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INFLUENCE OF FOOD, STRESS AND SLEEP ON STUDENTS’ HEALTH 

 

Galina Grigorova, Galina Yordanova, Ruska Nenkova 

E-mail: galinakirova@abv.bg 

 

ABSTRACT 

 

The effect of food, stress and sleep on adolescents' health has been studied. Тhe study covers 130 

students aged from 12 to 14 in the Burgas region. The students have been interviewed in the period of 

April - May 2022. From the data obtained, it could be concluded that 52% of the surveyed students eat 

according to the principle of rational nutrition. 45% of the respondents do not get enough sleep for the 

day and usually go to bed after 11.00 pm. 

Key words: health, nutrition, stress, sleep, students 

 

INTRODUCTION 

 

According to the WHO, “health is a state of 

complete physical, mental and social well-being 

and not merely the absence of a disease or 

infirmity”. Food, optimal physical activity, sleep, 

stress, and noise are key factors for human 

health. The rational, balanced diet is optimal 

when it meets the energy needs of the body [1]. 

A healthy lifestyle creates good conditions for 

normal physiological and mental processes, 

reduces the probability of various diseases and 

prolongs human life. Some causes of disorders in 

the metabolism, nervous system, hypertension, 

reduced pulmonary ventilation, impaired 

functions of endocrine glands, reduced strength 

and elasticity of muscles, speed of reaction and 

coordination abilities are the unbalanced 

nutrition, stress and insufficient amount of sleep. 

Though sleep consumes a considerable portion of 

our lives, its biological functions and 

biochemical implications are still poorly 

understood. Efficient and effective sleep is more 

than just a luxury; it is critical for the proper 

functioning of many organs, particularly the 

brain. The sleep–wake cycle is the most obvious 

example of a circadian process, as it occurs with 

a consistent 24-h rhythm and can be shifted 

according to environmental cues. The body’s 

circadian clock system maintains these 24-h 

rhythms in physiological functions, including the 

sleep–wake cycle, and synchronizes them to the 

light–dark cycle. Disturbances of both sleep and 

the underlying circadian rhythms have long been 

associated with many neurological and 

psychiatric diseases, including Alzheimer 

Disease (AD). AD, a devastating age-related 

neurodegenerative disease characterized by 

aggregation and accumulation of amyloid-β (Aβ) 

and tau proteins, is the most common cause of 

dementia in older people worldwide. AD patients 

often exhibit disrupted day–night activity 

patterns and fragmented or mistimed sleep, 

which can cause great morbidity and is a major 

cause of institutionalization [2].  

 

  

Fig. 1. Accumulation of amyloid-beta (in yellow) in the brain of well-rested people (left) and people 

who have gone without sleep for 31 hours (right). An increased amount of amyloid-beta in the 

hippocampus is indicated by an arrow. Credit: E. Shokri- kojori/nih [3] 
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In an experiment, a comparison between the 

brains of people during rest and people after 31 

hours of sleeplessness has been made. The 

results present that during a long period of 

insomnia, the content of beta-amyloid increases 

by 5% in two areas of the brain, the thalamus and 

hypothalamus [3]. 

The examination of sleep and its disorders 

have been investigated by means of polysomnog-

raphy - simultaneous registration of electroen-

cephalography (EEG), electrooculography 

(EOG) of eye movements and electromyography 

(EMG) of skeletal muscle activity. The aim of 

the present study is to analyse the physical and 

mental health status of students [4]. 

  

EXPIREMENT 

 

The survey studies the influence of basic 

factors such as food, sleep and stress among 

students aged 12 to 14 from Burgas region. 130 

students have been examined in the period of 

April-May 2022. Statistical analysis, interview 

and survey methods have been used for the 

purposes of this study. 

 

RESULTS AND DISCUSSION 

 

The alternation of wakefulness and sleep is 

one of the many circadian rhythms in living 

organisms. Circadian rhythms are coordinated by 

the alternation of day and night. The absence of 

coordination results in transformation the wake-

sleep cycle of 24 hours into 33 hours. The data 

from the survey indicate that 52% of the 

participants in this study eat according to the 

rules of rational nutrition. The consumed food is 

corresponding to the energy needs of the body to 

maintain metabolism and physical activity. They 

consume home-cooked food that provides the 

body with the optimal satisfaction of biologically 

active substances in a certain quantitative and 

qualitative ratio of proteins, fats and carbohy-

drates. 48% of the surveyed students skip break-

fast and eat fast food or packaged food rich in 

quick carbohydrates. Healthy eating is defined as 

“eating practices and behaviours that are consis-

tent with improving, maintaining and/or enhanc-

ing health.” Among collective factors, familial 

factors and the nature of foods available in the 

physical environment, including at home, 

schools and in fast-food establishments, stand 

out as significant influences on healthy eating in 

children and youth. The media, particularly  tele- 

vision, also have an enormous potential influence 

and can overshadow familial influences. Individ-

ual factors identified include knowledge, atti-

tudes and food preferences; only the latter have 

been identified as a strong determinant of healthy 

eating in both children and youth [5]. 48% of the 

students pointed out that the stress at school is 

related to examinations and presentations in front 

of classmates and the teacher. The cumulative 

daily events experienced by children have a dele-

terious effect on future health [6, 7] and mediate 

the impact of acute events on psychological 

health [8]. Recurrent or prolonged stress may 

lead to problems such as headaches [9, 10], ab-

dominal pain [10, 11], school absenteeism [12], 

overeating [13] and tobacco use [14]. Children 

need a repertoire of coping strategies to effec-

tively manage stressful encounters [15] and de-

velop resilience [16]. 45% of the respondents do 

not get enough sleep during the twenty-four 

hours and usually go to bed after 11:00 p.m. In-

sufficient sleep poses an important and compli-

cated set of health risks in the adolescent popula-

tion. Not only is deficient sleep (defined as both 

sleep duration inadequate to meet sleep needs 

and sleep timing misaligned with the body's cir-

cadian rhythms) at epidemic levels in this popu-

lation, but the contributing factors are both com-

plex and numerous and there are a myriad of 

negative physical and mental health, safety and 

performance consequences. Causes of inadequate 

sleep identified in this population include inter-

nal biological processes such as the normal shift 

(delay) in circadian rhythm that occurs in asso-

ciation with puberty and a developmentally-

based slowing of the "sleep drive", and external 

factors including extracurricular activities, ex-

cessive homework load, evening use of elec-

tronic media, caffeine intake and early school 

start times. Consequences range from inatten-

tiveness, reduction in executive functioning and 

poor academic performance to increased risk of 

obesity and cardio-metabolic dysfunction, mood 

disturbances which include increased suicidal 

ideation, a higher risk of engaging in health risk 

behaviours such as alcohol and substance use, 

and increased rates of car crashes, occupational 

injuries and sports-related injuries. In response to 

these concerns, a number of promising measures 

have been proposed to reduce the burden of ado-

lescent sleep loss, including healthy sleep educa-

tion for students and families, and later school 

start times to allow adolescents to obtain suffi-

cient and appropriately-timed sleep [17]. 
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CONCLUSION 

 

Balanced food, efficient and effective sleep 

are reducing stress levels and are an essential 

element in a healthy lifestyle. Calm communica-

tion between students, as well as between teach-

ers and students, is a major factor in building 

self-aware individuals. Studying in a quiet, har-

monious, peaceful environment are important 

factors in maintaining excellent health and self-

confidence. Unhealthy food, listening to loud 

music, as well as assembly in rooms with high 

noise level, are all risk factors for personal and 

public health. 
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TENSILE PROPERTIES OF SILANE-TREATED WOOD FLOUR POLYPROPYLENE 

COMPOSITES BEFORE AND AFTER THERMAL AGEING 

 

Antonia Ilieva, Dimitrina Kiryakova 

E-mail: dskiryakova@abv.bg 

 

ABSTRACT 

 

Polypropylene composites with untreated and silane-treated wood flour were obtained and their 

tensile properties were determined before and after ageing for 1 and 2 months. It was found out that 

the ageing leads to an increase of the tensile strength of the initial polypropylene to 23 – 27 МРа. Up 

to 40 mass% content of untreated and treated wood flour in the compositions, the values of the tensile 

strength remained the same and above this quantity they decreased. The use of more than 30 mass% of 

the fillers in the polymer matrix leads to decrease of the elongation at break of the materials to 2 – 4% 

and it did not depend on the surface treatment, the amount of the filler and the thermal ageing period. 

The increased values of the elasticity modulus (1200 – 1500 МРа) of the wood flour-polypropylene 

composites allow to achieve high hardness of the materials obtained. 

Key words: polypropylene, wood flour, surface treatment, tensile properties, ageing 

 

INTRODUCTION 

 

Nowadays, one of the most perspective fields 

of research is the creation of new materials. In 

the context of sustainable development, special 

interest is paid to composites and materials 

which can, to a certain extent, replace valuable 

and hardly renewable natural resources. 

In recent decades, numerous researchers fo-

cused their attention on the development and 

study of composite materials based on thermo-

plastics containing various by type and quantity 

wood fillers obtained from waste timber. As a 

result of their efforts, various kinds of compo-

sites were obtained: some with wood fibers or 

flakes as structural component and polymers as 

binding substance; others which are based on a 

polymer matrix filled with fine wood particles, 

wood flour. 

Among the main advantages of the plant-

based fillers are: abundance, low density with 

comparatively high volume; low abrasiveness 

which is friendly to the industrial equipment, 

hence lower production costs; annual reproduci-

bility and, last but not least, biodegradability [1, 

2]. This makes them a real alternative to the in-

organic fillers. Depending on the nature, physical 

and chemical composition, as well as on com-

pounding conditions, composites based on the 

same filler may have quite different properties. 

The introduction of filler might make the compo-

sites cheaper with preserved or slightly worsened 

physico-mechanical properties or might contrib-

ute to their reinforcement (regardless of the 

price).  

A disadvantage of the wood fillers in their use 

for preparation of polyolefin composites is the 

weak interphase interaction between the hydro-

philic filler and the hydrophobic polymer matrix 

[3]. For this reason, special attention is paid to 

the modification or the treatments of the filler by 

physical or chemical methods aimed at im-

provement of the filler-matrix interaction and 

obtaining acceptable properties. Various methods 

are used to improve the interphase adhesion, 

including treatment of the wood flour with 

silanes, stearic acid, maleic anhydride, sodium 

hydroxide, etc. [4–6].  

The present paper reports the studies on the 

possibility to obtain wood-polymer composites 

on the basis of polypropylene and the effects of 

the addition of silane coupling agent on the ten-

sile characteristics of the composites obtained by 

thermal ageing.  

 

EXPERIMENTAL 

 

Materials 

Wood flour (WF) was supplied by Kronospan 

Bulgaria Ltd; polypropylene (PP) grade 6531, 

commercial product of Lukoil Neftochim Burgas 

with melt index 3.5 g 10 min–1 (230°С/2.160 kg) 

and vinyltrimethoxysilane (VTMS) with chemi-

cal formula C5H12O3Si, boiling point 123°C, mo-

http://onlinelibrary.wiley.com/doi/10.1002/app.33349/full
http://onlinelibrary.wiley.com/doi/10.1002/app.33349/full
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lecular weight 148.23 g mol–1, density 0.968 g 

mL–1 and purity 98%, product of Sigma-Aldrich. 

Preparation of the filler 

The wood flour was dried in a laboratory dry-

er at temperature 60°С for 24 h. The fraction 

composition of filler was determined on labora-

tory analytic vibro sieves. The set of sieves used 

contained sieves with opening diameters 0.8; 

0.63; 0.315; 0.25; 0.16; 0.1 and less than 0.1 mm. 

The selected fraction with a particle size between 

0.25 – 0.16 mm was stored in containers for fur-

ther characterization and chemical modification.  

Wood flour surface treatments 

The treatment of the initial wood flour was 

carried out in 0.003% solution of VTMS in dis-

tilled water. The solution obtained was stirred 

with magnetic stirrer for 5 min. Further, the 

wood flour was soaked in silane solution at ratio 

1:5 for 15 min and dryed in a dryer at 100°С to 

hydrolyze the coupling agent [7]. 

After treatment, the resulting filler was stored 

at room temperature in glass containers. Untreat-

ed and treated wood flour samples with VTMS 

were designated as WF and sWF, respectively. 

Preparation of silane-treated wood flour 

polypropylene composites 

The mixing of the polymer with treated and 

untreated wood flour was carried out in a labora-

tory roll mill at temperature 170°С and mixing 

duration of 5 min. The compositions prepared 

were pressed on a laboratory press PHI (Eng-

land) between aluminium foils under the follow-

ing conditions: samples thickness about 1 mm, 

temperature 180°C, melting period 10 min at 

180°C, pressing pressure 9 MРa for 5 min, fol-

lowed by cooling to 40°С at cooling rate 20ºС 

min–1. The series of polypropylene composites 

obtained had filler contents as follows: 1; 3; 5; 

10; 20; 30; 40 and 50 mass%, respectively. 

Thermal ageing 

The thermal ageing of the samples of poly-

propylene and its composites with wood-flour 

(WF) and silane treated wood flour (sWF) was 

carried out in ECOCELL 111 laboratory dryer 

with natural convection, at temperature of 60°С 

for periods of one and two months. 

Light microscopy 

The optical properties of the modified and 

unmodified wood flour were observed with in-

verted phase fluorescent microscope ZEISS Axio 

Vert A1, at total magnifications of: 50×, 100× 

and 200×. 

Fourier Transform Infrared Spectroscopy 

(FT-IR) 

The effect of the different treatments on the 

chemical structures of the wood flour was stud-

ied by FT-IR analysis. The infrared spectra of the 

fillers before and after the chemical treatment 

were registered in the wave number region from 

4000 to 400 cm–1 on a Nicolet iS 50 FT-IR 

Thermo Scientific spectrophotometer equipped 

with DTGS KBr detector (4 cm–1) at scan num-

ber of 32. 

Tensile Properties 

The tensile strength (σ, МРа), elongation at 

break (ε, %) and the Young modulus (Е, МРа) 

for the initial polypropylene and its composites 

with untreated and silane-treated wood flour be-

fore and after thermal ageing were measured 

according to EN ISO 50527-1 on an INSTRON 

4203 dynamometer (England) at speed of 50 mm 

min–1 and room temperature.  

 
RESULTS AND DISCUSSION 

 

It was established that the use of the coupling 

agent for treatment of the initial wood flour led 

to a decrease of the filler loose density from 

0.1989 g cm–3 for WF to 0.1794 g cm–3 for sWF, 

respectively. 

The fractionation analysis of the initial pow-

dery wood flour carried out indicated that the 

predominant fraction had laboratory sieve open-

ing diameter of 0.16 mm (Fig. 1). It was nearly 

53% of the total mass analyzed and for this rea-

son it was selected for further treatment and 

preparation of the polymer compositions. 

 

 

Fig. 1. Fractional composition of wood flour 

The state and the morphology of the surface 

are important factors determining the wetting of 

the WF by the PP matrix and they have strong 
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influence on the degree of dispersion and the 

properties of the composite materials obtained. It 

was observed by the microscopic studies that the 

wood flour surface significantly changed after 

the treatment with silane (Fig. 2b). The changes 

in the morphology were probably due to the for-

mation of silane coating on the surface of the WF 

[8]. 

 
 

 

Fig. 2. Microphotographs of untreated (a) and 

VTMS-treated wood flour (b) 

 

The modifying effect of the VTMS additive 

on the surface of the WF filler was confirmed by 

FT-IR spectroscopy. The changes in the absorp-

tion bands of WF before and after its treatment 

are presented in Table 1, as well as the spectrum 

of the vinyltrimethoxysilane introduced (Fig. 3). 
 

 
Fig. 3. FT-IR spectrum of vinyltrimethoxysilane 

[9] 

As can be seen in Table 1, the infrared spec-

trum of the untreated wood flour contains intense 

bands at 604, 1056, 2898 and 3383 cm–1. Beside 

them, peaks were registered also at wave number 

values of 1106, 1153, 1270, 1373, 1420, 1510, 

1592, 1640 and 1730 cm–1. The absorption bands 

at 604, 1640 and 3383 cm–1 are characteristic for 

off-plane vibrations, bending vibrations and 

stretching vibrations of the О–Н fragments pre-

sent in the structure of the wood flour [10]. The 

clear peaks at 1056 and 1270 cm–1 indicate С–О 

stretching vibrations in the structures of cellulose 

and lignin. On the other hand, the shoulder 

shaped bands localized at 1106 and 1153 cm–1 

indicate for bending vibrations of C-O-C in lig-

nin composition [11]. The bands in the range 

from 1300 to 1500 cm–1 characterize off-plane 

vibrations, bending vibrations of the С–Н bonds 

in the structure of methyl (–СН3) and methylene 

(–СН2) fragments. Beside the off-plane and 

bending vibrations, the presence of С–Н stretch-

ing vibrations in cellulose were also registered in 

the infrared spectrum of unmodified wood flour 

as an intense peak at wave number value of 2898 

cm–1. The absorption band located at 1730 cm–1 

is due to С=О stretching vibrations of carbonyl 

groups taking part in lignin composition. The 

bands at 1510 and 1592 cm–1 indicate in-plane 

vibrations of С=С in the structure of aromatic 

rings present in the cellulose and lignin composi-

tions [12].  

It was found out that the profile of the infra-

red spectrum of the wood flour underwent cer-

tain changes after the treatment with silane cou-

pling agent (VTMS) expressed as slight increase 

of the intensities of the absorption bands at 604, 

1106, 1153, 1640, 2898 and 3383 cm–1. To find 

an explanation of the effects observed, the nature 

of the chemical interactions (С–Н, O–C and Si–

O) in silane structure was taken into account 

(Fig. 3). The presence of the latter is the reason 

why the infrared spectrum of VTMS contained 

bands at 1098 (O–C bending vibration) 1192 (O–

C stretching vibration) and 2842 cm–1 (C–H 

stretching vibration) [13]. Thus, the higher inten-

sities of the bands at 1106, 1153 and 2898 cm–1 

observed in the wood flour spectrum after the 

treatment might be due to superposition of addi-

tional С–О and С–Н vibrations in the structure of 

CH2=Si(OCH3)3.  

Unlike the bands mentioned above (1106, 

1153 and 2898 cm–1), the change of the intensi-

ties of the bands at 604, 1640 and 3383 cm–1 (all 

of them connected with the О–Н vibrations in the 

wood flour) was unexpected since the structure 

of the silane coupling agent does not contain 

hydroxyl groups. 
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Table 1. Characteristic peaks observed in the FT–IR spectra of untreated and silane-treated WF 

Wave length, cm–1 Characteristic peaks 

604, 1640, 3383 off-plane vibrations, bending vibrations and stretching vibrations of the    

О–Н fragments present in the structure of the wood flour 

1056, 1270 С–О stretching vibrations in the structures of cellulose and lignin 

1106, 1153 bending vibrations of C-O-C in lignin composition 

1373, 1420 off-plane vibrations, bending vibrations of the С–Н bonds in the structure of 

methyl (–СН3) and methylene (–СН2) fragments 

1510, 1592 in-plane vibrations of С=С in the structure of aromatic rings present in the 

cellulose and lignin compositions 

1730 С=О stretching vibrations of carbonyl groups taking part in lignin composi-

tion 

2898 С–Н stretching vibrations taking part in cellulose composition 
 

 

In other words, the change of the intensities of 

the bands at 604, 1640 and 3383 cm–1 after the 

WF treatment with CH2=Si(OCH3)3 should not 

be related to superposition of vibrations of chem-

ical bonds (О–Н) of the VTMS. This is the rea-

son to look for another cause which could ex-

plain the differences registered, namely the ex-

istence of surface interaction between wood flour 

and silane. Since the bands at 604, 1640 and 

3383 cm–1 characterize О–Н groups, the surface 

effects are probably related to the formation of 

intermolecular hydrogen bonds (Si–O···C–O(H) 

and C–O···H–C) by the interaction of oxygen 

atoms from the structure of WF/VTMS with hy-

drogen atoms from the structure of VTMS/WF. It 

should be noted that the absorption bands at 604, 

1640 and 3383 cm–1 underwent only a slight in-

crease of their intensities but did not change their 

position and width. The preservation of the band 

position means that the nature of the surface in-

termolecular hydrogen bonds is strictly electro-

static. The lack of widening of the infrared bands 

after the wood flour treatment might be related to 

the small number of newly formed intermolecu-

lar interactions, probably due to the low content 

of silane coupling agent (< 1 wt.%). 

Table 2. Tensile strength of PP composites with different contents of untreated and silane-treated 

wood flour before and after ageing 

 

Sample 

Tensile strength σ, MPa 

Before ageing After ageing for 1 month After ageing for 2 months 

WF sWF WF sWF WF sWF 

Initial PP 15.04 19.12 17.49 

PP + 1 mass% 24.08 23.73 27.26 22.84 27.43 26.23 

PP + 3 mass% 23.35 22.44 25.25 25.81 27.17 26.38 

PP + 5 mass% 23.92 22.87 25.08 23.28 25.81 26.28 

PP + 10 mass% 22.78 22.35 22.91 25.32 24.89 25.86 

PP + 20 mass% 21.02 22.37 22.69 22.05 23.63 23.82 

PP + 30 mass% 18.53 20.66 18.24 19.50 22.54 23.24 

PP + 40 mass% 17.00 16.54 15.15 18.73 20.50 19.94 

PP + 50 mass% 14.67 9.78 13.81 12.12 17.45 12.86 

The influence of the additive of WF and sWF 

and their amount on the tensile strength (σ, МРа) 

of the PP composites was studied before and 

after ageing and the results obtained are present-

ed in Table 2. As can be seen from the table, 

even at WF and sWF content as low as 1 mass%,  

the tensile strength of the samples with WF and 

sWF (24.08 and 23.73 MPa, respectively) was 

higher than that of pure polypropylene (15.04 

MPa). With the further increase of the filler con-

tent up to 30 mass% (WF and sWF), the tensile 

strength remained in the range from 18.53 to 

20.66 MPa and it was still higher than that of the 

initial PP [14]. The improvement of the tensile 

strength and the preservation of its value up to 30 

mass% content of sWF in the composites are 
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probably due to adhesion at the phase boundary 

between the wood flour and PP matrix as a result 

of the treatment of the filler with modifying 

agent (VTMS). By this method, the adhesion 

between the two components of the composite 

materials can be substantially improved so the 

strain in the PP matrix is uniformly distributed to 

the wood fibers.  

At 40 mass% content of untreated and silane-

treated WF, the tensile strength of the composi-

tions studied had values close to these of the ini-

tial PP – about 17 MPa. At higher contents σ 

started decreasing to reach 14.67 and 9.78 МРа, 

respectively. The decrease of the tensile strength 

of the PP-WF composites observed is in accord-

ance with previous studies [15].  

The effect of 30-day and 60-day ageing on the 

tensile properties of PP filled with WF or sWF 

was of а similar trend. The increase of the tensile 

strength from 19.12 and 17.49 МРа for the initial 

PP subjected to ageing to 23 – 27 МРа might be 

due to cross-linking processes taking place be-

tween polymer chains which could also lead to 

higher values of σ.  

Table 3. Elongation at break of PP composites with different contents of untreated and silane-treated 

wood flour before and after ageing 

 

Sample 

Elongation at break ε, % 

Before ageing After ageing for 1 month After ageing for 2 months 

WF sWF WF sWF WF sWF 

Initial PP 42.8 20.7 39.9 

PP + 1 mass% 19.3 10.4 19.3 10.4 12.6 15.6  

PP + 3 mass% 9.7 10.0 9.7 10.0 10.9 8.6 

PP + 5 mass% 6.9 6.4 6.5 6.4  9.6  7.1 

PP + 10 mass% 6.8 5.6 6.8 5.6 9.8 6.8 

PP + 20 mass% 5.3 4.2 5.3 4.2 5.7 5.4 

PP + 30 mass% 3.6 3.0 3.6 3.1 4.3 3.9 

PP + 40 mass% 2.9 2.6 2.9 2.6 2.8 2.7 

PP + 50 mass% 2.2 1.8 2.2 1.8 2.3 1.8 

 

The elongation at break (ε, %) of the compo-

sitions containing untreated and silane-treated 

WF in PP matrix, as well as the materials based 

on them was determined after ageing. For the 

samples of initial polypropylene, the elongation 

at break was 42.8% while for these subjected to 

ageing for 30 and 60 days it was 20.7 and 39.9 

%, respectively (Table 3). The lower value of the 

elongation at break of PP after 1month ageing 

was probably due to its oxidation. This is be-

cause the macrochain of polypropylene contains 

tertiary carbon atoms which are sensitive points 

of attack during ageing [16].  

After the introduction of 1 mass% wood 

flour, as well as silane-treated wood flour in PP 

matrix, the elongation at break decreased from 

42.8% to 19.3 and 10.4 %, respectively. The in-

troduction of higher amounts of filler results in 

further decrease of the elongation. At contents in 

the range 30 – 50 mass% WF in the composi-

tions ε was almost independent on the surface 

treatment of the filler and its amount [14]. For all 

these compositions (containing more than 30 

mass% WF and sWF), the elongation at break 

before and after treatment remained in the inter-

val from 2% to 4%. Such behavior after intro-

duction of natural fillers in PP has been observed 

by a number of authors [15, 17]. The decrease of 

the elongation at break of the composites proba-

bly due to the decreased mobility of the macro-

molecules because of the creation of physical 

bonds between the filler and the polymer.  

It can be seen from Table 4 that all the com-

positions with untreated and silane-treated WF, 

before and after the ageing period, possessed a 

comparatively higher elasticity modulus (Е, 

МРа) compared to the initial PP and PP after 1 

month (695 МРа) and 2 months (526 МРа), re-

spectively. Other researchers [17–19] found out 

that the value of the elasticity modulus of the 

filler is one of the main factors which affected 

the modulus of the composite obtained with it, 

i.e. the high elasticity modulus of wood flour, 

compared to that of pure PP, may be responsible 

for the increase of the property studied after the 

addition of WF in the PP matrix. 
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Table 4. Modulus of elasticity of PP composites with different contents of untreated and silane-treated 

wood flour before and after ageing  

 

Sample 

Modulus of elasticity Е, MPa 

Before ageing After ageing for 1 month After ageing for 2 months 

WF sWF WF sWF WF sWF 

Initial PP 756 695 526 

PP + 1 mass% 855 948 855 948 738 779 

PP + 3 mass% 931 950 931 880 739 895 

PP + 5 mass% 984 951 984 852 851 987 

PP + 10 mass% 999 963 999 963 954 1038 

PP + 20 mass% 1081 1149 1081 1149 973 1149 

PP + 30 mass% 1131 1215 1131 1315 1201 1162 

PP + 40 mass% 1141 1251 1141 1251 1378 1588 

PP + 50 mass% 1197 1251 1197 1173 1251 1034 

 

A significantly higher increase of the elastici-

ty modulus was observed after the addition of 

sWF, especially for the materials containing 30 

and 40 mass% filler. For instance, the elasticity 

modulus of the PP materials containing 40 

mass% sWF reached values of 1250 МРа [14]. 

