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THE IMPORTANCE OF CENTRAL CHOLINERGIC SYSTEMS ACTIVATION IN TRAUMATIC 
BRAIN INJURY

1Ziablitsev S.V., 2Khudoley S.O.
1Bogomolets National Medical University, Kyiv, Ukraine

2Medical Center for Contemporary Addictology «MedicoMente», Kyiv, Ukraine
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Relevance. It is known that in traumatic brain injury (TBI), the activity of the central cholinergic systems (CChS) is inhibited, the 
release of acetylcholine and the expression of cholinergic receptors decrease. The restoration of cholinoreactivity is an urgent area of 
research and possible therapeutic direction.

Objective – to determine the effect of CChS activation on mortality, neurological disorders, and the activity of the pituitary-
corticoadrenal system (PCAS) in the acute period of TBI.

Material and methods. TBI was simulated with a free load’s fall on a  xed animal head. To activate the CChS, rats were injected 
with choline alfoscerate (gliatilin, 6 mg/kg) before injury, physiological saline was injected in the control group. Neurological de  cit 
were assessed using the 100-point Todd scale. In blood plasma, 3, 24, 48 and 72 hours after injury, the content of adrenocorticotropic 
hormone and corticosterone was determined by the enzyme immunoassay method (DSL; USA). The results were statistically processed 
using the SPSS 11.0, MedStat, MedCalc software.

Results. Mortality in the control group was 25.0%, in the group with activation of the CChS there were no lethal cases (p<0.05). 
Neurological de  cit in the group with CChS activation was signi  cantly less pronounced compared to the control at all periods of 
observation. The hormone content had a similar dynamics: it reached a maximum after 24 hours and recovered after 72 hours, however, 
upon activation of the CChS, the increase was 1.4-1.5 times less (p<0.05). Thus, the use of choline alfoscerate for modeling the CChS 
activity led to the decrease in mortality and neurological de  cit in the acute period of TBI, which was accompanied by a stabilizing 
PCAS function.

Conclusion. The important role of CChS in the implementation of post-traumatic stress reaction of PCAS, as well as the possibility 
of its pharmacological correction with choline alfoscerate, was established.

Key words: central cholinergic systems; experimental traumatic brain injury; choline alfoscerate.
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PECULIARITIES OF BILIARY FUNCTION OF THE LIVER IN THE 
DYNAMICS OF POLYTRAUMA IN THE EXPERIMENT
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Horbachevsky Ternopil National Medical University, Ternopil, Ukraine
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Relevance. Severe trauma is accompanied by the development of multiple organ dysfunction and the insuf  ciency of internal organs. 
The dynamics of changes in the functional state of the liver didn’t investigate fully. It is the central organ of detoxi  cation of the body, 
whose activity occurs in close integration with other organs and systems of the body. 

Objective is to  nd out the features of the biliary function of the liver in the dynamics of the developed model of polytrauma.
Materials and methods. Polytrauma was performed using 62 nonlinear white male rats weighing 180-200 g under conditions of 

thiopental-sodium anesthesia (40 mg 1kg-1 intraperitoneally). In surviving animals, the biliary function of the liver was studied in 2 h, 
1, 3, 7, 14, 21, and 28 days after injury. For this purpose, the common bile duct was catheterized, and bile was collected for 1 hour in 
animals under thiopental-sodium anesthesia (60 mg kg-1). The rate of bile excretion and the concentration of total bile acids, cholesterol, 
direct and indirect bilirubin in the selected portion of bile were determined. Based on these data, the rate of excretion of the studied 
components of bile was calculated. Euthanasia of rats throughout the experiment was performed by total bloodletting from the heart 
after previous thiopental-sodium anesthesia (60 mg kg-1 intraperitoneally). The obtained digital data were subject to statistical analysis. 

Results. In the conditions of experimental polytrauma, there is a violation of the biliary function of the liver. It is manifested in the 
period of an acute reaction to the trauma  rst (after 2 hours) by a signi  cant it decreases, then (up to 1 day) development of polycholia 
- 1.52 times increased of bile secretion. Also increased excretion of the main components of bile, with their subsequent decrease to 7 
days, development of the period of temporary improvement in 14 days with the repeated of exacerbation period in 21 days and approach 
to the norm - in 28 days.

The decrease in bile secretion corresponds to a period of shock, which is characterized by the centralization of blood circulation 
and reduced blood supply to the organs of the gastrointestinal tract. Increased bile secretion and excretion of main bile components in 
1 day after a severe injury is associated with the increased biliary polarity of hepatocytes and unloading of the liver from endotoxins. 
It accumulates due to tissue damage, microcirculation, and hypoxia. Subsequently, the indicators of the biliary function of the liver 
changed by the identi  ed patterns of lipoperoxidation deviations, antioxidant protection, cytolysis, and endogenous intoxication. The 
pathogenesis of biliary disorders is the damage of the endoplasmic reticulum membranes, where the synthesis of the main components 
of bile. As well as the development of edema of the organ, which prevents the out  ow of bile. 

Conclusion. The dynamics of the development of functional liver failure due to polytrauma coincides with the general pattern 
characteristic of the dynamics of other biochemical markers of traumatic disease. Namely: after 3 days of the post-traumatic period, 
there was a phase of maximum deepening of deviations of the studied indexes. After 7-14 days there was noted a phase of temporary 
improvement which is characterized by a change of indexes towards the norm. After 21 days there was a re-exacerbation of the 
pathological process. After 28 days the indexes changed towards the norm, but for most cases do not reach it.

This means that in a critical state of the body the organs and systems coupling is getting worse, which are remote from the site of 
injury. It can be considered as a factor of compensation and adaptation directed to the survival of the organism.

Keywords: rats, polytrauma, liver, bile 

Relevance. In the structure of injuries in recent 
years, there has been a stable tendency to increase 
the frequency of combined injuries. It is 23.5-85.0% 
accompanied by the development of traumatic illness, 
and it is characterized by severe complications and 
high mortality [7]. Despite signi  cant advances in the 
treatment of polytrauma victims, their effectiveness 
remains unsatisfactory. Therefore, many authors refer a 
comprehensive study of the pathogenetic mechanisms 
of the multiorgan dysfunction formation in conditions 
of polytrauma and traumatic illness to the main areas of 
modern theoretical and practical medicine [5].

In our previous works on the developed model of 
polytrauma [6], we showed that there is a pattern of the 
following indexes deviation. They are the dynamics of 
lipid peroxidation, antioxidant protection, cytolysis, and 
endogenous intoxication in the dynamics of the early and 

late manifestations of the traumatic disease. It consists 
of the fact that after 3 days of the post-traumatic period, 
there is a phase of maximum deepening of deviations 
of the studied indexes. After 7-14 days there is noted a 
phase of temporary improvement which is characterized 
by a change of indexes towards the norm. After 21 days 
there is a re-exacerbation of the pathological process. 
After 28 days the indexes change towards the norm, but 
for most cases do not reach it. 

It is known that a set of systemic abnormalities on 
the background of severe trauma are accompanied by 
the development of multiple organ dysfunction and 
insuf  ciency. Therefore, to increase the informativeness 
of our model of polytrauma, there was a task of determine 
its impact on the functional state of internal organs. 
In several publications for this purpose use indexes of 
a functional condition of a liver as a central body of 
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detoxi  cation of an organism which activity occurs in 
close integration with other bodies and systems of an 
organism. [2]. 

Objective is to  nd out the features of the biliary 
function of the liver in the dynamics of the developed 
model of polytrauma.

MATERIALS AND METHODS 
The experiments were performed using 62 nonlinear 

white male rats weighing 180-200 g, which were kept 
on a standard diet into vivarium. All manipulations 
with experimental animals were carried out following 
generally accepted bioethical standards of humane 
treatment of laboratory animals of international 
and national regulations for animal experiments: 
«European Convention for the Protection of Vertebrate 
Animals for Research and Other Scienti  c Purposes» 
(Strasbourg, 1986); «General ethical principles of animal 
experiments» (Ukraine, 2001), the Law of Ukraine «On 
protection of animals from cruel treatment»  3447-IV 
(Ukraine, 2006).

Polytrauma was performed by our methodology 
developed, under conditions of thiopental-sodium 
anesthesia (40 mg 1kg-1 intraperitoneally). In surviving 
animals, the biliary function of the liver was studied in 
2 h, 1, 3, 7, 14, 21, and 28 days after injury. For this 
purpose, the common bile duct was catheterized, 
and bile was collected for 1 hour in animals under 
thiopental-sodium anesthesia (60 mg kg-1). The rate of 

bile excretion and the concentration of total bile acids, 
cholesterol, direct and indirect bilirubin in the selected 
portion of bile were determined. Based on these data, the 
rate of excretion of the studied components of bile was 
calculated. Euthanasia of rats throughout the experiment 
was performed by total bloodletting from the heart after 
previous thiopental-sodium anesthesia (60 mg kg-1 
intraperitoneally).

The obtained digital data were subject to statistical 
analysis. The signi  cance of differences between 
experimental and control groups was evaluated using the 
program STATISTICA 10.0 (StatSoft, Inc., USA).

RESULTS AND DISCUSSION 
The rate of bile excretion in 1 day of the post-traumatic 

period was signi  cantly reduced by 37.9% compared to 
the control group by the in  uence of polytrauma (Table) 
( <0,001). 

However, in 3 days this index increased sharply 
by 51.5% relative to control (p <0.001) and more than 
2 times relative to the previous observation period (p 
<0.001). After 3 and 7 days, the rate decreased again and 
was statistically signi  cantly lower than in the control 
(respectively by 11.7 and 9.8%, p <0.05) and compared 
with 1 day of observation (respectively by 41.8 and 40, 
5%, p <0.001). After 14 days, the rate increased slightly 
and reached the level of control (p> 0.05). However, after 
21 days there was a further decrease of 20.4% relative to 
the control group (p <0,01). The index remained at the 

Table
Dynamics of a biliary function of the liver in response to polytrauma (M±m)

±

 
2 hour 
(n=6) 

1 day 
(n=6) 

3 day 
(n=6) 

7 day 
(n=6) 

14 day 
(n=6) 

21 day 
(n=5) 

28 day 
(n=5) 

The rate of bile excretion 
Control = (2,64±0,09) ml h -1·kg-1 (n=6) 

1,64± 
0,08*** 

4,00± 
0,16*** 

2,33± 
0,07* 

2,38± 
0,04* 

2,44± 
0,11 

2,10± 
0,14** 

2,34± 
0,10** 

The rate of bile acid secretion 
Control = (5,67±0,20) mg h -1·kg-1 (n=6) 

3,43± 
0,29*** 

7,83± 
0,49** 

3,76± 
0,17*** 

4,52± 
0,16** 

5,09± 
0,09* 

3,80± 
0,34*** 

4,96± 
0,32# 

Cholesterol release rate 
Control = (1,13±0,07) mg h -1·kg-1 (n=6) 

0,534± 
0,05*** 

1,65± 
0,07** 

1,13± 
0,07 

0,75± 
0,06** 

0,94± 
0,11 

0,98± 
0,11 

0,92± 
0,05* 

The rate of excretion of total bilirubin 
Control = (264,4±15,6) mkmol h -1·kg-1 (n=6) 

159,7± 
10,0*** 

384,7± 
22,5** 

217,2± 
10,1* 

220,5± 
8,7* 

238,0± 
13,3 

202,5± 
16,0* 

228,3± 
7,7# 

The rate of release of direct bilirubin 
Control = (171,6±13,9) mkmol h -1·kg-1 (n=6) 

93,6± 
5,3*** 

208,5± 
12,8# 

110,3± 
10,5** 

116,7± 
7,7** 

145,9± 
11,5 

98,8± 
9,9** 

128,1± 
8,1* 

The rate of secretion of indirect bilirubin 
Control = (92,8±6,2) mkmol h -1·kg-1 (n=6) 

66,1± 
5,6** 

176,2± 
11,1*** 

106,9± 
3,6# 

109,85± 
7,8 

92,2± 
6,5 

103,7± 
6,3 

100,2± 
9,6 

 Note: *# – signi  cance of differences concerning the control group (* – <0,05; ** – <0,01; *** – <0,001; # – <0,10).
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same level after 28 days and was 11.4% lower than in 
the control (p <0.01). It is noteworthy that, starting from 
day 3  uctuations in the value of the studied index in the 
dynamics of the post-traumatic period was insigni  cant 
(p> 0.05). It was statistically signi  cantly different from 
the same, which was observed after 2 hours and 1 day 
after injury ( <0,05).

The rate of excretion of bile components is responsible 
for the amplitude and vector at this rate of bile excretion. 
Thus, the rate of excretion of total bile acids (Table) 
in the acute period of injury (after 2 hours.) decreases 
by 39.5% (p <0,001). After 1 day, this index increased 
signi  cantly in the control group (by 38.1%, p <0.01), 
as well as the previous observation period (2.3 times, p 
<0.001). After 3 days, the index was re-decreased and 
was created by 33.7% less of control (p <0.001) and 
by 52.0% regarding the previous observation period (p 
<0.001). Then this index was increasing to 14 days, and 
after 7 days it is signi  cantly greater than after 3 days 
(20.2%, p <0,05); after 14 days greater than after 7 days 
(by 12.6%, p <0,05). In all these terms of observation, the 
studied index was signi  cantly lower than in the control 
(after 7 days - by 20.3%, after 14 days - by 10.2%, p 
<0.05). After 21 days, there was a new decrease in the 
rate of excretion of total bile acids with bile by 25.3% 
during the previous observation period (p <0.01), which 
was 33.0% lower than in the control (p <0.001). After 28 
days, this index was increased and had a slight tendency 
to decrease according to the control (p <0.10). It 
statistically signi  cantly was above the same value after 
21 days of the post-traumatic period (30.5%, p <0,01).

