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THE IMPORTANCE OF BIOMARKERS IN THE MODERN DIAGNOSIS
OF TRAUMATIC BRAIN INJURIES

Zhanslu Sarkulova, Ainur Tokshilykova, Marat Sarkulov, Kamila Daniyarova, Botagoz

Kalieva, Marat Zhankulov
West Kazakhstan Medical University named after Marat Ospanov, Email: slu2008@mail.ru, Kazakhstan

The relevance of the problem.

Currently, they manifest themselves in the structure of acute traumatic processing of the large
brain, taking the first place in the world as a cause of death and involution along with
cardiovascular diseases (Ng, Xi Yun, Alan Yu Wa Lee, 2019).

To date, the concept of brain damage connects the pathogenesis and clinic of cerebral lesions with
the activation of stress neuron-specific proteins. The latter damage the integrity of the blood-brain
barrier with inflammatory reactions. Against this background, cerebral ischemia progresses,
oxygenation and metabolism are disrupted, with an increase in brain damage (Busch D.R., Balu
R., Baker W.B. 2019). Any of these listed mechanisms of brain damage should be regarded as a
potential factor in the expansion of the affected area of the central nervous system.

In modern medicine, there are no unified points of view on the diagnosis of brain damage.
Recording markers of brain damage with neuromonitoring should be highly specific and sensitive
and represent a new concept for assessing the severity of this pathology.

The purpose of our work was to study neurobiomarkers with integral scales for diagnosis in
patients with traumatic brain injuries.

Materials and methods of research.

A prospective continuous cohort study was conducted in 42 patients with traumatic brain injuries
(TBI) who were treated at an Emergency Hospital. In the group of examined -22 (52.4%) men and
20 (47.6%) women (p=0.8922). The average age of the sample was 40 years (95%CI: 25.00 -
58.00); age differences by disease groups (p<0.0001, p=0.1981). According to the outcome of the
diseases (p=0.3904), and by age (p=0.4287) and gender, the patients were not comparable
(p=0.8921). The studies were carried out at admission and in dynamics on the 1st, 3rd and 7th
days of the patient's stay in the department. To diagnose the severity of injury, we conducted
studies of serum markers of brain damage - S1008 and HCE, as well as their sensitivity,
specificity and correlative relationships with the integral scale of neurological GCS, as
independent predictors of the severity of the functional state.

The results of the study.

As the results of the study showed, peak values of NSE conjugation are observed in patients with
traumatic brain injuries as early as the 1st loan amount, followed by a decrease of 11.51%. Similar
changes occurred with the concentration of S100R. However, a significant decrease of 72.45%
was observed in dynamics by the 7th day of observation. Brain damage that causes high levels of
S100R, especially in patients with severe injuries, may be strongly associated with cerebral
vasospasm and ischemia, indicated in 1.2 figures.

The correlation of the concentration of neuromarkers with the neurological scale showed their
relationship with different outcomes. S100R levels were negatively correlated with GCS values (r
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= -0.47; p<0.0001), respectively. Notably, patients with lower GCS levels (<8) had significantly
higher levels of S100B. Significant connections were established between the S1008 and NSE
markers. The levels of S100R were statistically significantly and positively correlated with the
values of NSE - (r=0.39*; p=0.0320).

An analysis of the sensitivity and specificity of the differences between the studied
bioneuromarkers in the diagnosis of the severity of brain tissue damage in the studied patients
showed that, compared with HCE, the S100R protein demonstrates higher specificity to brain
tissues and better meets the requirements for determining a serum marker for brain damage by
type of TBI (Van Vliet E.A., Ndode-Ekane X.E., Lehto L.J. 2020). Its sensitivity is very high in
terms of cellular damage to the brain. In our studies, we noted that in some patients, even with
minor trauma, serum levels of S100R were elevated (Jassam Y.N., Izzy S. 2017).

The levels of dependent transference (S100R and NSE) and independent transference (GCS) can
be used as multimodal drugs in diastolic patients with acute traumatic brain injury.

Keywords: biomarkers, diagnostics, traumatic brain injuries.
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ABSTRACT

Skin wound healing is a complex process crucial for maintaining bodily integrity and function.
However, factors such as chronic diseases, infections, advanced age, medications, and nutrient
deficiencies can disrupt the normal wound healing process, leading to complications such as
excessive scarring. Cytokines like IL-1 and IL-6 play essential roles in wound healing. This study
investigates the effects of different treatments on IL-1 and IL-6 levels during the wound healing
process.

Results showed that IL-1 levels were significantly increased on the 7th day of wound healing in
the epicyn and dermatix ultra-treated group, followed by a gradual decrease to normal levels by
the 21st day. Flosteron treatment also normalized IL-1 levels by the 28th day, albeit with a slight
delay compared to epicyn. In contrast, IL-1 levels remained elevated in the control and
contractubex-treated groups. Similarly, IL-6 levels remained stable on the 7th day but increased
on the 14th day in the epicyn and dermatix ultra -treated group, returning to normal by the 28th
day. Flosteron treatment normalized IL-6 levels only by the 28th day. Contractubex treatment
showed no significant changes in IL-6 levels compared to the control. Overall, epicyn, dermatix
ultra and flosteron treatments effectively modulated the inflammatory response, as evidenced by
the normalization of IL-1 and IL-6 levels by the 28th day. In contrast, the control and
contractubex-treated groups exhibited prolonged elevation of cytokine levels, suggesting impaired
or delayed wound healing.

Conclusion: these findings underscore the importance of choosing appropriate therapeutic
interventions in wound management. Epicyn and dermatix ultra show promise in promoting
wound healing, while contractubex may have limited efficacy. Further research is needed to
understand the mechanisms underlying these differential effects and to explore additional markers
of wound healing and tissue repair. By implementing a holistic approach to wound management
that addresses the multifaceted aspects of wound healing, healthcare providers can optimize
outcomes and improve the quality of life for patients with skin wounds. This study contributes to
our understanding of wound healing dynamics and highlights the potential of specific treatments
in promoting optimal wound healing outcomes.

Keywords: Epicyn, dermatix ultra, flosteron, contractubex, IL-1, IL-6, skin wound healing.

Introduction

Skin wound healing is of paramount importance and is crucial for maintaining the body's
integrity, function, and overall well-being [1,2].
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Skin wounds and their associated healing problems are a significant area of research and clinical
concern. Factors that can affect the normal wound healing process include: chronic diseases
(diabetes, peripheral vascular disease, autoimmune disorders, and malnutrition), bacterial, fungal,
or viral infections in the wound, conditions that compromise blood circulation, advanced age,
certain medications (corticosteroids, immunosuppressants, and NSAIDSs), can interfere with the
inflammatory response and impair wound healing, inadequate intake of essential nutrients
(especially vitamin C, vitamin A and minerals), presence of foreign bodies, debris, or necrotic
tissue in the wound, physical or psychological stress that can disrupt the body's immune function
and hormonal balance, and many others.

Disorders of normal process of tissue repair may produce chronic wounds and excessive scarring.
While scar formation is a natural part of the healing process, abnormal wound healing can lead to
excessive scarring, such as hypertrophic scars or keloids. These scars may cause functional
impairment, aesthetic concerns, and psychological distress.

For these reasons, treatment of skin wounds and management of healing process aimed at
promoting optimal healing, reducing the risk of complications, and improving patient outcomes
involve a multifaceted approach such as: wound debridement, infection control, maintaining a
moist environment, promoting angiogenesis and tissue regeneration. Should be mentioned that
wound healing outcome to a great extent depends on the type, severity, and underlying causes of
the wound as well.

Skin wounds and their healing process are complex phenomena involving various cells, cytokines,
and biochemical pathways. Cytokines such as: interleukin-1 (IL-1), interleukin-6 (IL-6), and
fibroblasts play essential role in the normal wound healing process.

IL-1 is a pro-inflammatory cytokine involved in the early stages of wound healing. It is secreted
by various cells, including macrophages, neutrophils, and keratinocytes, in response to tissue
injury. IL-1 promotes inflammation by stimulating the expression of adhesion molecules and
chemokines, which recruit immune cells to the wound site. Additionally, IL-1 stimulates the
proliferation and migration of keratinocytes, promoting re-epithelialization of the wound [3,4].
IL-6 is another pro-inflammatory cytokine that plays a crucial role in the early phase of wound
healing. It is secreted by various cells, including macrophages, fibroblasts, and endothelial cells,
in response to tissue injury. IL-6 promotes inflammation and stimulates the recruitment of
immune cells to the wound site. Moreover, IL-6 induces the production of acute-phase proteins,
such as C-reactive protein (CRP), which are involved in the systemic response to injury and
infection [5,6].

Summarizing could be said that the immune system plays a multifaceted role in wound healing,
coordinating the inflammatory response, clearing pathogens and debris, promoting tissue repair
and regeneration, and regulating the balance between inflammation and tissue remodeling.
Dysregulation of immune responses can lead to impaired wound healing or excessive scarring,
highlighting the importance of immune modulation in wound care.

Depending on the severity and characteristics of the wound, various therapeutic modalities such
as dressings, growth factors, and tissue-engineered constructs may be employed.

At present several methods of skin wound treatment have been suggested e.g. wound dressings to
protect the wound, maintain a moist environment, absorb excess exudate, and promote healing.
Gauze dressings are commonly used for minor wounds and as secondary dressings for larger
wounds [7]. Hydrocolloid dressings form a gel when they come into contact with wound exudate,
creating a moist environment conducive to healing. Foam dressings (absorbent) help manage
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moderate to heavy exudate while protecting the wound. Alginate dressings (made from seaweed)
are highly absorbent and are used for wounds with heavy exudate. Transparent film dressings
provide a barrier against bacteria while allowing visualization of the wound. Antibiotic ointments
are used to prevent or treat wound infections. Antiseptic solutions are used to clean the wound and
prevent infection. Steroid creams reduce inflammation and itching in certain types of wounds.
Silver-containing dressings have antimicrobial properties and are used for infected wounds or
wounds at risk of infection. In some cases, advanced wound care therapies may be necessary for
non-healing or complex wounds. These may include: negative pressure wound therapy uses
suction to promote wound healing and reduce the risk of infection. Hyperbaric oxygen therapy
delivers high concentrations of oxygen to the wound site to promote healing. Bioengineered skin
substitutes are used to replace lost or damaged skin and promote wound closure. In cases of
traumatic wounds, severe burns, or wounds with underlying tissue damage, surgical intervention
(wound debridement, skin grafting, or flap reconstruction) may be necessary to repair the wound
and facilitate healing. Compression therapy is used for wounds such as venous ulcers or
lymphedema to improve circulation and reduce swelling [8-11]. Patients with wounds may
require dietary supplements (protein, vitamins, and minerals) to support tissue repair and
regeneration. Pain Management is essential for patient comfort and compliance with treatment
[12, 13]. Moisturizing creams or gels may be applied to dry wounds to prevent desiccation and
facilitate healing, accelerate epithelialization, reduce pain, and minimize scarring.

Considering that skin wound healing outcome to a great extant depends on selection of effective
methods of treatment, in the presented article we were aimed to study and compare effects of
epicyn, dermatix ultra, flosteron and contractubex on immune parameters (IL-1, 1L-6) and skin
wound healing process to optimize treatment outcomes and improve the quality of life for patients
with skin wounds.

Material and methods.

Experiments were carried out on male white lab. Rats with the body weight range 200-250 g. The
animals were purchased from the vivarium of Aleksandre Natishvili Institute of Morphology,
Thilisi, Georgia (https://www.tsu.ge/en).

All animals were allowed to become acclimatized to laboratory conditions for one week before
the experiment. During this period, the animals were kept under constant environmental
conditions with a light-dark cycle of 12/12 at a temperature of 23+2°C. They were fed a standard
laboratory chow and given free access to water.

For modeling of skin wounds the rats were anesthetized with nembutal (50 ml/kg). After shaving
and cleaning with 70% alcohol, excisional, full-thickness skin wounds were aseptically made on
the dorsal skin. After, a surgical suture of 5 cm was placed on the skin at 1 cm interval.

All animals were placed in the groups. Each group involved 10 rats.

The group | - intact healthy rats;

The group I1 - control, untreated rats;

The group 111 - rats treated with epicyn;

The group IV - rats treated with dermatix ultra;

The group V - rats treated with flosteron;

The group VI - rats treated with contractubex;
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Contractubex, dermatix ultra and epicin creams were applied to the wound surface as a thin layer
2-3 times a day for 4 weeks in the corresponding group animals. Flosteron (0.2 ml) was injected
subcutaneously in the wound area once a week during 4 weeks.

Pro-inflammatory cytokines (IL-1, IL-6) were studied by ELISA. Blood samples for
immunological investigations were collected and studied by the 71, 14" 21% and 28" days of
experiment.

Results were analyzed statistically. Statistical significance was evaluated by using ANOVA or
Mann-Whitney’s U test. p<0.05 was accepted as statistically significant.

Results and discussion.

Investigations showed that IL-1 on the 7" day of wound healing was increased significantly
compared to the data of healthy group animals. In subsequent days the IL-1 gradual decrease was
detected only in the epicyn- and dermatix ultra-treated group animals and by the 21% day of
wound healing it was within the normal range.

IL-1 in flosteron-treated animals was normalized by 28" day of wound healing, while in control
and contractubex-treated animals it was still increased.

Increase in 1L-6 was detected later, on the 14™ day of wound healing. By the 21 day of wound
healing IL-6 gradual decrease was obvious in epicyn, dermatix ultra and flosteron-treated animals.
In epicyn and dermatix ultra-treated animals it was even within the normal range. In flosteron-
treated animals IL-6 concentration was normalized only on 28" day. There was no significant
difference in data of control and contratubex-treated animals and by the 28" day of healing
process I1L-6 was still increased compared to normal value.

IL-1 concentration on the 7! day of wound healing was increased by 19% and 16% (p<0.05) only
in epicyn and dermatix ultra-treated group animals and on the 14" day it was decreased by 15%
and 16% (p<0.05) compared to control group data.

On the 21% day of wound healing IL-1 in epicyn and dermatix ultra-treated groups was decreased
by 32% and 35% (p<0.001), in flosteron-treated group — by 11% (p<0,05) and in contractubex-
treated animals it was not changed significantly compared to control.

By the 28" day of observation, IL-1 concentration was within the normal range in epicyn,
dermatix ultra and flosteron-treated groups, while in contractubex-treated group, it was slightly
decreased compared to control, but this decrease was not statistically significant.

On the 7" day of wound healing I1L-6 concentration unlike IL-1 was not changed significantly in
all study groups compared to control.

On the 14" and 21% days of experiment IL-6 was changed only in epicin and dermatixutra-treated
groups. It was increased by 17% and 25% (p<0,02) on the 14" day, decreased by 12% and 15%
(p<0.05) on the 21% day and returned to normal level by the 28" day of wound healing.

In flosteron group the IL-6 returned to normal level only by the 28" day of wound healing. In
contractubex-treated group, it was not changed significantly compared to control.

The results of the investigation revealed distinct patterns of IL-1 and IL-6 concentrations during
the wound healing process in animals treated with different agents.

In case of treatment with epicyn and dermatix ultra on the 7" day of wound healing there was a
significant increase in IL-1 concentration, suggesting a pro-inflammatory response. However, by
the 14th and 21st days, IL-1 levels decreased substantially, indicating a resolution of
inflammation, possibly due to the efficacy of epicyn and dermatix ultra in modulating the
inflammatory response. The return to normal levels by the 21% and 28th days suggests a potential
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anti-inflammatory effect of treatment, successful resolution of inflammation and effective wound
healing in these groups [14].

Graph.1 IL-1 concentration in healthy, control and treated with epicyn, dermatix ultra,
flosteron and contractubex group lab. rats.

pg/mL m Healthy-intact
6 IL-1 B Control
= Epicyn

5 » Dermatix ultra

m Flosteron

7th 14th 21st 28th Day

Graph. 2 IL-6 concentration in healthy, control and treated with epicyn, dermatix ultra, flosteron
and contractubex group lab. rats.

m Healthy-intact
m Control
IL-6 m Epicyn
ngn} m Dermatix ultra

7th 14th st 28th  dawv

In case of treatment with flosteron IL-1 levls decreased by the 21st day, though not as
significantly as in the epicyn and dermatix ultra-treated groups. Similar to epicyn and dermatix
ultra, normalized level of IL-1 by the 28th day in flosteron-treated animals indicates that flosteron
reveal moderate anti-inflammatory effect and also contributes to the resolution of inflammation,
albeit with a slightly delayed effect compared to epicyn and dermatix ultra.

In case of treatment with contractubex, IL-1 level remained relatively stable throughout the
observation period, with no significant changes compared to the control. This may indicate a lack
of significant impact on the inflammatory response and prolonged inflammatory state by
contractubex.

Regarding IL-6, treatment with epicyn increased its level on the 14th day, suggesting a secondary
inflammatory response. However, by the 21st day, IL-6 levels decreased, indicating a resolution
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of this secondary inflammation, aligning with the pattern observed for IL-1. The return to normal
levels by the 28th day suggests successful wound healing.

In case of treatment with flosteron, IL-6 levels returned to normal only by the 28th day, indicating
a delayed resolution of inflammation compared to the Epicyn and dermatix ultra groups.

At treatment with contractubex IL-6 levels remained stable throughout the observation period,
similar to IL-1, suggesting a lack of significant impact on the inflammatory response.

Could be said that epicyn, dermatix ultra and flosteron treatments led to a gradual decrease and
normalization of IL-6 levels by the 28th day, indicating resolution of secondary inflammation and
successful wound healing [15]. In contrast, IL-6 levels remained elevated in both the control and
contractubex-treated animals indicating ongoing inflammation and potentially impaired wound
healing processes.

Conclusion

The results suggest that epicyn and dermatix ultra and flosteron treatments are effective in
modulating the inflammatory response during wound healing, as evidenced by the normalization
of IL-1 and IL-6 levels by the 28th day. This indicates their potential as therapeutic agents in
promoting wound healing.

In contrast, the control group and contrcatubex-treated animals showed prolonged elevation of IL-
1 and IL-6 levels, suggesting inadequate resolution of inflammation and potentially impaired, or
delayed wound healing.

Overall, the findings suggest that epicyn and dermatix ultra may be more effective in modulating
both the primary and secondary inflammatory responses during wound healing compared to
flosteron and contractubex.

The differential effects of the treatments on inflammatory cytokine levels highlight the
importance of choosing appropriate therapeutic interventions in wound management. Further
studies are needed to elucidate the mechanisms underlying the observed differential effects and to
assess the overall efficacy and safety of these treatments in wound healing.

Additionally, investigating other markers of wound healing and tissue repair would provide a
more comprehensive understanding of the effects of these treatments.
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ABSTRACT

Aim of the research was to study key issue aspects of some features of genetic views of
carbohydrate metabolism disorder in glycogen storage disease and treatment strategy summons.
Glycogen storage diseases (GSDs) are a group of rare genetic disorders characterized by impaired
glycogen metabolism, leading to abnormal accumulation of glycogen in various tissues. This
research article aims to provide a comprehensive overview of the biochemistry underlying GSDs,
exploring the molecular mechanisms, clinical manifestations and current therapeutic strategies.
Through detailed investigation of the key biochemical pathways and enzymes involved in
glycogen metabolism, we aim to improve our understanding of GSDs, paving the way for
improved diagnosis and targeted therapy. Glycogen metabolism plays an important role in
exercise and blood sugar regulation. In a fed state, insulin stimulates glycogen storage in the
muscles and liver, while simultaneously stimulating glycogen synthesis and inhibiting its
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breakdown. Conversely, in the fasting state or during exercise, glucagon and catecholamines
promote glycogen breakdown while inhibiting its synthesis. The importance of glycogen is further
emphasized by the fact that there are several congenital disorders caused by dysfunction of the
enzymes that control the synthesis, regulation, and breakdown of glycogen. So, a biochemical
perspective on Glycogen storage disorders, implications for precision medicine, the article
provides an in-depth examination of the biochemical complexities underlying glycogen storage
disorders. Glycogen storage disease type | is an inherited disorder caused by the buildup of a
complex sugar called glycogen in the body's cells. The accumulation of glycogen in certain organs
and tissues, including the liver, kidneys and small intestine, impairs their ability to function
normally. Signs and symptoms of this condition usually appear around 3 to 4 months of age, when
babies begin sleeping through the night and don't eat as often as newborns. Sick infants may have
low blood sugar (low blood sugar), which can lead to seizures. They may also have a buildup of
lactic acid in the body (lactic acidosis), high levels of a waste product called uric acid in the blood
(hyperuricemia), and excess fats in the blood (hyperlipidemia). As children with GSDI grow, they
develop thin arms and legs and a short stature. An enlarged liver can give the appearance of a
protruding belly. The kidneys may also be enlarged. Patients may also experience diarrhea and
cholesterol deposits on the skin (xanthomas). People with GSDI may experience delayed puberty.
From young to middle age, affected people may suffer from thinning of the bones (osteoporosis),
a form of arthritis caused by uric acid crystals in the joints (gout), kidney disease and high blood
pressure in the blood vessels that supply the blood. lungs (pulmonary hypertension). Women with
this condition may also have abnormal development of the ovaries (polycystic ovaries). In
affected adolescents and adults, tumors called adenomas may form in the liver. Adenomas are
usually noncancerous (benign), but these tumors can sometimes become cancerous (malignant).
Researchers have described two types of GSDI that differ in their signs and symptoms and genetic
cause. These types are known as glycogen storage disease type la (GSDIa) and glycogen storage
disease type Ib (GSDIb). Two other forms of GSDI have been described, initially called type Ic
and type Id. However, these types are now known to be variants of GSDIb; for this reason, GSDIb
is sometimes referred to as GSD type | non-a. Many people with GSDIb have a deficiency in
white blood cells (neutropenia), which can make them prone to recurrent bacterial infections.
Neutropenia usually appears around the age of one year. Many patients also suffer from
inflammation of the intestinal wall (inflammatory bowel disease).

Keywords: Features, genetic, glycogen, storage, disease, treatment, strategy, challenges.

Introduction

Glycogen synthesis represents a key pathway for the elimination of excess glucose, while its
breakdown is critical for providing energy during exercise and on demand. The importance of
glycogen metabolism is also emphasized by human genetic disorders caused by mutations in the
enzymes involved. In this review, we provide an overview of glycogen metabolism and some
clinical aspects of classical glycogen storage diseases. Disorders of glycogen metabolism usually
result in some impairment of liver, muscle, heart, kidney, and/or brain function. In addition, the
range of symptoms observed is very wide and depends on the enzyme affected. The structural
maintenance aspect of glycogen metabolism, which appears to be receiving recent attention. For
example, in Lafora's progressive myoclonic epilepsy, patients experience accumulation of
inclusion bodies in many tissues containing glycogen with increased phosphorylation, longer
chains, and irregular branch points. This abnormal structure is thought to make glycogen insoluble
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and resistant to degradation. Therefore, its accumulation becomes toxic to neurons, leading to cell
death. Although the genes responsible have already been identified, research over the past two
decades is only beginning to shed light on their molecular functions [1-3].

Glycogen storage disease type | is an inherited disorder caused by the buildup of a complex sugar
called glycogen in the body's cells. The accumulation of glycogen in certain organs and tissues,
including the liver, kidneys and small intestine, impairs their ability to function normally. Signs
and symptoms of this condition usually appear around 3 to 4 months of age, when babies begin
sleeping through the night and don't eat as often as newborns. Sick infants may have low blood
sugar (low blood sugar), which can lead to seizures. They may also have a buildup of lactic acid
in the body (lactic acidosis), high levels of a waste product called uric acid in the blood
(hyperuricemia), and excess fats in the blood (hyperlipidemia). As children with GSDI grow, they
develop thin arms and legs and a short stature. An enlarged liver can give the appearance of a
protruding belly. The kidneys may also be enlarged [4-6].

Glycogen metabolism plays an important role in exercise and blood sugar regulation. In a fed
state, insulin stimulates glycogen storage in the muscles and liver, while simultaneously
stimulating glycogen synthesis and inhibiting its breakdown. Conversely, in the fasting state or
during exercise, glucagon and catecholamines promote glycogen breakdown while inhibiting its
synthesis. The importance of glycogen is further emphasized by the fact that there are several
congenital disorders caused by dysfunction of the enzymes that control the synthesis, regulation,
and breakdown of glycogen. So, a biochemical perspective on Glycogen storage disorders,
implications for precision medicine, the article provides an in-depth examination of the
biochemical complexities underlying glycogen storage disorders. By studying the molecular basis,
pathways affected, clinical manifestations, and therapeutic strategies, we think to contribute to the
evolving Glycogen storage disorders research approach by offering better diagnosis and
interventions and pharmacotherapy management. Glycogen storage disease is passed from parents
to children (hereditarily). This happens because both parents have an abnormal gene (genetic
mutation) that affects a certain way in which glycogen is stored or used. Most cases of GSD occur
because both parents pass the same abnormal gene to their children. In most cases, the parents do
not show any symptoms of the disease [7-9].

Glycogen storage disease (GSD, also glycogenosis and dextrinosis) is a metabolic disorder caused
by a deficiency of an enzyme or transport protein that affects glycogen synthesis, glycogen
breakdown, or glucose breakdown, usually in muscle and/or liver cells. GSD has two classes of
causes: genetic and environmental. Genetic glycogen storage disease (GSD) is caused by any
inborn error of carbohydrate metabolism (genetically defective enzymes or transport proteins)
involved in these processes. In livestock, environmental GSD is caused by intoxication with the
alkaloid castanospermine. However, not every congenital disorder of carbohydrate metabolism is
assigned a GSD number, even if it is known to affect the muscles or liver. For example,
phosphoglycerate kinase deficiency (PGK1 gene) has a myopathic form. Additionally, Fanconi-
Bickel syndrome (SLC2A2 gene) and Danon disease (LAMP2 gene) have been declassified as
GSD due to the fact that they represent defects in transport proteins rather than enzymes;
however, GSD-1 subtypes b, c, and d are caused by defects in transport proteins (SLC37A4,
SLC17A3 genes) but are still considered GSDs. Phosphoglucomutase deficiency (PGM1 gene)
has been declassified as GSD because it also affects N-glycan formation; however, since it affects
both glycogenolysis and glycosylation, it has been proposed to rename it GSD-XI1V [10-11].
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Patients diagnosed with GSD type 0 may exhibit normal or poor growth with delayed bone age
during infancy. Catch-up growth has been described after the introduction of adequate dietary
treatment including raw corn starch [12-14]

Glycogen storage disease (GSD) is a rare condition that changes the way the body uses and stores
glycogen, a form of sugar or glucose. Glycogen is a main source of energy for the body. Glycogen
is stored in the liver. When the body needs more energy, certain proteins called enzymes break
down glycogen into glucose. They send the glucose out into the body. When someone has
Glycogen storage disease, they are missing one of the enzymes that breaks down glycogen. When
an enzyme is missing, glycogen can build up in the liver. Or glycogen may not form properly.
This can cause problems in the liver or muscles, or other parts of the body. Glycogen storage
disease (GSD) is passed down from parents to children (is hereditary). It is most often seen in
babies or young children. But some forms of GSD may appear in adults [15-17].