The modulus of the same composition subjected 

to ageing for 30 days remained the same. The 

higher value of the elasticity modulus in this case 

was probably due to the improved adhesion be-

tween polypropylene and the VTMS treated WF 

[17]. This additional increase of the modulus was 

observed also with still higher sWF content up to 

50 mass% in the composites. Pure PP subjected 

to 2 months ageing showed significant decrease 

of the elasticity modulus values. The same ten-

dency was found also for the composites contain-

ing up to 20 mass% WF filler which was at-

tributed to the predominating phase in the com-

posite – poly-propylene. At filler content from 30 

to 50 mass% WF, the elasticity modulus in-

creased probably due to the higher modulus of 

the wood flour.  

 

CONCLUSIONS 

 

Composite materials were obtained on the ba-

sis of PP with filler of 1 to 50 mass% untreated 

and silane-treated wood flour. The surface of the 

filler was treated with silane coupling agent – 

vinyltrimethoxysilane. From the microscopic 

studies and the changes observed in the FT-IR 

spectrum of the treated wood flour, a slight in-

crease of the intensities of the absorption bands 

at 604, 1640 and 3383 cm−1 was confirmed. It 

was connected with the newly formed intermo-

lecular interactions. The tensile characteristics of 

the wood flour filled composites obtained were 

determined after ageing and compared to those 

of pure polypropylene samples.  
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ABSTRACT 

 

The processes in a parallel oscillating circuit consisting of resistor R, coil L and capacitor C in 

Simulink software environment with predominant resistive (R) character are modelled, with predomi-

nantly resistive inductive (RL) character and with predominant resistive capacitive (RC) character. The 

processes in the circuit for regulating the inductance L and the capacitance C in an established mode 

are investigated. The results of the simulations for the three variants are analyzed. After comparing the 

magnitudes of the active powers, the effect of the received active energy is determined. 

Key words: parallel oscillating circuit, filter, inductance L, capacitance C, resistance R, Simulink 
 

INTRODUCTION 

 

There are two main types of resonance phe-

nomena differentiated: 

- voltage resonance or resonance of series-con-

nected RLC elements in unbranched electrical cir-

cuit (EC); 

- resonance at currents or resonance of parallel 

connected models of RLC passive elements. 

- When modelling a resonant mode in parallel 

EC, its equivalent total conductivity Ye consists 

only of the active ingredient Ge. Then the recipro-

cal value of the conductivity Ye, the impedance Ze, 

takes a maximum value. Therefore, the current is 

minimal and coincides in phase with the generated 

sinusoidal voltage. 
 

Aims: 

Simulation of the three mode states by setting 

the parameters of the parallel oscillating circuit 

RLC. 

• Reporting data on the voltage and current 

data of a parallel oscillating circuit RLC after 

starting the simulation and recording reactive and 

active power. 

• Analysis of the energy characteristics and di-

agrams in the three work modes. 

 

THEORETICAL PRESENTATION 

 

Resonance of currents: 

Computational part used in the modelling of 

the resonant modes: 

• The relationship between the angular fre-

quency ω and the linear frequency f is determined 

by the dependence: 

ω = 2.π.f   (1) 

• The frequency condition for resonance is:  

When the own resonant frequency ω0 of the 

oscillating circuit coincides in value with the 

angular frequency ω of the input sinusoidal signal, 

the phase difference φe between current and 

voltage is zero and resonance occurs. The 

difference between the two reactive conductivities 

of (2) determines the total conductivity of Be. 

• The equivalent (full) conductivity of a paral-

lel RLC oscillating circuit is: 

�̇�𝑒 = 𝐺 + 𝑗. 𝐵𝑒 = G + j. (ω0. C −
1

𝜔0.𝐿
)   (2) 

When the magnitudes of the inductive Bl and 

capacitive conductivity Bc are equalized, the res-

onance condition is fulfilled and Be = 0. The 

equivalent conductivity Ye becomes only active: 

�̇�𝑒 = G + 𝑗. (𝐵𝐿 − 𝐵𝐶) = 𝐺  (3) 

•  Resonant frequency 

The own resonant frequency ω0 of the parallel 

oscillating circuit is calculated when the values of 

inductance L and capacitance C are amended ac-

cording to the formula: 

ω0. L =
1

𝜔0.𝐶
 or 𝜔0

2. L. 𝐶 = 1       (4) 

or 

ω0 =
1

√𝐿.𝐶
      (5) 

• The wave resistance (loss) in Ω is: 

𝜌 = √
𝐿

𝐶
= ω0. L =

1

𝜔0.𝐶
       (6) 

• The wave conductivity of the resonance is: 

𝛾 = √
𝐶

𝐿
,                                           (7) 



18 
 

• Quality factor (Q - factor) on the RLC circlet 

in resonance mode is: 

𝑄 =
√

𝐶

𝐿

G
=

𝛾

𝐺
   (8) 

 

Conclusions: 

• The quality factor shows how many times the 

rms of the current in any of the elements is greater 

than the rms of the total resonance current. There-

fore, at Q>1 in the circuit conditions are created 

for current amplification. 

• Parallel resonance is popular in modern radio 

equipment at Q = 10 ÷ 500. 

• In the ideal parallel RLC circuit, current res-

onance is received when the amplitudes of the re-

active currents are equalized, IL= IC. 

• The variable components of the inductive and 

capacitive elements have inversed phase, i.e. at 

the maximum value of the energy in the capacitor 

the energy in the coil is of the same magnitude but 

with the opposite sign.  

• In the theory of alternating current circuits, it 

is proved that the current through an ideal coil lags 

behind the voltage by 90º, and the current through 

the ideal capacitor precedes the voltage by 90º. 

• Capacitor C and coil L continuously ex-

change energy throughout resonance. The phase 

difference between current and voltage in reso-

nant mode is φе = 0. Therefore, the reactive power 

emitted by the source is zero and no energy ex-

change between the source and the oscillating cir-

cuit takes place. 

• The initial accumulation of energy takes 

place when the circuit is connected to the source. 

It only covers the active losses in the resistor R. It 

is associated with heat loss or the Joule effect. 

 

EXPERIMENTAL  

 

Resonance of currents:  

Modelling in a Simulink software environment 

of parallel resonance [1, 2, 3, 4, 5]; 

Model of the experimental setup: 

The experiment in parallel resonance mode 

involved three ideal elements according to the di-

agram in Fig.1. 

The diagram in Fig.1 shows the pictograms 

(coloured differently) of the source with parame-

ters: sinusoidal voltage Uin with the amplitude of 

Umax =50V, a current IRLC and linear frequency as 

networked f=50Hz The pictograms of the passive 

elements are also shown: capacitor C, coil L and 

its active resistance RL. 

 

Fig. 1. Scheme constructed with an ideal sinusoi-

dal source and a parallel oscillating circuit 

R, L and C in the Simulink programming 

environment. 

 

1. Model of the first version of a parallel oscil-

lating circle with setting for predominant resis-

tive - inductive nature. 

 

Fig. 2. Scheme in Simulink environment of paral-

lel oscillating scheme with setting for pre-

dominant RL character. 

 

The model in Fig. 2 was started and the rms 

values of active power (W), reactive power 

(VAR), impedance (Ω) and conductance (Sie-

mens) were measured. The readings from the sim-

ulation are visualized on Display1, Display2, Dis-

play3 and Display4.  

Specific values are set in the capacitor and coil 

model dialogs for this mode of operation of the 

oscillating circuit: for the capacitor С=10.10-6 F, 

for the coil L=0.335 H and for the resistor R=10 

Ω. After substitution with values in (5) for the res-

onant frequency of the oscillating circuit, the fol-

lowing is obtained: 

ω0 =
1

√𝐿.𝐶
=

103

√0.335.10
= 546.358, 𝑠−1   (9) 

The calculated circuit frequency is higher than 

the generator frequency as the measured imped-
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ance of the circle Z is of magnitude 157.8 Ω (Dis-

play in Fig.2). The reactive power Q has a positive 

sign and a magnitude of 7.843 VAR. and shows a 

predominantly inductive nature of the circuit. 

 
Fig. 3. The result of the simulation obtained from 

the Multimeter block in Fig. 2. 

 

The charts in Fig. 3 are simulated by a Multi-

meter block set to measure four quantities. They 

report instantaneous values of currents in the 

models of L and C, as well as the input voltage of 

the parallel EV. IL and IC charts report IL > IC. 

2. Model of the second version oscillating cir-

cuit of parallel RLC elements with setting to cre-

ate resonance. The model in Fig. 4 has capacitor 

setting С=30.10-6 F and coil L=0.335 H. After 

substitution in equation (5), we obtain the own 

resonant frequency of the scheme, matching the 

source frequency [6]: 

ω0 =
1

√𝐿.𝐶
=

103

√0,335.30
= 𝟑𝟏𝟒, 𝟒𝟒𝑠−1    (10) 

The models of the measuring instruments 

shown in Fig. 4 read the maximum value of the 

impedance of the circuit Z = 1119 Ω and reactive 

power Q = 0 VAR. 

 
Fig. 4. Result diagrams and tabular data from the 

frequency synthesis of the output current 

with a control algorithm 35%/50%. 

 
Fig. 5. Diagrams from the simulation obtained 

with the Multimeter block at resonance. 

 

The diagrams in Fig. 5 show maxima of the 

same magnitude and opposite sign currents in the 

coil and capacitor IL= IC. This leads to their mutual 

compensation and zeroing of the reactive power. 

The conclusion is that the reported impedance 

of the oscillating circuit Z is a maximum and 

purely active R. 

3. Model of the third version of a parallel os-

cillating circuit. The elements are mainly set with 

resistive capacitive character. 

 
Fig. 6. Diagram of a parallel RLC scheme with a 

predominant RC character in a Simulink 

programming environment. 

 

The simulation of Fig. 6 is started and the 

measuring instruments visualize the rms values of 

active power (W), reactive power (VAR), imped-

ance (Ω) and conductivity (Siemens). Negative 

reactive power is predominant, which is defined 

as capacitive. The values are set for a capacitor 

C=50.10-6 F for coil L= 0.335 H and determine 

the resonant frequency of the oscillating circuit by 

(5): 

ω0 =
1

√𝐿.𝐶
=

103

√0.335.50
= 47.376𝑠−1   (11) 

The measured circuit frequency is lower than 

the one generated by the source and determines a 



20 
 

higher capacitive conductivity ВC from that at res-

onance. For this reason, reactive power predomi-

nates Q with a negative sign shown by Display2. 

The measured impedance of the circuit is Z=157.4 

Ω. 

 

Fig. 7. Diagrams with predominantly resistive 

capacitive character. 

 

The amplitudes of the sinusoidal functions of 

the two currents through the capacitor and the coil 

differ, both in phase and in amplitude. The higher 

maximum value of IC compared to IL (Fig.7). 

 

4. Tabular data from the results of the simulation 

measurements and the calculations  

 

Table 1. Kinetics characteristics of a parallel os-

cillation 

Type 

model-

ling 

QRLC 

VAR 

Z 

Ω 

G 

S 

ωRLC 

s-1 

ω0 

s-1 

RL 7.84 157.8 0.006 546.4 314 

R 0 1119 0.0009 314.4 314 

RC -7.86 157.4 0.007 47.4 314 

 

CONCLUSIONS 

 

By simulating a parallel RLC oscillating cir-

cuit, the effect of equalizing the natural resonance 

frequency with that of the source is established 

[4]. The models prove the practical application of 

the formulas from the theoretical part and fulfil 

the set values exactly. 

• At resonance, the impedance Z of the oscil-

lating circuit is 1000 times higher in com-

parison with the two versions in Table 1 

and is purely active.  

• It finds application in the design of resonant 

amplifiers and receivers.  

• The resonance is used in designing band-

pass filters and in communication technol-

ogies.  

• Selective properties are used to adjust the 

input steps and antennas of receiving and 

transmitting devices.  

• Resonance is a condition for providing 

maximum power under active load and im-

proving the power factor in electrical power 

stations [4,5].  
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ABSTRACT 

 

Most of the reagents used for the treatment of waste egg shells reported are expensive, dangerous 

and require the application of relatively complex modification methods. Therefore, the aim of the pre-

sent paper is to consider the possibility of using a simple method for efficient surface treatment of waste 

egg shells with suitable modifying reagents. Egg shell powders were subjected to a chemical surface 

modification by the direct method. The effect of chemical treatment on the surface characteristics of 

waste egg shells was studied. Standard Brunauer-Emmett-Teller (BET) method was employed to study 

porous characteristics of unmodified and modified egg shells, including total pore volume, average pore 

radius, specific surface area and cumulative pore volume. The chemical structure of waste egg shells 

before and after treatment was characterized by SEM, XRD and FT-IR analyses and compared to that 

of commercial calcium carbonate CaCO3. 

Key words: waste egg shells, modification, pore volume, specific surface area, structure 

 

INTRODUCTION 

 

Egg shells consist of two parts: the egg shell 

itself, which contains mainly calcium carbonate, 

and the egg shell membrane, which has a protein 

structure. The chemical composition of egg shells 

has been widely reported in the literature [1, 2]. 

The main component of the shells is calcium car-

bonate in the form of calcite of 94–97% [3–5], 3–

4.5% organic matter [6, 7] and insignificant 

amount of MgO (0.83%), SO3 (0.66%), P2O5 

(0.43%), Al2O3 (0.15%), K2O (0.08%), SiO2 

(0.07%), Cl2O3 (0.06%) and SrO (0.04%) [5, 8]. 

The membrane of the egg shell is purely organic. 

It consists of various proteins whose composition 

has been discussed in the literature [2, 9–11]. The 

quantified density of egg shell is: 2.50 g/cm3 [12], 

2.53 g/cm3 [3], 2.59 g/cm3 [13] and 2.62 g/cm3 [4] 

and it is slightly lower than that of mineral lime-

stone, probably due to the porous nature of the egg 

shells. 

Despite the potential of egg shells as an alter-

native to calcium carbonate, after proper treat-

ment and treatment of their waste, the scope of 

their application can be further expanded. Reusing 

egg shells as a source of raw materials for other 

industries would help protect the environment and 

reduce production costs. 

Most of the reagents used for the treatment of 

waste egg shells reported are  expensive,  danger- 

ous and require the application of relatively com-

plex modification methods. Therefore, the present 

paper considers the possibility of using a simple 

economical method for efficient surface treatment 

of waste egg shells with suitable environmentally 

friendly modifying reagents.  

To achieve this goal, the direct method of mod-

ification was chosen, and H2O2 and KMnO4 were 

used as modifying agents for the waste egg shells. 

The effect of direct chemical modification on the 

surface characteristics of waste egg shells before 

and after chemical treatment was observed and 

compared with that of commercial calcium car-

bonate. 
 

EXPERIMENTAL 
 

Materials 

Hydrogen peroxide (Н2О2), 30% aqueous so-

lution purchased from Showa chemical Co. was 

used without further purification and potassium 

permanganate (КMnO4) with molecular weight 

158.03 g/mol and purity 99%, product of Sigma-

Aldrich, were used as reagents for surface treat-

ment of waste egg shells. Commercial calcium 

carbonate with chemical formula (CaCO3) with 

molecular weight 100.09 g/mol and purity 99%, 

product of Sigma-Aldrich, was used to compare 

the surface characteristics of waste egg shells be-

fore and after chemical treatment. 

 

http://onlinelibrary.wiley.com/doi/10.1002/app.33349/full
http://onlinelibrary.wiley.com/doi/10.1002/app.33349/full


22 

 

Preparation of waste egg shells 

The collected waste egg shells were washed 

with hot tap water without removing the mem-

brane from them and left in air for 24 hours. Then 

they were dried in air oven at 90°C to constant 

weight. The dried egg shells were crushed me-

chanically and sieved. The selected fraction with 

a particle size smaller than 0.315 µm was stored 

in containers for further characterization and 

chemical modification. 

Egg shells chemical surface modification  

The egg shells powder was chemically modi-

fied by the direct method after immersion in the 

modifying solutions as follows: 50 g of egg shells 

powder were soaked in 5% solution of КMnO4 

and 30% solution of Н2О2 under stirring at 25° for 

1 hour at 420 rpm. After the treatment with the 

above reagents, the resulting modified egg shells 

were filtered, dried and stored in glass containers 

at room temperature until their characterization. 

Egg shell samples treated with KMnO4 and Н2О2 

were designated as КMnO4-ES and Н2О2-ES, re-

spectively. 

Scanning electron microscopy  

SEM analyses were performed on a JSM 6390 

electron microscope (Japan) in conjunction with 

energy dispersive X-ray spectroscopy (EDS, Ox-

ford INCA Energy 350) equipped with ultrahigh 

resolution scanning system (ASID-3D) in regimes 

of secondary electron image and back scattered 

electron image. Before attempting SEM charac-

terization, the sample must be clean and com-

pletely dry. Surface oils or dirt must be removed 

with solvents such as methanol or acetone. The 

sample is mounted on a double coated conductive 

carbon tape that holds the sample firmly to the 

stage surface and can be used as a ground strap 

from the sample surface to sample holder. The 

samples were gold coated for ~ 40 s. Gold at that 

thickness will have little or no effect on elemental 

analysis. The accelerating voltage was 20 kV, I ~ 

75 mA. The pressure was of the order of 10–4 Pa. 

X-ray Diffraction analysis 

The X-ray diffraction patterns were taken by 

using a PANalytical Empyrean apparatus at at-

mospheric pressure, room temperature, Ni-fil-

tered Cu target Kα radiation in the interval 2θ = 5 

– 80. 

Fourier Transform Infrared Spectroscopy 

(FT–IR) 

FT-IR analysis was used to estimate the effect 

of modifying agents on the chemical structures of 

waste egg shells. Waste egg shells before and after 

chemical treatment were prepared in the form of 

KBr tablets and were analyzed using spectropho-

tometer Nicolet iS 50 FT-IR Thermo Scientific in 

the interval 4000 – 400 cm−1. The results obtained 

were compared to these from commercial calcium 

carbonate CaCO3. 

Brunauer-Emmett-Teller (BET) method  

Standard Brunauer-Emmett-Teller (BET) 

method was employed to study the porous charac-

teristics of the initial and the modified samples of 

waste egg shells. The textural properties of the 

egg shell samples were obtained through BET 

analysis on an apparatus Surfer sorption analyzer 

(Thermo Scientific) using N2 adsorption-desorp-

tion isotherms at –196C. The BET surface area 

(m2/g), total pore volume (cm3/g), Barrett-Joyner-

Halenda average pore radius (nm) and cumulative 

pore volume (cm3/g) were thus obtained by the N2 

adsorption data.  

 

RESULTS AND DISCUSSION 

 

To identify the changes caused by the different 

treatments of egg shells powder surface, SEM 

analysis was carried out. SEM images of untreated 

and treated egg shell powders taken at 10 000× 

magnification are shown in Fig. 1. Before the 

treatment, the initial egg shells consisted of irreg-

ularly shaped particles of different sizes and many 

small pores (holes) of the same size can be ob-

served on the particles surface. The SEM images 

of the ES samples after treatment with KMnO4 

and Н2О2 showed identical morphology of the 

particles. Both samples consisted of irregularly 

shaped particles with different sizes. After the 

treatment, depositions of particles were observed 

on the surface of the egg shells (KMnO4-ES) and 

the surface roughness was changed (H2O2-ES). 

The subsequent Fig. 2 shows XRD diffraction 

patterns of the commercial CaCO3, as well as the 

initial ES, H2O2-ES and KMnO4-ES. The diffrac-

tion pattern of the commercial CaCO3 contains in-

tense peaks at diffraction angles (2θ) 29.42, 

35.99, 39.42, 43.17, 47.53, 48.5, 57.39 and 

61.40 [14]. The analysis of the registered peaks 

indicated that the diffraction angles are character-

istic for the crystalline phase of calcite. They cor-

respond to diffraction of X-rays from the follow-

ing planes of the crystal lattice: 104, 110, 113, 

202, 018, 116, 122 and 113. 
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Fig. 1. SEM images of waste egg shells before and after chemical treatment 

 

The number of diffraction peaks did not 

change significantly before and after treatment, 

which indicates that no new phases were formed 

after the modification. Only an insignificant 

change of the main crystal structure was observed, 

which resulted from the modification of the sur-

face. It can be seen in the same Fig. 2 that, due to 

the treatment carried out, the intensities of diffrac-

tion peaks of H2O2-ES were smaller than those 

registered from raw egg shells, which might be at-

tributed to the decrease of crystal size because of 

the modification. The relative crystallinity of the 

samples was higher than that of ES and H2O2-ES, 

since the treatment with KMnO4 probably leads to 

removal of the impurities on the surface and 

changes surface roughness as it was confirmed by 

SЕМ (Fig. 1). 

 
Fig. 2. XRD diffraction patterns of waste egg 

shells before and after chemical treatment 

FT-IR analysis was used to evaluate the effect 

of the modifying agents on the chemical structures 

on the surface of waste egg shells. Fig. 3 shows 

the changes observed in the spectra registered 

from ES before and after the treatment, as well as 

the spectrum of the commercial calcium carbonate 

shown for comparison. CaCO3 particles have 

three strong intensity peaks at 1420 cm−1 

indicating the asymmetric stretch vibration, 875 

cm−1 of the out-of-plane bending adsorption vi-

bration and 712 cm−1 of the in-plane bending vi-

bration for –CO3
2− [15]. The characteristic bands 

observed for CaCO3 can be seen also in the FT-IR 

spectra of untreated and treated egg shells which 

proves that they are composed mainly of calcium 

carbonate in the form of calcite. The absorption 

bands appearing at 2874 and 2982 cm−1 were as-

signed to the stretching vibration of –CH2, –CH3 

and a broadband at around 3420 cm−1 might be at-

tributed to stretching of –OH groups [16]. 

 
Fig. 3. FT-IR spectra of commercial calcium car-

bonate and waste egg shells before and 

after chemical treatment 

 

The FT-IR spectra of treated egg shells are 

similar to those of the initial ES (Fig. 3). This 

means that calcite did not undergo structural 

changes after the treatment of the ES surface was 

carried out. After the treatment with H2O2 and 

KMnO4, the intensities of the bands registered at 

1420, 875 and 712 cm−1 decreased, which indi-

cated that the reagents used react with the surface 

of the raw ES particles. FT-IR results are in good 

agreement with XRD results. 
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Fig. 4. N2 adsorption-desorption isotherms of ES, KMnO4-ES and H2O2-ES powders 

 

Table 1. Textural porous parameters of untreated and treated egg shells 

Parameters 
Egg shell samples 

ES H2O2-ES KMnO4-ES 

BET surface area, m2/g 3.6654 3.4631 3.8206 

Total pore volume, cm3/g 0.0064 0.0062 0.0062 

Average pore radius (B.J.H.), nm 3.3236 3.5429 3.1360 

Cumulative pore volume (B.J.H.), 

cm3/g 0.0054 0.0058 0.0066 

The nitrogen adsorption-desorption isotherms 

at –196°C of untreated and treated egg shells are 

shown in Fig. 4. The isotherms of all samples are 

of type II according to the IUPAC classification 

having H3 type hysteresis loop, an indication that 

the products have a nonporous or macroporous 

structures. Regardless of the surface treatments 

with various reagents, the latter do not affect the 

structure of egg shell powders.  

Table 1 shows the Brunauer-Emmett-Teller 

surface area (m2/g), total pore volume (cm3/g), 

Barrett-Joyner-Halenda average pore radius (nm) 

and cumulative pore volume (cm3/g) of egg shells 

before and after chemical treatment with H2O2 and 

KMnO4. For untreated egg shells the determined 
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Brunauer-Emmett-Teller surface area is 3.6654 

m2/g and pore volume is 0.0064 cm3/g. The results 

obtained are in accordance with these reported in 

the literature for pore volume from 0.00022 to 

0.0065 cm3/g [17]. After treatment with KMnO4 

porous characteristics remained almost un-

changed and the surface area and pore volume for 

KMnO4-ES were 3.8206 m2/g and 0.0062 cm3/g, 

respectively. For egg shell powders treated with 

H2O2 the BET surface area is 3.4631 m2/g and 

0.0062 cm3/g for pore volume. The results ob-

tained showed that the porous characteristics of 

the treated powders do not differ significantly and 

the values of the surface area and total pore vol-

ume were low. This means that it is necessary to 

use other modifying agents to improve the porous 

characteristics or carry out additional treatment of 

ES powders. 

 

CONCLUSIONS 

 

Surface treatment of waste egg shells was car-

ried out with two different modifying reagents. 

The resulting powders were characterized by 

SEM, XRD and FT-IR analyses, the porous char-

acteristics were determined and compared to these 

of untreated egg shells and commercial calcium 

carbonate. It was found out that the initial egg 

shells consist of irregularly shaped particles of 

different sizes. After the treatment, the samples 

showed identical particle morphology. When 

KMnO4 was used, depositions of particles were 

observed on the surface while the use of H2O2 re-

sulted in change of the surface roughness of the 

treated egg shell powders. The XRD analysis con-

firmed that no new phases were formed after the 

treatment showed that the relative crystallinity of 

the KMnO4 treated samples was higher than that 

of the initial and the H2O2-treated egg shells. After 

the treatment, the intensities of the IR absorption 

bands registered at 1420, 875 and 712 cm−1 were 

found to decrease, which indicated that the rea-

gents used reacted with the surface of raw egg 

shell particles. The N2 adsorption-desorption iso-

therms at –196°C of all the samples showed that 

they are of type II which means that the products 

have a nonporous or macroporous structures. For 

the untreated egg shells, the BET surface area was 

determined to be 3.6654 m²/g and pore volume 

was 0.0064 cm³/g. It was established that the po-

rous characteristics of the obtained treated 

powders did not differ significantly and the values 

of the surface area and total pore volume were 

low.  
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ABSTRACT 

 

The inhibitory efficiency of the antibiotic Ciprofloxacin on the bacterial growth of two gram-

positive strains (S. aureus and B. subtilis) and two gram-negative strains (E. coli and Micrococcus 

sp.) was determined. For this purpose, two methods were used: the disc-diffusion method with the 

measurement of the diameter of the inhibited zone and the dilution method for determining the mini-

mum inhibitory concentration (MIC) of the antimicrobial agent. At 25 mg/L Ciprofloxacin, the diame-

ter of the zone of inhibition of S. aureus was 19 mm. The MIC of the antibiotic against Staphylococcus 

aureus was 0.59 mg/L Ciprofloxacin, determined from an incubation time of 24 hours. The antibiotic 

efficiency of Ciprofloxacin against Bacillus subtilis was determined. The measured diameter of the 

inhibition zone formed at 25 mg/L Ciprofloxacin was 16 mm. The MIC of the antibiotic against Bacil-

lus subtilis was 37.5 mg/L Ciprofloxacin, determined from an incubation time of 24 hours. The third 

microorganism analyzed was E. coli. A disk with 25 mg/L Ciprofloxacin resulted in a zone of inhibi-

tion with a diameter of 13 mm. The MIC of the antibiotic against E. coli was identical to that deter-

mined against Bacillus subtilis. The sensitivity of the antibiotic to Micrococcus sp. was the weakest 

one. After incubation for 24 hours of the samples, a weak cell growth was measured in all samples 

containing different concentrations of the antibiotic. 