The rate of excretion of cholesterol with bile after 
2 hours signi  cantly decreased relative to the control 
group (Table) by 52.8% (p <0.001). After 1 day, the 
index increased signi  cantly: concerning the previous 
observation period 3.1 times (p 0.05), concerning control 
by 46.0% (p <0.001). After 3 days, the rate decreased and 
reached the level of control (p> 0.05). After 7 days, it 
continuos decreased and its average became 33.6% lower 
than in the control (p <0.001), and relative to the previous 
observation period (p <0.05). After 14-21 days, the rate 
increased and did not differ statistically signi  cantly 
from the control group (p> 0.05). After 28 days the phase 
of the decline came again. The index was 18.6% lower 
than the control (p <0.05). It should be noted that its 
level after 7-28 day did not differ signi  cantly despite 
signi  cant  uctuations in control ( >0,05).

Similar deviations were observed in the magnitude of 
the rate of excretion of total bilirubin (Table). In 2 hours 
there was a statistically signi  cant decrease in the value 
of this index relative to the control group (by 39.6%, 
p <0.001). In 1 hour the index increased (by 45.5% 
relative to the control, p <0.001, and 2.4 times relative 
to the previous observation period (p <0.001). After 3-7 
days, the index decreased again and became lower than 
the control by 17.9 and 16.6% (p <0.05) After 14 days, 
the index increased although this was not statistically 

signi  cant compared to the previous observation period. 
But it reached the level of control (p> 0.05). After 21 
days it was less by 23.4%  than the control (p <0.05), and 
after 28 days - by 13.7% ( <0,10).

The rate of release of direct bilirubin (table) after 2 
hours decreased relative to control by 45.5% (p <0,001). 
After 1 day, it increased and exceeded the control 
level by 21.5% (p <0.10) and the previous observation 
period by 2.2 times (p <0.001). After 3 and 7 days, the 
index again became less than the control (respectively 
by 35.7 and 32.0%, p <0,01). After 14 days, the index 
increased reaching the control level (p> 0.05) and then 
decreasing after 21 days (by 47.6% relative to control, 
p <0.01) and increasing after 28 days - by 29, 7% 
relative to the previous observation period (p <0.01). In 
the last observation period, the index was statistically 
signi  cantly lower than in the control (25.9%, <0,05).

The rate of secretion of indirect bilirubin (Table) 
was similarly statistically signi  cantly lower than in 
the control after 2 hours of the post-traumatic period 
(28.8%, p <0,01). As in the previous terms, after 1 day 
the index increased and exceeded the control of 89.9% (p 
<0.001), and the previous observation period in 2.7 times 
(p <0.001). Then the rate decreased and, starting from 
3 days did not differ from the control level (p <0,05). 
After 3-28 days, the index also did not differ between the 
experimental groups (p> 0,05).

The obtained results indicate that the indexes of biliary 
function are characterized by a signi  cant decrease after 
2 hours of the post-traumatic period relative to the control 
group and a signi  cant increase - after 1 day. It can be 
interpreted as a syndrome of «polycholia». The decrease 
of bile secretion corresponds to the period of shock, 
which is characterized by the centralization of blood 
circulation and reduced blood supply to the organs of 
the gastrointestinal tract [4]. Increased bile secretion and 
excretion of the main components of bile in 1 day after 
severe injury was observed in studies by other authors 
[2]. They have associated it with increased permeability 
of the biliary pole of hepatocytes and unloading of the 
liver from endotoxins accumulated due to tissue damage 
and microcirculation. Subsequently, the indexes of the 
biliary function of the liver changed according to the 
identi  ed patterns of deviations of lipoperoxidation, 
antioxidant protection, cytolysis, and endogenous 
intoxication [6]. We can assume that in the pathogenesis 
of biliary disorders is the damage of the endoplasmic 
reticulum membranes, where the synthesis of the main 
components of bile [8], as well as the development of 
edema of the organ that prevents the out  ow of bile [1]. 

Thus, in the conditions of the modeled polytrauma, 
there is a development of functional insuf  ciency of a 
liver. The formation of functional insuf  ciency of a liver 
obeys the general law which characteristic of deviation 
of other biochemical indicators (markers of a traumatic 
illness) from the third day. We can assume that in the 
critical state of the body the organs and systems coupling 
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is getting worse, which are remote from the site of injury. 
It can be considered as a factor of compensation and 
adaptation directed to the survival of the organism. 

CONCLUSION 
In the conditions of experimental polytrauma, there 

is a violation of the biliary function of the liver. It is 
manifested in the period of an acute reaction to trauma 
by the development of polycholia. Further decline of bile 
secretion and excretion of main bile components is shown 
up to 7 days. Their temporary improvement after 14 days 
with repeated reduction after 21 days, and approaching 
the norm in 28 days. 
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Relevance. Everyday contact of the population with surfactants (SAS) in drinking water poses the problem of timely and prompt 
substantiation of pre-nosological highly sensitive indicators of early manifestations of biological activity of detergents and operational 
control over the health of the population and the environment. But today the mechanisms of biotransformation, toxicodynamics, 
toxicokinetics and metabolic processes that underlie the formation of structural and metabolic disorders when exposed to a surfactant, 
taking into account possible long-term effects, have not yet been fully elucidated.

Objective: to investigate the effect of nitrogen-containing surfactants on redox processes in the body of experimental animals.
Materials and methods. The experiments were carried out on 620, and acute experiments on 128 white rats (weight 180-220 g). We 

used four ionic nitrogen-containing surfactants with speci  ed technical and physicochemical characteristics: FOM 9, FOM 9-4, FOM 
9-12 and FOM 9-20. Doses were chosen so as to determine the lethal effect in the lethal dose (LD) range from 0 to 100. The LD50 was 
calculated. The substances were introduced into the stomach in pure form using a metal probe. The animals were observed for up to 
15 days. The time of death of the animals and the total amount of the introduced substance were recorded. The animals were subjected 
to postmortem examination. Redox processes were qualitatively assessed by the activity of enzymes: cholinesterase, cerulose plasmin, 
lactate dehydrogenase, malate dehydrogenase, succinate dehydrogenase, peroxidase, catalase, cytochrome oxidase, by the content of 
SH-groups in the blood, by the concentration of biogenic monoamines.

Results. Nitrogen-containing surfactants caused a change in peroxidase activity both upwards and downwards. In all cases, 1/1000 
LD50 was inactive. On the 15th day of the experiment, neonol FOM 9-12 reduced the activity of the enzyme, and other substances 
did not affect it. By the end of the subacute experiment, neonol FOM 9-4 and neonol FOM 9-12 were reduced, and neonol FOM 9-20 
increased peroxidase activity. A similar effect was on the activity of catalase: in all groups, except 1/1000 LD50, on day 30 there was a 
decrease in its activity. Cholinesterase activity increased. For the content of SH-groups in the blood on the 15th day there was a tendency 
to decrease, which turned into signi  cant differences on the 30th day in 1/10 LD50. The effect of 1/100 and 1/1000 LD50 did not violate 
the content of SH-blood groups. A similar effect was on the content of glutathione in the blood. In a subacute experiment, in groups 1/10 
and 1/100 LD50, the content of norepinephrine, tryptophan, serotonin in the liver increased and DOPA and dopamine decreased. The 
dynamics of adrenaline did not change. The content of dopamine and norepinephrine increased to a lesser extent in the brain; DOPA 
and adrenaline did not differ from the control; tryptophan increased only under the in  uence of FOM-9. 1/1000 LD50 did not affect the 
dynamics of the content of biogenic monoamines. The tested drugs have a similar effect on the body.

Conclusions. A more toxic substance in a subacute experiment is FOM-9. The severity of violations in the dynamics of monitoring 
the activity of enzymes has a close dose dependence. The effective dose is set at 1/10, the threshold – 1/100 and the inactive – 1/1000 
LD50. Common features of the biological action of nitrogen-containing surfactants are the violation of redox processes, bioenergy, 
oxidative phosphorylation, which under appropriate conditions lead to the pathology of vital organs, functions and systems of the body.

Key words: nitrogen-containing surfactants, oxidation-reduction processes, biological action, dose dependence.

Relevance.  The problem of protecting centralized 
surface sources of drinking water supply from pollution 
with surface-active substances (SAS) has acquired 
particular relevance today in Ukraine and requires 
scienti  c substantiation and the development of new, 
more stringent approaches to methods for assessing 
the sanitary and ecological situation in the basins of 
these reservoirs, as well as the introduction of effective 
ecological hygienic measures to protect both water 
sources and public health.

Everyday contact of the population with psychoactive 
substances poses the task of timely and operational 
substantiation of pre-nosological highly sensitive 

indicators of early manifestations of biological activity 
of detergents and operational monitoring of the health 
of the population and the environment for physicians 
and biologists. The solution of these issues requires a 
deep study of the mechanisms of biotransformation, 
toxicodynamics, toxicokinetics and metabolic processes 
that underlie the formation of structural and metabolic 
disorders when exposed to surfactants, taking into 
account possible long-term effects [6, 8]. 

Objective: to investigate the effect of nitrogen-
containing surfactants on redox processes in the body of 
experimental animals.

Babienko V.V., Sakharova I.V., Danilchenko L.I.
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THE ACID-BASE PROCESSES’ CHANGES IN THE BODY OF WHITE RATS UNDER 
THE INFLUENCE OF NITROGEN-CONTAINING SURFACE-ACTIVE MATERIAL

MATERIALS AND METHODS
Four ionic nitrogen-containing surfactants with 

speci  ed technical and physicochemical characteristics 
were used as research objects: FOM 9, FOM 9-4, FOM 
9-12 and FOM 9-20 (FOM is the Mannich phenolic base).

In the experimental part of the work to obtain the 
required actual material, 620 white rats were used. 
128 acute rats (weight 180-220 g) were used in acute 
experiments.

Experiments on white rats were performed by the 
method of Behrens-Schlosser [2]. Doses were chosen 
so as to determine the lethal effect in the range of LD0-
LD100. LD50 calculations were performed according to 
Kerber, Behrens-Schlosser.

Substances were injected into the stomach in pure 
form using a metal probe. The animals were observed 
for up to 15 days. The time of death of animals and the 
total amount of the injected substance was registered. 
The results were evaluated on the basis of the average 
effective time of death of the animals [4]. Dead animals 
and survivors were subjected to pathological autopsy 
during these observation periods.

Qualitative evaluation of redox processes was studied 
by the activity of enzymes: ceruloplasmin, lactate 
dehydrogenase (LDH), malate dehydrogenase (MDG), 
succinate dehydrogenase (SDG), peroxidase, catalase, 
cytochrome oxidase and others [5]. To determine the 
activity of serum oxidase (ceruloplasmin), which 
directly  xes oxygen, used the method of H.A. Ravin 
in modi  cation G.A. Babenka (1968) [4]. Cytochrome 
oxidase activity was determined by G.A. Gudilova 
and N.I. Sorokina (1968) by oxidation by cytochrome 
oxidase of reducing cytochrome C [24]. The activity of 
serum LDH was judged by the amount of pyruvic acid 
formed, which was determined colorimetrically using 
2,4-dinitrophenylhydrazine [3]. The MDG of malic acid 
was determined by the Warburg test [7]. Determination 
of blood catalase was performed by Bach and Zubkova 
[7]. The content of SH-groups in the blood was detected 
by the method of ampermetric titration with silver nitrate, 

Table 1
Dynamics of XE and ACE activity in white rats in a subacute experiment 

(M±m),  /1 year

proposed by Kolthof and Harris, in the modi  cation 
of V.V. Sokolovsky [9]. The concentration of biogenic 
monoamines was determined by the method of Y. Endo 
and Y. Ogura, for their binding was used carboxymethyl 
cellulose company «Reanal».

RESULTS AND DISCUSSION
All test substances after the end of the subacute 

experiment statistically signi  cantly in 1/10 and 
1/1000 LD50 reduced serum creatine phosphokinase 
activity, increased the activity of lactate dehydrogenase, 
asparagine and alanine aminotransferases, -glutamate 
transferase and Neonol FOM 9-20, neonol FOM 9-4 and 
FOM 9-12 reduced the activity of -hydroxybutyrate 
dehydrogenase. In other cases, there was both an increase 
and decrease.

In groups of animals under the in  uence of nitrogen-
containing surfactants in 1/10 and 1/100 LD50 there was 
an increase in the activity of cholinesterase (HE) in serum 
and acetylcholinesterase (AHE) – in the brain (Table 1). 
1/1000 LD50 was inactive according to this indicator.

Cholinesterase is known to be found in the liver, 
blood plasma and other tissues. In many ways, it is an 
indicator of the functional activity of the liver and CNS. 
Therefore, the observed increase in the activity of this 
enzyme can be interpreted as the primary response of 
the liver to the action of nitrogen-containing surfactants 
and its participation in the formation of protective and 
adaptive mechanisms and the action of xenobiotics.

An important place in the anti-radical protection of 
the body belongs to peroxidase, which plays a leading 
role in the decomposition of peroxides and free radicals. 
Nitrogen-containing surfactants in the dynamics of 
observation caused a change in the activity of this enzyme 
both upwards and downwards. In all cases, 1/1000 LD50 
was inactive (Table 2).

