEDRAMHNSAF
HDAEMSEFFEGL". The protein corresponding
to this gene is placed in GenBank with the id
"BAD97369.1”.

Finally, the last gene we studied is
information placed under the name “Triticum
aestivum genome D  dehydration-responsive
element-binding protein (Drebl) gene, complete
cds” with Accession Nr. DQ195068.1. This locus

is longer and amounts to 1748 bp. The region
encoding the protein consists of areas between
nucleotides 20-69 and 771-1557, and covers two
exons. The id of this protein, which combines the
element responsible for dehydration, is
"ABAO08424.1" in GenBank. The translation of a
nucleotide sequence into an amino acid sequence
was as follows:
“METGGSKREGDCPGQERKKKVRRRSTGPD
SVAETIKKWKEENQKLQQENGSRKAPAKGS
KKGCMAGKGGPENSNCAYRGVRQRTWGK

WVAEIREPNRGNRLWLGSFPTAVEAARAYD
DAARAMYGAKARVNFSEQSPDANSGCTLA

PPLPMSNGATAASHPSDGKDESESPPSLISNA
PTAALHRSDAKDESESAGTVARKVKKEVSN
DLRSTHEEHKTLEVSQPKGKALHKAANVSY
DYFNVEEVLDMIIVELSADVKMEAHEEYQD
GDDGFSLF”

(TEBE)
g Bit [La upd 13.07,2016] ; th y &
1 0.0100000
1 1+ 0.9500000
nown TFEE and motif: aos
TFEE Blocks t 20%
an. Exp. Number — Mean Expected Numbar Up.Conf.Int. — Upper Confidence Interval
¢ cane
o 0.32 o 2
Box 4 /B bex binding B2IP proteins
and 1
and 1
..... %) /GEME: waph/TPBS: G-box /BP: unknown nucl fact
0.00834 up,Conf.Int, 1 nd 1
0.00242 Up.Conf.Int. 1 and 1

-*'gtrand: Mean Exp. Number 0.0
3 146 (Mism.= 0)

an Exp. N

" Strand: Mean Exp. Number 0.oooo3
G 27 (Mism 2)

0711 tp. Conf. Tnt.

: Arabidopgis (Arabidop=iz thaliana) fGENE: MFT/TFBS: G-box /BF:
ber 0.00921 Up.Conf.Int, F L

5 aliana) /GENE: AtHap®0-1/TFBS: AP-1 BE /HF: AP=1
0.00%986 Up.Conf.Int,

peis (Arabidopsis thaliana) /GENE: Synthetic eligonuclectides/TFB3: ROSET/GCC box /BF: ERFS
Up.Cenf.Int.
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1
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Fig. 2. Annotation of functional motifs for Triticum aestivum DREB AP2 binding factor gen
(Accession Nr. JQ004969.1) using NSITE-PL (http://www.softberry.com).
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ProtComp Version 9.0.
deq name: test sequence, Length=270

Database sequence:

Score=98, Sequence length=275,
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Location weights: LocDE
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Plasma membrane
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Integral Prediction of protein location:
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/ 0.10 / 0.31 / 0.00
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/ 0.00 / 0.00 / 0.26

Dehydration-regponsive element-—

Fig. 3. Annotation of sub-cellular localization for Triticum aestivum
element-binding protein (protein_id

responsive
(http://www .softberry.com).

CLUSTAL format alignment by MAFFT
(v7.481) revealed significantly conservative areas
in the amino acid sequences of these genes. The
beta isoform (protein id: "AEX59145.1") of the
DREB AP2 binding factor, with Accession Nr.
JQ004969.1 in GenBank has been excluded due to
inconsistencies in this alignment. Homology is
more pronounced between the Drebl gene with
Accession  Nr.  AF303376.1 (protein_id.
"AALO1124.1") and Wdreb2 genes with
Accession Nr. AB193608.1 in GenBank. In the
amino acid sequences of both proteins, a specific
nuclear localization signal (NLS) for the Dreb
genes is observed in the peptide sequence
(RKKKVR) (highlighted in green in Figure 1). In
the amino acid sequence encoded by the
dehydration-responsive element-binding protein
(Drebl) gene (Accession Nr. DQ195068.1) of the
Triticum aestivum genome D, in the 4th position
of the signal peptide sequence (RKKRPR),
arginine is located instead of lysine and in the 5th
position, proline amino acid is located instead of
valine (substituted amino acids in Figure 1 are
highlighted red).

Besides, alignment of amino acid sequences
corresponding to the Dreb gene by MAFFT
revealed the AP2 domain with the two conserved
functional amino acids (valine (V) and glutamic
acid (E)) at the 14th and 19th residues which play
crucial roles in recognition of the DNA - binding
sequence (Fig. 1). However, according to the
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genome D dehydration-
“BAD97369.1”) using ProtComp 9.0

results of further research, E19 might not be as
necessary as V14 for this case (Sakuma et al.
2002). Nevertheless, both of these amino acids are
found in the three proteins we studied
(highlighted yellow in the figure).

The characteristic sequence for the a-helix
(VEAARAYDDAARAMYG) was also identified
in our analysis in silico. Interestingly, BAD97369.1
protein contains amino acid substitutions also in
this area. Valine, the primary amino acid involved
in the formation of o-helix, was replaced by
glutamine in this protein, and the second glutamine
was replaced by the amino acid aspartate. In the
ninth position of this domain, on the contrary,
aspartate was replaced by glutamine. It should be
noted that the gene of this protein, which changes
both in the NLS sequence and in the a-helix region,
is a Dreb gene specific to the D genome. For the
first time, Pandey et al. (2014) built the tertiary
structure of DREB2 protein from wheat by
homology modeling based on the crystal structure
of GCC-box binding domain of Arabidopsis
thaliana, which contributed to understanding the
structure-function relationships. Protein docking
with the DNA containing GCC-box revealed more
similarities between AP2/EREBP protein of A.
thaliana and T. aestivum. A protein was found to
interact through their B-sheet, with the major DNA
groove by hydrogen and hydrophobic bond, which
provides structural stability to the molecule. This
model comprises a three-stranded antiparallel -
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heet followed by o-helix and
unstructured C’-terminal.

To search for functional motives in the
selected DREB genes, NSITE-PL service for
annotation of plant genomes of the Softberry, Inc.
(http://www.softberry.com/) software was used
(Shahmuradov and Solovyev, 2015). Ten motifs
for seven different transcription factor-binding
sites (TFBS) were found in Triticum aestivum
DREB AP2 binding factor beta isoform with
Accession Nr. JQ004969.1 (Figure 2). Seventeen
motifs for 15 different TFBS were found in
Triticum  aestivum  AP2-containing  protein
(Drebl) with Accession Nr. AF303376.1. Nine
motifs for eight different TFBS in Triticum
aestivum Wdreb2 mRNA for EREBP/AP2 type
transcription factor (Accession Nr. AB193608.1)
and seventeen motifs for fifteen different TFBS in
Triticum aestivum genome D dehydration-
responsive element-binding protein (Drebl) gene
(Accession Nr. DQ195068.1) were found.

Annotation of sub-cellular localization was
performed by the ProtComp v. 9.0 service of
Softberry for the studied products. Nuclear
location was determined for three of the
transcription factors studied (Figure 3), and
extracellular localization was found only for the
DREB AP2 binding factor beta isoform. This
result requires more in-depth research.

In silico identification and characterization of
the genes in various organisms under different
conditions got importance due to growing data in
the data bases (Dabab Nahas et al., 2019). Our
analyses could be a scientific base to understand
Dreb genes and proteins to further wet lab studies
in wheat plants.

relatively
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Yumsaq bugdada Dreb transkripsiya faktoru genlorinin in silico analizi
S. M. Riistamova
AMEA-nin Molekulyar Biologiya va Biotexnologiyalar Institutu, Baki, Azarbaycan

Bugdada quraqligla induksiya olunan transkriptomda asas yer tutan AP2/ERF transkripsiya faktorlar ails-
sinin iizvlorindon dehidratasiyaya cavabdeh element birlogdiron (Dreb) genlor in silico analiz edilmisdir.
Bu moagsadla NCBI molumat bazasindan genlor (qeydiyyat ndmrslori: AF303376.1, AB193608.1,
KM520370.1, DQ195068.1) haqqinda malumatlar slds edilmisdir. Hor bir gens uygun proteinlorin FAS-
TA molumatlar1t MAFFT CLUSTAL format diizlonma programi ilo miiqayisali analiz edilorok asas kon-
servativ saholor miiayyan edilmisdir. Tadqiq olunan genlorin hamisinda AP2 domen ii¢iin spesifik iki
konservativ funksional amin tursusu - valin va qlutamin 14-cii va 19-cu vaziyystlorde miisyyon edilmis-
dir. D genomu ii¢lin spesifik olan dehidratasiyaya cavabdeh elementi birlogdiran proteinds (DQ195068.1)
niivads lokalizasiya signalinin (NLS) va foza qurulusunda a-spiral qurulusun yaranmasinda istirak eden
sahoalords spesifik amin tursu ovazlonmolori miisyyan edilmisdir. Olds olunan naticolor bugda bitkisinds
Dreb genlorin golacok laboratoriya todqiqatlar iigiin elmi asas ola bilar.

Acar sozlor: Dreb, AP2 domen, niivada lokalizasiya signali (NLS), a-spiral qurulus, in silico analiz

In silico ananau3 reHoB (paxkTopoB TpaHckpunuuu Dreb B MATKo# MieHuIe
C. M. PycramoBa
HUnemumym monexynspuoi duonocuu u buomexnonoeuti HAH Azepbaitioscana, baxy, Azepbaiioscan

C uncrnonb30BaHHEM METOAOB in silico ObIIM WM3y4EHBI OTHOCAIIMECS K IPEACTaBUTEISAM CEMEWCTBa
¢daxTopoB TpaHckpuniuu AP2/ERF u wurparomye KIIOUeBYH poJib B HHIYUUPOBAHHOW 3acyXoif
TPAHCKPUIITOME MIIEHHUIIBI TeHBI, CBA3BIBAIOIINE HIEMEHT, OTBETCTBEHHBIN 3a Aerunparanmio (Dreb). C
OTOW TENbI0 WHQOPMAIUS O COOTBETCTBYIONMMX TeHax (Homep noctyma AF303376.1, AB193608.1,
KM520370.1, DQ195068.1) Obuia monyuena u3 NCBI. Jlanusie FASTA 0enkoB, COOTBETCTBYIOIIMX
Ka)XXJIOMy TeHy, ObUIM CPaBHHUTEJIFHO MPOAHAIN3UPOBAHBI C TIOMOLIBIO MPOrPaMMHOTO oOecreueHHs A
BelpaBHuBaHust MAFFT CLUSTAL, uneHTH(UIMPOBaHBI OCHOBHBIC KOHCEPBATUBHBIE 00JIACTH YTCHUSI.
JIBe xoHCepBaTHBHBIC (PYHKITMOHAIBHBIE aMUHOKHCIOTHI, CHErupUIHbIe I momMeHa AP2 - BamuH m
TIyTaMHUH - WACHTH(QHIMPOBAHBI B MOJOXEHUsX 14 m 19 Bo Bcex m3ydeHHBIX reHax. OmpelnereHHbIE
aMUHOKHCIIOTHBIC 3aMeHBI ObUTH HIeHTH(QHUIHUpoBaHbl B Oenke (DQ195068.1), koTOpHBIii CBA3BIBAETCS C
3JIEMEHTOM JerHapaTanuy, cruenuduuHbM Ui TeHoMa D, B o0acTsx, yuacTByOIUX B (pOpMUPOBAHUHT
curHajia saepHoit nokanuzanuu (NLS) u cTpykTyps! a-cnupanu. Ilogy4yeHHble pe3ynbTaThl MOTYT CTaTh
HaYYHOM OCHOBOH 111 OyAyIINX Tab0paTOPHBIX McciaeoBaHui reHoB Dreb y mieHums.

Knroueewie cnoea: Dreb, oomen AP2, cuenan soeprnoti nokanusayuu (NLS), a-cnupans, in silico ananuz
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Raman spectroscopy of complex defined media: Biopharmaceutical applications
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Hamster ovary cells were grown in a batch culture flask for 10 days in an incubator maintained with
5% CO; and 37 °C temperature. The 2 ml supernatant was collected each day, in duplicate, and was
stored in a freezer at -20 °C. Concentrations of glucose and lactate were estimated, in the supernatant,
on an HPLC machine, and the same sample was used to immediately obtain the results of Raman
measurements. We demonstrate the detection of glucose and lactate concentrations with high accu-
racy in the supernatants of hamster ovary (HO) cell culture, grown in shake flasks in batch fermen-
tation mode, using Raman spectroscopy and explicit model-based classical least squares (CLS) algo-
rithm. A deterministic Raman spectral library of pure components was created by acquiring Raman
spectra from credible nutrient media constituents and HO cell culture metabolites. Only analyzers
present with concentrations above the instrument's detection limit were included in this library. Re-
siduals obtained after CLS analyses were used to identify missing components and to generate a re-
vised library. An algorithmic sieve was thus, construed to obtain an appropriate Raman spectral
library from a complex chemical mixture that is well-defined but an industrial secret. High perfor-
mance liquid chromatography (HPLC) was used to provide reference glucose and lactate concentra-
tions. We demonstrate the detection of glucose and lactate concentrations in the supernatants of HO
cell culture using Raman spectroscopy and explicit model-based CLS analysis.

Keywords: Raman spectroscopy, bioreactors, classical least squares, glucose detection, lactate detection

INTRODUCTION are very efficient in posttranslational glycosylation

of proteins, making them closely resemble human

Real time monitoring and control of biopro-
cesses are essential in improving their efficiency
and reducing the cost of the final product. With the
advancement of biotechnology, bypasses are no
longer restricted to the production of alcohols, or-
ganic and amino acids, and small biomolecules
such as insulin, enzymes, and some antibiotics.
Now, they are also a method of choice for using
modified cell culture expression systems and the
production of large biomolecules such as monoclo-
nal antibodies that include some vaccines for hu-
man use (Zhu, 2012).

Among the mammalian cell culture expres-
sion systems, the relatively high robustness of
hamster ovary (HO) cells in different bioreactor
systems is well established. Furthermore, HO cells

https://doi.org/10.29228/jlsb.9
Available online 30 June 2021

glycosylation patterns in order to avoid or to reduce
the immune responses after drug administration.
Some examples of such proteins are follicle stimu-
lating (Yamamoto et al., 2011; Whelan et al.,
2012).

To enhance the technologies available for
monitoring and control of environmental parame-
ters in bioreactors, several optical and spectro-
scopic modalities have been investigated as they
are non-invasive and provide information in real
time. Raman spectroscopy is one of the most prom-
ising techniques in this regard. It is based on the
inelastic scattering of light and provides a bio-
chemical fingerprint for the sample under investi-
gation.
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High chemical specificity of Raman spectros-
copy is the result of its measurement of vibrational
energies in chemical bonds. Near infrared (NIR) la-
ser excitation helps to minimize luminescence back-
ground generated either from the substrate or from
the biological sample being probed. It also has a
higher penetration depth of biological materials and
less tissue damage at a higher excitation power com-
pared with visible excitation. Miniaturization and
integration of Raman technology are highly desira-
ble, and in recent years, there has been an increase
in efforts in this direction (Abu-Absi et al., 2011; Li
et al. 2010).

Raman spectroscopy coupled with Chemo-
metrics has recently been used for real time moni-
toring and simultaneous prediction of multiple cul-
ture parameters including glutamine, glutamate,
glucose, lactate, ammonium, viable cell density,
and total cell density in HO cell culture bioreactors.
It has also been used for the rapid identification,
characterization, and quality assessment of com-
plex cell culture media components used for indus-
trial mammalian cell culture. But, all of the studies
have used implicit models, where reference meas-
urements on a training sample set are performed to
acquire information about the system to be investi-
gated. A model is thus constructed, based on the
training set, which implicitly accounts for any
physical effects that influence the measured Raman
spectra, allowing concentration estimation of un-
processed samples. However, the training samples
are system specific and only model the particular
system under investigation.

They are not generally applicable to other sys-
tems. Implicit models do have utility and validity
in bioprocess supervision applications, where the
same bioreaction is to be repeatedly monitored for
production purposes, but they have limited utility
in bioprocess development applications where var-
iations in operating conditions, growth rates, and
medium composition are a necessary requirement.

Explicit methods, based on physical modeling
the system to be analyzed, are preferred for biopro-
cess development applications. 161 Explicit mod-
els have previously been used to estimate the etha-
nol concentration in Baker's yeast fermentation and
classical least-squares (CLS) fitting was used to es-
timate glucose and spiked quantities of glutamine,
lactate, and ammonia, in filtered samples of a bio-
reactor (Lee et al., 2004; Shope et al., 1987).
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The industrial mammalian cell culture re-
quires complex nutrient media components. Chem-
ically defined media components are preferred to
avoid unknown parameters and subsequently facil-
itate the regulatory approval of the product. The
exact composition of the nutrient media in most
cases is kept an industrial secret. Hence, it is not
straightforward to use explicit methods such as
CLS analysis for the prediction of metabolite con-
centrations.

In this article, we have shown that explicit
model-based CLS algorithm can be used to detect
mammalian (HO) cell culture metabolites (glucose
and lactate) with high accuracy using NIR Raman
spectroscopy. An algorithmic sieve was construed
and an appropriate Raman spectral library obtained
from a complex chemical mixture that is well-de-
fined but kept confidential by respective pharma-
ceutical industries. High performance liquid chro-
matography (HPLQ was used to obtain reference
concentrations of glucose and lactate.

MATERIALS AND METHODS

Mammalian cells. Hamster ovary cells were
grown in a batch culture flask for 10 days in an in-
cubator maintained with 5% CO, and 37 °C tem-
perature. Similarly, HO cells were batch cultured
for 13 days. The 2 ml supernatant was collected
each day, in duplicate, and was stored in a freezer
at -20°C. Concentrations of glucose and lactate
were estimated, in the supernatant, on an HPLC
machine, and the same sample was used to obtain
Raman measurements immediately.