Key words: disk diffusion method, minimum inhibitory concentration, Ciprofloxacin, Staphylococ-

cus aureus, Escherichia coli, Bacillus subtilis, Micrococcus sp. 

 

INTRODUCTION 

 

Antibiotic resistance is a global health prob-

lem. Antibiotics are often called "miracle" drugs, 

but their overuse and misuse lead to an increased 

incidence of resistance. The adaptation of bacte-

ria is so successful that some bacterial infections 

are almost untreatable with antibiotics. In each 

resistance mechanism, the bacterium changes its 

ability to withstand the drug as well as its inter-

action with the host and environment [1]. The 

growing resistance of bacteria to antibiotics and 

the frequent failed treatments of infections, on 

the one hand, require the identification of the 

main causes of this problem, and the search for 

ways to reduce and improve the effectiveness of 

therapies, on the other. One of the reasons for 

unsuccessful therapies is the choice of drugs, 

especially when they are chosen incorrectly, as 

well as when they are administered in too small 

doses. This leads to the survival of a resistant 

bacteria population and resistance to antibiotics 

[2]. Therefore, when having bacterial infections, 

it is important to use antibiotics in doses that 

guarantee therapeutic effectiveness. Administra-

tion of antibiotics should be preceded by sam-

pling for microbiological studies. In bacterial 

infections, the identification of the pathogen and 

the antibiogram suggest the choice of a drug 

expected to be clinically effective. Typically, 

antibiograms contain a qualitative assessment of 

the strain's susceptibility or resistance to antibiot-

ics, as well as information on the mechanisms of 

resistance detected. For many infections, such 

parameters are sufficient to stop the use of al-

ready administered antibiotics in case of re-

sistance of the strain and replace it with a drug to 

which the strain is sensitive. In the case of criti-

cally ill patients suffering from chronic infec-

tions treated with a broad spectrum of antibiotics 

having a history of failed therapies, much more 

precise guidelines are needed to facilitate the 

selection of an optimal (i.e, effective) antibiotic. 

Among these microbiological parameters is the 

minimum inhibitory concentration (MIC) of the 

antimicrobial agent [3- 4]. MIC is considered the 

"gold standard" for determining the susceptibility 

of microorganisms to antimicrobial agents. An-

other method for determining the antibiotic sen-

mailto:dida_burgas@mail.bg
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sitivity of microorganisms is the diffusion meth-

od [4-7].  

Ciprofloxacin is fluoroquinolone antibiotic 

structurally related to nalidixic acid. The primary 

mechanism of action of ciprofloxacin is inhibi-

tion of bacterial DNA gyrase. It is a broad spec-

trum antibacterial drug to which most Gram-

negative bacteria are highly susceptible in vitro 

and many Gram-positive bacteria are susceptible 

or moderately susceptible [8]. The aim of the 

present study was to determine the antimicrobial 

effectiveness of the antibiotic Ciprofloxacin on 

the bacterial growth of two gram-positive strains 

(S. aureus and B. subtilis) and two gram-

negative strains (E. coli and Micrococcus sp.). 

 

EXPERIMENT 

 

Materials and methods reagents 

Nutrient media Mueller Hinton Agar, Nutri-

ent broth were purchased from Sigma - Aldrich, 

Germany. Unwetted chromatographic paper 

discs (d = 6 mm) were purchased from Bul Bio-

NCZPB, Bulgaria. The antibiotic Ciprofloxacin 

and the reagent NaCl were provided by Sophar-

ma, LTD, Bulgaria. The microorganisms: Staph-

ylococcus aureus (ATCC 6538), Escherichia coli 

(ATCC 8739), Bacillus subtilis (ATCC 19659) 

and Micrococcus sp. (ATCC 4698) are from the 

microorganism bank of the Department of Bio-

technology, Prof. Dr Assen Zlatarov University, 

Burgas. 

 

Antibiotic solutions 

A stock solution of the antibiotic Ciprofloxa-

cin with a concentration of 600 mg/L was pre-

pared. An appropriate range of concentrations of 

the antibiotic under research (from 0.04 to 150 

mg/mL) was selected for testing the microorgan-

isms. Serial dilution of the antibiotic solution 

was performed with 0.9% NaCl solution. The 

lowest dilution concentration depended on the 

possible minimum inhibitory concentration [4-5]. 

 

Preparation of bacterial inoculum 

With the help of an inoculating loop, cells of 

the respective investigated microorganisms (S. 

aureus, E. coli, B. subtilis and Micrococcus sp.) 

were introduced into 3 mL of Nutrient broth and 

incubated overnight on a shaker, 220 rpm at 

37°C. The optical density of the solution at 650 

nm (OD650nm) was measured using a spectropho-

tometer (Jenway 7205, Germany). The bacterial 

solution   was  then  diluted  with  Nutrient  broth 

liquid medium to obtain a suspension with 

OD650nm = 0.3-0.5, corresponding to a cell con-

centration of 5 x105 CFU/mL [6]. 

 

Disk diffusion method 

In the disc-diffusion method, the antibiotic 

sensitivity of microorganisms is determined us-

ing paper discs impregnated with different con-

centrations of the antibiotic under research. First, 

the solid culture medium (Mueller Hinton agar) 

was prepared as follows: 36 g of agar were dis-

solved in 1 L d.H2O and the solution was auto-

claved for 15 min at 121°C (BIOBASE, Model 

BKM-XD35D). The medium (25 mL) was 

poured into a 9 cm diameter petri dish and al-

lowed to solidify. Then, 250μL of the bacterial 

suspension with a concentration of 5 x 105 

CFU/mL was evenly spread over the solid cul-

ture medium [4-7]. Sterile paper discs (6 mm 

diameter) impregnated with different concentra-

tions of antibiotic are placed on the surface of the 

agar: 0; 1.56; 6.25 and 25 mg/L. For comparison, 

a disk without antibiotic impregnated with 0.9% 

NaCI was inserted. Petri dishes were left for 30 

minutes at room temperature to diffuse the anti-

biotic into the solid culture medium. They were 

then incubated in a thermostat at 37°C for 24 h. 

Placing a filter disc on the inoculated agar was 

accompanied by the simultaneous development 

of two events: 1) diffusion of the antibiotic from 

the disc into the agar and 2) growth of the micro-

organism. Zones of suppressed bacterial growth 

can be seen around some of the discs. The di-

ameter of the inhibition zones was measured in 

mm [9]. These values determine the antibiotic 

sensitivity of the microorganisms to the re-

searched antibiotic. 

 

Determination of the minimum inhibitory 

concentration of the antibiotic 

The determination of MIC was carried out by 

the dilution method. 2 mL of Ciprofloxacin solu-

tion with a concentration of 600 mg/L and 6 mL 

of a bacterial solution of the corresponding mi-

croorganism (5 x105 CFU/mL) were mixed. 

Then, using the serial dilution method, solutions 

with different antibiotic concentrations (0 ÷ 150 

mg/L) were obtained. The tubes were incubated 

in a thermostat at 37°C, and the optical density of 

the bacterial suspension was measured at 650 nm 

at 0, 5, 24 and 48 h. The lowest concentration at 

which no visible bacterial growth was recorded 

at 24 hours was the minimum inhibitory concen-

tration of the antibiotic. 
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RESULTS AND DISCUSSION 

 

The aim of the present study was to determine 

the inhibitory effect of the antibiotic Ciprofloxa-

cin on the bacterial growth of two gram-positive 

strains (S. aureus and B. subtilis) and two gram-

negative strains (E. coli and Micrococcus sp.). 

Staphylococcus aureus is a gram-positive bacte-

rium that is carried by about one-third of the 

population and is responsible for common seri-

ous illnesses. These diseases include food poi-

soning and toxic shock syndrome, which are 

caused by exotoxins produced by S. aureus. A 

recognized problem in clinical practice is the 

emergence of multidrug-resistant strains of S. 

aureus and they are a cause for concern [10]. The 

antimicrobial potential of Ciprofloxacin was 

investigated by two methods: by the disk diffu-

sion method and by the dilution method. First, 

the antimicrobial potential of the antibiotic 

against Staphylococcus aureus was investigated. 

In the disc-diffusion method, the antibiotic ap-

plied to paper discs was in a concentration range 

of 1.56 to 25 mg/L. 

For comparison, an experiment was carried 

out with a disk without an antibiotic. It was 

found out that two inhibitory zones were formed 

only at the concentrations of 6.25 and 25 mg/L 

Ciprofloxacin (Fig. 1A). The inhibitory effect 

increased with increasing amount of antibiotic. 

At 6.25 mg/L Ciprofloxacin, a zone of inhibi-

tion with a diameter of 12 mm was measured. At 

25 mg/L Ciprofloxacin, the diameter of the zone 

of inhibition was 19 mm. The minimum inhibito-

ry concentration of the antibiotic against Staphy-

lococcus aureus was also determined by the dilu-

tion method. The antibiotic concentration in 

these experiments ranged from 0.04 to 150 mg/L. 

For comparison, a sample without antibiotic was 

made. The results are presented in Fig. 1B. 

At the 5th hour, a visible retardation of cell 

growth was observed in the samples loaded with 

2.35, 9.38, 37.5 and 150 mg/L. At the 24th hour, 

growth retardation was present at concentrations 

of 0.04 and 0.15 mg/L antibiotic, while at the 

other higher concentrations there was no growth. 

The lowest concentration of Ciprofloxacin at 

which no growth was observed was 0.59 mg/L 

antibiotic (Fig. 1B). Therefore, the MIC for 

Staphylococcus aureus is 0.59 mg/L Ciprofloxa-

cin. At the 48th hour of incubation, there was no 

cell growth in the antibiotic-containing samples, 

only the antibiotic-free sample showed cell 

growth. 

 

 

Fig. 1 A) Antibacterial activity of Ciprofloxacin 

against Staphylococcus aureus (5 × 105 

CFU/mL). Image of disc diffusion assay at 

different concentrations of antibiotic 1, 2, 

3, 4, 0, 1.56, 6.25, 25 mg/L, respectively. 

 

Fig. 1 B) Determination of the minimum inhibi-

tory concentration of Ciprofloxacin when 

varying the concentration of the antibiotic 

and different incubation times. 

Bacillus subtilis is a ubiquitous microorgan-

ism. In laboratory conditions, it is easy to grow 

and handle [11]. This Gram-positive bacterium is 

a facultative aerobe that was originally classified 

as a soil bacterium, but its ability to grow in 

many different terrestrial and aquatic environ-

ments, from the root surface of some plants to 

the gastrointestinal tract of some animals, is now 

well known. This ability to adapt to different 

environments is mainly due to spore formation, 

which occurs under certain conditions of stress 

and nutrient deficiency [12]. The antibiotic effi-

ciency of Ciprofloxacin against Bacillus subtilis 

was determined. Using to the disk diffusion 

method, it was found out that only at a concen-

tration of 25 mg/L Ciprofloxacin, a zone of cell 

inhibition was observed. The measured diameter 

of the inhibition zone formed was 16 mm (Fig. 

2A). The minimum inhibitory concentration of 

Ciprofloxacin against Bacillus subtilis was also 

determined, Fig. 2B. At 24 h, no visible growth 
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was observed at 37.5 and 150 mg/L antibiotic 

(Fig. 2B). Therefore, the MIC is 37.5 mg/L 

Ciprofloxacin against Bacillus subtilis and it is 

higher than that against Staphylococcus aureus. 

At 48 hours of incubation of the cells in the sam-

ples containing the antibiotic, there was no cell 

growth. The results show that Bacillus subtilis is 

less sensitive to the tested antibiotic compared to 

Staphylococcus aureus. 

 

Fig. 2 A) Antibacterial activity of Ciprofloxacin 

against Bacillus subtilis (5×105 CFU/mL). 

Image of disc diffusion assay at different 

concentrations of antibiotic 1, 2, 3, 4, 0, 

1.56, 6.25, 25 mg/L, respectively. 

 

Fig. 2 B) Determination of the minimum inhibi-

tory concentration of Ciprofloxacin when 

varying the concentration of the antibiotic 

and different incubation times. 

 

The third microorganism analyzed was E. 

coli. It is part of the intestinal microflora in both 

humans and warm-blooded animals. However, 

pathogenic strains can cause intestinal and ex-

traintestinal infections. These microorganisms 

can be found in the environment, food and water 

contaminated with faeces. The presence of E. 

coli is used as an indicator of faecal contamina-

tion [13]. Antibiotics can be an effective treat-

ment for E. coli infections, but sometimes long-

term use poses a risk of complications such as 

haemolytic uremic syndrome. It is clear from 

Fig. 3 that a disc with 25 mg/L Ciprofloxacin 

resulted in a zone of inhibition with a diameter of 

13 mm (Fig. 3A). The minimum inhibitory con-

centration of Ciprofloxacin against E. coli was 

also determined, Fig. 3C. At a Ciprofloxacin 

concentration of 2.35 mg/L at the 24th hour, the 

least cell growth was observed. No visible 

growth was observed at 24 h at 37.5 and 150 

mg/L antibiotic (Fig. 3B). Therefore, the MIC 

against E. coli is 37.5 mg/L Ciprofloxacin. 

 

Fig. 3 A) Antibacterial activity of Ciprofloxacin 

against E. coli (5 × 105 CFU/mL). Image 

of disc diffusion assay at different concen-

trations of antibiotic 1, 2, 3, 4, 0, 1.56, 

6.25, 25 mg/L, respectively. 

 

Fig. 3 B) Determination of the minimum inhibi-

tory concentration of Ciprofloxacin when 

varying the concentration of the antibiotic 

and different incubation times. 

 

Micrococcus sp.  belongs to the harmless sap-

rophytes that inhabit or contaminate the skin, 

mucous membrane, and oropharynx. However, 

they can be opportunistic pathogens for immuno-

compromised patients [14- 15]. They are associ-

ated with a variety of infections, including bacte-

remia, peritonitis in long-term ambulatory peri-
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toneal dialysis, and infections associated with 

venous catheters [14]. In Figure 4A it can be 

seen that Ciprofloxacin does not affect Micro-

coccus sp. because there is no inhibition zone 

around the discs impregnated with the antibiotic. 

The minimum inhibitory concentration of 

Ciprofloxacin against Micrococcus sp. by the 

dilution method was also determined (Fig. 4B). 

When the samples were incubated for 24 hours, 

cell growth was measured in all samples, with 

the higher concentrations of the antibiotic show-

ing weaker growth. At the 48th hour, however, 

growth was reported only in the samples contain-

ing 0.04 and 0.15 mg/L Ciprofloxacin. The low-

est concentration of Ciprofloxacin at which no 

visible growth was observed was 0.59 mg/L, but 

at the 48th hour of incubation of Micrococcus sp. 

bacterial cells (Fig. 4B). Therefore, the MIC is 

0.59 mg/L Ciprofloxacin, but at the 48th hour. 

 

Fig. 4 A) Antibacterial activity of Ciprofloxacin 

against Micrococcus sp. (5×105 CFU/mL). 

Image of disc diffusion assay at different 

concentrations of antibiotic 1, 2, 3, 4, 0, 

1.56, 6.25, 25 mg/L, respectively. 

 

Fig. 4 B) Determination of the minimum inhibi-

tory concentration of Ciprofloxacin when 

varying the concentration of the antibiotic 

and different incubation times. 

 

CONCLUSIONS 

 

To evaluate the effectiveness of the antibiotic 

preparation Ciprofloxacin, the disc-diffusion 

method and the dilution method were applied to 

determine the minimum inhibitory concentration 

of the antibiotic. The tested antibiotic was found 

to be most effective against Staphylococcus au-

reus and least effective against Micrococcus sp. 

The minimum inhibitory concentration for 

Staphylococcus aureus bacteria was determined 

to be 0.59 mg/L Ciprofloxacin. 
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ABSTRACT 

 

 The paper proposes a methodology for evaluating the operational reliability of a smart grid. The 

peculiarities of the smart grid operation and the main requirements toward them are taken into account. 

The presented results concern the evaluation of the operational reliability of a smart grid based on 

available data and at power source redundancy in a medium voltage distribution network.  

Keywords: smart grid, operational reliability 
 

INTRODUCTION 

 

Electrical networks are intended to deliver the 

generated electricity from energy sources to con-

sumers. In recent years, the construction of smart 

grids improving the conventional electrical grids 

has begun [1, 2]. Many technical devices are im-

plemented in the modern smart grids nowadays, 

such as computerized equipment, communication 

systems and automation devices, which allows 

them to use the energy resources rationally and 

achieve optimal operating conditions [3÷7]. To-

gether with the new technologies entering the 

smart grid, the requirements toward the electrical 

networks are changing. 

The networks for transmitting high and ultra-

high voltage meet the requirements and have a 

high degree of readiness for operation as part of a 

smart grid. They are equipped with digital relay 

protections, anti-emergency and technological au-

tomation, tele-mechanics and automated control 

systems. Moreover, these transmission networks 

have a ring structure and provide a two-way 

power supply to the consumers, which is one of 

the prerequisites for building a smart grid [2]. 

Unlike the high voltage distribution networks, 

the medium and low voltage ones are not ready for 

direct transition to operation within a smart grid. 

They do not satisfy the basic preconditions of a 

smart grid: observability of the mode parameters, 

two-way power supply for the users, automated 

control and diagnostics systems. The distribution 

networks for medium and low voltage are usually 

open branched. Provision of emergency connec-

tions, redundancy and reconfiguration of the 

power grid are the first step to achieving a two-

way power supply to consumers. The introduction 

of decentralized energy sources (DES) creates 

conditions for bilateral power supply of the 

branch to which they are connected.  

In traditional networks, there is no provision 

for accumulating the excess amount of electricity. 

A smart grid, however, provides for the introduc-

tion of powerful storage systems to accommodate 

the excess of electric power and, accordingly, for 

its consumption when a shortage of power occurs 

during an increase in consumption. Thus, the 

modes of operation of the generating sources are 

stabilized within a day: in the hours of low con-

sumption accumulation takes place, while in the 

hours of peak loads consumption of the accumu-

lated electricity begins. Combining the work of 

DES with powerful storage systems creates con-

ditions for continuous electricity supply to hybrid 

consumers.  

These features of the smart grid require a new 

approach in evaluating its operational reliability, 

according to the requirement for two-way power 

supply of the users in the distribution networks. 

The aim of this paper is to present a methodol-

ogy for evaluating the operational reliability of a 

smart grid. 

 

METHODOLOGY, EXPERIMENT AND 

RESULTS FOR EVALUATING THE OPER-

ATIONAL RELIABILITY OF A SMART 

GRID 

 

Reliability is basically the property of an ob-

ject to perform its functions while keeping its op-

erational indicators within pre-set limits during 

the period of operation [1]. Reliability is evaluated 

according to 4 indicators: infallibility, durability, 

repairability and storability. Safety and power 
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supply continuity are added to these indicators for 

the electric power facilities.  

The choice of a reliability indicator to be as-

sessed depends on the type of the evaluated relia-

bility: parametric, functional, a priori, operational, 

structural. 

To assess the operational reliability, it is ap-

propriate to examine the infallibility indicator, 

this is the property of the object to maintain its op-

erability continuously for a certain period of time. 

 

Fig. 1. State diagram: i - failure intensity; i – 

recovery intensity 

 

The following states are considered in the pro-

cess of evaluating the operational reliability of a 

smart grid (Fig. 1): 

1 – state of trouble-free operation of all the el-

ements in the smart grid;  

2 – state of unsustainable failure of a smart grid 

element (which self-removes during the diagnos-

tic process); 

3 – state of sustainable failure of a smart grid 

element with successful automatic circuit recloser 

(ACR) and restoration of the power supply to con-

sumers; 

 

4 – state of failure of a smart grid element. 

The following system of equations is obtained 

for the graph of states in Fig. 2:  
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In order to estimate the probabilities Рi,, data 

on failure intensity i and recovery intensity i are 

needed. The obtained results of the performed cal-

culation are presented in Fig. 2. 

The more the probability Р1 approaches 1, the 

better the smart grid performs its functions. 

A states diagram concerning a situation in 

which the users of a smart grid are power supplied 

by a main source S and a backup source G is 

shown in Fig. 3.  

Failure intensity 1 0,63  

 
 

States: 
1 – failure-free operation of all elements;  

2 – unsustainable failure of an element  

3 – sustainable failure of an element with 

successful ACR;  

4 – failure of a Smart grid element. 

Failure intensity 2 0,21  

Failure intensity 3 0,12  

   

Recovery intensity 1 27,3  

Recovery intensity 2 0,24  

Recovery intensity 3 0,18  

• Results  

Probability Р4 0,008  

Probability Р3 0,012  

Probability Р2 0,02  

Probability of failure-free operation Р1      0,96 

 
Fig. 2. Calculation of the probability of failure-free operation 
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Fig. 3. State diagram: i - failure intensity; i – 

recoveries intensity 

 

This is a case of redundancy of power supply 

to users in a branch of a distribution smart grid. 

The states shown in Fig. 3 are:  

1 – trouble-free operation of the main and 

backup power sources;  

2 – failure of power supply from S and func-

tioning of the element G;  

3 – functioning of power supply from S and 

failure of the element G;  

4 – power cut from both S and G. 

If in a normal mode the power source S sup-

plies the consumers, then after its emergency shut-

down, the backup source G is turned on. Hence, 

as the backup source G is not in operation during 

the normal period, its failures are not taken into 

account. Therefore, no direct transition from state 

1 to state 4 is possible. When the supply from S is 

on and the backup source G is in a state of emer-

gency repair, the transition from state 1 to state 3 

is impossible. State 4 is a failure of one of the 

power sources when the other one is turned off 

and in such a case the consumers are left with no 

power supply.  

The probability of failure-free operation 

11 P and the probability of a failure state of both 

power supplying sources Р4 are expressed for the 

diagram in Fig.3 in the following way: 
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The results of the calculation are presented in 

Fig. 4. 

 

CONCLUSIONS 

 

• The operational reliability increases with 

the construction of a smart grid, as the modern 

technical means allow to control electricity gener-

ation at any moment of time according to the mag-

nitude of the load, as well as to accumulate the 

surplus of energy and use it if necessary. 

• The proposed approach and the developed 

software for evaluating the operational reliability 

of smart grids based on operational data allows to 

estimate the probability of failure-free operation, 

which, for a real smart grid, should be close to 1. 

• For a system with redundancy of the power 

sources, the probability of failure-free operation 

and the probability of failure are determined using 

the developed software, based on the application 

of the mathematical method of states definition.   

 

 

   

 
 

States: 
1 – failure-free operation of S and G; 

2 – failure of S and operation of G; 

3 – operation of S and failure of G; 

4 – failure of both S and G.  

 

Failure intensity 1 0,06  

Failure intensity 2 0,01  

Failure intensity 3 0,058  

   

Recovery intensity 1= 3 0,7  

Recovery intensity 2= 4 0,1  

•  Results  

Probability Р4 0,0007 

Probability of failure-free operation Р1 0,9993 

 
Fig. 4. Calculation of the probability of failure-free operation of a system with power redundancy

 

 

 

1 

2 

3 

1 
2 

3 

1 
2 

3 

4 

4 

1 

2 

3 

1 
2 

3 

1 
2 

3 

4 


4
 



35 

 

REFERENCES 

 

1. Notov P.P., S.I. Nedelcheva. Electric Power 

Engineering, Part One. ISBN 978-954-438-

821-8, Sofia, TU-Sofia Publishing House, 

2009. 

2. Hasan M.K. Evaluation of the operational reli-

ability of a smart electric grid. World Wide 

Journal of Multidisciplinary Research and De-

velopment (November-2022). Vol. 8(11), E-

ISSN:2454-6615, (WWJMRD). 
3. Notov P.P., S.I. Nedelcheva. Electric power 

engineering. Smart electrical grids. Part three. 

ISBN 978-619-167-119-9. Sofia, TU-Sofia 

Publishing House, 2014. 

4. Raykov. K.V. Energy efficiency of smart 

electric grids. Monograph. ISBN 978-619-

167-490-9, Sofia, TU-Sofia Publishing House, 

2022. 

5. Bakardjieva J.N., K.V. Raykov. Design of a 

distribution smart grid. 2022 8th International 

Conference on Energy Efficiency and Agricul-

tural Engineering (EE&AE), Scopus, 30 June 

- 2 July 2022, Ruse, Bulgaria. 

6. Nedelcheva S.I., Y.N. Bakardzhieva. Design-

ing smart electrical networks. ISBN 978-619-

167-235-6. Sofia, TU-Sofia Publishing House, 

2015. 

7. Raykov K.V. Peculiarities and priority direc-

tions in the construction of smart electrical 

grids. ISSN 1312-3920, TU-Sliven News, No. 

4, 2022, pр. 3-7. 

 



36 

 

                                      ANNUAL OF ASSEN ZLATAROV  UNIVERSITY, BURGAS 

                                                                  BULGARIA, 2022, v. LI(1) 
  

 

 

SYNERGISTIC ACTION OF PRESERVATIVES ON DIFFERENT TYPES OF                            

MICROORGANISMS 

 

Ruska Nenkova, Galina Yordanova, Galina Grigorova 

E-mail: rdnenkova@abv.bg 

 

ABSTRACT 

 

The aim of the present work was to investigate the antimicrobial effect of sodium benzoate, sodium 

nitrite and sulfurous acid and their synergistic action (sodium benzoate and sodium nitrite, sodium ben-

zoate and sulfurous acid, sodium nitrite and sulfurous acid) on selected bacteria, yeast and fungi, for a 

potential use in the food industry. The following species of microorganisms were tested: Staphylococcus 

aureus, Saccharomyces cerevisiae and Aspergillus oryzae. The most sensitive microorganism against 

sodium benzoate is Staphylococcus aureus and the MIC is 4 mg/ml. The strongest antimicrobial effect 

was exerted by sulfurous acid (no growth) in relation to the species Staphylococcus aureus. MIC of 

sulfurous acid to the yeast Saccharomyces cerevisiae and the fungi Aspergillus oryzae is 18 mg/ml. The 

combination of sodium benzoate with sulfurous acid and sodium nitrite with sulfurous acid has an in-

hibitory effect on the growth of the tested yeasts and fungi.  