Thus, on the 15th day of the experiment, neonol FOM 
9-12 reduced the activity of the enzyme, and the other 
substances did not affect it. By the end of the subacute 
experiment, neonol FOM 9-4 and neonol FOM 9-12 were 

 
Observation period, days 

HE (blood serum), pH/1 year H  (brain) 
 

Substance 
 

Dose, LD50 
15 days 30 days 30 days 

Control  0,375±0,03 0,490±0,037 0,065±0,010   ↑ 
1/10 0,466±0,02   ↑ 0,860±0,04   ↑ 0,129±0,012   ↑ FOM-9 
1/100 0,443±0,03   ↑ 0,754±0,03   ↑ 0,140±0,014   ↑ 
1/10 0,526±0,03   ↑ 0,931±0,14   ↑ 0,960±0,009   ↑ Neonol 

FOM 9-4 1/100 0,429±0,01   ↑ 0,820±0,07   ↑ 0,156±0,023   ↑ 
1/10 0,536±0,03   ↑ 0,794±0,06   ↑ 0,112±0,005   ↑ Neonol  

FOM 9-12 1/100 0,487±0,02   ↑ 0,916±0,08     0,136±0,090   ↑ 
1/10 0,475±0,02   ↑ 1,183±0,05   ↑ 0,113±0,005   ↑ Neonol 

FOM 9-20 1/100 0,520±0,03   ↑ 0,679±0,031   ↑ 0,140±0,008   ↑ 
             Note:     ↑  - increase activity, 0,05 
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Observation period, days 

15 days 30 days Substance Dose, LD50 
M±m  M±m  

Control  80,83±5,83  52,50±2,14  
1/10 98,32±4,72 >0,05 44,73±3,28 >0,05 FOM-9 
1/100 96,15±6,13 >0,05 45,81±2,17 >0,05 
1/10 67,40±3,15 >0,05 36,45±4,63   ↓ 0,05 Neonol 

FOM 9-4 1/100 65,12±4,18 >0,05 37,29±2,85   ↓ 0,05 
1/10 57,83±5,19   ↓ 0,05 40,26±3,17   ↓ 0,05 Neonol  

FOM 9-12 1/100 68,74±4,60 >0,05 41,38±4,29   ↓ 0,05 
1/10 80,55±2,46 >0,05 93,34±9,62   ↑ 0,05 Neonol 

FOM 9-20 1/100 84,27±3,85 >0,05 95,82±8,30   ↑ 0,05 
Note:  ↑   – increase activity;  ↓  – decrease activity 

 

Table 2
Dynamics of blood peroxidase activity (c) in a subacute experiment

 
Observation period, days 

15 days 30 days Substance Dose, LD50 
M±m  M±m  

Control  80,83±5,83  52,50±2,14  
1/10 98,32±4,72 >0,05 44,73±3,28 >0,05 FOM-9 
1/100 96,15±6,13 >0,05 45,81±2,17 >0,05 
1/10 67,40±3,15 >0,05 36,45±4,63   ↓ 0,05 Neonol 

FOM 9-4 1/100 65,12±4,18 >0,05 37,29±2,85   ↓ 0,05 
1/10 57,83±5,19   ↓ 0,05 40,26±3,17   ↓ 0,05 Neonol  

FOM 9-12 1/100 68,74±4,60 >0,05 41,38±4,29   ↓ 0,05 
1/10 80,55±2,46 >0,05 93,34±9,62   ↑ 0,05 Neonol 

FOM 9-20 1/100 84,27±3,85 >0,05 95,82±8,30   ↑ 0,05 
Note:  ↑   – increase activity;  ↓  – decrease activity 

 

Table 3
Dynamics of blood catalase (C) activity in a subacute experiment

Table 4
The content of the SH group (mg%) in the blood of white rats 

Observation period, days 
15 days 30 days Substance Dose, LD50 

M±m  M±m  
Control  82,57±2,84  84,71±3,50  

1/10 69,20±1,35 0,05 62,17±2,11 0,05 FOM-9 
1/100 76,35±4,26 >0,05 79,15±3,86 >0,05 
1/10 78,52±3,64 >0,05 66,32±2,94 0,05 Neonol 

FOM 9-4 1/100 80,38±5,16 >0,05 88,57±3,25 >0,05 
1/10 86,22±4,13 >0,05 64,25±3,17 0,05 Neonol  

FOM 9-12 1/100 80,35±2,97 >0,05 87,19±4,61 >0,05 
1/10 85,43±2,15 >0,05 70,38±2,26 0,05 Neonol 

FOM 9-20 1/100 81,92±6,24 >0,05 89,63±4,35 >0,05 

 
 

Observation period, days 
15 days 30 days Substance Dose, LD50 

M±m  M±m  
Control  13,70±2,24  12,68±1,93  

1/10 12,10±3,26 0,05 8,74±1,66 0,05 FOM-9 
1/100 14,29±1,83 >0,05 14,72±2,25 >0,05 
1/10 11,74±3,46 >0,05 7,96±2,16 0,05 Neonol 

FOM 9-4 1/100 12,15±1,92 >0,05 15,96±2,37 >0,05 
1/10 11,79±2,78 >0,05 10,42±3,58 0,05 Neonol  

FOM 9-12 1/100 14,16±3,56 >0,05 14,13±2,74 >0,05 
1/10 10,23±3,74 >0,05 112,82±3,19 0,05 Neonol 

FOM 9-20 1/100 15,48±1,87 >0,05 13,66±2,78 >0,05 

 

Table 5
The content of glutathione (mg%) in the blood of white rats
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reduced, and neonol FOM 9-20 increased peroxidase 
activity.

The studied nitrogen-containing surfactants had a 
similar effect on catalase activity (Table 3). In all groups 
of animals, except 1/1000 LD50, for 30 days there 
was a decrease in its activity. The detected changes in 
enzymatic activity may be associated with depletion of 
function as a result of the accumulation in the body of 
peroxides, hydroperoxides, free radicals.

It is known that surfactants, acting on the cell 
membrane, disrupt the structure of unsaturated fatty 
acids, which are sources of free radicals, and surfactants 
themselves, metabolized in the body, form peroxides, 
hydroperoxides, aldehydes, ketones. These are the 
sources to quench the consumption of this enzyme. It 
can be assumed that nitrogen-containing surfactants in 
1/10 and 1/100 LD50 lead to the accumulation in the 
body of underoxidized products in the form of peroxides, 
hydroperoxides, aldehydes, free radicals, ketones and 
others. FOM-9 and neonol FOM 9-4 had a stronger 
effect on the state of the antioxidant system. Studies have 
shown that surfactants to some extent in the tested doses 
affect the content of SH-groups in the blood of white rats 
(Table 4).

As can be seen from the table above, on the 15th 
day of the experiment there was a tendency to decrease, 
which turns into signi  cant differences on the 30th day 
of the experiment in 1/10 LD50. The effect of 1/100 and 
1/1000 LD50 did not disrupt the dynamics of the content 
of SH-blood groups. Redox processes in tissues and 
organs are known to be maintained at a certain level by 
the ratio of sulfhydryl SH groups and disul  de SS groups 
in proteins and especially in enzyme proteins. The 
catalytic properties of many enzymes, such as -amylase, 
carboxylase, cholinesterase, and others, as well as the 
processes of tissue respiration and detoxi  cation of 
poisons, are associated with free SH groups. Sulfhydryl 
groups are the active principle of coenzyme A, which is 
involved in many processes of intermediate metabolism. 
Sulfur-containing enzymes lose catalytic activity when 
blocking SH groups of proteins.

Thus, the reduction of sulfhydryl groups under the 
in  uence of 1/10 LD50 nitrogen-containing surfactants 
may indicate a violation of redox processes in animals 
that have been seeded with this dose. Insigni  cant 
increase of SH-groups under the in  uence of 1/100 LD50 
can be considered as a compensatory-adaptive reaction. 
The threshold, therefore, is 1/100 LD50.

Nitrogen-containing surfactants have a similar effect 
on the dynamics of the blood content of the tripeptide – 
glutathione and sulfhydryl groups (Table 5).

However, it should be noted that the severity of the 
shifts is somewhat weaker in relation to the effect of 
substances on blood glutathione. As can be seen from the 
table, on the 15th day there was a tendency to reduce 
it to 1/10 LD50 in all groups of animals. By the end of 
the subacute experiment, the test compounds FOM-9 and 

neonol FOM 9-4 reduced this value in the blood, 1/100 
LD50 led to its increase, although it is not statistically 
signi  cant that it should be considered as a protective 
and adaptive response of the body to toxic surfactants. 
threshold, and 1/10 LD50 – the current value.

In a subacute experiment in groups of animals exposed 
to nitrogen-containing surfactants 1/10 and 1/100 LD50, a 
change in the dynamics of biogenic monoamines and their 
precursors in the brain and liver was detected. Thus, in the 
liver there was an increase in noradrenaline, tryptophan, 
serotonin and a decrease in DOPA and dopamine. The 
dynamics of adrenaline did not change. In the brain, the 
changes were less pronounced and were characterized 
by an increase in dopamine and norepinephrine. Other 
indicators (DOPA, adrenaline) did not differ from the 
control. Tryptophan increased only under the in  uence 
of FOM-9. 1/1000 LD50 did not affect the dynamics of 
the content of biogenic monoamines and their precursors 
in the liver and brain of experimental animals.

The results of the studies con  rm that the tested drugs 
have a similar effect on the body.

CONCLUSIONS
1 1. A more toxic substance in a subacute experiment 

is FOM-9.
2. The severity of violations in the dynamics 

of observation of enzyme activity has a close dose 
dependence. The effective dose is set at 1/10, the 
threshold - 1/100 and the inactive - 1/1000 LD50.

3. Common features of the biological action of 
nitrogen-containing surfactants are violations of redox 
processes, bioenergy, oxidative phosphorylation, which 
under appropriate conditions lead to pathology of vital 
organs, functions and systems of the body.
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Relevance. Investigation of polymorphism in a locus of CYP2E1 as the prognostic factor of drug induced hepatotoxicity at anti-TB 
therapy is signi  cant due to the in  uence of CYP2E1 on drug metabolism.

The objective of investigation is to analyze association of rs2070676 YP2E1 gene polymorphism with drug-induced hepatotoxicity 
by means of the clinical-laboratory values of serum transaminases at anti-TB treatment.

Materials and methods. The study involved 47 patients with a drug susceptible tuberculosis  rst time discovered. 58 healthy 
volunteers comprised a control group. Laboratory indices were determined in venous blood three times: before the treatment as baseline; 
in 2 months of intensive therapy (isoniazid, rifampicin, ethambutol, pyrazinamide), then in 4 months of maintenance therapy (isoniazid, 
rifampicin). Serum activities of enzymes ALT, AST and GGT were measured by standard algorithm on automatic analyzer BS-300. 
Analysis of rs2070676 polymorphism of CYP2E1 gene was performed by polymerase chain reaction using standard PureLink® Genomic 
DNA Kit for Puri  cation of Genomic DNA; Manufacturer of INVITROGEN (USA). For statistical processing, IBM SPSS Statistics 23 
was applied.

Results. Investigation of serum ALT and AST in patients with major genotype CYP2E1 (C/C) showed the lower baseline ALT and 
AST levels comparing to the control group, which might be caused by suppression of hepatocytes functions at development of disease. 
Anti-TB treatment caused an increase in ALT and AST levels comparing to the baseline in patients with major CYP2E1 (C/C) genotype. 
In the group with C/G polymorphism the baseline ALT level didn’t differ much from the baseline of the control group; it showed a 
decrease after intensive therapy and returned back to initial level at maintenance therapy. This might be related to the certain protective 
property of YP2E1 gene polymorphism. The AST level was increased after intensive therapy (in smaller extend than for the patients 
with major C/C genotype) and remained on the same level at maintenance therapy. Study of GGT showed a gradual increase regardless 
of genotype.

Conclusion. According to the data of experiment the status of hepatocytes in patients with tuberculosis at baseline and during 
treatment was different depending on CYP2E1 genotype. The results of experiment indicate that CYP2E1 gene polymorphism has a 
certain protecting role. It reduces the level of drug metabolites and hepatotoxicity which cause the mitochondrial dysfunction.

Key words: transaminase, antituberculosis therapy, hepatotoxicity, mitochondrial dysfunction, polymorphism

Relevance. Tuberculosis is one of the major social 
problems nowadays which concerns all countries in 
the world including Ukraine. Modern antituberculosis 
treatment requires to use the long-term chemotherapy (6-
20 month depending on the type and severity of disease). 
Despite the high ef  ciency, the  rst line medications 
(isoniazid, rifampicin, pyrazinamide, ethambutol) have 
noticeable adverse effects, the most common of which is 
hepatotoxicity [1, 2]. The mechanisms of drug-induced 
hepatotoxicity development, including isoniazid-
associated, are related to the toxicity of drug metabolites    
[3-5] which are formed with involvement of cytochrome 
P-450 enzymes [6]. The risk of hepatotoxicity development 
depends on polymorphism of xenobiotic detoxi  cation 
genes. Mononucleotide polymorphisms have an in  uence 
on the activity of cytochrome P-450 enzymes [7] which 
specify the pathways of drug metabolism.

The metabolic inactivation of drugs such as isoniazid 
and rifampicin take place in presence of enzyme 
CYP2E1, the component of cytochrome P 450. The 
polymorphism of YP2E1 (rs2070676) gene is related to 
the replacement of Cytosine (C) with Guanine (G) in tenth 
chromosome that may change the enzyme activity. The 
large number of YP2E1 gene mutations are described 
[], however its in  uence on the activity of enzyme 
CYP2E1 is not fully studied. This makes it important 
to study the polymorphism in a locus of CYP2E1 gene 
as a prognostic factor of drug induced hepatotoxicity at 
antituberculosis treatment.

The objective of the study is to analyze the association 
of rs2070676 YP2E1 gene polymorphism in tuberculosis 
patients with drug -induced hepatotoxicity by means of the 
clinical-laboratory values of serum transaminases (ALT, 
AST, GGT) at the time of anti-TB treatment.
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Genetic marker/ 
group 

Control group, 
n = 58 

TB patients, 
n = 73 

C/C 74% (43) 75% (55) 
C/G 26% (15) 25% (18)  
G/G 0 0 

C 87% (101) 87,6 % (128) 
G 13% (15) 12,4% (18) 

CYP2E1-DEPENDENT VARIATIONS IN HEPATOCYTES DAMAGE DURING TREATMENT OF TUBERCULOSIS

MATERIALS AND METHODS
The study involved 131 persons. Among them were 

73 patients of a specialized anti-tuberculosis dispensary 
with a drug susceptible tuberculosis  rst time discovered. 
58 healthy volunteers comprised a control group. 

Examination and treatment were carried with the 
written mandatary consent of patient to participate in the 
trial (protocol  128, 23.12.2019, bioethics commission 
of Bogomolets National medical university).

The patients were treated with a standard regimen 
during 6 months: 2 months of intensive therapy (IT – 
isoniazid, rifampicin, ethambutol, pyrazinamide), then 
4 months of maintenance therapy (MT - isoniazid, –
rifampicin). Laboratory indices were measured in venous 
blood three times:  rst time – before the treatment as 
baseline; second time – in 2 months of intensive therapy, 
third time – in 4 months of maintenance therapy. Only 
47 patients were monitored in this way, others were 
excluded from the study for different reasons. The median 
age in the group of patients was 42,7 ± 2,2 year; it was 
comparable with the median age of the control group. 
The group of patients contained a larger number of men 
in comparison to the control group but the difference was 
insigni  cant. 