Confocal near infrared Raman spectroscopy
system. Short description of spectroscopy: Raman
scattering studies were carried out on a three-dimen-
sional confocal Raman microspectrometer Nano-
finder 30 (Tokyo Instr.), Excitation wavelength
A=532 nm. The radius of the cross section of the in-
cident laser beam was approximately 4 um. The in-
vestigations were carried out in the geometry of
backscattering. The radiation receiver was a cooled
CCD camera (-70°C) operating in the photon count-
ing mode. All measurements are taken at an exposure
time of 1 second and an excitation
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Table 1. Comparison of explicit and impilicit calibration models

Whelan et al. Partial least (im-

This work Partial least squares (PLS) [leave-one-out cross validation (LOOCYV)]

plicit)
R? Standard R? Standard R? Standard
error error error
Glucose 0.91 2.09 0.99 24 0.98 3.5
Lactate 0,99 11.49 0.99 3.1 0.99 5.2

Table 2. List of constituents present in hamster ovary cell culture nutrient media (adapted from Scroder et al. (2004))

Inorganic salts Molar concentration (mM) Carbohydrates Molar concentration (mM)
CaCL; 1.9 d-Clucose 34
CuSO45H,0 4.81x10° I-Amino acids 0.377
FeSO47H,0 1.20x1073 I-Alanine 0.879
KNO; 9.02x10* I-Arginine ‘HCI1 0.267
KCl 6.51 I-Asparagine-H,O 0.31
MgSOy4 0.576 I-Cysteine-HCI-H,O 0.349
NaCl 52 I- Cysteine - 2HCI 0.652
NaHCO; 48.8 I-Glutamic acid 7.2
Na,HPO4 0.4 I-Glutamine 0.52
NaH,PO4H,0 1.25 Glycine 0.28
NaSeOs3'5H,0 9.98x10° I-Histidine -HCI-H,O 0.973
ZnSO47H,0 1.20x1073 I-Isoleucine 1
I-Leucine; I-Lysine -HCI 1.04

Vitamins and miscellaneous compounds

dl-Pantothenic acid, calcium salt 1.09x1072
Choline chloride 7.44x107?
Ethanolamine 0.02
Folic acid 1.21x10?
Hypoxanthinea 0.1
I-Inositol 8.79x1072
Linoleic acid 1.20x10*
Lipoic acid 4.07x10*
Methotrexate (MTX)b
Nicotinamide 1x10%t0 0.1
Phenol red 3.94x1072
Pluronic F-68¢ 5.21x1072
Pyridoxal-HCI 2.36x1072
Pyridoxine-HCI 1.21x10*
Riboflavin 1.32x1073
Sodium pyruyate 2.51
Thiamine-HCI 1.46x10?
Thymidinea 0.016
Vitamin B12 4.13x10*

[-Methionine
I-Phenylalanine
I-Proline
I-Serine
[-Theronine
I-Tryptophan
[-Tyrosine comma>disc
[-Valine

Peptones and proteins
Fetuid
Insulin
Holo-Transferrin
Casein peptone
Soybean flour peptone
Soybean flour brothe

CLS analysis. Because the exact composition
of HO cell culture nutrient medium is kept confi-
dential by respective pharmaceutical industries, we
decided to select nutrient media constituents and
HO cell culture metabolites from a reliable litera-
ture. For example. Table 1 by Schroder et al., pro-
vides information in this regard and is used to de-
velop the Raman spectral library (Schroder et al.,

2004). This table is shown in Fig. 1. We initially
selected only those constituents from Fig. 1, which
were known to generate Raman spectra (for exam-
ple, the inorganic salts do not show Raman spectra
as they dissociate into ions in an aqueous solution)
and were present in concentration above the Ra-
man instrument detection limit of ~1 mM. Because
several of the amino adds mentioned in Table 1
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have concentration reaching 1 mM, we selected the
ones with high Raman cross section. Zhu et al. pro-
vide in detail the Raman spectra of amino acids in
solution (Zhu et al., 2011).

A deterministic Raman spectral library of pure
components was thus obtained from credible nutri-
ent media constituents and HO cell culture metabo-
lites and was used as a calibration routine for the
CLS analysis. Phosphate buffered saline (PBS) was
used to prepare all pure component solutions. Ra-
man spectra were acquired from each day's superna-
tant. Polynomial fitting was not used to estimate and
remove fluorescence background from Raman spec-
tra before using the CLS analysis and performing
concentration prediction for glucose and lactate.
Cosmic rays were removed from the Raman spectra,
and fifth order smoothing using Savitzky-Golay al-
gorithm was performed using MATLAB to suppress
noise. The Raman spectra were normalized with re-
spect to the CLS coefficient of water. It was also
taken care that the concentration prediction of all ba-
sis spectra constituents generates non-negative
numbers. A final Raman spectral library was thus
conceived. Using CLS calibration routine devel-
oped with this Raman spectral library, concentra-
tions of glucose and lactate were predicted. HPLC
was used to obtain reference concentrations of glu-
cose and lactate.

Underlined constituents were part of the Ro-
man spectral library used for classical least squares
(CLS) calibration routine development (Schroder
et al., 2004).

Calculated as the root mean-squared error of
predication, using Raman-predicted concentration
values and HPLC-generated reference concentra-
tion values.

RESULTS AND DISCUSSION

The Raman spectral library, which was ob-
tained after implementing the algorithmic sieve, is
shown in Fig. 2. In the process of obtaining this li-
brary, some constituents that were mentioned as ~1
mM concentration in Fig. 1 such as L-leucine and
L-valine were removed. Their presence made the
concentration predictions worse and also the CLS
fit to the supernatant Raman spectrum- produced
residuals with structure. Removing any of the Ra-
man spectra present in spectral library of Fig. 2
made the concentration predictions worse as did
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the addition of spectra from additional constitu-
ents. Thus, a final Raman spectral library for CLS
analysis was conceived.

Raman spectra of L-arginine HCI, glucose, L-
threonine, L-valine, sodium pyruvate, sodium bi-
carbonate, glycine, and sodium lactate were ac-
quired at 20 mM concentration each in PBS. Ra-
man spectra of PBS and water were also acquired
and included in the Raman spectral library.

Nornalized Raman Intensity
S
%i

e —— PBS
——‘—-_____-._‘ Water
1 B i N I ‘ 1
400 600 800 1000 1200 1400 1600
‘Wavenumber/em'!

Fig. 1. Raman spectral library consisting of pure com-
ponents; some selected from hamster ovary cell culture
constituents mentioned in Fig. 1. PBS, phosphate buff-
ered saline.

In Fig. 1, the Raman spectrum of water has
been subtracted from each of the solute Raman
spectrum for better visualization. The main Raman
peaks and bands observed in the spectra of pure
components mentioned in Fig. 2 are listed in Table
2. A broad Raman peak at 1641 cm™ was observed
in the Raman spectrum of water, and a weak Ra-
man peak at 992 cm™! was observed in the Raman
spectrum of PBS.

The detection limit of sodium lactate and D-
glucose aqueous solutions is shown in Fig. 3, using
the NIR Raman spectroscopy system. Flere, we de-
fine the detection limit as noise equivalent concen-
tration, i.e. the concentration at which SNR= 1. It
was found that the detection limit of sodium lactate
is better than 3 mM (obtained after extrapolation of
curve), while that of D-glucose is better than 2
mM. The data in this figure were an average of
three measurements, and the error bars were small-
erthan the shown size of data points.
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Table 3. Main Raman peaks (Raman shift cm™') observed in the Raman spectra of pure components mentioned in

Fig.1. Water exhibited a broad Raman peak at 1641 cm™! white phosphate buffered saline (PBS) at 992 cm’!

L-arginine HC]1 | Clucose L-threonine L-valine | Na pyruvate Na bicarbonate Clycine | Na lactate

- 435 - - - - - -

- 516 - - - - - -
530 - - - - - - -

- - - 750 - - - -

- - 771 - - - - -

- - - - 840 - - -

- - - - - - - 855

- - 861 - - - - -

- - - - - - 897 -

919 (broad) - - - - - - -

- - - 946 - - - -

- 990 990 991 991 - - 992

- - - - - 1027 - -

- - - - - - - 1045

- - 1055 - - - - -

- 1076 - - - - - -

- - 1085 1084 - - - 1085
1091 - - - - - - -

- - 1112 - - - - -

- 1121 - - - - - -
1172 - - - - - - -
1324 - - 1324 - - - -

- - 1335 - - - 1333 -
1356 - - 1358 - 1361 - -

- 1374 - - - - - -

- - - - 1401 - - -
1415 - 1409 1412 - - 1413 -
1453 1460 1456 1455 - - - 1456

® . : @
Sodium lactate Sodium lactate

L 2

g § i
< ® R ]
£ Fl
=z 3 4 ] 4
g2 ! B2
w | L i
0 | 0

o o o o of o o 7

Concentration/mM Concentration/mM

Fig. 2. Detection limit of sodium lactate and D-glucose solutions measured using near infrared (NIR) Raman
spectroscopy system. Error bars were smaller than the shown size of data points. For D-glucose, the mean of
area under Raman peak at 1121 cm™ was used for signal calculation, while for sodium lactate, the mean of

area under Raman peak at 855 cm™! was used.
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Fig. 3. Raman spectra obtained from hamster ovary cell culture supernatants using (a) Invitrogen cell line
and (b) Sanofi cell line during 10 and 13 days of shake flask culture, respectively, in batch mode.
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Fig. 4. Growth curves for Invitrogen and Sanofi hamster ovary cell cultures.
Sanofi cell line is optimized for antibody production and hence has a longer sta-

tionary phase. VCD, viable cell density.

Each measurement consisted of ten spectral
acquisitions. For D-glucose, the mean of area un-
der Raman peak at 1121 cm™ was used for signal
calculation, while for sodium lactate, the mean of
area under Raman peak at 855 cm™ was used. Me-
dian standard deviation across the whole Raman
spectrum of ten Raman spectra was used for noise
estimation.

Figure 4(a) shows the Raman spectra obtained
from Invitrogen HO cell culture supernatants on
each of the 10 days, while Fig. 4(b) shows the same
for Sanofi HO cell culture supernatants for 13 days.
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PBS Raman spectrum has been subtracted from
each day's supernatant Raman spectrum for better
visualization. The difference in Raman spectra on
each day can clearly be observed. Main Raman
peaks at 853 cm™, 900 cm™ (broad), 1021 cm™,
1064 cm™, 1128 cm™, 1276 cm™, 1352 cm™, 1412
cm’!, and 1458 cm™! were observed.

The growth curves for Invitrogen and Sanofi
HO cell cultures respectively are shown in Fig. 5.
The Sanofi HO cell culture has a longer stationary
phase because it has been optimized for antibody
production.
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20 R2=0.98

—s—Raman
——HPLC |
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o
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Time/days

Fig. 5. Prediction of glucose and lactate concentrations in invitrogen hamster
ovary cell culture supernatants using Raman spectroscopy and explicit model-
based classical least squares (CLS) analysis. The error bars were equivalent to 2
mM concentration for Raman measurements and 0.5 mM concentration for high
performance liquid chromatography (HPLC) measurements (Abu-Absi et al.,

2011).
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Fig. 6. Prediction of glucose and lactate concentrations in Sanofi hamster ovary
cell culture supernatants using Raman spectroscopy and explicit model-based
classical least squares (CLS) analysis. HPLC, high performance liquid chroma-

tography (Abu-Absi et al., 2011).

Figure 6 shows the glucose and lactate con-
centration prediction in Invitrogen HO cell culture
supernatants using Raman spectroscopy and ex-
plicit model-based CLS algorithm. Comparison
with reference concentration values obtained using
HPLC is also shown. The experiment was per-

formed three times, and average values of measure-
ment are plotted. The error bars were equivalent to
2 mM concentration for Raman measurements and
0.5 mM concentration for HPLC measurements.
The time required for glucose and lactate concen-
tration measurements using HPLC was about 45
min per sample, after the HPLC was calibrated
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with the correct measurement column. Calibration
of HPLC with a new column required almost 2h.
Because the same column could not be used for
glucose/lactate and amino acids, for example,
HPLC was found to be labor intensive. On the
other hand, time required for Raman measurements
was about 8 min per sample after the charged cou-
pled device camera of NIR Raman system had been
cooled to -90 °C. Cooling of the camera required
about an hour. But once ready, the Raman system
could be used to predict concentrations of multiple
analytes from a single spectral measurement.

We also used an implicit calibration model
and performed partial least squares (PLS) analysis
using the Invitrogen HO cell culture supernatant
Raman spectra from 10 days and the reference con-
centrations provided by HPLC. The results of
leave-one-out cross validation are shown in Table
1. In comparison with Whelan et al. it is observed
that the correlation in glucose and lactate concen-
tration predictions obtained using implicit calibra-
tion model is comparable, but the standard error for
lactate concentration prediction is significantly less
in our case. The correlation in concentration pre-
diction using CLS is also comparable with slightly
higher standard errors of prediction compared with
PLS.

In Fig. 4, we show the glucose and lactate con-
centration prediction in Sanofi HO cell culture su-
pernatants using Raman spectroscopy and explicit
model-based CLS algorithm. Comparison with ref-
erence concentration values obtained using HPLC
is also shown. The slightly different prediction re-
sults for lactate in Figs 5 and 6 are because of the
fact that we had used the same smoothing and basis
spectra-based CLS model for both Invitrogen and
Sanofi cell lines. These cell lines have different
metabolism, as shown in Fig. 5, and the CLS algo-
rithm can be sensitive to high frequency system
noise or experimental noise because of the pseudo-
inversion of the measurement matrix. One way to
improve this in the future would be to introduce
techniques such as regularization.

CONCLUSIONS
We have shown for the first time that the de-
tection of glucose and lactate concentrations with

high accuracy is possible in HO cell culture super-
natants using Raman spectroscopy and explicit
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model-based CLS algorithm. Ehis corresponds to
the data obtained by Yamamoto Y.S. et al. (Yama-
moto Y.S. et al. (2011). When exact composition
of the nutrient media is unknown, a deterministic
Raman spectral library of pure components can be
created by acquiring Raman spectra from credible
nutrient media constituents and HO cell culture
metabolites. Residuals obtained after CLS analyses
can be used to identify missing components or
those present in excess. An algorithmic sieve thus
generated provides a revised Raman spectral li-
brary that can be used for metabolite concentration
predictions (Goh, 2013; Vogel, 2002). Other HO
cell culture metabolites can also be monitored after
improving the detection limit of the system, and it
will require the use of respective HPLC columns to
provide reference data values. Once validated, Ra-
man spectroscopy-based concentration measure-
ments require about an order of magnitude less
time comparatively are not labor intensive and
have the advantage of ease of automation (Lee et
al., 2004). Singh et al. also describe this circum-
stance in their works (Schroder et al., 2004). We
believe that our algorithm and approach can be
used for rise of quality analytical technology. It
also assists in the development of processes and
promotes their intensification.

REFERENCES

Abu-Absi N.R., Kenty B.M., Cuellar MLE. et al.
(2011) Real time monitoring of multiple parame-
ters in mammalian cell culture bioreactors using
an in-line Raman spectroscopy probe. Biotech-
nol. Bioeng., 108(5): 1215. doi:
10.1002/bit.23023.

Goh S. (2013) Micro-bioreactor design for Chi-
nese Hamster ovary cells. PhiD thesis, Massachu-
setts Institute of Technology, Cambridge, MA,
USA, p. 195-203.

Lee H.L., Boccazzi P., Gorretb N. et al. (2004) In
situ bioprocess monitoring of Escherichia coli bi-
oreactions using Raman spectroscopy. Vib. Spec-
trosc., 35: 131.

Li B., Ryan P.W., Ray B.H. et al. (2010) Final
submitted version, not proof corrected. 1. Rapid
characterization and quality control of complex
cell culture media solutions using Raman spec-
troscopy and chemometrics. Biotechnol. Bioeng.,



Raman spectroscopy of complex defined media: Biopharmaceutical applications

107(2): 290. doi: 10.1002/bit.22813.

Schroder M., Matischak K., Friedl P. (2004) Se-
rum- and protein-free media formulations for the
Chinese hamster ovary cell line DUKXBI11. J.
Biotechnol. 107(2): 279. doi: 10.1002/bit.22813

Shope T.B., Vickers T.J., Mann C.K. (1987) The
direct analysis of fermentation products by Ra-
man spectroscopy. Appl. Spectrosc., 47: 908.

Singh G.P., Goh S., Canzoneric M. et al. (2015)
Raman spectroscopy of complex defined media:
biopharmaceutical applications. J. Raman Spec-
trosc., 40(6): 545-550.

Vogel C.R. (2002) Computational methods for in-
verse problems (Frontiers in Applied Mathemat-
ics). Soc for Industrial & Applied Math, Philadel-
phia, USA, 183p.

Whelan J., Craven S., Glennon B. (2012) In situ

cell culture bioreactors. Biotechnol. Progr. 28:
1355. doi.org/10.1002/btpr.1590

Yamamoto Y.S., Shinzawa H., Matsuura Y. et
al. (2011) Noninvasive subsurface analysis using
multiple miniaturized Raman probes. Part I:
Basic study of thin-layered transparent models of
biomedical tissues. Appl. Spectrosc., 65(8): 844.
doi: 10.1366/11-06245.

Zhu G., Zhu X., Fan Q., Wan X. (2011) Separa-
tion and screening of compounds of biological
origin using molecularly imprinted polymers
Spectrochim.  Acta A., 78: 1187 doi:
10.1016/j.jchromb.2004.02.012.

Zhu J. (2012) Mammalian cell protein expression
for biopharmaceutical production. Biotechnol.
Adv.,  30(5): 1158. doi: 10.1016/].bio-
techadv.2011.08.022.

Raman spectroscopy for simultaneous monitor-
ing of multiple process parameters in mammalian

Miirakkob miihitlor iiciin Raman spektroqrafiyasi: biofarmakoloji tatbiq
F.R. Haciyeva', N.A. Abdullayev?

! Elmi-Tadgiqat Mamaliq va Ginkeologiya Insitutu, Baki, Azarbaycan
2 AMEA-min Fizika Institutu, Baki, Azarbaycan

Tadqiqgat daxilindo dagsi¢aninin yumurtaliq hiiceyralori kolbada yetisdirilorok 10 giin orzinds inkubatorda
5%-1i CO, mohlulunda yetisdirilmisdir. Toplanmis 2ml supernatant 20°C dondurucu kamerada saxlanmig-
dir. Supernatantda qliikoza vo laktatin konsentrasiyasi yiiksok effektivlikli maye xromatoqrafiyada tayin
edilmisdir, eyni nlimuns miihitin par¢alanmanin kombinasiyasiin dl¢iilmasi {igiin do istifads edilmisdir.
Biz raman septroqrafiyasindan va klassik on kigik kvadrat modelindon istifads etmoklo dovrii fermentasiya
rejiminds kolbada yetisdirilon qliikkoza va lakatatin kosentasiyasini toyin etdik. Dagsicaninin yumurtaligla-
rimin hiiceyralori kultur metabolitlori vo qidalt miihitin tomiz komponentlorinin kombinasiyali dagilma
spektrlorinin oldo edilmosilo tomiz komponentlorinin kombinasiyali dagilma spektlorinin bazasi yaradil-
musgdir. Bu bazaya yalniz cihazin toyin etdiyi haddon yuxari olan analizatorlar daxil edilmisdir. Klassik an
kicik kvadrat tohlilinden sonra alinan qaliqlar ¢atismayan komponenetlorin agkar edilmasi va bazanin dii-
zoldilmasi iiglin istifado edilmisdir. Belo ki, miirokkob kimyovi garisiglardan kombinasiyali dagilmanin
spektral bazasmin alinmasi {i¢iin alqoritm yaradilmigdir. Etalon gliikoza vo laktat konsentrasiyalrinin alin-
masi ti¢iin yiiksok effektivlikli maye xromatoqrafiyadan istifads edilmisdir. Biz raman spektroqrafiyasinin
komokliyilo dagsicanin yumurtakiq hiiceyrosinin kulturlariin supenatantlarinda qliikoza va laktati tayin
etdik.