Growth failure is not a feature of GDS type IV and may or may not be present depending on the
causative mutation and clinical subtype [39,56,134]. Patients may also experience diarrhea and
cholesterol deposits on the skin (xanthomas). People with GSDI may experience delayed puberty.
From young to middle age, affected people may suffer from thinning of the bones (osteoporosis),
a form of arthritis caused by uric acid crystals in the joints (gout), kidney disease and high blood
pressure in the blood vessels that supply the blood. lungs (pulmonary hypertension). Women with
this condition may also have abnormal development of the ovaries (polycystic ovaries). In
affected adolescents and adults, tumors called adenomas may form in the liver. Adenomas are
usually noncancerous (benign), but these tumors can sometimes become cancerous (malignant).
Researchers have described two types of GSDI that differ in their signs and symptoms and genetic
cause. These types are known as glycogen storage disease type la (GSDIa) and glycogen storage
disease type Ib (GSDIb). Two other forms of GSDI have been described, initially called type Ic
and type Id. However, these types are now known to be variants of GSDIb; for this reason, GSDIb
is sometimes referred to as GSD type | non-a. Many people with GSDIb have a deficiency in
white blood cells (neutropenia), which can make them prone to recurrent bacterial infections.
Neutropenia usually appears around the age of one year. Many patients also suffer from
inflammation of the intestinal wall (inflammatory bowel disease) [19-21].

In contrast, short stature is a common feature between GSD types VI and 1X, with variability in
the degree of improvement among treated patients who reach adulthood. Most individuals with
PhK deficiency achieve standard adult growth parameters, but exhibit an idiosyncratic growth
pattern with initial growth retardation during the first 2 to 3 years, followed by gradual
normalization of linear growth. Abnormal bone mineralization with and without osteopenia has
been observed in gastrointestinal diseases types VI and IX. Nutritional deficiency and chronic
ketosis are suspected to be contributing factors. Rickets has been reported in GSD type IXc due to
renal tubulopathy with inadequate parathyroid response [22-24].

Heart failure after orthotropic liver transplantation has been described in patients with advanced
hepatic GI type IV without a history of cardiac involvement. This may be due to disease
progression despite liver transplantation. Indeed, in patients who died after liver transplantation,
amylopectin deposits were observed at autopsy in various organs and tissues (myocardial fibers,
skeletal muscle fibers, cells of the central and peripheral nervous system, macrophages). The good
clinical response to liver transplantation may be explained by the mechanism of microchimerism,
in which donor cells transfer the deficient enzyme to host cells, thereby reducing amylopectin
deposits [25-27].
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Mild and severe myopathies and dilated cardiomyopathies have also been described in
neuromuscular forms of the gastrointestinal tract type IV. It is noteworthy that in one case,
cardiomyopathy was the only symptom of branched-chain enzyme deficiency. Muscle cramps or
post-exercise fatigue have been reported in a minority of cases of GSD type VI, usually associated
with undertreatment and protein deficiency. Muscle weakness may or may not be observed with
PhK deficiency regardless of genotype [28-30].

In a recent case series, asymptomatic left ventricular and septal hypertrophy was reported in a
patient with GBD type VI, and interventricular septal hypertrophy was found in a patient with
GBD type IXb. The authors recommended that echocardiography be performed every 1-2 years
in patients diagnosed with gastrointestinal tract types VI and 1X over the age of 5 years. A
systematic review of the literature did not identify any other individuals with HDD type VI or 1X
and heart problems. Muscle involvement can be observed in the setting of dielectrolythemia in
type X1 LCD, manifested by exercise intolerance and rhabdomyolysis [31-33]

Developmental delay has been described in some children with GSD type 0, while undiagnosed
GSD type 0 has been associated with a higher incidence of neurodevelopmental disorders caused
by severe recurrent hypoglycemia. In these patients, hypoglycemia is often asymptomatic, as loss
of neuroglycopenic characteristics is noticeable with recurrent hypoglycemia. The phenomenon
known as hypoglycemia-associated autonomic failure is caused by defective glucose counter-
regulation with impaired sympathoadrenal and neuronal responses, resulting in decreased
neurogenic and cerebral symptoms [34-36].

Purpose
Aim of the research was to study key issue aspects of some features of genetic views of carbohydrate
metabolism disorder in glycogen storage disease and treatment strategy summons.

Materials And Methods

The main question of this article was to research and analyses key issue aspects of some features
of genetic views of carbohydrate metabolism disorder in glycogen storage disease and treatment
strategy summons. We have searched and analyzed PubMed, Web of Sciences, Clinical key,
Tomson Routers and Google Scholar mostly, using search terms bases, including the words to
research and study key issue aspects of some features of genetic views of carbohydrate
metabolism disorder in glycogen storage disease and treatment strategy summons. We brought
together all published data to comprehensively examine the effects in a systematic review and
overview, to define key issue aspects of some features of genetic views of carbohydrate
metabolism disorder in glycogen storage disease and treatment strategy summons.

Results and discussion

Glycogen storage disease (GSD) is a rare autosomal recessive disorder characterized by
hypoglycemia, hepatosplenomegaly, seizures, and growth retardation in young children.
Neutropenia and/or neutrophil dysfunction occurs in GSD1b but not in other types. GSD1b results
from a deficiency of the enzyme glucose-6-phosphate translocase, and the genetic defect
corresponds to chromosome 11g23. Patients with GSD1b are susceptible to recurrent bacterial
infections, usually affecting the peri rectum, ears, skin, and urinary tract, although life-threatening
infections such as sepsis, pneumonia, and meningitis are less common. Although the exact
mechanism of neutropenia in patients with GSD1b is unknown, treatment with recombinant
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human granulocyte colony-stimulating factor (G-CSF) reduced the incidence of infections and
improved quality of life in these patients. Defects in neutrophil chemotaxis and intracellular
bacterial Killing have been described and appear to be corrected by G-CSF. To date, no cases of
myelodysplasia or acute myeloid leukemia have been observed in GSD1b patients treated with G-
CSF. An important complication of cytokine therapy is the development of hypersplenism,
requiring either a reduction in the dose of G-CSF or splenectomy [37].

Glycogen is a branched polymer whose monomeric units are glucose. After a meal, plasma
glucose levels increase and stimulate the deposition of excess glucose into cytoplasmic glycogen.
The liver contains the highest percentage of glycogen by mass (around 10%), while muscle can
store around 2% by mass. However, because total muscle mass is greater than liver mass, the total
glycogen mass in muscle is approximately twice that in the liver. If necessary, the glycogen
polymer can be broken down into glucose monomers and used to produce energy. Many enzymes
and transporters of these processes play key roles in the etiology of GSD. An increasing number
of GSDs are being identified, but most are very rare. Traditionally, GSDs were named after the
physician who first identified the disease; However, each has a specific enzyme and gene that will
be used to refer to these disorders in this article, although different diseases have their own
classifications.

Glycogen storage diseases (GSDs) are a group of rare single-gene disorders characterized by a
general defect in the synthesis or degradation of glycogen. This textbook describes the multiorgan
clinical features of hepatic and muscle BPH, as well as their epidemiology, biochemistry and
pathological mechanisms, diagnosis, treatment, quality of life, and future research directions.
Some GSDs have guidelines for diagnosis and treatment. Diagnostic considerations include
phenotypic characterization, biomarkers, imaging, genetic testing, enzyme activity testing, and
histology. Treatment includes monitoring the development of characteristic effects of the disease,
avoiding fasting for certain liver diseases, a diet prescribed by a doctor, appropriate exercise
programs and emergency letters. Specific therapeutic interventions are available for certain
diseases, such as enzyme replacement therapy to correct enzyme deficiency in Pompe disease and
SGLT2 inhibitors for neutropenia and neutrophil dysfunction in GSD Ib. Advances in diagnostics,
management and definitive treatment influence the natural history and therefore morbidity and
mortality.

Diseases that disrupt neuromuscular junctions can cause abnormal muscle fatigue, such as
myasthenia gravis, an autoimmune disease. Lambert-Eaton myasthenic syndrome (autoimmune)
and congenital myasthenic syndrome (genetic) are similar. Diseases can alter glycogen
metabolism secondary to the primary disease. Thyroid dysfunction — hypo and hyperthyroidism —
may present as a myopathy with symptoms of muscle fatigue, cramping, exercise-induced muscle
soreness, and may include proximal muscle weakness or hypertrophy (especially at the level of
the calves). Hypothyroidism increases glycogen synthesis and suppresses glycogenolysis and
glycolysis; Conversely, hyperthyroidism does the opposite: it increases glycogenolysis and
glycolysis while suppressing glycogen synthesis. Long-term hypo- and hyperthyroid myopathy
results in atrophy of type Il (fast-twitch/glycolytic) muscle fibers and a predominance of type |
(slow-twitch/oxidative) muscle fibers. Muscle biopsy shows abnormal muscle glycogen levels:
high accumulation in hypothyroidism and low accumulation in hyperthyroidism. Hypothyroid
myopathy includes Kocher-Debreu-Semélan syndrome (onset in childhood), Hoffman syndrome
(onset in adulthood), myasthenic syndrome and the atrophic form. In patients with elevated
growth hormone levels, muscle biopsies include, among other things, excessive glycogen
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deposition. Interestingly, compared to hypothyroid myopathy, McArdle's disease (GSD-V), which
is by far the most frequently diagnosed and therefore most studied muscular GSD, is the second
most common associated endocrine disorder (mainly hypothyroidism). Late-onset Pompe disease
(GSD-11) also presents with calf enlargement and hypothyroidism as comorbidities. Poor diet and
malabsorption diseases (such as celiac disease) can lead to deficiencies of essential vitamins
needed for glycogen metabolism in muscle cells. Malnutrition usually presents with systemic
symptoms, but in rare cases it may be limited to myopathy.

Vitamin D deficiency myopathy (also known as osteomalan myopathy due to the interaction of
vitamin D and calcium) results in muscle weakness, primarily of the proximal muscles; muscle
biopsy shows abnormal glycogen accumulation, atrophy of type Il (fast-twitch/glycolytic) muscle
fibers, and decreased calcium absorption into the sarcoplasmic reticulum (necessary for muscle
contraction). Although myopathy caused by vitamin D deficiency usually involves muscle
atrophy, hypertrophy of the gastrocnemius muscles has rarely been reported. Exercise-induced
electrically silent muscle spasms and stiffness (transient muscle contractures or
"pseudomyotonia™) are seen not only in GSD types V, VII, 1Xd, Brody, a pulsing muscle. mess.
type 1 and 2 diseases and CAV3-related hyperCemia (increased serum creatine phosphokinase
levels). Unlike other myopathies, in Brody's disease, muscle spasms are painless. Similar to types
I1, 111, and V GSD, the pseudoathletic type of muscle hypertrophy is also seen in some patients
with Brody disease and pulsatile muscle disease. Erythrocyte lactate transporter defect (formerly
lactate transporter defect-induced myopathy) also includes exercise-induced, electrically silent
painful muscle spasms and transient contractures; as well as exercise-induced muscle fatigue.
However, the EMG and muscle biopsy are normal because the defect is not in the muscle, but in
the red blood cells, which are supposed to eliminate lactate accumulation in exercised muscles.
Patients with GSD type O will experience hyperglycemia in the first two hours, then
hypoglycemia may occur with prolonged OGTT, likely due to hyperglycemia-induced
hyperinsulinemia. In the past, enzymatic activity was performed in cultured peripheral blood cells
and skin fibroblasts. A decrease in branching enzyme activity in leukocytes, erythrocytes and
fibroblasts confirmed the diagnosis of type 1V cholelithiasis, but normal leukocyte activity did not
allow excluding neuromuscular forms. In GDM type VI, decreased phosphorylase activity can be
found in red blood cells and white blood cells. Deficiency of phosphorylase kinase activity can be
demonstrated in leukocytes, erythrocytes and fibroblasts, except in forms associated with certain
missense mutations of PHKA2 and PHKB. If enzyme activity in peripheral blood cells was
normal, a liver biopsy was evaluated for hepatocyte enzyme analysis. More recently, molecular
analysis has become the method of choice to confirm the diagnosis of each type of cholelithiasis.
However, these forms may have a similar clinical and biochemical picture. Thus, performing a
single gene analysis would be time-consuming and expensive. Over the past decade, next-
generation sequencing technology (e.g., gene panel or clinical exome) has found widespread use
in the diagnosis of inborn errors of metabolism due to the genetic heterogeneity of these
conditions, allowing large-scale molecular characterization of patients. leave on time. and at a
reasonable price. However, noncoding and structural variants cannot be identified using these
methods, gene coverage may be variable, deletions/duplications may be missed, and identification
of variants of uncertain significance poses a diagnostic challenge. In these cases, histological and
enzymatic examination of a liver biopsy sample may be required to confirm the diagnosis.
Glycogen synthesis and degradation are highly regulated, multistep processes involving different
sets of enzymatic reactions. Glycogen synthesis is generally thought to require an oligosaccharide
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primer, which is first formed by self-glucosylation of the protein glycogenin. This process
requires the nucleotide sugar, uridine diphosphate glucose (UDP-glucose), as a donor substrate.
Up to seven units of glucose can be added to glycogenin, which is considered essential because
the key enzyme that synthesizes glycogen, glycogen synthase (GS), can only extend the existing
glucose chain.

During glycolysis, G6P is ultimately converted to pyruvate, which acts as a key metabolic
intermediate for other pathways. For example, the conversion of pyruvate to acetyl-CoA creates
an important substrate for the tricarboxylic acid (TCA) cycle and fatty acid synthesis. Under
certain conditions, muscles can convert pyruvate to lactate (during anaerobic glycolysis) or
alanine (during muscle breakdown), which are transported in the bloodstream to the liver, where
they are then converted back to pyruvate (Cori cycle and alanine cycle). In the liver, pyruvate can
also be converted back to glucose through gluconeogenesis. This pathway is similar to reverse
glycolysis but requires the use of unique enzymes to bypass certain endergonic reactions. For
example, in the liver and kidneys, the unique presence of the enzyme glucose-6-phosphatase
(G6Pase) converts G6P to glucose, allowing it to be released into the bloodstream to support other
tissues. This step (step 3 of gluconeogenesis) is critical because the conversion of glucose to G6P
by the hexokinase enzyme in the reverse direction is energetically unfavorable.

Glycogen storage disease type | is an inherited disorder caused by the buildup of a complex sugar
called glycogen in the body's cells. The accumulation of glycogen in certain organs and tissues,
including the liver, kidneys and small intestine, impairs their ability to function normally. Signs
and symptoms of this condition usually appear around 3 to 4 months of age, when babies begin
sleeping through the night and don't eat as often as newborns. Sick infants may have low blood
sugar (low blood sugar), which can lead to seizures. They may also have a buildup of lactic acid
in the body (lactic acidosis), high levels of a waste product called uric acid in the blood
(hyperuricemia), and excess fats in the blood (hyperlipidemia). As children with GSDI grow, they
develop thin arms and legs and a short stature. An enlarged liver can give the appearance of a
protruding belly. The kidneys may also be enlarged. Patients may also experience diarrhea and
cholesterol deposits on the skin (xanthomas). People with GSDI may experience delayed puberty.
From young to middle age, affected people may suffer from thinning of the bones (osteoporosis),
a form of arthritis caused by uric acid crystals in the joints (gout), kidney disease and high blood
pressure in the blood vessels that supply the blood. lungs (pulmonary hypertension). Women with
this condition may also have abnormal development of the ovaries (polycystic ovaries). In
affected adolescents and adults, tumors called adenomas may form in the liver. Adenomas are
usually noncancerous (benign), but these tumors can sometimes become cancerous (malignant).
Researchers have described two types of GSDI that differ in their signs and symptoms and genetic
cause. These types are known as glycogen storage disease type la (GSDIa) and glycogen storage
disease type Ib (GSDIb). Two other forms of GSDI have been described, initially called type Ic
and type Id. However, these types are now known to be variants of GSDIb; for this reason, GSDIb
is sometimes referred to as GSD type | non-a. Many people with GSDIb have a deficiency in
white blood cells (neutropenia), which can make them prone to recurrent bacterial infections.
Neutropenia usually appears around the age of one year. Many patients also suffer from
inflammation of the intestinal wall (inflammatory bowel disease). People with GSDIb may suffer
from oral problems, including tooth decay, gum disease (gingivitis), chronic gum disease
(periodontal disease), abnormal tooth development, and open mouth sores. Neutropenia and oral
problems are specific to people with GSDIb and are not usually seen in people with GSDIa.
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Glycogen storage diseases (GSDs) are inherited congenital disorders of carbohydrate metabolism.
Disorders of carbohydrate metabolism leading to abnormal accumulation of glycogen are
classified as GSD. Their numbering is classified in order of recognition and identification of the
enzymatic defect causing the disease. Clinical onset may vary from neonatal period to adulthood.
Depending on the specific type, GSD may result from an inability to convert glycogen into energy
and/or toxic glycogen accumulation; however, they all result in impaired glycogen utilization or
storage.

In humans, glycogen is the major storage form of glucose and the primary means of non-oxidative
removal of glucose in muscle and liver tissues, although significant amounts are also found in
other locations, such as the brain and kidneys. When needed, glycogen is quickly broken down to
form glucose. In muscles, this provides an immediate and important source of energy for exercise
during the first 30 minutes. In the liver, the breakdown of glycogen during fasting promotes the
production of glucose in the liver, which is critical for maintaining blood sugar levels and meeting
the needs of other tissues. Although glycogen is mobilized during fasting in both the liver and
muscle, the latter tissue lacks key metabolic enzymes that allow the transport of glucose into the
bloodstream.

The second pathway of glycogen degradation requires the participation of the enzyme a-
glucosidase (GAA). Initially assembled in the endoplasmic reticulum (ER), GAAs are transported
to lysosomes via the Golgi apparatus to degrade lysosomal glycogen in an autophagy-dependent
pathway, also known as glyphagy. Although studies in Drosophila suggest that glyphagy and
glycogenolysis may compensate for each other, both pathways appear to be necessary for
maximal glycogen breakdown.

The importance of the presence of two different pathways for glycogen breakdown is not entirely
clear. Most studies have focused on GP regulation, particularly in the context of hormonal
regulation (eg, insulin, glucagon, epinephrine) in response to dietary conditions and exercise. In
contrast, much less is known about glicophagy, although the dominant theory suggests that it
plays an important role in neonatal survival. At birth, animals were observed to have numerous
glycogens containing autophagosomes, which were rapidly mobilized within the first hours. Thus,
glyphagy can provide a direct source of energy for the functioning of key tissues of the newborn,
such as the muscles of the heart and diaphragm.

In addition to the above processes, glycogen is a branched polysaccharide and requires the
branching enzyme GBEL1 to generate regularly spaced branch points (every 10-20 residues) via a.
(1—6) glycosidic linkages. An obvious benefit of glycogen branching is the creation of multiple
sites for faster glycogenolysis. However, glycogen branching is also important for increasing the
solubility and decreasing the osmotic impact of the molecule.

An additional enzyme that must be administered is glycogen debranching enzyme (GDE).
Although GP is a key enzyme in glycogenolysis, it is sterically hindered when it reaches a branch
point four glucose residues away. At this stage, branching occurs due to two catalytic activities of
GDE. First, one of the branches passes to another chain, but at the branching site a single glucose
unit remains. It is then removed to form one free glucose fragment. In contrast to GS and GP
activities, little is known about the regulation of branching/disconnecting activities.

It is well known that glycogen metabolism plays an important role in exercise and blood sugar
regulation. In a fed state, insulin stimulates glycogen storage in the muscles and liver, while
simultaneously stimulating glycogen synthesis and inhibiting its breakdown. Conversely, in the
fasting state or during exercise, glucagon and catecholamines promote glycogen breakdown while
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inhibiting its synthesis. The importance of glycogen is further emphasized by the fact that there
are several congenital disorders caused by dysfunction of the enzymes that control the synthesis,
regulation, and breakdown of glycogen. This section will examine some aspects of these
disorders, which are collectively called glycogen storage diseases (GSDs). In general, the
incidence of cholelithiasis is rare, and all are inherited in an autosomal recessive manner, with the
exception of cholelithiasis type IX and Danon disease (an X-linked recessive type). Although
abnormal glycogen accumulation is a hallmark, there is a wide spectrum of phenotypes associated
with these disorders, with age of onset ranging from fetal development to adulthood.

The etiology of GSD is best understood by following the metabolic events leading to glycogen
synthesis (glycogenesis) and degradation (glycogenolysis). Excess dietary glucose is stored in
glycogen, and glycogen synthesis is carried out in part by glycogen synthase (GS). There are two
different forms of glycogen synthase: one in the liver, encoded by the GYS2 gene, and one in
skeletal muscle, encoded by the GYS1 gene. Both forms of GS act by linking (alpha-1,4-linked)
the glucose monomer to the growing glycogen polymer. Glycogen has two different types of
bonds: alpha-1,4 bonds and alpha-1,6 bonds. About 95% of the bonds in glycogen are alpha-1,4
bonds. Absence or dysfunction of hepatic glycogen synthase due to mutations in the GYS2 gene
prevents glycogen synthesis in the liver. This is the cause of GSD type Oa. Likewise, absence or
dysfunction of muscle glycogen synthase due to mutations in the GYS1 gene will interfere with
muscle glycogen synthesis, which is the cause of GSD type 0Ob.

Although glycogen synthase can catalyze alpha-1,4-glucose bonds in glycogen, another enzyme,
glycogen branching enzyme (GBEL), is required to form alpha-1,6 branched bonds. Mutations in
the glycogen branching enzyme can result in the formation of glycogen with an abnormal
structure. This is the cause of HBD type IV. Abnormal glycogen structures are called
polyglucosan bodies. In the type 1V gastrointestinal tract, polyglucosan bodies accumulate in liver
and muscle cells. Polyglucosan bodies are not efficiently glycogenolyzed, which can cause
weakness and myopathy in muscle tissues. In the liver, the accumulation of polyglucosan bodies
causes hepatomegaly.

Although GSD 0a and GSD 0b arise from insufficient glycogen storage, most GSDs are unable to
remove glucose from glycogen (glycogenolysis), resulting in excess glycogen storage in tissues.
The first step in glycogenolysis is the release of glucose-1-phosphate (G-1-P) from glycogen by
the action of glycogen phosphorylase. GSD type V is caused by mutations in the muscle-specific
glycogen phosphorylase (PYGM) gene. Mutations in the liver-specific glycogen phosphorylase
(PYGL) gene cause GSD type VI. Glucose-1-phosphate, released by glycogen phosphorylase, is
then converted to glucose-6-phosphate (G-6-P) by phosphoglucomutase. Glucose-6-phosphate
present in the liver is in turn converted to glucose by glucose-6-phosphatase, encoded by the
G6PC gene. The resulting glucose is released into the blood as an energy source for other
tissues/organs.

It should be noted that skeletal muscle lacks glucose-6-phosphatase and therefore does not release
glucose into the blood. GHD type | results from genetic disorders of glucose-6-phosphatase
metabolism. GSD type la (also called von Gierke disease) is caused by mutations in the G6PC
gene. Glucose-6-phosphate is synthesized in the cytoplasm of hepatocytes and must be
transported into the lumen of the endoplasmic reticulum (ER), where it is requested by glucose-6-
phosphatase to produce glucose, which is then transported into the cytoplasm and then via the
hepatic transporter GLUT2 into the blood.

THE CAUCASUS ECONOMIC & SOCIAL ANALYSIS JOURNAL OF SOUTHERN CAUCASUS



.,/\V\/ ISSN:. 2298-0945 (Print), I55N: 1987-8114 (Oniine)
A :/,*\

A
§ s

Glucose-6-phosphate translocase 1 (G6PT1) is a transporter protein that mediates the G-6-P
channel between the cytoplasm and the ER. The G6PT protein consists of three subunits called
G6PT1, G6PT2 and G6PT3. Mutations in the SLC37A4 gene, which encodes the G6PT1 protein,
are responsible for GSD type Ib.Fanconi-Bickel disease is a rare disease caused by GLUT2
deficiency due to a mutation in the SLC2A2 gene. GLUT?2 deficiency results in impaired glucose
export, increased intracellular glucose levels, and decreased glycogen breakdown. This leads to
increased glycogen stores and hepatomegaly.

As mentioned above, glycogen is a branched polymer. Although glycogen phosphorylase is good
at removing glucose from alpha (1,4) bonds, it does not work at branch points. The branch points
are alpha-1,6 bonds. Removal of branch points requires a glycogen decoding enzyme (GDE),
called "ammylo-alpha-1,6-glucosidase, 4-alpha-glucanotransferase™ in mammals, encoded by the
AGL gene. GSD type Il is caused by mutations in the AGL gene, resulting in either a
nonfunctional GDE enzyme (GSD type Illa or type Illb) or decreased GDE function (GSD types
[lic and I11d).

Although most muscular dystrophies result in fixed muscle weakness rather than exercise-induced
muscle fatigue and/or cramping, there are a few exceptions. Autosomal recessive limb-girdle
muscular dystrophy 23 (LGMD R23) presents with calf hypertrophy and exercise-induced
cramping. Myofibrillar myopathy 10 (MFM10) is characterized by exercise-induced muscle
fatigue, cramping and stiffness, with hypertrophy of the neck and shoulder muscles. LGMD R28
presents with calf hypertrophy as well as exercise-induced muscle fatigue and soreness. PCMD
R8 presents with pseudohypertrophy of the calves, weakness (fatigue) and exercise-induced pain.
LGMD R15 (also known as MDDGC3) exhibits muscle hypertrophy, proximal muscle weakness,
and muscle fatigue. The DMD-related Duchenne myopathies and Becker muscular dystrophy are
known for fixed muscle weakness and pseudohypertrophy of the gastrocnemius muscles, but they
also have secondary muscle mitochondrial failure leading to low ATP production; and a decrease
in the number of type Il (fast-twitch/glycolytic) muscle fibers, resulting in a predominance of type
I (slow-twitch/oxidative) muscle fibers. Milder phenotypes associated with childhood-onset DMD
include exercise-induced muscle spasms, stiffness, pain, fatigue, and elevated CPK levels. Becker
muscular dystrophy is characterized by exercise-induced muscle spasms, pain, and elevated CPK
levels in adulthood. Global tubular myopathy (GTM) types 1 and 2 present with muscle pain,
fatigue, exercise-induced stiffness, proximal muscle weakness, and pseudohypertrophy of the
gastrocnemius muscles. TAM1 exhibits seizures at rest, while TAM2 exhibits seizures during
exercise. Stormorken syndrome includes the symptoms of TAM but is a more severe presentation,
including short stature and other abnormalities. Satoyoshi syndrome is characterized by painful
muscle spasms, muscle hypertrophy, and short stature caused by exercise. Dimethylglycine
dehydrogenase deficiency leads to muscle fatigue, increased CPK levels and fishy body odor.
Myopathy with myalgia, elevated serum creatine kinase levels with or without episodic
rhabdomyolysis (MMCKR) leads to exercise-induced muscle cramps, pain, and fatigue; some
have proximal muscle weakness.