Key words: Staphylococcus aureus, Saccharomyces cerevisiae, Aspergillus oryzae, sodium benzoate, 

sodium nitrite, sulfurous acid 

 

INTRODUCTION 

 

Following the EU regulation, preservatives are 

food additives that protect against the action of 

microorganisms (fungi and/or bacteria) and 

thereby extend the shelf life of foodstuff. The in-

hibitory effect of preservatives varies, depending 

on the concentration and type of preservative, pH 

of the medium and the species of microorganism. 

Inhibition of growth and activity of microorgan-

isms can be achieved by lowering pH of the me-

dium or by increasing the concentration of pre-

servatives [1]. The effectiveness of use of preserv-

atives is often dictated by limitations in their ac-

tion or by the sensitivity of the microorganisms 

[2]. 

Various preservatives may also be used sepa-

rately or simultaneously. The antimicrobial prop-

erties of sodium nitrite, sodium benzoate, and po-

tassium sorbate have been described in [3] and 

have been tested in a variety of combinations to 

improve forage conservation [4, 5, 6]. Stanojevic 

et al. [7] investigated the antimicrobial effects of 

sodium benzoate, sodium nitrite and potassium 

sorbate and their synergistic action in vitro on se-

lected food- spoiling bacteria and fungi. 

The activity of the benzoic acid and the alkali 

metal salts of benzoic acid is exerted on the cell 

membranes, and also inhibits enzymes of the cit-

ric acid cycle and of the oxidative phosphoryla-

tion. Some studies [8] show that a daily dose of 

less than 0.5 g sodium benzoate (E211) is harm-

less for man, but a lesser dose than 0.4 g a day- has 

no risk of accumulation. This additive is renally 

eliminated as hippuric acid 

(C6H5CONHCH2COOH) and (in case of high 

doses) as glucuronic acid derivatives (C6H10O7) 

[9]. Sodium nitrite is known to be responsible for 

the production of the desirable heat-stable pink 

colour in cured meats. It has also been used as an 

inhibitor of bacterial spoilage of fish. Masarin and 

Ferraz reported that the use of wood chips (Euca-

lyptus grandis) washed with 3.2 mM sulfurous  

acid (pH 2.5) for biotreatment with white rot fungi 

under non-sterile conditions decreased the level of 

contaminant fungi, and resulted in fibrillation im-

provements similar to samples subjected to the 

standard biotreatment process using wood chips 

autoclaved at 121°C for 15 min [10]. 

The aim of the present work is to study the an-

timicrobial action of sodium benzoate, sodium ni-

trite and sulfuric acid, and to evaluate the effec-

tiveness of their synergistic effect on selected bac-

teria and fungi and thus to expand the possibilities 

for more efficient preservation of food products. 

The following species of microorganisms were 
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tested: Saccharomyces cerevisiae, Staphylococ-

cus aureus and Aspergillus oryzae. 

 

MATERIALS AND METHODS 

 

The preservatives used in the experiment were 

as follows: sodium benzoate, sodium nitrite and 

sulfurous acid. Different concentrations of pre-

servatives were created by dissolving them in 

MPB and wort.  

The antimicrobial activity of preservatives was 

tested in relation to the bacteria Staphylococcus 

aureus, the yeast Saccharomyces cerevisiae and 

the fungi Aspergillus oryzae. All microorganisms 

were obtained from stock cultures of the Labora-

tory of Microbiology in the Department of Bio-

technology. Prior to testing, fresh bacterial cul-

tures grew on an MPA substrate (35°C/24 h), 

while fungal and yeast cultures grew on Beer agar 

for 2 and 7 days at 28°C. The minimal inhibitory 

concentration (MIC) was defined as the lowest 

concentration of an antimicrobial agent at which 

there was no visible growth of the microbe. 

The concentrations of preservatives were as 

follows: sodium benzoate — from 2.4 to 6.4 

mg/ml; sodium nitrite — from 2 to 16 mg/ml; sul-

furous acid — from 6 to 30 mg/ml. Each test tube 

was given 0.1 ml of the fabricated inoculums. The 

test tubes were incubated at 35°C for 24 h for bac-

teria (Staphylococcus aureus); and at 28°C for 48 

h for yeast (Saccharomyces cerevisiae) and fungi  

for 168 h (Aspergillus oryzae). 

Synergism of the preservatives was assessed 

by testing the following combinations of preserv-

atives: sodium benzoate and sodium nitrite, so-

dium benzoate and sulfurous acid, sodium nitrite 

and sulfurous acid. 

 

RESULTS AND DISCUSSION 

 

The inhibitory concentration varied, depend-

ing on the kind of preservative and taxonomic 

characteristics of the species of microorganism 

tested. Table 1 presents the results of the inhibi-

tory effect of sodium benzoate on Staphylococcus 

aureus, Saccharomyces cerevisiae, Aspergillus 

oryzae. The most sensitive microorganism against 

sodium benzoate is Staphilococcus aureus and the 

MIC is 4 mg/ml. In the studied range Aspergillus 

oryzae does not show any sensitivity to sodium 

benzoate. 

The inhibitory effect of sodium nitrite (Table 

2) and sulfurous acid (Table 3) was investigated 

on the three tested microorganisms. The most sen-

sitive microorganism to sodium nitrite was found 

to be Staphylococcus aureus (MIC is 8 mg/ml). 

The strongest antimicrobial effect was exerted by 

sulfurous acid (no growth) in relation to the spe-

cies Staphylococcus aureus. MIC of sulfurous 

acid to the yeast Saccharomyces cerevisiae and 

the fungi Aspergillus oryzae is 18 mg/ml. 

  

 

Table 1. Growth of Staphylococcus aureus, Saccharomyces cerevisiae, Aspergillus oryzae at different 

concentrations of sodium benzoate 

Microorganism tested 
Concentration of sodium benzoate, mg/ml 

2.4 3.2 4 4.8 5.6 6.4 

Staphilococcus aureus + + - - - - 

Saccharomyces cerevisiae + + + + + - 

Aspergillus oryzae + + + + + + 

 

Table 2. Growth of Staphylococcus aureus, Saccharomyces cerevisiae and Aspergillus oryzae at differ-

ent concentrations of sodium nitrite 

Microorganism 
Concentration of sodium nitrite, mg/ml 

2 4 8 12 16 

Staphylococcus aureus + + - - - 

Saccharomyces cerevisiae + + + + - 

Aspergillus oryzae + + + + - 
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Table 3. Growth of Staphylococcus aureus, Saccharomyces cerevisiae and Aspergillus oryzae at differ-

ent concentrations of sulfurous acid 

 

Microorganism tested 

Concentration of sulfurous acid, mg/ml 

 6 12 18 24 30 

Staphylococcus aureus - - - - - 

Saccharomyces cerevisiae + + - - - 

Aspergillus oryzae + + - - - 

 

Table 4. Combined action of preservatives on the tested microorganisms: Staphylococcus aureus, Sac-

charomyces cerevisiae and Aspergillus oryzae 

 

Preservative, 

mg/ml 

Microorganism 

Staph. 

aureus 
Saccharomyces cerevisiae           Aspergillus oryzae 

Sodium nitrite 4 12  12      12  12 

Sodium benzoate 3.2  6.4 6.4        3.2 3.2 

Sulfurous acid  12 12       12       12  

Growth after 48 h -   - - +    -         - + 

Growth after 72 h -   - - +    -         - + 

It is known that the effectiveness of individual 

or combined action of preservatives depends not 

only on their concentration and type, but also on 

the species of microorganism on which they act 

[7]. In the present work we have combined the 

three used preservatives in different combinations 

to study the synergistic and additive effect on 

tested microorganisms. The combinations and the 

results are presented in Table 4.  

The results show that the tested microorgan-

isms Saccharomyces cerevisiae and Aspergillus 

oryzae are not sensitive to the combination of pre-

servatives sodium benzoate and sodium nitrite, 

with the exception of Staphylococcus aureus. 

However, it is significant that the combination of 

sodium benzoate with sulfurous acid and sodium 

nitrite with sulfuric acid has an inhibitory effect 

on the growth of the tested yeasts and fungi.  

 

CONCLUSION 

 

The results of this study demonstrate a more 

effective antimicrobial action of the preservatives 

when used in combination with other preserva-

tives than when used individually, a finding that 

can contribute to a more effective conservation of 

food. Synergism was recorded at low levels of 

preservatives, which indicates the possibility of 

avoiding the use of higher concentrations of so-

dium benzoate, sodium nitrite and sulfurous acid 

which could lead to accumulation of toxic prod-

ucts in conserved food. 
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ABSTRACT 

 

As the amount of information available for data mining grows larger, the time needed to train models 

on those huge volumes of data also grows longer. MapReduce programming method is easily applicable 

to many different learning algorithms. Machine learning is at the core of data analysis. Traditional 

machine learning algorithms speed up at a time to fit the statistical query model on multicore compo-

nents. MapReduce programming model enables easy development of scalable parallel applications to 

process large clusters of data. Therefore, when combined with logistic regression algorithm it can be 

very successfully used for prediction analysis.  

Key words: big data, MapReduce, machine learning 

 

INTRODUCTION 

 

As the number and type of data acquisition de-

vices grow annually, the sheer size and rate of data 

being collected is rapidly expanding. These big 

data sets can contain gigabytes or terabytes of 

data, and can grow on the order of megabytes or 

gigabytes per day. While the collection of this in-

formation presents opportunities for insight, it 

also presents many challenges. Most algorithms 

are not designed to process big data sets in a rea-

sonable amount of time or with a reasonable 

amount of memory. MapReduce allows us to meet 

many of these challenges to gain important in-

sights from large data sets. 

The aim of this research is to analyze the pro-

cess of the MapReduce algorithm step by step and 

make program realization of prediction model on 

patient data using logistic regression in 

MATLAB.  

 

BIG DATA DEFINTION AND HOW IT 

WORKS 

 

The definition of big data is data that contains 

greater variety arriving in increasing volumes and 

with higher velocity. This is also known as the 

three Vs [1]. 

Put simply, big data are larger, more complex 

data sets, especially from new data sources [2]. 

These data sets are so voluminous that traditional 

data processing software is not able to manage 

them. But these massive volumes of data can be 

used to address scientific problems that it was not 

possible to tackle before. 

Big data provide new insights that open up 

new opportunities and models. Getting started in-

volves three key actions: integrate, manage, ana-

lyze and the following text describes each of 

them: 

1) Integrate - Big data brings together data 

from many disparate sources and applica-

tions. Traditional data integration mecha-

nisms, such as extract, transform, and load 

(ETL) are generally not up to the task. It re-

quires new strategies and technologies to 

analyze big data sets at terabyte, or even 

petabyte, scale. During integration, the data 

must be brought in, processed and format-

ted in order to be available in a form that 

data analysts can get started with. 

2) Manage - Big data requires storage. The 

storage solution can be in the cloud, on 

premises, or both. The important aspect is 

to bring the desired processing require-

ments and necessary process engines to 

those data sets on an on-demand basis. The 

choice of storage solution depends mostly 

on where the data are currently residing. 

The cloud is gradually gaining popularity 

because it supports your current compute 

requirements and enables you to spin up re-

sources as needed. 

3) Analyze - The investment in big data pays 

off when the data are analyzed. This in-

cludes getting new clarity with a visual 

analysis of the varied data sets, building 
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data models with machine learning and ar-

tificial intelligence.  

The rest of the article focuses on the MapRe-

duce algorithm and its program realization in 

MATLAB. 
 

MAPREDUCE ALGORITHM IN MATLAB 
 

MapReduce is a programming technique for 

analyzing data sets that do not fit in memory [3]. 

MATLAB provides a slightly different implemen-

tation of the MapReduce technique with the 

mapreduce function.   

The mapreduce function uses a data store to 

process data in small blocks that individually fit 

into memory. Each block goes through a Map 

phase, which formats the data to be processed. 

Then the intermediate data blocks go through a 

Reduce phase, which aggregates the intermediate 

results to produce a final result. The Map and Re-

duce phases are encoded by map and reduce func-

tions, which are primary inputs to mapreduce. 

There are endless combinations of map and re-

duce functions to process data, so this technique 

is both flexible and extremely powerful for tack-

ling large data processing tasks. 

Mapreduce lends itself to being extended to 

run in several environments. The utility of the 

mapreduce function lies in its ability to perform 

calculations on large collections of data. Thus, 

mapreduce is not well-suited for performing cal-

culations on normal sized data sets which can be 

loaded directly into the computer memory and an-

alyzed with traditional techniques. Instead, 

MapReduce is used to perform a statistical or an-

alytical calculation on a data set that does not fit 

in memory [4]. 

Each call to the map or reduce function by 

mapreduce is independent of all others. For exam-

ple, a call to the map function cannot depend on 

inputs or results from a previous call to the map 

function. It is best to break up such calculations 

into multiple calls to mapreduce. 

 Fig. 1 presents the MapReduce architecture. 

 

Fig. 1 MapReduce architecture 

The algorithm has the following steps [5]: 

1) mapreduce reads a block of data from the 

input datastore using [data,info] = read(ds), 

and then calls the map function to work on 

that block. 

2) The map function receives the block of 

data, organizes it or performs a precursory 

calculation, and then uses the add and add-

multi functions to add key-value pairs to an 

intermediate data storage object called a 

KeyValueStore. The number of calls to the 

map function by mapreduce is equal to the 

number of blocks in the input datastore. 

3) After the map function works on all of the 

blocks of data in the datastore, mapreduce 

groups all of the values in the intermediate 

KeyValueStore object by unique key. 

4) Next, mapreduce calls the reduce function 

once for each unique key added by the map 

function. Each unique key can have many 

associated values. Mapreduce passes the 

values to the reduce function as a ValueIt-

erator object, which is an object used to it-

erate over the values. The ValueIterator ob-

ject for each unique key contains all the as-

sociated values for that key. 

5) The reduce function uses the hasnext and 

getnext functions to iterate through the val-

ues in the ValueIterator object one at a time.  

6) Then, after aggregating the intermediate re-

sults from the map function, the reduce 

function adds final key-value pairs to the 

output using the add and addmulti func-

tions. The order of the keys in the output is 

the same as the order in which the reduce 

function adds them to the final Key-

ValueStore object. That is, mapreduce does 

not explicitly sort the output. 

 

LOGISTIC REGRESSION AND MAPRE-

DUCE  

  

Logistic regression is a way to model the prob-

ability of an event as a function of another varia-

ble [6]. The operation is included in MapReduce 

by connecting multiple calls to mapreduce to ex-

ecute an iterative algorithm. Because each itera-

tion requires a separate pass through the data, the 

anonymous function passes information from one 

iteration to the next to provide the information di-

rectly to the mapper. To complete the logistic re-

gression, the map and reduce functions must per-

form a weighted linear regression based on the 

current coefficient values and the vector product 

of the input data blocks. 
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The map function used in the software imple-

mentations presented in the next section, in addi-

tion to the standard parameters, contains addi-

tional ones (gender, weight, age, smoker / non-

smoker), through which only the necessary infor-

mation is extracted from the data store. These pa-

rameters may change depending on what data 

need to be calculated. Also, the function contains 

the condition that the least squares forecasting and 

calculation must meet. The other elements of the 

map function are described as comments in the 

code. They are standard and can be used repeat-

edly in different implementations of the algo-

rithm. 

 

USING MAPREDUCE TO FIT A LOGISTIC 

REGRESSION MODEL 

 

The following section describes a method of 

predicting the probability of women/men to be 

smokers as they age. The range of the predictor 

variable (age) is between 25 and 50 years. The 

data are taken from hospital patient records. Be-

low are presented the three functions in MATLAB 

needed to perform the prediction: Mapreduce.m, 

mapper_fit_all.m and Reducer_fit.m. What fol-

lows is the program realization of the prediction 

model. 

1) Mapper_fit_all.m 

function Mapper_fit_all(b,t,~,intermKVStore, 

active_gnr) 

  t = t(strcmp(t.gnr,active_gnr),:); 

  y = t.smoke; 

  x = t.age; 

  t = ~isnan(x) & ~isnan(y); 

  x = x(t);                
  
  if ~isempty(b) 

    xb = b(1)+b(2)*x; 

    mu = 1./(1+exp(-xb)); 

  else 

    mu = (y+.5)/2; 

    xb = log(mu./(1-mu));  

  end 
  
  w = (mu.*(1-mu));                   

  z = xb + (y - mu) .* 1./w;          

  

  X = [ones(size(x)),x,z];            

  wss = X' * bsxfun(@times,w,X);      
  
  add(intermKVStore, 'key', wss); 

end 
 

2) Mapreduce.m  

ds = datastore('hospitalC.csv'); 

ds.SelectedVariableNames = {'gnr', 'age', 

'smoke'};  
  
 b = [];  
  
for iteration = 1:5 

    b_old = b; 

    iteration; 
     
    mapper = @(t,ignore,intermKVStore) 

Mapper_fit_all(b,t,ignore,intermKVStore,'m');  

    result = mapreduce(ds, mapper, @Reducer_fit, 

'Display', 'off'); 
     
    disp(result) 

    tbl = readall(result); 

    b = tbl.Value{1}; 
     
        if ~isempty(b_old) && ... 

       ~any(abs(b-b_old) > 1e-6 * abs(b_old)) 

       break 

    end 

end 

xx = linspace(25,50); 

yy = 1./(1+exp(-b(1)-b(2)*(xx))); 

b = [];  
  
for iteration = 1:5 

    b_old = b; 

    iteration; 

mapper = @(t,ignore,intermKVStore) 

Mapper_fit_all(b,t,ignore,intermKVStore, 'f');  

    result = mapreduce(ds, mapper, @Reducer_fit, 

'Display', 'off'); 

    disp(result) 

    tbl = readall(result); 

    b = tbl.Value{1}; 
     
    if ~isempty(b_old) && ... 

       ~any(abs(b-b_old) > 1e-6 * abs(b_old)) 

       break 

    end 

end 
 

figure()                     

xx2 = linspace(25,50); 

yy2 = 1./(1+exp(-b(1)-b(2)*(xx))); 

plot(xx2,yy2, xx,yy);  

title('MapReduce probability for smoking'); 

legend('Men', 'Women') 

xlabel('Age'); 

ylabel('Prob[smoking]') 
 

3) Reducer_fit.m  

function Reducer_fit(~,intermValI-

ter,outKVStore) 

  old = 0; 
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  while hasnext(intermValIter) 

    new = getnext(intermValIter); 

    old = old+new; 

  end 
 

  N = old;  
 

  XtWX = N(1:end-1,1:end-1); 

  XtWY = N(1:end-1,end); 

 b = XtWX\XtWY; 

  add(outKVStore, 'key', b); 

end 
 

After finishing the five iterations the result is 

shown in Fig. 2. 

 

Fig. 2 Probability model of patient data 

 

The result shows that in both sexes, with in-

creasing the age between 25 and 50 years, the like-

lihood of having smokers also increases. With 

men,  the curve is steeper, but in general the prob- 

 

ability grows slower. With women, the curve is 

flatter and the probability values are higher. 

 

CONCLUSION 

 
The current research develops a probability 

model using logistic regression and MapReduce 

algorithm. Both are implemented into a practical 

example that contains patient data with different 

attributes from which the age of the patients is 

used as a predictor. The calculated probability is 

for the patients to be smokers or not. After the pro-

gram realization of the algorithm finishes its iter-

ations, the result is shown in an aggregate 

graphics for both men and women.  
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ABSTRACT 

 

The thermodynamic characteristics of the oxidation of two gasoil fractions were investigated. The 

calculated thermodynamic parameters were: Gibbs energy, enthalpy and entropy of the separate sys-

tems gas oil fraction: oxidizing mixture. It was found out that in all studied systems the oxidation pro-

cess is thermodynamically possible. 

Key words: gasoil, middle distilled fractions, oxidation, Gibbs energy 

 

INTRODUCTION 

 

Desulfurization of fuels has become a topic of 

recent concern with the increased environmental 

hazards sulfur emissions are having on the at-

mosphere, such as photochemical smog and acid 

rain. In the case of acid rain, the sulfurous gases 

mix with water vapor in clouds and condense 

with them in the form of rain as the atmosphere 

in the cloud becomes saturated. The resultant 

acid rain can irreversibly damage ecosystems by 

disturbing the pH of the groundwater and absorp-

tion by plants [1].  

In the case of photochemical smog, sulfurous 

gases accumulate in the troposphere, thus block-

ing sunlight from reaching the Earth’s surface, 

which is needed for plant photosynthesis. The 

combustion of fuels typically used in automo-

biles is a large contributor to SOx production. 

Sulfur in the form of compounds, such as diben-

zothiophene, become SOx compounds in com-

bustion. The simplest solution for minimizing 

this emission is removing the sulfur containing 

compounds from fuels prior to combustion. The 

Environmental Protection Agency (EPA) is de-

creasing the allowable sulfur standard in re-

sponse to more information on the SOx problem 

[2].  

This measure would minimize the largest an-

thropogenic producer of sulfonated gases and, in 

turn, allow for the recovery of ecosystems not 

already occupying land near natural SOx produc-

ers, such as volcanoes [1]. In an attempt to tackle 

this problem, several mechanisms of sulfur ex-

traction have been proposed, including standard 

thermochemical treatment (hydrotreating) and 

biodesulfurization [3-5]. 

Hydrotreatment is the most commonly used 

process for sulfur extraction prior to combustion. 

In this process the petroleum fuel is contacted 

with the Ru2+ compound (L)Ru(H2O) at tem-

peratures between 560< T(K)<670 [6]. L in this 

compound is a ligand which solubilizes ringed 

sulfur containing structures in the fuel such as 

thiols, thioethers and dibenzothiophenes. The 

resultant complex (L)Ru(DBT) is then pressur-

ized to remove the DBT for incineration or sono-

chemical decomposition. This step regenerates 

the Ru, thus enabling large quantities of low-

sulfur fuel feedstock for a small amount of ex-

tractant [6, 7]. 

The major problem with this system is that 

the ligands required to successfully complex with 

the DBT are fairly expensive and unstable. The 

ligands typically used in this complex include: 

cyclopentadiene, phosphines, and carbon monox-

ide. Any losses within the fuel are not only costly 

to replace, but can also add worse chemicals to 

the fuels than those targeted for removal. Fur-

thermore, the instability of these compounds 

guarantees some contamination to occur. Work 

has been conducted to try more stable and less 

expensive ligands, however these results have 

not yielded similar removals as their currently 

used less stable counterparts. Due to this lack of 

information, much emphasis has been placed on 

finding a replacement process capable of remov-

ing large quantities of sulfurous compounds 

without contaminating the fuel. 

Biodesulfurization is a relatively new ap-

proach to sulfur treatment that utilizes enzymes 

to decompose and remove dibenzothiophene. In 

this process, the sulfur containing fuel feedstock 

is fed into a tank, oxidized, and decomposed 
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using Rhodococcus biocatalysts. The advantage 

that this process has over hydrotreating is that it 

can be carried out at ambient temperature which 

reduces the operating costs. The removal in-

volves partially oxidizing the fuel and decompos-

ing the DBT with liquid-liquid extractions, 

which can take up to 8 hours for full sulfur re-

moving efficiency. The sulfur reduction potential 

of this process seems to match that of the hy-

drotreatment process. However, its lack of fuel 

contamination and ability to be run at ambient 

conditions are not enough to offset the increased 

equipment cost and longer treatment times. Since 

neither of these methods has proved to be eco-

nomically efficient in complete sulfur removal, 

there is still a need for alternative mechanisms. 

Utilization of RTIL provides one potential solu-

tion. Desulfurization of fuels using oxidation 

processes has been attempted by Bosmann and 

co-workers, as well as Petkov and co-workers in 

Bulgaria [8-10]. 
 

EXPERIMENT 

 

Gas oil fractions named A1 and A2 from 

Bulgarian oil were used as raw materials. The 

physicochemical properties of A1 and A2 are 

given in [8]. Formic acid, acetic acid and hydro-

gen peroxide were used as oxidation mixture. All 

reagents were purchased from Sigma-Aldrich. 

All technological tests were performed in labora-

tory conditions. 

The methodology of the oxidation process 

was as follows: a mixture of 50 - 150 ml of the 

studied raw material, 200 - 350ml oxidation mix-

ture (hydrogen peroxide - carboxylic acid (for-

mic or acetic acid) in a ratio of 1: 4 to 4: 1) and 

30 mg 0.1 % potassium permanganate solution, 

which serves as a catalyst, was stirred continu-

ously in a reflux flask at constant temperature for 

60 minutes. After completion of the reaction, the 

test sample was separated from the acid phase of 

the oxidation mixture by means of a separatory 

funnel. The resulting gas oil fraction was washed 

with 5% calcium carbonate solution or only with 

distilled water to remove acidic products, air-

dried and filtered by known conventional meth-

ods. Thermodynamic parameters were calculated 

according to well-known physicochemical equa-

tions. The calculation methodology is described 

in previous works [8, 9]. The obtained results are 

presented in Fig. 1 to 8. 

 

 

 

RESULTS AND DISCUSSION 

 
The dependences of the distribution coeffi-

cient /ln K/ on the temperature /1 / T/ of the in-

vestigated oxidized blends are shown in Fig. 1-4. 

Fig. 5-8 present the dependences of the Gibbs 

energy, enthalpy and entropy of the middle dis-

tilled raw materials A1 and A2 subjected to oxi-

dation with formic and acetic acids in the pres-

ence of a potassium permanganate catalyst. 
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Fig. 1. Dependence of the distribution coefficient 

on temperature (1 / T) of oxidized sample 

A1 with acetic acid 
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Fig. 2. Dependence of the distribution coefficient 

from temperature (1/T) of oxidized sam-

ple A1 with formic acid 

 

The negative values obtained for the free 

Gibbs energy for all studied systems middle dis-

tillate fraction : oxidative mixture confirm the 

experimental data for the oxidation process of 

the studied raw materials A1 and A2, while 

showing that this process for all systems studied 

by us is thermodynamically possible. 
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Fig. 3. Dependence of the distribution coefficient 

from temperature (1/T) of oxidized sam-

ple A2 with acetic acid 
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Fig. 4. Dependence of the distribution coefficient 

from temperature (1/T) of oxidized sam-

ple A2 with formic acid 
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Fig. 5. Dependence of Gibbs energy, entropy and 

enthalpy from temperature of system 

A1:acetic acid (in presence of 0.1% 

KMnO4) 
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Fig. 6. Dependence of Gibbs energy, entropy and 

enthalpy from temperature of system A1: 

formic acid (in presence of 0,1% KMnO4) 
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Fig. 7. Dependence of Gibbs energy, entropy and 

enthalpy from temperature of system 

A2:acetic acid (in presence of 0,1% 

KMnO4) 
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Fig. 8. Dependence of Gibbs energy, entropy and 

enthalpy from temperature of system A2: 

formic acid (in presence of 0.1% KMnO4)  
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From the obtained data on the entropy of dis-

tribution of the individual systems, it can be seen 

that in the process of oxidation of the gas oil 

fractions studied by us, an intermolecular inter-

action of the most noticeable thermal effect is 

most likely to take place. 