Acar sozlar: Raman spektroskopiyasi, bioreaktorlar, an kicik kvadratlar klassik metodu, qliikozanin askar-
lanmasi, laktatin askarlanmasi
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PamaHoBckasi CIEKTPOCKONUS JJISl CJI0KHBIX cpell: 0noapMaleBTHYECKOE IPUMEHEHUE
®.P. l'agxuena’, H.A. AGay.inaes’

! HUU axywepcmea u eunexonoauu, baxy, Azepbatioscan
2 Unemumym usuxu HAH Azepbaiioxcana, baxy, Asepbaiioncan

Knerku snuHrKoB XoMsika B TeueHue 10 qHell BeIpamuBaiy B Koyioe, TOMEeHHON B UHKY0aTop, I'ie KyJib-
THBHpPOBaHWE OCymecTBIsLIOCh pu 5%-oM CO; u temneparype 37°C. CobpaHHble 2 MJI cynepHaTaHTa
XPaHWINCh B MOPO3WIbHON KaMepe mpu TemnepaTtype 20°C. KoHlleHTpaluu Iir0K03bl U JIaKTaTa B CyIep-
HATaHTE OLIEHWBAIM Ha ammapate BhICOKOA((EeKTUBHOM x)uakocTHOU xpomartorpadun (BIXKX). Tot xe
o0paszer UCTIONIB30BaIN AJIS1 HEMEVICHHOTO TI0JIy4eHHs pe3yJIbTaTOB U3MEPEHUH KOMOMHALMOHHOTO pac-
cesHus. C MCIIONIB30BAaHUEM PAMaHOBCKOM CIIEKTPOCKOIMH W aJrOpUTMa KIACCHMYECKUX HaMMEHBIINX
KBaJpaTOB HA OCHOBE MOJEJH B CyIIEPHATAHTAX KYJbTYPHI KJIETOK SHYHUKOB XOMSIKa, BBIPAIIEHHBIX B KOJI-
0ax B pexuMe NepUOIUIECKON (epMEeHTalMHU, C BBICOKOM TOYHOCTBIO OIPEAETICHbl KOHLEHTPALUH IJI0-
KO3bI U TakTaTa. bubnnoTeka 1eTepMUHUPOBAHHBIX CIIEKTPOB KOMOMHAIIMOHHOTO PAaCCEesTHUS YHCThIX KOM-
TIOHEHTOB ObLTa CO3AaHa MyTEM IMOMYUYECHHUS CIIEKTPOB KOMOMHALMOHHOTO paccesHUs JOCTOBEPHBIX KOM-
MOHEHTOB MUTATENBHBIX CPEIl U META0OIUTOB KYJIbTYD KJIETOK SIMYHUKOB XOMsiKa. B 3Ty 6ubnuoreky Obutn
BKJIFOUEHBI TOJIBKO aHAIN3aTOPBI C KOHIIEHTPALMAMHU BhILIE Ipeiena oOHapyskeHus npudopa. OcTaTku, mo-
Jy4eHHBIE MOCTIe aHaNN3a KJIACCHYECKUX HAMMEHBIINX KBaJAPaTOB, OBLIN MCIOIB30BAHBI IS BBISBICHUS
HEIOCTAIOIIUX KOMIIOHEHTOB M CO3JaHUs HCIIpaBiIeHHON OnbmuoTeku. Takum oO6pa3oM, ObLT CO3/1aH anro-
PHUTM JUIA IOJTy4eHHS IIOAXOSIICH CIIEKTPaIbHOM 62361 KOMOMHALIMOHHOTO PACCESHUS U3 CI0KHOM XUMHU-
yeckoit cMecH. KoHIIeHTpalluy IiIfoKo36I U JJaKTaTa B CylepHaTaHTaX KyJbTYPHI KIETOK SHYHUKOB XOMSIKa
ONpEAETIIN C IIOMOIIBI0 PAMAaHOBCKOW CIIEKTPOCKOIHH.

Knwueewle cnosa: Pamanosckas cnekmpockonus, Ouopeakmopbul, KiaccuieckKuil Memoo HauMeHbUUx
K6ao0pamos, oOHapyiceHue 20KO3bL, OOHAPYICEHUE TAKMAMA
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One of the compounds affected by membranes is polyene antibiotics. Amphotericin B, nystatin, my-
coheptin, and levorin are mainly classified in the polyene class and distinguished by high biological
activity. The high sensitivity of polyene antibiotics to membranes is due to the cholesterol they con-
tain. The main feature of polyene antibiotics is the formation of structural ion channels by combining
with cholesterol in the membranes. The interaction of polyene antibiotics with cholesterol has been
demonstrated by obtaining ultraviolet (UV) spectra. Polyenes have three primary absorption spectra
and range from 370 nm to 430 nm. Amphotericin B and levorin complex with cholesterol reduce the
maximum amplitude of UV absorption spectra. The results show that cholesterol molecules combine
with the double-bond chain systems of amphotericin B and levorin to reduce the maximum amplitude
of UV absorption spectra. UV spectrum of dimethyl-sulfoxide molecules has been obtained. Its ab-
sorption spectrum ranges from 240 nm to 250 nm. The absorption spectrum of dimethyl sulfoxide

molecules at these waves is related to the presence of the disulfide S=O group.

Keywords: Levorin, amphotericin B, cholesterol, ultraviolet spectrum, cholesterol-polyene complex

INTRODUCTION

One of the most significant problems of modern bi-
ophysics is to study at the molecular level of selec-
tive conductivity for ions and organic compounds
in cell membranes. It knowns that the transport of
ions and organic compounds through membranes
is carrying out through channels of molecular size.
Polyene class compounds are representing by am-
photericin B, nystatin, mycoheptin, candidiasis,
and levorin molecules. Among the antibiotics stud-
ied, amphotericin B and levorin are distinguishing
by great membrane activity (Cavassin et al., 2021).
The use of these antibiotics in research is not acci-
dental. The main feature of polyene antibiotics is
to make structural ion channels of molecular size
in the membranes (Kaminski, 2014). Cellular
channels have a high selective conductivity for
ions, substrates, nucleic acids in molecular size
(Samedova et al., 2018). The most significant char-
acteristic of PAs is that they are very responsive to

https://doi.org/10.29228/j1sb.10
Available online 30 June 2021

cholesterol molecules present in membranes (Ka-
minski, 2014; Srinivasarao et al., 2018). The pri-
mary solvent for PA is dimethyl sulfoxide
(DMSO). It is using in many fields of molecular
biology and biochemistry. Studies have shown for
the first time that antibiotics are very soluble in wa-
ter in a complex with DM SO and have high biolog-
ical activity. The essential purpose of the article is
to show the formation of the complex between PA
and cholesterol in experimental studies using the
method of UV spectroscopy.

MATERIALS AND METHODS

Bilayer lipid membranes are using to study the ef-
fect of PA on membranes at the molecular level.
Bimolecular lipid membranes (BLM) are the es-
sential representatives of living membranes. Mem-
branes are making of phospholipids and present in
the brain tissues of large and small horned animals.
The formation of lipid membranes in the hollow
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part of a glass made of Teflon material reflects on
paper (Samedova et al., 2018). The ultraviolet
spectrophotometer was used in the study to deter-
mine the absorption spectrum of PA. Amphotericin
B and levorin UV spectra were determined using a
T92 + UV / VIS spectrometer.

RESULTS AND DISCUSSION

It shows that the interaction of polyene antibi-
otics with cholesterol and other sterols (ergosterol,
7-dehydrocholesterol) in lipids and cell mem-
branes results in the formation of structural ion
channels with different permeability (Fei et al.,
2012). Sterins are one of the main structural com-
ponents of living cell membranes. UV spectros-
copy is using to determine the biological activity of
antibiotics (Vyazmin et al., 2011). The B spectra of
levorin and amphotericin differ in the three main
absorption spectra. The absorption spectra of anti-
biotics range from 370 nm to 430 nm. UV absorp-
tion spectrum reflects the characteristic spectra of
polyenes belonging to this class. UV spectroscopy
based on the irradiation of a substance with mono-
chromatic UV radiation, and the absorption spectra
vary with wavelength. It is basing on the identifi-
cation of individual substances, as well as their
quantitative measurement. UV radiation has a bio-
logical effect on living organisms. UV radiation
penetrates the tissues to a depth of 0.5-1.0 mm, ac-
tivating biochemical processes. Many morpho-
physiological and biochemical parameters of plant
cells change under the influence of UV radiation.
These changes depend on the stage of tissue devel-
opment, its genotype, and radiation conditions (ra-
diation duration and spectral composition)
(Vyazmin et al., 2011). The main feature of PAs is
that they create an absorption spectrum that differs
by three maximums in UV waves. Levorin macro-
lactone ring has seven double bonds and incorpo-
rates a polyene chromophore in the UV spectrum
of levorin - 358 nm-360 nm, 378 nm-380 nm, and
400 nm-403 nm. The UV spectrum at these wave-
lengths is typical of heptaen antifungal antibiotics
(Cavassin et al., 2021). Levorin is composed of the
components levorin A and levorin B (Szczeblew-
ski et al. 2017). Levorin A and B as aromatic hep-
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taen differ from each other in elemental composi-
tion and UV spectra (Szczeblewski et al., 2017).
Some physicochemical properties of levorin com-
ponents A and B are given in Table 1. In addition,
Table 1 presents the UV spectra of levorin A and
levorin B. In comparison, the difference between
levorin A and levorin B is 5-6 nm.

Table 1. Physicochemical properties of levorin A and B

General for- Levorin A Levorin B
mula Cs9H93022N2 Cs:Hys023N2
UV absorption spectrum

A, nm 340 450

358 790

378 900

400 800
E 342 375

363 620

382 980

406 950

The composition of the elements

C 60,43 59,72
H 7,89 7,87
N 2,38 2,24
Neutralization 1180 1238
coefficient
Distribution 0,8 7,6
factor
Nitrogenous | p-aminoacetophenone, |p- aminoacetophenone,
part of the mycosamine mycosamine
molecule

Figure 1 shows the UV absorption spectra of
levorin A and levorin B in DMSO. Figure 2 shows
the UV absorption spectra of levorin and candidia-
sis in methanol.

As shown in Fig. 1 and Fig. 2, the UV absorp-
tion spectrum of levorin depends on the solvents of
the PA molecules. In the DMSO, the UV absorp-
tion spectrum of levorin varies in the wavelength
range of 325-425 nm (Fig/ 1), while in the metha-
nol, the UV absorption spectrum of levorin varies
in the wavelength range of 360—400 nm (Fig. 2).
The UV absorption spectra of levorin and candidi-
asis in methanol are the same. The results show that
this is due to the differences between the chromo-
phore in polyenes and their macrolactone ring.
Thus, unlike candidiasis, the p-aminoacetophe-
none group in levorin is located in the hydrophobic
part of the molecule.
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Fig. 1. UV absorption spectra of levorin A and levorin
B in dimethyl sulfoxide.

El’n

lew

1000 | LI

800 Il

600

260 300 340 380 420 450

Fig. 2. UV absorption spectra of levorin and candidia-
sis in methanol: I - levorin; II — candidiasis.

Figure 3 shows the UV absorption spectrum
of levorin and amphotericin B at different concen-
trations.

Fig. 3. UV absorption spectra of levorin were obtained
in DMSO at different concentrations.

In Figure 3 (red curve), the UV absorption
spectrum obtained at the final concentration of le-
vorin 10 ° M by adding 0.3 ml and 3 ml of DMSO
from the essential solution of levorin at a concen-
tration of 1 mg/ml.

The blue curve was obtained by adding 0.2 ml
and 3 ml of DMSO from the essential solution of
levorin at a concentration of 1 mg/ml to obtaina UV
absorption spectrum at a concentration of levorin
7-10° M. The UV absorption spectra was obtained
by adding 0.1 ml and 3 ml of DMSO to the green
solution of levorin at a concentration of 1 mg/ml and
levorin at a concentration of 3-10° M. A bright red
line was obtained by adding 0.03 ml and 3 ml of
DMSO from the essential solution of levorin at a
concentration of 1 mg/ml to obtain a UV absorption
spectrum at a concentration of levorin 1-10° M. As
shown in Figure 3, the concentration of levorin in-
creases with the amplitude of the UV-maximum ab-
sorption spectrum. Levorin absorption spectra range
from 370 nm to 430 nm. UV absorption spectra re-
flect the characteristic spectra of polyenes belonging
to this class. UV spectra of PAs obtained at different
concentrations are one of the methods of reflecting
their biological activity. Although polyenes are well
soluble in DMSO, they are in the form of thin col-
loidal dispersions in water, whereas molecules in
ethyl, methyl alcohol solutions, and water find their
presence in disperse form (Pinisetty et al., 2012).

Figure 4 shows the UV absorption spectra of
levorin derivatives, N-diacetyl-levorin sodium salt,
levorin succinyl sodium salt, and levorin soluble in
water and methanol.

Figure 4 shows that levorin derivatives are
distinguishing by their biological activity. The
highest biological activity shows by the sodium
salt of levorin in methanol, spectrum 3, but the bi-
ological activity in water is low. The amphoteric
nature of levorin is due to the presence of one car-
boxyl and two amine groups in its molecule. It al-
lows its derivatives to remain in both alkaline and
acidic environments. Figure 5 shows the UV ab-
sorption spectrum of DMSO.

One tub contains 3 ml of ethanol and the other
tub contains 3 ml of DMSO. Temperature 24°C. As
can be seen in Figure 5, the absorption spectrum of
the DMSO is reflected in the near-UV absorption
waves. The UV spectrum of the DMSO is selected
with a maximum absorption between 240 nm-250
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nm. The gain spectrum of dimethyl sulfoxide mol-
ecules in these waves is due to the presence of the
disulfide S=0O group. Study of the complex formed
by cholesterol with polyenes by UV spectroscopy.

1%
lem

E
700

600

500

340 360 380 400 420
h.HM

Fig. 4. UV absorption spectra of levorin derivatives
soluble in water and methanol. - - in water; - methanol;
1 — N-diacetyl sodium salt of levorin; 2 — levorin suc-
cinyl sodium salt; 3 — sodium salt of levorin.

e

not change the UV absorption wavelength of poly-
enes and only changes the maximum UV absorp-
tion.

It has been shown that the addition of choles-
terol to the aqueous solution of the Philippines
changes the UV spectrum, but this member of the
spectrum does not change in the solvents. No
change in the UV spectrum occurs when choles-
terol is added to an organic solvent. According to
the effectiveness of interaction with cholesterol,
PA is in the following order: Philippine > ampho-
tericin B > etruscomycin > pimarisin > nystatin.
The structure of sterols often determines their in-
teraction with polyenes. Thus, sterols containing
the 3B-OH group are more sensitive to polyenes
than sterols containing 3a-OH or 3-keto groups.
For polyenes to interact with sterols, the antibiotic
C17 must form a hydrogen bond with the 3-OH
group of the sterins molecule. Table 2 shows the
maximum UV absorption depending on the num-
ber of double bonds of the polyene. Figure 6 shows
the UV absorption spectra of amphotericin inter-
acting with B cholesterol.

Table 2. Maximum UV absorption of polyenes depend-
ing on the number of double bonds.

Number of | The three maximum| Color
double bond| absorption in the
UV, nm
Trien 3 - -
Tetrans 4 291, 304, 318 Light yel-
low
Pentans 5 317,331, 350 Yellow
Hexans 6 340, 358, 380 Yellowish-
orange

Heptans 7 361, 382, 405 Orange

Fig. 5. UV differential absorption spectrum of DMSO.

PA is characterized by a maximum of three
absorptions due to the presence of a double-bonded
molecule in the chromophore part in water and or-
ganic solutions. Changes in the UV absorption
spectrum observed during the interaction of PA
with cholesterol. An increase in the number of dou-
ble bonds in a polyene molecule causes a change in
the UV absorption spectrum. The addition of cho-
lesterol or other sterols to an antibiotic solution
leads to a decrease in the UV absorption spectrum,
resulting in the formation of a complex between
cholesterol and PA. The presence of sterols does
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Fig. 6. UV absorption spectra of the interaction of am-
photericin with B cholesterol.
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In Fig. 6, a dark red line - UV absorption spec-
trum was obtained by adding 0.03 ml of amphoter-
icin B dissolved in 1 mg/ml DMSO to 3 ml of
DMSO in the first tub. 3 ml of ethanol solution was
added to the second tub. The blue line in Fig. 6
shows that the UV absorption spectrum was ob-
tained by adding 0.03 ml of amphotericin B dis-
solved in 1 mg/ml DMSO to the first tub and 0.5
mg of cholesterol in 3 ml of DMSO. 3 ml of ethanol
solution was added to the second tub. In Figure 6,
a bright red line - UV absorption spectrum was ob-
tained by adding 0.03 ml of amphotericin B dis-
solved in 1 mg/ml DMSO to the first tub and 1 mg
of cholesterol in 3 ml of DMSO. 3 ml of ethanol
solution was added to the second tub. In Figure 6,
the green line - UV absorption spectrum was ob-
tained by adding 0.03 ml of amphotericin B soluble
in 1 mg/ml DMSO to the first tub and 2 mg of cho-
lesterol in 3 ml of DMSO. 3 ml of ethanol solution
was added to the second tub.

The results in Figure 6 show that amphotericin
interacts with B cholesterol to reduce the concen-
tration of amphotericin B, which is reflected in the
UV absorption spectra.lt is known that DMSO
molecules facilitate the delivery of drugs from bi-
ological membranes to the cell. However, the ef-
fects of DMSO on membranes have not yet been
fully studied (Lee et al., 2016).

gt

Fig. 7. UV absorption spectra obtained from the inter-
action of levorin with cholesterol.

It recently has been shown by molecular-dy-
namic modeling that DMSO creates water pores in
biological membranes (Pinisetty et al., 2012). The
effect of DMSO on the diffusion of Ca2 + ions
from cell membranes has been studied(Jacl et al.,

2014). The increase in DMSO-induced Ca2 + per-
meability did not alter the increase in Ca2 + per-
meability due to the effects of K-channel blockers
and K-Na-ATF-aza. This means that water pores
form in the cell membranes induced by DMSO,
and Ca2 + ions are transferred to the cells through
these pores. In addition, the permeability of Ca2 +
ions increases significantly due to the high concen-
tration of DMSO, which indicates the selectivity of
water pores induced by DMSO. Thus, these studies
suggest that DMSO can induce water pores in cell
membranes and, in turn, facilitate the transport of
biologically active substances to cells.

Figure 7 shows the UV absorption spectra of
levorin were obtained from the interaction with
cholesterol.

In Fig. 7 a dark red line - 0.03 ml of levorin
solution dissolved in 1 mg/ml DMSO added to 3
ml of DMSO in the first tub. 3 ml of ethanol was
added to the second tub.

The blue line in Fig. 7 - 0.03 ml of levorin so-
lution dissolved in 1 mg/ml DMSO and 1 mg of
cholesterol in 3 ml of DMSO added to the first tub.
3 ml of ethanol added to the second tub.

The green line in Fig. 7 - 0.03 ml of levorin
solution dissolved in 1 mg/ml DMSO and 3 mg of
cholesterol in 2 ml of DMSO added to the first tub.
3 ml of ethanol added to the second tub.

As shown in Fig. 6 and Fig. 7, amphotericin B
and levorin form a complex with cholesterol, reduc-
ing the maximum amplitude of UV absorption spec-
tra. Increased cholesterol further lowers the maxi-
mum of the UV absorption spectra. The results show
that cholesterol molecules combine with the double
communication systems of amphotericin B and le-
vorin to gradually lower the maximum absorption
spectra of UV. These studies confirm the complex
formation of amphotericin B and levorin with cho-
lesterol and the molecular model of the channel (Ka-
minski, 2014; Cavassin et al., 2021).