Treatment depends on the type of glycogen storage disease. Von Gierke's disease (GSD-I) is
usually treated with small, frequent meals of carbohydrates and corn starch, called modified corn
starch therapy, to prevent hypoglycemia, while other treatments may include allopurinol and
human granulocyte colony-stimulating factor. Modified corn starch therapy, a high-protein diet
with a preference for complex carbohydrates, may be used to treat measles/Forbes disease (GSD-
I11). However, unlike GSD-I, gluconeogenesis is functional, so simple sugars (sucrose, fructose
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and lactose) are not inhibited. The ketogenic diet has been shown to be beneficial in McArdle's
disease (GSD-V) because ketones are readily converted to acetyl-CoA for oxidative
phosphorylation, whereas free fatty acids take several minutes to be converted to acetyl-CoA for
oxidative phosphorylation. CoA. For phosphoglucomutase (formerly GSD-XI1V) deficiency, D-
galactose supplementation and exercise have shown beneficial improvement in signs and
symptoms.

Some patients with phosphoglucomutase deficiency also experience a ‘“second wind” and
anaerobic exercise (strength training), which follows adaptation to activity and does not cause
muscle injuries, helps reduce symptoms of exercise intolerance and maintain overall health.
Research has shown that regular low-to-moderate aerobic exercise increases peak power output,
increases peak oxygen consumption (VO2peak), lowers heart rate, and reduces serum CPK levels
in people with CD. McArdle. Whether the patient presents symptoms of muscle pain, muscle
fatigue or cramps, the appearance of the second wind phenomenon is manifested by the sign of an
increase in heart rate, which decreases while maintaining the same speed on the mat rolling. In
sedentary patients, a second wind occurred, manifested by relief of typical symptoms and a
decrease in signs of increased heart rate during low to moderate aerobic exercise (walking or brisk
walking). Conversely, regularly active patients did not show typical symptoms during low to
moderate aerobic exercise (walking or brisk walking), but nevertheless showed a second wind in
the form of a sign of an increased decrease in cardiac frequency. In regularly active patients, more
intense exercise (walking/jogging or very fast cycling) was necessary to experience both typical
symptoms and their relief, as well as signs of an increase in heart rate, demonstrating a second
wind. In young children (<10 years) with McArdle disease (GSD-V), the second wind
phenomenon may be more difficult to detect. They may have a normal heart rate and a normal or
higher maximum cardiorespiratory capacity (VO2max). However, patients with McArdle disease
typically present with symptoms of exercise intolerance before the age of 10, with the average age
of symptoms being 3 years.

Methods for diagnosing glycogen storage diseases include a history and physical examination to
identify associated symptoms, blood tests to identify underlying metabolic disorders, and genetic
testing to identify suspected mutations. It may also include a non-ischemic forearm test, an
exercise test, or a 12-minute walk test (12MWT). Advances in genetic testing are gradually
reducing the need for biopsies; however, if IVUS and inconclusive stress tests are present, a
biopsy will be required to confirm the diagnosis.

As noted above, glycogen is the stored form of glucose and consists of long 1,4-linked glucose
polymers with branch points through 1,6-linked glucose molecules. The primary physiological
function of glycogen is to supply glucose through glycogenolysis to maintain glucose
homeostasis. Liver stores are used to maintain serum glucose homeostasis, and muscle stores
provide muscles with glucose during periods of high demand or exercise as an energy source.
When these physiological functions are disrupted, hypoglycemia, hepatomegaly, muscle cramps,
exercise intolerance, and weakness develop. Some diseases also affect myocardial tissue and can
lead to cardiomyopathy and cardiac conduction abnormalities. Failure to maintain glucose
homeostasis triggers alternative pathways to meet metabolic needs. In type 1 GDM, for example,
failure of glycogenolysis in the liver leads to increased production of lactic acid (lactic acidosis)
due to intracellular accumulation of glucose-6-phosphate, which stimulates the glycolytic
pathway.
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GSDs are a diverse set of rare inborn errors of carbohydrate metabolism that can have different
phenotypic presentations even within the same type of GSD. Obtaining a family pedigree is useful
in establishing the mode of inheritance. Most GSDs show autosomal recessive inheritance, but
some (type IX GSDs) show X-linked inheritance. Common symptoms include failure to
thrive/poor weight gain in children, exercise intolerance, hypoglycemia, hepatomegaly, low
muscle tone, acidosis, and hyperlipidemia. As noted above, the most common symptoms of these
disorders are hypoglycemia and exercise intolerance [14,28].

Glycogen storage diseases (GSDs) are a group of rare genetic disorders characterized by impaired
glycogen metabolism, leading to abnormal accumulation of glycogen in various tissues. This
research article aims to provide a comprehensive overview of the biochemistry underlying GSDs,
exploring the molecular mechanisms, clinical manifestations and current therapeutic strategies.
Through detailed investigation of the key biochemical pathways and enzymes involved in
glycogen metabolism, we aim to improve our understanding of GSDs, paving the way for
improved diagnosis and targeted therapy. Glycogen metabolism plays an important role in
exercise and blood sugar regulation. In a fed state, insulin stimulates glycogen storage in the
muscles and liver, while simultaneously stimulating glycogen synthesis and inhibiting its
breakdown. Conversely, in the fasting state or during exercise, glucagon and catecholamines
promote glycogen breakdown while inhibiting its synthesis. The importance of glycogen is further
emphasized by the fact that there are several congenital disorders caused by dysfunction of the
enzymes that control the synthesis, regulation, and breakdown of glycogen. So, a biochemical
perspective on Glycogen storage disorders, implications for precision medicine, the article
provides an in-depth examination of the biochemical complexities underlying glycogen storage
disorders. By studying the molecular basis, pathways affected, clinical manifestations, and
therapeutic strategies, we think to contribute to the evolving Glycogen storage disorders research
approach by offering better diagnosis and interventions and pharmacotherapy management.
Patients with impaired hepatic glycogen metabolism typically experience fasting hypoglycemia
and ketosis. Their symptoms improve with the administration of glucose. Patients with
abnormalities in skeletal muscle glycogen metabolism report fatigue and exercise intolerance after
short periods of moderate-intensity exercise. This contrasts with patients with a defect in fatty
acid metabolism, since patients with defects in this pathway typically develop symptoms after
prolonged exercise. Patients with skeletal muscle-associated GSD report muscle cramps and may
present with rhabdomyolysis and/or myoglobinuria. In rare cases, progressive weakness may
occur. However, this is generally limited to GSD types O, Il and 1V. In rare cases, GSD types llI,
V, and VII may present with weakness rather than muscle cramps, and fixed weakness develops
over time. Patients with heart muscle abnormalities have symptoms of cardiomyopathy and rarely
conduction defects [16,24].

Anthropometric measurements should be obtained and graphed in all patients with GSD to assess
overall growth patterns. Short stature or poor linear growth, particularly in hypoglycemic
children, should prompt investigation for glycogen storage disorders. Failure to properly release
glucose from glycogen can lead to abnormal glycogen accumulation. In the liver, this leads to
hepatomegaly with the potential for cirrhosis [9,37].

GHD types 0, IV, VI, IX and XI with liver involvement may have a similar clinical picture.
However, these diseases present a phenotypic continuum and, even in the mildest forms, regular
monitoring and dietary adjustments are necessary to slow the progression of the disease and its
complications. In some cases, there may be a clinical burden related to serious organ
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complications. Ensuring adequate knowledge among doctors about these rare pathologies is
essential to improve the prognosis and quality of life of patients, particularly those suffering from
the most serious forms. Further studies are needed to determine genotype-phenotype correlation
and to guide personalized therapy and management [10,24].

Hypoglycemia is defined as the plasma glucose concentration that results in symptoms associated
with hypoglycemia and is reversed by glucose administration. There is no fixed plasma glucose
level above which GSD can be ruled out, especially in children. It is important to note that
newborns experience a period of transient hypoglycemia during the first 48 hours of life, during
which the diagnosis of cholelithiasis is impossible.

The duration of fasting that results in symptoms of hypoglycemia is an important part of the
history to be taken. A short duration of fasting resulting in typical symptoms suggests a type | or
type 11l glycogen storage disorder. If overnight fasting results in symptoms of hypoglycemia,
glycogen storage disease type 0, VI, or IX should be considered [17,26].

There is currently no cure for GSD, and most treatments are aimed at relieving signs/symptoms.
The main goals are the treatment or prevention of hypoglycemia, hyperlactatemia, hyperuricemia
and hyperlipidemia. Hypoglycemia can be avoided by consuming starch, and an optimal,
physically modified form is now commercially available. Hyperuricemia is treated with
allopurinol, and hyperlipidemia with statins. Some GSDs, such as GSD type Il, can now be
treated with enzyme replacement therapy (ERT) using recombinant alglucosidase alpha, which
breaks down lysosomal glycogen [11,25,27].

Research is currently being conducted on the use of ERT with other forms of GSD. Liver
transplantation should be considered in patients with certain liver diseases with advanced forms of
the liver that have progressed to malignancy or liver failure. Although liver failure and
hypoglycemia can be corrected with liver transplantation, cardiomyopathy associated with GSD is
not correctable and may continue to progress [13,29].

Immediate treatment of acute hypoglycemia requires rapid correction with oral carbohydrates
and/or parenteral glucose. Glucagon is effective only for insulin-mediated hypoglycemia and will
not benefit patients with hypoglycemia secondary to gastrointestinal symptoms.

GSDs are a group of complex metabolic disorders that are best managed by an interprofessional
team consisting of clinicians, nurses, pharmacists, and dietitians. There is currently no cure for
GSD, and most treatments are aimed at relieving signs/symptoms. However, even such
symptomatic treatment requires vigorous patient/parent education to ensure that dietary
restrictions and frequency of carbohydrate intake are followed appropriately [12,24].

Dietitians and nurse specialists play a key role in educating patients and their carers to avoid
hypoglycemia. This not only reduces the risk of complications associated with hypoglycemia, but
also prevents long-term consequences of the disease in most cases of cholelithiasis. Specialist
pharmacists play a central role in the treatment of GDM type Il by ensuring that enzyme
replacement therapy is adequately administered and the drug is administered under optimal
conditions. Primary care physicians, which include internists, mid-level practitioners, and
pediatricians, work in coordination with specialists to help ensure that patients grow and function
adequately with minimal risk of serious complications such as kidney failure or liver failure [17].
All members of the interprofessional team must be vigilant in monitoring these patients and alert
other members of the team if complications arise or if the patient's condition worsens; this
requires careful documentation and open communication between all members of the care team.
The main overall goal is to prevent and treat hypoglycemia, hyperlactatemia, hyperuricemia and
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hyperlipidemia. A well-coordinated interprofessional team can help adequately care for patients
with these diseases and ensure their normal lives.

The development of experimental treatments such as gene therapy could ultimately provide
therapeutic options for patients with these diseases in the future.

Seizures associated with hypoglycemia and cardiac arrest may occur in early childhood. Patients
with GSD type la may present with growth retardation accompanied by short stature, renal
dysfunction, hypertriglyceridemia, and hepatocellular carcinoma. whereas in GSD type Ib, there
will be recurrent bacterial infections secondary to neutropenia. In gestational diabetes type 1V,
progressive liver failure accompanied by liver cirrhosis may occur. Cardiomyopathy and limb-
girdle dystrophy can be seen in patients with type 1l cholelithiasis. Hypertrophic cardiomyopathy
is a classic type Il gastrointestinal complication [14,19,28].

Growth retardation and short stature are also seen in GHD types IX (a, b, ¢, d) and XIl, but
delayed cognitive development is also a feature of the latter. In headache types V and XIllI,
exercise intolerance and rhabdomyolysis accompanied by kidney damage may occur.

Overview Glycogen storage diseases (GSDs) are a rare group of genetic disorders characterized
by abnormalities in glycogen metabolism, resulting in abnormal accumulation of glycogen in
tissues. Delving into historical perspectives reveals the evolutionary trajectory of GSD research,
tracing early observations, landmark discoveries, and the gradual elucidation of key complexities.
Such ideas not only contextualize the current state of knowledge, but also highlight the
persistence of scientific research in unraveling the mysteries of GSD. The GSD classification is
essential for understanding the different enzyme disorders that characterize the different subtypes.
This classification provides a framework for deciphering the intricacies of each subtype and helps
tailor interventions based on specific enzyme deficiencies. At the same time, the study of the
prevalence of GDM highlights the relative rarity of these pathologies, thus helping to assess their
impact on society and efficiently allocate resources. Clinical manifestations make the link
between genetic abnormalities and the symptoms observed. Studying the different manifestations
of GSD, such as hepatomegaly, muscle weakness and hypoglycemia, provides important
information for early diagnosis and targeted interventions. This comprehensive review lays the
foundation for further discussions on the molecular basis, biochemical pathways and therapeutic
approaches, thereby contributing to a holistic understanding of GSD [19].

Normal glycogen metabolism is a finely regulated process essential for energy homeostasis.
During this stage, glucose is converted to glycogen through a series of enzymatic reactions that
occur primarily in the liver and muscles. Glycogen serves as a storage form of glucose, allowing
the body to release glucose when energy needs increase, such as during fasting or exercise.
Understanding the intricacies of normal glycogen metabolism provides the basis for recognizing
the abnormalities seen in glycogen storage diseases (GSDs), where genetic mutations disrupt this
finely tuned process. Enzymes involved in the synthesis and breakdown of glycogen. Key
enzymes control the synthesis and breakdown of glycogen. Glycogen synthase promotes the
formation of glycogen, and glycogen phosphorylase plays a central role in its breakdown. These
and other enzymes work in concert to maintain a dynamic balance, ensuring adequate glucose
supply when needed and storage when there is excess.

The regulation of glycogen metabolism is tightly controlled by hormonal signals and the energy
status of cells. Hormones such as insulin and glucagon modulate enzyme activity to ensure a
balance between glycogen synthesis and breakdown. Cellular energy sensors such as AMP-
activated protein kinase (AMPK) further contribute to this regulation, enabling adaptive responses
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to varying energy demands. This tightly regulated system is fundamental to overall metabolic
health and is disrupted in GSD, highlighting the importance of understanding these regulatory
mechanisms. Molecular basis of ONH: genetic mutations and patterns of inheritance. Glycogen
storage diseases (GSDs) result from genetic mutations in genes associated with glycogen
metabolism due to autosomal recessive or dominant inheritance. Understanding these mutations is
critical for prognosis and genetic counseling [9,17].

Glycogen storage diseases (GSDs) cause various enzyme dysfunctions due to specific mutations
that impair glycogen metabolism. Changes in enzyme activity, substrate binding, or stability
promote aberrant glycogen synthesis or degradation, the intensity of which varies among GSD
subtypes. Tissue-specific manifestations: Molecular abnormalities of GCD occur in tissues where
glycogen metabolism predominates, causing organ-specific symptoms. Hepatic GSDs affect the
liver, while myopathic GSDs primarily affect skeletal muscles, determining the need for diagnosis
and treatment. Biochemical pathways affected by GSD: - Glycogen synthesis disorders: Genetic
mutations disrupt the enzymes involved in glycogen synthesis, causing abnormal glycogen
accumulation. Dysregulation of glycogen breakdown: Mutations affect enzymes involved in
glycogen breakdown pathways, leading to impaired glycogen utilization. Clinical manifestations
and diagnosis: - Hepatic GSD: Hepatic GSD is characterized by hepatic symptoms such as
hepatomegaly and metabolic abnormalities. - Myopathic GSD: Skeletal muscle weakness and
fatigue are the predominant features of myopathic GSD. - Glycogen storage disease type 0 (GSD
0): GSD. 0 suggests impaired glycogen synthesis. - Diagnostic Challenges and Advances:
Addressing the challenges of GSD diagnosis involves the emergence of new diagnostic
technologies and a better understanding of the nuances of the disease. Therapeutic approaches:
Dietary management: The formulation of dietary plans to regulate glucose intake is fundamental
[12].

People with gallstones often need frequent meals, certain sources of carbohydrates, and
sometimes nighttime feedings to prevent hypoglycemia. Enzyme replacement therapy: The
administration of functional enzymes through therapeutic supplementation aims to alleviate
deficiencies, promote improved glycogen metabolism, and reduce symptoms of certain
gastrointestinal subtypes. Gene therapy and new treatment methods. Cutting-edge approaches,
including gene therapy, promise to correct genetic mutations at the molecular level. These new
techniques address the underlying cause, offering potential long-term solutions to GSD by
restoring normal glycogen metabolism. Future directions: Advances in genomic medicine.
Continuing advances in genomic medicine promise to improve our understanding of GSD through
comprehensive genetic analysis to enable accurate diagnosis, predict prognosis, and target
therapy. Personalized therapeutic strategies. The future involves a move toward personalized
treatment plans that take into account individual genetic variations and the nuances of disease.
Tailored interventions aim to optimize effectiveness and minimize side effects, reflecting a more
patient-centered approach. Potential gene editing technologies. Emerging gene editing
technologies such as CRISPR-Cas9 offer unprecedented opportunities to correct the genetic
mutations that cause GSD. This opens the potential for therapeutic interventions, marking a
paradigm shift in treatment towards direct genetic modification [13,28,36].

A strict high-protein, low-simple-carbohydrate diet, including frequent consumption of complex
carbohydrates such as maltodextrin and raw cornstarch, is fundamental to preventing
hypoglycemia in ketotic GSD. Indeed, metabolic imbalance leads to nocturnal hypoglycemia and
ketosis, which is associated with short stature, osteopenia, and neurological complications. GSD
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types 0, VI, and especially type IX will benefit from strict blood sugar control. A minority of
patients with PHKA2 and PHKG2 mutations associated with a severe phenotype often require
night feeding to maintain euglycemia (85). Since gluconeogenesis is maintained, protein
supplementation provides gluconeogenic precursors that can be used to replenish Krebs cycle
intermediates and produce endogenous glucose in GI types 0, 1V, VI, and IX. By improving
glucose homeostasis, hepatic glycogen accumulation and secondary complications can be limited.
The diet should be rich in protein and provide 2 to 3 g of protein per kg or ~20 to 25% of total
calories. High protein intake is especially necessary in GDM type VI to improve muscle function.
Carbohydrates should provide ~45-50% of total calories, and complex carbohydrates and proteins
should be present in every meal. A dosage of 1 g/kg raw cornstarch at bedtime helps maintain
normoglycemia for 4-8 hours in infants and children. Efficacy of extended-release corn starch
(glycosade) in GSD types 0, 11, VI, and IX to achieve longer periods of nighttime euglycemia
with stable values for other markers of metabolic control and liver function. In the United States,
a long-acting corn starch preparation is approved for use at night in patients with cholelithiasis
over 5 years of age. However, the use of glycosad in patients aged 2 to 5 years has been proven to
be safe and effective. Adverse reactions such as bloating, diarrhea and flatulence have been
reported but not reported to date in patients with cholelithiasis types 0, VI and IX.

Patients with GSD type 0 is treated with frequent meals high in carbohydrates, as well as
cornstarch and protein supplements. Patients with Gl type IV is prescribed a high-carbohydrate
diet combined with corn starch, overnight enteral nutrition, and protein fortification to limit
glycogen accumulation, prevent catabolism, and improve growth and fasting tolerance. The most
serious forms are treated with liver transplantation. For the GSD type, frequent light meals with
limited glucose and galactose and ingestion of raw cornstarch in the evening are used to prevent
metabolic acidosis that may occur during surgery or other stresses. High cholesterol may require
statin treatment after age five; Bicarbonate supplements may be necessary to balance urinary
bicarbonate loss [28,36].

Based on available data, generally accepted recommendations for the management of these types
of DHA have not been established. However, appropriate monitoring must be ensured to establish
good metabolic control and monitor possible complications. Medical and nutritional assessments
and blood tests, including complete liver and kidney function, lipid profile, calcium-phosphate
metabolism, serum electrolytes, blood gases, and urinalysis, should be performed in average every
6 months; a higher frequency is recommended in younger patients and those who have not
achieved metabolic balance. Continuous blood glucose monitoring may be helpful in monitoring
glycemic fluctuations, particularly in younger patients. Alpha-fetoprotein levels along with
abdominal ultrasound can be used to screen for hepatocellular carcinoma, although there are no
validated monitoring protocols to date. Liver fibroscanning can be a useful, non-invasive tool to
monitor the progression of hepatic fibrosis/cirrhosis in gastrointestinal types IV, VI, and IX
[14,27].

Patients diagnosed with GSD type IV require a comprehensive evaluation of cardiac function,
including an electrocardiogram and echocardiography. Patients with hypertension types VI and 1X
after 5 years are recommended to undergo a cardiac examination every 1-2 years.

Concerning bone metabolism, it is recommended to carefully evaluate calcium and vitamin D
intake and to monitor 25-OH vitamin D levels. Calcium, phosphate and vitamin D
supplementation as well as a blood test Annual DXA are necessary to prevent osteopenia and
fractures, especially in cases of type XI gastrointestinal tract. as well as monitoring renal function.
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Skeletal radiographs are necessary in GSD type XI to evaluate the development of rickets.
Recommendations for vitamin and mineral supplementation are based on the patient's individual
diet and nutritional needs.

As mentioned previously, glycogen synthase deficiency is characterized by the absence of
hepatomegaly, because hepatic glycogen stores are impaired, although hepatic hypertrophy has
been reported in some cases of GSD type 0. In contrast, | Hepatomegaly is a characteristic of the
GSD type. 1V, VI, IX and XI of varying severity, which may appear after puberty in patients
treated with GSD type I1X. However, despite the reduction in liver size, progression of liver
disease can occur [24,37].

In type IV GI tract, the accumulation of abnormal glycogen, which is less soluble than normal
glycogen, causes a foreign body reaction with subsequent osmotic edema and cell death, leading
to interstitial fibrosis progressing to cirrhosis. Liver fibrosis has also been described in individuals
with cholelithiasis types VI and IX. In particular, in gallstone disease, type 1X fibrosis has
recently been reported to range from 33 to 95% depending on the subtype, still in early childhood.
In addition, liver cirrhosis has recently been described in GSD type VI. Among GSD IX subtypes,
progression to cirrhosis was initially described only in patients with PHKG2 mutations. More
recently, early onset cirrhosis has been reported in children with homozygous PHKB mutations.
Tumor degeneration has been described in LCD types IV, VI and IX. Hepatocellular adenomas
and carcinomas have been described in type 1V gastrointestinal tract. GSD type VI may rarely be
complicated by focal nodular hyperplasia, and one case of hepatocellular carcinoma has been
reported to date. Regarding GSD type X, hepatocellular adenomas of subtypes 1Xa and IXb have
been reported. In addition, the development of hepatocellular carcinoma associated with GSD
type IXc has recently been described. In GDM type XI, liver histology shows marked
accumulation of glycogen in hepatocytes as well as steatosis. Degeneration into liver adenomas or
carcinomas is rare. The first case of hepatocellular carcinoma in a boy with Fanconi-Bickel
syndrome was described in 2017 by Pogoriler and colleagues [19,24].

Conversely, individuals with PHKA2 and PHKG2 mutations may suffer from renal tubular
acidosis and tubulopathy with secondary development of rickets in a patient with cholelithiasis
type 1Xc. Implementation of adequate nutritional therapy improves tubular acidosis.

Additionally, kidney damage is a hallmark of LCD type XI, in which renal epithelial cells are
damaged due to accumulation of glycogen and monosaccharides; this change leads to proximal
tubular dysfunction, as evidenced by glycosuria and aminoaciduria. Although this pathology is a
serious phenotype, rare cases of patients with mild renal dysfunction have been described. Normal
birth length and weight are usually observed, suggesting that metabolic abnormalities do not
affect fetal growth, with the exception of newborns with type XI GDM, who usually have low
birth weight. the birth. GSD type Il is unique among GSDs as it is also classified as a lysosomal
storage disease (LSD). Lysosomes are subcellular organelles that process cellular
macromolecules. Lysosomal diseases are caused by a missing or dysfunctional lysosomal enzyme.
In the case of GSD II, this enzyme is lysosomal acid alpha-glucosidase, encoded by the GAA
gene, which breaks down glycogen into glucose for use as a source of cellular energy. Mutation of
the GAA gene leads to toxic accumulation of glycogen in lysosomes.

Glycogen storage diseases affecting skeletal muscle typically present with exercise-induced
(dynamic) symptoms such as muscle fatigue rather than fixed (static) symptoms of weakness. The
differential diagnosis of glycogen storage diseases accompanied by fixed muscle weakness,
especially of the proximal muscles, should be made from inflammatory myopathy or muscular
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dystrophy of the limb girdle. In individuals with exercise intolerance and/or proximal muscle
weakness, the presence of endocrinopathies should be considered. The timing of the onset of
symptoms of exercise intolerance, such as muscle fatigue and cramps, is important to distinguish
it from other metabolic myopathies, such as disorders of fatty acid metabolism. Problems
originating in the circulatory system, rather than in the muscles themselves, can cause exercise-
induced muscle fatigue, pain and cramping, which improves with rest as a result of insufficient
blood flow (ischemia) to the muscles. Ischemia, which often causes symptoms in the leg muscles,
includes intermittent claudication, popliteal artery entrapment syndrome, and chronic venous
insufficiency.

Conclusion

Glycogen storage diseases (GSDs) are a group of rare genetic disorders characterized by impaired
glycogen metabolism, leading to abnormal accumulation of glycogen in various tissues. This
research article aims to provide a comprehensive overview of the biochemistry underlying GSDs,
exploring the molecular mechanisms, clinical manifestations and current therapeutic strategies.
Through detailed investigation of the key biochemical pathways and enzymes involved in
glycogen metabolism, we aim to improve our understanding of GSDs, paving the way for
improved diagnosis and targeted therapy. Glycogen metabolism plays an important role in
exercise and blood sugar regulation. In a fed state, insulin stimulates glycogen storage in the
muscles and liver, while simultaneously stimulating glycogen synthesis and inhibiting its
breakdown. Conversely, in the fasting state or during exercise, glucagon and catecholamines
promote glycogen breakdown while inhibiting its synthesis. The importance of glycogen is further
emphasized by the fact that there are several congenital disorders caused by dysfunction of the
enzymes that control the synthesis, regulation, and breakdown of glycogen. So, a biochemical
perspective on Glycogen storage disorders, implications for precision medicine, the article
provides an in-depth examination of the biochemical complexities underlying glycogen storage
disorders.
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ABSTRACT

Aim of the research was to study key issue aspects of features of influence of medications on the
living organisms, including humans and their physical environment. The potential consequences
of the presence of pharmaceuticals in aquatic systems are unknown and have therefore received
increasing attention as potential pollutants in recent years. The fact that an industrial chemical can
end up in the environment is not surprising in itself. What's interesting about drug contamination
is that it does not primarily arise from manufacturing, but rather from the widespread and ongoing
use, isolation, and improper disposal of drugs for human and veterinary use. Pharmaceuticals are
potentially ubiquitous pollutants as they are present in all human environments. There is currently
little evidence that pharmaceuticals are present in the environment in sufficient quantities to cause
significant harm, although their use is expected to increase as the Human Genome Project is
completed and the population ages. Drugs and their metabolites are increasingly being found in
water bodies in areas adjacent to anthropogenic activities. Currently, pharmaceutical compounds
are regularly released into the environment in extremely large quantities, and the current emission
control system is unable to control untreated or partially treated pharmaceutical wastewater. The
effects of drugs permeate and impact ecosystems, biota and humans. Adverse health effects on
humans, aquatic animals and livestock should be investigated through careful toxicological and
safety studies. Serious efforts are needed to reduce this problem, and appropriate regulations are
needed to monitor and control it. Water quality guidelines in India should include analysis of the
most commonly used pharmaceutical compounds in drinking water sources. In addition,

THE CAUCASUS ECONOMIC & SOCIAL ANALYSIS JOURNAL OF SOUTHERN CAUCASUS

¥202 - ¥0 - (2T) 19

VA



61 (12) - 04 - 2024

38

pharmaceutical industrial wastewater treatment plants need to implement new corrective measures
to prevent long-term environmental and health risks. Regarding environmental risk assessment,
include the environment in the risk-benefit analysis of pharmaceutical products for human use,
improve risk management capabilities, collect data on existing pharmaceutical products, and
improve environmental availability risk These assessments represent some important next steps.
The biological effects to environmental exposures promise interesting results, although very few
studies have been conducted on wild animals or caged organisms, such as in the wild or in
ecologically significant environments. This may be due to the lack of analytical method protocols
as well as the variety of pharmaceutical structural features that are not easy to handle but need to
be taken into account.