The application of the process of oxidation of 

gas oil fractions in order to purify them from 

sulfur and arene hydrocarbons was studied. The 

dependences of the distribution coefficients on 

the temperature were determined. The thermody-

namic parameters of the process were calculated: 

Gibbs energy, enthalpy and entropy of the sepa-

rate systems gas oil fraction: oxidizing mixture. 

It was found out that in all studied systems, the 

oxidation process is thermodynamically possible. 

From the obtained data on the entropy of distri-

bution of the individual systems, it can be seen 

that in the process of oxidation of the gas oil 

fractions studied by us, an intermolecular inter-

action of the most noticeable thermal effect is 

most likely to take place. 

 

REFERENCES 

 

1. Wang L., S. Baode, Fr. Yang et all. Chemical 

Engineering Science, Denitrification of simu-

lated oil by extraction with H2PO4-based ionic 

liquids, 73, (2012), p. 208.  

2. Wang F., Zh. Zhang, J. Yang et all., Oxidative 

desulfurization of dibenzothiophene using 

ozone and hydrogen peroxide in ionic liquid, 

Fuel, 107, (2013), p. 394. 

3. De Luna M., M. Samaniego, D. Ong et all. 
Kinetics  of mixing-assisted oxidative desulfuri 

zation of dibenzothiophene in toluene using a 

phosphotungstic acid/hydrogen peroxide sys-

tem: effects of operating conditions, Journal of 

Cleaner Production, 178, (2018), p. 468. 

4. Fallah R., S. Azizian, G. Reggers et all. Rapid 

and facile desulphurization of liquid fuel by 

carbon nanoparticles dispersed in aqueous 

phase, Fuel Processing Technology, 119, 

(2012), p. 278. 

5. Gao Sh., G. Yu, R. Abro et all. Extractive 

desulfurization of fuel using 3-

methylpyridinium-based ionic liquids, Fuel, 173 

(2016). 

6. Saleh A., I. Danmaliki. Adsorptive desulfuri-

zation of dibenzothiophene from fuels by rubber 

tyres-derived carbons: kinetics and isotherms 

evaluation, Process Saf. Environ. Prot., 102, 

(2016), p.16. 

7. Ma X., A. Zhou, Ch. Song. A novel method 

for oxidative desulfurization of liquid hydrocar-

bon fuels based on catalytic oxidation using mo-

lecular oxygen coupled with selective adsorp-

tion, Catal. Today, 123 (2007).  

8. Guttierez J., G. Fuentez, M. Hernandez-Teran 

et all. Deep oxidative desulfurization with task-

specific ionic liquids: an experimental and com-

putational study, Appl Catal A-Gen., 305 (2006). 

9. Tasheva Y., A some features of gasoil extrac-

tion, Remolval of sulfur compounds by adsorp-

tion, Annual of Assen Zlatarov University, 

XLVIII (2019). 

10. Tasheva Y., Al. Dimitrov, M. Dimitrova, 

Annual of Assen Zlatarov University, XLVIX 

(2020). 

 

 



48 
 

                                      ANNUAL OF ASSEN ZLATAROV UNIVERSITY, BURGAS 
                                                                  BULGARIA, 2022, v. LI(1)

  
 
 

ENTROPICAL THERMODYNAMIC DESCRIPTION OF HUMANS AND HEALTH AS A 
UNIQUE FUNCTIONAL ELEMENT IN THE CONCEPT OF HEALTH ECOLOGY AND 
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ABSTRACT 

 
The aim of this study is to develop a quantitative description of human being by the application of 

the integrative bioeconophysical concept of the thermodynamic parameter entropy as a result of the 
complex human interaction with the Biosphere and Technosphere (the sphere of material products). 
Human metabolism needs energy from the environment, as well as from the Technosphere of the aver-
age 12,000 kJ per day and is described by the laws of thermodynamics and contains the weight of the 
human body, effective molar mass of the human body, and mass of substances intake by the body. The 
change in entropy over time contains two components: the sphere of material products (technosphere) 
and the biosphere. The extreme case of the gradual consumption of products containing pollutants 
leads to the development of pathological cases with higher entropy of human being. 

Key words: bioeconophysical concept, free energy of Gibbs, molar masses, entropy, Biosphere, 
Technospere 

 

                                                           
1 The article was presented at the Challenges for Medical Science and Practice in the 21st Century Congress of 
Medicine, Burgas, 1-3 September 2022 

INTRODUCTION 
 

The econophysical and bioeconophysical 
conceps that were developed in papers [1–5] 
with the quantitative expression of Gibbs free 
energy of human being lie in the basis of this 
recent study on their application in the case of 
consumption of medicals with therapeutic effect, 
oxygen, nutrients, etc., and based on that, the 
conception of human entropy is suggested as a 
result of the reciprocal interaction between the 
Biosphere and the Technosphere. 

 
EXPERIMENT 

 
The modern human being is in permanent in-

teraction with the elements of the Biosphere to 
ensure a normal physiological state as well as 
with the elements of the Technosphere without 
which it is also impossible to ensure a normal 
state of comfort and development. The general 
scheme of the interaction of the human being 
with the elements of the Biosphere and the Tech-
nosphere is presented in Fig. 1.  

A large part of the Technosphere components 
are produced as a result of the direct consump-

tion of the elements of the Biosphere. The cur-
rent state of the Biosphere is characterized by the 
accumulation of pollutants with a negative effect 
on human health, as well as the limited natural 
energy resources of the Biosphere. 
 

 
 
Fig. 1 A general diagram of the interaction of the 

complex system Human being-Biosphere-
Technosphere 

 
The corresponding Gibbs free energy ΔGmol, 

which was developed in the above-mentioned 
papers, as the dependence of mass, time and the 
amount of intake moles is: 
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where, M is molar mass of the intake sub-
stances (food, medical or oxygen); mf is the re-
spective mass of the intake substances (food, 
medical or oxygen); R is universal constant of 
gases; T is absolute temperature (T ≈ 310K); morg 

is the mass of respective organ, receptor or the 
whole human body; Morg is the respective molar 
mass (for the whole human body is ≈ 20 g/mol); 
τ is interval of time in hours (h) for the food in-
take, administration of medical doses, oxygen; A 
is pre-exponential factor (h–1) (It has the meaning 
of the elimination rate constant λ for the case of 
very small molecules with molar masses M→0) 
[4]. 

 
RESULTS AND DISCUSSION 

 
The application of the expression (1): ΔG = 

∆Gmole· ν; (ν=mf/M) on the human body of vari-
ous weight, age and height is compared with the 
well-known values of energy Etab that are found 
by the biocalorimetric method. There are tables 
for the basic metabolism of the biocalorimetric 
method [6] and the values of energy Etab of the 
weight, age and height of the human body are 
presented.  

The corresponding energies in kilojoules ΔG 
= ∆Gmole· ν in comparison with the data Etab from 
the table of metabolism are presented in the fol-
lowing graph (Fig. 2): 
 

 
 
Fig. 2 Comparison of the calculated values of 

Gibbs free energy with the tabular data 
from calorimetric method 

 
In order to validate the corresponding method 

of the energy calculation based on the values of 
Gibbs free energy, firstly we will calculate the 
time interval τ from (1): 

body

bodytab

mTR

ME

calc e
A

...2

2ln..

.
2ln.4=τ ,  (2) 

where, mbody is the mass of human body; Mbody ≈ 
20 g/mol is the molar mass of human body.  

The values of ∆G are calculated for the em-
pirical theoretical value of the time interval τ = 
5.5 (h) and are presented in Table 1. The aim is 
to observe if the average value <τcalc> matches 
the theoretical value of 5.5 hours.  

There are statistical criteria to check if the av-
erage value of a sample matches the real theo-
retical value 5.5 (h). One of them is the T-test. 
The statistical program BIOSTAT gives the an-
swer that the average value of 5.84 (h) is similar 
to the theoretical value 5.5 hours with a probabil-
ity p=0.84 and then the conclusion is that these 
values are matching.  
 
Table 1. Energy values of metabolism and dose 
time intervals 

 

mbody; kg Еtab; kJ ΔGcalc; kJ  τcalc; h 
40 6554.24 3778.723 6.628968 
42 6633.66 3967.659 6.524358 
44 6713.08 4156.595 6.430691 
46 6792.5 4345.531 6.346345 
48 6871.92 4534.467 6.269999 
50 6951.34 4723.403 6.200572 
52 7030.76 4912.339 6.137169 
54 7114.36 5101.275 6.080306 
56 7193.78 5290.212 6.026766 
58 7273.2 5479.148 5.977343 
60 7352.62 5668.084 5.93158 
62 7432.04 5857.02 5.889087 
64 7511.46 6045.956 5.849527 
66 7590.88 6234.892 5.812606 
68 7670.3 6423.828 5.778069 
70 7753.9 6612.764 5.746618 
72 7833.32 6801.701 5.716178 
74 7912.74 6990.637 5.687531 
76 7992.16 7179.573 5.660525 
78 8071.58 7368.509 5.635023 
80 8151 7557.445 5.610902 
82 8230.42 7746.381 5.588053 
84 8309.84 7935.317 5.566379 
86 8393.44 8124.253 5.546517 
88 8472.86 8313.19 5.526917 
90 8548.1 8502.126 5.507565 
92 8631.7 8691.062 5.49046 
94 8711.12 8879.998 5.473477 
96 8790.54 9068.934 5.457251 
98 8869.96 9257.87 5.441733 
   <τcalc>=5.84 
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The importance and the role of this expres-
sion consist in the fact that it is possible to esti-
mate what the dose interval of time is, if we 
know the mass of the human body. 

For the well-known medical product Analgin 
in the form of tablets, the mass of one tablet is 
500 mg and the molar mass is 333.34 (g/mol). It 
is usually administered four times a day with an 
interval of 4-6 hours. The respective quantity of 
moles of one tablet of Analgin is: 

)(001499.0
)/(341.333

)(5.0
mol

molg

g

M

m ===ν  

The bounding of drugs with receptors takes 
place by the mechanism of G-protein-coupled 
receptors, GPCR [7]. The activation energy be-
tween the molecule of metamizole sodium and 
the GPCR receptors is about 20 kJ/mol [8]. 
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In this way one tablet of Analgin can be taken 
approximately four times a day.  

Generally, the human being consumes nutri-
ents together with water of the order of 2500 
grams per day (≈2000 is water and ≈500 grams 
of total mass for proteins, carbohydrates and fats) 
and the respective amount of moles of nutrients 
per day is 2500/500=5 moles and this quantity of 
5 moles ensures the production of 100-150 moles 
of ATP per day, which is required for the process 
of hydrolysis. Then, the total energy of 12 (MJ) 
divided by 5 moles gives the result of the order 
2.56 (MJ/mol) and the corresponding time inter-
val can be recalculated as: 
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In this way, the person intakes the corre-
sponding meals and water during a day with an 
interval of two or three hours (about 4-5 times 
per day). 

Regarding the concept of entropy, it has been 
shown that the human chemical potential is of 
the order of 2.75 - 3 (kJ/mol) [5]. The total 
amount of the moles that the human body con-
tains as the dependence of the mass of the body 
is of the order of 4000-5000 moles. The effective 
molar mass of the human being is about 20 

(g/mol). The corresponding variation of Gibbs 
free energy is of the order of 10 (MJ)-13 (MJ), 
which is actually the required amount of the en-
ergy per day as a result of the consumption of 
nutrients. The corresponding variation of the 
entropy of the human being is defined as: 

]/[; KJ
T

G
S

Δ−=Δ   (3) 

If the human entropy changes by a value of 
≈35 (kJ/K) during one day and if the World's 
population is ≈7 billion, then the total entropy of 
the humanity sphere ∆Sh is of the order: 

∆Sh =35·103·7·109=245·1012(J/K)=2.45·1014(J/K) 

≈2.5·1014(J/K)≡2.89·109 (W/K) 

The value of a similar approximate order 
2.58·109 (W/K) was obtained in paper [9]. The 
current state of the Biosphere is characterized by 
the presence of dangerous pollutants: nitrates, 
nitrites, sulfur dioxide, ozone, nitrogen oxide, 
nitrogen dioxide, sulfuric acid rains, fine micron 
sized particles of lead, metals and other oxides of 
metals, particles of carbons and particles of plas-
tic materials suspended in the atmosphere and 
waters, etc. The largest share refers to carbon 
dioxide (75%) [10]. Every year the atmosphere 
accumulates carbon dioxide with the correspond-
ing amount of heat 3·1020 (J). Accordingly, there 
is a heat accumulation during one day: 8·1017 (J) 
[10]. The corresponding entropy variation of the 
biosphere during one day is: 

)/(103)/(107,2
)(300

108 1015
17

KWKJ
К
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The state of the biosphere is influenced by the 
state of the humanity sphere as well as by the 
sphere of materials that are consumed and pro-
duced by the industry (Technosphere). In this 
way, the entropy variation of the biosphere is the 
sum of the entropy variations of the Techno-
sphere and of the humanity sphere.    

 hreTechrebios SSS Δ+Δ=Δ −−   (4) 

The respective variation of the entropy of the 
Technosphere is:  

ΔSTech-re=∆SBios-re - ΔSh= 

=3·1010(W/K)-0.289·1010(W/K)=2.71·1010(W/K) 

It is necessary to check this result of 2.71·1010 
(W/K) with the real one. When we describe the 
Technosphere, the main focus is on the consump-
tion of electricity, which is used to produce al-
most all products for the consumption and use by 
human beings [11]. 
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It is calculated that, on average, 28 kWh of 
electrical energy is spent for each person per day. 
If we take into account the energy for the pro-
duction of all goods in all factories and if they 
are distributed evenly for whole World's popula-
tion, then indeed the expenses are of the order 28 
kWh per day for each person [11]. If this result is 
multiplied by 7 billion population, then the total 
energy consumption is: 

 28·7·109(kW·h)=196·109(kW.h)=196·1012 
(W.h)=196·1012(J/s)·3600(s)=705600·1012(J)= 

=7·1017 (J).   

The corresponding entropy change of the 
Technosphere during one day is:  

7·1017(J)/(24·3600(s)·300(K))=2.7·1010(W/K) 

In such a way, it is proved that the real result 
of electrical consumption coincides with the 
calculated value within the minimal limits of 
errors. 

This complex system Human being-
Biosphere-Technosphere could be considered a 
"closed" system with respect to very remote 
cosmic space [12]. The entropy obtains the 
maximal value over time and the state of the 
equilibrium is reached for this "closed" system. 
The increase of the entropy of this complex sys-
tem takes place due to the increase of the gase-
ous pollutants in the atmosphere. The evolution 
of the entropy with time of this complex system 
is described as: 

dt

dS

dt

dS

dt

dS

dt

dS rebiosretechh −− ++=   (5) 

where, 0=
dt

dS  is the case of stationary state and it 

means that there is no variation of the entropy 
over time. Then:   

dt

dS

dt

dS

dt

dS rebiosretechh −− −−=   (6) 

If the entropy of the Biosphere increases due 
to the increase of gaseous pollutants and if the 
entropy of the Technosphere increases due to the 
application of new technologies in greater quan-
tities, then a situation could happen where the 
sphere of humanity could be in decline by en-
tropy: 0<

dt

dSh . In general, the entropy also de-

pends on the quantity of its constituent structural 
elements and for the case of humanity with the 
population of 7 billion it could be the beginning 
of the decline of the population due to diseases 
and epidemics which are related to the increase 

of pollutants. The opposite situation 0>
dt

dSh could 

happen when 0<−

dt

dS rebios . This situation could be a 

result of the increase of the rate of photosynthe-
sis with an increasing rate of production of oxy-
gen and glucose. Regarding the Technosphere, 
the same decrease could be  0<−

dt

dS retech , meaning 

that this component reaches the situation of high 
order of the quality of the products with high 
efficiency. So, if the values are 0<−

dt

dS rebios ;

0<−

dt

dS retech , then the entropy of humanity is 

0>
dt

dSh , meaning that the World's population 

increases over time. But in general, the Techno-
sphere can be characterized by two components: 
1) effective part and 2) ineffective part.       

dt

dS

dt

dS

dt

dS ineffeffretech +=−   (7) 

The effective part ensures the decrease of the 
entropy of the Technosphere due to the high 
order of the quality of the products with high 
efficiency and also the normal physiological 
development of human beings:   

  
dt

dS

dt

dS effh =  (8) 

The ineffective part refers to such elements 
that are not consumed by the human being. For 
example, plastic bottles are referred to as ineffec-
tive components that could be accumulated acci-
dentally in the Biosphere, especially in water 
areas or in the atmosphere in the form of plastic 
micrometric particles with dangerous effect on 
the human being, especially on the respiratory 
tract [13]. The environmental protection Agency 
(EPA) has the function of monitoring and control 
of the state of ecosystems [14]. So, in general, 
the Biosphere accumulates ineffective wastes 
and the entropy component of the Biosphere will 
consists of two terms: one is related to the previ-
ous state of the biosphere and the other is related 
to pollutants (ineffective part): 

dt

dS

dt

dS

dt

dS ineffrebiosrebios += −−
/

  (9) 

Then, the entropy of the Biosphere increases 
over time due to the increase of pollutants: 

dt

dS

dt

dS rebiosrebios −− >
/

.  For example, if the ineffec-

tive part consists only of carbon dioxide – CO2, 
then a certain amount of this gas can be used 
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during the process of photosynthesis. In an ideal 
stationary state when all momentary emitted 
carbon dioxide is used for photosynthesis, then: 

0
/

=−

dt

dS rebios  and the following expression is ob-

tained 
dt

COdS

dt

dS ineffrebios
)( 2−=− . Here it is important 

to mention that when the quantity of the ineffec-

tive part is decreased 








< 0

)( 2

dt

COdSineff , the Bio-

sphere has the possibility to recover 





 >− 0

dt

dS rebios

due to forest areas. So, if the ineffective part of 
CO2 increases over time, then dSbios-re < 0, which 
means the disappearance of many components 
over time (disappearance of animal population 
and forests). It is obvious that the entropy de-
pends not only on the aggregation state of the 
substance but also on the quantity. The gaseous 
aggregation state has larger entropy than the 
solid state [15]. Great quantity in kilograms of 
the same substance gives the result of larger en-
tropy [15]. In the special case when 

dt

dS

dt

dS
rebiosineff −> , then 0/ >−rebiosdS  and it means 

excessive accumulation of pollutant gases with 
dangerous destructive effect on the nature. Paper 
[16] describes the same situation of increase of 
entropy of the Biosphere. If we substitute (7) and 
(8) in (5), then the following expression is ob-
tained: 

dt

dS

dt

dS

dt

dS

dt

dS rebiosineffh −++= .2   (10) 

Expression (9) gives: 

dt

dS

dt

dS

dt

dS ineffrebiosrebios −= −−
/

     (11) 

The substitution of (11) in (10) gives: 

dt

dS

dt

dS

dt

dS rebiosh
/

.2 −+=   (12) 

The case of stationary state 0=
dt

dS  gives:  

dt

dS

dt

dS rebiosh

.2

/
−−=   (13) 

Expression (13) has the following result: if 
the entropy of the Biosphere is increased with the 
increase of pollutants, then the entropy of hu-
manity is decreased. Paper [17] gives the follow-
ing information about the entropy of humanity: 
"However, more commonly, these compounds 
give up their free energy by “working” on eco-

systems and human populations to break us 
down and expedite entropic maximum for the 
environment. By reacting with these products, 
our low entropy systems are pushed closer to 
thermal equilibrium and ultimately toward 
death." So, inundations and other natural cata-
clysms that result from pollutants excess in the 
atmosphere lead to the death cases in humanity 
and, in its turn, the entropy of humanity that is 
dependent on the quantity of population could 
lead to its decrease. 

The state of pathology and diseases of indi-
vidual human beings is characterized by high 
values of entropy [18]. The increase of entropy is 
explained by the fact that the value of Gibbs free 
energy from expression (1) is increasing due to 
the fact that the effective part (mf →0) of the 
consumed substances decrease gradually. A lot 
of pollutants in the form of particulate matter 
could exist in food products and vegetables. The 
effective part therefore decreases and allergic 
states could lead to more complicated pathologi-
cal states. Also, polluted air leads to the devel-
opment of respiratory and lung diseases.  

 
CONCLUSIONS 

 
The concept of entropy that is proposed in 

this paper allows us to make predictions about 
the further evolution of the state of humanity, the 
Biosphere and the Technosphere. Healthy ecol-
ogy is the major task of Humanity to improve the 
states of ecosystems. The state of ecosystems in 
symbiosis with the human being is in an evolu-
tionary state with the change of the entropy of 
both the Biosphere and the human being. Nowa-
days, the number of new diseases is increasing 
over time. New epidemics with unknown etiolo-
gies appear and all these new epidemics are re-
lated somehow to the current state of the ecosys-
tem which is polluted with an increasing quantity 
of ineffective elements. Human health is influ-
enced by a number of very complex factors and 
the major task of all committees of environ-
mental protection is to find ways to improve 
ecosystems. 
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ABSTRACT 
 

Air quality is influenced by polluting particles and gases with a negative effect on human health. 
Depending on air pollution, respiratory tract diseases such as COPD and asthma are developed. The 
mechanism of the pathogenesis of respiratory diseases as well as the medical therapy is explained, 
showing that the half-life depends on the molar mass. It is shown that the activation energy of recep-
tors with beta-2 agonists depends on the molar masses. Depending on the physicochemical composi-
tion of the human body, the result of the value of chemical potential of human being responsible for 
the maintaining of the metabolism is obtained. 

Key words: biosphere, molar masses, half-life, beta-2 agonists, receptors, chemical potential  
 

                                                           
1 The article was presented at the Challenges for Medical Science and Practice in the 21st Century Congress of 
Medicine, Burgas, 1-3 September 2022 

INTRODUCTION 
 

The biosphere, which includes important ele-
ments such as water basins, and the atmosphere 
that ensures the life and existence of living or-
ganisms, including humans, have lately been 
subject to the influence of polluting factors and 
polluting particles suspended in the atmosphere 
in the form of aerosols. Ecosystems that are part 
of the biosphere, and humanity is thoroughly 
dependent on the state of the biosphere, are im-
portant from the point of view of cleanliness and 
of the small impact of pollutants. The major part 
of the ecosystems consists of water basins. Wa-
ter, which is a vital element for various types of 
animals and humans, needs to be clean in order 
to ensure the life of the inhabitants of these eco-
systems. Human activity usually leads to the 
pollution of water basins – oceans, seas, lakes, 
rivers, groundwater, etc. The great importance of 
water is that it ensures the existence of life. No-
wadays, various chemicals, bacteria and other 
anthropogenic pollutants have already started to 
affect our water having a negative impact on 
living habitants resulting in the disappearance of 
species of plants and animals. 

Aerosols are fine particles that float in the 
atmosphere. The aerosols from human activities 
are emitted by smokestacks, car exhausts, wild-
fires and have increased rapidly, most of them at 

the same rate as the greenhouse gases responsi-
ble for climate change. Aerosol pollution kills 4 
million people a year. Aerosol sizes are of the 
order of micrometres. These include sulphate 
crystals, globules of almost pure black carbon 
(soot), droplets of nitric or sulphuric acid. Dis-
carded plastic shopping bags release micro plas-
tic fibbers and they are able to be suspended in 
the atmosphere in the form of aerosols.  

This study aims to describe how pollutants 
influence the respiratory system and the overall 
human health, as well as the types of diseases of 
the respiratory system caused by these pollutants 
and the respective support medical therapy. 
 

EXPERIMENT 
 

Air quality in Bulgaria causes serious con-
cerns: the measurements show that citizens 
throughout the country breath air that is assessed 
as harmful to health. For example, the concentra-
tion of PM2.5 and PM10 is much higher than the 
values prescribed by the European Union and the 
World Health Organization (WHO) for health 
protection. Concentrations of PM2.5 in urban 
areas of Bulgaria were the highest of all 28 EU 
member states as average values over a three-
year period [1]. Bulgaria has the strongest pollu-
tion among the countries with an average daily 
concentration of 77 µg/m3 (the EU limit value is 
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50 µg/m3). According to the World Health Or-
ganization, 60% of Bulgaria's urban population 
is exposed to dangerous (unhealthy) levels of 
particulate matter (PM10) [1], according to the 
Air Quality Index (AQI), the concentration of 
PM2.5 in the air of Sofia is 6.1 times higher than 
the annual World's Health Organization recom-
mended value.  
 

RESULTS AND DISCUSSION 
 

Recently, a wide range of respiratory health 
consequences associated with air pollution have 
been identified and they are considered harmful, 
ranging from death from respiratory disease to 
reduced quality of life, including some irreversi-
ble changes in physiological functions [2]. The 
exposure to air pollutants leads to the develop-
ment of asthma, worsen pre-existing respiratory 
disease, and the development or progression of 
chronic diseases, including chronic obstructive 
pulmonary disease, emphysema, and lung can-
cer. Chronic obstructive pulmonary disease 
(COPD) is a life-threatening lung disease that 
makes it difficult to breathe normally. The num-
ber of deaths from COPD has increased by more 
than 60% in the last 20 years, with air pollution 
being an important risk factor for the inflamma-
tion as an immunological response [3]. The in-
flammatory response is known as chronic bron-
chitis. It leads to tissue destruction in the lung 
alveoli or the development of emphysema [3]. 
Other types of diseases which are related to the 
cardiovascular system are also observed and 
their aetiology points to air pollutants. The con-
sequences include: altered cardiac autonomic 
function, myocardial infarction, angina pectoris, 
increased blood pressure, atherosclerosis, hyper-
tension, increased cerebrovascular ischemia [4]. 
The major pollutants of air are particulate matter 
(PM), ozone (O3), sulfur dioxide (SO2), nitrogen 
dioxide (NO2), carbon monoxide (CO), and lead 
(Pb) [5]. The pollutants in the ambient air can be 
divided into primary and secondary types [6]. To 
offer guidance in reducing the impacts of air 
pollution on human health, WHO air quality 
groups (AQGs) released air quality guidelines in 
which four pollutants, namely PM, O3, NO2, and 
SO2, were listed as indices of air pollution [6]. 
These four pollutants are major factors for the 
development of COPD and bronchial asthma [7]. 
Asthma is a complex disorder characterized by 
airway inflammation and reversible airflow ob-
struction resulting in a symptom complex of 
wheezing, dyspnoea, or cough (or combination 

of these) [8]. Typical airway changes include an 
increase in eosinophils and thickening of the 
lamina reticularis [9]. Mast cell activation occurs 
when allergens (PM or pollutant gases) interact 
with immunoglobulin IgE and are fixed on the 
surface of mast cells in bronchial asthma. When 
activated, they release mediators (histamine, 
cysteinyl leukotrienes, prostaglandin D2) that 
lead to the bronchospasm [10]. Consequently, 
the arachidonic acid and thrombocyte activating 
factor are formed from the phospholipids of the 
mast cell membrane. In turn, leukotriene and 
prostaglandin are formed from arachidonic acid 
[10]. 