RESULTS

The ultraviolet spectra of amphotericin B and
levorin show that amphotericin B differs from 370
nm to 420 nm and levorin from 368 nm to 410 nm
with three essential absorption spectra, which are
due to the presence of a chromophore chain in the
molecule. Amphotericin B and levorin complex
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with cholesterol reduce the maximum amplitude of
UV gain spectra. The results show that cholesterol
molecules combine with the double communica-
tion systems of amphotericin B and levorin to re-
duce the maximum amplitude of UV gain spectra.
The ultraviolet spectrum of dimethyl sulfoxide
molecules was obtained. Its gain spectrum ranges
from 240 nm to 250 nm. The gain spectrum of di-
methyl sulfoxide molecules in these waves is due
to the presence of the disulfide S=O group.
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Polien antibiotiklorinin xolesterinlo qarsiligh tasirinin tadqiqi

T.C. Pasazados, X.M. Qasimov

AMEA-nin Botanika Institutu, Baki, Azarbaycan

Membranlara tasir gostoran birlosmalardon biri polien antibiotikloridir. Polien sinfins daxil olan va yiiksok
bioloji aktivliyi ils se¢ilon asason amfoterisin B, nistatin, mikoheptin va levorindir. Poliyen antibiotiklsrinin
membranlara olan yiiksok hassasligi onlarin torkibindoki xolesterinlo baglidir. Polien antibiotiklori osas
xiisusiyyati membranlarda xolesterinla birlagarak struktur-ion kanallarinin yaradilmasidir. Polien antibioti-
klarin xolesterinlo qarsiligh tesiri ultrabandvsayi (UB) spektrlarinin alinmasi ils gdstorilmisdir. Polienlor
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ii¢ asas udlu spektri ilo forglonir vo 370 nm — 430 nm ¢oargivasinda doyisir. Amfoterisin B vo levorin xoles-
terinlo kompleks yaradaraq UB udlu spektrlorinin maksimum amplitudasini agagi salir. Alinan naticalar
onu gostarir ki, xolesterin molekullar1 amfoterisin B va levorinin qosa rabits sistemloari ilo birlosorak UB
udma spektrlorinin maksimum amplitudasini azaldir. Dimetilsulfoksid molekullarinin UB spektri alinmis-
dir. Onun udma spektri 240 nm — 250 nm dalgalarinin uzunluqu arasindadir. Dimetilsulfoksid molekullari-
nin gostarilon dalgalarda udma spektri disulfid S=O qrupunun mévcud olmasi ils baglidir.

Acgar sozlor: Levorin, amfoterisin B, xolesterin, ultrabanovsayi spektri, xolesterin-polien kompleksi.

Hccnenopanne B3auMoJeiicTBHS MOJIHMEHOBBIX AHTHOMOTHKOB € X0J1eCTEPUHOM
T.JI:x. ITama3zane, X.M. I'acbiM0OB
HUncmumym 6omanuxu HAH Azepbaiioncana, baky, Azepbatioscan

OnHUM U3 COeTMHEHHH, BIUSAIONINX Ha MEMOPaHBI, SBIISIOTCS ITOJINEHOBBIE aHTHONOTHKH. B OCHOBHOM 3TO
aMmpoTepunuH B, HICTaTHH, MEKOTENITHH U JICBOPUH, KOTOPHIE OTHOCATCS K KJIACCY MOJMEHOB M OTINYa-
FOTCSI BBICOKOW OMOJIOTHYECKON aKTHBHOCTBIO. BBICOKas 4yBCTBUTEIHHOCTH MOJIMEHOBBIX aHTHOMOTHKOB K
MeMOpaHaM OOYCJIOBIIEHa COAEPIKAIUMCS B HUX XOJECTEPHHOM. | JTaBHOH OCOOEHHOCTHIO TIOIHEHOBBIX
aHTUOMOTHUKOB SIBJISIETCS CO3JIaHUE CTPYKTYPHO-MOHHBIX KaHAJIOB B MeMOpaHax IMyTeM UX COCIUHCHHS C
XoJecTepruHOM. B3anmoeiicTBre NOJMEHOBBIX aHTUOMOTUKOB C XOJIECTEPHHOM MOKa3aHO MyTeM U3y4e-
Hus ynbpTpadroneToBsix (Y D) criektpos. [lonmeHs! pa3nuvaroTces Mo TpeM OCHOBHBIM CITEKTPaM HOTIIOIIe-
HUSI, KOTOpBIe BapbupyloT B quanazone 370 Hm — 430 HM. AmdoTepunnn B 1 neBopuH cHUKaeT Makcu-
MaJlbHYI0 aMIuuTyay Y@ crnekTpa, Oarogapsi B3auMOACHCTBUIO C XOJIECTEPUHOM. Y MEHBIIICHUE MAKCH-
MaJIbHOM aMITTUTY B! CIIEKTPOB Y D MOTIIOMIEHUS €CTh Pe3yJIbTaT B3aUMOCHCTBUS X0JIECTEPUHA C CHCTe-
MO# JBOWHBIX CBs3ell amdoTepunnaa B u neBopuHa. [TokazaHo, uto Y D-criekTp MOJIEKYI TUMETHIICY b~
(okcua HaxoAUTCs B tuana3one JuinH BostH 240 Hvm — 250 Hwm. [peanonaraeTcst, 4To MoJIydeHHBINA CIIEKTP
TIOTJIOMICHUST MOJIEKYJT TUMETHIICYITB(OKCHIa B YKa3aHHBIX JUIMHAX BOJH OOYCIIOBJIEH HAJIHMYUEM B MOJIe-
KyJne nucynbGuaHon S=O rpyIisL.

Kniouesvie cnosa: Jlesopun, amgpomepuyun B, xonecmepun, yiompaguonemogulii CHeKmp, Xo1ecmepun-
NOAUEHOBbIU KOMNILEKC
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In order to ensure food security of the population in Azerbaijan, it is important to protect natural
forage plants, effectively use, improve and prevent the process of biodiversity degradation. From this
point of view, we aimed to study the parameters of semi-desert and desert formations, fodder quality,
grazing norms, ecological assessment of semi-desert and desert formations, which are a valuable
source of fodder for livestock in the Caspian coastal areas and vegetation of Lankaran administrative
districts (southern part of the Caspian coast). The vegetation of the botanical-geographical region is
spread below sea level - below 10 meters (in Masalli region), as well as at an altitude of 27 m to 150
m. During the ecological-geobotanical researches in the Lankaran-Mugan botanical-geographical
area of Azerbaijan, phytocenoses with predominance of Petrosimonieta brachiata and Artemisietum
lerchiana-Ephemerosum were registered in the desert and semi-desert vegetation types, which are
mainly a source of natural fodder in winter pastures. A classification scheme for 6 formation groups
and 8 associations was prepared, and an “Ecological-geobotanical map of the southern part of the
Caspian coast. Scale 1: 10,000” was compiled. In the course of the study, endemic species of the Cau-
casian area - Iris musulmanica Fomin, Salsola nitraria Pall, Symphytum caucasicum M. Bieb., and
endemic species of the Azerbaijan area - Bellevalia zygomorpha Woronow and Tragopogon macropo-

gon C.A.Mey were identified.

Keywords: Ecosystems, phytocenosis, formation, association, dominant, subdominants, endemic

INTRODUCTION

As indicated in the Law on “State Land Ca-
dastre, Land Monitoring and Land Management”,
State Program on Rational Use of Summer and
Winter Pastures, Hayfields and Prevention of Des-
ertification in the Republic of Azerbaijan, as well
as, in the action plan of the "Strategic Roadmap for
the production and processing of agricultural prod-
ucts in the Republic of Azerbaijan" approved by
Presidential Decree No. 1138 dated December 6,
2016, geobotanical research in pastures has be-
come actual.

The vegetation of winter pastures is spread at an
absolute height of -22 to 50 meters above sea level.

Climatic conditions are mild-warm and steppe
type with dry summers; The average annual tem-
perature is 14.4°C and the annual rainfall reaches
300 mm.
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Vegetation groups are found in saline, saline
gray-meadow, carbonate alluvial-meadow,
meadow-swamp and sandy soils.

The main aim of the presented research was to
determine the structure, productivity, nutrition and
capacity of wormwood-ephemeral formation Arte-
misietum-Ephemerosum of semi-desert phytoceno-
sis and Petrosimonieta brachiata formation of the
most widespread desert vegetation in the state-
owned winter pastures which is a source of natural
fodder for the development of nomadic small
horned animals, mainly in the Lankaran-Mugan re-
gion.

In connection with the purpose of the scien-
tific topic were conducted geobotanical researches
in the spring, autumn and winter seasons of 2019
in the desert and semi-desert vegetation spread on
the southern Caspian coast, as well as in the winter
pastures of Lankaran-Mugan region. Moreover,

https://doi.org/10.29228/jlsb.11
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was planned to determine the following tasks. In
the next must be resolved:
—recording the species composition and struc-
ture of phytocenoses;
—compilation of modern classification;
—determination of productivity on plant
groups;
—determination of nutrition (feed quality)
based on biochemical analysis;
—calculation of the load and capacity of pas-
ture area.

MATERIALS AND METHODS

Within the territory of the Republic of Azer-
baijan, plant groups on natural forage areas within
the South Caspian coast, Lankaran-Mugan botani-
cal-geographical region (Gurbanov, 2018) are
spread in saline, saline gray-meadow, carbonate al-
luvial-meadow, meadow-swamp and sandy soils.
The Lankaran-Mugan botanical geographical area
is considered to be a source of natural fodder for
the development of nomadic sheep-breeding, as
well as a widespread desert plant in state-owned
winter pastures. Species composition, structure,
productivity, nutrition and capacity of Petrosi-
monieta and semi-desert Artemisietum-Ephemero-
sum formation were studied (Shukurov et al.,
2008). Based on the results of phytocenoses
productivity and feed quality, it was determined
that the relevant geobotanical indicators of the area
change depending on soil and climatic conditions.

Therefore, before analyzing the dynamic var-
iability of the productivity of the selected "Re-
search Objects", we studied the soil and climatic
conditions characteristic of the region, based on the
annual results of meteorological stations. (Abdul-
layev, 2007; Shikhlinsky, 2009).

During the research, geobotanical materials
collected during the field research were analyzed
by the route method, numerous herbariums were
assigned to "Flora of Azerbaijan" on the basis of
systematic taxa, and the names of the species were
specified according to Cherepanov (1995), Ask-
erov (2011), WFO (2021).

"Field geobotany" (Lavrenko, 1959-1976),
"Methods of geobotanical research of natural for-
age areas" (Hajiyev et al., 1995), "Res. Instructions

on geobotanical research of natural forage areas of
the Republic of Azerbaijan” and “Methodical in-
structions on geobotanical research of natural for-
age areas of Azerbaijan” (Agaguliyev, 2001) were
used. The productivity of winter pastures and rural
pastures used as a source of fodder for the devel-
opment of livestock in the administrative districts,
the quality of fodder were studied and the capacity
of pastures was determined.

The area is characterized by drought, as well
as the widespread use of desert and semi-desert
vegetation in the ecological conditions of desertifi-
cation. One of the factors contributing to the deser-
tification process is the degradation of vegetation
due to overgrazing of natural forage areas, as well
as fuel, construction, etc. cutting of trees and
shrubs for purposes (Ibadullayeva et al., 2012;
Hatamov, 2000). The refore, due to anthropogenic
and man-made influences in the vegetation of the
studied region, shrubs have become very sparse,
pasture productivity has decreased and nutrients
have been depleted.

Information on the improvement of natural
winter pastures in the country, including florostatic
and geobotanical studies of semi-desert and desert
plants (Hajiyev, 1995; Aliyev, 1965; Mailov, 1984;
Agadjanov, 1967; Gurbanov et al., 2012; Gur-
banov, 2004; Ibadullayeva, 2011; Shukurov et al.,
2008).

RESULTS AND DISCUSSION

According to the “General scheme of use of
natural fodder lands of the Republic of Azerbaijan
till 2005 and “Map of lands of large-scale admin-
istrative territory of Lankaran-Mugan region”, the
total area of winter pastures of the region is
22476,0 ha; of which 12552.0 ha (55.8%) are ex-
plored areas and 9924.0 ha (44.2%) are unexplored
areas (Table 1).

As shown in the table, the area of Petrosi-
monieta brachiata formation is 4550.0 ha (20.2%)
and the area of wormwood-ephemeral Artemisi-
etum lerchiana-Ephemerosum is 8002.0 ha
(35.6%). And first of all, was a task to complete of
“Ecological-geobotanical map of the southern part
of the Caspian coast (scale 1:10.000)”. According
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to geobotanical instructions and modern methodol- According to the results of phytocenological re-
ogy, our research on the southern Caspian coast, as search, 5 plant types, 5 formation classes, 6 for-
well as in the Lankaran-Mugan region, allowed us mation groups and 8 associations are widespread in
to classify the vegetation found in winter pastures. the winter pastures of the region.

Table 1. Classification and areas of winter pasture vegetation

. s . . . . Area within the border

CounterNe | Classification index |Types and formations (dominant and subdominant species) with ha with %
1 S-M1-31 Desert Vegetation 4550,0 20,2

(Petrosimonieta brachiata)
2 S-111-34 Semidesert vegetation 8002,0 35,6
(Artemisietum lerchiana-Ephemerosum )

Explored areas 12552,0 55,8
Unexplored areas 99240 442
Total area 22476,0 100,0

Classification scheme

Type

Desert vegetation ]

formation class Saline desert

[
. Halostachyseta- Petrosimonieta
formation group Kalidietum-
Petrosimoniosum | —1 !
Halostachyseta
belangeriana- Halostachyseta Kalidietum
Petrosimonieta Kalidietum belangeriana- caspicum-
brachiata caspicum- Kalidietum Petrosimoniosu
Petrosimoniosum caspicum m brachiata

ASs. group

111.Semidesert
(Hemideserta)
vegetation type

. Type of coastal sand 1V.Hollow-meadow V. Water-swamp

vegetation type vegetation type

vegetation

( N s 1 N\ ' 2
Litoral
. Depressed-
Convolvuletum- Wornoveod semi- P . Grass-reed
— —  meadow-like
Argusiosum desert formation class. A formation class
. Sormation group .
formation class
. - \_ J e
4 A g O ' N
’ Wornowood-ephemera . y
Convolvuletum- (Artemisi fmm Alhagietum- Thyphaetum-
—  Argusiosum = Fp he:m;mwm ) —  Cynodonosum —  Plragmitosum
ormation group. - ke ormation grou ormation grou
f group. Sformation group f group f group
. / L L. A . "y
q N r Alhagiet: h " N
Convolvuletum P .. agietum Typhaetum
persicum- ;‘ten;'l:wetum pseudoalhagi- angustifolia-

— ; — erchiana- — A
Argusiosum Ephemerosum ass. 63’””‘110”“"’” Phragmitosum
sogdiana ass. actylon ass. australis ass.

. - \_ J .
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Map 1. Ecological-geobotanical map of the southern part of the Caspian coast. Scalel: 10,000; 2018.
Institute of Botany of the National Academy of Sciences of Azerbaijan; Compiled by: Corresponding Member of
ANAS E.M. Gurbanov, Doctor of Philosophy in Biology H.Z. Huseynova

A brief description of the species composition
and structure of the studied Petrosimonieta and Ar-
temisietum-Ephemerosum formations is given be-
low.

Petrosimonieta phytocenosis is found as an
indicator formation in saline soils. 16 species were
recorded in the formation composition. Of these, 2
species (12.5%) belong to shrubs, 1 species (6.3%)
to small semi-shrub, 6 species (37.5%) to cereal
grass and 7 species (43.7%) to various grass spe-
cies.

The monodominant of this formation is Petro-
simonia brachiata (Pall.) Bunge., The abundance
of which is estimated at 3-4 points.

According to the geobotanical description, the
phytocenosis is single-storey and the average
height of grass cover reaches 10-30 cm. The over-
all design or projective coverage corresponds to
40-60%. The productivity of the formation is 8.6
cent/ha in dry mass ingested.

The average annual productivity of the Petro-
simonieta formation was (20.IV) -2.05s / ha

(23.3%) cereal grasses, 1.2s / ha (13.9%) legumes
in the spring of the year (for 2019) and 2.8 s / ha
(32.6%) and 2.6 s /ha (30.2%) various grass species
in the fall.

As a result of biochemical analysis, hygro-
scopic moisture, crude ash, crude protein, crude
fat, crude cellulose were detected, as well as nitro-
gen-free extractives, feed unit and assimilated pro-
tein were calculated based on the results of these
analyzes. Therefore, the productivity and feed unit
for the identified formations was considered the
main criterion in the "plant block". In this regard,
the formations are divided into quality groups
(good, medium and low categories) according to
their nutritional value and productivity. Based on
the biochemical parameters of phytocenoses, the
conversion of crude ash (A1), protein (P1), fat (F1)
and nitrogen-free extractives (N1) in each for-
mation is calculated according to the following for-
mula:
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Table 2. Area of winter pastures by formations, productivity, nutrition and pasture capacity

Pasture capacity
L
s 5 Area within the border . |In100 kg of dry feed, (at the expense of
<2 T , Productivity (in in kg .
Ne 2 E p;’slli :e dry mass the main herd)
= -
2 S ha % cent/ha) Fodc_ier Assnmlla:lted one ha | Total area
unit protein
1 Petrosimonieta Saline 4550,0 20,2 8.6 32,8 3,3 1,0 4550
Wormwood- Clean 8002,0 35,6 10,4 442 4,5 1,7 13603
ephemeral
Explored area 12552,0 55,8
Unexplored area 9924,0 442
Total area 22476,0 100,0
_ Px100 are Artemisia lerchiana and on the second floor
1" d-m "’ there are ephemerals mentioned earlier. The aver-

P; - absolute dry matter protein (in%), P -
crude protein per 100 g of dry mass in air (in%),
d'm - dry matter (in%) in the mass of edible dry
grass.

It should be noted that A1, F1, N1 are calcu-
lated in the same way as above.

According to the laboratory analysis of the
main fodder plants, the biochemical composition
of the phytocenosis has a hygroscopic moisture of
12.0%, ash in absolute dry matter 9.4%, protein
6.8%, fat 2.4%, cellulose 33.9%, NFE-35.5%, the
feed unit per 100 kg of feed is 32.8 kg and the as-
similated protein is 3.3 g (Table 2).

Taking into account the nutrition of the for-
mation in the field of Petrosimonieta of the South
Caspian coast fodder unit (per 100 kg of fodder)
productivity (8.6 s/ha), grazing period (210 days),
daily fodder norm of cattle (1.3 fodder units), the
load of Petrosimonieta (1 head per hectare), the ca-
pacity was determined to be 4550 heads.

2. Artemisietum Ephemerosum phytocenosis
is found in saline gray-meadow soils. There are 21
species of plants in the formation, of which 1 spe-
cies (4.8%) is semi-shrub, 1 species (4.8%) is small
semi-shrub, 7 species (33.3%) are cereal grasses,
and 12 species (57.1%) are various species grass.

Abundance of edificator of the formation, as
well as subdominant type Artemisia lerchiana
Web. 2-3 points; dominant species-(Eremopyrum
orientale (L.) Jaub.et Spach) Lolium rigidum
Gaudin., Rabbit barley (Hordeum leporinum
Link.), etc. are ephemerals, the abundance of
which is 3-4 points.

According to the structure of the phytoceno-
sis, the tier is two-storied; On the first floor there
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age height of grass cover reaches 10-40 cm. The
total project coverage is 70-90%.

The productivity of the formation is 10.4 s / ha
per dry ingested mass.

The productivity of this formation by botani-
cal groups in the spring of 2019 was 2.2 s/ha
(21.1%) of cereal grass, 1.4 s/ha (13.5%) of leg-
umes; 3.8 s/ha (36.6%) in autumn and 3.0 s/ha
(28.8 s/ha) various species grass in winter.

The biochemical composition of the phytoce-
nosis in which forage crops are found is 13.0% of
hygroscopic moisture, 6.6% of ash in absolute dry
matter, 8.9% of protein, 2.7% of fat, 26.8% of cel-
lulose, 42.0% of NFE; the feed unit of 100 kg of
fodder plant is 44.2 kg and the assimilated protein
is4.5g.

Taking into account the nutrient content of the
formation (feed unit per 100 kg of feed), produc-
tivity (10.4 s/ha), grazing period (210 days), daily
feed rate (for cattle), the load of winter pasture is
1.7 heads per hectare, and the total area is 13603
heads was determined.