Serum activities of enzymes ALT, AST and GGT 
were measured by standard algorithm with automatic 
analyzer BS-300. Analysis of rs2070676 polymorphism 
of CYP2E1 gene was performed by polymerase chain 
reaction using standard PureLink® Genomic DNA Kit 
for Puri  cation of Genomic DNA; Manufacturer of 
INVITROGEN (USA). For statistical processing, IBM 
SPSS Statistics 23 was applied. The data in the groups 
were compared by means of univariate analysis with 
non-parametric Kruskal-Wallis test. The diagrams were 
presented with a con  dence interval (95% con  dence 
interval). 

Table 1
Analysis of distribution of alleles and genes of CYP2E1 
in the control group and in a group of TB patients, % 

(number of persons in a group)

RESULTS AND DISCUSSION
The  rst step of research was an analysis of gene 

YP2E1 genotype distribution (table 1). The percentage 
of gene polymorphism carriers was similar in the group 
of TB patients and in the control group; it indicates that 
there is no association of YP2E1 gene polymorphism 
with development of tuberculosis. Major C/C genotype 
was found in ¾ cases in both groups, heterozygous C/G 
polymorphism was found in ¼ cases. Homozygous 
mutation G/G was not found.

Alanine aminotransferase (ALT) is an endogenic 
enzyme of transferase group widely used in medical 
practice as the marker in laboratory diagnostics of liver 
damage. Investigation of serum transaminase activity 
showed the median value of ALT in the control group 
equal to 0,47 mkkat (27.6 U/l). It corresponds well to 
the reference value of < 41 U/l for men and < 31 U/l 
for women. The level of serum ALT in the group of TB 
patients before treatment was 0.17 mkkat, 2.5 times 
lower than in the control group (  g. 1A).

After treatment by the  rst line medications which 
are potentially hepatotoxic the level of serum ALT 
was elevated 2 times (it is commonly interpreted as 
in  ammation) but its absolute value remained within 
the range of reference values (0.37 mkkat) and was still 

Fig. 1. Serum ALT levels in the control group and group of TB patients: baseline; in 2 months of intensive therapy; aft er 
6 months of therapy. A – the overall group of patients; B – depending on СYP2E1 genotype. * Р <0,05 compared to the 

corresponding category of the control group

А В



22 ISSN 2664-472 .  ISSN 2664-4738. Medical science of Ukraine /   , 2020, Vol. 16,  3

 

lower than in the control group of healthy volunteers. In 
such case the comparison of ALT levels measured for 
the group of TB patients with the value measured for the 
control group of healthy volunteers looks unreasonable 
because the risk of misinterpretation.

Antituberculosis treatment increased the ALT level in 
the group of TB patients. After 6 months of treatment 
(intensive and maintenance therapy) the ALT level 
was 2 times higher than the baseline, that indicates 
the development of hepatocytes in  ammation. Such 
response to the therapy was shown only by the carriers of 
major C/C genotype (  g. 1B).

The level of aspartate aminotransferase (AST) is an 
important biochemical criteria of hepatocytes status: 
increased serum AST indicates the larger damage of 

А В

Fig. 2. Serum AST levels in the control group and group of TB patients: baseline; in 2 months of intensive therapy; aft er 
6 months of therapy. A – the overall group of patients; B – depending on СYP2E1 genotype. * Р <0,05 compared to the 

corresponding category of the control group

 

А
В

Fig. 3. De Ritis ratio (AST/ALT ratio) in the control group and group of TB patients: baseline; in 2 months of intensive therapy; 
aft er 6 months of therapy. A – the overall group of patients; B – depending on СYP2E1 genotype. * Р <0,05 compared to the 

corresponding category of the control group

tissue due to the larger content of mitochondrial AST in 
a cell. The baseline AST in the group of TB patients was 
much lower comparing to the control group (  g. 2A). 
After 2 months of intensive therapy it became 2 times 
higher (but still lower than in the control group); at the 
time of maintenance therapy it remained on the same 
level. Thus, comparison of level of serum AST in the 
group of TB patients with the control group of healthy 
volunteers also looks unreasonable.

The AST level of patients with major C/C genotype 
demonstrated large increase in the stage of intensive 
therapy (4 times higher than the baseline). It is typical 
for the mechanism of hepatotoxicity development related 
to the processes in mitochondria. During maintenance 
therapy the gradual decrease of AST was observed. In the 
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group of carriers of C/G genotype the AST level became 
2 times higher after intensive therapy; its value remained 
the same during maintenance therapy.

Study of De Ritis ratio in the group of TB patients 
showed its increase almost 2 times after intensive therapy 
(  g. 3A). Maintenance therapy returned the ratio back to 
the normal value (1,33±0,42). The sharp increase of De 
Ritis ratio during the stage of intensive therapy is typical 
for the cell necrosis which cause a release of cytosolic and 
mitochondrial AST into the serum. Analysis of De Ritis 
ratio for the carriers of major C/C genotype showed an 
increased level before the treatment and after intensive 
therapy which was getting back almost to the normal 
level at maintenance therapy. The carriers of C/G 
polymorphism showed the abnormally low baseline 
De Ritis ratio, which is more typical for in  ammation. 
The gradual increase of De Ritis ratio almost to the 
normal level was observed during treatment (  g. 3B). 
This demonstrates the difference in the mechanisms 
of liver damage depending on the genotype and 
indicates the certain protecting role of CYP2E1 gene 
polymorphism.

Gamma-glutamyl transferase (GGT) is used as the 
laboratory marker of drug intoxication. The baseline GGT 
in the group of TB patients was a slightly higher than in 
the control group (  g. 4A). Anti-TB treatment caused the 
graduate increase of enzyme activity. After completing 
the treatment, the level of GGT was 2 times higher than 
the baseline. Genotype didn’t affect the overall tendency, 
the elevation of GGT was observed regardless to the 
genotype of patients (  g. 4B).

There are numerous studies considering drug-induced 
hepatotoxicity at anti-TB treatment however just in some 
of it the baseline levels of biochemical markers measured 
for TB patients were compared with the corresponding 
values of healthy persons. The large deviations of 

  

А В

Fig. 4. Serum GGT levels in the control group and group of TB patients: baseline; in 2 months of intensive therapy; aft er 
6 months of therapy. A – the overall group of patients; B – depending on СYP2E1 genotype. * Р <0,05 compared to the 

corresponding category of the control group

baseline ALT in patients (without co-diseases) were not 
observed [9, 10] or it was reported the moderate increase 
of ALT associated with the larger risk of hepatotoxicity 
development [11]. An exception is the study [12], where 
it was mentioned a low baseline ALT (7.5±3.5 U/l) which 
corresponds well with our data.

The factors affecting ALT and AST levels are age 
[13] and gender. In our study the median age and gender 
distributions in the group of TB patients were comparable 
with those in the control group. Transaminase level also 
correlates with the body mass index (BMI) and lean mass 
index (LMS) [14, 15], the larger BMI is associated with 
larger ALT and AST. It was also reported that elevated 
ALT can be associated with alterations in glucose and 
lipid metabolism: reduced insulin sensitivity and glucose 
tolerance, increased fatty acids and triglycerides content 
[16]. Since in this study the BMI of TB patients was not 
taken into consideration, we cannot estimate its effect on 
baseline ALT level.

The low baseline level of transaminases in the group 
of TB patients might be related to the changes in fatty acid 
pro  le of hepatocyte membrane caused by development 
of tuberculosis. In detailed review [17] it was generalized 
that development of tuberculosis is accompanied by 
disorders of lipid metabolism: increased LDL, decreased 
HDL, changed ratio of free to esteri  ed cholesterol. 
Similar observations were made by the authors of 
[18] which noted decreased free cholesterol, HDL, 
albumin and free fatty acids in TB patients. Disorders 
of lipid metabolism, its in  uence on the composition of 
lipoproteins and phospholipid pro  le of cell membranes 
worth the further study because the previous were 
mostly focused on the other aspects of the problem: on 
investigation of metabolism, transport and functions of 
lipids in mycobacteria cell wall, on the mechanisms of 
cholesterol and fatty acid utilization [19, 20].

CYP2E1-DEPENDENT VARIATIONS IN HEPATOCYTES DAMAGE DURING TREATMENT OF TUBERCULOSIS
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We suppose that the low baseline level of ALT and 
AST observed in the group of TB patients might be 
explained by suppression of hepatocyte functions at 
disorder of lipid metabolism, although this question 
requires further study.

According to the results of experiment the carriers 
of C/G polymorphism had higher baseline ALT which 
didn’t differ much from ALT level of the control group. 
Intensive therapy reduced the enzyme activity 2 times; 
maintenance therapy returned it at initial level. It might 
indicate that CYP2E1 heterozygous mutation provides 
the lower hepatocytes damage and associates with better 
regenerative ability.

The AST level of the carriers of major genotype 
was sharply increased after therapy that shows the 
high response of hepatocytes to the toxicity of  rst-
line antituberculosis drugs. The carriers of C/G 
polymorphism demonstrated the smaller increase 
of AST comparing to the carriers of major allele. 
It might be assumed that the small variations of 
transaminase levels indicate the less intensive damage 
of mitochondria in the cell. The presence of gene 
polymorphism can be regarded as a protecting factor 
which provides the less intensive development of 
mitochondrial dysfunction.

Thus, the low baseline level of ALT in TB patients 
might be caused by suppression of hepatocyte functions 
at disorder of lipid metabolism. The use of transaminase 
values measured for healthy volunteers as baseline may 
mask the manifestation of hepatotoxicity development 
in TB patients. The mechanisms of hepatocytes 
damage before the treatment and during therapy were 
different depending on the gene CYP2E1 genotype. 
The heterozygous mutation contributed to the smaller 
hepatocytes damage at anti-TB treatment.

CONCLUSIONS
Distribution of gene YP2E1 polymorphism in the 

group of healthy volunteers and in the group of TB patients 
were similar; it indicates that there is no association 
of YP2E1 gene polymorphism with development of 
tuberculosis. Every fourth person had heterozygous 
polymorphism C/G. Homozygous mutation G/G was not 
found.

According to the experimental data the risk of drug-
induced hepatotoxicity development was higher among 
the carriers of major C/C genotype. The patients with 
heterozygous gene YP2E1 C/G polymorphism had 
lower extend of hepatocytes damage.

CYP2E1 gene polymorphism probably carries a 
certain protecting role: it reduces the level of drug 
metabolites and hepatotoxicity which cause the 
mitochondrial dysfunction.

The research was funded by the Ministry of Health 
of Ukraine from the state budget (  of state registration 
0118U001214)
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FEATURES OF DYSLIPOPROTEINEMIA IN TYPE 2 DIABETES 
MELLITUS PATIENTS WITH PRIOR MYOCARDIAL INFARCTION

Altunina N.V.

 Bogomolets National Medical University, Kyiv, Ukraine
nmu.vnmed4@gmail.com

Relevance. In diabetes mellitus (DM), atherosclerotic plaques contain more fat, are more in  ammatory and show a higher risk 
of thrombus formation than in individuals without diabetes. One of the signi  cant factors in the development and progression of 
atherosclerosis in these patients is atherogenic dyslipidemia, which includes a wide range of disorders and often precedes the onset 
of diabetes for several years. Therefore, it is relevant to study the features of dyslipidemia in patients with diabetes after myocardial 
infarction (MI).

Objective: to study changes in blood lipid spectrum parameters, including Apolipoproteins (Apo A-1, Apo B) and lipoprotein (a), 
in postinfarction patients with type 2 DM.

Materials and methods. 119 patients (77 men and 42 women; mean age 61.09 ± 0.92 years) were examined, of which 42 were 
patients with coronary heart disease (CHD) who suffered from MI and type 2 diabetes (main group), 39 patients with a history of MI 
without concomitant diabetes (comparison group I) and 38 patients with type 2 diabetes without MI (comparison group II). The control 
group consisted of 30 healthy individuals, comparable in age and sex. Total cholesterol (TC), triglycerides (TG) and high-density 
lipoprotein cholesterol (HDLC) were determined in venous serum by enzymatic colorimetric method. According to the formulas, the 
level of cholesterol in very low density lipoproteins (VLDLC) was calculated; cholesterol in low-density lipoprotein (LDLC), coef  cient 
of atherogenicity (CA). The level of lipoprotein (a) – LP (a), Apo A-1 and Apo B was determined by immunoturbidimetry. Blood 
sampling in patients was performed on an empty stomach. 

Results. In the main group, signi  cantly higher rates of TC, TG, LDLC, VLDLC, AF, Apo B and the ratio of Apo B/Apo A-1, 
compared with non-diabetic postinfarction patients. At the same time, there was a signi  cantly lower concentration of HDLC, Apo 
A-1 and LP (a) – in patients with a history of diabetes mellitus. When comparing the indicators of patients in the main group with 
patients with isolated type 2 diabetes, there were signi  cantly higher levels of LDL cholesterol and CA, as well as signi  cantly lower 
concentrations of HDL cholesterol and apo A-1 in patients of the main group. The analysis of lipid metabolism in the comparison groups 
revealed a difference in the level of TG, LDL cholesterol and Apo B, which have higher levels in patients with isolated type 2 diabetes, 
and the level of LP (a) – signi  cantly higher in postinfarction patients, in contrast to diabetics. The results indicate deeper disorders 
of lipid metabolism in post-infarction patients with diabetes than in non-diabetic post-infarction patients, which may be due to insulin 
resistance, hyperinsulinemia and hyperglycemia.

Conclusions. Dyslipoproteinemia in postinfarction patients with type 2 diabetes is characterized by a decrease in the content of 
antiatherogenic HDL cholesterol and its protein Apo A-1, moderate hypertriglyceridemia, increased levels of LDL cholesterol, VLDL 
cholesterol and Apo B, which causes higher values of cholesterol and increases AF. Elevations in lipid pro  le parameters such as TG, 
LDL cholesterol, and Apo B are more associated with diabetes, while higher concentrations of LP (a) are characteristic of postinfarction 
non-diabetic patients.