Keywords: Aspects, featurs, influence medications, living, organisms, humans, physical
environment.

Introduction

Currently, increasing attention is being paid to the presence and fate of active pharmaceutical
ingredients, solvents, intermediates and raw materials that may be present in water and
wastewater, including pharmaceutical wastewater. Traditional wastewater treatment methods,
such as activated sludge, are insufficient to completely remove active pharmaceutical ingredients
and other wastewater components from these waters. Pharmaceutical wastewater has direct and
indirect impacts on the environment and health, especially near pharmaceutical industrial sites.
Although pharmaceutical factories produce untreated or partially treated wastewater, drinking
water sources are contaminated. Various classes of pharmaceutical compounds such as analgesics,
antidepressants, antihypertensives, contraceptives, antibiotics, steroids, hormones, etc. To protect
the environment and lifestyles from health risks, the concentration of pharmaceutical compounds
in medical wastewater entering drinking water sources should be regularly monitored. This article
highlights the toxicity, health risks, and environmental risk assessments associated with
pharmaceutical contaminants. To reduce contamination levels when consuming medicines should
be: Creation of a system for collecting drug waste generated by the population; Conducting
awareness-raising work with the population, employees of healthcare institutions and other target
groups on the topic of environmental pollution by drug waste; Taking into account environmental
factors when choosing and prescribing treatment. At the same time, there is no need to put
environmental protection above the human need for treatment; Development and implementation
of wastewater treatment systems. It should be taken into account that urban wastewater has an
unstable composition in terms of names and concentrations of drugs. A higher priority is to
prevent drug residues from entering the city sewer system [1-3].

The chemical pollutants such as pesticides, biocides or industrial chemicals, the release of
pharmaceuticals into the environment must be regulated to ensure adequate information and
transparency about the environmental impacts of pharmaceuticals; adequate and reliable
assessment of environmental risks of pharmaceutical products; prevent pharmaceutical products
from entering the environment throughout their entire life cycle and control releases of
pharmaceuticals into the environment when prevention is not possible [5-7].

Consumption of medicinal products for human and veterinary purposes has impacts on terrestrial
and marine environments and ecosystems. Increased environmental awareness regarding
pharmaceutical activities has led to the development of policies and measures aimed at mitigating
negative environmental impacts. Various measures have been taken to promote environmentally
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friendly production and practices, leading to the development of alternative methods and
processes benefiting both the environment and industry. Distributors and pharmacists can make a
difference by effectively managing daily operations, including improving inventory and rotation,
consolidating supplies and reducing unused medications [8-10].

Incorporating green practices into the pharmacy curriculum provides future pharmacists with the
skills and competencies needed in the field to reduce the environmental impact of processes and
medications. A more environmentally conscious workforce in the pharmaceutical industry is
creating the necessary ripple effect for the adoption and implementation of green principles across
various pharmaceutical environments. Patients should also learn to avoid accumulating
medications and disposing of them safely and correctly. Adopting environmentally friendly
practices leads to a reduction in the use of chemicals and waste generation, which in turn leads to
a reduction in the pollutants that contribute to climate change [11-13].

The increasing production and use of pharmaceutical and veterinary products has had an impact
on the environment over time. Drug production processes have a significant impact on the
environment, which affects the value of chemistry to society. The pharmaceutical industry
impacts the environment through the carbon footprint generated during the production of
pharmaceutical products and throughout the supply chain, which can lead to climate change.
Climate change may alter the incidence of vector-borne diseases by altering the population of
species that act as disease vectors. Another consequence of climate change is the emergence of
infectious diseases caused by pathogens that would otherwise be dormant [14-16].

Diseases and conditions caused by climate change will also impact demand in the healthcare
system and pharmaceutical industry. The pharmaceutical industry may see a change or increase in
demand for drugs. For example, an increase in temperature can trigger asthma due to increased
pollen levels. This increase in asthma cases will, in turn, lead to an increase in demand for
medications to control asthma. Changing demand for medicines could create opportunities for the
pharmaceutical industry to make the most of climate change and incorporate green chemistry
principles into the development of new medicines [18-20].

The production and consumption of pharmaceuticals results in the presence of active
pharmaceutical ingredients (APIs) in the ecosystem. Active ingredients enter the marine and
terrestrial environment through release from manufacturing facilities, into wastewater after
consumption of the drug in question, or through improper disposal of expired or unused drugs.
The use of medicinal products in veterinary medicine may also result in the release of active
substances into the environment, for example through the use of wastewater for irrigation,
agriculture, aquaculture or the disposal of animal carcasses treated with veterinary drugs. The
presence of APIs in the ecosystem can have a number of side effects, such as: Bacterial resistance
to antibiotics and changes in the activity of digestive glands in marine life, reproductive toxicity
in amphibians and feminization of fish. Another striking example of the impact of APIs on the
ecosystem is the sharp decline in vulture populations due to the presence of diclofenac residues in
cattle carcasses [21-23].

Around the world, the drug residues in the environment poses risks to humans, aquatic animals
and wildlife and is becoming a major concern for both regulatory authorities and the
pharmaceutical industry. Significant progress on this issue is simply not possible with the current
limited knowledge about the transport, fate, and environmental impact of pharmaceuticals. It is
necessary to take into account the possible potentiating effects of different drugs acting on the
same receptors. Risk assessment of pharmaceutical chemicals involves identifying the hazards
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associated with each step and assessing the risks associated with those hazards. Currently,
pharmaceutical compounds are regularly released into the environment in extremely large
quantities, and the current emission control system is unable to control untreated or partially
treated pharmaceutical wastewater. The effects of drugs permeate and impact ecosystems, biota
and humans. Adverse health effects on humans, aquatic animals and livestock should be
investigated through careful toxicological and safety studies. Serious efforts are needed to reduce
this problem, and appropriate regulations are needed to monitor and control it. Water quality
guidelines in India should include analysis of the most commonly used pharmaceutical
compounds in drinking water sources. In addition, pharmaceutical industrial wastewater treatment
plants need to implement new corrective measures to prevent long-term environmental and health
risks [25-27].

Goal
Aim of the research was to study and analyzed key issue aspects of features of influence of
medications on the living organisms, including humans and their physical environment.

Methodology

The material of the article was the data from scientific publications, which were processed,
analyzed, overviewed and reviewed by generalization and systematization. research studies are
based on a review/overview assessment of the development of critical visibility and overlook of
the modern scientific literature. Were use the following databases: (for extensive literature
searches to identify key issue aspects of features of influence of medications on the living
organisms, including humans and their physical environment.). PubMed, Medline, Web of
Science, Scopus, Web of Knowledge, Clinical Key, Tomson Reuters, Google Scholar, Cochrane
library, and Elsevier foundations, national and international policies and guidelines were also
reviewed and as well as grey literature.

Results and Discussion

Pharmaceutical products intended for human use are included in the UNESCO list of emerging
pollutants. Their identification and elimination represent a decisive step towards achieving the
goals of the Sustainable Development Program. Concentrations of drugs found in the environment
are below therapeutic levels. In waters receiving treated wastewater, drugs are found at
concentrations below 100 ng/L. These low concentrations make it difficult to assess their toxic
effects on ecosystems and human health. The vast majority of pharmaceutical products have not
been adequately studied regarding their long-term toxic effects, presence and fate in the
environment. However, certain classes of drugs, such as beta blockers, antibiotics, anticancer
drugs, and endocrine disruptors, have been shown to have devastating effects on the ecosystem,
including increased mortality and disruption of the physiological and reproductive functions of
aquatic species. Moreover, since it is impossible to separate humans from nature, this has
devastating consequences for human health. However, the extent of the problem remains largely
unknown due to the large number of drugs available and difficulties in assessing the risks
associated with exposure to multiple compounds at low doses over long periods of time. The
drugs on the market pose a potential risk to the environment. Although there is no established
method for detecting all pharmaceuticals entering an ecosystem, some are widespread and have
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been shown to have negative impacts on ecosystems. These groups include hormones, antibiotics,
antidepressants, anti-inflammatory and pain relievers, beta blockers and anti-cancer drugs [28-30].
Antibiotic resistance is a global public health problem, especially given the increased use of
antibiotics during the COVID-19 pandemic, which has led to the exhaustion of the last line of
antibiotics. It has been established that the use of antibiotics in medicine, veterinary medicine and
agriculture is associated with pollution of various parts of the environment, which has contributed
to increased antibiotic resistance and the occurrence of ecotoxicological effects. Failure to
properly dispose of antibiotics through sewers by patients also poses a growing environmental
threat to public health. Additionally, high levels of antibiotic contamination after long-term
exposure can negatively impact human health, especially in patients with chronic diseases such as
obesity, diabetes and asthma [31-32].

Antidepressant contamination has increased significantly worldwide during the COVID-19
pandemic. To this day, antidepressants can be found in urban and suburban water supplies. Many
aquatic animal species bioaccumulate various antidepressants in their tissues, resulting in
cytotoxicity, genotoxicity, impaired stress response, weight and length gain/loss, and liver and
kidney damage. Because there is significant overlap between human and animal environments,
exposure to antidepressants (sertraline, fluoxetine) in the environment also affects human
neurological development and various mental illnesses. Although psychotropic drugs are usually
present in wastewater at subtherapeutic levels, they can have biological effects at low doses, and
combinations of multiple psychotropic drugs are often present, especially in the environment,
increasing the risk of toxic effects [33-35].

Pharmaceutical compounds are used in modern society for various beneficial purposes, but at the
same time, the pharmaceutical industry releases highly toxic pollutants into the environment
either directly or after chemical modification. Additionally, pharmaceutical compounds can enter
the environment through various routes such as treated wastewater discharge, seepage into
landfills, sewer pipes, animal waste, etc. Although a number of physical and biological processes
occur in an aquatic ecosystem, they can lead to depletion of many lead to pharmaceutical
compounds. Traces of human and veterinary drugs and their metabolites were found in several
bodies of water. Objects such as surface water, groundwater and drinking water sources. Several
industries, including pharmaceuticals, chemicals, paints, etc., are rapidly developing in India, with
wastewater being discharged into water bodies either directly or after partial treatment.
Pharmaceutical compounds have been found to be released into the environment and may be
considered environmental pollutants. Several pharmaceutical plants have been found to be sources
of much higher concentrations in the environment than those resulting from drug use. Typically,
the pharmaceutical industry generates a large amount of waste during production and service.
Drugs have been found in sewage treatment plant wastewater and drinking water. Trace amounts
of drugs in drinking water can have serious adverse effects on human health and aquatic life over
long periods of time, even when drug concentrations in drinking water (in the nanogram per liter
range) are orders of magnitude below the minimum therapeutic dose [36].

Pathways through which drugs may be exposed to the environment include manufacturing plants
and hospital wastewater, land use (eg, biosolids and water reuse), etc. Wastewater treatment
services are not always successful in removing active chemicals from wastewater. Therefore,
drugs enter the aquatic environment, where they have a direct effect on aquatic organisms and can
be absorbed into the food chain.
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Higher concentrations of antibiotics can lead to changes in microbial community structure and
ultimately affect food chains. Nonsteroidal anti-inflammatory drugs (NSAIDs), such as ibuprofen,
naproxen and diclofenac, are widely used and therefore often found in wastewater systems, both
surface and groundwater. Ibuprofen, ketoprofen, naproxen, indomethacin, diclofenac,
acetylsalicylic acid and phenazone were detected in the surface water system. However, after
clofibric acid, the most common drugs found in aquatic environments are diclofenac, ibuprofen
and propyphenazone. Diclofenac has also been shown to be highly toxic to vultures and livestock.
NSAIDs such as ibuprofen, naproxen, and aspirin are the most commonly used medications and
are often found in effective amounts in municipal wastewater.

Many pharmaceutical companies are responsible for the generation of toxic wastewater during
their operations. The wastewater generated from these facilities contains solids, biodegradable and
non-degradable organic compounds, etc. Pharmaceutical wastewater provides basic information
about the reliability of the aquatic environment of the rivers and streams into which it is
discharged. An important indicator of industrial wastewater contamination is the oxygen content
of chemical oxygen demand (COD) and biological oxygen demand (BOD), with nutritional status
measured by the amount of nitrogen and phosphorus in the wastewater.

Long-term exposure of coastal biota to lower concentrations of complex drug mixtures can result
in acute and chronic damage, behavioral changes, tissue accumulation, reproductive impairment,
and inhibition of cell proliferation. Several studies have shown that fish exposed to sewage may
experience reproductive problems. In addition, fish exposed to trace amounts of contraceptive
drugs in the concentration range found in the environment show dramatic reductions in
reproductive success, suggesting that population-level effects may be possible. Around the world,
the drug residues in the environment poses risks to humans, aquatic animals and wildlife and is
becoming a major concern for both regulatory authorities and the pharmaceutical industry.
Significant progress on this issue is simply not possible with the current limited knowledge about
the transport, fate, and environmental impact of pharmaceuticals. It is necessary to take into
account the possible potentiating effects of different drugs acting on the same receptors. Risk
assessment of pharmaceutical chemicals involves identifying the hazards associated with each
step and assessing the risks associated with those hazards.

Currently, pharmaceutical compounds are regularly released into the environment in extremely
large quantities, and the current emission control system is unable to control untreated or partially
treated pharmaceutical wastewater. The effects of drugs permeate and impact ecosystems, biota
and humans. Adverse health effects on humans, aquatic animals and livestock should be
investigated through careful toxicological and safety studies. Serious efforts are needed to reduce
this problem, and appropriate regulations are needed to monitor and control it. Water quality
guidelines in India should include analysis of the most commonly used pharmaceutical
compounds in drinking water sources. In addition, pharmaceutical industrial wastewater treatment
plants need to implement new corrective measures to prevent long-term environmental and health
risks.

Water sources contaminated with pharmaceutical contaminants are found in agricultural lands,
surface water, groundwater, and drinking water. Water flows to plants, which affects the quality
of soil and crops grown using this contaminated water. Pharmaceutical contaminants are
considered external environmental factors that affect crop quality. Drugs enter plants as
pollutants, either through the soil or the air. Pollutants enter the plant from the soil through the
roots and are transported through the stem. Plants also absorb pollutants from the air, and leaves
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can absorb pollutants from the atmosphere. Pharmaceutical contaminants such as B-lactams,
aminoglycosides, macrolides, tetracyclines, sulfonamides, herbicides including sulfonylureas,
triazines, imidazolinone, phenylurea and bisphenol (BPA) have been found to cause toxicity in
plants. Polychlorinated biphenyls (PCBs) affect plant growth, reproduction and productivity.

Most pharmaceuticals we use are excreted via urine and feces in unchanged form or as
metabolites and eventually end up in the drain. The pharmaceutical residues can then reach lakes,
the sea and groundwater, despite passage through wastewater treatment plants, as the wastewater
treatment plants are not built to clear pharmaceuticals. Pharmaceuticals affect biological
processes. They are also often designed to withstand biodegradation and can therefore remain in
the environment for a long time. There are reports of effects on fish, as well as that measured
concentrations of antibiotics in wastewater treatment plants can select for antibiotic resistance.
Various policies need to be implemented throughout the life cycle of pharmaceutical products,
including source-oriented, consumer-oriented and waste management-oriented activities. The
most effective solutions must be implemented at the source, before drugs enter the environment.
These measures include rational drug consumption, prescribing more environmentally friendly
drugs and developing harmless and easily biodegradable drugs. Improved disease prevention,
personalized medicine, improved package sizes, and PC redistribution markets may go some way
to avoiding drug waste.

The next step is to prevent unavoidable waste from entering the environment. Therefore, correct
collection and disposal of is critical and must be adapted to national and local conditions. Finally,
education of health care professionals and the public, as well as partnerships between
environmental scientists and clinicians, paharmacists are important at all stages of the
pharmaceutical product life cycle. All joint efforts must be guided by a One Health approach to
combat pharmaceutical waste and improve the health of people, animals and the environment,
which are closely linked. To reduce contamination levels when consuming medicines should be:
Creation of a system for collecting drug waste generated by the population; Conducting
awareness-raising work with the population, employees of healthcare institutions and other target
groups on the topic of environmental pollution by drug waste; Taking into account environmental
factors when choosing and prescribing treatment. At the same time, there is no need to put
environmental protection above the human need for treatment; Development and implementation
of wastewater treatment systems. It should be taken into account that urban wastewater has an
unstable composition in terms of names and concentrations of drugs. A higher priority is to
prevent drug residues from entering the city sewer system.

Ecology, which directly affects the health of society, is one of the most important factors in the
modern era of civilization. Factors affecting population health are the biggest social problem. The
health and illness of society are determined by the environment in which a living organism is
located and develops. Man is a biosocial being. Environmental factors affect organisms in
different ways. It can be irritating, limiting or determining the existence of the organism in
specific conditions; the danger of disturbing the natural balance is associated with pollution of the
atmosphere, water, soil and food products with nitrates, pesticides, radionuclides and other
harmful substances. The environment is saturated with psychotoxins, chemical waste, biological
damaging agents (drug-resistant bacteria, fungi, viruses, parasites resulting from mutations).
causing death of plants and animals and illness in humans. Therefore, it is clear what a great
danger an environmental disaster poses.
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Based on data from the World Health Organization, an analysis of the impact of environmental
factors on human health was published, which revealed large differences between countries and
showed that human health can be improved by reducing exposure to environmental factors such
as: pollution, ultraviolet radiation, noise, climate, ecosystem change and dangerous work
environment. More than 10% of deaths in 23 countries of the world are related to the environment
with two risk factors: Polluted air and water; Low sanitary and hygienic indicators. An
environmental disaster has a direct impact on public health. Society and the environment are in
constant relationship. Therefore, the health and illness of society are determined by the
environment in which a living organism is located and develops. Factors affecting population
health are the biggest social problem.

There is a danger of disturbing the natural balance. Pollution of the atmosphere, water, soil and
food products with nitrates, pesticides, radionuclides and other harmful substances leads to the
death of plants and animals and diseases of people. Therefore, it is clear what a great danger
ecological disaster causes. The most serious consequence of biosphere pollution is the
manifestation of genetic disorders. As a result of increased radioactive background and chemical
pollution of the environment, the number of pathologies, malignant tumors, mental disorders, etc.
increases. number. Mutagens in the form of chemical compounds, ionizing radiation penetrate the
cell and cause disruption of the genetic program, causing mutations in somatic cells.

Human activity has the most negative impact by releasing pollutants. Pollutants are considered to
be all those substances that enter the atmosphere, soil, natural waters and cause disruption of the
biological, physical or chemical processes taking place there. Radiation and thermal radiation are
also pollutants. As a result of human activities, carbon dioxide (CO3), carbon dioxide (CO), sulfur
dioxide (SO.), methane (CH4), nitrogen oxides NO2, NO, N20O are released into the atmosphere.
As a result of aerosol use, chlorofluorocarbon enters the atmosphere, and hydrocarbons from
transport emissions. Water bodies are polluted not only by waste from industrial production, but
also by organic and mineral fertilizers and pesticides used in agriculture. In the same way, sea
water is being polluted. Rivers carry millions of tons of chemical waste into the sea every year.
Millions of tons of oil spill into the oceans every year as a result of tanker and oil rig accidents,
killing marine animals. Burial of nuclear waste at the bottom of the sea, sunken ships with nuclear
reactors and weapons also pose a danger.

Radioactive contamination of the soil creates a great danger, since radioactive substances from the
soil enter plants, and from there into the body of humans and animals, where they accumulate and
cause various diseases. Chemicals pose a particular danger, specifically, organic compounds used
in agriculture to control weeds, pests and diseases.

Currently, increasing attention is being paid to the presence and fate of active pharmaceutical
ingredients, solvents, intermediates and raw materials that may be present in water and
wastewater, including pharmaceutical wastewater. Traditional wastewater treatment methods,
such as activated sludge, are insufficient to completely remove active pharmaceutical ingredients
and other wastewater components from these waters. Pharmaceutical wastewater has direct and
indirect impacts on the environment and health, especially near pharmaceutical industrial sites.
Although pharmaceutical factories produce untreated or partially treated wastewater, drinking
water sources are contaminated. Various classes of pharmaceutical compounds such as analgesics,
antidepressants, antihypertensives, contraceptives, antibiotics, steroids, hormones, etc. were
detected in water samples ranging from mg/L to ug/L. Although the quantities detected are very
small, they are highly toxic to humans, animals and aquatic life. To protect the environment and
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lifestyles from health risks, the concentration of pharmaceutical compounds in medical
wastewater entering drinking water sources should be regularly monitored. This article highlights
the toxicity, health risks, and environmental risk assessments associated with pharmaceutical
contaminants.

Regarding environmental risk assessment, include the environment in the risk-benefit analysis of
pharmaceutical products for human use, improve risk management capabilities, (iii) collect data
on existing pharmaceutical products, and improve environmental availability risk These
assessments represent some important next steps. The biological effects to environmental
exposures promise interesting results, although very few studies have been conducted on wild
animals or caged organisms, such as in the wild or in ecologically significant environments. This
may be due to the lack of analytical method protocols as well as the variety of pharmaceutical
structural features that are not easy to handle but need to be taken into account.

Demographic, epidemiological and lifestyle changes, such as the aging of the population, the
increase in chronic diseases, the availability of cheap generic treatments and easy access to a large
number of over-the-counter medications, have become key factors in the growth of the
pharmaceutical industry. The global increase in drug consumption has led to greater international
awareness of the problem of unused pharmaceuticals (UPs) in households and the harmful
environmental and health consequences of their improper disposal. Drugs in the environment are
challenging because they are designed to interact with a living system and produce a
pharmacological response at low doses, making them dangerous to the environment even at low
concentrations. Secondly, drugs are designed to be stable in reaching and interacting with their
target molecules, meaning that they degrade very slowly or that their continued use results in a
constant, slower release into the environment, that is, as quickly like decomposition. In addition,
conventional wastewater treatment plants are not designed to completely remove pharmaceuticals
from wastewater.

Pharmaceutical products enter the environment through two main routes: excretion and
insufficient elimination. In both cases, pharmaceuticals end up in sewage treatment plants, which
are generally not designed to remove these pollutants from wastewater. Drugs have been found
mainly in surface water, but also in groundwater, soil, manure and even drinking water. The
presence of drugs in freshwater and terrestrial ecosystems can lead to the release of drugs into
wildlife with the possibility of bioaccumulation. People are then exposed to drugs through
drinking water and their residues in crops, fish, dairy products and meat. The effects of
pharmaceuticals entering aquatic environments are of increasing concern, with impacts ranging
from molecular changes to population-level effects.

The environment is everything that surrounds us: the air we breathe, the water we drink, and the
land on which all living creatures live, the plants we use for food thrive. Development is what we
do with these resources to improve lives. Our actions to make our lives more comfortable change
the environment. One of the achievements of the United Nations in the field of environmental
protection is the Kyoto Resolution on the Climate Change Convention (1997). In 2004, it passed
into law, requiring countries to reduce emissions of dangerous greenhouse gases by 5.2% by
2012. The United Nations Convention on Biological Diversity (1992) obliges states to preserve
the rich diversity of plants and animals necessary for human existence.

Environmental pollution leads to the increase of toxic substances in the human body and its
environment - air, water, soil, animal and plant world - beyond the permissible norm, which is
followed by a sharp increase in various chronic diseases. The interaction between the organism
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and the environment takes place in two main directions. One of them refers to those biochemical
changes in human organisms that are caused by the demands of environmental conditions or arise
in the process of human impact on the environment. It is necessary to specify the impact processes
of men, women, children and entire groups. The environment is that part of living and non-living
nature that surrounds organisms and directly or indirectly affects their existence, development and
reproduction.

Pharmaceutical and personal care products (PPCP) in the environment are a hot topic. Veterinary
antibiotics, prescription drugs and cosmetic products are discarded from a variety of sources and
regularly enter the environment, where they occur in small quantities in wastewater, surface and
ground water, silt-laden agricultural soils, aquatic and terrestrial biota, and wet drinks Water. The
public should become aware of this and is calling on the scientific and regulatory community to
assess the potential risks to human health and the environment and take appropriate action if
necessar.

Chemical pollutants are known to have specific effects on organisms, for example: Organotin
compounds (used in anti-fouling paints on ships) affect marine life. However, there is another
very diverse group of chemical compounds that can be harmful but have received relatively little
attention as potential environmental pollutants. These include drugs, including drugs for humans
and animals, as well as illegal (recreational) drugs.

Thousands of tons of pharmacologically active substances are used worldwide every year, but
surprisingly little is known about the fate of most drugs after their intended use. Most of the
administered dose is excreted unchanged from the body, and metabolites can be converted back
into the active ingredient by bacteria. In addition, the public often throws unused medicines down
the drain. Based on published prevalence data, it is likely that a significant portion of municipal
wastewater is contaminated with narcotic compounds that vary only in the type and content of
substances present.

Modern research has shown that many drugs are not completely eliminated from the body in
wastewater treatment plants. The presence of drugs in surface systems, soil and even marine
systems has been confirmed in concentrations ranging from high ng/liter to low mg/liter, which
are similar to the concentrations of some pesticides. Pharmaceutical compounds discarded in
household waste can end up in landfills and pose a risk to surface and ground water. Additionally,
unlike more regulated contaminants, which often have a longer half-life in the environment,
pharmaceuticals can become pseudopersistent due to prolonged exposure to wastewater, with
unknown consequences for aquatic organisms that may be continuously exposed.

The potential consequences of the presence of pharmaceuticals in aquatic systems are unknown
and have therefore received increasing attention as potential pollutants in recent years. The fact
that an industrial chemical can end up in the environment is not surprising in itself. What's
interesting about drug contamination is that it does not primarily arise from manufacturing, but
rather from the widespread and ongoing use, isolation, and improper disposal of drugs for human
and veterinary use.