Regarding the therapy of asthma, the interac-
tion of therapeutical substances with the recep-
tors is based on the description of the mechanism 
with the targets G-protein couple receptors 
(GPCR). Beta adrenoreceptors refer to this class 
of GPCRs [11]. Beta 2 receptors (β2AR) are pre-
sent in the airway smooth muscle. They also exist 
on the cardiac muscle, uterine muscle, alveolar 
type II cells, mast cells, mucous glands, epitheli-
al cells, vascular endothelium, eosinophils, lym-
phocytes, and skeletal muscle, i.e. in almost the 
whole human organism [12]. The therapeutical 
molecules of medical substances are of two 
types: agonists and antagonists. The agonists 
amplify the therapeutical effects and the anta-
gonists inhibit the effect [13]. The β-Agonists are 
the medicals of first line treatment for both 
asthma and COPD. They exert their bronchodila-
tor effects via β2 adrenoreceptors (β2AR) located 
on the airway smooth muscle cells. The activa-
tion of these receptors leads to the relaxation of 
the airways and the corresponding expansion of 
the lumen of the bronchi (Fig. 1).  

 
 
Fig. 1 The classic β2AR signalling pathway 

 
Binding of β2-agonist to β2AR induces a 

conformational change allowing the α-subunit 
of the G-protein to dissociate and bind to ade-
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nylyl cyclase. Adenylyl cyclase is thus acti-
vated and catalyses the formation of cyclic 
AMP (cAMP) from ATP. The (cAMP) mole-
cules bind to PKA which induces the dissocia-
tion of the catalytic and regulatory subunits 
from each other. Once released, the PKA cata-
lytic subunits phosphorylate and hence activate 
myriad cellular targets, which results in the 
airway smooth muscle relaxation and hence 
bronchodilation [14]. 

There are quantitative expressions based on 
modern integrative platforms of bioeconophys-
ics and pharmaceutical bioeconophysics which 
are developed in [15–17] and show the interde-
pendence between the price of one gram of 
therapeutic substance, molar mass, activation 
energy of receptors, and half-life time. The data 
related to the cost of one gram of therapeutic 
substance are taken from Drug's database [18]. 
The drug's bank database shows the values of 
half-life of antiasthmatic molecules and are 
presented in Table 1 below. 

 
Table 1. The values of half-life of antiasthmatic 
molecules (agonists) 

Molecule  M; g/mol T1/2; h 

Vilanterol 486.43 26 

Fluticasone 444.5 24 

Mometasone 427.36 5.8 

Salmeterol 415.47 5.5 

Olodaterol 386.44 7.5 

Formoterol 344.4 3.5 

Salbutamol 239.31 5 

Terbutaline 225.28 3.5 

Isoprenaline 211.25 2 

Ephedrine 165.24 4.5 

Levosalbutamol 239.31 3.5 

Ritodrine 287.36 2 

Orciprenaline 211.25 6 

Arfomoterol 344.17 7 

Pirbuterol 240.29 2 

Bambuterol 367.44 16 

Doxophylline 266.25 2.5 

Etafedrine 193.29 2 
 

The respective dependence of half-lives as 
the function of molar masses are presented in 
Fig. 2.  

The respective dependence of lnT1/2 = f(M) 
is presented in Fig 3.  

The linear regression of the dependence 
lnT1/2 = f(M) gives the results of correlation 
coefficients a and b of the linear dependence, 
which are presented in Fig. 3. 

 

 

Fig. 2 The dependence of half-life time on mo-
lar masses of β2AR agonists 

 

 

Fig. 3 The dependence of lnT1/2=f(M) 
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Numerical results a and b give the possibili-
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The meaning of A is coincident with the 
constant rate of elimination of metabolic prod-
ucts of medicals λ for the case of very small 
molecules. (M→0) [15–17]. The calculated 
value a = 0.0051 makes it possible to calculate 
the activation energies of one mole of receptors 
Emol by the formula: TRMaEmol ...= and these 

values of energies are presented in Table 2. 
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Table 2. The activation energies of β2AR recep-
tors by agonists 

Molecule  
M; 

g/mol 
half-
life; h 

Emole; 
J/mol 

Vilanterol 486.43 26 6390.7708 

Fluticasone 444.5 24 5839.8898 
Mometa- 
sone 427.36 5.8 5614.702 

Salmeterol 415.47 5.5 5458.4905 

Olodaterol 386.44 7.5 5077.0912 

Formoterol 344.4 3.5 4524.7650 

Salbutamol 239.31 5 3144.0811 

Terbutaline 225.28 3.5 2959.7534 
Iso- 
prenaline 211.25 2 2775.4257 

Ephedrine 165.24 4.5 2170.9412 
Levosalbuta-
mol 239.31 3.5 3144.0811 

Ritodrine 287.36 2 3775.367 
Orci- 
prenaline 211.25 6 2775.4257 
Arfomo- 
terol 344.17 7 4521.7433 

Pirbuterol 240.29 2 3156.9564 

Bambuterol 367.44 16 4827.46713 
Doxophyl- 
line 266.25 2.5 3498.0217 

Etafedrine 193.29 2 2539.4652 
 
The respective dependence of the activation 

energies of the receptors as the function of mo-
lar masses is presented in Fig. 4. 

It can be seen from Fig. 4 that the activation 
energies range from 2 to 6 kJ/mol. Papers [19, 
20] present the value of the activation energy of 
the order of 4 (kJ/mol) of β2AR receptors. The 
price of one gram (Pgr) of medicals as the func-
tion of the mass of one medical form (tablets, 
capsules, aerosols, injections, etc.) gives the 
information of the quantity of activated recep-
tors in moles [15–17]. 

The amount of receptors can be calculated 
by the graph lnPgr = f(ln(mf)). It is expected that 
the price of one gram decreases with the in-
crease in the mass of one form (dosage form). 
The data about the prices are extracted from the 
database [18]. The dependence of the price of 
one gram as the function of the price of one 
form of β2AR agonists is represented in Fig. 5.  
 

 
 
Fig. 4 The dependence of activation energies 

Emol =f(M) of the β2AR receptors as the 
function of molar masses of β2-agonists 

 
 

 
 

Fig. 5 The dependence of the price of one gram 
as the function of the price of one form of 
β2AR agonists 

 
Smaller prices with increase of the masses is 

one of the principles of microeconomics that is 
based on the supply-demand processes [17]. 

 

 
 
Fig. 6 The dependence of  lnPgr = f(ln(mf)) of 

β2AR agonists 
 
The correlational calculations of the depen-

dence lnPgr = f(ln(mf)) give the following re-
sult: 
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The calculated values of the activation ener-
gies are presented in Table 3. 

 
Table 3. The activation energies Emol of β2AR 
agonists 

molecule  
M; 

g/mol 
Emol;  
J/mol 

ν rec ; 
moles 

Vilanterol 486.43 6390.770 2.15E-05 

Fluticasone 444.5 5839.889 2.35E-05 
Mometa-
sone 427.36 5614.702 2.45E-05 

Salmeterol 415.47 5458.490 2.52E-05 

Olodaterol 386.44 5077.091 2.71E-05 

Formoterol 344.4 4524.765 3.04E-05 

Salbutamol 239.31 3144.081 4.37E-05 

Terbutaline 225.28 2959.753 4.65E-05 
Iso- 
prenaline 211.25 2775.425 4.96E-05 

Ephedrine 165.24 2170.941 6.34E-05 

Ritodrine 287.36 3775.367 3.64E-05 
Orci-
prenaline 211.25 2775.425 4.96E-05 

Arfomoterol 344.17 4521.743 3.04E-05 

Pirbuterol 240.29 3156.956 4.36E-05 

Bambuterol 367.44 4827.467 2.85E-05 
Doxophyl-
line 266.25 3498.021 3.93E-05 

Etafedrine 193.29 2539.465 5.42E-05 
 

The dependence of the quantity of activated 
receptors νrec as the function of molar masses of 
medications is presented in Fig. 7. 

It is observed that the quantity of the acti-
vated receptors decreases with the increase of 
molar masses of medicals. The therapeutical 
effect is stronger for medicals with high molar 
masses.  

The representation of both quantities of 
moles of medical form and the moles of recep-
tors on the same plot as the function of molar 
masses of medicals is shown in Fig. 8.  

 

 
 

Fig. 7 The dependence of quantity of activated 
receptors νrec as the function of molar 
masses of β2AR agonists 

 
 

 
 
Fig. 8 The quantity of moles of medical form 

and the moles of receptors as the function 
of molar masses of medicals 

 
The intersection point can be seen in Fig. 8 

and the respective value of the molar mass is 
240 (g/mol) with the respective activation ener-
gy 3 (kJ/mol). In fact, this energy coincides 
with the chemical potential of the metabolism 
process in human beings [17].  

About 70% of the human mass consists of 
water. For example, if the human mass is 80 kg, 
then 56 kg is only water. Then, the amount of 
moles of water is ≈3000 moles inside the body. 
It was mentioned in [17] that the total amount 
of moles together with all other structural ele-
ments of the human is in the order of 4000-
5000 moles with the effective molar mass of the 
human being 20 g/mol. 

The average total amount of energy to main-
tain human metabolism is of the order of 12 MJ 
per day and is maintained by intake of food and 
water. If we divide this value by 4000 moles, 
then we get 3 kJ/mol, which is the chemical 
potential of the human being. 

Regarding Fig. 8, there are four regions for 
the classification of medical forms. Small molar 
masses up to 240 g/mol and masses of small 
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forms are referred to syrups and drops. The 
second region of relatively high masses of the 
form refers to tablets and capsules. The third 
region refers to the form of injections. Finally, 
the fourth region refers to aerosols and nano-
biotechnologies that interact directly with the 
receptor targets. 

 
CONCLUSIONS 

 
The symbiotic unity of the human being 

with nature is confirmed by the application of 
bioeconophysics platform. Human health is 
impossible without the normal good state of the 
biosphere. Cases of pollution can lead to chron-
ic diseases. Maintaining metabolism in a nor-
mal state requires to improve the state of the 
Biosphere: clean air, clean waters, and healthy 
ecosystems being humanity's primary tasks. 
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ABSTRACT 

 
Physical activity is a key element in the prevention and overall management of type 2 diabetes. De-

spite the growing body of evidence establishing the importance of exercise in diabetes, many people 
with chronic diabetes do not become regularly active. Regular physical activity keeps blood sugar 
under control and can prevent or delay type 2 diabetes. Most of the benefits of physical activity in the 
management of diabetes are realized through improvements in insulin action. The treatment of type 2 
diabetes aims not only to achieve optimal metabolic control of the disease, but also to improve the 
quality of life of the affected people. Engaging in physical activities has a positive effect on the physi-
cal aspect of the quality of life of patients with type 2 diabetes mellitus. 

Key words: Type 2 diabetes, physical activity, metabolic control, quality of life 
 

                                                 
1 The article was presented at the Congress of Medicine “Challenges for medical science and practice in the 21st 
century’’ in Burgas, 1-3 September, 2022 

INTRODUCTION 
 

Diabetes mellitus (DM) is a metabolic disease 
characterized by hyperglycaemia resulting from 
impaired insulin secretion, insulin action, or both 
[1]. Diabetes is a global problem that also affects 
our country. There are currently about 426,000 
people with diagnosed diabetes in Bulgaria, 
which represents 7.9% of the population aged 20 
to 79 (57% men and 43% women). 

The incidence of diabetes in Bulgaria (diag-
nosed and undiagnosed) of 7.9% in 2006. 
reached 9.55% in 2012, p=0.06. There was an 
increase in diabetes prevalence of 20.88% over a 
6-year period, or an annual average of about 
3.5%. Age, especially 50 to 59, is a major risk 
factor for a significant increase in diabetes, 
where an increase from 9.4% in 2006 to 15.7% 
in 2012, p<0.02 was observed [1]. 

Diabetes mellitus is one of the most progres-
sively growing chronic diseases of the 21st cen-
tury. Modern medical practice defines the dis-
ease as an important risk factor for the develop-
ment of severe debilitating complications that 
limit the physical activity of the affected persons, 
worsen the quality of life, and incur significant 
economic costs. 

Exercise therapy through physical activity 
plays an essential role in the management of 

diabetes. By developing a structured and indi-
vidualized regimen, exercise can help improve 
lean muscle strength, gait pattern, and balance, 
and above all, improve glycaemic control. There-
fore, engaging in physical activities has a posi-
tive effect on the physical aspect of the quality of 
life of individuals with diabetes. 
 

REVIEW 
 
Diabetes often leads to the development of 

physical disabilities, which in turn can have a 
detrimental effect on the patient's quality of life. 

Like any other chronic disease, DM is associ-
ated with many personal, family, social and fi-
nancial problems and even higher mortality. 
Problems such as elevated blood glucose, dietary 
and physical restrictions, repeated insulin injec-
tions, musculoskeletal complications, physical 
disabilities, sexual dysfunction, and vascular 
disorders are some examples that negatively 
affect the lives of DM patients. 

Therapeutic goals in the treatment of type 2 
DM include control of hyperglycaemia and acute 
symptoms, as well as prevention of late compli-
cations of diabetes. Physical activity and thera-
peutic nutrition are part of the complex treatment 
of the patient. Moreover, in diabetes mellitus, 
strict adherence to a certain nutritional and exer-
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cise regimen are even more important than drug 
therapy [2]. 

Approaches to the treatment of diabetes melli-
tus should be aimed primarily at eliminating a 
sedentary lifestyle, preparing an individual and 
feasible daily program of physical exercises. All 
this, in combination with an appropriate diet, 
aims at reaching and maintaining an optimal 
body weight. 

Physical activity should include daily efforts 
to be more physically active. The duration and 
frequency of physical activity should reach up to 
30 - 45 minutes 3 to 5 days/week or up to 150 
minutes/week of moderately intense aerobic 
physical activity, 50-70% maximum heart rate, 
with no more than two consecutive days without 
physical activity [3]. In the absence of contrain-
dications, muscle strength/resistance exercises 
should be done twice a week [3]. 

A gradual increase in physical activity is rec-
ommended based on individual wishes, capabili-
ties and set goals. Diet and physical activity are 
partners in the fight against diabetes. The balance 
between them is key to optimal effectiveness of 
diabetes therapy. Properly dosed and planned 
physical activity plays an important role in con-
trolling the disease and improving the quality of 
life of patients, reducing the risk of accidents and 
diabetic complications. Depending on the general 
condition of the patient and the type of diabetes, 
the most appropriate type and intensity of physi-
cal activity is selected. 

Regular physical activity improves the body's 
sensitivity to insulin and helps manage blood 
sugar levels, maintain a healthy weight and im-
prove the insulin sensitivity of cells. Moderate 
physical activity also helps avoid other risk fac-
tors associated with diabetes, such as high blood 
pressure and cardiovascular disease. Physical 
activity should be dosed strictly individually and 
should take the general condition of the patients 
into account. Every 60 minutes of physical activ-
ity improves insulin sensitivity, weight, cardio-
vascular risk and self-esteem. It has the same 
effect on blood sugar up to 12-14 hours after 
that, including at night, and improves HbA1C 
30-37% [4]. Physical activity burns calories, 
which helps maintain a healthy weight and lower 
blood sugar levels. This lowers the risk of com-
plications, high blood pressure and cardiovascu-
lar disease, which are common in people with 
diabetes. Regular exercise, including both aero-
bic activity and resistance training, offers distinct 
and significant health benefits for people with 
type 2 diabetes [5]. 

The intensity of exercise in diabetics largely 
depends on whether complications are present. 
The presence of some of the chronic complica-
tions of diabetes is not an indication to stop 
physical activity, but it should be tailored to the 
specific complication: 

- in case of peripheral neuropathy – ergometer 
and swimming; 

- proliferative retinopathy – walking on the 
bottom of a pool, ballroom dancing, moderate 
cycling. Avoid blood pressure rise, yoga, weight 
lifting.; 

- nephropathy – light to moderate loads. 
Diet, physical activity, and medication are 

partners in the battle to achieve and maintain 
low-risk levels of blood sugar, lipids, and blood 
pressure [1]. 

Physical activity improves blood circulation 
in the hands and feet, which are problem areas 
for people with diabetes, and reduces stress, 
which can be the cause of high blood sugar lev-
els. 

It has been proven that light and regular 
physical activity helps to reduce the overall level 
of blood sugar and the resistance of cells to insu-
lin. This is precisely why, in type 2 diabetes, 
physical activity appears to be a very important 
factor in the treatment and prevention of compli-
cations due to the fact that people with type 2 
diabetes often have multiple co-morbidities and 
are overweight. Light to moderate exercise that is 
daily and planned is recommended. This helps 
improve overall metabolism and protect against 
many diabetic complications. Exercise is a safe 
and effective treatment modality to help control 
glucose levels and reduce complications in indi-
viduals. with type 2 diabetes. However, there are 
numerous challenges that must be overcome for 
both general practitioners and their patients to 
initiate and maintain regular exercise as part of a 
treatment plan [6]. 

Physically inactive people are at risk of type 2 
diabetes, especially those over the age of 40. 
Therefore, adequate activity is mandatory to 
reduce the prevalence of developing type 2 DM 
among urban residents [7]. 

Physical activity over the age of 70 is associ-
ated with good disease knowledge and positive 
attitudes toward DM2 self-care. Therefore, 
physical activity may benefit the treatment and 
control of glucose levels in older people with 
T2DM. 

Therefore, prevention and treatment programs 
for type 2 DM should focus on changes in die-
tary habits and physical activity. In addition, 
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courses providing information about DM2 are 
needed so that older people can change their 
attitudes about the disease [8]. 

Healthcare professionals need to individualize 
their approach when advising and supporting 
physical activity engagement in those with type 2 
DM with or without complications. After taking 
into account the presence of co-morbidities and 
complications where possible, individual prefer-
ences and motivation should primarily inform the 
decision-making regarding modality (aerobic vs 
resistance). Although recommending a single 
activity regimen (eg, aerobic) is unlikely to ad-
dress the multidomain deficits often present in 
those with type 2 DM, the HCP should also be 
pragmatic about realistic goals, particularly if the 
individual is sedentary /inactive. An approach 
combining both aerobic and resistance activity 
provides the most benefit, but actually the type 
of activity is far less important than deciding 
whether to be active at all [9]. 

There is a real relationship between physical 
activity and demographic characteristics. This 
relationship indicates that demographic charac-
teristics (such as education and employment) are 
important for physical activity intervention and 
promotion. Governments should organize appro-
priate exercise programs for diabetic patients. 
Patients should begin exercise with a warm-up 
session (i.e., stretching in the neck, triceps, chest, 
upper back, torso, and lower back). It is impor-
tant that exercise should be started slowly and 
gradually (from light to heavy). One should start 
with normal walking for 10 minutes to running 
for 15 minutes [10].  

MATERIAL AND METHODS 
 

In a prospective analysis, I observed 40 pa-
tients with DMT2 in my practice from January 
2020 until January 2021, as shown in Table 1. 
 
Table 1 

40 patients 19 men and 21 
women   

mean age 58.47  +/– 18.47 
mean duration of 
DMT2 

8.85   +/– 7.15 

mean HbA1c   % 7.26%  +/– 0.27 
 

Mean BMI was 29.3 kg/m2. Most participants 
were hypertensive (60%), and mean sys-
tolic/diastolic BP was 145.2/85.0 mmHg. None 

of the 40 patients followed a strict dietary and 
exercise regimen. 

The antidiabetic therapy of the patients re-
mained unchanged and was as follows: Met-
formin: 8 patients, SUP and Metformin: 4 pa-
tients, DPP4 ihb. Metformin: 6 patients, GLP-1 
RA: 10 patients, SGLT-2 inh: 12 patients. 

All patients with AH were monitored and 
checked over time by a cardiologist with appro-
priate antihypertensive therapy. Given the 
slightly deteriorated glycaemic control in all 40 
patients, the initial treatment was left, with the 
only change being in the preparation of a motor 
regimen consistent with the general condition, 
accompanying diseases and complications of 
diabetes.  

RESULTS 
 

After 24 weeks, the patients had an average 
reduction of body weight of 6 kg. After six 
months of group activities with purposeful 
physical activity, control studies were carried 
out. All patients with type 2 diabetes reduced 
initial high HbA1C values by an average of 
0.53%. 
 

CONCLUSIONS 
 

Correctly dosed and individually planned 
physical activity plays an important and irre-
placeable role in the control of diabetes and its 
complications. Depending on the general condi-
tion of the patient, the most suitable type and 
intensity of physical activity is selected. The 
complex treatment of diabetes includes nutrition, 
medication and physical activity. The balance 
between these three components is key to the 
optimal effectiveness of diabetes therapy and 
improving the patients’ quality of life. 

The ultimate goal of diabetes treatment is to 
improve people's quality of life. The physical 
complications of diabetes can take the form of 
muscle weakness, pain, loss or balance, and dys-
function of the lower extremities, all of which 
can ultimately affect an individual’s quality of 
life. Physical activity plays a critical role in man-
aging many of the symptoms of diabetes. By 
incorporating individualized physical activity 
and patient education into diabetes management, 
complications can be prevented. 

People with diabetes have a worse quality of 
life than those without diabetes, especially in the 
areas of physical functioning and well-being. 



64 
 

Better glucose control generally improves 
quality of life, and some psychosocial factors 
(health-related beliefs, social support, coping 
style, and personality) have a powerful effect on 
quality of life either directly or through their 
ability to buffer the negative effects of diabetes. 

As a powerful tool, physical activity is crucial 
for predicting the condition of patients, for dis-
ease management, improving their health status 
and quality of life, and long-term health care. 
Physical activity is undoubtedly one of the cor-
nerstones of comprehensive patient care. 
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ABSTRACT 

 
Geodes are hollow rock masses of spherical shape and of various sizes. They are formed in sedi-

mentary or volcanic rocks. Their formation takes a long time. There are very few reported cases of 
geode-like hollow stones in the human body. We present cases of geodes found in the genitourinary 
tract in two patients. The aims are to present the two cases of unusual manifestation of geodes in pa-
tients with urolithiasis admitted to the Urology Department for endoscopic mini-invasive treatment 
and to examine the scientific publications related to geodes established in humans. Patient evaluation 
included medical history, physical examination, urinalysis, complete blood count, serum biochemistry, 
coagulation test, and chemical analysis of stones. 

Case 1: Geodes found in the bladder of a patient with lower urinary tract symptoms and prostate 
cancer. Vesical lithiasis was established and the patient was referred for endoscopic laser cystolitho-
tripsy. During cystoscopy, three elliptical, yellow-orange calculi with a smooth surface were found. 
During the laser lithotripsy, all three stones had a cavity. The cavity had a grainy surface with a mot-
tled appearance. There were distinct irregular areas on the inner surface of the cavity with a dark 
brown and a light brown color. The wall of stone had with a layered structure and a yellow-orange 
color. 

Case 2: Geode found in pyeloureteral segment of the right kidney of a woman with renal colic. A 
stone in the pyeloureteral segment of the right kidney was detected using native tomography. A retro-
grade flexible ureterorenoscopy was performed, which revealed a stone with a pale-yellow color and 
an uneven crystalline surface with small spikes on its surface. During the lithotripsy, it was found that 
the stone had a central cavity filled with darker colored brown crystals.  After disintegration of the 
stone, 4.5Fr ureteral stent was placed and the nephrostomy tube was removed. 

In very rare cases, geodes are found in the human body. There is no scientifically based theory or 
mechanism for their in-vivo formation. There is a lack of data on the frequency of distribution of 
geodes in the human body. Most likely, their formation is related to a multifactorial pathological 
process similar to their formation in nature. 

Key words: geodes, people, urolithiasis, endoscopic lithotripsy 
 

                                                      
1 The article was presented at the Challenges for Medical Science and Practice in the 21st Century Congress of 
Medicine, Burgas, 1-3 September 2022 

INTRODUCTION 
 
Geodes are hollow rock masses, with a spher-

ical shape and of different sizes. Their inner sur-
face is lined with crystals that have grown to-
wards the center of the cavity. The most common 
crystals growing within a geode are quartz, cal-
cite, or fluorite, although other minerals are also 
found. Geodes are usually characterized by an 
outer shell made of chalcedony, which is a dense 
microcrystalline form of quartz. The hard outer 

shell of a geode can usually be separated from 
the surrounding rock material. Geodes are most 
often formed in limestone or volcanic rocks. The 
mineralogy of the geode and the rock in which it 
formed is usually different. Because chalcedony 
is harder and more resistant to weathering, hol-
low spheres resist erosion unlike a host that 
erodes more easily. The initial requirement for 
geode formation is the presence of a cavity in the 
host rock. In volcanic rocks, such cavities often 
result from the release of gases from the molten 
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lava. As the lava solidifies, the gas bubbles are 
preserved as holes in the rock. In the case of 
sedimentary rocks, such as limestone, a cavity 
may form from groundwater dissolving the rock 
itself or as a result of biological material becom-
ing buried by sediment. Groundwater carries 
dissolved minerals, including silica, that pass 
through the host rock and reach the cavity. The 
chalcedony shell is formed first, requiring a long 
period of time to completely harden. Groundwa-
ter bearing minerals leads to additional deposi-
tion of mineral layers in a geode. These crystals 
initially form on the walls of the geode and then 
grow towards its center [4]. There are very few 
reported cases of geode-like hollow stones in the 
human body. We present cases of geodes in the 
genitourinary system of two patients found inci-
dentally. 
 

AIMS 
 

To present two cases of an unusual manifesta-
tion of urolithiasis with geodes – hollow stones 
of different localization. To examine the scientif-
ic publications related to geodes established in 
humans.  

 
MATERIALS AND METHODS 

 
We describe 2 cases of accidentally discov-

ered geode-hollow calculi in patients with uroli-
thiasis admitted to the Urology Department for 
monoscopic mini-invasive treatment. Patient 
evaluation included medical history, physical 
examination, urinalysis, complete blood count, 
serum biochemistry, coagulation test. Imaging 
studies were performed, preoperative ultrasound 
of kidneys, ureters and bladder (BUM) in the 
first case and native computed axial tomography 
(CT) preoperatively in the second case. A respi-
ratory and cardiovascular evaluation (chest radi-
ograph and electrocardiogram) was performed. 
Both patients were treated conservatively and 
operatively. An endoscopic mini-invasive opera-
tive approach was adopted. In case 1, a single 
stage Holmium cystolithotripsy was performed, 
and in case 2, a two-stage approach was adopted, 
which included the placement of a percutaneous 
nephrostomy under ultrasound control and de-
bridement of the infectious episode as the first 
stage. The second stage consisted of performing 
retrograde flexible ureterorenoscopy with hol-
mium laser lithotripsy. The chemical composi-
tion of stones was investigated (Tables 2 and 3). 