Key words: type 2 diabetes mellitus, postinfarction cardiosclerosis, dyslipoproteinemia.

Relevance. The population of patients with type 2 
diabetes mellitus (DM) is growing steadily, doubling 
every ten years [6]. The risk of developing coronary heart 
disease (CHD) in type 2 diabetes is 2-3 times higher 
in male patients and 3-7 times higher in women [5]. 
Patients with type 2 diabetes have a 2-4 times higher 
risk of dying from coronary heart disease than non-
diabetic patients [1].

Atherosclerosis, which is the morphological basis 
of coronary pathology, develops in patients with 
type 2 diabetes 10-15 years earlier than in the general 
population, progresses rapidly and more often leads to 
complications [3, 14]. It is among these patients that 
the risk of developing myocardial infarction (MI) is 3-5 
times higher, depending on gender, higher than in the 
non-diabetic population [2]. It is among patients with 
type 2 diabetes mortality during the  rst year after MI is 

15-34%, reaching 45% in the next 5 years, which is twice 
as high as in the general population. Despite signi  cant 
advances in the treatment of coronary heart disease and 
its consequences, patients with type 2 diabetes remain 
the most vulnerable group, as the reduction in mortality 
among them is insigni  cant [15].

Such disappointing prognosis for patients with type 
2 diabetes is associated primarily with the accelerated 
development of atherosclerosis of large subepicardial 
vessels and its rapid progression [1]. The results of studies 
have shown that in diabetes atherosclerotic plaques 
contain more fat, are more in  ammatory and show a 
higher risk of thrombosis than in people without diabetes 
[17]. One of the important factors in the development 
and progression of atherosclerosis in these patients is 
atherogenic dyslipidemia, which includes a wide range 

FEATURES OF DYSLIPOPROTEINEMIA IN TYPE 2 DIABETES MELLITUS PATIENTS WITH PRIOR MYOCARDIAL INFARCTION



28 ISSN 2664-472 .  ISSN 2664-4738. Medical science of Ukraine /   , 2020, Vol. 16,  3

Altunina N.V.

of disorders and often precedes the onset of diabetes for 
several years [8].

Therefore, based on these data, we decided to 
investigate the features of dyslipidemia in patients with 
type 2 diabetes who suffered MI.

Objective: to study changes in blood lipid spectrum 
parameters, including Apolipoproteins (Apo A-1, Apo B) 
and lipoprotein (a), in postinfarction patients with type 
2 DM.

MATERIALS AND METHODS
119 patients (77 men and 42 women, mean age of 

patients – 61.09 ± 0.92 years) were examined, of which 
42 were patients with coronary heart disease who had MI 
and had type 2 diabetes (main group), 39 patients with 
History of MI without concomitant diabetes (comparison 
group I) and 38 patients with type 2 diabetes without MI 
(comparison group II). The control group consisted of 
30 healthy individuals, comparable in age and sex. The 
general clinical characteristics of the examined patients 
are given in table 1.

All patients included in the study were tested for 
total cholesterol (TC), triglycerides (TG) and high-
density lipoprotein cholesterol (HDLC) in the serum of 
venous blood by enzymatic colorimetric method using 
reagent kits «Human» (2000 Germany) bio (Germany, 

Table 1
General clinical characteristics of the examined patients 

 
Indicator 

Main group 
 (n=42) 

Isolated coronary heart disease: 
postinfarction cardiosclerosis 

(n=39) 

Isolated type 2 diabetes 
mellitus (n=38) 

Age, M±m years 61,66±1,78 61,17±1,08 60,04±1,16 
male 27 (64,3%) 26 (66,7%) 24 (63,2%) Gender, 

n (%) female 15 (35,7%) 13 (33,3%) 14 (36,8%) 
Prescription of IM, M±m 

years 
4,93±0,38 5,28±0,55 - 

Prescription of DM, M±m 
years 

8,34±0,67 - 7,66±0,71 

 Note: the difference between the groups is statistically insigni  cant ( >0,05).

2000), the results were expressed in mmol/l. The level 
of cholesterol in very low density lipoproteins (VLDLC) 
was calculated by the formula: TG×0.45 (mmol/l); 
cholesterol in low-density lipoprotein (LDLC) was 
calculated by the formula of Friedwald W.T. [12]: 
LDLC = TC - HDLC - VLDLC. The coef  cient of 
atherogenicity (CA) was calculated according to the 
generally accepted formula [7]: CA = (HDL - HDLC)/
HDLC. The level of lipoprotein (a) – LP (a), Apo A-1 and 
Apo B was determined by immunoturbidimetry using the 
test system Roshe Diagnostics (Switzerland) on a Cobas 
6000 analyzer (Switzerland). Units of measurement for 
LP (a) – mg/dl, and for Apo A-1 and Apo-B – g/l. Blood 
sampling in patients was performed on an empty stomach 
(last meal – more than 10 hours before blood sampling).

The research results are processed using the methods 
of variation statistics. Signi  cance of differences when 
comparing the mean values was determined using 
Student’s t-test (p). The difference was considered 
signi  cant at p<0.05. The values of the studied indicators 
are presented in the form of M ± m, where M is the 
arithmetic mean, m is the standard error.

RESULTS AND DISCUSSION
The analysis of the obtained data in the main group 

of patients revealed signi  cantly higher rates of TC 

Indicator 
Main group 

 (n=42) 

Isolated coronary heart 
disease: postinfarction 
cardiosclerosis (n=39) 

Isolated type 2 diabetes 
mellitus (n=38) 

TC, mmol/l 5,99±0,29 4,92±0,20 5,32±0,22
TG, mmol/l 2,76±0,28 1,43±0,15### 2,57±0,28
HDLC, mmol/l 0,93±0,04 ** 1,13±0,06 1,07±0,04
LDLC, mmol/l 3,81±0,27 * 3,13±0,20 3,07±0,19
VLDLC, mmol/l 1,24±0,13 0,64±0,07### 1,16±0,12
CA  5,57±0,36 *** 3,62±0,33 4,05±0,27
Apo A-1, g/l 1,29±0,05 * 1,42±0,03 1,40±0,03  
Apo B, g/l 1,24±0,08  1,06±0,04# 1,23±0,08  
Apo B/Apo A-1 0,94±0,06  0,72±0,03 0,81±0,06  
LP (a), mg/dl 23,29±4,28 42,17±7,31## 18,10±4,90

Notes:  – p<0,05,  – p<0,01,  – p<0,001 compared with patients with MI without DM;   
* –  p<0,05, ** – p<0,01, ***– p<0,001 n comparison with patients with DM without a history of MI; 
 # –  p<0,05, ## – p<0,01, ###– p<0,001 compared with patients with DM without MI. 

Table 2
Indicators of lipid metabolism in patients with CHD who underwent MI and patients with type 2 DM in comparison 

with patients with MI without DM and patients with history of type 2 DM without MI (M ± m)
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(p <0.001), TG (p <0.001), LDLC (p <0.05), LDLC 
(p<0.05), CA 0.001), Apo B (p <0.05) and the ratio of 
Apo B/Apo A-1 (p <0.001), compared with non-diabetic 
postinfarction patients. There was a signi  cantly lower 
concentration of HDLC (p <0.01), Apo A-1 (p <0.05) and 
LP (a) – p <0.05 in patients with a history of diabetes 
mellitus ).

When comparing the studied indicators of patients of 
the main group with patients with isolated type 2 diabetes, 
signi  cantly higher values of LDLC (p <0.05) and CA (p 
<0.001), as well as signi  cantly lower concentrations of 
HDLC (p <0.01) and apo A-1 (p <0.05) in patients of the 
main group.

In the analysis of lipid metabolism of the comparison 
groups, the difference in the level of TG (p <0.001), 
LDLC (p <0.001) and Apo B (p <0.05), which have 
higher levels in patients with isolated type 2 diabetes, is 
noteworthy. , and the level of LP (a) - p <0,01, which is 
signi  cantly higher in postinfarction patients, in contrast 
to diabetics.

Thus, the results indicate deeper disorders of lipid 
metabolism in postinfarction patients with diabetes than 
in non-diabetic postinfarction patients, which may be 
explained by insulin resistance, hyperinsulinemia and 
hyperglycemia, which are the pathogenetic basis of type 
2 DM. It is known that insulin resistance [13] in the fat 
cell activates lipolysis, which leads to the release of large 
amounts of free fatty acids (FA) into the bloodstream. 
Further, there is an increase in the synthesis of TG and 
LDL due to the availability of their main substrate, as 
well as a decrease in the degradation of Apo B. Excessive 
production of LDL with increased secretion of TG and 
Apo B leads to the formation of small dense particles 
of LDL. This subtype of LDL plays an important role 
in atherogenesis, being more prone to oxidation under 
conditions of impaired antioxidant defense mechanisms 
in diabetics [10]. Both LDL and LDL residues and 
particles carry the Apo B molecule, so such dyslipidemia 
is characterized by an increase in serum Apo B 
concentration. Apo B levels are more closely associated 
with diabetes and insulin resistance than LDL and 
HDL because they are found in the most atherogenic 
particles of lipoproteins, and therefore can better predict 
cardiovascular events in such patients and are recognized 
as a valuable marker of CVD [20]. Regarding the 
antiatherogenic class of HDL, recent studies have shown 
that patients with diabetes not only have a quantitative 
decrease in these lipoproteins, but also may lose their 
protective function due to disruption of the structure of 
protein constituents on the background of prooxidant 
and proin  ammatory phenotype [18]. Thus, HDL in 
diabetics is less effective in preventing LDL oxidation. 
Determining the level of Apo A-1 as the main protein of 
HDL, according to epidemiological and interventional 
studies, in addition to determining Apo B, allows you 
to more accurately predict cardiovascular risks than the 
assessment of conventional lipid parameters [20]. In 

addition to insulin resistance, hyperglycemia also has 
a direct negative effect on lipid metabolism in these 
patients. It was found that the level of modi  ed LDL 
increases signi  cantly as a result of their glycosylation, 
which signi  cantly enhances the atherogenic potential of 
lipoproteins [17].

Therefore, not only quantitative but also qualitative 
changes of lipids and lipoproteins are used, which 
increase their proatherogenic effects with corresponding 
clinical consequences. Thus, routine determination of 
general lipid pro  le parameters cannot provide complete 
information on atherogenic potential in a particular 
disease.

Today, hypertriglyceridemia in patients with diabetes 
is considered as a multifactorial process, with each 
injection of LCD from the periphery into the liver due to 
insulin resistance is only one component of this process. 
The decrease in HDL levels in these patients, which is 
often due to an increase in TG levels and the transition 
of TG to HDL (in exchange for cholesterol), is likely to 
be more complex, as the decrease in HDL at normal TG 
concentrations often changes [9].

Thus, not all pathogenetic mechanisms of diabetic 
dyslipidemia have been elucidated to date, and this is the 
subject of further study.

The results also show more pronounced atherogenic 
changes in the lipid spectrum of the blood in patients 
with type 2 DM who had a history of MI, compared with 
patients without MI. The results of the well-known British 
study UKPDS [19] showed that an increase in LDL 
cholesterol by 1 mmol/l is associated with an increase in 
the frequency of CVD endpoints by 57%, and an increase 
in HDL cholesterol by 0.1 mmol/l – with a decrease 
in CVD endpoints at 15%. Thus, our data con  rm the 
fact that the increase in the degree of atherogenicity of 
lipid changes causes cardiovascular events. Therefore, 
it is important to timely and adequately in  uence the 
altered lipid pro  le in patients with type 2 DM to prevent 
complications of coronary heart disease and improve 
cardiovascular prognosis. 

The difference in the comparison groups, namely 
between patients with isolated type 2 diabetes and 
postinfarction cardiosclerosis without diabetes, in 
terms of TG, LDL cholesterol and Apo B is explained 
by the pathogenetic mechanisms of dyslipidemia in 
diabetes, which were discussed above. As for LP (a), it 
is considered to be one of the most studied, but still a 
mysterious lipoprotein. Despite decades of research, the 
normal physiological role of LP (a) is still unclear. As 
for pathophysiology, there is more clarity. LP (a) can 
cause cardiovascular pathology due to proatherogenic 
LDL cholesterol and stimulate thrombosis due to the 
thrombogenic properties of Apo A, which are part of it. 
Thus, numerous studies suggest that high levels of LP 
(a) are an independent risk factor for atherogenesis and 
thrombogenesis. The amount of LP (a) is more than 90% 
determined genetically and depends mainly on the rate 
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of Apo A biosynthesis and, unlike most lipid risk factors, 
does not depend on age, sex, diet, living conditions and is 
very poorly corrected by medication [4, 11, 16].

Thus, going back to our data, we can assume that 
most patients who suffered from MI and did not have 
diabetes had a genetically determined high risk of acute 
coronary complications.

CONCLUSIONS
1. Dyslipoproteinemia in postinfarction patients with 

type 2 DM is characterized by a decrease in the 
content of antiatherogenic HDL cholesterol and its 
protein Apo A-1, moderate hypertriglyceridemia, 
increased levels of LDL cholesterol, VLDL 
cholesterol and Apo B, which causes higher values 
of cholesterol and increases CKD.

2. Elevations in lipid pro  le parameters such as 
TG, LDL cholesterol, and Apo B are more 
associated with the effects of diabetes, while 
higher concentrations of LP (a) are characteristic 
of postinfarction non-diabetic patients.
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Relevance. Although monotherapy with a gluten-free diet (BGD) for celiac disease is highly effective, it does not in all cases 
achieve complete remission of the disease. Therefore, an additional comprehensive examination of patients for the purpose of prescribing 
reasonable therapy is relevant.

Objective: to study the causes of persistence of clinical symptoms in patients with celiac disease who are on a gluten-free diet for 
6 months.