Pharmaceuticals are potentially ubiquitous pollutants as they are present in all human
environments. There is currently little evidence that pharmaceuticals are present in the
environment in sufficient quantities to cause significant harm, although their use is expected to
increase as the Human Genome Project is completed and the population ages. Drugs and their
metabolites are increasingly being found in water bodies in areas adjacent to anthropogenic
activities.
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The biggest concern at the moment is that antibiotics in wastewater treatment plants may lead to
increased resistance of natural bacterial populations. There are many isolates of microorganisms
resistant to antibiotics in the environment, and although the issue remains controversial, the
significant increase in the number of bacterial strains resistant to multiple antibiotics is often
attributed to the misuse of antibiotics and the increase in their discharge into wastewater. Three
known mechanisms of gene transfer (conjugation, transduction, and transformation) are thought to
occur in aquatic environments; As a result, streams and rivers can become a source and reservoir
of resistant genes, as well as a means of their dissemination. In addition, some non-target
organisms (eg cyanobacteria) may be exposed to antibiotics, which may have indirect negative
effects on the aquatic food.

The problem is further complicated by the fact that exposure to only one drug or toxic substance
at a time is likely to be a rare event. Laboratory studies have shown that mixtures of just a few
compounds have effects on ecosystems, but it is unknown what happens in the wider
environment. Most organisms are constantly exposed to various substances, the concentrations of
which vary little in time and space. Therefore, the limits of your tolerance depend on the duration
of exposure to chemical and non-chemical stressors, many of which have the same mechanism of
action and whose effects can result in additive effects. Thus, risk estimates that ignore possible
cumulative drug effects will almost certainly lead to significant underestimation of risk.

Increasing demand for global water sources will likely lead to increased indirect and direct water
reuse in the future. Drinking water is a direct route to the human body, including drugs and other
contaminants that may be present there. Advanced water treatment technologies such as granular
activated carbon (GAC) and reverse osmosis (RO) can remove drugs from drinking water until
they are invisible, but these processes are not widely used. Due to the lack of appropriate
technology and the need for significant economic investment, municipal wastewater is never
treated in this way. In addition, large-scale monitoring programs to test these compounds would
be extremely expensive and time-consuming due to the large number of different compounds and
the diversity of their properties and effects.

Given that the extent and consequences of the presence of drugs in aquatic environments is
largely unknown, more research is needed before a clear picture of the true nature and importance
of the problem can be formed. Therefore, it would be unwise to claim that these compounds have
significant environmental impacts until convincing evidence is available. To this end, future
emphasis should be on adequate and sufficient scientific knowledge to determine occurrence,
exposure, sensitivity and consequences in order to make informed decisions regarding human
health and the environment.

When evaluating drugs, benefits to human health must take precedence over potential harm to the
environment. Therefore, it may be beneficial to focus on reducing or eliminating problems at their
source by developing clearer drug labeling and more effective guidelines for the disposal of
pharmaceutical compounds by patients and healthcare professionals. The potential benefit of this
approach would be improved consumer health (by minimizing the consumption of active
substances) as well as reduced healthcare costs. Given the enormous importance of the
pharmaceutical industry to both human health and the economy, any increased control could have
serious economic and social consequences. If pharmaceuticals turn out to be problematic
contaminants, collaboration between health professionals and environmentalists will be mutually
beneficial, as much research remains to be done before the problem can be fully understood.
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The industrial agriculture, municipal wastewater treatment, and the introduction of municipal
sewage sludge (biosolids) as major sources of pharmaceuticals and personal care products in the
environment. To compensate for this, indicators of veterinary antibiotic use are provided by both
the agricultural industry and interested scientists. Personal care products are divided into
fragrances and musks, cleansers and disinfectants.

Chemicals play an important role in healthcare as they can be used as disinfectants, cleaning
agents, laboratory reagents, sterilants, pesticides, pharmaceuticals, and in medical devices and
equipment. They also offer great animal welfare benefits. However, there is growing awareness
and concern about the consequences of mishandling drugs and chemicals on human health and the
environment.

Pharmaceuticals are also biologically active substances specifically designed to provide
pharmacological effects on living organisms. They affect the health of wildlife and ecosystems if
not managed in an environmentally sound manner.

Active pharmaceutical ingredients (APIs) are the biologically active components of a drug. These
APIs are sold to pharmaceutical companies that manufacture end products for patients around the
world. More than 5,000 active pharmaceutical ingredients are used in prescription, over-the-
counter and veterinary products worldwide.From a chemical and waste management perspective,
environmental and health issues in this sector are mainly related to the release of pharmaceuticals
into the environment: Waste ends up in rivers, lakes and underground aquifers. In addition, when
used in livestock production and when manure is used as fertilizer, veterinary drugs end up in the
soil and environment. This leads to soil contamination and biomagnification due to leaching of
drugs into food crops.

Sources of drug release into the environment include direct emissions from drug manufacturing,
patient and animal feces, aquatic agriculture, and disposal of unused or expired drugs. Medicines
designed to degrade slowly, or even non-degradate to resist chemical breakdown as they pass
through the human or animal body, pose a particular risk if ingested, stored, or distributed into the
environment. When released into the environment, the biological activity of persistent
pharmaceutical pollutants in the environment can have direct negative effects on non-target
organisms such as wildlife and have long-term impacts on the health and sustainability of
ecosystems. The latter occurs through population-level reproductive effects that persist into future
generations of non-target organisms. Pharmaceutical contaminants that are persistent in the
environment are frequently and increasingly used in consumer products. However, significant
gaps remain in knowledge about the environmental and health impacts of these pollutants [36].
Some pharmaceuticals have been found in low concentrations in drinking water, which is a
warning sign that the current handling of pharmaceuticals may lead to health and environmental
problems in the future.

Access to healthy water is a prerequisite for good health. Since society’s use of chemicals,
including pharmaceuticals, is continuously growing, the risk is also increasing that these
chemicals will return to us in our food and water supply through nature’s ecocycle.

There are little knowledge of the long term effects that continuously supplied trace quantities of
pharmaceuticals and other chemicals could have on our development, our ability to resist disease
and wellness in general. Therefore caution is advisable. The pharmaceuticals in nature can cause
health problems. According to the precautionary principle, measures can be taken if there is
reason to believe that a product or a method of production involves unacceptable risks to the
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health of human beings, animals, plants and the environment — even if there is no definitive
scientific proof of such an effect [15].

Drug residues are found in various environmental components around the world, and there is
growing concern about the harm they may cause to human health and the environment. In nature,
drug residues were found in urban wastewater, rivers and lakes. Effective measures must be taken
to prevent further contamination of the environment by drugs. First of all, it is necessary to create
a system for collecting drug waste from the population. Undoubtedly, drugs enter the environment
during the production process through wastewater from pharmaceutical plants, municipal
wastewater through natural human excretion, wastewater and manure from the use of veterinary
drugs and as a result of improper handling of drug waste [2].

The review defines each of these sources and steps that can be taken to reduce drugs’
environmental impacts. In the European Union, since 2004, the obligation to organize a system
for collecting drug waste from the population has been established. For the successful operation of
such a system, information work with the population about how drugs affect the environment and
how to properly dispose of them is important. Residents of all European countries can bring drug
waste to a pharmacy or hazardous waste collection point. However, in some countries there is a
lack of widespread awareness-raising, which leads to inefficient collection systems and most
waste ends up in the trash or drained into sewers. In some countries, drug waste generated by
medical and pharmaceutical organizations is neutralized in pharmacies, clinics, hospitals and
manufacturers. At the same time, pharmacies and hospitals have the right to transfer expired
medicines to the manufacturer [28].

In most countries where the system operates successfully, the costs of collecting and neutralizing
drug waste are shared by pharmaceutical companies, drug manufacturers and local authorities.
The main problem is the very existence of unused drugs. So, generally many patients buy more
medicines than they need. The best way to reduce their number is seen in optimizing the practice
of prescribing drugs, so that only the necessary amount of drugs is prescribed, giving preference
to more environmentally friendly ones, as well as improving information interaction between
doctors and patients. The pharmaceutical industry must also provide for the production of drug
packaging adapted to various treatment regimens [13,22].

Every participant in the drug supply chain, from the pharmaceutical industry to the patient, plays
an important role in reducing the environmental impact of pharmaceutical activities. The
International Pharmaceutical Federation has highlighted the different roles that each person plays
in the pharmaceutical supply chain to minimize the environmental impact of pharmaceutical
products. The pharmaceutical industry plays an important role in the environmental impact of
pharmaceutical products.

Educating pharmaceutical personnel and the public is an important aspect of helping to create a
healthy environment and reduce activities that contribute to climate change. The implementation
of green practices in the pharmaceutical sector is already included in the curricula of EU
Countries countries universities. Pedagogical input helps to recognize the importance of such
practice early in professional development.

Consumer education is also important as it plays an important role in reducing the amount of
drugs in the environment. Consumers should be discouraged from storing medications to avoid
wasting them when not in use. They should also be taught how to properly store and dispose of
unused and expired medications that may end up down the drain [19].
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The world's population is aging, which will lead to an increase in drug use. Various measures
need to be taken to minimize the release of active pharmaceutical ingredients into the
environment and reduce the carbon footprint of the pharmaceutical sector. Small contributions
from many people can synergistically have a positive impact on the environment.

There are several sources of release of active pharmaceutical ingredients (APIs) into the
environment. The main ones are: wastewater from cities, hospitals, pharmaceutical plants and
landfills. The vast majority of the active pharmaceutical ingredients (API) of drugs taken orally is
excreted in the urine of animals and humans. Some pollution comes from the use of veterinary
drugs in livestock and fish farming. However, it is not yet possible to evaluate this contribution,
because there is no control and accessible reporting of the use of veterinary drugs. The most
vulnerable to the effects of active pharmaceutical ingredients (APIs) are amphibians, fish, some
animals and birds.

The main source of drugs entering the environment is wastewater from pharmaceutical enterprises
(from product washing, waste acidic and alkaline wastewater, wastewater from cleaning
equipment and production facilities, etc.) and liquid waste that is allowed to be discharged into the
sewer system. Currently monitored parameters in pharmaceutical wastewater are biological
oxygen demand (BOD), chemical oxygen demand (COD), total suspended solids, ammonia and
ammonium ions, phosphates, chlorides, sulfates, petroleum products, iron, anionic surfactants and
pH value. This list may include other chemical compounds, including active pharmaceutical
ingredients (APIs), but their content is not regulated or controlled at this time. Currently, the
countries of the European Union have prioritized the most environmentally stable active
pharmaceutical ingredients (APIs) - diclofenac, hormonal drugs of the estrogen group (ethinyl
estradiol), antibiotics of the macrolide class (erythromycin, clarithromycin, azithromycin) and etc
[14, 29].

Assessment of environmental risks of both original and generic drugs. In European countries, for
some drugs such an assessment is carried out, as well as an assessment of the level of resistance,
bioaccumulation potential and toxicity. Currently, providing information about environmental
hazards when registering drugs in the countries of the European Union is voluntary. In some
countries has been created an online database of drugs, which describes their environmental risks
and expanding the responsibility of drug manufacturers throughout the entire cycle from
production to neutralization.

After drugs enter the body, they are destroyed, neutralized, metabolized and converted into new
compounds. However, some of them are excreted unchanged or in the form of metabolites, ending
up in the sewer system. Municipal wastewater treatment does not involve removal of APIs. Some
of them are concentrated in sewage sludge from treatment plants, which is stored in filtration
fields, while the rest ends up in rivers. The Challenges in this matter are also hospitals, where
there is a high level of drug consumption. In the absence of an established system for collecting
drug waste generated by the population, it either ends up in the sewer or is thrown into the trash.
From landfills, drugs can be carried by animals, birds, or migrate into the soil and groundwater.
To raise animals and fish on an industrial scale, hormonal drugs, antibiotics and other drugs can
be used, which can be excreted from the animal’s body naturally. Hormones can be used in
veterinary medicine and animal husbandry to stimulate the development and growth of animals,
improve fertility, digestibility of feed, accelerate puberty, regulate the timing of pregnancy, etc.
According to studies in some countries, antibiotic residues were found in manure, in plants grown
in fields fertilized with manure, in soils, and in small quantities in groundwater. The use of
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veterinary drugs in should be regulated by veterinary and sanitary rules for the use, sale and
storage of veterinary drugs [36].

European experience in collecting hazardous waste from the population shows that waste
collection is carried out effectively if such collection is organized by a company specializing in
the collection of hazardous waste. The same practice works in our country. In the EU, pharmacies
are considered only as an area for the installation of appropriate containers and containers for
collecting hazardous waste from the population. The containers themselves are installed by
specialized companies interested in collecting hazardous waste. It is inappropriate to oblige
pharmacies, healthcare institutions or other trade organizations to organize the collection of drug
waste from the population [3].

Pharmacies and medical institutions are places where consumers can obtain the most complete
information about drug waste, since these organizations employ personnel with the relevant
knowledge. In the country, many pharmacies themselves are located on the territory of various
retail facilities, so there may not be places in pharmacies to install a special container for
collecting drug waste. When determining places for collecting waste from the population, it is
necessary to comply with the criterion of step-by-step accessibility of such places from the places
of residence of citizens. In this regard, retail facilities should also be considered as places for
installing special containers for collecting drug waste. The decision to organize collection points
for drug waste from the population in pharmacies should be made by Health care institutions in
every countries.

In the vast majority of countries, all drug waste collected from the population is sent for
incineration. At the same time, pharmacies, for example, in Sweden and Lithuania, can only
accept medications without packaging, because it belongs to secondary resources and must be
sent for recycling. Low-temperature, medium-temperature (up to 850°C) and high-temperature (at
least 1200°C) combustion is used for waste. Hazardous waste, which includes most drugs, cannot
be burned at low temperatures. At medium temperatures it is possible in limited quantities and in
the absence of high-temperature combustion technology. Cytostatic drugs for cancer treatment
can only be burned at temperatures above 1200°C, but the generation of such waste in household
use is unlikely. Currently, there is a steady trend towards a decrease in the number of thermal
installations for the neutralization of pharmaceutical waste. Incineration of waste is contrary to
three principles of international law: precaution, prevention and limitation of transboundary
effects. In Europe, resistance to waste incineration manifests itself in the form of the introduction
of alternative technologies. Any combustion method requires monitoring of pollutant emissions
and the resulting ash. An alternative to conventional methods of thermal treatment of
pharmaceutical waste are technologies that provide for the preliminary decomposition of the
organic component of the waste in an oxygen-free atmosphere (pyrolysis). When carrying out
microwave pyrolysis with heating using microwave waves, toxic gaseous products are converted
into less dangerous ones [11,25,36].

In countries where there are no incineration plants or their use is limited geographically, drug
waste is disposed of. The main disadvantage of this method is the high probability of soil and
groundwater contamination. According recommendations of the World Health Organization, only
non-hazardous drug waste (vitamins, herbal-based drugs, biodegradable drugs) can be sent to the
landfill. Hazardous waste, including cytotoxic drugs, must be pre-sealed, i.e. placed in a metal
capsule and filled with plaster and cement [22].
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Some drugs pass through the human body, exit unchanged or in the form of metabolites, while
maintaining their stability in wastewater and the environment for a long time. In addition,
improper disposal of medications and disposing of them down the drain increases the
concentration of hazardous APIs in water. Wastewater from pharmaceutical plants is also
discharged into the city sewer system after local treatment. The active pharmaceutical ingredients
are present in municipal wastewater above detection limits. Traditional mechanical and biological
wastewater cleaning methods are unable to neutralize the active pharmaceutical ingredients in
water. The issue of purification efficiency, the formation of drug metabolites and their behavior,
the interaction of some drugs with others is still under study. Among the methods being
developed and implemented in the countries of the European Union one can highlight
physicochemical methods, aerobic/anaerobic biological cleaning in membrane bioreactors.
Effective technologies for purifying wastewater from medicinal components include oxidation
with ozone or hydrogen peroxide and the use of carbon filters. However, such technologies are
currently expensive to implement and use. At the same time, more and more attention is being
paid to preventing the entry of drugs into wastewater, including during production. The main
problem is the very existence of unused drugs [12,16].

One of the most obvious sources of uncontrolled release of drugs into the environment may be
wastewater and atmospheric emissions from enterprises producing finished drugs and
pharmaceutical substances. The environmental safety of such production should be usually
regulated by law. However, accidental releases of drugs into the environment or those that violate
existing norms and rules that occur in industry, are nevertheless not systematic. Moreover, there is
a general trend towards a reduction in the environmental load on the part of pharmaceutical
production, primarily in developed countries of the world, due to a consistent increase in the
technological effectiveness and organization of the production process, the introduction of
increasing standards of quality and environmental safety, and control by authorized government
agencies. It is also necessary to take into account that pharmaceutical production is localized
geographically and if an accident occurs at the enterprise or there are violations of environmental
legislation, then such emissions are exclusively local in nature and pose a danger only to specific
regions. Other sources of drugs that are practically uncontrollable and are formed mainly by
people who use drugs for medical purposes, as well as in animals, pose a great danger to the
environment.

For the most part, drugs are xenobiotics, and many of them are metabolized in the human body.
The task of metabolism, as a rule, is to impart polarity to lipophilic substances in order to
facilitate subsequent excretion. Metabolic parameters are individual for each substance and
depend on gender, race, age and physiological state of the human body. There are two phases of
metabolism, the numbering of which does not necessarily reflect their actual sequence. In the first
phase of metabolism, a redox or hydrolytic transformation of the molecule occurs, increasing its
polarity. In the second phase of metabolism, the xenobiotic is conjugated with endogenous
molecules that improve the transport properties of the metabolite. During metabolism, inactivation
of the active substance often occurs, which can lead to its inability to further exert a biological
effect. However, many drugs are either not subject to metabolism or are subject to it only to some
extent. And this leads to the fact that the active molecule of the active substance is excreted
unchanged either in the urine or in the feces and is capable of further exerting a biological effect.
In addition, as research results show, glucuronide transport complexes of active molecules of
some drugs, formed during the second phase of metabolism, are easily destroyed during sewage
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treatment processes and release unchanged active substance into the aqueous phase or sewer
sludge. We can also mention the route of release of drugs into aquatic environments due to their
transport through the skin or leaching of drugs for external use during swimming in open waters.
But from the point of view of quantitative indicators, this path is of little significance [34].

During metabolism, inactivation of the active substance often occurs, which can lead to its
inability to further exert a biological effect. However, many drugs are either not metabolized or
only to some extent. And this leads to the fact that the active molecule of the active substance is
excreted unchanged either in the urine or in the feces and is capable of further exerting a
biological effect. In addition, as research results show, glucuronide transport complexes of active
molecules of some drugs, formed during the second phase of metabolism, are easily destroyed
during sewage treatment processes and release unchanged active substance into the aqueous phase
or into sewage sludge.

We can also mention the route of release of drugs into aquatic environments due to their transport
through the skin or leaching of drugs for external use during swimming in open waters. But from
the point of view of quantitative indicators, this path is of little significance.

The increasing the availability of drugs, for the general development of health care systems, the
consumption of drugs for medical purposes increases and, as a result, their content in the
environment increases. This process is poorly managed and poses a potential danger to human
health and other biological organisms. Contamination of the environment with drug residues has a
global character and is actively studied in the developed countries of the world. However, this
problem remains insufficiently worldwide [25,28].

The best ways to reduce their number are to optimize the practice of prescribing drugs, so that
only the required amount of drugs is prescribed, giving preference to the least environmentally
hazardous ones, as well as improving information interaction between doctors and patients. The
pharmaceutical industry must also consider producing drug package sizes tailored to different
treatment regimens. One key measure is to encourage the pharmaceutical industry to develop
harmless drugs that quickly break down into harmless compounds in the environment. For
example, currently in European countries, when registering a new drug, environmental
characteristics such as ecotoxicity, biodegradability are indicated.

The comparing drugs that are equally safe and well suited for treating a patient, it is recommended
to take into account, in addition to their pharmaceutical properties, their environmental impact. To
do this, recommend using environmental drug classifiers.

Large quantities of nonsteroidal anti-inflammatory drugs, including acetaminophen,
acetylsalicylic acid, ibuprofen, diclofenac, and naproxen, are significant contributors to
environmental pollution, especially because they have been detected in nanogram and microgram
quantities in soil, wastewater, surface water, and drinking water, groundwater. These drugs have
chronic ecotoxic effects because their stable chemical structure makes them very resistant to
biological changes in the environment. It is now known that they primarily damage the organs of
invertebrate and vertebrate animals, cause oxidative stress and interfere with the activity of
detoxification enzymes. These drugs may also cause cardiovascular effects, hepatotoxicity and
affect oocyte maturation through unknown mechanisms [5,12,28].

Beta blockers are very long-acting drugs that are toxic to the environment. Although there is no
data on their adsorption in the environment, these drugs are known to have moderately high water
solubility and are present in surface waters at pg/L concentrations. These compounds are
extremely resistant to hydrolysis, bioavailable and mobile in the environment. Therefore, its
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accumulation in the environment can have unexpected consequences for many living organisms.
According to European Union Directive, metoprolol and propranolol are compounds harmful to
aquatic organisms. This is evidenced by the results of tests with green algae.

Anticancer drugs interfere with cell growth and division, and when released into the environment,
they disrupt the ecosystem, impair fertility and cause significant genetic changes in living
organisms. Anticancer drugs are prescribed in smaller quantities, but their effects are destructive
even at concentrations in the ng/L range and include mutagenic, carcinogenic and teratogenic
effects on aquatic life. Cytostatics are frequently found in the pharmaceutical industry and
hospital wastewater due to improper use and disposal. The detection rate of anti-cancer drugs in
oncological hospitals wastewater is big amount and cisplatin is considered one of the most
dangerous drugs. The presence of cisplatin in water, even at concentrations of ng/l, can have a
toxic effect on aquatic flora and fauna [28].

Environmental pollution caused by pharmaceuticals is a complex public health problem that is
scientifically controversial and affects multiple stakeholders with different interests and at
different organizational levels: governments, non-governmental organizations, academic
institutions, manufacturers, industries and families.

In keeping with the idea of protecting the environment, the pharmaceutical industry must develop
promising concepts to minimize secretions while still ensuring sufficient pharmacologically
effective concentrations in the patient. The potential of developing new pharmaceutical products
that are more biodegradable and less harmful to the environment. There are already some
examples of the development of greener pharmaceuticals, such as glufosfamide and green drug
delivery systems. Scientists are currently developing an effective and environmentally friendly
version of the antibiotic ciprofloxacin, a very stable drug. Using computer modeling, an existing
active ingredient is analyzed and theoretically modified to improve biodegradability and reduce
toxicological effects. The most promising candidates have been synthesized and tested in vitro
[37].

Limited consumer awareness of best recycling practices weakens their influence on recycling
practices in many countries. Information campaigns can increase awareness and use of
environmentally friendly pharmaceutical waste disposal methods in households. A good example
is the Meds disposal campaign, a European initiative jointly coordinated by several European
health and supply chain organizations and supported by media campaigns in different languages.
The aim of the initiative was to combat the negative impact of mishandling of pharmaceutical
products on the environment, raising consumer awareness of correct disposal routes and collection
systems in a number of European countries.

In addition, greater awareness and behavior change can be achieved through specific recycling
instructions on the product's outer packaging or information leaflet, which are mandatory in EU
countries. In addition, eco-labels that reflect the environmental impact of various pharmaceutical
products can influence consumer choice and awareness, as well as help physicians make
prescribing decisions. Instructions on how to properly dispose of medications should also
accompany medication dispensing at regular intervals. Pharmacists can play a key role in
educating their patients about proper medication disposal [18,29].

Human drugs, hormones, antibiotics, analgesics, antidepressants and anticancer drugs indicate
environmental risks. When it comes to veterinary products, hormones, antibiotics and
parasiticides are often considered environmentally sensitive. These results are consistent with
findings from the open scientific literature on approaches to environmental drug prioritization.
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Promising approaches such as environmental risk assessment of pharmaceuticals play an
important role in minimizing the problems caused by pharmaceuticals in the environment.
However, the regulatory framework for environmental risk assessment can be improved by
integrating the environment into the risk-benefit analysis of drugs for human use, improving risk
management capabilities, collecting data on existing drugs, and improving the availability of
data for environmental risk assessment. In addition, more general and integrative stages of
regulation, legislation and research have been developed and presented in this article. To
minimize the amount of pharmaceuticals in the environment, they should strive to improve
existing pharmaceutical legislation, prioritize pharmaceuticals present in the environment, and
improve the availability and collection of pharmaceutical data.

Over the past three decades, the presence of pharmaceuticals in the environment has received
increasing attention. Medicines are released into the environment and can have harmful effects
[36,48,67]. It is clear that priority must be given to environmentally relevant pharmaceutical
substances. Existing pharmaceutical substances for which environmental data are lacking, as well
as substances being considered for monitoring campaigns, need to be given priority attention to
identify and minimize their environmental risk. According to the World Health Organization,
concentrations of pharmaceuticals in water systems are expected to increase as the use of
pharmaceuticals is expected to increase as they become more accessible to a growing world
population. To be proactive, it is necessary to identify and prioritize the most important
substances for the environment, which has become a challenge in recent years. Depending on the
chemical properties of the substances, different approaches have been proposed. Most often, a
combination of exposure and exposure data is used to prioritize environmentally significant
chemicals. Several approaches have proposed using toxicological data to predict adverse effects
on aquatic organisms (comparisons of several, but not all, approaches are included). Most
published approaches to prioritization indicate the high environmental potential of various drug
classes. Human medicines are often a priority, with all attention paid to hormones, antibiotics,
psychotropic, anti-inflammatory and cytostatic substances, as well as beta blockers. In addition to
hormones, antibiotics and parasiticides have proven to be environmentally important in veterinary
medicines [12,17,33].

The origin and possible effects of human and veterinary drugs on aquatic and terrestrial organisms
are relatively new topics. However, in recent decades, a large number of studies have been
published indicating the varied effects of drugs on organisms and the occurrence of drugs in
different environmental areas on a global scale. It is now recognized that the environmental
impact of pharmaceuticals is a global issue and not just a problem in developed countries. The
general public, industry, research or regulatory authorities, do not want bioactive drugs to end up
in the environment and therefore potentially in their drinking water. Therefore, the amount of
pharmaceuticals in the environment needs to be minimized using all available strategies.
Promising approaches such as ERA play an important role in minimizing problems before drugs
enter the environment. These strategies need to be strengthened and adapted to minimize the
amount of pharmaceuticals entering the environment.

Liquid waste of drugs classified as non-hazardous (syrups, herbal preparations, solutions based on
salts, amino acids, lipids or glucose) can be poured into the sewer after diluting with water. It is
necessary to prevent the discharge of large quantities of disinfectants into the sewer system,
because they can affect the quality of biological wastewater treatment. Discharge of drugs that are
persistent in the environment, capable of biological accumulation and have toxic properties into
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the sewer system leads to environmental pollution with active pharmaceutical ingredients.
According to studies conducted in many countries, existing wastewater treatment systems do not
eliminate such pollution and drug residues are found in wastewater cleaning sludge, and to a
greater extent in water after cleaning, which is discharged into natural watercourses.