Thus, it is recommended to graze 18,153
heads of small cattle in the winter pastures sur-
veyed in the Neftchala region on the South Caspian
coast.

Based on the geobotanical characteristics of
desert and semi-desert vegetation spread on the
studied South Caspian coast, we recommend the
following measures for scientifically and practi-
cally efficient use and improvement of winter pas-
tures:

—carrying out autumn (partial) grazing by in-

dividuals and legal entities with the applica-
tion of pasture rotation;
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—implementation of root and surface im-
provement measures in pastures subject to
salinization and salinization;

—sowing of valuable fodder (wild and culti-
vated) plants adapted to soil and climatic
conditions, as well as provision of organic
and mineral fertilizers in accordance with
agro-technical rules;

—-proper (efficient) use of pastures during the
vegetation period of fodder crops after veg-
etation restoration.

The study analyzed the classification of de-
sert, coastal sandy, semi-desert, meadow and wet-
land vegetation types found in winter pastures in
Lankaran-Mugan region up to formation class, for-
mation group and association groups and deter-
mined their phytocenological composition.

The productivity of some formations found in
the region was studied, the amount of dry fodder
mass was determined.

The application of these mentioned measures
in the pastures of the South Caspian coast will cre-
ate a basis for the protection of natural phytoceno-
ses and wild flora, as well as the protection of the
environment.
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Lankaran-Mugan botaniki-cografi rayonunun qis otlaglarun tasnifati vo mahsuldarhg:
E.M. Qurbanov, H.Z.Hiiseynova
Baki Déviat Universiteti, Baki, Azorbaycan

Azarbaycanda shalinin arzaq tohliikesizliyini tomin etmak {igiin tobii yem sahslori bitkiliyinin qorunmast,
biomiixtalifliyin somorali istifadosi, yaxsilasdirilmasi vo degradasiya prosesinin qarsisinin alinmasi {igiin
elmi-praktiki osaslarin iglonilmasi vacibdir. Bu baximdan Xozar sahili Lonkoran-Mugan botaniki-cografi
orazisinds heyvandarligin deyarli yem monbayi sayilan yarimsohra va sohra fitosenozlariin mohsuldarli-
ginin dinamikasi, yem keyfiyyoti, otarma normasi vo torpaqlarmin ekoloji giymotlondirilmosi iizro para-
metrlorinin aragdirilmasi qarsiya moqsad olaraq qoyulmusdur. Conubi Xozor sahilinin Lonkoran-Mugan
botaniki-cografi rayonunun qis otlaglarinda ekoloji-geobotaniki tadgiqatlar ilk dofs terafimizden aparilmis-
dir. Tadqigat naticoesindo orazisindo qeyde alinan kdcori qoyungulugun inkisafi {i¢iin tobii yem monbayi
hesab olunan, eloca do dovlat miilkiyystinds saxlanilan qis otlaglarinda an genis yayilmis sohra bitkiliyinin
qisotuluq ( Petrosimonieta) vo yarimsohra fitosenozun yovsanlh-efemerlik (Artemisietum-Ephemerosum)
formasiyalarinin név torkibi, qurulusu, mohsuldarligi, qidaliligi ve tutumu dyronilmisdir. Qeyd edilon for-
masiyalarin qis otlaglarinda tosifastina osason 5 bitkilik tipi, 5 formasiya sinfi, 6 formasiya qrupu vo 8
assosiasiyalarda tomsil olundugu askar olunub. Eyni zamanda ‘“Xozar sahilinin conub hissasinin ekoloji-
geobotanik xoritasi” (Miqyas 1: 10 000) torafimizdan tortib edilmisdir. Todqigat zamani srazinin bitkiliyin-
do Qafqaz arealli endemiklordon—/ris musulmanica, Salsola, nitraria, Seymphytum caucasicum, Azarbay-
can arealli endemiklarden—Bellavalia zigomorfa vo Tragopogon macropogon névlari agkar olunmusdur.

Acar sozlar: Ekosistemlor, fitosenoz, formasiya, assosiasiya, dominant, subdominantlar, endemik

Kaaccupukauus u npogyKTUBHOCTD 3UMHMX nactoni Jlenkopans-Myranckoro
0oTaHMKoO-reorpaguueckoro paiiona

E.M. I'yp6anos, X.3. I'yceiinoBa

Baxunckuii cocyoapcmeennwiil ynueepcumem, baxy, Azepbaiioscan

Jnst obecriedyeHus MPOAOBOIBCTBEHHOH O€30MacHOCTH HaceleHUs B AsepOaiikaHe BaKHO 3allIMIIATh
€CTECTBEHHBIC KOPMOBBIC pacTeHusl, 3(H()EKTHBHO UCTOIB30BATh, YIIyYIIaTh U MPEAOTBPAIIATh MPOLECC
nerpaganuu 6uopaszHoo6Opasus. C 3TOH TOUKH 3pSHHS Halla [elb 3aKI0Yallach B U3yYEeHUH MapaMeTpoB
MONTYITYCTBIHHBIX U IyCTBIHHBIX (PUTOIIEHO30B, KadyecTBa KOPMOB, HOPM BBITIACa, SKOJIOTUIECKON OIEHKE
MOJIYIYCTBIHHBIX M MYCTBHIHHBIX (DUTOIIEHO30B, KOTOPBIC SIBJISIOTCS I[CHHBIM HMCTOYHHUKOM KOPMOB JIJISt
CKOTa B MPHUOPEKHBIX paiionax Kacmus, a Takke OIICHKE PACTUTEIBHOCTH aJMHHUCTPATUBHBIX PaliOHOB
Jlenkopanp-MyraHckoi OoTaHMKO-TeorpadudecKoil 30HBI (FokHasS dacTh mobepekbs Kacmus). B xome
9KOJIOTO-Te000TaHNYECKUX HcclienoBannii B JleHKopaHb-MyraHckoil GOTaHHMKO-reorpauueckoil 30He
A3zepOaiikana ObLUTH 3apEeTUCTPUPOBAHBI (PUTOIICHO3BI ¢ mpeoOnananuem Petrosimonieta brachiata u
Artemisietum lerchiana-Ephemerosum B IyCTBIHHOM U TIOJIYITyCTBIHHOM THITaX PACTHTEIBHOCTH, KOTOpPEIE
B OCHOBHOM SIBJISTFOTCS] ICTOYHUKOM €CTECTBEHHBIX KOPMOB Ha 3MMHUX nacTounmmax. Pazpaborana xinaccu-
(ukanmoHHas cxema Juis 6 rpymnn GpopManuii u 8 accoruanui, a Takxke « IK0JI0ro-reod0TaHnYECKas KapTa
I0)KHOU vacT nobepexnst Kacrmiickoro mops. Macmrad 1: 10000». B xone nccienoBanus ObLUTH BBISB-
JeHBl BHUIBI JSHACMHUKOB KaBkaszckoro apeama - [ris musulmanica, Salsola, nitraria, Seymphytum
caucasicum v YHIeMUKHN A3epbaiikaHckoro apeana - Bellavalia zygomorph u Tragopogon macropogon.

Knroueswie cnosa: dxocucmema, pumoyenos, popmayus, accoyuayusi, OOMUHAHMbL, CYOOOMUHAHMbI, IH-
oemMuKu
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The article presents materials about the species composition, the number, the density, the
distribution of the sedentary birds and the factors affecting them in the mountain-forest belt of Talish
in winter in 2013-2016. 54 species belonging in 6 orders are noted in the part of the winter
ornithocomplexes of the mountain-forest belt of Talish. The total number of the 54 species of the
sedentary birds amounted to 149781 individuals. Of the 54 species that we noted, 8 species are rare,
17 are ordinary, 29 are numerous. 54 registered bird species have a global and national conservation
status and are included in the lists of the CITES, Bonn and Bern Conventions. Only 6 (11.1%) of the
54 bird species have no conservation status. According to the species composition and the total
number of the winter ornithocomplexes, the main dominant birds are the species belonging to the
order of the Sparrows (Passeriformes). These birds make up 66.7% (36 species) of all registered
species and 84.3% (126209 individuals) of the total number of the birds. The dominant species in
terms of the number of the individuals is the Common Greenfinch (Chloris chloris). The main limiting
factors are the felling the trees due to the construction of gas pipelines and roads to settlements, the
creation of the recreation and the tourism zones in the forests, grazing and illegal hunting of the
birds. Such an anthropogenic impact leads to a gradual reduction in the number of the habitats and
places for feeding of vulnerable species.

Keywords: Talish Mountains, sedentary birds, species, number, density, factor

INTRODUCTION

The continuous, multi-year research work
has not been conducted about the sedentary birds
in the mountain-forest belt of Talish. E.Menetries
(1830) made observations around Lankaran and
Talish and gave a vertical distribution table of the
birds (Menetries, 1832 ). N.Dinnik described the
birds which he recorded in Lankaran and Talish
Mountains in his articles written in 1889 and
1912 (Dinnik, 1899). In 1980, Ch.Aghayeva was
satisfied with the general registration of the birds
in the forest strip of Talish (Aghayeva, 1980).
T.Karimov (2004) recorded a Cinereous Vulture
(Karimov et al., 2019). The data of these authors
are outdated in terms of modernity and do not
allow to assess the current state of ornithofauna
in the region. That is why, there is a need for

https://doi.org/10.29228/jlsb.12
Available online 30 June 2021

research work to assess the current state of
ornithofauna in the region.

Taking into account the above-mentioned,
we studied the distribution, the species compo-
sition and the number of the sedentary birds form-
ing winter ornithocomplexes in the mountain-
forest belt of Talish.

MATERIALS AND METHODS

The researches were conducted in the 12
stationaries with a total area of 60 km? in winter
of 2013-2016 (Figure). 36 expeditions were
organized to the research area and 110 working
days were spent to the observations and
registrations. The species of the birds were
identified according to the identification books
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Fig. The schematic map of the research area.

(Mustafayev et al., 2005; Hermann et al., 1995) and
the sounds of the birds. Route and the stationary
observation methods were used (Sultanov et al.,
2008). The category of the species by population
density is based to A.P.Kuzyakin (Kuzyakin, 1962)
and to G.T.Mustafayev (Mustafayev, 1985): a
population of 0.1-0.9 individuals per 1 km* was
accepted rare; a population of 1-9 individuals was
accepted as ordinary, and a population of more than
10 individuals per area was accepted as numerous.

RESULTS AND DISCUSSION

During research, 54 species of the birds with
a total number of 149781 individuals were
recorded in winter in the mountain-forest belt of
Talish (Table). In addition to 6 species, other
species are the birds with protected status.

Of the 54 sedentary species, 8 species are rare,
17 are ordinary and 29 are numerous. Due to the
differences the natural conditions of the station-
aries where the research was conducted, we present
a separate analysis of the ornithofauna there.

Zungulash. It is located in the North of the
Astarachay bed. The habitat biotopes of the birds
consists of the high tier forests, from the
shrubberies, from the gardens next to the yard and
from the plantations.
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We have recorded 50 of the 54 species of the
birds in this area which we recorded in winter in
the mountain-forest belt of Talish. In 2013-2016,
in the mountain-forest belt of Talish, 17.5% (26160
individuals) of the total number of the birds
(149781 individuals) settled in this area in winter
(Table).

Shuvi. This stationary is located in the Astara
region. The habitat biotopes of the birds consists of
mainly from the shrubberies.

We have recorded 48 species of the 54 species
of the birds in this area which we recorded in
winter in the mountain-forest belt of Talish. In
winter, 16.3% (24389 individuals) of the total
number of the individuals (149781 individuals)
settled in this area (Table).

Tangarud. This stationary is located 18 km
North from the city of Astara, on the Baku-Astara
highway, at the foot of the Talish Mountains.

We have recorded 50 species of the 54 species
of the birds in this area which we recorded in
winter in the mountain-forest belt of Talish. In
2013-2016, in the mountain-forest belt of Talish,
7.4% (11073 individuals) of the total number of the
birds (149781 individuals) settled in this area in
winter (Table).

Palikash. This stationary is located 40 km
from the center of the Astara region.
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We have recorded 46 of the 54 species of the
birds in this area which we recorded in winter in
the mountain-forest belt of Talish. In 2013-2016,
in the mountain-forest belt of Talish, 5.5% (8299
individuals) of the total number of the birds
(149781 individuals) settled in this area in winter
(Table).

Haftoni. This stationary is an urban
settlement located 12 km West of the Lankaran
district.

We have recorded 47 species of the 54 species
of the birds in this area which we recorded in
winter in the mountain-forest belt of Talish. In
2013-2016, in the mountain-forest belt of Talish,
15.3% (22866 individuals) of the total number of
the birds (149781 individuals) settled in this area
in winter (Table).

Rvo. This stationary is located on the
Lankaran-Lerik highway, South-West of the center

of the Lankaran region, near the mountain of
Ballabur. We have recorded 49 of the 54 species of
the birds in this area which we recorded in winter
in the mountain-forest belt of Talish. In 2013-2016,
in the mountain-forest belt of Talish, 14.3% (21446
individuals) of the total number of the birds
(149781 individuals) settled in this area in winter
(Table).

Osakucha. This stationary is located 17 km
West of the city of Lankaran, at the foot of the
Talish Mountains, on the bank of the Veravulchay.

We have registered 42 species of the 54
species of the birds in this area which we recorded
in winter in the mountain-forest belt of Talish. In
2013-2016, in the mountain-forest belt of Talish,
4.6% (6910 individuals) of the total number of the
birds (149781 individuals) settled in this area in
winter (Table).

Table. The quantitative indicators of the sedentary birds in winter in the mountain-forest belt (individual)

(2013-2016)
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| B8 | el EE|E|E| 5|5 zz|ee
. Protection | © | 2 | v | @ | 2 g o || 2|2 2| ol 8% =%
Ne Species =1 @ SO e “lslelz| < ) ==
status 7 = 'g = — = = =] = -~ = S°e|8¢°
sl s | £ %¢| g . s | B | ™| E|l = | |85 |8%
2 = S i = > ] = s s = E|l o2 | o=
) = on = = & =< Iz = = = = = g | = =
|~ & £ é 2 5 S| A = Q| == |2
< = | A~ & | & " © = =
1 2 3 4 5 6 7 8 9 10 11 | 12 | 13 14 15 16 17
Eurasian
1. | Goshwak- | RBA,CITES, | o 1/ 5| | 3 | 3 | o | 4|3 |5|4]|2]ss]|%
Accipiter Bern, Bonn =
gentilis
Common
2. | Buzzard- | CTTES:Bermio l 1| 6 | 4 7 o |12lo 14| 7 | 5]|185]
Bonn —
Buteo buteo
Golden Eagle-
3. Aquila RBA, CITES, 0 0 2 0 0 3 0 4 0 3 2 0 3,5 S
Bern, Bonn =
chrysaetos
Black IUCN Red
Vulture- List, RBA, ]
4. Aegypius CITES, Bemn, 0 0 4 0 0 5 0 6 0 5 0 0 5 e
monachus Bonn
5. Griffon RBA, -
Vulture- CITES, 5 0 2 0 0 0 4 11|10 5 0 0 | 6,75 gn
Gyps fulvus | Bern, Bonn
6. Common Bern
Pheasant- 6lolol2]o oo |a|l2]|5]01]0ars|n
Phasianus =
colchicus
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Continued table
1 2 3 4 5 6 7 8 9 10 11 | 12 | 13 14 15 16 17

Common Wood
7. Pigeon- - 78 | 6 |18 21| 0 | 0 | 0 |48 |61 | 9 | 28 |15] 71
Columba
palumbus
g, | RockDove- Bern |2500(1400| 700 | 91 | 1180 | 1100 | 200 | 850 | 580|970 | 50 | 129 |2437,5
Columba livia
Collared Dove-
9. Streptopelia Bern 10 | 29 0 0 4 8 14 0 0 0 9 3 119,25
decaocto
Eurasian Eagle | CITES,
Owl-Bubo bubo Bern
Long-eared CITES,
Owl-Asio otus Bern
Little Owl- CITES,
Athene noctua Bern
Tawny Owl- CITES,
Strix aluco Bern
Eurasian Green
14. Woodpecker- Bern 1900| 800 {1211[1190| 1200 | 250 | 950 | 670 | 581 | 618 | 280 | 100 |2437,5
Picus viridis
Black
Woodpecker-
Dryocopus
martius
Great Spotted
Woodpecker-
Dendrocopos
major
Syrian
Woodpecker-
Dendrocopos
syriacus
Lesser Spotted
Woodpecker-
Dendrocopos
minor
Crested Lark-
19. Galerida Bern 250 [ 150 | 60 | 48 | 34 | 290 0 90 | 85 | 8 15 | 60 | 272,5
cristata
Calandra Lark-
20. | Melanocorypha Bern 280 | 140 | 58 | 98 11 83 109 | 218 | 100|100 | 58 | 80 |333,75
calandra
21. WoodLark- Bern 304 | 280 | 630 | 110 | 215 | 298 | 300 |285|218 |315| 298 | 7 815
Lullula arborea
Jay-Garrulus
22. .
glandarius
23. Magpie-Pica
pica
24, Eurasian
Jackdaw-
Coloeus
monedula
25, | Hooded Crow- - 58 | 60 | 30 | 26 | 48 | 54 | 32 |43 |24 | 22| 25 | 28 | 1125
Corvus cornix
Raven-Corvus