Materials and methods. Patients with celiac disease (n = 41) who were on a gluten-free diet (GFD) for 6 months were studied. 
The average age is 35.42 ± 0.45 years. Group 1 (n = 17) – patients who subjectively noted a positive dynamics of treatment and with a 
signi  cant improvement in general condition, but without complete clinical remission. Group 2 (n = 24) – patients with unsatisfactory 
treatment results, no clinical effect from treatment or weak positive dynamics on the background of GFD. The study included two stages: 
1) assessment of patients’ compliance and their diet (through the analysis of food diaries) in order to identify disorders of gluten-free diet 
as the main cause of persistence of clinical symptoms; 2) identi  cation of other causes of persistence of symptoms: exocrine pancreas 
insuf  ciency (EPI), lactase de  ciency (LD) and the syndrome of increase bacterial growth (SIBR). A C13 triglyceride breath test (IRIS 
analyzer) was performed to diagnose EPI. To diagnose LD and SIBR in the small intestine, hydrogen breath tests (Micro H2-meter 
analyzer) were used – a test with lactose and D-xylose, respectively. Also, the titer of antibodies to tissue transglutaminase (TTG) to 
deaminated gliadin peptides (DPG) was determined in all patients, and their DPG/TTG ratio was calculated.

Results. The main reason for the ineffectiveness of treatment is a violation of gluten-free diet, found in 63.4% of subjects (incompletely 
formed mushy stool, polyfaeces, steatorrhea; recurrent abdominal pain, bloating,  atulence). Revision of food intake and elimination of 
sources of latent gluten from the diet of patients with celiac disease allowed to achieve complete serological remission (normalization 
of titers speci  c for celiac disease antibodies) in all patients, but complete clinical remission was achieved in only 34.6%. Therefore, it 
is concluded that there are other causes of incomplete remission of celiac disease associated with concomitant diseases of the digestive 
tract. Using carbon and hydrogen breath tests, it was found that, in addition to diet, the reasons for the lack of complete remission in 
patients with celiac disease are EPI (19%), SIBR in the small intestine (16%), LD (47%) and a combination of EPI with SIBR.

Conclusion. The inclusion of respiratory tests (C13-triglyceride, hydrogen with lactose and D-xylose) in a comprehensive 
examination of patients with celiac disease can signi  cantly improve treatment outcomes and reduce the duration of clinical remission.

Key words: celiac disease, gluten-free diet, breath tests, C13-triglyceride, hydrogen with lactose and D-xylose

Relevance. Celiac disease (gluten enteropathy) 
is the most studied disease of the small intestine to 
date, the prevalence of which, according to the World 
Organization of Gastroenterology (OMGE), averages 
1% of the general population. As you know, the only 
treatment for celiac disease is a gluten-free (agliadin) 
diet (GFD), based on the complete exclusion from the 
patient’s diet of all foods containing the main protein 
of cereals (wheat, rye, barley and oats) gluten. The 
purpose of prescribing GFD is to stop the pathological 
autoimmune process in the body of a patient with celiac 
disease in response to the exclusion of gluten from the 
diet, leading to a gradual restoration of the structure of 
the affected mucous membrane of the small intestine, and 
then - the disappearance of clinical manifestations of the 
disease, normalization of the patient’s general condition 
and prevention of possible complications [1]. With strict 

and lifelong adherence to the GFD, successfully treated 
patients become practically healthy.

The high ef  ciency of a gluten-free diet allows it 
to be used in monotherapy, as a method of «standard» 
treatment of a celiac patient and, as a rule, does not 
require additional inclusion of drugs in the complex 
therapy. Therefore, traditional attempts at starting (in 
combination with a gluten-free diet) prescribing drugs 
without appropriate medical indications (no concomitant 
diseases) are often unjusti  ed. However, the existing 
experience in the management of patients with celiac 
disease indicates that not in all cases doctors are able 
to achieve complete remission of the disease, which 
prompts additional examination and, if the reasons are 
identi  ed, justi  ed therapy. 

These methods, which allow to optimize the treatment 
of patients with gluten enteropathy, today are breath tests, 
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which are widely used in the clinic of internal medicine, 
especially in gastroenterology. Carbon breath tests have 
long been known and are used to diagnose Helicobacter 
pylori infection (test with urea), pancreatic diseases 
(triglyceride, amylase), liver detoxi  cation function 
(metacetin), to determine the motor-evacuation function 
of the stomach (octanoic), etc. [2, 3, 4, 5]. The use of 
hydrogen breath tests became available somewhat later, 
but they also took their place in the diagnosis of diseases 
of the digestive system and are widely used to diagnose 
enteropathies, disaccharidase de  ciency, syndrome of 
bacterial overgrowth in the small intestine, etc. [6].

Several attempts have been made to use hydrogen 
breath tests in the diagnosis of celiac disease [7, 8]. 
This concerned various tests - with lactulose, D-xylose, 
sorbitol, etc. an early peak in hydrogen concentration 
has been reported on a lactulose breath test in patients 
with celiac disease [9]. Described the use of a hydrogen 
test with D-xylose for the diagnosis of celiac disease in 
different age groups [10]. It has been established that 
this test can be used to improve screening for celiac 
disease (namely, to identify the consequences of atrophy 
of the mucous membrane of the small intestine and 
malabsorption) [11]. Used lactose hydrogen breath test to 
assess the effectiveness of celiac disease treatment [12]. 
The place of the hydrogen test with sorbitol has been 
reported both in the diagnosis of celiac disease (since 
the latter re  ects the severity of atrophic damage to the 
mucous membrane of the small intestine) and in assessing 
the effectiveness of a gluten-free diet. According to 
research results, the sorbitol test re  ects the stage of 
restoration of the structure of the mucous membrane 
against the background of a diet, which means that it 
can be recommended as a simple, affordable method for 
assessing the effectiveness of treatment [13, 14].

Objective: To study the causes of persistence of 
clinical symptoms in celiac patients on a gluten-free diet 
for 6 months.

MATERIALS AND METHODS
The study included celiac patients (n = 41) who had 

been on a gluten-free diet for 6 months. The average age 
of those included in the study was 35.42 + 0.45 years. 
Women prevailed over men, accounting for a quantitative 
ratio of 1.6 : 1.

All patients showed positive dynamics of treatment: 
clinically – an improvement in the general condition, a 
decrease in the frequency of defecation, a tendency to 
normalize stool (a decrease in the frequency of bowel 
movements up to 3.5 times a day) in the absence of a fully 
formed stool (mostly mushy, a tendency to polyfecalia, 
steatorrhea), stabilization of body weight, increased 
BMI, 30% had recurrent abdominal pain, bloating, 
 atulence); laboratory – normalization/reduction of 

antibody titers at least three times (antibodies to tissue 
transglutaminase (TTG), to deaminated peptides of 
gliadin (DPG) were determined, the DPG/TTG ratio 

was calculated). Thus, the persisting symptoms and the 
absence of complete laboratory remission (normalization 
of serological biomarker titers for celiac disease) did not 
allow the treatment results to be regarded as satisfactory 
and required identi  cation of possible causes.

The included patients were divided into two groups. 
Group 1 (n = 17) was represented by patients who 
subjectively noted positive dynamics of treatment and 
with a signi  cant improvement in their general condition, 
but without complete clinical remission. Group 2 (n = 
24) - patients with unsatisfactory results of treatment, no 
clinical effect of treatment, or weak positive dynamics 
against the background of GFD.

The research program included two main stages:
1 – assessment of compliance of patients and their 

diet (through analysis of food diaries) in order to 
identify violations of a gluten-free diet as the main 
cause of persistence of clinical symptoms,

2 – identi  cation of other causes of persistence 
of symptoms, namely, exocrine pancreatic 
insuf  ciency (EPI), lactase de  ciency (LD) and 
syndrome of increase bacterial growth (SIBR) 
using modern carbon and hydrogen breath tests.

In order to diagnose EPI, a C13 triglyceride breath test 
was performed. The technique of the test is that before 
the test, the intake of enzyme preparations is stopped 
for at least 72 hours before the test. The procedure is 
performed in the morning on an empty stomach. The 
subject makes the  rst exhalation into a sealed, plastic 
bag. After that, a so-called «test» breakfast is eaten, 
consisting of 100 g of white bread, butter in terms of 0.25 
g/kg of body weight, to which C13-labeled triglycerides 
were previously added at the rate of 4 mg/kg of patient 
weight. Subsequent samples of exhaled air are collected 
in bags every 30 minutes for 6 hours, and then analyzed 
on an infrared spectrometer by IRIS by Wagner Analysen 
Technik (Germany).

Indicators of the maximum concentration of 2, 
recorded between 150 and 210 minutes of the test, above 
8%, as well as the cumulative dose of released 13 2 
above 23% for the entire period of the test, indicate 
normal exocrine function of the pancreas. The maximum 
concentration of 13 2, recorded after 210 minutes (in 
our study – by 271 ± 16 minutes), at a normal cumulative 
dose of 13 2, indicates a latent EPI. The reduced 
maximum concentration of 13 2, which was 4.7 ± 
1.4% and recorded between 150 and 210 minutes of the 
test, with a reduced cumulative dose of 13 2 released 
(18.1 ± 5.9%), indicates a moderate EPI. A decrease in 
the maximum concentration to 4.8 ± 1.3%, recorded at 
275 ± 27 minutes, with a cumulative dose of 16.7 ± 3.5%, 
indicates a pronounced EPI.

To diagnose lactase de  ciency and SIBR in the small 
intestine, we used hydrogen breath tests (Micro H2-meter 
analyzer) – a test with lactose and D-xylose, respectively. 
The principle of carrying out hydrogen tests is that the 
hydrogen formed in the intestine by its micro  ora is 
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included in the intestinal gases. On an empty stomach, 
hydrogen is formed in the large intestine in a small amount 
(0.24 ml/min.), After a meal, its production increases 7-20 
times [15, 16, 17]. Approximately 15% of the generated 
hydrogen is excreted by the lungs after being absorbed 
into the blood. Based on the concentration of hydrogen in 
the exhaled air, conclusions are drawn about its amount 
in the intestine [18, 19, 20]. To conduct hydrogen breath 
tests, we used the techniques [19, 20], based on the 
determination of the concentration of hydrogen in the air 
exhaled by the subject before and after a special food 
load. The methods for conducting hydrogen tests are of 
the same type. The average test duration is 2-3 hours.

Diagnosis of lactase de  ciency (test with lactose) is 
based on the fact that lactose, entering the intestine, under 
the in  uence of bacteria, promotes the additional release 
of hydrogen, which, after absorption, also enters the 
bloodstream, and then reaches the lungs with gases and is 
exhaled. An increase in the concentration of lactose in the 
exhaled air above 20 ppm from the initial one indicates 
the presence of lactose malabsorption [20]. The D-xylose 
breath test was used to diagnose SIBR. Interpretation of 
the results: the D-xylose test was considered positive 
when the hydrogen concentration in the patient’s exhaled 
air increased by 20 ppm from baseline in 40-60 minutes 
and indicated the presence of SIBR in the small intestine.

The results were statistically processed.

RESULTS AND ITS DISCUSSION
In group 1 (patients with incomplete clinical 

remission), the results of serological analysis made it 
possible to divide patients into subgroups (Fig. 1):

1A (n = 8) – patients with elevated antibody titers, or 
seropositive patients (SPP);

1B (n = 9) – patients with complete normalization of 
serological parameters, or seronegative patients (SNP).

In subgroup 1A, the analysis of the reasons for the 
persistence of clinical symptoms was carried out, which 
indicated periodic disturbances in the diet and (or) 
contamination of foods with gluten (based on the analysis 
of food diaries), which was re  ected in the absence of 
normalization of antibody titers against the background 
of the received treatment. The analysis of the diet of 
patients of subgroup 1B testi  ed to strict adherence to 
the diet, which was con  rmed by the indicators of the 

immunological response and the complete normalization 
of antibody titers. Patients in subgroup 1B had a high 
compliance, strictly followed the recommendations, 
however, it was not possible to achieve complete 
remission during the follow-up period.

In group 2 (patients with unsatisfactory treatment 
results), no signi  cant clinical dynamics was observed 
during the observation period, both according to the results 
of an objective examination of patients and according to 
their subjective assessments. Group 2, depending on the 
dynamics of the immunological response to treatment, 
was also divided into two subgroups (Fig. 1):

2A (n = 18) – seropositive patients;
2B (n = 6) – seronegative patients.

As can be seen from Figure 1, the same pattern 
of distribution into subgroups was revealed in both 
groups. Namely: the dependence of treatment results 
on compliance, ful  llment of the requirements of 
the agliadin diet and, as a result, normalization of 
antibody titers. 26 (63.4%) patients from the general 
group included in the study were dieting, which was 
determined by the leading cause of persistence of 
clinical symptoms. The results obtained correspond 
to modern ideas about the possibility of achieving 
a positive immunological response and restoration 
of antibody titers only in response to the complete 
elimination of gluten from the diet [1], and the gluten-
free diet itself is the main decisive factor in achieving 
complete clinical and laboratory recovery. 15 (36.6%) 
examined (subgroups 1B and 2B) did not break the 
diet, which was con  rmed by serological remission.

Therefore, the  rst step in correcting the persistence 
of clinical symptoms in patients with celiac disease of 
subgroups 1A and 2A (n = 26) was the actual correction of 
the diet based on the revision of food diaries and the search 
for possible sources of food contamination with gluten. 
As a result of the revised dietary recommendations, in 9 
(34.6%) patients, antibody titers completely normalized 
over 3 months of treatment, complaints disappeared, 
which indicated that a complete clinical and laboratory 
remission was achieved. In 17 (65.4%) patients, as a 
result of diet correction, antibody titers also returned to 
normal, however, complete clinical remission was still 
not achieved (clinical symptoms persisted) (Fig. 2).