Residues of many pharmaceutical products can be found in drinking water, plants and fruits, as
well as in the tissues of fish and shellfish. Thus, people are exposed to these residues when they
drink contaminated water and eat contaminated food. Pharmaceuticals in the environment can also
influence the provision of important ecosystem services and have indirect effects on human health
and well-being. Found the evidence that drug residues in drinking water and food affect human
health, as well as the indirect effects of drugs on human health. Available evidence suggests that
the risks of direct toxicity are low, but there are scenarios in which indirect effects are possible.
Much remains to be done regarding the wider range of drugs and exposure pathways, and the
links between the presence of drugs in the environment and the provision of ecosystem services
[16,25].

The uncontrolled release drugs into the environment may be wastewater and atmospheric
emissions from enterprises producing finished drugs and pharmaceutical substances. the
environmental safety of such production is usually regulated by law. However, accidental releases
of drugs into the environment or those that violate existing norms and regulations that occur in
industry, are nevertheless not systematic. Moreover, there is a general trend towards a reduction in
the environmental load on the part of pharmaceutical production, primarily in developed countries
of the world, due to a consistent increase in the technological effectiveness and organization of
the production process, the introduction of increasing quality standards and environmental safety,
and control by authorized government bodies . It is also necessary to take into account that
pharmaceutical production is localized geographically, and if an accident occurs at the enterprise
or there are violations of environmental legislation, then such emissions are exclusively local in
nature and pose a danger only to specific regions. For all the reasons listed above, such sources
are not the subject of analysis in this review, although they contribute to environmental pollution.
Other sources of drugs that are practically uncontrollable and are formed mainly by people who
use drugs for medical purposes, as well as in animals, pose a great danger to the environment
[14].

For the most part, drugs are xenobiotics, and many of them are metabolized in the human body.
The task of metabolism is generally to impart polarity to lipophilic substances in order to facilitate
subsequent excretion. Metabolic parameters are individual for each substance and depend on
gender, race, age and the physiological state of the human body. There are two phases of
metabolism, the numbering of which does not necessarily reflect their actual sequence. In the first
phase of metabolism, a redox or hydrolytic transformation of the molecule occurs, increasing its
polarity. In the second phase of metabolism, the xenobiotic is conjugated with endogenous
molecules that improve the transport properties of the metabolite [22,29].

Pharmaceutical products are essential to human health, but they become an environmental
problem when they enter the environment, which occurs when residues are excreted from the
body after consumption or when unused pharmaceutical products are improperly disposed of.
Although no method has been developed to detect all drugs entering an ecosystem, certain groups
have been shown to have negative impacts on ecosystems, including increased mortality of
aquatic species and changes in physiology, behavior, or reproduction. Particular attention is paid
to these groups of drugs and their impact on the environment. In this review, the authors propose
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measures to reduce the amount of unused pharmaceutical products in the environment, with a
focus on prevention. Various policy measures are recommended throughout the life cycle,
including source-oriented, user-oriented and waste management measures, to prevent the
generation of household pharmaceutical waste and ensure environmentally sound disposal of
household pharmaceutical waste. Preventive measures include rational drug consumption,
prescribing more environmentally friendly drugs or developing safe and easily biodegradable
drugs, better disease prevention, personalized medicines, better packaging sizes and markets for
the redistribution of unsafe drugs. The next step is to prevent inevitable waste from entering the
environment. Therefore, it is extremely important to collect and properly dispose of unused
medicines. Finally, education of healthcare professionals and the public, as well as partnerships
between environmental scientists and clinicians, are essential at all stages of the pharmaceutical
life cycle. Reducing drug levels in the environment will benefit human life.

Conclusions

Drugs and their metabolites are increasingly being found in water bodies in areas adjacent to
anthropogenic activities. Currently, pharmaceutical compounds are regularly released into the
environment in extremely large quantities, and the current emission control system is unable to
control untreated or partially treated pharmaceutical wastewater. The effects of drugs permeate
and impact ecosystems, biota and humans. Adverse health effects on humans, aquatic animals and
livestock should be investigated through careful toxicological and safety studies. Serious efforts
are needed to reduce this problem, and appropriate regulations are needed to monitor and control
it. Water quality guidelines in India should include analysis of the most commonly used
pharmaceutical compounds in drinking water sources. In addition, pharmaceutical industrial
wastewater treatment plants need to implement new corrective measures to prevent long-term
environmental and health risks. Regarding environmental risk assessment, include the
environment in the risk-benefit analysis of pharmaceutical products for human use, improve risk
management capabilities, collect data on existing pharmaceutical products, and improve
environmental availability risk These assessments represent some important next steps. The
biological effects to environmental exposures promise interesting results, although very few
studies have been conducted on wild animals or caged organisms, such as in the wild or in
ecologically significant environments. This may be due to the lack of analytical method protocols
as well as the variety of pharmaceutical structural features that are not easy to handle but need to
be taken into account.
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O PUCKE PA3ZBUTHUA AHEYIIVIOAUHU SIMBPUOHOB B
3ABUCUMOCTH OT HATO300CHEPMHUHU MYZ’K4YHUH B IPOI'PAMME
BCIIOMOTI'ATEJIBHBIX PEITPOAYKTUBHBIX TEXHOJIOI'MH

!Maxupa Ucmaiisiosa, Aiitakun Facanosa

Kanmunar MeaunuHCKUX Hayk LleHTpanbHas KINHKKA, T. baky, AsepOaiimKan.

2KanuaaT MeIMIMHCKUX HayK, CTapLIMiA NpenojiaBatenb, Asepbaiimkanckuii Meauuunckuii ynusepcuret, baky,
AszepOaiimKaH.

Bonpoc myxckoro Oecryionusi ¢ KaxAbIM JHEM MPHOOpETaeT Bce OOJBIIYI0 aKTyaJbHOCTb.
CornacHo pa3IMYHbIM CTATUCTUYECKMM UCTOYHHUKAM B HACTOSIIEE BpEMsI B CTPYKType Oecriofus
Mykckoi (aktop cocraBiser 50-60. XoTs Bcero mapy JAECATKOB JIeT Hazaa 3To Iudpa Obuia
Bcero 30. PaccmarpuBasi 3THOJIOTUYECKHE U MAaTOTCHETUYECKHUE aCHEKThl MY)KCKOIo OecIionus
HEOOXOJUMO OTMETUTh ,YTO PE€Yb HUJIET HE TOJIBKO O KOJIMYECTBEHHOM H3MEHEHUU YHuClIa U
CTENEHU TIOJBMKHOCTM CIIEPMATO30MJI0B ,HO MU O MOP(OIOrHYECKHX,IT€HETUUECKHX U
(GyHKIMOHAIbHBIX  HapylleHusx.Kpome Bcero y MyX4YMH C  pa3Id4yHbBIMU  BUJAMHU
[aTO300CHEPMUH  (OJIUTOCTIEPMHUSL,ACTEHOCTIEPMHUSL, TEPATOCIIEPMUS,a300CIIEPMUS. U COUYETAaHHbBIE
(GopMbl  MATOJOIMM)3HAUUTENBHO  YBEJIMYEH PUCK  AHEYIJIOAUM  CHEPMAaTo300UJ0B U
CJIEZIOBATENIbHO  QHEYIUIOJUM  SMOPMOHOB  JaXe B IpOrpaMMax  BCIIOMOIaTENIbHBIX
PENpPONYKTUBHBIX  TeXHOJorui.Ilpm wu3ydeHun pe3ynbTaToB JKCTpa  KOPHOPaIbHOTO
omnonotBopeHus(OKO)y MyX4uH ¢ pa3nuuHbIMU (POpMaMU ATO300CIEPMUU ObUTH OOHAPYKEHbI
MIOKa3aTeIM HaCTyIUIEHUs OEpEMEHHOCTH U 0oJiee BhICOKAsk YaCcTOTa PENPOSYKTUBHBIX MIOTEPH 110
CpPaBHEHMIO C IlapaMM ,B KOTOPbIX y MYXUYMH ObUIM HOpPMaJIbHbIE  IIOKa3aTelu
criepmorpaMM. TOJIBKO IIMPOKOE BHEAPEHHUE B MPAKTUKY IMPEAUMIUIATALIMOHHON T€HETHYECYECKON
JMAarHOCTUKU IO3BOJIWJIO MPOBOJUTH BbIOOp T'€HETUYECKHU IOJHOLICHHBIX 3MOPHOHOB,YTO
€CTECTBEHHO IMpPHUBEAET K YBEIWYEHHIO YacTOThl HACTYIUIEHUS OEpPEMEHHOCTH M POXKJIECHUU
TEHETUYECKU 310pOBBIX AeTel B mporpammax BPT.IIpoBoas anamHe3 MUpPOBON JIUTEPATYpPHI B
IUTAHE MY’KCKOTO O€CIIONIUsl Ba)KHO OTMETHUTH ,4TO J0 CHUX IOp BCE €€ OCTAINCh OTKPHITHIMU
BOINPOCHI OTHOCUTEIBHO HEKOTOPBIX ITHOJIOTMYECKUX aCIEKTOB bYXKCKOTo OECIIoNus,a TakkKe
YacTOThl M THUIOB AHEYIUIOAMM SMOPHOHOB,IOTYYMBIIMBIIUXCS OT Map C HaJU4YUEM
naToocnepMun y keHiuH B nukiaax JKO.[enbro HacTOAMETr0 UCCIIEOBAHMS SIBUJIACH U3YyUEHUE
YacTOThl Pa3BUTUS pPa3IMUHBIX (OPM aHEYIIOAUHU SMOpPUOHOB B 3aBUCUMOCTH OT BHJIOB
[1aTO300CIEPMHUH MY>K4YUH B Iiporpamme BPT.

MarepuaJj u MeTOIbI

Hamu Obumn  oOcnemoBanbl 325 cympyKecKuX Map € MYXKCKHUM (akTopoM Oecruionus
,00paTUBIIUXCS B IEHTPAIbHYIO KIMHHUKY Topoja baky 3a mepuosa ¢ 2008-ro mo 2020roasr mist
HKCTPAKOPIIOPAILHOTO OIJI00TBOpeHMs. Bce mamenTs! Obutn pasnenensl Ha 3 rpynnsll pynmy A
coctaBuiu 110 cympykeckux map c na3oocrnepMuell y My>KYMH ,KOTOPBIM OBLJIO IPOU3BENEHO
HKCTPAKOPIOPAIBHOE OIJIOJIOTBOPEHUE c IIpeINMITIATAllMOHHOM TE€HETUYECKOMN
muarHoctuko(I1I'J).B rpynmy B  Obuin  Brimtouensl 110 cympyxkeckux map ¢
naro3oocnepmueif,kotoppiM KO mnpoogmiace 6e3 III'/[(mauueHTsl He nManu coriacus Ha
I[rg).I'pynmy C cocraBumu 105 cympykeckux map C HOPMAJIBHBIMH TTOKa3aTEIAMU
cnepmarpaMm,kotopbiM poBomiack IKO c I1I'JI mo ux co6cTBeHHOMY kenaHu0.Bece My>KUMHbI
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WMEJIM HOPMalibHbIM  KapuoTun.)KeHIIUHBI uMenu HopMmaibHble ganHbie Y3U, T'CI,
TOPMOHAJIBHBIX U MH(PEKIIMOHHBIX aHATU30B,a TAK)KEe UMEITM HOPMaJIbHBII HAa0Op XpOMOCOM.
KonTponupyemass runepcTumMyiisiis SUYHUKOB IMPOBOJWIACH IO CTAHAAPTHOMY aHTOTOHHUCT
MPOTOKONTy CcO 2-3 TO [JHA MEHCTPYaIbHOTO [MKIA TMpermapaTaMu PEeKOMOMHAHTHOTO
(GOITMKYJIOCTUMYJIMPYIOIIETO TOPMOHA B COYETAaHUM C [penapaTaMd  4YeJIOBEYECKOTo
MEHOIAY3aJIbHOTO TOPMOHA. YJIbTPa3ByKOBOH MOHHUTOPHUHI pocTa (HOJUIMKYJIOB OCYIIECTBISLTH
TpaHCBarvHajJibHBIM YIIBTPa3BYKOBBIM HCCeNOBaHUSAM 4-5 pa3 B TedeHHH ctumyssanuu.llpu
JIOCTIDKEHUH MaKCHUMajbHOTO (oiummkyna 14-15 MM BBOAWJICS Tpemapar aHTOTOHHUCTA
TOHAJIOTPOIIMH —pPU3UHT TOpMOHa B 1o3e 0,25Mr. 3abop sHIEKIeTOK NpoBOIMIH depe3 35-36
4acoB ~ IMOCJe  BBEJACHHMA  Tpurepa  OBymauMd. Bcem  OONbHBIM  NPOBOAMIIACH
MHTPALUTOIIA3MATUYECKAs HHBEKIMS crepMaTo3ouoB (Mmeton  icsi). OueHka KadecTBa
AMOpPHOHOB TpoBoIMIach uepe3 40-42 gaca (2 cytku), 72-74 gaca (3 cytku), 20 yacoB — 5 cyTku
mociie  OIJIONOTBOpeHUs. buorcus SMOpUOHOB mpou3BOAMIACH Ha 3-i  JeHb [Mocle
OIIOAOTBOpeHUs Ha ctaauu 6-10 OnacTomMepoB WM OJACTOLMABI(MCIIOIB30BAICS JIa3EPHBIN
anmapart). Iy BBISBICHHS YUCIOBBIX M CTPYKTYPHBIX XPOMOCOMHBIX HApYIICHUN HMPUMEHSJICS
meton FISH(dmyopecuentnas rubpuamszanms in situ).B stom mertonme wucmonsdyrores JIHK-
30H/IbL,KOTOPBIE TPEJICTABISAIOT COOONH HYKICOTHIIHYIO IOCJIEI0BATeIbHOCTh OrPAaHUYEHHOTO
pa3Mepa,KOMJIEMEHTapHYI0 ompeaeneHHoMy ydactky saepHoit JIHK.3oun Hecer ,,MeTKy,, ,TO
€CTb  COJEPXKUT  HYKJICOTHHI,CBsI3aHHH ¢  (dayopodhopmMom  (MOJEKyly,ClOCOOHYIO K
dayopecueniun). I[locne mnpomemypbl THOpHIM3aMKU B Cliydae o0Opa3oBaHUS THOPHIHON
monekynsl JJHK-30u1 u IHK Mumnenn,Ha ucciaeqyeMoOM HUTOT€HETUYECKOM Ipenapare MOXKHO
HabmroaTh cBeyeHne cnenuduuecknx nocienosareiaprocterd JJHK Ha xpomocoMax uimu B sapax
IIpH oMo1u GIyopeceHTHOr0 MUKPOCKOTIA.

[IpeaummnaTaiimoHHas TeHETUUECKas JUArHOCTHUKA MPOBOMIACK IO XpoMocomam 13, 15, 16, 17,
18, 21, 22 X,)Y. AHeymnpoaus Ompelensiach Kak HaJlMyde MeHee WM Oosee 2-X KONMUH
HCCIIETyEMbIX ayTOCOM MJIM OTCYTCTBHUE OJIHOM IMOJIOBOM XpOMOCHL.DYIIOIUs ONpeensiach Kak
MOJIHBIN HAOOp ,raruIonIus —Kak oJJUHapHbIA HA0Op M MOJMILIONHS —KaK TpoiHOU 1 6osee Habop
uccienyeMbix xpomocom.KommiekcHol maTojioruelt cuyuTanoch Hainuuue Oojiee 2-X U3 BBIIIE
yKa3aHHbIX HapyuieHunil.CodeTaHHasl MaToJIOTUsl ONpeAessylach NpPU BBIABIEHUU Tpex M Ooiee
XpOMOCOM C HOpMallbHbIM 4yuciioMm konui.Ha 4-ii 5-if neHp npoBoamics TpaHcdep TOJBKO
HOpMaJIbHBIM ,T.€.3YIUIOMJIHBIM 3MOpHoHaM .bepemeHHOCTh ompenensiack mo JaHHbIM XI'YH B
KpoBU Ha 13-15-ii neHp mocnie mepeHoca SMOPUMOHOB U B JanbHeWeM no JaHHbIM Y3U npu
BBISIBIIEHUH IIJIOJHOTO stiflia 1 cepaueOneHust SMOpHoHa.

Crartucruyeckasi 00padoTka

Pe3ynbpTaThl COOCTBEHHBIX HCCIIEIOBAHUI

Bo3pacT xeHIWH ,BKIIIOYAIONINX B HccienoBaHus Obun 21-43 Toja,Bo3pact Myx4uH 27-52
roga.llapel ¢ aucyHKIMEH IMUTOBUAHON XKele3bl ,caXxapHbIM TUA0ETOM ,ayTOMMMYHHBIMHU
3a0071€BaHUSAMH,PAKOM, TUCHYHKITUEH  SUYHUKOB,KYPEHHEM  WJIM  3aBHCHUMOCTBIO  ObUIH
HUCKITFOYCHBI M3 HUCCIICA0BAHMS.

TaﬁJmua 1. Buasr MMaTo300CICPMHUHN Y UCCIICAYCMBIX MMALIUCHTOB.
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Buasbl nato3oocnepmMun

Ouanro3zoocnepmust
AcTeHo3oocnepMus
OuanroacreHo3oocnepmust
TepaTo3oocnepmust

OJIMroacTeHOTePaTO300CEePMHSI

Kak BHUJHO H3 Ta6JII/II_[BI JaCTOTa aHCYIUIOMAWU 4YallC BCTPCUACTCA B TIPYHIIC OOJIBIHBIX C

I'pynna A
n=110

11
14
16
32
37

TepaTo300crepMueil. ITo MPOCIEKUBACTCS U B OCHOBHOM ,M B KOHTPOJIBHOMU IpyMIIe.

Hamyu Opumn M3y4eH XxapakTep SKCTPareHUTAJIbHOH NaToNoTWU y Myx4uH.llanueHTs!

,I[I/IC(I)YHKHHeﬁ IUTOBHUIHOM JKEJI€3hI ,CaXapHbIM ,I(I/Ia6eTOM OBLIN HCKIIFOYEHBI U3 HUCCIICAOBAaHU.

Taﬁ.m/ma 2. XapaKTep 3KCTpaFeHI/IT8.J'IbHOI71 MaTOJIOTUH Y MY’KUYNH, BKIIFOUCHHBIX B UCCIICAOBAHUA.

XapakTep dIKCTpPareHUTAJbHON MaTOJOTHH T A1 I'pynna B
PaKTEp SKCTP n=110 n=110

3a0o.1eBaHusl cepAeYHO-COCYAUCTOM 11 8

CHCTEMbI

3a001eBaHNsA MOYEBLIIEIUTEILHOM 28 30

CHCTEMbI

3a0o0s1eBaHuUsI ONOPHO-IABUTATEILHOTO 5 7

anmapara

3a00.1eBaHusI HEPBHOI CHCTEMBI 17 13

Taxoke HaMu ObUTH U3yUeHbl HH(PEKIIMOHHBIN CTaTyC MY>KUHH.

Tabmuua 3. MH(peKkunoHHbIH CTaTyc UCCIEAyEMbIX MAIUEHTOB.

Buabl uHpexkuun

Ypeanuna3mos
Mukomiamos
Xiamuauos
I'apanepennés
Tpuxomonunas
Kanpupnos

Bupyc nanujuioMbl 4yejaoBeka

I'enuTanbHbIi repnec

I'pynna A
n=110

21
20
15
27
3

11
7

14

I'pynna C

n=105

5

25

20

'pynna B
n=110

27
22

22

13

I'pynna C
n=105

29
19
17
24

1
9
3
5
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B pesynbrate nmpoBeA¢HHBIX pabOT HamMH ObUIM OTOOpaHbI SMOPHOHBI y HccleayeMbix 215 map
(rpynmma A u rpymna C), 880 smOpuonoB B rpymne A u 890 smOpuonoB B rpymme C.
WNutepnperanusa pesyiabraroB  FISH mpoBoamnace myTeM OIEHKHM XPOMOCOMHBIX CTPOEHHM
SMOpPHUOHOB B OTHOIIICHWHU YMCIIOBBIX aHOMaMil B 9-Tu Xxpomocomax - 13, 15, 16, 17, 18, 21, 22,
X, Y.

61 (12) - 04 - 2024

Tabnua 4. Yacrota 0OHapyKEHHBIX XPOMOCOMHBIX AHOMAJIUN B UCCIIEYyEMBIX TPYIIIaX.

'pynma A I'pymma C
880 smOpnonoB 890 s5MmOpnonoB

64

XpOMOCOMHl)Ie YU CJI0OBbIC AaHOMAJIMH

Cunapom Kaaiindenstepa (XXY) 5
Cunapom llepmesckoro-Tepuepa (X0) 7

[EN
N

Cunapom Jayna (Tpucomus 21)
Cunapom IMatay (Tpucomus 13)

Cunapom Ilatay (Monocomus 13)
Cunapom Iasapiaca (Tpucomus 18)

P W W ool N W

Cunapom Iasapaca (Monocomus 18)
(Tpucomus 15)

(Monocomus 15)

(Tpucomus 16)

(Monocomus 16)
(Tpucomus 17)

(Monocomus 17)

Cunapom xeiikooca (Tpucomus XYY)
(Tpucomus 22)

(Monocomus 22)

Kommnuexce (Tpucomust)

O N W W AN ODM W O O WO
= RN

[y
N

Komnuiexe Aneyniiogust

oW wN

[EEN
[EEN

Komniieke Monocomust

B X04€ UCCICOOBAaHUA HAMHU TAKXC OBLIO HU3YYCHO BJIMAHNC BO3paCTa MYKUNH Ha 4aCTOTY
aToJIOrnuu 3M6pI/IOHOB, 4TO IMOKa3ajio INpsAMYIO 3aBUCUMOCTE MCXKY HUMH.

Tabauuna 5. 3aBUCUMOCTh YaCTOTHI MATOJIOTMH SMOPHUOHOB OT BO3pacTa My»4HH B UCCIIETyEMbIX

rpymnmnax.
YacToTa NaTo10ruM SMOPHOHOB
' I'pyrma A I'pyrma C I'pyrma A I'pyrma C
n=110 n=105 120 sMOpuoH 52 aMOpuoH
24-30 ner 30 29 12 5
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30-35 aer 28 27 25 9
35-40 aer 32 31 38 15
Crapuue 40 jer 20 18 45 23

Tadauua 6. Pesynbrater OKO c [II']] My>XK4uH B UCCIEAyEMbIX TPYIINaXx.

PesyabstaTrel IKO gfﬁlg A gzi’?g °8 2{(‘)‘;‘ ac P
YacroTa HacTyNJIeHHs1 DepeMeHHOCTH 52 31 59

Yacrora oTpuuateabHoro pesyiabrarta JKO 58 79 46

Posknenne 310poBoro pedénka 39 11 52

IIpepriBanne 6epeMeHHOCTH (BBIKHABILIH, 13 20 7

Hepa3BHBaOLIMecs1 0epeMeHHOCTH)

Oo6cy:xnenune

[TosiBnenne MKCH B coueranuu c III'J[ mpousBeno peBoIOLMIO B JICHEHUH MYXXYMH C CHUIIBHO
HapyIIEHHBIMH IapaMeTpaMHu CIEPMbl U MOBBICHJIO HX IIAHCHI HA JIOCTHXKEHHE HOPMAaJIbHOMN
JIOHOIIEHHON GepeMeHHOCTH. D10 cBA3aHO ¢ TeM, uTo MKCU 3HaunTenbHo cHUXaeT TpedoBaHus
K KauecTBY CIIEPMbI, NOJBMXKHOCTH M CIIOCOOHOCTH K OIUIOZOTBOPEHHIO, B TO Bpems kak I1I'/]
MO3BOJIIET aHAJIM3UPOBATH XPOMOCOMHBIM HaOOp 3MOPHOHOB OECIUIONHBIX MYXYHH, [O3BOJISIS
NEPEHOCUTH TOJIBKO XPOMOCOMHO HOPMaJIbHbIE SMOPHUOHBI, YTO MOBBIIIAET BEPOATHOCTD ycIiexa U
YCTpaHs€T MOTEHIHAIbHbIE PUCKM HCIOJIb30BAaHUS  CyOONTHUMANbHBIX  CIEPM IS
OILIOIOTBOPEHUS.

3a  mocienHuWe — JBa  JECATHIIETUS ~ METOJIOJIOTMM,  WCIIOJIb3yeMble NI aHaiusa
JIOUMIUIAaHTAlUOHHBIX SMOPHOHOB YEJIOBEKa, IpeTepreiar pEeBOMIOIMOHHbIE H3MeHeHus. B
HEKOTOPBIX U3 MEPBBIX UCCIIEJOBAHUM, TOCBALICHHBIX aHAU3Y JOUMIUIAHTALlMOHHBIX SMOPHOHOB
4eJI0OBEKA, MCIIOJIB30BAJICS aHAJIM3 KapUOTHUIA, KOTOPBIM, XOTA M MO3BOJIIET aHAJIM3UPOBATh BCE
XpPOMOCOMBI, TpeOyeT AeNSAIMXCSA KIETOK Ha craguu Meradasbl. ITO Cepbe3HbI HEIO0CTAaTOK,
MOCKOJIbKY TOJIBKO 24—36% 3MOpHOHOB, NPOaHAIM3UPOBAHHBIX C MOMOIIBIO KApUOTUITUPOBAHMS,
OpOAYLHpPYIOT MeTadaszbl JOCTaTOYHOIO KadecTBa Ui TOYHOrO aHaiu3a XpoMocoM. Jlpyrue
HEJIOCTAaTKU BKJIIOYAIOT TO, YTO OH CIIOCOOEH aHAIU3UPOBaTh TOJBKO Pa3BUBAIOIIMECS KIIETKH,
NOTOMY YTO AapecTOBaHHbIE KIETKM HE NPOU3BOAAT MeTaga3dbl M HE MOryT ObITh
[POAHAJIM3UPOBAHbI, U TPYAHOCTH C UACHTU(DHUKAIMEH OTICIBHBIX XPOMOCOM, ITOCKOJIBKY TPYIHO
MOJIyYUTh ONTHUMAJIBHOE paclpeesIeHHe XPOMOCOM U BO3MOKHYIO IIOTEPI0 XPOMOCOM BO BpeMs
bukcamu saep.

OpnHako KapHOTUIIMPOBAaHUE OOJIbIIIE HE UCIOB3YETCs AJIS aHaIN3a XPOMOCOMHBIX aHEYIUIOUIUI
B IPEUMIUIAHTALIMOHHBIX 53MOpHUOHAX UYEJIOBEKa, a MEeTO/A, KOTOpblii Hambosiee YacTo
MCIIOJIb3YETCS ISl aHAJIM3a XPOMOCOMHBIX aHEYIUIOMINN Yy YeTIOBEUECKUX MPEUMITTIaHTAIIMOHHBIX
IMOPHOHOB - 3T0 GuryopeciieHTHas ruopuansanus in situ (FISH). FISH o0bsruHo mpenmouunTaror,
MOTOMY 4YTO OH JaeT HWH(OPMALMI0 O IUTOTEHHOM CTaTyce KaXIOW KIETKH U MOXKET
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MPUMEHSTHCS K OTACIbHBIM KJIETKaM, MO3BOJISS aHAIM3UPOBATh KOJMUYECTBO XPOMOCOM Kak B
MeTadas3HbIX, TaK U B MHTEP(PA3HBIX AApax.