 

RESULTS  
 

CASE 1: Geodes found in bladder. A 65-
year-old man with prostate cancer on hormonal 
therapy was admitted to the Department of Urol-
ogy with lower urinary tract symptoms: dysuria, 
hesitancy, interruption of the stream, frequent 
urination. The patient reported that he suffered 
from frequent urinary infections. Two years ear-
lier he had undergone endoscopic lithotripsy for 
vesical lithiasis. From the digital rectal examina-
tion, an enlarged prostate gland with a hard-
elastic consistency in both lobes was found. The 
clinical-laboratory preoperative investigations 
are indicated in Table 1. 

 
Table 1 Clinical and laboratory studies of the 
reported case 1 pre- and post-operatively 

Lab. studies Сase 1 
 before / after 

Hemoglobin(120-160g/l) 105/ 109 
Leukocytes(3,5-10,5.109/l) 4.2/4.0 
Platelets(140-440.109/l) 217/208 
CRP(0-6.0mg/l) 19.6/10.0 
Glucose (s)(2.78-5.55mmol/l) 7.55/5.20 
Potassium(3.5-5.5mmol/l) 5.00/4.5 
Calcium(2.12-2.62mmol/l) 2.34/2.17 
Creatinine(74-127mmol/l) 92.0/98.0 
LDH(125-220mmol/l) 178.0 
Urea(3.2-8.2mmol/l) 8.8/5.4 
Prothrombin time( 11.5-
13.5sec.) 

14.1 

Prothrombin activity(70-
120%) 

97.5 

INR(1.0-1.05) 1.02 
tPSA(0-4ng/ml) 35.09 
Sediment - Leukocytes 16/ 6 per HPF 
Sediment-Erythrocytes 8/ 5 per HPF 
Sediment- Bacteria Postitive/ * 
Uroculture */Negative 

 
Preoperative chest x-ray and electrocardio-

gram showed no pathological abnormalities. The 
ultrasound of the kidneys and bladder revealed 
the presence of three vesical stones with longitu-
dinal dimensions of 10mm, 15mm, 12mm. En-
larged prostate gland. No residual urine after 
micturition. Kidneys - without urostasis. The 
patient underwent urethrocystoscopy with hol-
mium cystolithotripsy. During the cystoscopy, 
three elliptical, yellow-orange calculi with a 
smooth surface were found. During the laser 
lithotripsy, all three stones had a cavity (Fig. 1).  



 

67 
 

 
 
Fig. 1 Endoscopic morphology of vesical geode 

during endoscopic Holmium cystolitho-
tripsy Stone cavity is demonstrated 

 
The cavity had a grainy surface with a mot-

tled appearance. There were distinct irregular 
areas on the inner surface of the cavity colored in 
a darker brown color and such with a light brown 
color (Fig. 2).  

 
 
Fig. 2 Endoscopic image of the inner surface of 

vesical geode 
 

 
 
Fig. 3 Fragments of geodes extracted after en-

doscopic Hоlmium cystolithotripsy 
 

The wall of stone was found to have a layered 
structure and a yellow-orange color. After the 
complete disintegration of stones, the fragments 
were removed with an Ellik evacuator (Fig. 3). 
The patient was fitted with a three-way urethral 
catheter and placed on bladder irrigation for 6 

hours. The urethral catheter was removed on the 
first postoperative day. No complications, such 
as hematuria, fever, or pain, were observed in the 
postoperative period. The patient was discharged 
with improvement of symptoms after 48 hours. 

The fragments obtained from the lithotripsy 
were sent for chemical analysis as two samples – 
one containing parts of the outer shell of the 
stone and the second containing parts of the inner 
part of the wall of the stone. The results are 
shown in Table 2. 

 
Table 2 Composition of the wall forming the 
bladder geodes 
Composition Outer part  Inner part 
Carbonates * 5% 
Phosphates 5% 5% 
Oxalates 49% 42% 
Uric acid 45% 46% 
Ammonium * 1% 
Magnesium 1% 1% 

 
CASE 2: Geode found in the pyeloureteral 

segment of the ureter of the right kidney. A 62-
year-old woman with pain in the right lumbar 
region for 6 months accompanied by nausea, vo-
miting and low-grade fever. For two weeks, the 
pains had intensified and become unbearable. She 
underwent conservative treatment with success. A 
native CAT of the BUM was performed in outpa-
tient conditions, where hydronephrosis II degree 
of the right kidney, multiple nephrolithiasis and a 
stone in the pyeloureteral segment of the right 
kidney with a longitudinal size of 15 mm were 
found. 12 years earlier, a pyelolithotomy had been 
performed on the right kidney due to a coralliform 
stone occupying the entire pyelocalyx system of 
the kidney. At the time of hospitalization, the 
patient had febrile-intoxication syndrome.  

 

 

Fig. 4 Endoscopic renal cavity geode morphology 
during endoscopic retrograde flexible hol-
mium lithotripsy. Stone cavity filled with 
darker brownish crystals is demonstrated 
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Table 3 Clinical and laboratory studies of the 
reported case 2 pre- and post-operatively 

Lab. studies Сase 2 Сase 2 
 before / 

after First 
stage  

before / after 
Second stage 

Hemoglobin(120-
160g/l) 

135/ 131 125/116 

Leukocytes(3,5-
10,5.109/l) 

11.5/12.9 8.4/10.1 

Platelets(140-
440.109/l) 

325/578 331/274 

CRP(0-6.0mg/l) 161.8/11.1 9.2/21.9 
Glucose (s)(2.78-
5.55mmol/l) 

6.83/4.69 6.37 

Potassium(3.5-
5.5mmol/l) 

4.20/4.40 4.40/4.50 

Calcium(2.12-
2.62mmol/l) 

2.32/2.36 2.59/2.39 

Creatinine(74-
127mmol/l) 

72.0/69.0 99.0/84.0 

Uric acid(214-
410mmol/l) 

307.0/369.0 646.3/314.0 

Urea(3.2-
8.2mmol/l) 

11.7/19.1 18.0/6.4 

Prothrombin 
time( 11.5-
13.5sec.) 

13.4 14.2 

Prothrombin 
activity(70-
120%) 

84.1 96.3 

INR(1.0-1.05) 1.10 1.02 
Sediment - Leu-
kocytes 

605/20 per 
HPF 

13/1 per HPF 

Sediment-
Erythrocytes 

69/5 per 
HPF 

5/3 per HPF 

Uroculture Negative Negative 
 

 

 
 

Fig. 5 Preoperative CAT of case 2 showing a 
geode (cavity in the center of the stone 
filled with gas - blue arrow) in the pyelou-
rethral segment of the ureter of the right 
kidney 

 
 

Fig. 6 Antegrade pyelography of case 2 in the 
prone position through the placed neph-
rostomy performed during the first stage 
of treatment 

 

 
 
Fig. 7 Intraoperative radiographs and retrograde 

ureteropyelography of case 2 in the supine 
position during the second stage of treat-
ment 

 
The treatment approach included conservative 

treatment until relief of symptoms and percuta-
neous drainage of the right kidney (Fig. 6). At 
the second stage, a retrograde flexible ureterore-
noscopy was performed (Fig. 7). 

Intraoperative retrograde ureteropyelography 
showed ureteral deviation and proximal ureteral 
calcification. A hydrophilic guide was placed in 
the right ureter and a 7.5 Fr. flexible ureterorenos-
cope was mounted on it. The proximal ureter was 
reached, where a stone with a pale yellow color 
and an uneven crystalline surface with small 
spikes on its surface was found. During the litho-
tripsy, it was found that the stone had a central 
cavity filled with darker colored brown crystals 
(Fig. 4). After disintegration of the stone, a 4.5Fr 
ureteral stent was placed and the nephrostomy 
tube was removed (Fig. 7). No complications, 
such as hematuria, fever, or pain, were observed 
in the postoperative period. The patient was dis-
charged with improvement of symptoms. The 
fragments obtained after lithotripsy were sent for 
chemical analysis (Table 4). 
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Table 4 Geode composition found in the pyelou-
reteral segment of the urethra of the right kidney 

Composition   
Carbonates 10% 
Phosphates 5% 
Оxalates 30% 
Uric acid 55% 
 

CONCLUSION 
 

Geodes, also called hollow stones, are found 
in nature. In very rare cases, they are found in the 
human body. There is no scientifically based 
theory or mechanism for their in-vivo formation. 
There are no data on the frequency of distribu-
tion of geodes in the human body. Most likely, 
their formation is related to a multifactorial pa-
thological process similar to their formation in 
nature. From our search for scientific publica-
tions similar to ours, we have found out that 
there are only three publications about geodes 
found in the human body. The scientific publica-
tions about a geode formed around a paraurethral 
sling [2], a geode formed in the kidney of a pa-
tient suffering from pyelonephritis complicated 
to pyonephrosis [3] and geodes formed in a pa-
tient with benign prostatic hyperplasia and di-
abetes mellitus with hyperuricemia [1]. From the 
published articles on established geodes in hu-
mans in the past and our two cases, we can draw 
the following conclusions: Geodes are a very 
rare form of urolithiasis. There is no published 
theory about their formation in the urinary-
excretory system in humans. Hyperuricemia may 
play a role in the formation of geodes. Some 
metabolic (gout) and autoimmune (diabetes mel-
litus) diseases may play a role in the pathogene-
sis of geodes. Uroinfections and the presence of 
certain types of bacteria can be a factor in the 
formation of geodes. The localization of geodes 
can be vesical, ureteral or renal, as well as in 
unusual places - paraurethral. In the composition 
of the geodes we examined, we found a predo-
minant urate component (45% to 55% of the 
composition). The second predominant compo-
nent of the composition of geodes are oxalates 
(30% to 40% of the composition). The carbonate 
component in the composition of stones 
represented from 5% to 10%. Phosphates were 
encountered in 5% of the samples. Ammonium 
and magnesium were found in 1% of the compo-
sition of the studied geodes. As composition, 
they are mixed stones. The composition of the 
geodes from our samples showed the presence of 

varying percentages of uric acid, oxalates, carbo-
nates, phosphates, ammonium and magnesium. 
They can have a smooth or uneven surface with a 
yellow-orange or pale yellowish color. They 
consist of a solid shell and a cavity filled with 
crystals. In our study, we examined the two parts 
of the wall of bladder geodes. We found a differ-
ence in the composition of the outer and inner 
part of the wall (Table 2) of bladder geodes. Car-
bonates and ammonium were found only in the 
inner part of the investigated fragments. These 
are components of the composition of inflamma-
tory stones. Geodes vary in size and shape. Pre-
disposing factors for the formation of geodes can 
be conditions leading to stagnation of urine in the 
urinary system (US) - postoperative adhesions, 
kinks, strictures, tumor processes, congenital 
anomalies of the US, frequent uroinfections, 
presence of foreign bodies, etc. The time for the 
formation of the established geodes according to 
anamnestic data of cases 1 and 2 can be assumed 
to be over 1 year. In his publication on a hollow 
kidney stone [3], Howard reported that stones 
that have remained for a long period of time in 
the ureter sometimes have cavities. The case 
described by him shows the presence of a hollow 
stone in an afunctioning sclerotic kidney. The 
anamnestic data of severe trauma in the area of 
the kidney, the pyelolithotomy performed in the 
past, severe infection of the kidney and the hypo-
thesis expressed by the author about the forma-
tion of the hollow stone - the presence of coagu-
lum in the cavity system of the kidney and the 
deposition of salts on the coagulum leading to 
the formation of a stone with cavity over time. In 
our reported second case, we observed a similar 
scenario with frequent infections, presence of a 
stone removed by pyelolithotomy, and then re-
currence of a stone with the presence of a cavity. 
We assume that the described events can play an 
important role in the formation of hollow stones. 
The composition of the stone found by Howard 
was predominantly phosphatic. In our case, we 
found a mixed stone with mainly a urate compo-
nent, and the phosphate component presented in 
a very low percentage. The time interval from 
pyelolithotomy to the symptoms of renal colic is 
about 12 years, from which we can possibly as-
sume the formation of a stone with a cavity in 
case 2. We have no evidence of the presence of 
blood clots in the cavitary system of the kidney 
in case 2, but an operation such as pyelolithoto-
my suggests the presence of some amount of 
blood-coagulum during the operative interven-
tion in the cavitary system of the kidney, but we 
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have no definite evidence of this to confirm the 
hypothesis of the lithogenesis of the hollow 
stones reported by Howard. 
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ABSTARCT 
 

This study presents a survey of the psycho-social characteristics of childless families/partnering 
couples in the context of the social factor of the demographic map in the city of Burgas and as a part 
of reproductive problem in this region. 

Attention is given on demographic indicators and regional administrative policy. 
Keywords: psychological, social factors, reproduction, demographic problems, Burgas 

 

                                                            
1 The article was presented at the Challenges for Medical Science and Practice in the 21st Century Congress of 
Medicine, Burgas, 1-3 September 2022 

INTRODUCTION 
 

Our country is still in a period of economic 
and social transformation. Against this back-
ground, the demographic picture of Bulgaria at 
the beginning of the 21st century is unfavorable. 
The low birth rate and high death rate determine 
the negative natural growth in our country [1]. 

Population reproduction is a dynamic com-
plex, conditioned by medical, biological, demo-
graphic and social conditions. 

The in-depth analysis of the health status of 
the nation reveals serious reasons regarding the 
possibility of realizing the reproduction of the 
population. One of them, perhaps the most im-
portant, is related to the fertility possibilities of 
the partnering couple [2]. 

Realization to the maximum extent of the 
dreams of the Bulgarian family can be supported 
by creating an appropriate health and socio-
economic environment [3]. The regional policy 
of each settlement would also be of particular 
importance. 

Our interest in the conducted study was also 
provoked by surveying the influence of the psy-
cho-social characteristics of childless fami-
lies/partnering couples in the context of the so-
cial factor of the demographic map in the city of 
Burgas. 

 
 
 

MATERIAL AND METHODS 
 
The study covers a survey aimed at four target 

groups (a total of 209 persons) from the popula-
tion of reproductive age, as well as members of 
the municipal administration in the city: 

 
 
 
 

 

 
RESULTS 

 
According to NSI data, the population in the 

city of Burgas to 31.12.2020 was 409,750, of 
which 197,692 and 212,058 respectively were 
men and women. In active reproductive age (20-
34 years) was 64,074, of which 32,132 men and 
31,939 women. There is no information how 
many of them are with reproductive problems.  

From the indicated data (Fig. 1), the positive 
coefficients of birth (8.5) and fertility (1.59؉) are 
visible, comparing them with other statistical 
regions or the whole country. Apparently, chil-
dren are being born in the city, albeit not enough. 
Quite logically, the negative natural increase  
(-6.6؉) also follows, but again it is the best 
indicator compared to the one for our country. 

First group - "administration" 
Second group - "medical professionals" 
Third group - "patients with fertility problems"
Fourth group - "men and women of reproduc-
tive age without fertility problems" 
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Fig. 1 Demographic indicators in the city of Burgas, compared with the country (NSI, 2020) 

 
Let us look for an answer, why so many 

children are born, but the demographic problem 
is on the agenda for the population and the city 
administration. 

From the survey conducted by NSI in 2012 at 
the national level, and from our survey, it is strik-
ing that only 14.6% for the country and 16.8% in 
the city realize that in order to have a positive 
increase, the modern family or partnering couples 
must /wish to have three or more children (Fig. 2). 

 

 

Fig. 2 How many children should the modern 
family have and how many children do 
you want to have in total in your lifetime? 
(NSI, 2012) 

 
They are unanimous in their answers when 

they point out the factors influencing the choice 
of how many children to have. 

The respondents shared that the most impor-
tant reason for not having children were financial 
(17.8%) and economic difficulties (10.3%), ad-
vanced age (12.2%), lack of a partner (16.4%). 
The share of those devoted to careers and social 
commitments is not small (6.5%). According to 
62.2%, it depends to what extent the decision 
whether to have a child/another child depends on 
the possibility of providing care, and in 44.5% is 
it predetermined by the proposed measures to 
support fertility? 

The 22.6% realize that the medico-biological 
factor is an invariable part of the demographic 
crisis and that infertility is actually a disease 
(64.5%). 

Among the surveyed 39 municipal councilors 
in the city out of a total of 51, twenty-seven of 
them believe that there is a demographic problem 
in the city and the medico-biological factor is an 
invariable part of it. Between 5 and 11 of them 
don't even know if there is one. The majority 
(32) do not know how many families in the city 
do not have children due to medical indications. 

The summarized answers, respectively in 
22.9% and 14.3% to both questions "I am not 
aware" and "does not affect" are in all probability 
due to the fact that medical professionals work-
ing in the field of reproductive medicine and 
biology are indebted to society us. Obviously, it 
needs further clarification. We find a similar 
finding in the recommendations that are ad-
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The recommendations made would, in all 
probability, be an additional correct step in pro-
moting fertility in two directions - the first is in 
the direction of increasing the natural increase, 
the second - providing a competent opportunity 
for early diagnosis and adequate treatment in 
existing reduced or absent fertility. 

 
DISCUSSION 

 
Living longer is a sign of a healthy and suc-

cessful population, but when coupled with low 
birth rates, it raises questions that need to be 
addressed now [4]. 

The rate of population decline is telling. Of 
all the EU member states, the population of Bul-
garia is decreasing the fastest [5]. 

The family with two children is the reproduc-
tive ideal in the minds of today's Bulgarian 
peoples. But the data from conducted during the 
census in 2001. sample fertility studies show a 
substantial discrepancy between the ideal of fam-
ily size and the realization of reproductive de-
sires. According to the research, most Bulgarian 
families (70%) wish to have two children, but 
due to economic difficulties, 60% of them have 
not been able to realize their ideal. In this sense, 
there are certain reserves for increasing the birth 
rate. 

In the short term, they consist in creating 
conditions for reducing the number of delayed 
births, and in the medium and long term - in 
realizing to the maximum extent the ideal of the 
Bulgarian family - a family with two children by 
creating a suitable socio-economic environment 
for their upbringing and education. That is why 
the state's efforts should be aimed at creating 
suitable conditions for the birth, upbringing, 
upbringing, material security and social realiza-
tion of as many children as the parental couple 
would like to have [3]. 

It is logical to argue that with the growth of 
the economy and income, more opportunities to 
raise a child are provided. However, most re-
search on the subject proves that when economic 
conditions improve, the birth rate increases espe-

cially among the poorest strata of the population 
(Easterlin's theory) [6-8]. 

Perhaps the view is confirmed. Richard Eas-
terlin was the first modern economist to study 
subjective happiness. In his 1974 book "how 
much can economic growth improve people's 
happiness", he proposed the so-called Easterlin 
paradox: an increase in income does not neces-
sarily lead to an increase in happiness. 
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ABSTARCT 

 
This paper investigates the fertilizing ability of patients with Torsio testis and the occurrence of 

spermatopoietic disorders on gonadal functions. 
We investigated 34 patients (average 24.81 ± 1.90 years old) with Torsio testis and 29 (average 

25.63 ± 2.15 years old) healthy men as a control group. The following methods were used: andrologi-
cal anamnesis and status; spermatological analysis of the ejaculate and sperm morphology according 
WHO [2010] using Automatic Sperm Class Analyser (Microptic, Spain); cytological analysis of sperm 
using Yashkovski staining technique; statistical significance was verified with Student’s t-test and 
SPSS computer program.  

In Torsio testis’ patients the volume of the ejaculate is in the lower range, a change in the pH is 
minimal and normal viscosity. Normozoospermia patients showed increase in the percentage of static 
and non-progressive mobile sperm and consequently - decrease in the progressively mobile cells per-
centage. Oligozoospermia patients showed even worse indicatiors. We noticed the decrease of middle 
and fast moving sperm percentage.   

There are a sperm morphological changеs: an increased abnormalities percentage in the sperm 
head, in the individual tail parts, observed cytoplasm retention around the cervix or/and part of the 
median share of the sperm rarely. 

Cytological and light microscopic examination of seminal fluid showed a varied sperm picture with 
multiple disabilities that convert them to functionally inactive because of suppression or disturbance 
in the normal course of the spermatopoietic process in patients with Torsio testis.  

Keywords: sperm, Torsio testis, fertility 
 

                                                            
1 The article was presented at the Challenges for Medical Science and Practice in the 21st Century Congress of 
Medicine, Burgas, 1-3 September 2022 

INTRODUCTION 
 

It is well known that early treatment of pa-
tients with Torsio testis is the way to preserve the 
gonads. The degree of stored testicle is 56% 
[1,2]. However, it is a fact that even these 
"saved" gonads have spermatopoietic disorders 
in their functions [3], even if the localization of 
the process is unilateral. [4] It is astonishing that 
infertility can follow the unilateral forms of the 
disease, although there is a presence of "healthy" 
contralateral gonads [3]. 

Different answers are available why there is a 
pathological spermiogramme in these patients, 
even more so that there is a healthy contralateral 
testicle [4] It is not clear whether the cause is 
primary as a result of congenital inferiority of the 
gonads or is secondary to the result of seminal 
vesicular torsion. [3,5]. But one thing is clear - 

the unilateral function of the testicle is not equiv-
alent to fertility. 

The aim of the paper is to investigated influ-
ence of vesicle disease Torsio testis on patinet’s 
spem fertilizing ability. 

 
PATIENTS AND METHODS 

 
We were investigated 34 patients (average 

24.81 ± 1.90 years old) with Torsio testis and 29 
(average 25.63 ± 2.15 years old) healthy men as 
a control group.   

The following methods were used:  
 andrological anamnesis and status;  
 spermatological analysis of the ejaculate 

and sperm morphology according WHO [6] 
[2010] using Automatic Sperm Class Analyzer 
(Microptic, Spain);  
 cytological analysis of sperm using Yash-

kovski staining technique;  
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The results are given as mean ± SD.  
In conducting this research, we have followed 

all the recommendations of the Ethics Committee 
Approval. 

RESULTS 
 

One of the major evaluations of seminal 
plasma begins with its physico- chemical proper-
ties determination: volume, pH and viscosity. 
Such a study is informative with regard to the 
initial information on the exocrine function of 
the testes and the condition of the adherent sex 
glands. They all determine the total ejaculated 
volume. 

In Torsio testis’ patients the volume of the 
ejaculate is in the lower range (1.90 ± 0.15 ml). 
Decreased amount of plasma, produced in acute 
scrotum can be explained by delayed surgical 
treatment resulting on a fertility capacity im-
pairment of the "single testicle" pathology. 

There is a morphological change: increased 
abnormalities percentage mainly in the sperm 
head in Torsio testis patients (Fig.1, Table 2). 

 

Fig. 1 Sperm anomalies in ejaculate on Torsio 
testis’ patients 

Table 1. Sperm concentration (millions/ml) and motility analysis on patients with Torsio testis 

Progression Percentage (% ) Concentration  
NORMOSPERMIA   n=13   
  Static 12.9 ± 0.99% 8.2±0.65 
  Non-progressive motile 44.4 ± 1.13 % 28.4±0.59 
  Progressive motile 42.7± 2.22% 27.3± 1.13 
 TOTAL 100.0% 64.0±3.33 
OLIGOSPERMIA   n=17   
  Static 98.3± 6.66% 11.5±2.12 
  Non-progressive motile 1.2± 0.78% 0.1±0.07 
  Progressive motile 0.4± 1.14% 0.0 
  TOTAL 100.0% 11.7±3.43 
CONTROL GROUP n=29   
  Static 0.2± 0.01% 0.2±0.09 
  Non-progressive motile 7.3± 0.76% 6.1±0.93 
  Progressive motile 92.4± 0.99% 77.0±0.46 
  TOTAL 100.0% 83.3±1.12 
 

Table 2. Sperm morphology and velocity (µm/s) on Torsio testis’ patients  

CONTROL GROUP  n=29 Total Static Slow Medium Rapid 
  Head Area 14.7±0.8 12.5±2.22 9.0±1.17 15.2±1.35 14.7±4.12 
  Round Cells 9.1±0.43 mill/mL (< 5 mill/mL) 
  Circular tracks 2541±231 89.7±0.39 % 
NORMOSPERMIA   n=45      
  Head Area 6.4±2.22 9.7±0.98 8.0±0.14 6.0±0.98 4.8±1.12 
  Round Cells 0.4±0.61 mill/mL (< 5 mill/mL)   
  Circular tracks 919±112 51.5± 1.2%    
OLYGOSPERMIA  n=76      
  Head Area 17.0±1.11 17.0±1.13 10.2±2.44 0.0 4.2±1.23 

  Round Cells 2.1±0.65 mill/mL (< 5 mill/mL)   
  Circular tracks 3±1.55 1.2± 1.2%    
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A change in the ejaculate pH obtained from 
patients with Torsio testis is minimal relative 
(7.55-7.60) to the control group. The studies 
showed normal ejaculate viscosity except for two 
patients. 

The study of motility showed that even in 
Normozoospermia patients suffering from Torsio 
testis, there is an increased percentage of static 
and non-progressive mobile sperm and conse-
quently decreased percentage of mobile cells, 
compared to healthy controls. In Oligozoospermia 
patients the indicators are even worse (Table 1). 
We notice the decrease of middle and fast moving 
sperm percentage in Torsio testis patients. 

Torsio testis patients were the least exposed to 
morphological changes (Table 3) in the individual 
tail parts (0 – 2.00%), for example - double flagel-
lum 1.00%. We observed cytoplasm retention 
around the cervix or/and part of the median share 
of the sperm rarely - 1.00%. Light microscopic 
examination of Torsio testis patients’ seminal 
fluid showed a varied sperm picture with multiple 
disabilities that convert them to functionally inac-
tive. 

 
Tablе  3  Anomalies in sperm morphological 
forms in Torsio testis’ patients   

Anomalies in sperm morpho-
logical forms in Torsio testis’ 
patients: 

Total % 

Sperm head  
- macrocephalic 
- microcephalic 
- oval 
- elongated 
- double 

42 
11 
15 
3 
15 

Sperm flagellum 2 
Cytoplasmic droplet 1 
Combined anomalies  3 

 
DISCUSSION 

 
The disease occurs in 1/4000 men aged under 

25 and in 1/160 men over 25 years old for year 
[7,8]. Studies indicate that twisting of 720 de-
grees induces ischaemia, sufficient to destroy the 
tubuli seminiferi epithelium. [2,9] Experimental 
testicular ischemia/reperfusion (e.g. Torsion/De-
torsio) in rats and/or mice induced germ cell 
reduction and apoptosis, seminal epithelial vacu-
olization and decreased sperm production [5,10]. 

We can safely add the importance of hypoxia, 
hyperthermia and deteriorated antioxidant pro-
tection to factors for impaired spermatogenesis.  

Besides the total number, perhaps the most 
important unit in the fertility capacity of the male 
genital cells is their mobility and, above all, the 
percentage of fast moving sperm in the ejaculate. 
Studies on male sperm motility have led some 
authors to consider this quality as a marker for 
good prognostication of male fertility in in vivo 
and especially in in vitro fertilization. [1,11]. 