26. Bern 13 8 14 | 11 5 6 0 19 119 8 6 4 | 28,25
corax

4,73

162,5

1,28

10. 5 4 5 0 4 2 0 5 1 3 0 2 | 7,75

11. 0 5 0 6 2 4 6 4 5 6 4 0 10,5

12. 11 7 13 0 17 21 11 7 | 10 | 16 0 6 | 29,75

13. 23 | 12 | 2 8 21 19 0 0 4 | 14 4 0 | 26,75

1,78 (1,98] 0,7 [ 0,51

162,5

15. Bern 17 6 | 28 | 4 2 0 11 19 | 10 | 12 8 0 |2925

1,95

16. Bern 1121 98 | 90 | 13 | 110 | 28 4 110 21 | 98 | 31 0 (178,75

11,91

17. Bern 18 | 21 9 0 18 0 7 1110 |14 7 5| 275

1,83

18. Bern 180 | 300 | 400 | 50 | 150 | 120 | 210 | 200|300 |172| 140 | 60 | 570,5

38,03

18,16

Bern 109 | 98 | 101 | 93 | 128 | 84 | 100 (180|100 | 18 | 49 | 40 | 275

4,75 (18,33|54,33| 22,25

- 28 | 34 6 | 41 90 13 20 | 18 | 7 4 14 | 10 | 71,25

- 9 | 63 | 0 |[110| 98 60 0 0 0 0 38 | 14 118,25

7,88

1,88 7,5
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Continued table
1 2 3 456|789 [10[1n][12[13]14[15] 16 | 17
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O
30, |Golderest-Regulus|  Bern, 15 o | ey | 147 | 53 | 300 | 218 | 48 |50 | 81|32 11 | 6 |3625 ")
regulus Bonn N
European Robin- Bern
31. Erithacus > 1310 (250 | 144 | 58 | 280 | 300 | 57 |180|100| 30 | 21 |10 | 435 | &
Bonn
rubecula
. O
32, |  Ring Ouzel- Bern, 1 300 | 310 [ 108 | 92 [ 250 [ 270 | 9 [ 52|41 | 22| 50 | 36| 385 | &
Turdus torquatus | Bonn Q
on
33, | Song Thrush- | Bem, | 550 | 390 | 150 [ 110 | 215 | 300 | 64 | 52| 60 | 28 | 211 |250| 545 | &
Turdus philomelos| Bonn 2
34, | Mistle Thrush- | Bern, | 014561 199 | 78 [ 210 | 180 | 30 | 31 |38 | 22| 79 | 39 |283.75| &
Turdus viscivorus Bonn =
Long-tailed Tit- o
35.|  Aegithalos Bern | 231|281 | 28 [139] 220 | 180 | 70 |42 | 53 | 48 | 70 | 68 | 3575 | %
caudatus o
36. |  Cospian Tit- Bem | 6| 7|8 |1 |3 |3 [o0o]ololo|olo| 7 |%
Poecile hyrcanus =)
Coal Tit- )
37. . Bern | 660 | 590 | 260 | 320 | 450 | 500 | 48 | 90 | 31 | 28 | 113 | 120 802,5 |
Periparus ater "
. Ne)
38, | GreatTitParus | g 11670[1700| 870 | 290 | 1600 | 1570 | 409 210|115 | 156 | 280 |230| 2275 | =
major %
Eurasian e
39. | Nuthatch-Sita | Bern |1686]1900| 910 | 310 [ 2600 | 2000 | 100 | 38 | 44 | 61 | 70 | 81 | 2450 | e
europaea —
Western Rock “
40. | Nuthatch-Sitta | Bern | 103 | 90 |250 | 180 | 82 | 110 | 90 | 98 | 84 [110| 38 | 40 |318,75|
neumayer N
Wallcreeper- ©
41. | Tichodroma Bern | 38 |41 | 18 29| 39 |21 | 14 |18 |21 |22| 10 | 9| 70 | &
muraria
42. Eurasian -
Treecreeper- - 1610(1715| 500 | 500 | 1700 | 1915 | 250 | 210|370 [ 120 | 400 |310| 2400 | 2
Certhia familiaris
43. | House Sparrow- @
Passer domesticus| - 2500|2400 500 | 800 | 3000 | 2941 | 1000 | 300 | 350 [ 109 | 1000 | 600 | 3875 | o
[q\l
44, Eurasian Tree g
Sparrow-Passer | Bern | 1400| 970 | 250 [ 700 | 250 | 180 | 650 | 600 [470 [ 100 | 370 | 460 | 1600 | <
montanus —
g5, | Rock Spamow- g3 oy | 73 {47 | 0 | 15 | 62 |74 |18 [110] 0 | 0 |10825 &
Petronia petronia o~
Common Q
46. |  Chaffinch- Bern 2300|2800 360 | 280 | 2050 | 2000 | 161 | 209 | 400 280 | 700 |810|3087,5|
Fringilla coelebs N
Common ]
47.| Greenfinch- Bern [3000{29001000| 800 | 3000 2730 | 500 | 160 | 210 [ 180 | 900 | 720 | 4025 | o
Chloris chloris N
R =
48, | Purasian Siskin- |0 y00011200( 500 | 300 | 950 | 1000 | 160 | 175 | 181 | 148 | 100 | 86 | 1450 | &
Spinus spinus X
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Continued table
1 2 3 4 5 6 7 8 9 10 11 | 12 | 13 14 15 16 17
European
49, | Goldfinch- Bern | 388 | 450 | 200 | 380 | 410 | 300 | 200 | 90 | 75 | 89 | 100 | 78 | 690 |
Carduelis
carduelis
Eurasian Linnet- o
50. Linaria Bern 1100| 965 | 215 | 310 | 600 | 780 | 510 {200 (215|150 | 350 |285| 1420 :“
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51| Bullfinch- Bern 0|0 ]5s50]|14] 0 |30 |8 |50[s58[20/ 0 0] 78 |
Pyrrhula
pyrrhula
Hawfinch- ©
52. | Coccothraustes Bern 700 | 950 | 770 | 410 | 915 | 900 | 270 | 600 | 715|410| 150 |120|1727,5 2“
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Corn Bunting- v
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Note: RBA-The Red Book of Azerbaijan; IUCN Red List-The International Union for Conservation of Nature (IUCN) Red

List; CITES, Bern, Bonn-conventions.

Bursulum. This stationary is located 70 km
from the center of the Lerik district.

We have recorded 50 species of the 54 species
of the birds in this area which we recorded in
winter in the mountain-forest belt of Talish. In
2013-2016, in the mountain-forest belt of Talish,
4.4% (6534 individuals) of the total number of the
birds (149781 individuals) settled in this area in
winter (Table).

Babagil. This stationary is located 40 km to
the Lankaran-Lerik highway, by the Lankaranchay
in the Lerik district.

We have recorded 46 species of the 54 species
of the birds in this area which we recorded in
winter in the mountain-forest belt of Talish. In
2013-2016, in the mountain-forest belt of Talish,
4% (6016 individuals) of the total number of the
birds (149781 individuals) settled in this area in
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winter (Table).

Dillavu. This stationary is located in the Lerik
district. We have registered 51 species of the 54
species of the birds in this area which we recorded
in winter in the mountain-forest belt of Talish. In
2013-2016, in the mountain-forest belt of Talish,
3.3% (4894 individuals) of the total number of the
birds (149781 individuals) settled in this area in
winter (Table).

Tukla. This stationary is located in the
Masalli district.

We have recorded 43 species of the 54 species
of the birds in this area which we recorded in
winter in the mountain-forest belt of Talish. In
2013-2016, in the mountain-forest belt of Talish,
4.1% (6182 individuals) of the total number of the
birds (149781 individuals) settled in this area in
winter (Table).
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Godman. This stationary is located in the
Masalli district.

We have recorded 40 species of the 54 species

of the birds in this area which we recorded in
winter in the mountain-forest belt of Talish. In
2013-2016, in the mountain-forest belt of Talish,
3.3% (5012 individuals) of the total number of the
birds (149781 individuals) settled in this area in
winter (Table).
In general, the trophic conditions of the biotopes,
the anthropogenic factors, the ecological and the
ethological characteristics (the adaptation of the
species to the specific conditions, the number of
the enemies and the feed rivals, the number of
shelters, the feed objects and access to them, the
anthropogenic impacts, etc.) were influenced to the
number and the density of the species in the
researching stationary. The dominance of the
Sparrows is due namely to their better adaptation
to the natural conditions of the mountain-forest belt
of Talish in the researching stationary.

RESULTS

1. 54 species belonging to the 6 groups were
registered as part of the winter ornitho-
complexes of the mountain-forest belt of Talish.
The total number of the 54 species of the
sedentary birds was 149781 individuals.

2. Of'the 54 species that we recorded, 8 species are
rare, 17 are ordinary, and 29 are numerous.

3. 54 registered species of the birds have global,
national protection status and were included to
the lists of CITES, Bonn and Bern conventions.
Only 6 (11.1%) of the 54 species of the birds do
not have protection status.

4. The main dominant birds according to the
species composition and the total number of
winter ornithocomplexes are the species be-
longing to the order Sparrows (Passeriformes).
These birds constitutes 66.7% of all registered
species (36 species) and 84.3% of the total
number of the birds (126209 individuals). The
dominant species according to the number of
the individuals is the Common Greenfinch
(Chloris chloris).

5. It was determined that the feeding (trophic
conditions), protection from the enemies,

overnight stay, the recreation conditions,
including the anthropogenic factors as recrea-
tion in forest areas, tourist centers, cattle
grazing, illegal bird hunting, road construction
affects to the species composition and the
density in the ornithocomplexes. All this fac-
tors, first of all, have a negative impact to the
trophic relationships with the biotope and the
numbers of the species that are more sensitive
to the anthropogenic impacts and the threats.
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Talisin dag-mess qursaginda qis ornitokomplekslarini formalasdiran oturaq quslarin
nov torkibi vo komiyyat gostaricilori

S.S. Racabova
AMEA-nin Zoologiya Institutu, Baki, Azarbaycan

Mogqalodo Talisin dag-meso qursaginda qisda 2013-2016-c1 illords oturaq quslarin név torkibi, say1, sixligi,
yayilmasi va onlara tasir eden amiller haqqinda materiallar toqdim edilmisdir. Talisin dag-meso qursaginin
qis ornitokomplekslarinin torkibinds 6 dostays mansub 54 név qeyds alinmigdir. 54 nov oturaq qusun timu-
mi say1 149781 ford togkil etmisdir. Qeydo aldigimiz 54 ndviin 8-i nadir, 17-si adi sayli, 29-u iso ¢oxsaylidir.
Qeydo alinan 54 nov qus qlobal, milli miihafizs statuslarina malikdir, CITES, Bonn va Bern konvensiyala-
rinin siyahilarina daxil edilmisdir. 54 név qusun yalniz 6-s1 (11,1%-1) miihafizo statusuna malik deyildir.
Qs ornitokompleklorinin nov torkibine vo timumi saylarina gore asas dominant quslar Sor¢okimilor (Pas-
seriformes) dastasina mansub olan ndvlardir. Bu quslar geyds alian biitiin novlarin 66,7%-ini (36 nov),
quslarin imumi saymin 84,3 %-ini (126209 ford) toskil edir. Fordlorinin sayina gére dominant név Adi
yasilcadir (Chloris chloris). Miiayyan edildi ki, ornitokomplekslords quslarin név torkibine vo sixligina
yemlonmo (trofik sorait), diigmonlorindon qorunma, gecolomo, istirahot soraitlori, o ciimlodon, meso zona-
larinda istirahat, turizm moarkazlarinin, mal-qara otarilmasi, qanunsuz qus ovu, yol ¢akilisi kimi antropogen
amillor tasir gostorir. Biitiin bu amillar, ilk ndvbads, antropogen tosirlors, tohliikolors daha hassas olan nov-
lorin biotopla trofik olagoaloring, saylarina monfi tosir gostorir.

Acar sozlor: Talis daglari, oturaq quslar, név, say, sixlq, faktor

BuioBoii cocTaB U MoOKa3aTeIH KOJIUYECTBA 0CEAIbIX NTHL, (POPMUPYIOIIUX 3UMHHE
OPHUTOKOMILJIEKCHI B TOPHO-J1eCHOM nosice Tasnbima

C.C. PagxaGoBa
Hucmumym 300n0euu HAH Azepbatioscana, baxy, Azepbatioscan

B craTthe mpeacTaBiieHbl MaTepHallbl O BUJOBOM COCTaBE, YUCICHHOCTH, IJIOTHOCTH, PACIPOCTPAHCHUU
OCEJUTBIX IITHUI] ¥ BIUSIONINX Ha HUX (paKkTOpax B TOPHO-JIECHOM Tosice Taunblma B 3uMHue iepuo st 2013-
2016 romoB. B cocraBe 3MMHHX OPHHTOKOMILIEKCOB TajBIIICKOTO TOPHO-JIECHOTO TOSICA OTMCUCHBI
BKIIIOUEHHBIE B 6 oTpsinoB 54 Buaa. O0mee yrcio ocobeid u3 54 BUAOB oceambIX NTHL cocTaBuio 149781.
U3 54 Bu0B, OTMEYEHHBIX HAMH, 8 BU/IOB, SBISIOTCS PEAKUMH, 17 — OOBIYHBIMH, 29 — MHOTOYHCIICHHBIMHU.
54 3aperucTpUpOBAaHHBIX BHJIA IITHI] IMEIOT TJIOO0ATBHEIN HAITMOHATBLHEIN OXpaHHBIA CTATyC W BKIIOYCHBI
B criucku CITES, bonnackoit u bepuckoit kouBenmmit. Jlumb 6 (11,1%) u3 54 BUIOB NTHI] HE UMEIOT
OXpaHHOTO craryca. [lo BHIOBOMY COCTaBy M OOIIEMYy KOJMYECTBY 3UMHHX OPHHTOKOMILIEKCOB
OCHOBHBIMH JTOMHHUPYIOUIMMH TTHIAMH SBJSIFOTCS BUABI, OTHOCANIMECS K OTpsiay BopoObHHBIX
(Passeriformes). DT NTHIIBI COCTABIIAIOT 66,7% (36 BUIBI) OT BCEX 3apErHCTPUPOBAHHBIX BUIOB U 84,3%
(126209 ocobeit) oT oOmero unciaa ntull. JJOMHHUPYIONUM BUAOM IO KOJIHYECTBY OCOOCH SIBISETCS
Oo6sikHOBeHHast 3enenymka (Chloris chloris). OCHOBHBIMU OTPaHUYHMBAIOIIAMHU (DaKTOpaMHU SIBIISIOTCS
BEIpYyOKa JIepeBbEB B CBSI3U CO CTPOUTEIHCTBOM T'a30IIPOBOIOB H AOPOT K HACEJICHHBIM ITyHKTaM, CO3/IaHUe
30H OT[BIXa M Typu3Ma B JIECHBIX MaccHBaX, BBIIIAC CKOTa M HE3aKOHHasg OXOTa Ha NTHl. Takoe
aHTPOTIOTEHHOE BO3/ICHCTBHE MPUBOIUT K MOCTENIEHHOMY COKPAIICHHIO KOJHMYECTBA MECTOOOWTAHWHA U
MECT KOPMEXKH ySI3BUMBIX BUIOB.

Knroueewie cnosa: Tanviuickue 2opbl, oceonvle nmuybl, 610, YUCIEHHOCMb, NIOMHOCMb, Hakmop
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The photochemical activity of photosystem II (PSII) illuminated at different temperatures (20-55°C)
has been studied. The photochemical activity of PSII preparations incubated at different tempera-
tures in the dark decreased sharply in the range of 40-55°C, and was relatively stable at temperatures
20-40°C. The photochemical activity of PSII decreased with relatively monotonous kinetics in prep-
arations processed at different temperatures and exposed to light, but in the end, it was higher than
the activity observed in samples incubated in the dark. The effects of glycerin and sucrose on the PSII
inhibition due to the exposure to different temperatures in darkness, and after temperature-light
treatment were studied. The photochemical activity of PSII was measured after the incubation of the
samples in a solution containing 50% glycerol (volume) or 1 M sucrose for 5 minutes in the dark at
a certain temperature or under high light intensity at the same temperature. The photochemical ac-
tivity of the PSII complex was found to be partially preserved in samples incubated in a glycerin-
containing solution, at high temperatures, in both dark and light. The addition of sucrose to the so-
lution resulted in a higher degree of protection of the photochemical activity of PSII.

Keywords: Photosystem I, temperature, light, inhibition

Abbreviations: BBY ((Berthold, Babcock, Yocum) Thylakoid membrane fragments enriched with PSII), Cyt bsse (Cy-
tochrome bssq) PSII (Photosystem II), Fv (Fo) (Variable (initial) fluorescence of chlorophyll), Q4, Qs (Plastoqui-
nones, electron acceptors), MES (4-Morpholinye-ethane-sulfonic acid), organic buffer), Psso (Primary donor of the
electron in PSII), Pheo (Pheophytin), RC (Reaction center), Yz, Yp (Tyrozines, electron donors of P680)

INTRODUCTION ing on the physiological state of the plant, the fac-

tor type, the duration and strength of the factor,

Environmental factors such as drought, salin-
ity, and high temperature as well as toxic organic
and inorganic substances intruding the environ-
ment due to technogenic disasters affect metabolic
processes in plants and retard their development,
thereby creating a serious danger to the ecosystem,
agriculture and the development of the whole soci-
ety (Krupa and Baszynski, 1995; Raven et al.,
1999; Bertels and Sunkar R., 2005; Hasanuzzaman
et al., 2013). Different mechanisms are involved in
the response of plants to each of the extreme fac-
tors. However, under natural conditions, several
factors affect the plant simultaneously and depend-

https://doi.org/10.29228/jlsb.13
Available online 30 June 2021

more complex patterns of the response may occur
(Havaux, 1992; Murata et al., 2007; Takahashi and
Murata, 2008). One of the main targets affected by
extreme factors in the plants is the photosynthetic
process providing energy and oxygen for living
things. Therefore, the study of the mechanisms of
the effects of environmental factors on the func-
tional activity of photosynthetic membranes,
which is important for clarifying the balance of life
processes on Earth, has become one of the substan-
tial problems of modern biology.

Of the photosynthetic complexes, photosystem
II (PSI) is more sensitive to unfavorable physico-
chemical factors, and the effect of the above factors
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on the photosynthetic apparatus of plants is mostly
determined by PSII (Murata et al., 2007). PSII of
plants, algae, and prokaryotic cyanobacteria is com-
posed of ~30 proteins including light-harvesting an-
tenna proteins, and numerous cofactors. Some of
these cofactors are involved in light absorption and
electron transfer, thereby providing the realization of
the PSII function. The photochemical core of PSII in-
cludes PsbA (D)), PsbD (D), PsbB (CP47), PsbC
(CP43) and Cyt bsso proteins, and redox cofactors
such as chlorophyll dimer Peso, pheophytin (Pheo),
plastoquinones Qa and Qg, and tyrosine residues Yz
(D;-Tyr'®"y and Yp (D,-Tyr'®"). The main function of
this complex is to catalyze the oxidation of water.
This function is due to the cooperative action of the
components of the PSII photochemical core (Peso,
Pheo, Qa, QB), Yz and the MnsCaOs cluster.
PsbO,P,Q (PsbO,U,V in cyanobacteria) proteins
form the lumen domain of the PSII complex and par-
ticipate in the stabilization of the MnsCaOs cluster
(Shen, 2015).

In the initial stage of the energy conversion,
the electron is transferred from the excited chloro-
phyll molecule (Psgo*) to pheophytin for ~3 ps and
the unstable Pgso Pheo™™ pair is formed. In the sub-
sequent stage, the electron is transferred from
Pheo™ to plastoquinone (Qa) for ~200 ps and from
tyrosine Yz to Pggo™ for 20-260 ns  (Feyziyev,
2019). The oxidized tyrosine (Yz™) receives an
electron from the Mn4CaOs cluster, which is the in-
organic core of the water oxidation center. In gen-
eral, PSII acts as "water- plastoquinone oxidore-
ductase" and catalyses the oxidation of two water
molecules, ultimately resulting in the release of
molecular oxygen to the atmosphere and 4 protons
to the lumen of thylakoids. (Muh and Zouni, 2011).

The paper presents an in vitro study of the
simultaneous effects of two different factors - high
temperature and light on the photochemical activ-
ity of plant PSII preparations.

MATERIALS AND METHODS

PSII membrane preparations (BBY particles)
were used in the study (Berthold et al., 1981;
Volker et al., 1985). The experiment was carried
out in the medium containing 50 mM MES-NaOH
(pH6.1), 20 mM NaCl, 3 mM MgCl,, and other
components (glycerine, sucrose) were added when
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needed. The PSII preparations were incubated at
different temperatures (in the range of 20-55°C)
for 5 min in the dark or at a light intensity of ~80
pmol photon ms™'. After the inhibitory incubation
period, the sample was diluted 3 times with the
cold buffer solution, and fluorescence was meas-
ured.

The concentration of chlorophyll was deter-
mined spectrophotometrically measuring the optical
density of its 80% acetone extract at 645 and 663 nm
(MacKinney, 1941). The intensity of initial, variable,
and maximum fluorescence of PSII (Fo, Fy, and Fy,
respectively) was measured in an optical spectrome-
ter supported by phosphororscope. The intensity and
wavelength of measuring (which excite the fluores-
cence) and actinic (which excite the charge separa-
tion) light were ~5 pumol photon ms™', A=490 nm,
and ~10° pumol photon m?s™, A>650 nm, respec-
tively. The concentration of chlorophyll in samples
was 15 pg/ml.

The measurements were made in 3-6 repeti-
tions, average values and standard deviations were
determined.