B HacrosimeM uccienoBaHMM MBI OOHapyXWiIHd, dYTO Oojee HHU3KHME KOHIEHTpAIUU
CIIEpMaTO30MJI0B, MO-BUAMMOMY, CONPOBOXKIAIOTCS ~ OoJiee  BBICOKMUMH  IOKa3aTelsIMHU
aTO300CIEpMHUn. DTO coracyercst ¢ ganueiMu Levron et al (2013), koTopsle TOKYMEHTAIbHO
MOATBEPAMIIM, 4YTO TsDKENIas IaTO300CHEPMHUs CBsi3aHAa € 0oJjiee HU3KMMHM KOHILIEHTpaLUsMHU
CIEepMaTO30MJIOB BMECTE C OJMrocrnepmucii. bojee HU3KHME KOHLIEHTpAalMU CHEPMAaTO30UIIOB Y
NAIMeHTOB C TSDKEJIOM MAaTo300CHepMHUeil OBUIM XOpOIIO JOKYMEHTHPOBAHBI pe3yJbTaTaMu
aHallM3a pa3UYHbIX CTaJUil raMeToreHe3a, KOTOpble MPEANOJIOKHIIN, YTO KOHTPOJIbHAsS TOYKa
naxureHa | BpI3bIBAET MEHOTHYECKYH0 OCTAHOBKY aHOMaJbHBIX KIJIETOK, KOTOphIe OoJiee
pacnpocTpaHeHbl y MAIMEHTOB C TXKEIOW MaTO300CHepMueH, BEeAylIell K OJUrOCIepMHUH MU
azoocriepmuu. OJHAKO JApyrue MEHOTUYECKUE UCCIIEOBaHMs IOKa3ald, 4YTO HeOOJbIIoe
KOJMYECTBO JOMEMOTHYECKUX AaHOMAIbHBIX KIETOK MOXET YCKOJIb3aThb OT KOHTPOJIBHON TOYKHU
MAXUTEHbI, JOCTUraThb MeHo3a M IPOU3BOJUTH XPOMOCOMHO AHOMAJIbHBIE CIIEPMATO30U/BI,
MIPOLIEHT KOTOPBIX MPSMO MPOMOPIHOHAIEH YPOBHIO MAaTO300CIEPMUH.

bbuta BBIABUHYTA TUIOTE3a, YTO PaA3HbIE THUIBl AMOPUOHAIBHBIX AHOMAJIUN YEOBEKAa MOTYT
UMETh MEHOTHYECKOE WM MHUTOTUYECKOE TMPOUCXOKIeHHEe. MeloTuYeckiue aHOMaluu M0
OIJIOJIOTBOPEHUS SIBIISIFOTCSL HauOoJsiee BEPOSATHBIM MEXAaHU3MOM aHEYIUIOMJIUU, KOTOPbII
YHHUBEPCAJICH ISl BCEX KJIETOK SMOpHOHA. DTO MOXKET MPOUCXOAUTDH U3-3a HEPACXOKICHUS 1IeNTbIX
XpomMocoM BO BpeMmsi Mmeio3a | wiau |l wim nmpexneBpeMeHHOro AeNeHUs XPOMOCOMBI Ha JBE
CEeCTpUHCKHME XpOoMaTuiasl BO Bpems Meho3za | ¢ mocimeayromuM UX — CIy4YallHBIM
paznesnieHneM. MUTOTHYECKME HAPYLIEHUS MOTYT BO3HUKATh H3-3a2 OTCYTCTBHSI PACXOXKIACHMS,
SHAOPENYIUIMKAIIMA WU 3ara3/blBaHus aHadasbl, KOTOPbIE Yallleé BCEr0 BO3HHUKAIOT BO BpeMs
MEPBBIX TPEX JMAENEHUIl IOocie OIJIOOTBOPEHHS, KOTOPbIE KOHTPOJHUPYIOTCS LEHTPUOISAMU
ciepmaro3ou1oB. CieioBaTenbHO, IEJIOCTHOCTh CIIEPMATO30MIOB SIBHO HEOOXOauMa s
HOPMaJIbHOTO MHUTOTHMYECKOTO JIEJICHUS W PAHHEro pa3BUTUSA 3MOpHOHA. AHEYIUIOMIAMH MOTYT
BO3HUKATh 110 Pa3HbIM MEXaHMW3MaM, TaKUM KaK IPEXKIECBPEMEHHOE JEIECHHUE KIIETOK, CIUSHUE
KJIETOK M pa3pblB XpoMOCOM. BbIJIO MpOaeMOHCTPUPOBAHO, YTO TPUCOMHUM M MOHOCOMHHU B
OCHOBHOM MMEIOT MeHoTuueckoe mpoucxoxaeHue. [lomoBsle  XpOMOCOMBI  OCOOEHHO
MOJIBEPKEHbl MeHoTHYecKoMy HeAUPPEpeHINPOBAHNIO; KOTOPBI CUUTAETCS MEXaHHU3MOM
aHEYIUIOMJIUHM CIIEPMATO30U 0B U3-3a UX YHUKAJIBHON CTPYKTYphI, KOTOpas 00eCreuuBaeT JIHIIb
HECKOJIbKO ~ caiiToB  pekoMmOuHanuu. OObIYHO  aHOMaJbHBIE  KIETKH, CTpajarolue  oT
HEpPacXOXKJEHMs MOJOBBIX XpOMOCOM BO Bpems Meiosa | mmum |, monBepratoTcst mogTHOMY WM
YaCTUYHOMY apecTy Meio3a ¢ NOMOIIbI0 MEXaHM3Ma KOHTPOJIbHBIX TOYEK MNaxuTeHa. MHornaa
MyTallUd OJHOTO WMJIM HECKOJBKHX I'€HOB, YYAaCTBYIOUIMX B 3TUX MexaHu3Mmax penapaiuu JIHK,
MPOU3BOJIAT XPOMOCOMHBIE AaHOMAJbHBIE KIIETKH, KOTOpbIE H30EraroT KOHTPOJIBHOW TOYKH
MaXUTEHbI U IPUBOJIAT K 00Pa30BaHHUIO CIIEPMATO30UOB C JUCOMUEH MOJIOBBIX XPOMOCOM.

B HacTosmmeM uccnenoBaHuu o011ee KOIMYeCTBO OOHAPYKEHHBIX XPOMOCOMHBIX aHOMAaJIHM ObLIO
3HAYUTEIBHO BhIIIC Y 3MOpHOHOB rpynmbl b (34,09%), yem y smOpuonoB rpymmsl A(28,57%)
AHOMaMsI BO3HUKAET MPEUMYIIECTBEHHO TaKXe H3-33 MHUTOTHUYECKHX OLIMOOK B IEPBBIX
HECKOJIbKUX JICJIEHUSAX SMOpHOHA IOCJIE OIUIOJOTBOPEHUSI M3-3a AaHOMAJBHOTO KOJUYECTBa
MY>KCKUX IEHTPHOJEH WU CcyOOnTUMalbHOW (DYHKIMU ILIEHTpUOJNEH, KOTOpble 3HAYUTEIbHO
YBEJIMUMBAIOTCS MPOMOPLUOHAIBHO YPOBHIO TaTo300cnepMuu. B Takom ciyuyae mnepBoe
MHUTOTHYECKOE BEPETeHO HE C(HOPMHUpPYETCs JODKHBIM 00pa3oM, 4TO MPHUBEAET K HAPYIICHUIO
LMTOKMHE3a, CO3/aBasi JBE XPOMOCOMHO aHOMAaJIbHbIE KJIETKH. MUTOTHYECKHE OLIMOKU TakKke
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MOTYT OBITh CBSI3aHBI CO CHM)KEHHOH JKCIPEcCHel ONpeeseHHBIX T'€HOB KOHTPOJIBHBIX TOYEK
KJIETOYHOTO LIMKJIa BO BPEMsI PaHHET0 SMOPHUOHATILHOTO Pa3BUTHUS MM MeHEe (PYyHKIIMOHATIbHBIMHU
MEXaHU3MaMH KOHTPOJIbHBIX TOUYEK KJIETOYHOTO IUKJIA, KOTOPbIE MOTYT MPUBOAUTH K OLIMOKaM
XpPOMOCOMHOW CErperalid MpH NEepBbIX pPaCIICIUICHUSIX JOUMIUIAHTAIIMOHHBIX 3MOpPHUOHOB
YeJI0BEKalo.

ONTUMUCTHYHO, OTH PE3yJNbTaThl BCENAIOT HAASKIYy B NAIMEHTOB C  aOCOJIOTHOMN
MaTO300CHepPMUEH U APYTUX MAIMEHTOB C PA3IMYHON CTENEHBIO MaTO300CIEPMHUH U BHIHYKIAIOT
KaKk KIMHULUCTOB, TaK M TEHETUKOB, KOTOpHIE OOS3aHbI MPEUIOKUTh 3TUM MaIleHTaM
otuoBcTBO. [lapa  JoMKHA  MOMY4YUTh  HEAUPEKTUBHOE,  OOBEKTHUBHOE  I€HETHYECKOE
KOHCYJIbTUPOBAHUE OTHOCUTEIBHO MOTEHIMAIBHBIX PENPOAYKTUBHBIX PUCKOB AJII aHOMAJIbHOTO
MOTOMCTBA U JIOJDKHA ObITh oOecnedyeHa HeoOXoauMol uHdopMmanued O BO3MOXKHBIX
PEnpOAYKTUBHBIX BApUAHTAX U JOCTYMHBIX METOJOJIOTUAX F€HETUUECKOTO TECTUPOBAHUS, YTOOBI
UMETh BO3MOXXHOCThH MPHUHATh MH(GOPMATHUBHOE PEIICHHE O TOM, XOTAT JM OHM HOPMAJIbHOTO
3ayaTusi U OyJyllue IpeHaTajJbHble T€HETUYECKHE TECThl C Y4YeTOM BO3MOXKHOIO pHCKa
BBIKUBIIIA, WIM OHHM XOTAT MPOJOJDKUTH BeromoraTenbHyto penpoaykiuio (MKCH / OKO) B
COUYETaHHUHM C IIPEHATAJIbHBIM T€HETUYECKUM CKPUHUHIOM.

3akiaro4eHue

PesynbTarhl, mONyueHHbIE B TEKYIIEM HCCIEIOBAHUM, JOOABISIOT  JOIMOJHUTEIbHBIE
JI0Ka3aTesIbCTBa TOTO, YTO MAL[MEHTHI C TKEIOM MaTO300CIEPMUEH, TIOABEPraOIIUEcs JICYCHUIO
HNKCH, moryT uMeTh 0oJiee BHICOKUN YPOBEHb aHEYIIJIOUIUN MOJIOBBIX XPOMOCOM Y 3MOPHOHOB,
YyeM MalUeHThl C YMEPEHHOH maro3oocnepmuel. [laimenram ¢ maro3oocnepMuen CleayeT
npeasiaraTh HaJJIeXallee M TIIATEIbHOE TE€HETUYECKOE KOHCYJIbTUPOBAHME C AKIIEHTOM Ha
MOBBIIICHHBI PUCK AHEYIUIOMJIHH IIOJOBBIX XPOMOCOM y MX IOTOMKOB M BaxkHOCTh III'JI mms
MPEOTBpPAIEHHs] 3TOr0 MOTEeHUHUaNbHOrO pHcka. FISH-ananu3 - 310 OBICTpBIN, HaAEKHBIA U
OTHOCUTENIbHO  JICHIEBBI  METOJl  OLIEHKM  TMOJOBBIX  XPOMOCOMHBIX  aHOMaauil y
JIOUMIUTaHTAIllMOHHBIX SMOPHOHOB. JIJIsl OLIEHKH peabHOr0 BIMSHUA M1aTO300CIIEPMUN HA YPOBHU
XpoMOCOMHBIX aHoMaiuil y amOopuonoB MKCH HeoOXoauMbl AOMOIHUTENBHBIE UCCIEA0BaHUS C
0O0JIBIIUM KOJIMYECTBOM CIIy4aeB.

Jexmapauuu
Pykomuch He ObuTa npejcTaBieHa B KaKOW-THO0 IPYToi KypHaI WM Ha KOH(EPEHIIUIO.

Orpa}mqe}mﬂ HCCJICI0BaAHUA
Ol’”paHI/I‘-IGHI/II\/'I, KOTOPBIC MOTJIN OBl ITOBJIMATH HA PE3YIbTATHI UCCIICAOBAHUA, HECT.

HoarBepxkaeHue

ABTOp xoTed Obl BBIPa3UTh OJAroAapHOCTh PAOOTHHKAM CIY>KOBI TOMIEPKKH U TOKUIBIM
JIFOJISIM, KOTOPBIE TIPUHSIIM YYacTHE B 3TOM HCCIICIOBAHUH, ITOJCIUBITUCH CBOUMH OCCIICHHBIMU
3HAHUSIMH H  ONBITOM. WX COTpYIHHUYECTBO U OTKPHITOCTh B 3HAYUTEIHHOW CTENEHU
CIOCOOCTBOBAJIM TIIYOMHE M OOTaTCTBY PE3yIbTATOB UCCIICIOBAHUM.
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CORRELATIONAL ANALYSIS OF THE INTERRELATIONSHIP
BETWEEN THE THYMUS GLAND AND PERIPHERAL ORGANS OF THE
IMMUNE SYSTEM IN EARLY ONTOGENESIS
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ABSTRACT

Relevance. The morphology of the thymus gland reflects the functional state of the immune
system of children and adults to the fullest extent [1,2,3]. We know from the main directions of
the evolution of the organs of the immune system that the development of the organs of
immunogenesis begins with the development of the thymus gland, then in the spleen [4-10]. It
was found that regardless of the duration and causes of clinical death, morphological changes in
the thymus develop faster than in the peripheral organs of the immune system [11].

However, in the issue of inter-organ interaction of the organs of the immune system, a lot remains
unresolved, in particular, in early ontogenesis, since there is practically no data in the available
literature on the interrelationship between the central and peripheral organs of the immune system
in early ontogenesis in children.

The purpose of the study. To carry out a correlation analysis of the assessment of the
relationship of immunomorphological changes between the thymus gland and the spleen,
mesenteric lymph nodes of fetuses and newborns born under the conditions of the physiological
course of pregnancy.

Research materials and methods. The material for the immunomorphological study was the
thymus gland, spleen and mesenteric lymph nodes of fetuses and newborns who developed during
physiological pregnancy and died as a result of intracranial birth trauma. Each group is divided
into four subgroups according to the terms of the perinatal period: 1st stillbirths at 28-36 weeks of
pregnancy; Il — stillbirths at 37-40 weeks of pregnancy; Il — newborns who died on 1-4 days of
life; IV — newborns who died on 5-7 days of life.

The research methods described in the classical histomorphology manuals [12,13,14] were
applied in the work: anatomical — dissection, macroscopic description, weighing of the thymus
gland, spleen; calculation of the weight coefficient of the thymus (TWIC) and spleen (SWI),
fixation; histological — staining with hematoxylin and eosin, azure Il — eosin, according to the
Foot method; histochemical — CHIC reaction; morphometric — measurement of morphological
parameters of the thymus gland, spleen and mesenteric lymph nodes using an ocular micrometer
MOV 1-15 and an Avtandilov ocular measuring grid under an MBI-3 microscope with an AU-12
binocular nozzle; statistical analysis method - the degree of reliability of the difference was
determined using the the Student’s t-test (p <0.05).

The association and magnitude between two variables were assessed using the correlation
coefficient which is calculated according to the formula proposed by K. Pearson:
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where:r,y, — correlation coefficient

(4)

The results of the study. The mass of the thymus gland shows a pronounced positive correlation
with the mass of the spleen (Figure). Small lymphocytes of the cortical substance of the thymus
gland exhibit two positive associations: a strong positive correlation with the volume of the
periarterial coupling (r= 0.87) and a moderate positive one with plasmocytes and macrophages
(r=0.54) of the spleen. A moderate positive relationship (r=0.67) was established between the
differentiation values of the thymus gland parenchyma and the volume of the spleen’s white pulp.
A strong positive relationship was determined between the medulla of the thymus gland and the
lymphoid nodules of the spleen, with the correlation coefficient of r=0.73.

The correlation relationship between the thymus gland and mesenteric lymph nodes was also
found to be positive. When differentiating the parenchyma of the thymus gland and the formation
of lymphoid nodules with light centers, the correlation coefficient was r =0.09, i.e. weakly
positive. The interrelationships of small lymphocytes of the cortical substance of the thymus
gland with plasmocytes and macrophages of the medulla of the lymph nodes were moderately
positive — r is equal to 0.44 and 0.58, respectively. The correlation coefficient (r) between the
medulla with the thymus gland Ghassal corpuscles and the lymphoid nodule with light centers
was 0.72, i.e. a strong positive relationship. Strong positive correlations were found between the
differentiation of the parenchyma of the thymus gland and the paracortical zone (r=0.79) and the
cortical plateau (r=0.40) of lymph nodes.

Thus, a correlation analysis of the inter-organ relationships between the thymus gland and
peripheral lymphoid organs shows that certain functional interdependencies arise in the organs of
immunogenesis and between them in fetuses and newborns in the perinatal period during
physiological vital activity.

1
O
1

sl

PD - periods of fetal and newborn development:
I — 27-36 weeks of antenatal development; 11 — 37-40 weeks of antenatal development; 111 —1-4
days after birth; 1V — 5-7 days after birth.
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A-body weight/thymus gland mass;

B- body weight/spleen weight;

Figure — Correlation of organometric parameters of the thymus gland and spleen with body
weight at birth of fetuses and newborns in the perinatal period of development during the
physiological course of pregnancy.

Conclusions. 1.The established facts of the timely formation of differentiation of the parenchyma
of the thymus gland and the thymus-dependent zone of peripheral lymphoid organs, an increase in
the number of small lymphocytes, increased mitosis, macrophage and plasmocyte reactions allow
the presence of correlations between these processes under normal conditions.

2. The conducted studies allow us to better understand the patterns of structure and development
of organs of immunogenesis, allowing us to standardize morphological data in the process of
physiological ontogenesis.

3. The data obtained can be used by morphologists, immunologists, pathologists, forensic experts
to assess the condition of the thymus gland and peripheral lymphoid organs when exposed to
various extreme destabilizing factors on the body, and can also be used as a reference for studies
of immunogenesis organs and modeling biological experiments.
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IQLIiM DOYiISMOLORININ FOSADLARINA QARSI OTRAF MUHITIN
FORMALASMASINDA CiS-iN ROLU

LAygul Mammadova, “Dinara 9liyeva, *Sadi Ristomov, “Namiq Qasimov, °Zahid Xalilov,

6Tarans Oliyeva
1234Bag miiollim, >SAssistent.
123456 A zarbaycan Dévlot Aqrar Universiteti

ABSTRACT

The article provides information about climate changes, which have become one of the global
problems, and their impact on the living world, which worries the world community more and
more. Unstable weather conditions are felt not only in Azerbaijan but also in several countries of
the world and create problems. Increasing attention to these problems is manifested in the holding
of a number of international events, including scientific and practical conferences. According to
the latest assessment report of the Intergovernmental Panel on Climate Change, the average
temperature on Earth has increased by 0.8 degrees in the last 100 years. The increase in
temperature is mainly due to anthropogenic factors. The basis of anthropogenic factors are gases
that create a thermal effect: carbon, methane, nitrogen oxide, nitrogen 1 oxide and chlorine-
fluorine compounds. Space observations of the last 100 years show that the intensity and
frequency of storms and blizzards have increased. Hot winds, hurricanes, and precipitation have
intensified. At the same time, the number of flood events has also increased. If the surface of the
ocean used to heat up to a depth of 1000 meters, then the warming reaches up to a depth of 2000
meters; resulting in hot currents becoming even hotter. That is, the main factor in the increase of
all these natural disasters is climate change.

Azerbaijan has not been left out of the influence of global climate changes. In the last 100 years,
average annual temperatures in the territory of Azerbaijan have increased by 0.4-1.3° C. The
increase in temperature is unevenly distributed depending on the regions. In the last 10 years, the
number and power of floods in small mountain rivers in the territory of Azerbaijan has increased.
The issue of effective use of climate resources in agricultural production is one of the important
tasks to solve the food problem. In order to implement it, it is necessary to deeply study the
characteristics of our territory, to reveal the potential opportunities that ensure more efficient and
rapid development of agriculture.

In this direction, the possibilities offered by Geographical Information Systems (GIS) are
appreciated by think tanks of the world. Due to the capabilities of GIS, action plans can be
prepared in the direction of preventing the consequences of global climate change, as well as the
danger that may arise at a later stage.

GIS is the most efficient way to present information about geographic objects and to determine
their position more quickly. GIS allows to analyze and model any geographical phenomenon -
weather forecast, environmental changes, movement of lithospheric plates. It helps to solve the
problem by connecting geographic information from different sources.

For this, GIS is the most accurate and perfect system that must be used to detect climate change in
various areas and eliminate its consequences.

Keywords: Climate changes, environmental formation, GIS, average annual temperature,
ecological crisis
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Mogqaloada global problemlordon birino ¢evrilmis olan iglim doyisikliklori vo onlarin canli aloma
tosiri diinya birliyini getdikco daha ¢ox narahat etmasi haqqinda malumat verilir. Qeyri-sabit hava
soraiti tok Azorbaycanda deyil diinyanin bir sira 6lkolorindo hiss olunmaqda vo problemlor
yaratmaqdadir. Bu problemlors diqqgatin artmasi 6ziinii bir sira beynalxalq tadbirlorin, o cimlodon
elmi vo praktiki konfranslarin kegirilmosindo gdstorir. iqlim Dayismolori {izro Hokiimotlorarasi
Ekspertlor qrupunun son qiymsotlondirms hesabatina gora son 100 ildo Yer kiirosindo orta
temperatur 0,8 doroco artib. Temperaturun artmasi iso osason antropogen amillorlo baghdir.
Antropogen amillorin asasini istilik effekti yaradan qazlar: karbon, metan, azot oksidi, azot 1
oksid vo xlor-fliior birlosmolori togkil edir. Son 100 illik kosmik miisahidolor gostorir ki,
tufanlarin, covgunlarin hom intensivliyi, hom do tezliyi artib. Isti kiiloklor, qasirgalar, yagmtilar
giiclonib. Eyni zamanda, sel, dasqin hadisslorinin ds say1 artib. Okeanin sothi avvallor 1000 metr
dorinliyo qodor qizirdisa, artiq qizma 2000 metr dorinliya godor gatir; naticads isti axinlarin daha
da qizmasma sobob olur. Yoni biitlin bu tobii folakotlorin artmasinda osas amil iqlim
doyismolaridir.

Azorbaycan da qlobal iglim doayismolorinin tosirindon konarda qalmamisdir. Son 100 ilds
Azorbaycan orazisindo orta illik temperaturlar 0,4-1,3°C-yo qodor artmisdir. Temperatur artimi
regionlardan asili olaraq geyri-borabar paylanir. Son 10 illiklorde Azarbaycan orazisinds kigik dag
caylarinda sel vo dasqinlarm say1 vo giicii artmisdir. Iqlim ehtiyyatlarindan kond tosorriifat:
istehsalinda somorali istifado mosalosi orzaq problemini holl etmok iiclin qarsiya qoyulmus
mithiim vozifalordon biridir. Onu hoyata kegirmok {iglin orazimizin xiisusiyyatlorini dorindon
Oyronmok, kond tosorriifatinin daha somaorali va siiratli inkisafini tomin edon potensial imkanlari
askara ¢ixarmagq tolob olunur.

Bu istigamotdo Cografi Informasiya Sistemlorinin (CIS) toklif etdiyi imkanlar diinyanin beyin
moarkozlori torafindon toqdir edilir. Ciinki CIS-in imkanlar1 hesabina global iglim doyisikliyinin
yaratdig1 fosadlarin, hom¢inin sonraki morhalods yarana bilocok tohliikenin garsisinin alinmasi
istigamatinda tadbirlar planlar1 hazirlana bilar.

CIS cografi obyektlor haqqinda informasiyalari taqdim etmak va onlarin mvqeyini daha tez tayin
etmok iiciin on somorali {isuldur. CIS istonilon cografi hadiseni - hava prognozunu, otraf miihitdo
bas veron doyisikliklori, litosfer tavalarinin horokatini tohlil etmoys vo onlart modellosdirmoyo
imkan verir. O, mixtolif monboslordon alinan cografi informasiyalar1 bir-biri ilo slagalondirmakls
problemin hollino yardim edir.

Bunun ii¢iin CIS iqlim dayisikliyinin miixtolif saholor iizro askarlanmasi vo yaratdig1 fosadlarn
aradan qaldirilmas istigamotinds istifadasi labiid olan on doqiq vo mitkommal sistemdir.

Acar sozlar: Iglim doyismolori, otraf miihitin formalasmasi, CIS, orta illik temperatur, ekoloji
bohran.

Genis miizakiro movzularindan birina ¢evrilon iglim doyismalarinin fasadlarina qarsi miibarizo
tadbirlori sosial va iqtisadi islahatlarin aparilmasina diqqoti artirir.

Diinyada foaliyyot gostoron 6500-don artiq beyin morkozlori miiasir effektiv kommunikasiyanin
qurulmasi, onlarin tosir imkanlarinin artirilmasi vo aldo edilmis naticalorin 6l¢ili meyarlart barado
standartlarin miioyyonlosdirilmasi ti¢lin aragdirmalar aparir. Son 30 ilds iglim dayismolorinin
fosadlarina qarsi; beynolxalq iqtisadiyyat, otraf miihit problemlori, yoxsullugun azaldilmasi,
informasiya vo comiyyat kimi miihiim saholordo bilik vo siyasot arasinda korpii yaratmaqla,
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Olkolorin inkisaf xottino, qlobal iqtisadiyyatin tokamiiliino vo adi insanlarin hoyat torzino
gostordiyi tosirlorin minimuma endirilmosino komok edon bir sira qlobal tosobbiislor irali
siiriiblor.  Beyin markozlori beynoalxalq omokdasliq soylorini artirmaqla biitiin diinyada siyasi
gorarlarin qabul edilmasi prosesini tokmillosdirir, regional vo beynolxalq sobokslor yaratmagla
miiasir layihoalorin regionlar {izro yaradilmasina vo hoyata kecirilmosino yardimgi olurlar.