 
 
 
 
 
 
 
 
 

Included in the study (n=41) 

1  (n=9) – SNP  1  (n=8) – SPP  

Group 1(n=17) Group 2 (n=24) 

2  (n=18) – SPP  2  (n=6) – SNP 

Fig. 1. Distribution of celiac disease patients with persistent clinical symptoms depending on the serological response to 
treatment (SPP - seropositive patients; SNP - seronegative patients)
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 Fig. 2. Results of diet correction in celiac patients with persistent clinical symptoms (n=26)

 
 Fig. 3. Th e structure of the identifi ed causes of persistence of clinical symptoms in seronegative celiac patients (n=32)

Thus, a violation of the diet is the  rst, but not the 
only reason for the persistence of clinical symptoms in 
celiac patients and requires a search for other causes. To 
resolve this issue, we conditionally combined patients of 
the  rst and second stages of the study, forming a group 
(n = 32) of seronegative patients, which included 15 
seronegative patients (subgroups 1B and 2B) who did 
not break the diet and were identi  ed in the  rst stage 
of the study, and 17 SNPs with persistence of symptoms, 
which persisted despite the correction of the gluten-free 
diet and restoration of antibody titers.

We made the assumption that the possible reasons 
for the persistence of clinical symptoms in SNP with 

persistence of symptoms could be exocrine pancreatic 
insuf  ciency, lactase de  ciency and syndrome of bacterial 
overgrowth in the small intestine. Diagnosis of the above 
pathology was carried out using C13-triglyceride carbon 
and hydrogen breath tests with lactose and D-xylose, 
according to the methods described above.

As a result of the study, it was revealed that 6 patients 
(19%) had exocrine pancreatic insuf  ciency, veri  ed by 
the results of the C13-triglyceride breath test. As a result 
of the hydrogen test with lactose, lactase de  ciency 
was detected in 15 (47%) of the examined. SIBR was 
established in 5 (16%) patients. In two patients of this 
group, a combination of severe exocrine pancreatic 
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insuf  ciency with a syndrome of bacterial overgrowth 
in the small intestine was revealed, which was the 
objective reason for the lack of effect of the agliadin diet 
in monotherapy (Fig. 3)

Correction of concomitant diseases of the 
gastrointestinal tract revealed during the study 
(prescribing enzyme preparations in adequate doses, 
lactose-free diet in combination with prescribing lactase 
preparations and sanitation of the small intestine with 
the prescription of rifaximin in standard doses), made it 
possible to achieve complete clinical remission within 
one month of treatment.

So, as a result of our study, we investigated the causes 
of persistence of clinical symptoms in 41 celiac patients 
who had been on a gluten-free diet for 6 months. The 
main reason for the lack of effectiveness of treatment is 
the violation of a gluten-free diet, identi  ed in 63.4% of 
the examined. Revision of food intake and elimination 
of hidden gluten sources from the diet of celiac disease 
patients made it possible to achieve complete serological 
remission (normalization of the titers of celiac disease-
speci  c antibodies) in all patients, however, complete 
clinical remission was achieved only in 34.6%. As 
a result, we drew conclusions about the existence of 
other causes of incomplete remission of celiac disease, 
most likely associated with concomitant diseases of the 
digestive tract.

Using modern carbon and hydrogen breath tests 
(C13-triglyceride for the diagnosis of EPI, lactose for 
detecting lactase de  ciency, and the D-xylose test used 
for diagnosing SIBR), a further analysis of the causes 
of persistence of clinical symptoms in patients strictly 
adhering to the requirements of a gluten-free diet was 
carried out. As a result, it was found that, in addition to the 
violation of the diet, the reasons for the lack of complete 
remission in patients with celiac disease are exocrine 
pancreatic insuf  ciency (19%), bacterial overgrowth 
syndrome in the small intestine (16%), lactase de  ciency 
(47%) and the combination of EPI with SIBR. 

CONCLUSIONS
The inclusion of breath tests (C13-triglyceride, 

hydrogen with lactose and D-xylose) in a comprehensive 
examination of celiac disease patients can signi  cantly 
improve the results of treatment and shorten the onset of 
clinical remission.
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Relevance. Chronic diseases have a long duration and rather slow progression, and people who have such diseases want not only to 
live longer, but also to live better. Therefore, quality of life (QOL) is one of the most important health issues for the treatment of chronic 
diseases.

Objective: to determine the features of QOL in patients with chronic kidney disease (CKD) stage II-IV.
Materials and methods. In 171 patients with CKD of II-IV centuries, in addition to general clinical and laboratory studies, QOL 

was studied using a questionnaire to assess the quality of life of SF-36. The questionnaire contains 36 questions of the main module, 
supplemented by multi-point scales aimed speci  cally at patients with CKD. The answers were evaluated in points - from 0 to 100. 
The higher the score, the better the patient’s QOL. The total components were also calculated: physical total component, mental total 
component, total points. The obtained research data were subjected to statistical processing, which included parametric (t-test for samples 
with unrelated variants) and non-parametric (Mann-Whitney method) methods, correlation analysis was used.

Results. Most QOL indicators worsen signi  cantly with the progression of CKD. The indicators of total QOL, as well as the indicator 
«the impact of the disease on everyday life» are most signi  cantly reduced. Age correlates as much as possible with most indicators of 
QOL in patients with CKD. With age, the QOL of patients decreases, but the manifestations of the disease increase and the mental and 
physical condition of patients deteriorates. QOL parameters are probably directly and moderately correlated with hemoglobin levels. 
Most QOL parameters are signi  cantly moderately correlated with systolic blood pressure and diastolic blood pressure. It is assumed 
that the correction of anemia and blood pressure control, in addition to a positive effect on disease progression and the occurrence and 
development of complications, will also improve QOL. There were no signi  cant differences in the assessment of QOL in men and 
women.

Conclusions. QOL indicators decrease with the progression of CKD. Age, hemoglobin level, blood pressure affect QOL.
Key words: chronic kidney disease, progression, quality of life, SF-36 questionnaire.

Relevance. Increasing life expectancy and advances 
in medical science have led to problems related to 
chronic diseases in many countries, including Ukraine. 
Chronic diseases have a long duration and rather slow 
progression, and people who have such diseases want 
not only to live longer, but also to live better. Therefore, 
quality of life (QOL) is one of the most important health 
issues for the treatment of chronic diseases.

It is advisable to study the QOL of patients with kidney 
disease as a typical example of a chronic disease. The 
daily life of patients with kidney disease is often limited 
to factors that are common to other chronic diseases, and 
these factors can easily reduce QOL. In addition, the 
number of patients with chronic kidney disease (CKD) 
is growing worldwide [1, 2], in particular in Ukraine 
[3]. Researchers at the United States Renal Data System 
Coordinating Center predict that in the coming years, 
712 290 patients will have end-stage renal disease each 
year, 136,166 new cases of CKD and 107 760 cases of 
death from CKD will be reported [4].

Previous studies of QOL in patients with kidney 
disease have mainly focused on dialysis patients [5, 6].

Objective: to determine the features of QOL in 
patients with chronic kidney disease (CKD) stage II-IV.

MATERIALS AND METHODS
The observational study included 171 patients 

with stage II-IV CKD (59 people with CKD stage II, 
57 people with CKD stage III, 55 people with CKD 
stage IV), aged 24 to 75 years, including 87 men 
and 84 women. All patients were treated at the Kyiv 
City Research and Practice Center for Nephrology 
and Hemodialysis of the Kyiv City Clinical Hospital 

 3, which is the clinical base of the Department of 
Efferent Technologies of the Institute of Nephrology 
of the National Academy of Medical Sciences of 
Ukraine.

All subjects, in addition to the generally accepted 
clinical, laboratory and instrumental research methods, 
were studied for QOL indicators.

INDICATORS OF QUALITY OF LIFE OF PATIENTS WITH CHRONIC KIDNEY DISEASE STAGE II-IV
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The QOL study was performed using the SF-36 
quality of life questionnaire [7]. The questionnaire 
contains 36 questions of the main module, supplemented 
by multi-point scales aimed speci  cally at patients with 
CKD.

All examined patients  lled out a questionnaire with 
a consistent factor-by-factor evaluation of the results and 
the calculation of the individual QOL in points (the higher 
the score, the better the QOL of the patient). Responses 
were evaluated in points (from 0 to 100).

The results are obtained on scales:
symptom/problems (symptoms of kidney disease) – 

«symptoms of kidney disease» (12 points:  
17-28);

the impact of kidney disease on everyday life – «effect 
of kidney disease» (8 points:  29-36);

severity of the disease – burden of kidney disease (4 
points:  13-16);

SF-12 (  1-12) is a short form of general health 
assessment.

Also calculate the following total components:
physical total component – «Physical health 

composite» (  1-5, 8);
mental total component – «Mental health composite» 

(  6-7, 9-12);
the total amount of points.
The obtained research data were subjected to 

statistical processing, which included parametric (t-test 
for samples with unrelated variants) and nonparametric 
(Mann-Whitney method) methods, correlation analysis 
was used. Data were processed on a personal computer 
using computer applications: Microsoft Excel 2007, 
Statistica 7.0 and the standard version of SPSS 16.0 
(USA). Data are presented as mean (M) ± mean deviation 
(SD). The difference was considered signi  cant when the 
signi  cance level p <0.05 was reached.

RESULTS AND DISCUSSION
The study examined the relationship between quality 

of life and its components with disease progression, 
as well as the relationship with clinical and laboratory 
parameters such as age, sex, hemoglobin level, 

glomerular  ltration rate (GFR), systolic blood pressure 
levels. (SBP) and diastolic blood pressure (DBP).

At the same time, it was found that most QOL 
indicators signi  cantly deteriorate with the progression 
of CKD (Table 1). The indicators of total QOL, as well as 
the indicator «the impact of the disease on everyday life» 
are most signi  cantly reduced.

It was found that age is most signi  cantly correlated 
with most indicators of QOL (Table 2).

 
Stages of CKD Indicators of SF-36   V p 

Total QOL 79,4±12,8 74,4±13,6 70,7±11,6 0,001 
Symptoms of kidney 
disease 85,2±12,1 79,5±13,9 74,0±10,9 0,001 

The impact of the disease 
on everyday life 86,9±13,2 83,1±12,9 75,7±14,5 0,001 

The severity of the disease 79,7±13,7 72,7±15,1 59,6±12,8 0,001 
SF-12 68,1±10,2 62,1±11,5 56,4±10,8 0,001 
Physical total component 51,3±10,1 49,8±10,6 41,5±11,5 0,001 
Mental total component 40,4±9,8 37,9±10,5 35,1±10,3 0,021 
    Note: data are presented as M ± SD 

 

Table 1
Indicators of SF-36 with the progression of CKD

 
Indicators of SF-36 r p 

Total QOL – 0,32 0,001 
Symptoms of kidney disease – 0,33 0,001 
The impact of the disease on everyday 
life – 0,1 0,5 

The severity of the disease – 0,08 0,6 
SF-12 – 0,38 0,001 

Physical total component – 0,41 0,001 

Mental total component – 0,42 0,001 

Table 2
The results of the correlation analysis between SF-36 and 

the age of patients

According to the obtained research results, with age 
the QOL of patients decreases, but the manifestations 
of the disease increase and the mental and physical 
condition of patients deteriorates (p <0.05).

Differences in the quality of life index depending on 
the sex of patients were studied (Table 3).

It should be noted that no signi  cant differences in 
the assessment of QOL in men and women in our study 
were found (p0,05).

Anemia signi  cantly affects the progression of CKD 
and overall and cardiovascular mortality. We studied the 
relationship between QOL and hemoglobin levels. The 
results of the correlation analysis of the relationship 
between QOL and hemoglobin levels are presented in 
table 4.

The obtained data show that QOL parameters are 
probably and directly moderately correlated with 
hemoglobin levels. That is, in patients with more severe 
anemia, the QOL values are the lowest.

Dudar I.O., Loboda O.M., Krasyuk I.V., Alekseeva V.V.
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Points Scales SF-36 in men in women 

Total QOL 74,6±13,1 74,9±12,6 
Symptoms of kidney disease 79,4±12,4 80,6±12,1 
The impact of the disease on everyday life 82,8±14,3 84,4±13,1 
The severity of the disease 74,8±11,1 76,6±13,9 
SF-12 68,6±9,8 64,1±14,2 
Physical total component 49,8±12,3 49,6±11,8 
Mental total component 37,2±10,2 39,6±10,6 

 

Table 3
Dependence of QOL indicators on the sex of patients

 
Indicators of SF-36 r p 

Total QOL 0,45 0,001 
Symptoms of kidney disease 0,31 0,02 
The impact of the disease on everyday 
life 0,34 0,002 

The severity of the disease 0,38 0,001 
SF-12 0,34 0,007 
Physical total component 0,6 0,001 
Mental total component 0,51 0,001 

Table 4
Results of the analysis of correlations between SF-36 and 

hemoglobin levels

Table 5
Results of correlation analysis of the relationship between 

SF-36 and GFR 
Indicators of SF-36 r p 

Total QOL 0,44 0,001 
Symptoms of kidney disease 0,38 0,001 
The impact of the disease on 
everyday life 0,16 0,06 

The severity of the disease 0,25 0,03 
SF-12 0,45 0,001 
Physical total component 0,39 0,001 
Mental total component 0,41 0,001 

 
Indicators of SF-36 r p 

Total QOL – 0,34 0,001 
Symptoms of kidney disease – 0,28 0,001 
The impact of the disease on everyday 
life – 0,16 0,08 

The severity of the disease – 0,23 0,02 
SF-12 – 0,4 0,001 
Physical total component –0,36 0,001 
Mental total component – 0,37 0,001 

Table 7
Results of correlation analysis of the relationship between 

SF-36 and DBP

Table 6
Results of correlation analysis of the relationship between 

SF-36 and SBP  
Indicators of SF-36 r p 

Total QOL – 0,48 0,001 
Symptoms of kidney disease – 0,31 0,001 
The impact of the disease on everyday 
life – 0,27 0,06 

The severity of the disease – 0,29 0,02 
SF-12 – 0,47 0,001 
Physical total component – 0,46 0,001 
Mental total component – 0,41 0,001 

The results of the study of the correlations between 
the level of GFR and QOL indicators are given in table 5.

The obtained data correlate with the results obtained 
in the study of changes in QOL indicators with the 
progression of CKD, and show that most of the QOL 
indicators are likely and directly moderately correlated 
with GFR. That is, patients with more preserved renal 
function have the highest QOL.