RESULTS

We evaluated the photochemical activity of the
isolated PSII membranes by measuring variable
chlorophyll fluorescence. According to the meas-
urements, the Fy/Fm value for the isolated FSII
membranes was ~ 0.75 (75%). Since the value and
kinetics of variable fluorescence characterize the
electrons transfer from Pggo to plastoquinone (Q,) in
PSII, it is widely used to evaluate the photochemical
reaction proceeding at the reaction center (Kalaji et
al., 2017; Feyziyev, 2019).

The isolated PSII membrane fragments were
exposed to different temperatures in the dark and
light for 5 min, and then variable fluorescence was
measured in these samples. Figure 1 shows the ki-
netic changes of fluorescence at different tempera-
tures.

As seen in the figure, variable fluorescence of
chlorophyll was higher at room temperature (20°C)
in both dark- and light-incubated preparations with
values a little lower for the light-incubated ones
(Curves 1 and 1a). This suggests that short-term in-
cubation at room temperature did not affect the pho-
tochemical activity of the PSII preparations and that



Impact of illumination on plant Photosystem Il at different temperatures

the insignificant decrease in variable fluorescence of
chlorophyll observed in the illuminated samples was
most likely due to slight photoinhibition of PSII.

An increase in temperature caused a decrease
in the intensity of variable fluorescence of chloro-
phyll in the dark and under illumination. These ef-
fects of temperature and light are demonstrated in
figure 1 (curves 2 and 2a) for 45°C. As shown in
the figure the intensity of variable fluorescence in
illuminated preparations was lower than in the
dark-incubated samples.

A further increase in temperature was accom-
panied by a slightly different effect. Thus, meas-
urements at 52°C showed that the dark-incubated
samples almost completely lost their photochemi-
cal activity, while the intensity of variable fluores-
cence in the illuminated samples still remained
high (curves 3 and 3a). This indicates that the illu-
minated PSII membrane fragments partially retain
their photochemical activity. It is clear that both
thermoinhibition and photoinhibition occur at this

Fluorescence
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temperature. However, it is likely that there exists
a mechanism that positively influences the inten-
sity of variable fluorescence - the photochemical
activity of PSII. It can be assumed that this mech-
anism is the photoactivation of the Mn cluster in-
activated thermally (Bao and Burnap, 2016).

Figure 2 shows the temperature dependence of
the photochemical activity of PSII membranes in-
cubated in the dark and under illumination in the
temperature range of 20-52.5°C. According to the
figure, the photochemical activity of PSII defined
as the Fy/Fu ratio decreases with increasing tem-
perature, both in the dark- and light-treated sam-
ples at different temperatures. However, this inhi-
bition occurred in different ways: in dark-incu-
bated samples, a slight decrease in photochemical
activity occurred when rising the temperature up to
~45°C and in the subsequent short temperature
range, a sharp decrease in the PSII photochemical
activity was observed.
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Fig. 1. Variable fluorescence of chlorophyll in PSII membrane fragments (BBY -particles) incubated at different tem-
peratures in the dark and under illumination. PSII membrane fragments were incubated for 5 min at 20°C; 45°C and
52°C - in the dark (1, 2, and 3, respectively) or under illumination (1a, 2a, and 3a, respectively).

A — measuring light (490 nm; ~5p mol photon m™2s™') on; 1 () — actinic light (A>650 nm; ~1000 u mol photon m=2s"

1 on (off).
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Whereas, in the light-incubated samples, a
monotonous decrease in PSII photochemical activ-
ity was detected with increasing temperature in the
whole considered temperature range. Although in
the temperature range of 20-35°C, its value was in
the same order as that of the dark-incubated prepa-
rations, in the temperature range of 35-50°C, it was
lower than the activity typical of dark-incubated
samples. Finally, the photochemical activity of
PSII in the illuminated preparations was signifi-
cantly higher than in the dark-treated samples.

All three processes — thermal inhibition and
photoinhibition, and photoactivation — can be as-
sumed to occur simultaneously in PSII membranes
illuminated in the temperature range of 20-55°C, and
that contrary to the dark-treated samples, the photo-
chemical activity inherent in illuminated samples is
determined by the balance of these three processes.
Heat-induced inhibition and photoinhibition of
preparations play a leading role in this balance at
temperatures > 40°C. However, at temperatures
>50°C, illumination demonstrated a clear effect on
the photochemical activity of PSII samples (Fig. 2,
red symbols) and the activity increased due to con-
tribution to the photoactivation process. At temper-
atures <40°C, all three processes can be assumed to
be equally probable.

Thus, the inhibition that occurs at high tem-
peratures as a result of lighting is partially elimi-
nated. We have studied the effect of glycerin and
sucrose on the heat-induced inhibition occurring in
the dark and light. These compounds are known to
protect biological molecules from damage and are
used to ensure their stability. For example, in our
research, high concentrations (0.3-0.4 M) of su-
crose are used in the preparatory isolation process
(conducted at a temperature of 4°C). The results of
our study are shown in Figure 3A (glycerin) and
3B (sucrose). The amount of glycerin and sucrose
in the incubation medium was 50% and 1.0 M, re-
spectively.

As seen in Figure 3, a photochemical activity
of PSII remained almost stable in the glycerin-con-
taining medium in the temperature range of 20-
45°C, both in the dark and light. A gradual decrease
(20-25%) occurs only at >45°C (45-55°C) tempera-
tures.

A similar pattern was observed in the sucrose-
containing medium: in this case, the photochemical
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activity of PSII remained stable in the temperature
range of 20-45°C both in the dark and light and de-
creased by ~ 15% at subsequent >45°C tempera-
tures (Fig. 3B).

0.8

0.6 -
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0.0 T T T T
20 30 40 50 60

Figure 2. Temperature-dependent changes in the photo-
chemical activity of the PSII preparations (BBY -parti-
cles) incubated at different temperatures in the dark and
under illumination. The treatment of the samples at
various temperatures in the dark (blue symbols)
and under illumination (red symbols) was per-
formed for 5 min. The light intensity was ~80 wmol
photon m2s~! The experiments were conducted in the
50 mM MES-NaOH (pH 6.1) bufter solution containing
20 mM NaCl, 3 mM MgCl,. The PSII membranes were
incubated in the dark and light at various temperatures
for 5 min and then diluted 3 times with the cold buffer
solution and the measurements were made. The chloro-
phyll concentration was 15 pg/ml. The measurements
were made in 3 repetitions, average values and standard
deviations were calculated.

As seen in Figure 3, in both cases, the temper-
ature factor plays a key role in inhibition, as the
change in photochemical activity during lighting is
almost indistinguishable from that observed in the
dark-treated preparations. Thus, in these two cases,
the roles of photoinhibition and photoactivation are
not clear. It can be assumed that in both cases, the
mechanism of heat-induced inhibition does not in-
volve the electron transport of PSII on the donor
side. For this reason, photoactivation of the cata-
lytic center (Mn cluster and its immediate sur-
roundings) where water is oxidized does not occur.
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Figure 3. The effects of 50% (volume) glycerine (A) and 1M sucrose (B) on changes of photochemical activity of
PSII at different temperatures in dark-incubated (black symbols) and light-incubated samples (light symbols). The
measurements were made in 3 repetitions. Other parameters are shown in Figure 2.

Thus, the results of our research can be sum-
marized as follows: (i) PSII complexes are inhib-
ited both in the dark and light in the temperature
range of 20°C—55°C. They gradually lose their
photochemical activity with increasing tempera-
ture in vitro; (ii) The inhibitory effects of heat and
lighting at high temperatures are not synergic: at
temperatures >45°C, the thermal inhibition is par-
tially eliminated by lighting; (iii) The compounds
such as glycerin and sucrose prevent the inhibition
of PSII preparations by both heat and the combined
effects of heat and lighting.

DISCUSSION

The interesting aspects of PSII for researchers
are related to the individual properties of this com-
plex. Thus, first of all, PSII performs a very im-
portant biological function, such as the catalytic
oxidation of water, and enriches the atmosphere
with oxygen. The formation and existence of aero-
bic life on Earth are directly related to the activity
of PSII. Second, this complex is the main target of
many stress factors (heat, salinity, intense illumi-
nation, etc.), pollutants (heavy metals, organic
compounds), and herbicides. This is attributed to
the very fine structure of the PSII complex, the

presence of high-affinity sites for organic and inor-
ganic compounds. Third, in recent years, the crea-
tion of artificial devices based on the structure and
function of biological complexes is in the focus of
the alternative energy source projects. Along with
other photosynthetic complexes, PSII may have a
significant share in the realization of such con-
cepts. Thus, the quantum yield of the initial photo-
chemical reaction that takes place at its reaction
center demonstrates a very high value (>98%).-The
primary electron donor of PSII in its oxidized form
(Psso™) has a very high (~ 1.2 V) potential that in-
creases the interest for its practical usage. On the
other hand, protons released to lumen as a result of
the PSII activity, form an electrochemical gradient,
besides ATP synthesis, they can be directed to the
other metabolic processes (Feyziev, 2010; Barber
and Tran, 2013; Maitra et al., 2014; Shen, 2015).

In all considered cases, the use of the proper-
ties of the PS II complex for practical purposes is
limited due to its resistance to harmful effects of
the environment, especially high temperatures, in-
tense lighting, and pollutants. Given that these fac-
tors often coexist and act simultaneously, the com-
bined effects of heat and light on PSII have been
studied in vitro.

PSII is known to be inhibited under high tem-
peratures as well as high light intensity (Yamashita
et al., 2008; Yamomoto, 2001; 2016; Yin et al.,
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2010). The inhibition depends on the duration of
plant exposure to these factors. In our experiments,
the exposure time was 5 min. This period is suffi-
cient for the preparation to undergo heat shock in
vitro. Changes in the PSII complex under the influ-
ence of heat are observed mainly at the biochemi-
cal level — proteins, lipids, enzymes, pigments, etc.
As the incubation temperature of the preparation
rises, a sharp decrease in the photochemical activ-
ity of the preparation, especially at high tempera-
tures, occurs (Peters et al., 1999; Zhang et al.,
2012).

In our experiments, the intensity of variable
fluorescence decreased sharply starting from tem-
peratures >45°C. This change under high tempera-
tures may be primarily due to the loss of stability
of the Mn cluster, as a result of perturbations on the
donor side of PSII leading to dissociation of
PsbO,P,Q proteins, and the elimination of this clus-
ter from the binding site at very high temperatures
(Bao and Burnap, 2015). Since such inactivation of
the Mn cluster at very high temperatures is not re-
versible, the electron transport activity of the com-
plex is completely inhibited.

Another mechanism of heat-induced inhibi-
tion occurs at the reaction center. This process is
initiated by heat-induced damage to the lipid phase
of the membrane or direct damage to RC proteins
(Tsonev and Hirosaka, 2003). However, the role of
these two mechanisms in the inhibition of photo-
chemical activity (variable fluorescence) of PSII is
not known, and these two processes can be as-
sumed to occur with equal probability at high tem-
peratures.

Several mechanisms can be involved in pho-
toinhibition of PSII under high light intensity.
These include extreme reduction of electron accep-
tor Qa, the formation of a triplet ("Pgso or *Peso) or
oxidized form of chlorophyll in RC (Pgso™), and in-
hibition of the PSII donor side. Photoinhibition can
also occur in low-intensity lighting, and in this
case, even the quantum yield of the process is ex-
pected to be higher.

However, in contrast to photoinhibition,
which occurs in the PSII complex, there is also a
positive photoactivation mechanism. This mecha-
nism is always active in the process of in vivo as-
sembly of the PSII complex, ensuring the reassem-
bly of the water oxidation catalytic center during
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the de nova synthesis of proteins. In PSII com-
plexes, which donor side is inhibited by the elimi-
nation of the Mn cluster in vitro, in addition to
other factors, a photoactivation phase is required
for the reassembly of the Mn cluster and restoration
of electron transport (oxygen-evolving activity)
(Bao and Burnap, 2015). Thus, in PSII, both inhi-
bition and recovery processes can occur during il-
lumination.

Our results can be explained by the above-
mentioned mechanisms of heat-induced inhibition,
photoinhibition, and photoactivation. Thus, in our
experiments, the share of heat thermoinhibition
and photoinhibition mechanisms in the general in-
hibition of electron transport is small on the donor
side of PSII at temperatures <45°C. Therefore, the
photoactivation effects are not visually observed in
this temperature range. However, at temperatures
> 45°C, the perturbation in the Mn cluster of PSII
caused by temperature is likely to be eliminated by
photoactivation during lighting. Thus, due to pho-
toactivation, the complete thermal inhibition of the
photochemical activity of PSII is prevented. How-
ever, in the end, photochemical activity (electron
transport) does not fully recover under illumina-
tion. A simple explanation for this is the possibility
of irreversible changes in the membrane structure
and RC under high temperatures, as well as the ac-
tivation of an inhibitory mechanism at the expense
of Pego™" during photoinhibition.

This scheme can explain the maintenance of
physiological activity for a long time and the sur-
vival of plants under high temperature and light in-
tensity. Thus, in this case, along with the antioxi-
dant system, the photoactivation process is proba-
bly one of the main protection mechanisms.

The observed protective role of the com-
pounds such as glycerin and sucrose against high
temperature and combined effect of high tempera-
ture and lighting is a feature of each compound
demonstrated against heat-induced inhibition as
well as photoinhibition of the PSII complex. Thus,
a slight inhibition of PSII occurs in the medium
containing these compounds, therefore, there is al-
most no need for photoactivation, and this phenom-
enon is not observed.
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Miixtolif temperaturlarda bitkilarin ikinci fotosistemina isiglanmanin tasiri
A.M. Hasonova', Y.M. Feyziyev'>*

'AMEA-nin Molekulyar Biologiya va Biotexnologiyalar Institutu, Baki, Azarbaycan
? Azarbaycan Respublikasi Kond Tasarriifati Nazirliyi Okingilik Elmi Tadgigat Institutu, Baki, Azarbaycan

Fotosistem II (FSII) kompleksinin fotokimyovi aktivliyi miixtolif temperaturlarda (20-50°C)
isiglandirilaraq dyronilmisdir. Qaranliqda, miixtslif temperaturlarda inkubasiya olunmus FSII membran
fragmentlorinin fotokimyavi foalliginin 40-55°C intervalinda koskin azalmasi, asag1 temperaturlarda (20-
40°C) iso nisbaton sabit olmasi miisahido olunmugdur. Miixtolif temperaturlarda islonilmis vo igigin tosirine
moaruz qalmig niimunslords FSII-nin fotokimyavi faallig1 nisbaton monoton kinetika ilo azalmis, lakin sonda
garanliqda inkubasiya edilmis niimunalards miisahids olunan faalligdan yiiksak olmusdur. Qliserin va sax-
arozanin FSII-nin temperatur (qaranliq) vo birgo temperatur/isiglanma inhibirlogmosino tosiri do
Oyronilmisdir. Bunun ti¢lin FSII membran fraqmentlari 50% qliserin (hocm) vo ya 1 M saxaroza slava
edilmis moahlulda 5 doq miiddstinde miiayyan temperaturda qaranliqda vo ya hamin temperaturda isiqda
inkubasiya edilmigdir. Qliserin slave edilmis miihitdo yiiksok temperaturlarda hom qaranligda, hom da
isiqda inkubasiya edilmis niimunslorde FSII kompleksinin fotokimyavi feallig1 qismon miihafize olun-
mugdur. Mohlula saxarozanin (1M) slava olunmasi isa FSII kompleksinin fotokimyavi faalliginin gliserino
nisbaton daha yiiksok deracods miihafizo olunmasi ilo naticolonmisdir.

Acar sozlar: Fotosistem I, temperatur, isiq, inhibirlosma

Bausinue ocBemenust Ha ¢porocucremy Il pacTenuii npu pasHbIX TeMepaTypax
A.M. I'acanoBa', SI.M. ®eiizueB!>*

! Unemumym monexynsproii 6uonozuu u 6uomexnonozuii HAH Azepbaiioscana, Baxy, Azepbaiioscan
2 Hayuno-uccnedoeamenvckuii uncmumym semnedenus Munucmepcmea cenvbckozo xoszaticmea Azepbail-
Ooicanckoul Pecnyonuxu, baxy, Azepbaiioscan

HccnenoBana poroxmmmdeckas akTuBHOCTD otocucteMsl 11 (DCII) pacTenwnii mpu pa3HBIX TEMIIEpaTypax
(20-50°C). B npenaparax ®CII, nHKyOMpPOBaHHBIX B TEMHOTE NPU Pa3HBIX TeMIepaTypax, HaOl0JaI0Ch
pe3Kkoe CHHKeHHe (POTOXMMHYECKON aKTHBHOCTU B Auamna3zone 40-55°C u oTHOCUTENbHAs CTaOMIBHOCTH
pu Temriepatypax 20-40°C. doroxummdeckas akTuBHOCTh P CII cHIKamach OTHOCHTETFHO MOHOTOHHOM
KHHETUKOU B IpemapaTax, 00pabOoTaHHBIX MPH Pa3HBIX TEMIIEpaTypax Ha CBETY, HO B HTOTe ObLIa BEIIIE,
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YyeM aKTMBHOCTh, HaOmrotaeMas B 00pasiax, UHKyOUPOBAHHBIX B TEMHOTE. Bbl10 n3yueHO BIMsHUE ITIUIIE-
puHa U caxapo3bl Ha nHrnouposanue OCII, BEI3BaHHOIO BO3AEHCTBUEM TEMIIEPaTyphbl (TEMHOTA) M COB-
MECTHOTO BIMSHHUSA TeMIepaTypsl U cBeta. DoToxuMudeckyro akTuBHOCTh PSII u3Mepsiin nmocie nHKyO6a-
MU MeMOpaHHBIX (PparMeHTOB B pacTBope, coaepkamiem 50% raumepuna (o6bem) mwiu 1 M caxapo3ssl, B
TE€YeHHE 5 MUHYT B TEMHOTE IIPH OINPENEICHHOM TeMIepaType WM Ha CBETY IPU TOM K€ TeEMIIeparype.
YcraHnoBneHo, uto poroxumuydeckas aktuBHOcTh DCII wacTnyHo coxpansiercs B 00pasuax, HHKyOupoBaH-
HBIX B TIIMIEPUHCOJEPIKAILEM PACTBOPE IIPH BBICOKHX TEMIIEPATypax Kak B TEMHOTE, TaK U Ha cBeTy. [lo-
OaBnenne caxapossl (1M) K pacTBOpy NpUBOAMIO K OOJiee BHICOKOW CTENEHHU 3alUThl (POTOXUMHUYECKOM
aktuBHocTH DCIIL.

Knrwoueswie cnosa: @Pomocucmema Il, memnepamypa, ceem, uneubuposanue
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Identifying the genetic profile of cancer by tumor biopsy has made progress in precision medicine.
The study of the genetic profile of a tumor can help to choose the optimal treatment at the right time
and identification of the cause of drug resistance. It is known that the biopsy is an invasive procedure,
and it has some risks. That is why the development of non-invasive methods such as liquid biopsy is
required. It is possible to determine circulating cancer cells (CTC) and circulating free tumor DNA
(cfDNA) fragments with this technique. In the present study, KRAS and NRAS codon 12 and 13 mu-
tations were compared in biopsy-derived DNA and liquid biopsy-derived cfDNA. The study included
26 patients with colorectal cancer. DNA extraction has been performed in Human Genetics Labora-
tory of the Genetic Resources Institute of ANAS, from biopsy material and plasma. Five (19.2%)
mutations were detected in tumor DNA samples and 2 (7.7%) mutations in plasma cfDNA in the
KRAS gene. Totally 3 missense mutations were detected in the VRAS gene. Two of these mutations
(7.7%) were identified in tissue DNA samples and one of these (3.8%) in cfDNA. It was determined
that the incidence of KRAS gene mutations in both tissue DNA and ¢cfDNA samples was higher than
NRAS gene mutations. Obtaining cfDNAs by liquid biopsy and particularly analyzing RAS gene fam-
ily play a significant role in the early diagnosis, anti-EGFR therapy, selection of the right drugs,
resistance, and the prognosis of the disease.