Qlobal problemlordon birino ¢evrilmis olan Iqlim dayisikliklori vo onlarin canli alomo tasiri
diinya birliyini getdikco daha ¢ox narahat etmokdodir. Qeyri-sabit hava soraiti tok Azorbaycanda
deyil diinyanin bir sira 6lkslorinds hiss olunmaqda vo problemlor yaratmaqdadir. Bu problemlora
diqgotin artmas1 6ziinii bir sira beynolxalq todbirlorin, o ciimlodon elmi vo praktiki konfranslarin
kegirilmosinda gostorir. Iqlim Doyismolori iizro Hokiimotlorarast Ekspertlor qrupunun son
giymotlondirma hesabatina géro son 100 ildo Yer kiirosindo orta temperatur 0,8 doroco artib.
Temperaturun artmasi iso 9sason antropogen amillorlo baglidir. Antropogen amillorin asasini
istilik effekti yaradan qazlar: karbon, metan, azot oksidi, azot 1 oksid vo xlor-flilor birlogsmalari
taskil edir. Son 100 illik kosmik miisahidslor gostarir ki, tufanlarin, covgunlarin hom intensivliyi,
hom do tezliyi artib. Isti kiiloklor, gasirgalar, yagmtilar giiclonib. Eyni zamanda, sel, dasqmn
hadisalarinin do say1 artib. Okeanin sathi avvallor 1000 metr dorinliys qader qizirdisa, artiq qizma
2000 metr dorinliys qoader catir; naticads isti axinlarin daha da qizmasina sobab olur. Yani biitiin
bu tobii folakatlorin artmasinda asas amil iqlim doyismoloridir.

Azorbaycan da qlobal iglim doyismolorinin tesirindon konarda qalmamisdir. Son 100 ilds
Azorbaycan orazisinds orta illik temperaturlar 0,4-1,3°C-yo godor artmisdir. Temperatur artimi
regionlardan asili olaraq geyri-barabar paylanir. Son 10 illiklorde Azerbaycan arazisindo kigik dag
caylarinda sel vo dasqnlarin sayr vo giicii artmigdir. Iqlim ehtiyyatlarindan kond tosarriifati
istehsalinda somorali istifado mosalosi orzaq problemini hall etmok iiglin qarsiya qoyulmus
mithiim vozifolordon biridir. Onu hoyata kecirmok iigiin orazimizin xiisusiyyatlorini dorindon
Oyronmok, kond tesarriifatinin daha somarali va siiratli inkisafini tomin edon potensial imkanlari
askara ¢ixarmagq tolob olunur.

Azorbaycan orazisi diizonlik vo dagliq relyefo malik oldugundan tobii amillorin mokan-zaman
bolgiisli, 1iqlimin ayri-ayr1 Unsiirlorinin -~ komiyyst olagoalori, aqroiglim  gostaricilorinin
hiindiirliikden, girintili-¢ixintili relyef soraitindon, yamaclarin ekspozisiyasindan asili olaraq
paylanmasinin dyronilmasi bdyilik elmi vo praktiki ohomiyyot kosb edir. Respublikamiz Sorqi
Avropa vo Qorbi Asiyanin sorhadindo yerloson transcontinental 6lks olmaqla, conub en
dairalorinds yerlosdiyi ti¢lin boyuk migdarda giinas isig1 va istisi alir. Kiir-Araz ovaliginda
giinos isiglandirmasinin davamiyyati il orzinde 2200-2400 saat, FFR-in (foto-sintetik foal
radiasiya) illik kemiyyoti iso 64 kkal/sm?-don ¢ox olur. Bu géstoricilorin maksimum qiymoti
Arazboyu diizonlikdo miisahide olunur (miivafiq olaraq 2800 saatdan vo 76 kkal/sm?-don ¢ox).
Orazido giinos enerjisininin illik gedisi do yaxsi ifado olunmusdur. Iyuldan sentyabradok
respublikanin diizonlik rayonlar1 tropik zonada ( 150° simal en dairesi) oldugu qodor, qisda iso
Sank-Peterburq enliyindokindon iki dofo ¢ox giinos enerjisi alir. Gilinoeg enerjisinin on ¢ox
toplandig1 bir dovrda (aprel-oktyabr) imumi FFR Kiir-Araz ovaliginda 50-54kkal/sm? , Nax¢ivan
Muxtar Respublikasinin diizen hissalorinda iso 59-60 kkal/sm?-dir. Yayda isiglanma soraiti sorq
yamaclarda gorb yamaclara nisbaton yaxsi olur.

Iglim doyismolori, onun miiasir diinyamizdaki miixtolif 6lkolorin inkisaf xottino, global
iqtisadiyyatin tokamiiliing, habelo adi insanlarin hayat torzino gostordiyi tosiri barads yazilmis
odobiyyatin say1 artiq yiiz minlorladir. iglim doyismalori mévzusunu arasdiran elmi comiyyat dzii
iki cobhays boliinmiisdiir. Birinci cobha iqlim dayismalorinin bir qrup maraql toraf, xiisuson do
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inkisaf etmis Olkolor torofindon inkisaf etmokdo olan Olkoalordoki toraqqinin siiratinin qarsisinin
alinmasi liglin ortaya atilmis bos iddia olduguna sdykenir. Diinyanin otraf miihit sahosindo
taninmis alimlorini 6ziindos birlosdiran ikinci cobhs iso iqlim doyigsmalorinin bagoriyyat garsisinda
duran on ciddi problem oldugunu 6z elmi miilahizalori vo todqigatlar ilo izah etmoyo calisir.
Iqlim doyismalorinin haqiqeton do bas verdiyini iddia edon alimlorin fikrino osason problemin
kokiinds Yer kiirasinin karbon-dioksid (CO: ) vo digor istilik effekti yaradan (parnik) qazlarin
udulmasi potensiali durur.

Miixtalif ndv toeravaz va bitkilorin yetismasi {iglin lazimi temperaturu yaradan istilikxanalar kimi,
atmosferdoki qazlar da glinosdon golon istiliyi tutub saxlayaraq planetimizds yasamagimiz {i¢iin
zoruri istiliyi yaradir. Alimlorin hesablamalarina asason, ogor atmosferds bu gazlar olmasaydi,
onda Yer kiirosindo orta illik temperatur toxminon 19° C olardi. Mohz buna géro homin qazlar
istilik effekti yaradan gazlar adlandirilir. CO2 vo digor gazlar atmosferin iist qatlarinda giinagdon
golon istiliyi tutub saxlamaqla bizi hadsiz istilikdon miihafizo edorok bir név gériinmoz miihafizo
zolag yaradirlar.

Beloliklo, onlar diinyada insanlarin normal yasamasit vo foaliyyot goOstormosi {igilin zoruri
temperaturun formalasdirilmasinda miistosna rol oynayirlar. CO2 atmosfera miixtolif monbolordon
daxil olur: kond tosarriifati, landsaftdan istifadeds olan doyisikliklor, sonaye, tullantilar, energetika
vo sair. Biitiin diinya 6lkalori kimi, bu giin Azarbaycan da ¢oxsayli ekoloji bohranlarla tizo-tizadir.
Qlobal iglim doyismalori naticesindo Yer kiirosindo temperaturun todricon artmasi vo diinyanin
miixtolif bolgolorinds atmosfer yagintilarinin azalmasi miisahido olunur ki, bu hal 6lkomizds do
Oziinii gostarir. Naticads ¢aylarda vo su anbarlarinda suyun soviyyasi azalir.

XX oasrin ortalarindan etibaron sonayenin inkisafi vo enerji aldo etmok mogsadils iizvi maddslarin
yandirilmasi noticesinde atmosferdo CO2 vo digor istilikxana qazlarinin hocmi siiratlo artmisdir.
Bu da 6z ndvbasindas giinas istiliyinin atmosferds daha ¢ox miqdarda saxlanmasina sobab olur.
Belo ki, gliniin ikinci yarisinda gorb yamaclar daha ¢ox radiasiya almali oldugu halda, tez-tez bas
veran konvektiv harokatlor noticosinda buludluluq amolo golir, isiqlanma soraiti zeifloyir vo
Giines radiasiyasinin gorginliyi azalir. Xiisusi 6lgmo islori gostormisdir ki, Kigik Qafqazda
sopolonan radiasiyanin giindalik comi buludsuz havada sorq yamaclarda gorb yamaclara nisbaton
cox olur. Miixtolif somtli yamaclar da saxtavurma hadisolorine gore bir-birindon forglonir.
Bitkilor sorq yamaclarda qalan yamacalara nisboton saxtadan daha cox zoror ¢okirlor. Yiiksokliyo
dogru Giinos radiasiyasinin qizdirma effekti artdigina goro bitkilor daglarda fazalararasi dovrde
diizonliys nisboton daha az temperatur comi tolob edirlor. Madoni bitkilorin dag rayonlarina
kociirlilmosi isindo bu effektin nozoro alinmasinin praktiki ohomiyysti var. Orazinin xeyli
hissasinds yiiksok termik rejim, yagintinin az olmasi, bazi yerlords iss ¢ox qithig: saciyyavidir.
Demok olar ki, biitiin Kiir-Araz ovaligia, Abseron yarimadasina vo Arazboyu diizenliys il
orzindo comisi 110-350 mm yagmt1 diisiir. Bir qayda olaraq, dagliq zonada yagintilarin miqdari
hiindiirliikdon asili olaraq artir. Buna uygun vo havanin temperaturunun azalmasi ilo olagodar
olaraq yagntilarin riitubatlonmada rolu da artir. Ilk baxisda els tosavviir yaranir ki, yagmtilarin
iimumi miqdar1 bir ¢ox rayonlarda bitkinin riitubats olan tolobatini 6domok iigilin kifayat qodordir.
Lakin, yagint1 miqdarmin illik rejimi elodir ki, bitkinin intensiv inkisaf etdiyi vo transpirasiyanin
giiclondiyi bir dovrds o riitubatlo kifayst godor tomin olunmur.

Diinyanin he¢ bir 06lkosi, cografi mokani genislonmokdo olan iqlim dayisikliyinin monfi
tosirlorindon sigortalanmayib. Lakin etiraf etmoliyik ki, bu giin ham ds global diinyamizda elmi-
texniki inkisaf da toraqqi dovriindadir. Miiasir texnalogiyalarin imkanlar1 sayesinde avvallor holli
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imkansiz hesab olunan problemlor do 6z hallini tapir. Yoni, bu giin iqlim doyislikliyi sobabindon
yaranan fosadlarin aradan qaldirilmasini gortlondiran imkanlar mévcuddur.

Bu istigamotdo Cografi informasiya Sistemlorinin (CIS) toklif etdiyi imkanlar diinyanin beyin
morkozlori tarafinden toqdir edilir. Ciinki CIS-in imkanlar1 hesabina global iglim doyisikliyinin
yaratdig1 fosadlarin, homginin sonraki moarholodo yarana bilocok tohliikonin garsisinin alinmasi
istigamotinda tadbirlor planlar1 hazirlana bilor.

CIS cografi obyektlor haqqinda informasiyalar1 taqdim etmok vo onlarin mévqeyini daha tez toyin
etmok iiciin on somoarali isuldur. CIS istonilon cografi hadiseni - hava prognozunu, otraf miihitdo
bas veron doyisikliklori, litosfer tavalarinin horokotini tohlil etmoys vo onlari modellogdirmoyo
imkan verir. O, miixtalif manbolordon alinan cografi informasiyalar1 bir-biri ilo alagolondirmakls
problemin hoallins yardim edir.

CIS homginin, iqlim dayisikliyi sobobindon yararsiz hala diison torpaqlarin toyinatmin
doyisdirilorok basqa saho iizro yenidon yararli hala gotirilmosi istigamotindo do ¢ox doyoerli,
qiymatli tokliflor toqdim etmok imkanina malikdir.

Hazirda CIS Otraf Miihit iizro miixtalif obyekt vo hadisalorin daha doqiq tohlilini aparmagq iigiin
istifads oluna bilocok on mitkommal alstdir, verilmis kaskin ekoloji voziyyats baxis kegirilmasino
va golacokds fiziki voziyyati haqqinda fikir irali siiriilmesine sorait yaradir. Verilonlorin emali
basa ¢atdiqdan sonra CIS otraf miihitdo olan risk vo tohliikelorin planlasdirlmasma vo onlarin
idars olunmasina imkan verir.

otraf muhit dedikda insanlari ohato edon, onlarla qarsiligh slagada
olan giinos siialar1, su, torpag, hava va canlilar, antropogen maddslar, agyalar vo qurgular nazordo
tutulur. Insan 6zii do otraf miihitin ayrilmaz vo ¢ox giiclii tesiro malik olan hissosidir. traf miihiti
tobii miihit vo siini miihit olaraq iki hissoyo aymrmuslar. insanlarin homiso asili olduglar1 miihit
tobiidir. Siini miihit iso comiyystin inkisafi ilo olagodor insanlarin foaliyysti naticesindo
yaradilmigdir. Miasir elmin komoyi ilo yaradilmig yeni ¢oxsayl bitki vo heyvan noévlori, siini
daryalar, gollar, goruglar va s. siini miihitin obyektloridir.

Artig XX osrin ortalarinda ekoloji bohran 6ziinii bildirmoys bagladi. Bu dovrii, otraf mihitin
nozaratsiz istismarinin get-gedo artmasi dovrii kimi giymotlondirmok olar. Bitki vo heyvan
ndvlarinin, eloco do meydana goalon ekosistemlorin hamis1 6zloring aid olan cografi vo ya mokan
araliglarina malikdir. Bu sobabdon do, ekoloji cirklondiricilorin Yer kiirasindo yayilmasi borabor
miqyasda deyildir. Bu kimi miixtolifliklorin anlagilmas: vo ¢irklondirici monbolorin askar
olunmasinda CIS-in istifadosinin xiisusi rolu vardur.

CiS-atmosfer girklonmolorinda, torpaq eroziyasinda, miixtalif miqyasda iglim modifikasiyalarmin
yaradilmasinda, miixtalif ekoloji layihslorin hazirlanmasinda, sohor ekologiyasinin hallinds,
bioloji miixtoliflik masalslorinds vo otraf miihitin miihafizosindo, homginin otraf miihito tosirlorin
qiymatlondirilmoasi sahosindo miistosna ohomiyyato malikdir. CIS otraf miihitin tobii vo texnogen
meyarlara asason modellasdirilmasindas effektiv bir vasito kimi qiymatlondirilir.

Bu giin tobiot-comiyyat miinasibatlorinin koskinlosorak pik hadds catmasi biitiin beynalxalq
toskilatlarin vo diinya o©lkolorinin ciddi narahatligina sobab olub. Ciinki tobioto gdstorilon
antropogen tosirlor, ona vurulan agir zorbalor ekosistemlorin, biosferin normal ahaengini
aglasigmaz doracodo pozur, bosoriyyotin hoyatini ciddi tohliiko garsisinda qoyur. Bu baximdan,
davamli inkisafla bagl diinya Olkolori torofindon 2030-cu ilodok hoyata kecirilmosi nazordo
tutulan 17 moagsaddon biri do iqlim doyismolarine garsi miibarizadir.

Ekoloji vaziyyetin yaxsilagdirilmasi, otraf miihitin miihafizasi, yasilliq sahslorinin artirilmasi, su
ehtiyatlarindan vo dayaniqli enerji monbolorindon somoroli istifado dovlotimizin siyasotindo
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prioritet toskil edir vo bu istigamotdo bdyiik islor goriiliir. Neftlo ¢irklonmis torpaglarin
tomizlonmosi, diinya standartlarina uygun yeni sonaye miiossisolorinin yaradilmasi prosesin
ardicil olaraq hoyata kecirildiyini siibut edir vo 6z miisbat naticosini verir. Bu baximdan, diinyada
on motobar beynolxalq todbirlordon biri olan BMT-nin Iqlim Doyismoalori {izra Toraflor
Konfransinin 29-cu sessiyasinin (COP29) bu il 6lkomizdo kecirilmosi Azorbaycanin iqlim
dayismalarinin fasadlarinin aradan qaldirilmasinda faal istirak etdiyini, neft-qaz hasil edon 6lko
olmasina baxmayaraq, "yasil enerji"yo kecida iistiinliik verdiyini, iqlim béhranini hall etmok {i¢iin
ardicil addimlar atdigini tosdiq edir.  Homginin 6lkomizin otraf miihitin miihafizasi sahosindo
gordiyli islor, bu istiqgamotdo qlobal problemlorin qarsisinin alinmasina verdiyi tohfolor
beynoalxalq alomds yiiksok qiymatlondirilir.

BMT-nin Iglim Dayismaleri iizro Corgivo Konvensiyasina iizv dlkalorin 21-ci konfransinda gobul
olunan Paris sazisino asason COP todbirlorinin kegirilmasindo moaqsad karbon gazinin miqdarini
azaltmagq, inkisaf etmokdo olan 6lkolors iqlim doyigmalorinin tosirini minimuma endirmak {i¢iin
maliyys yardimi etmokdir. ks halda, inkisaf etmokdo olan 6lkolor tomiz enerji monbalorins kegid
edo, global karbon gazinin hocmini azalda bilmozlor. Yiizdon ¢ox 6lkonin dovlot vo hokumot
rohbarlori, xarici iglor, otraf miihit nazirlori torafindon imzalanan Paris sazigi 2016-c1 ildo qiivvayo
minib va diinyanin 190-dan ¢ox 6lkasi, o ciimlodon Azarbaycan da bu razilagsmaya qosulub.

Cari ilin 6lko bascis1 ilham Bliyevin saroncamu ilo 6lkomizds "Yasil diinya namino homroylik ili"
elan edilmosi diinyada osason neft-qaz ixrac edon 6lko kimi taninan Azorbaycanin "yasil enerji"
tochizatcisina ¢evrilmoyi qarsiya osas magsad kimi qoyulur. "Yasil iqtisadiyyat"a kecidi iqtisadi
siyasotin asas prioriteti kimi miioyyonlogdiron dévlotimiz, eyni zamanda 1990-c1 illo miigayisado
2030-cu ilo godor istilik effekti yaradan gazlarin emissiyasinin 35, 2050-ci ilo gador iso 40 faiz
azaldilmasini nozordo tutur. "Azaorbaycan 2030: sosial-iqtisadi inkisafa dair Milli Prioritetlor"do
iqtisadiyyatin biitiin sahslorindo borpaolunan enerjinin totbiqi, iglim dayismolori ilo miibarizo
masalalori 6z oksini tapmugdir. 2028-ci ilo qodor 6lkomizin enerjiys olan tolobatinin 30 faizinin
barpaolunan enerji monbolorindon olds edilmasine nail olmaq garsiya qoyulan on miihiim
vazifolordon biridir.

Qeyd edok ki, iglim doyismolori bosoriyyatin iimumi problemidir. Mohz bu doyismolorin
olkomizdo meydana golon tosirlorini gdstormokdoyik. Bu baximdan CIS molumarlarina
osaslanaraq, cografi hadisolori - hava prognozunu, otraf miihitdo bas veron doyisikliklorin
vaxtinda aydinlagdirilmasi, onlarin tosirinin yumsaldilmasi {i¢iin todbirlor hoyata kecirilmali vo
ona uygunlagdirilmasi iiglin zoruri addimlar atilmalidir. Bu problemos sothi yanasdigda vo onu
ciddi gobul etmadikds artiq ¢ox gec ola bilar.

Bunun ii¢iin CIS iqlim dayisikliyinin miixtolif saholor iizro askarlanmasi vo yaratdig1 fosadlarn
aradan qaldirilmas istigamotinds istifadasi labiid olan on doqiq vo mitkommal sistemdir.
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Miiollif bu todqgiqatda istirak edon, 6z doyorli fikirlorini vo tocriibalorini boliison qaygi1 gdstoron
is¢iloro vo yashl insanlara togokkiirinii bildirir. Onlarin omokdashgi vo acigligr todqigat
naticalorinin dorinliyine vo zonginliyino shomiyyatli dorocods komok etmisdir.
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Academy of Agrarian Sciences of Ukraine

Svetlana Dubova
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Wael Al-Husami
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AIMS AND SCOPE

ESIF NGO The Southern Caucasus Scientific Journals publishes peer-reviewed, original
research and review articles in an open-access format. Accepted articles span the full extent of the
social and behavioral sciences and the humanities.

ESIF NGO The Southern Caucasus Scientific Journals seeks to be the world’s premier open-
access outlet for academic research. As such, unlike traditional journals, ESIF NGO The Southern
Caucasus Scientific Journals does not limit content due to page budgets or thematic significance.
Rather, ESIF NGO The Southern Caucasus Scientific Journals evaluates the scientific and
research methods of each article for validity and accepts articles solely on the basis of the
research. Likewise, by not restricting papers to a narrow discipline, ESIF NGO The Southern
Caucasus Scientific Journals facilitates the discovery of the connections between papers, whether
within or between disciplines.

ESIF NGO The Southern Caucasus Scientific Journals offers authors quick review and decision
times; a continuous-publication format; and global distribution for their research via ESIF NGO
The Southern Caucasus Scientific Journals Online. All articles are professionally copyedited and
typeset to ensure quality.

Those who should submit to ESIF NGO The Southern Caucasus Scientific Journals include:

e Authors who want their articles to receive quality reviews and efficient production, ensuring
the quickest publication time.

e Authors who want their articles to receive free, broad, and global distribution on a powerful,
highly discoverable publishing platform.

e Authors who want their articles branded and marketed by a world-leading social science
publisher.

e Authors who want or need their articles to be open access because of university or government
mandates.
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First Author’s Name!, Second Author’s Name? , Third Author’s Name®, .......
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2 3Affiliation of other authors, if different (Department, Faculty/College, Institution/University)
Corresponding author’s email:

(Affiliation1,2,3 Times New Roman, 10)

Article Type: Refer to the section policy of journal for acceptable article types.

ABSTRACT

(Times New Roman, 12)

The manuscript should contain an abstract within 300 words. The manuscript should have a self-
contained, citation-free abstract and state briefly the purpose of the research, methodology, key
results and major conclusions. Abstract should be in a single paragraph with running sentences.
Do not use any subheading or point list within the abstract. Also, non-standard or uncommon
abbreviations should be avoided, but if essential they must be defined at their first mention in the
abstract itself.

Keywords: Authors are advised to writes 3-5 keywords related to the article, separated by
comma. These keywords will be used for indexing purpose.

Introduction (Times New Roman, 12)

Mostly Papers starts with introduction. It contains the brief idea of work, requirement for this
research work, problem statement, and Authors contribution towards their research. Sufficient
recent reference citation [1] from last 2 years should be included for showing the existing
challenges and importance of current work. This section should be succinct, with no subheadings
unless unavoidable [2, 3]. State the objectives of the work and provide an adequate background
related to your work, avoiding a detailed literature survey or a summary of the results.

Research Methodology (Times New Roman, 12)

This part should contain sufficient detail to reproduce reported data. It can be divided into
subsections if several methods are described. Methods already published should be indicated by a
reference [4], only relevant modifications should be described. Methodology should be written
concisely in detail by maintaining continuity of the texts.

Theory and Calculation (Times New Roman, 12)

A Theory section should extend, not repeat, the background to the article already dealt with in the
Introduction and lay the foundation for further work. In contrast, a Calculation section represents
a practical development from a theoretical basis. Do not add extensive basic definitions or well-
known theories, instead highlight theoretical background and its specific usages in view of your
work only.

Mathematical Expressions and Symbols (Times New Roman, 12)

Mathematical expressions and symbols should be inserted using equation tool of Microsoft word.
References may be added for used equations to support its authenticity, e.g. this result has been
analysed using Fourier series [5].
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Results and Discussion (Times New Roman, 12)
This section may each be divided by subheadings or may be combined. A combined Results and
Discussion section is often appropriate. This should explore the significance of the results of the
work, don’t repeat them. Avoid extensive citations and discussion of published literature only,
instead discuss recent literature for comparing your work to highlight novelty of the work in view
of recent development and challenges in the field.
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Preparation of Figures and Tables (Times New Roman, 12)

Authors are supposed to embed all figures and tables at appropriate place within manuscript.
Figures and tables should neither be submitted in separate files nor add at the end of manuscript.
Figures and Tables should be numbered properly with descriptive title. Each Figure/Table must be
explained within the text by referring to corresponding figure/table number. Any unexplained or
unnumbered Figure/Table may cause rejection of the paper without being reviewed.

Formatting Tables (Times New Roman, 12)

Table should be prepare using table tool within the Microsoft word and cited consecutively in the
text. Every table must have a descriptive title and if numerical measurements are given, the units
should be included in the column heading. Formatting requirement has been summarized in the
Table 1.

Table 1: Summary of formatting requirement for submitting paper in this journal.
(Times New Roman, 12)

Layout Size Margin (Normal) | Header Footer
Single column A4 (8277 X Top=1~ Do not add So not add
11.697) Bottom=1" anything in the | anything in the
header footer
Left=1”
Right=1"
Font Article Title | Headings Subheadings Reference list | Text
Times New Times New Times New Times New Garamond, 11
Roman, 16 pt, | Roman, 11 pt, Roman, 10 pt, Roman, 8 pt, pt, Justified
Bold, centred | Bold, Left aligned | Bold, Left Justified
aligned
Line Spacing 1.15 1.15 1.15 1.15 1.15
Page number We will
format and
assign page
numbers

(Times New Roman, 10)
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Figure 1: Logo of the IRETC Publisher (Times New Roman, 12)

Formatting Figures (Times New Roman, 12)

All figures should be cited in the paper in a consecutive order, author may be asked to provide
separate files of the figure. Figures should be used in bitmap formats (TIFF, GIF, JPEG, etc.) with
300 dpi resolution at least unless the resolution is intentionally set to a lower level for scientific
reasons. If a bitmap image has labels, the image and labels should be embedded in separate layer.
Figure 1 shows the logo of AIJR Publisher.

Conclusions (Times New Roman, 12)

Each manuscript should contain a conclusion section within 250-450 words which may contain
the major outcome of the work, highlighting its importance, limitation, relevance, application and
recommendation. Conclusion should be written in continuous manner with running sentences
which normally includes main outcome of the research work, its application, limitation and
recommendation. Do not use any subheading, citation, references to other part of the manuscript,
or point list within the conclusion.

Declarations (Times New Roman, 12)

Study Limitations (Times New Roman, 12)
Provide all possible limitation faced in the study which might significantly affect research
outcome, If not applicable write, none.

Acknowledgements (Times New Roman, 12)

All acknowledgments (if any) should be included in a separate section before the references and
may include list of peoples who contributed to the work in the manuscript but not listed in the
author list.

Funding source (Times New Roman, 12)

Provide funding source, supporting grants with grant number. The name of funding agencies
should be written in full, if no funding source exist, write, none.
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Human and Animal Related Study (Times New Roman, 12)
If the work involves the use of human/animal subjects, each manuscript should contain the
following subheadings under the declarations section-

Ethical Approval (Times New Roman, 12)

Provide ethical approval authority name with the reference number. If ethical approval is not
required, provide an ethical exemption letter of not required. The author should send scan copy (in
pdf) of the ethical approval/exemption letter obtained from IRB/ethical committee or institutional
head.

Informed Consent (Times New Roman, 12)
Write a statement of informed consent taken from the participants to publish this research work.
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patents, authentic websites with permanent archival policy) are acceptable references.
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Main features of citation style are given as-

* The author name format is, "first name (Initial), middle name (Initial) and last name". This
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