Progressive and highly progressive movement 
is characteristic of normal healthy sperm and any 
variation in environmental conditions lead to 
relevant disorders affecting the specified parame-
ters and motility in general, and therefore an 
altered fertility. Physico-chemical factors have 
the most influence on the motility of the germ 
cells: viscosity [12], osmotic pressure, tempera-
ture and ejaculate oxygen concentration [13]. 
Such a finding we did, comparing the data for 
viscosity and pH, which show that the combina-
tion of hyperviscosity, although reported in iso-
lated cases, with increased acidity of the medium 
greatly increases  the proportion of weakly mov-
able gametes (between 80-95%), reaching 100% 
static, regardless of concentration (Nor-
mo/Oligozoo-spermia) or male genital patholo-
gy. 

Sperm motility is the first visible indication of 
changes in distortion physico-chemical condi-
tions of semen, regardless of the etiological 
cause. In the case of Torsio testis, the percentage 
of fast moving sperms decreases while weakly 
moving and immobile cells increase.  

The   abnormal ejaculate cells ratio to the to-
tal sperm count is one of the main factors in male 
fertility determination. Typically, the reduced 
amount of spermatozoa in the seminal fluid 
and/or the increased presence of morphologically 
immature abnormal spermatozoa (at the expense 
of normal) are the result of suppression or distur-
bance in the normal course of the spermatopoie-
tic process. 

The morphological picture in the vascular pa-
thology study showed a 48% presence of meta-
morphic cells. Summarizing the data from the 
performed studies, we found that in the results 
related to the concentration of the gametes with 
normal and / or disturbed morphology showed a 
tendency to increase of injured cells percentage 
in a large part of the Normo- and Oligozoosper-
mia ejaculates of Torsio testis patients. There are 
also cases where abnormal cells are in a small 
amount, only if for Normospermia ejaculates this 
is expected, it is of interest to Oligozoospermia 
patients and is important for more specific ade-
quate therapy application. [4] 
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The degree of degenerative changes in mor-
pho-functional qualities of male genital cells is 
closely related to the etiological factor of the 
disease process and the severity of spermatoge-
nesis damage [12]. 

Oligosospermic ejaculates but with a high 
percentage of vital, morphologically normal, 
genital cells with good motility may be well 
prognostic for fertility, as some of the observed 
cases with Torsio testis [4]. 

 
CONCLUSION 

 
 In most cases, the high-grade torsion testicle 

not restored in time, caused permanent sperma-
togenesis disturbances, resulting in infertility 
and, in some cases, sterility. 
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ABSTRACT 
 

Endothelial dysfunction, characterized by decreased bioavailability of nitric oxide (NO) is one of 
the major factors in the pathogenesis of metabolic syndrome (MetS). Increased plasma level of asym-
metric dimethyl arginine (ADMA), an endogenous inhibitor of nitric oxide synthase (eNOS) is marker 
of endothelial dysfunction and cardiometabolic risk. Enzyme heme-oxygenase-1 (HO-1), catalyzing 
degradation of heme to carbon monoxide and bilirubin, has antioxidant and cytoprotective effects in 
various stress. Data about the role of HO-1 in the pathogenesis of ED in MetS are scarce. The aim of 
the study was to examine the association of plasma levels of ADMA, HO-1 and malondialdehyde 
(MDA) as marker of lipid peroxidation and oxidative stress in people with MetS. Material and Me-
thods: According to NCEP-ATP III criteria for the MetS the participants of the study were divided in 
two group: metabolic) (n =30) and control (nonmetabolic) (n=14) groups. Plasma HO-1, ADMA were 
investigated in the biochemistry laboratory using the ELISA methods. Plasma lipid peroxidation in 
was assayed by MDA levels detected by thiobarbituric acid reactivity (TBAR). Results: Plasma levels 
of ADMA increased (by 21%, p<0.01) and HO-1 (by 31%, p<0,05) and MDA (by 63%, p<0,01) in 
people with MS when compared to those of the control one. A positive association between ADMA and 
MDA and ADMA and HO-1 in the plasma were noted in people with Mets. In conclusion, the results of 
the present study indicate that the study of plasma biomarkers such as ADMA, HO-1 and MDA is im-
portant for the evaluation of ED in clinical practice. 

Key words: ADMA, oxidative stress, HO-1, endothelial dysfunction, metabolic syndrome 
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INTRODUCTION 
 

Metabolic syndrome (MetS) is becoming a se-
rious public health problem. The main risk factors 
of MetS are associated with an increased risk of 
cardiovascular disease, the occurrence of stroke, 
type 2 diabetes mellitus and an increased risk of 
mortality. MetS stimulates the onset of early athe-
rosclerosis, its development and accelerates the 
incidence of cardiovascular complications asso-
ciated with atherosclerosis and diabetes mellitus. 
Endothelial dysfunction (ED), characterized by 
decreased bioavailability of nitric oxide (NO) is 
one of the major factors in the pathogenesis of 
MetS [1]. Increased plasma level of asymmetric 
dimethyl arginine (ADMA), an endogenous inhi-
bitor of nitric oxide synthase (eNOS) is marker of 
endothelial dysfunction and cardiometabolic risk 
[2]. A possible mechanism for reducing eNOS 

activity is the inhibitory effect of free radicals and 
cytokines on the expression of this enzyme in the 
vascular endothelium. 

As an inducible stress protein, HO-1 is widely 
accepted to be a highly sensitive and reliable 
marker of oxidative stress [3]. HO-1 is antioxidant 
enzyme that exerts beneficial effects through the 
protection against oxidative damage [4].  Heme-
oxygenase-1 (HO-1), catalyzes the degradation of 
heme to carbon monoxide (CO) and bilirubin 
which have also antioxidant and cytoprotective 
effects [5].  Data about the role of HO-1 in the 
pathogenesis of ED in MetS are scarce.  

The aim of the study was to examine the asso-
ciation of plasma levels of ADMA, HO-1 and 
malondialdehyde (MDA) as marker of lipid pe-
roxidation and oxidative stress in people with 
MetS. 
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METHODS 
 

Subjects, groups 
According  to  NCEP-ATP III criteria [6] for 

the metabolic syndrome (the presence of three or 
more of the following: waist circumference ≥102 
cm (men), ≥88cm (women); blood pressure 
≥130/85mm Hg or treatment for hypertension; 
triglycerides ≥1.7 mmol/l (≥150mg/dl); HDL-
cholesterol <1.03 mmol/l (<40 mg/dl) (men), 
<1.29 mmol/l (<50 mg/dl) (women) the  partici-
pants of the study were divided in two group:  
metabolic, n=30 and  control (nonmetabolic) 
(n=14) groups.   Information of personal history 
of diabetes mellitus, hypertension, obesity and 
dyslipidemia as component of MetS, genetic 
predisposition of risk factors: age, unhealthy life 
styling (diet rich of carbohydrate, lipids, poor of 
vegetables, fruits and antioxidants, physical ac-
tivity) were assessed through a structured inter-
view. The control group clinically healthy indi-
viduals who volunteered to participate in the 
study. The study was approved by the local Ethi-
cal Committee at the Medical University of Var-
na (Protocol № 86/26.09.2019). Written in-
formed consent was obtained from all partici-
pants in the study. Data regarding personal in-
formation were coded and kept confidential. 
Forty fourth people (36 females, 8 males) aged 
from 20 to 61 years were included in the study. 

 
Table 1. Baseline characteristics of the study 
groups 

 Control 
Group 
N=14 

MetS 
Group 
N=30 

Age (years) 38,7+1,62 53,8+1,91 
Genetic predispo-
sition (Yes/No)   No 20 (67%) 

Diabetes (Yes/No No 16 (54 %) 
Arterial hyperten-
sion Yes/No)   

No 
19 (63 %) 

 
Obesity (Yes/No No 18 (60 %) 
Physical inactivi-
ty 

No 21 (70 %) 

Unhealthy life 
styling 

No 
24 (80 %) 

 
 

Blood collection 
Fasting blood was collected from the jugular 

vein in vacutainers (EDTA). Plasma was sepa-
rated by centrifugation at 800 rpm for 10 min, 
aliquoted and storage at -20oC. Subsequent ana-

lyses were performed immediately after thawing 
of the samples. 

 
Measurement of plasma ADMA and HO-1 

concentrations 
ADMA plasma concentrations were deter-

mined using ELISA assay kit (DLD Diagnostica 
GMBH, Germany) after it was validated locally. 
Data are presented in mmol/L. 

HO-1 plasma concentrations were determined 
using ELISA assay kit (EKS-800, Stressgen Bio-
reagents; now Assay Designs, Ann Arbor, MI, 
USA). Data are presented in ng /mL. 

 
Measurement of MDA Levels 
As indicator of lipid peroxidation, plasma 

MDA levels were detected as described by Porter 
et al with some modifications as follows: with 
the aim of protein precipitation to 250 μL of 30% 
trichloroacetic acid were added to 100 μL plasma 
sample. After centrifugation at 3000 rpm/room 
temperature/10 min 150 μL supernatant were 
mixed with 150 μL 0.67% thiobarbituric acid, 
adjusted to pH 7.0 with 0.1 N Na OH. After 20 
min of incubation in water bath at 96oC samples 
were immediately cooled in ice water. 200 μL 
from each sample were transfered in 96 ELISA 
plates and absorption at λ=532 nm was measured 
on Synergy 2 multiplate reader (BioTek, USA). 
Absorption was adjusted using a mixture of 
deionized water and thiobarbituric acid (1:1) as 
blank. The concentration of MDA in samples 
was calculated using calibration curve. Results 
are expressed as mean±SEM nmol. MDA con-
centration in each plasma sample was measured 
in triplicate.  

 
Statistical analysis      
Data were presented as mean ± SEM, or per-

centage (%), as appropriate. Data analysis was 
performed on GraphPad Prism v. 8.3. and SPSS 
v. 23. Standard statistical methods such as de-
scriptive statistics, unpaired Student’s t-test for 
normally distributed parameters, and one-way 
ANOVA with Bonferroni correction were used.  

 
RESULTS 

 
Plasma levels of ADMA increased (by 21%, 

p<0.01) (Fig. 1), MDA (by 63%, p<0,01) (Fig. 2) 
and HO-1 (by 31%, p<0,05) (Fig. 3) and in 
people with MS when compared to those of the 
control one. A positive association between 
ADMA and MDA (r=0,545, p<0,05) in the 
plasma were noted in people with Mets. 
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Fig. 1 Plasma Levels of ADMA mmol/L in the 
people with MetS. Results are given as 
mean ±SEM; **p <0, 0001 controls (C) vs 
MS case   

 
Fig. 2 Plasma Levels of MDA (mmol/L) in the 

people with MetS. Results are given as 
mean ±SEM; ***p <0, 0002 controls (C) 
vs MetS case     

 

Fig. 3 Plasma Levels of HO-1 (ng/mL) in the 
people with MS. Results are given as mean 
±SEM; *p <0, 01 controls (C) vs MS case 

DISCUSSION 
 

In present study we investigated the associa-
tion of plasma levels of ADMA an endogenous 
inhibitor of nitric oxide synthase is marker of 
endothelial dysfunction, HO-1 and MDA as 
marker of lipid peroxidation and oxidative stress 
in people with MetS.  

 In the current study we found a significant 
positive association between serum MDA, mark-
er of oxidative stress and ADMA as a marker 
endothelial dysfunction.  It is known that ADMA 
is metabolized by dimethylarginine dimethyla-
minohydrolases 1 (DDAH1) to dimethylamine 
and citrulline. On the other hand, ADMA is pro-
duced by degradation of methylated proteins by 
the action of enzymes called protein arginine 
methyltransferases type I (PRMT-I) [7]. The 
expression of PRMT in endothelial cell is upre-
gulated by the presence of native or oxidized 
LDL cholesterol both of them increased in these 
MetS patients [8]. 

It is suggested that oxidative stress may sti-
mulate ADMA production and/or inhibit ADMA 
degradation that lead to decrease inhibition of 
eNOS and reduction of NO availability [8]. A 
possible mechanism for reducing eNOS activity 
is the inhibitory effect of free radicals and cyto-
kines on the expression of this enzyme in the 
vascular endothelium.  

The superoxide anion radicals in turn reacts 
with the NO radical, thus reducing the bioavaila-
bility of NO in favor of the formation of ONOO 
which leads to eNOS uncoupling via oxidation of 
BH4 [9]. The uncoupled eNOS shifts the nitroso-
redox balance favoring production of O2 − rather 
than NO, resulting in further increased formation 
of endothelial ROS and the activation of redox-
sensitive genes that contribute to endothelial 
dysfunction. It is possible to speculate that in-
creased ADMA concentration and oxidative 
stress in causing a reduction of NO availability 
may be responsible for ED [8]. 

The reduced bioavailability of NO due to re-
duced eNOS activity and/or NO degradation 
leads to impaired endothelium-dependent vasodi-
latation, tendency to thrombus formation and 
remodeling of the vascular wall. Oxidative stress 
can also worsen endothelial damage by eliciting 
an inflammatory response and increasing expres-
sion of proinflammatory cytokines and to contri-
bute to progression of CVD - components of 
MetS [9]. 

ADMA may also inhibit antioxidant activity 
of superoxide dismutase (SOD), glutathione pe-
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roxidiase and catalase and increases oxidative 
stress and endothelial dysfunction [10]. This was 
accompanied by increased circulating levels of 
the lipid peroxidation and oxidative stress mark-
er- MDA. Oxidative stress was present in our 
study according to the increased levels of MDA 
in MetS.  

Enzyme HO-1 is the body’s first line of de-
fense against oxidant attack.  Although HO-1 is 
expressed at low levels in endothelial cells under 
basal conditions, it is highly inducible in re-
sponse to various pathophysiological stresses/ 
stimuli [4]. It has been reported that HO-1 induc-
tion inhibited ROS production in aorta isolated 
from in animals with fructose-induced MetS 
[11]. We found increase plasma HO-1 levels in 
people with MetS. We hypothesize that HO-1 is 
more compensatory in nature, and the elevated 
levels support the view that it has the capacity of 
a marker of oxidative stress in the vascular wall. 
Data about plasma levels of HO-1 human with 
metabolic syndrome are very scarсe. The ele-
vated plasma HO-1 levels have been reported in 
diabetes [12]. In clinical case heme oxygenase-1 
deficiency oxidative stress causes enhanced en-
dothelial cell injury [13].  

HO-1 has been shown to be important for ate-
nuating the overall production of reactive oxygen 
species (ROS) through its ability to degrade heme 
and to produce carbon monoxide (CO), bilive-
rdin/bilirubin, and the release of free iron [14]. 

HO-1 may restore reduced eNOS activity and 
compensate for the loss of NO bioavailability not 
only by inhibiting NADPH oxidase activity gen-
eration of superoxide radicals, but also by in-
creasing SOD and catalase and antioxidant ca-
pacity of EC in Mets [11, 15]. 

Also, increased HO-1 and heme degradation 
products can improve vascular function, possibly 
exerting anti-inflammatory, anti-proliferative and 
anti-apoptotic effects [16]. According to a num-
ber of authors, the study of HO-1 provides an 
assessment of the body's adaptation mechanisms 
and possibilities for therapeutic influence.  

 
CONCLUSION 

 
In the current pilot study, we found that plas-

ma HO-1 and ADMA (endogenous eNOS inhibi-
tor) levels are increased in people with Mets. We 
suggest that induction of HO-1 is an adaptive 
response against oxidative stress-mediated de-
creased eNOS activity, loss of no availability and 
ED in people with MetS.  The study of the rela-
tionship between ADMA, HO-1 and oxidative 

stress would contribute to elucidate the complex 
pathophysiological mechanisms of endothelial 
dysfunction in MetS and this would allow the use 
of these markers in screening the risk of early 
atherosclerosis in metabolic syndrome. 
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ABSTRACT 
 

Clinically, secondary malignancies of the cerebrum represent more than 50% of all brain tumours. 
It has been shown that cerebral metastases occur in 15-30% of all diagnosed cancer patients. Most 
are from lung (44%), breast (10%), kidney (7%), melanoma (3%), and undetected primary neoplasms 
(10%). Paediatric ones are very rare and are most commonly from neuroblastoma, rhabdomyosar-
coma and Wilms tumours. The route of metastasis is hematogenous. Clinical symptoms include epi-
lepsy, headache, graded changes in neurological status to coma and death. 

By performing imaging studies with CT, MRI, and PET scans, we aim to clarify the tumour process 
and localization and plan the surgical approach. The treatment is complex, including surgical inter-
vention, symptomatic medication, radiotherapy and chemotherapy. With surgical management, we try 
to prolong the patient's quality and length of life. 

In a large percentage of cases, metastatic tumours are life-threatening and their correct diagnosis 
and subsequent timely therapeutic management are of utmost importance. Combined medical, surgical 
and radiotherapeutic approaches give encouraging results in prolonging the patient’s life. 

Key words: brain, therapeutic approach, brain metastases 
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INTRODUCTION 
 

Intracerebral metastases are one of the most 
common clinical malignancies, accounting for 
more than half of brain tumours [1, 4]. Clinico-
pathologically, they represent abnormal uncon-
trolled development of cells from the nervous 
system, meninges, and all cellular structures in 
the brain. The aetiology is diverse and complex. 

In 15-30% of patients with cancer, metastases 
to the central nervous system occur, with pri-
mary foci in the lung (44%), breast (10%), kid-
ney and gastrointestinal tract (6-7%), and malig-
nant melanoma (3%) [7, 9]. 

Clinical symptoms include headache, limb 
weakness or paralysis, nausea and vomiting, 
convulsive seizures and fits, ataxia, disorienta-
tion, visual and speech disturbances [1, 2]. 

The aim of our study is to review the clinical 
symptomatology, aetiology, and treatment of 
non-brain metastases and to present two case 
reports of patients with brain metastases. 

 

MATERIALS AND METHODS 
 

Diagnosis of metastatic tumours in the brain 
includes, first of all, the patient's symptomatol-
ogy and the presence of another malignant proc-
ess in the body, diagnosed or not. 

This is followed by CT with or without con-
trast enhancement, MRI with or without contrast 
enhancement, the aim of contrast studies being to 
illustrate the blood vessels in the brain that are in 
close proximity to the tumour or are feeding the 
tumour, for more precise surgical treatment [6, 
7]. Also, it is of key importance to take a biopsy 
for histological verification and typification. 
Lumbar puncture is of limited use, but can be 
included in studies [1, 3, 5]. 
 

RESULTS 
 

After conducting imaging studies, blood tests 
and taking a detailed status and history of the 
patient's condition, clinical manifestation of 
symptoms and the presence of Ca process, when 
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a metastatic formation is present in the brain, 
cerebellum or spinal cord, its removal is most 
often done surgically. 

The therapeutic management depends on the 
size, number and location of the tumour, whether 
it compresses important brain structures, where 
the primary focus is, the general condition of the 
patient and side effects [7, 8, 9]. 

Surgically, the aim is to remove as much of 
the formation as possible and take material for 
biopsy and verification [10]. 

Through new surgical methods and technolo-
gies, such as neuronavigation, intraoperative 
monitoring, and microsurgical technique under 
optical magnification, the risk of complications 
is significantly reduced. 

Besides surgical treatment, the treatment in-
cludes courses of chemo- or radiotherapy, 
Gamma knife, Cyberknife, True beam, and drug 
therapy corticosteroids, diuretics, and antiepilep-
tic drugs [5, 6]. 

 
CLINICAL CASE 1 

 
A man of age corresponding to his actual age 

was admitted to the neurosurgery department. 
The patient complained of dizziness, severe 
headache and ataxia. After performing MRI of 
the brain, a metastatic mass in the cerebellum 
was detected, leading to the presentation of this 
symptomatology (Fig. 1). 

 

 

Fig. 1 MRI, Patient 1, before surgery  

The patient was operated on by a team of neu-
rosurgeons, and through neuronavigation, micro-
surgical technique under optical magnification, 
intraoperative monitoring and meticulous 
haemostasis, the tumour formation was removed. 
Postoperatively, a control CT of the brain was 
performed without the presence of haemorrhage 
(Fig. 2). The patient was verticalized, with re-
gression in somatic and neurological status and 
discharged 6 days after the surgical intervention. 

 

 

Fig. 2 CT, Patient 1, after surgery 
 

CLINICAL CASE 2 
 

A man of apparent age consistent with his ac-
tual age was admitted to the neurosurgery de-
partment with the development of spontaneous 
generalized seizure. The patient had no other 
complaints, with a co-morbidity of long-standing 
hypertension, which he had treated as prescribed. 

On admission to the department, he underwent 
an imaging-diagnostic study, MRI, which re-
vealed a metatastic formation in the right frontal 
lobe that led to the onset of these seizures (Figs. 3, 
4). The patient was operated on by a team of neu-
rosurgeons and through neuronavigation, micro-
surgical technique under optical magnification, 
intraoperative monitoring and meticulous haemo-
stasis, the tumour formation was removed. 

Postoperatively, a control CT scan of the brain 
was performed without the presence of haemor-
rhage and the patient was discharged 5 days after 
surgery with regression in symptomatology and 
improvement in neurological status (Fig. 5). 
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Fig. 3 MRI, Patient 2, before surgery    Fig. 4 MRI, Patient 2, before surgery     Fig. 5 CT, Patient 2, after 
surgery 
 

CONCLUSION 
 

Intracranial metastases are life-threatening en-
tities, so it is important to diagnose them on time, 
choose the therapeutic management and conduct 
drug therapy to prolong the patient's life and 
improve his or her neurological condition [6,1 0]. 
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ABSTRACT 
 

Spinal fracture is a condition that threatens the normal functioning of the spinal cord. It is most 
common in osteoporosis, traumatic back injury, vertebral metastases, other spinal tumors, and he-
mangiomas. 

Vertebroplasty is performed in cases where traditional methods of treatment do not work, in case 
of long-lasting and worsening pain and immobilization. 

This is a gentle, minimally invasive intervention that provides stability, strengthens the vertebrae and 
relieves pain. Under X-ray guidance, bone cement is injected into the body of the fractured vertebra. 

Indications for performing the method can be: uncomplicated compression fracture in any part of 
the spine as a result of traumatic effects, progressive hemangioma, creating a threat to the anatomical 
safety of the vertebrae, local oncological process in the spinal canal, adversely affecting the quality of 
the bony structures of the spinal elements. 

The contribution of the proposed method is to reduce the use of analgesic drugs, to achieve lasting 
pain relief, to prevent the patient from being bedridden and immobilized, which poses a serious risk to 
his health, especially if in old age.  

Keywords: spinal vertebra, bone cement, vertebroplasty 
 

                                                            
1 The article was presented at the Challenges for Medical Science and Practice in the 21st Century Congress of 
Medicine, Burgas, 1-3 September 2022 

INTRODUCTION 
 

Spinal fracture is a condition that actually 
threatens the normal functioning of the spinal 
cord.  There is a risk that part of the fractured 
vertebra may enter the spinal canal and cause 
compression of the spinal cord itself or the nerve 
roots.  This can lead to neurological deficits - 
paresis or paralysis of the relevant part of the body 
and limbs, depending on the level of damage.   

The most serious injuries occur in fractures in 
the cervical spine, consisting of 7 vertebrae, fol-
lowed by the thoracic spine, consisting of 12 
vertebrae, and the lumbar spine, consisting of 5 
vertebrae, sacrum and coccyx.  

Vertebroplasty is a method invented and put 
into practice in 1984. Its main purpose was the 
removal of hemangiomas of individual vertebrae. 
    

Over time, the spectrum of application of the 
procedure has expanded and is currently used for 
compression fractures of the structural elements 

of the spine, which most often occur against the 
background of advanced osteoporosis. 

Vertebroplasty is a surgical intervention in 
which bone cement is injected into the body of a 
fractured vertebra, which limerises and hardens 
in about ten minutes, thus hardening and streng-
thening its structure. The manipulation is per-
formed under X-ray control. 

General anesthesia is preferred to maximize 
comfort for the patient and the neurosurgeon. In 
addition to healing the vertebra, vertebroplasty 
also achieves permanent pain relief, the main 
goal being to prevent the patient from lying 
down and becoming immobile, which poses a 
serious risk to his health, especially if he is elder-
ly.  

Indications for committing the manipulation 
are: 

- uncomplicated compression fracture in any 
part of the spine, resulting from traumatic 
effects;  

- progressive haemangioma posing a threat to 
the anatomical safety of the vertebrae; 
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- a local oncological process in the spinal 
canal, affecting the quality of the spinal 
structures; 

- the absence of positive pro- changes after 
conservative treatment for vertebral body 
splitting, characterized by partial loss of 
mobility, preservation of pain and formation 
of spinal curvature; 

Contraindications for performing the proce-
dure are:  

- acute inflammatory process localized in the 
bone tissue of the spine; 

- severe compression of the spinal cord and 
nerve endings,  

- extensive damage to the spine from metas-
tases; 

- poor blood coagulation; 
- allergic reaction to one or more components 

of the bone more limer material; 
Vertebroplasty is used for fractures of the 

spine after trauma, due to osteoporosis, or for tu-
mors in the spine, especially metatarsal. The diag-
nosis of "vertebral fracture" is most often made 
after spondylo-lography, but in order to assess the 
necessity and possibility of vertebroplasty, CT or 
MRI is also performed at the appropriate level. 

 
MATERIAL AND METHODS 

 
A 64-year-old woman presented with a histo-

ry of back and low back trauma, more severe 
when slipping and falling on a hard surface.  

The neurological examination carried out to 
assess the functions of the nervous system and 
the presence of their disorders in the form of 
neurological symptoms and syndromes revealed 
vertebra syndrome, no paresis. From the spondy-
lography performed there is evidence of a frac-
ture of the Th12 vertebra (Fig. 1). 

 

Fig. 1 Thoracic spine fracture - preoperative 

RESULTS 
 

The patient was operated one day after the 
trauma. Vertebroplasty was performed under 
general anesthesia and X-ray control - C shoul-
der. The patient was in the supine position during 
the procedure. Through a small incision in the 
area of the injured vertebra, bone cement was 
injected into it using a metal needle. The metal 
needle at the level of the thoracic and lumbar 
region is inserted transspedicularly. The most 
important characteristic of the bone cement is its 
curing speed - about 6 to 11 minutes. During this 
period it is injected and the fracture is filled.   

After performing this manipulation, it is ne-
cessary for the patient to be on bed rest for 1-2 
hours.       

She was dehospitalized on the third day with 
regression in vertebral and pain syndromes with-
out paresis (Figs. 2 and 3). 

 

Fig. 2 Condition after vertebroplasty 

 

Fig. 3 Condition after vertebroplasty 
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CONCLUSIONS 
 

The short hospital stay of the patient is an ad-
vantage to note in this intervention because with-
in two or three days he is discharged. 

The operation is covered by the National 
Health Insurance Fund and there is no co-
payment on the part of the patient, which is es-
sential for quite a few patients. 
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