Keywords: Cancer, liquid biopsy, gene, cfDNT, exon

INTRODUCTION etiology of the disease (Bayramov and Safiyeva,
2019). Studies have indicated that increasing the in-

Colon cancer is the second most common ma- take of red meat and fats in the daily diet, reducing

lignant tumor in the world and the second most com-
mon cause of death (Sung et al., 2021). Studies esti-
mate that by 2030, the number of newly diagnosed
patients worldwide will be 2.2 million and the num-
ber of deaths will be 1.1 million (Arnold et al., 2020).
The disease is asymptomatic in the early stages, so it
is important to use screening tests for the early detec-
tion of malignant tumors as well as precancerous le-
sions (Zhang et al., 2019; Shaukat et al., 2021). The
American Cancer Society recommends a yearly co-
lonoscopy and stool blood test for control after age 50
(Shaukat et al., 2021). Long-term inflammatory dis-
eases of the intestines, smoking, alcohol, malnutrition
and some other factors play an important role in the
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the consumption of low-fiber foods, as well as fruits
and vegetables increase the risk of disease (Larsson
and Wolk, 2006; Haggar and Boushey, 2009; Aune
etal., 2011). Factors such as obesity, lack of physical
activity, diabetes, family history of disease also in-
crease the risk of developing colon cancer (Haggar
and Boushey, 2009; Cho et al., 2012; Deng et al.,
2012). There are various oncogenes, tumor suppres-
sor genes, cell cycle control genes, as well as epige-
netic and genetic changes in DNA repair genes that
play an important role in the molecular pathogenesis
of colon cancer (Mahasneh et al., 2017).

Liquid biopsy has been used to analyze the ge-
netic profile of circulating tumor cells (CTC) and
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cell-free DNA fragments (cfDNA) and to monitor
cancer in a non-invasive procedure (Normanno et
al., 2018). Determination of nucleic acids in blood
plasma and serum by minimally invasive methods
has led to the emergence of modern approaches in
the diagnosis and prognosis of colon cancer (Chen
vo Zhao, 2019). The heterogeneity of the malignant
tumor has led to some difficulties in the choice of
treatment or the use of tissue biopsy to monitor the
disease (Wills et al., 2018). However, the liquid bi-
opsy technique has the potential to eliminate the
problem of tumor heterogeneity and to obtain in-
formation about the entire cancer genome (Cheung
etal., 2018).

cfDNAs are small derivative DNA fragments
that may contain mutations specific to cancer tissue
and can be easily obtained from venous blood by
liquid biopsy (Vymetalkova et al., 2018). The
KRAS, HRAS, and NRAS genes are members of the
RAS oncogenic family. The proteins encoded by
these genes play important roles in cell division,
differentiation, apoptosis and other cellular pro-
cesses. Several organizations, such as the Euro-
pean guidelines and the National Comprehensive
Cancer Network Guidelines for Oncology (NCCN)
and the Food and Drug Administration (FDA), ad-
vise that patients with colorectal cancer who have
any KRAS or NRAS gene mutations should not be
treated with anti-EGFR monoclonal antibodies
(Hamzehzadeh et al., 2018). The FDA has ap-
proved EGFR antibody therapy for patients with-
out mutations in the 12th and 13th codons of the
KRAS gene. The European Agency for Evaluation
Medicinal Products (EMEA) has reported the use
of cetuximab and panitumumab in colon cancer
based on the analysis of exons 2, 3 and 4 of the
KRAS and NRAS genes (Cutsem et al., 2009; Van
Cutsem et al., 2011).

Analysis of genetic changes in the RAS
(KRAS, NRAS and etc.) gene family and other on-
cogenes in plasma DNA can optimize the choice of
target therapeutic drugs and anti-epidermal growth
factor receptor (EGFR) therapy, especially for met-
astatic colorectal cancer. The aim of the current
study was to compare KRAS and NRAS gene muta-
tions in cfDNA fragments taken from blood plasma
by liquid biopsy and tumor DNA samples obtained
from tissue biopsy material in patients diagnosed
with colorectal cancer.

MATERIALS AND METHODS

The study included 26 patients diagnosed with
colon cancer at the Educational-Surgical Clinic of
Azerbaijan Medical University. Preoperative blood
samples were taken from the EDTA tube to obtain
cfDNA from the patients included in the study. Pa-
tient information such as age, sex, diagnosis, results
of pathohistological analysis, etc. registered at the
clinic. DNA extraction from blood plasma and tumor
biopsy was performed in the Laboratory of Human
Genetics of the Genetic Resources Institute of ANAS
according to QIAamp DNA Micro Kit protocol.
Quantitative and qualitative indicators of DNA were
also measured in Nanodrop (Thermo Scientific,
2000). For PCR amplification of KRAS and NRAS
genes in a volume of 25 pul; 2.5 ul 10xPCR buffer, 2.5
ul MgCl, (50 mM), 0.25 ul dNTP mix (20 mM), 0.5
pl primers (10 pmol/ul), 0.25 pl Taq polymerase (5
U/ul), 2 pl genomic DNA (50 ng/pl) and 16.5 pl
dH,O were used, respectively.

The PCR (Applied Biosystems, USA) cycle
conditions consisted of an initial denaturation step
at 95°C for 5 min, followed by 35 cycles at 95°C
for 45 sec, at 54°C for 45 sec (KRAS) or at 58°C for
30 sec (NRAS) and at 72°C for 2 sec, with a final
elongation step at 72°C for 5 min. After 1.5% aga-
rose gel electrophoresis, PCR amplicons were pu-
rified, followed by PCR for sequencing using the
BigDye™ Terminator v3.1 Cycle Sequencing Kit.
After this procedure, exon 2 of the KRAS and NRAS
genes (codons 12 and 13) was analyzed with the
Sanger 3730xL. genome sequencer (Applied Bio-
systems) and the results were compared with the
reference genome to identify mutations.

RESULTS AND DISCUSSION

Blood and tissue biopsies of 26 patients were
analyzed in the current study. Fifteen (57.7%) of
the study group were men and 11 (42.3%) were
women. The age range was 39-84, and the average
age was 61.9. The pathohistological results of the
patients were T2 in 23.1%, T3 in 53.8% and T4 in
23.1%. Tumor grades were determined by patho-
histological analysis of 7.7% G1, 73.1% G2 and
19.2% G3. Demographic and clinical parameters
of patients are presented in Table 1.

A total of 7 mutations in the KRAS gene have
been identified. Of these mutations, 5 (19.2%)
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were found in tumor DNA samples and 2 (7.7%) in
c¢fDNA. Four of the mutations in the tumor DNA
(GGT>GAT, GGT>GTT, GGT>TGT and
GGT>TTG) were found in the 12" codon of the 2™
exon of the KRAS gene, respectively.

Table 1. Demographic and clinical information of the

study group
Characteristic Study group N=26 (%)
Gender
Male 15 (57.7%)
Female 11 (42.3%)
Age
Range 39-84
Average 61.9+£10.3
Tumor Stage
T2 6 (23.1%)
T3 14 (53.8%)
T4 6 (23.1%)
Tumor Grade
Gl 2 (7.7%)
G2 19 (73.1%)
G3 5(19.2%)

The 12" (GGT) and 13" (GGC) codons of the
KRAS gene encode the amino acid glycine. As a

result of mutations, the amino acid glycine was re-
placed by aspartic (Asp), valine (Val) and cysteine
(Cys). The GGC> GGA heterozygous mutation in
the 13" codon of the KRAS gene caused the con-
version of valine to asparagine.

Table 2. Mutation spectrum of KRAS gene and their lo-
calization

Tumor | Codon | Mutation | Amino acid substitution
T1 12 |GGT->GAT Gly—Asp
T4 13 |GGC—->GAC Gly—>Asp
T6 12 GGT->GTT Gly—»Val
T12 12 |GGT—>TGT Gly—Cys
T19 12 GGT->GTT Gly—»Val
Plasma
P6 12 |GGTH>GAT Gly—>Asp
P21 12 |GGT—>GAT Gly—>Asp

Only in the cfDNA of the two samples a heterozy-
gous mutation was detected in codon 12, and no
mutation was found in the tissue DNA (Table 2).
Figure 1 shows the electropherograms of sequenc-
ing analysis.
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Fig. 1. Sanger sequence electropherogram of the 2" exon of the KRAS gene.
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Table 3. The spectrum of mutations in the 2nd exon of
the NRAS gene and their localization

Tissue | Codon | Mutation | Amino acid substitution
T11 12 GGT—>AGT Gly—Ser
T26 12 |GGT->GGG Gly—>Asp
Plasma
P123 13 GGT->TGT Gly—>Cys

A total of 3 missense mutations were de-
tected in 26 patients analyzed for the NRAS gene.
Sequence analysis identified 2 mutations (7.7%) in
tumor DNA and 1 (3.8%) mutation in cfDNA (Ta-
ble 3). The missense mutation in tumor DNA sam-
ples was found in the 12th codon of the NRAS gene.
In c¢fDNA (PI-23), a missense mutation
(GGT>TGT) was found in codon 13 of the NRAS
gene, which caused the conversion of glycine
amino acid to the cysteine. Figure 2 shows electro-
graphic images of the NRAS gene.

One patient with a GGT>GAT missense mu-
tation in exon 2 of the KRAS gene reported liver
metastasis, while other patients with the mutation
reported no organ metastasis. In cfDNA, in a pa-
tient with a GGT>TGT mutation of the NRAS gene,
the tumor metastasized to both the liver and
gallbladder. No metastases were reported in other
patients with mutations in this gene.

Liquid biopsy is a minimally invasive tech-

nique used in recent years that allows for easy ob-
taining and analysis of circulating tumor cells
(CTCs) and cfDNAs (Marrugo-Ramirez et al.,
2018). Isolation analysis of c¢fDNA in blood
plasma has advantages such as early diagnosis,
monitoring of the response to therapy, in particular,
clarification of the molecular mechanisms of drug
resistance (Siravegna et al, 2014). Several bi-
omarkers with widespread clinical use; KRAS,
NRAS, BRAF mutations, Human Epidermal
Growth Factor Receptor 2 (HER2) microsatellite
instability (MSI), DNA repair (MMR) genes, etc.
play an important role in choosing the optimal
treatment (Afrasanie et al., 2019). Mutations in co-
dons 12 and 13 of KRAS gene exon 2 are found in
35-45% of cases of colorectal cancer and are con-
sidered to be the main predictor of resistance to
anti-EGFR treatment (Therkildsen et al., 2014).

In our study, we analyzed 26 patients with col-
orectal cancer, 19.2% of KRAS gene mutations were
identified in the biopsy material of patients, and
7.7% of missense mutations were detected on
cfDNA. The frequency of mutations in the NRAS
gene was 7.7% in cancer tissues and 3.3% in cfDNA
samples, respectively. Erve et al. found that 54% of
100 patients had a KRAS gene mutation, 3% had a
cfDNA mutation in a liquid biopsy, and no mutation
was found in the NRAS gene (Erve et al., 2020).
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Fig. 2. Sanger sequence electropherogram of the 2nd exon of the NRAS gene.
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In a study carried out in China in 2018, 50
genes were analyzed in both tumor tissue and
cfDNA, a KRAS gene mutation was found in
27.7%, and liquid biopsy was recommended as a
non-invasive diagnostic method (Yang et al.,
2018). Takeda and colleagues found 47 mutations
in cfDNA samples, of which 20 mutations were
found only in cfDNA and not in tissue DNA
(Takeda et al., 2019). Also, in our study, 2 muta-
tions in the KRAS gene and 1 mutation in the NRAS
gene were found only in cfDNA. This is explained
by tissue heterogeneity and the specificity and sen-
sitivity of the liquid biopsy. A study by the Univer-
sity of Montpellier in France found that the fre-
quency of KRAS, NRAS and BRAF gene mutations
was higher in cfDNA than in tumor DNA, suggest-
ing that these tests could replace tissue biopsy
(Thierry et al., 2017).

In conclusion, in our current study, we com-
pared KRAS and NRAS gene mutations in both tis-
sue DNA and cfDNA using liquid biopsy in pa-
tients diagnosed with colon cancer for the first
time, using Sanger sequencing technology. KRAS
gene mutations were found more frequently in pa-
tients compared to the NRAS gene. Analysis of
KRAS gene mutations will enable the selection of
the right treatment and obtaining optimal results,
especially in patients with metastases. The use of
liquid biopsy in medicine may be important in
terms of early diagnosis, monitoring, treatment op-
tions, time-saving, and detection of new diagnostic
biomarkers.
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Yogun bagirsagin bad xassali toromalorindo KRAS vo NRAS gen mutasiyalarinin miiqayisali todqiqi
B.I. Bayramov', S.A. Mommoadova?, F.A. Qahramanova?, N.Y. Bayramov?

TAMEA-nin Genetik Ehtiyatlar Institutu, Baka, Azarbaycan
?Azarbaycan Tibb Universitetinin 1 Carrahi xastaliklor kafedrasi, Baki, Azarbaycan

Toxuma biopsiyasi naticosindo xor¢ong toxumasinin genetik profilinin dyronilmosi fordilosdirilmis tibb sa-
hasinds yeni irsliloyislorin olds olunmasina imkan yaratmigdir. Téromenin genetik profilinin dyranilmasi
vaxtinda diizgilin miialico se¢imini vo dorman rezistentliyi sobabinin agkarlanmasini tomin eds bilir. Buna
baxmayaraq, biopsiya prosedurunun invaziv olmasi vo miioyyon risklori ochato etmasi maye biopsiyasi kimi
invaziv olmayan metodlarin inkisaf etdirilmasine zomin yaratmigdir. Bu iisulla ganda sirkulyasiya edon
xar¢ang hiiceyralorini (CTC) va soarbast sis DNT (¢cfDNT) fragmentlorini analiz etmok miimkiindiir. Cari
todqiqat isindo biopsiya ilo alinan téromo DNT-si vo maye biopsiyasti ilo oldo olunan cfDNT-do KRAS vo
NRAS genlarinin 12-c¢i va 13-cii kodonunda bas veran mutasiyalar miiqayisali tadqiq edilmigdir. Tadqiqat
isine yogun bagirsaq xar¢ongi diagnozu qoyulan 26 xaste daxil edilmisdir. Genetik analizlorin aparilmasi
liciin biopsiya materialindan vo gan plazmasindan AMEA Genetik Ehtiyatlar Institutu, insan Genetikas1
Laboratoriyasinda DNT ekstraksiyasi hoyata kecgirilmisdir. KRAS geni iizra 26 sis toxumast DNT niimuno-
larinds 5 (19,2%) mutasiya, plazma cfDNT niimunslarinds iss 2 (7,7%) mutasiya askar edilmigdir. NRAS
geni lizra ise imumilikds 3 missens tipli mutasiya agkar edilmisdir. Analiz naticesinde molum olan muta-
siyalarin 2-si (7,7%) toxuma DNT niimunslarindas, biri (3,8%) ise cfDNT-do miiayyon edilmisdir. KRAS
gen mutasiyalarinin ham toxuma DNT niimunalarinda, hom do ¢fDNT-lords NRAS geni ilo miiqayisada
rastgalma tezliyi yiiksok olmugdur. cfDNT-lorin maye biopsiyas1 vasitasilo aldo olunmasi va xiisusilo do
RAS gen ailasinin analiz edilmasi erkon diaqnoz, anti-EGFR terapiyasi, dogru dorman preparatlarinin segi-
mi, rezistentlik va elaca do xastaliyin prognozlasdirilmasi baximimdan miihiim shamiyyat kasb edir.

Acar sozlor: Xorcang, maye biopsiyasi, gen, cfDNT, ekzon

CpaBHuTesbHbII aHaau3 myTanuid reHoB KRAS u NRAS npu KojiopeKkTaabHOM pake
B.U. Baiipamos!, III.A. Mamenosa?, ®.A. I'axpamanosa®, H.IO. Baiipamos’

"Unemumym zenemuueckux pecypcos HAH Azepbaiioscana, Baxy, Azepbaiiocan
? ]-asa xagpedpa xupypeuueckux 6onesneii A3epbatioscancko2o MeOUYUHCKo20 yHugepcumema,
baxy, Azepbaiioscan

Omnpe/eneHne TeHeTUIECKOro MPo(Uis paka ¢ MOMOINBI0 OUOIICUM OMYXOJM TO3BOJMIIO JOCTHYB IMPO-
rpecca B cepe nepcoHaATH3NPOBAaHHON MEINIMHEL. 3ydenne reHeTnaeckoro nmpoduis paka MoXeT odec-
MEYUTH MIPABMWIBHBIN BEIOOD JICUCHUS B HYKHOE BPEMSI M BEISIBUTH IPUIHHY JIEKAPCTBEHHON yCTOWIMBOCTH.
U3BecTHO, uTO OMOTICHS - 3TO MHBa3UBHAS MPOIIEypa U OHA COIPSDKEHA C OTIpeclieHHBIMU puckaMu. Bot
rmoueMy HeoOXoAnMa pa3pabdoTKa HEMHBA3UBHBIX METOJIOB, TAKMX KaK KUAKOCTHAas Ouoricus. C moMoIIbio
ATOTO0 METOAa MOXHO MPOaHATN3UPOBATh MUPKyIupyromue pakoBsie kieTku (CTC) u mupKyIupyrome
¢dparmenTtsl cBoOogHOM omyxoneBoi JJTHK (cfDNA). B 3ToM ucciieioBaHuu CpaBHUBAIM MyTaluu B 12-M
u 13-m kogonax reHoB KRAS u NRAS B JIHK, nonxyuennoit u3 Ouoricuu, u B cfDNA, nonyueHHOH U3
KUAKOCTHON Onomncuu. B maHHOE HMcciaenoBanne OBUIM BKIIFOUEHBI 26 TAIIMEHTOB C KOJOPEKTAIBHBIM pa-
koM. Brinenenue JIHK npousBoaumnocek B Jlaboparopuu ['enerukn Yenosexka MuctutyTa I'eHeTHueckux
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Pecypcos HAHA wu3 OuomncuitHoro marepuana u miasmel. B reae KRAS 5 myranmit (19,2%) 6putn 0OHa-
pyxeHnsl B oopasuax JIHK omyxoneBoit Tkanu u 2 mytamuu (7,7%) B oopasnax cfDNA mazmel. Beero B
rene NRAS o6napyxeHo 3 muccenc-myTtanuu. e u3 atux mytauuii (7,7%) Oblin HICHTU(ULIMPOBAHBI B
obpasnax JIHK tkaneit u ogna u3 Hux (3,8%) B cfDNA. Bpi1o ycTaHOBIEHO, YTO YacTOTa MyTaIllH T€Ha
KRAS, kak B TkaneBoii JIHK, Tak u B oOpa3suax cf/IHK Obuta Bbiie, uem yactora MmyTanuu reia NRAS.
[Mony4enue cfDNA ¢ moMOIIBIO0 )KUIKOCTHON OHOTICHU 1, 0COOEHHO, aHau3 ceMeiicTBa reHoB RAS urpaet
OCHOBHYIO POJIb B paHHe# AuarHocTuke, Tepanuu npotuB EGFR, BeIOOpe mpaBUIBHBIX JIEKAPCTB, YCTON-
YHBOCTH, IIPOTrHO3UPOBAHNY 3a00JI€BaHU.

Knroueeswle cnosa: Pax, sicuokas buoncus, een, cfDNT, sx30om
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