The results of the study of the correlations between 
the levels of SBP and DBP, on the one hand, and QOL 
indicators, on the other, are presented in Tables 6 and 7.

The obtained data show that the majority of QOL 
indicators are signi  cantly moderately correlated with 
SBP and DBP.

Thus, the obtained data suggest that the correction of 
anemia and blood pressure control, in addition to a positive 
effect on disease progression and the occurrence and 
development of complications, will also improve QOL.

CONCLUSIONS
Most quality of life indicators deteriorate signi  cantly 

with the progression of chronic kidney disease. The 

indicators of the total quality of life, as well as the 
indicator «the impact of the disease on everyday life» are 
most signi  cantly reduced.

Age is most signi  cantly correlated with most 
indicators of quality of life in patients with chronic 
kidney disease. With age, the quality of life of patients 
decreases, but the manifestations of the disease increase 
and the mental and physical condition of patients 
deteriorates.

Quality of life indicators probably and directly 
moderately correlate with hemoglobin levels.

Most quality of life indicators are signi  cantly 
moderately correlated with systolic blood pressure and 
diastolic blood pressure.

The data suggest that the correction of anemia and 
blood pressure control, in addition to a positive impact on 
disease progression and the occurrence and development 
of complications, will also improve the quality of life.
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Relevance. Multi arterial bypass surgery comprises nearly 10% of the overall operations for ischemic heart disease. Multiple studies 
proved the superiority of arterial grafts for multivessel coronary artery disease. Nevertheless, the vast majority of conduits utilized for 
multiple bypasses are saphenous vein grafts. With the increasing popularity of radial artery utilization, the gastroepiploic artery remains 
a faded option. So more studies should be conducted for evaluation of the bene  ts from the gastroepiploic artery in the setting of the 
multi-arterial revascularization.

Objective. Presentation of approaches and operative techniques for complete arterial revascularization in patients with multivessel 
coronary artery disease. 

Methods. Analytical review of literature on keywords in international scientometric databases Pub Med, Scopus, Web of Science. 
Search depth 12 years: from 2007 to 2018.

Results. Current paper presents operative techniques and approaches to complete arterial revascularization in patients with multivessel 
coronary artery disease. Internal mammary artery remains the “gold standard” for left anterior descending artery anastomosis site. Multiple 
arterial grafting is superior in terms of overall and cardiac survival. Emerging evidence of radial artery high term patency suggest the 
use of this arterial graft. Bilateral internal artery utilization provides long-term survival. Supplemental radial artery grafting to bilateral 
internal mammary provides complete arterial revascularization and can be safely used in routine cardiac surgery practice. Gastroepiploic 
artery proved superior patency rates, compared to saphenous vein grafts. Right coronary artery territory is ideal anastomotic site for 
gastroepiploic artery grafting. Inferior epigastric artery may be used in addition to others arterial grafts as free graft or as y- or t-graft in 
setting of multivessel coronary atherosclerotic lesions. 

Conclusion. Complete arterial revascularization provides symptomatic relief from coronary artery disease provides superior patency 
rates and lowers incidence of major adverse cardiac events. 

Key words: coronary artery bypass grafting, multivessel coronary disease, surgical revascularization, atherosclerosis, ischemic 
heart disease, radial artery, left internal mammary artery, right internal mammary artery, bilateral internal mammary artery, multiarterial 
coronary artery bypass grafting, gastroepiploic artery, inferior epigastric artery.

Relevance. Cardiovascular mortality in Ukraine 
remains the prevalent cause of death. Unpromising 
statistics of mortality from cardiovascular diseases 
illustrates the need for implementing effective treatment 
strategies and solutions. Coronary revascularization 
provides symptomatic relief from coronary artery disease 
and improves short and long-term outcomes. 

Multi arterial bypass surgery comprises nearly 10% 
of the overall operations for ischemic heart disease. 
Multiple studies proved the superiority of arterial grafts 
for multivessel coronary artery disease. Nevertheless, the 
vast majority of conduits utilized for multiple bypasses are 
saphenous vein grafts. With the increasing popularity of 
radial artery utilization, the gastroepiploic artery remains 
a faded option. More studies should be conducted for 
evaluation of the bene  ts from the gastroepiploic artery 
in the setting of the multi-arterial revascularization.

Objective. Presentation of approaches and operative 
techniques for complete arterial revascularization in 
patients with multi-vessel coronary artery disease. 

METHODS 
Analytical review of literature on keywords in 

international scientometric databases Pub Med, Scopus, 

Web of Science. Search depth 12 years: from 2007 to 
2018.

RESULTS AND DISCUSSION 
Long-standing high-grade stenosis multivessel 

coronary artery disease eventually leads to heart failure 
with systolic dysfunction. Surgical revascularization may 
restore ejection fraction by elimination of myocardial 
hibernation. Despite common use of saphenous vein 
grafts, recent scienti  c publications recommends 
utilization of multiple arterial grafts in patients of all age 
groups [15]. Internal mammary artery (IMA) has patency 
rates in the region of 90-95% ten to  fteen years after 
CABG [16]. Based on superior long-term results of the 
internal mammary artery (IMA), other arteries are being 
used in CABG. 

Complete arterial revascularization usually achieved 
using the following arterial grafts: left internal mammary 
artery (LIMA), right internal mammary artery (RIMA), 
bilateral internal mammary arteries (BIMA), radial artery 
(RA), gastroepiploic artery (GEA) and inferior epigastric 
artery (IEA) (Fig. 1). Multiple arterial grafts should be 
utilized in setting of diffuse varicose vein disease during 
complex cardiac surgery procedures, where PCI option 
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is failed, as well as ascending aorta calci  cation with 
diffuse atherosclerotic plaques. Different locations of 
arteries harvesting also have potential bene  t in high-
risk patients in terms of deep sternal wound infection 
(DSWI).

          
Fig. 1. Arteries commonly used for complete arterial 

revascularization

IMA harvesting technique:
Internal mammary artery (IMA) runs bilaterally from 

subclavian arteries medially to the anterior scalenus 
muscle and is accompanied by two veins. The free 
margin of IMA bifurcates at the level of sixth intercostal 
space into superior epigastric and musculophrenic 
arteries. The main blood supply to the sternum, derived 
from sternal and perforating branches of IMA. There are 
two techniques of IMA harvesting for CABG: pedicled 
and skeletonized. Dissection of the IMA as a pedicle 
includes harvesting with its surrounding fascia and both 
veins. It has been proposed that such preservation of its 
surrounding tissues provides a homeostatic milieu for 
the IMA, helping it retain its function once harvested [1]. 
The skeletonized technique was developed to preserve 
sternal perfusion and minimize trauma from pedicled 
IMA harvesting [4]. This involves dissection of the IMA 
from its accompanying venous drainage, innervation, 
lymphatics, muscle, and fascia from the top of the  rst 
rib to its bifurcation with branches of the IMA clipped 
and divided [2] (Fig. 2).

The wall of the IMA has the same 3 wall layer, 
which composed of intima, media and adventitia. It 
has a discontinuous internal elastic lamina and is less 
prone to spasm and arteriosclerosis [3]. Nitric oxide 

          
Fig. 2. Skeletonized left  internal mammary artery with 

clipped perforating branches. Distal portion of IMA 
divides into superior epigastric and musculophrenic 

arteries

production is greater in the IMA than in the radial artery 
and long saphenous vein, and is associated with reduced 
smooth muscle proliferation, less intimal thickening, 
and improved long-term patency [4]. According to case-
control study of 1526 patients, RIMA as a second conduit 
did not increase the operative risk including sternal 
wound complications and improved long term outcomes 
including overall survival when compared to RA [5]. The 
advantage of utilizing the RA in patients with diabetes 
mellitus and obesity in this cohort is straightforward. 
These  ndings strongly support RIMA as the  rst choice 
second arterial conduit in CABG [5]. 

Radial artery (RA) became important arterial conduit 
for coronary bypass grafting. Five-year patency rates in 
more recent studies are similar to IMA [18]. RA patency 
rates are superior to those of the saphenous vein grafts, 
particularly in the midterm and long term [6]. RA grafting 
has fewer major adverse events, similar patency to RITA, 
and improves survival in older and COPD patients [7]. 
Appropriate patient selection, coronary arteries target 
territory and high-grade stenosis are key parameters that 
in  uence RA patency rates. 

RA harvesting technique
After collateral hand circulation assessment 

using modi  ed Allen test a linear skin incision from 
the midpoint of elbow crease to the lateral margin 
of wrist crease is made. Skin incision line may be 
differentiated by palpating the radial pulse distally on 
the wrist and proximally by identifying aponeurosis of 
biceps brachii on the  exion. The fascia overlying the 
RA is incised distally as the RA emerges to become a 
subcutaneous structure. The fascia is divided more 
proximally with cautery, separating the muscle bellies of 
the brachioradialis muscle and the  exor carpi radialis 
muscle. Distally, the fascia is carefully divided with 
scissors due to the close proximity of the underlying RA 
[8]. There are two nerves that should be avoided during 
the RA harvest: the lateral antebrachial cutaneous nerve 
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and the super  cial radial nerve. These nerves provide 
cutaneous innervation to the volar forearm, portions of 
the thumb and the dorsum of the hand [8]. Based on own 
experience RA harvesting with both veins that run along 
the artery is safer than skeletization (Fig. 3). Once the RA 
mobilized we apply clamp proximally for con  rmation a 
retrograde  ow from the ulnar artery supply, the vessel 
is ligated and transected. Similar actions provided to 
distal portion of RA. After the vessel is  ushed with 
vasodilating solution, proximal and distal stumps are 
sewed with 5.0 polypropylene sutures. The arm is closed 
with cosmetic skin suture.  Subcutaneous tissue and 
deeper fascia layers are left unapproximated to minimize 
the risk of compartment syndrome and nerve injury. Early 
career surgeons should be aware that patients with long-
standing diabetes are prone to arterial calci  cation and 
occasionally, intraluminal calcium cannot be palpated 
during initial evaluation of RA graft.       

 Fig. 3. Radial artery exposed and is harvesting with 
cautery

The right gastroepiploic artery (GEA) was used 
for indirect myocardial revascularization (Vineberg’s 
procedure) for the posterior or inferior wall of the heart 
in the late 1960s by Bailey et al. [9] and its angiographic 
patency was demonstrated in 1969 by Hirose et al. With 
the development of coronary artery bypass grafting 
procedures, direct anastomosis of GEA to the right 
coronary artery was attempted by Sterling Edwards in 
early 1970s, but there was no exact documentation of the 
procedure. The GEA graft already has a 27-year history 
in CABG, and its clinical results are excellent, without 
an increase in perioperative risk. The reported cumulative 
patency rate of the GEA graft was 98.5% at 1 month, 93.7% 
at 1 year, 86.2% at 5 years, and 70.2% at 10 years [10]. 

Gastroepiploic artery harvesting technique
There are two gastroepiploic arteries: right and left: 
• Left gastroepiploic arises from splenic artery;
• Right gastroepiploic artery, arises from 

gastroduodenal branch of proper hepatic artery.
It can be easily found between the layers of the 

greater omentum. For gastroepiploic artery harvesting 
the median sternotomy is extended just few centimeters 

below to the umbilicus with peritoneum opening. The part 
of stomach is delivered into the margin between thorax 
and abdomen by fenestrated atraumatic clamp, and the 
GEA is palpated along its greater curvature. GEA and 
surrounding tissue is detached from the greater curvature 
as a pedicled graft with no risk of subsequent gastric 
ischemia. GEA is delivered into the pericardial cavity by 
small incision in the diaphragm and is carefully placed 
on the anterior surface of the stomach (Fig. 4). The GEA 
is skeletonized and divided distally with intraluminal 
papaverine injection. 

 

 

Fig. 4. GEA is detached from the greater curvature as a 
pedicled graft 

Arterial grafts and target coronary arteries:
LIMA, RIMA patency are similar for most coronary 

artery territories. In setting of multivessel CAD: triple-
vessel disease, with major stenosis in right coronary 
artery (RCA), left main coronary artery (left main 
LCA), proximal to distal left anterior descending artery 
(LAD), including diagonal branch and hemodynamically 
signi  cant stenosis in the circum  ex coronary artery (Cx) 
territory the following approaches may be recommended:

• LIMA – LAD, RIMA – RCA (including terminal 
divisions, if suf  cient graft length, if insuf  cient 
- for distal RCA: RIMA may be anastomosed end 
– to end with RA), LIMA – RA (y- graft) – Cx. (Fig. 5)

• RIMA – LAD, RIMA – RA (y – graft) – RCA, 
LIMA – Cx.

• LIMA – LAD, GEA – RCA, LIMA – RIMA (y- 
graft) – Cx.

• LIMA – LAD, GEA – RCA, LIMA – IEA (y - 
graft) – Cx.

• RIMA – LAD, LIMA – Cx, aorta – RA (free graft) 
– RCA (Fig. 6)

• Aorta – RA – LAD, GEA – RCA, aorta – IEA – Cx. 
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• LIMA – LAD, LIMA – RIMA (y – graft) – Cx – 
RCA (sequential graft).

• LIMA – LAD, GEA – RCA, LIMA – RA (y – 
graft) – Cx.

• LIMA – LAD, LIMA – RA (proximal y- graft) to 
RCA and Cx (sequential, distal grafting)

• GEA – LAD, GEA – RA (y – graft) – RCA, GEA 
– RA (y – graft) – Cx.

Fig. 5. Proposed method of revascularization in setting 
of triple-vessel CAD, right internal mammary artery 

anastomosed with posterior descending artery (RCA), 
using end to end anastomosis with radial artery; left  

internal mammary artery anastomosed with left  anterior 
descending artery, radial artery anastomosed as y- graft  
with left  internal mammary artery to obtuse marginal 

artery of Cx system.

Fig. 6. Proposed method of revascularization in setting 
of triple-vessel CAD, right internal mammary artery 
anastomosed with left  anterior descending artery; left  
internal mammary artery anastomosed with obtuse 

marginal artert of Cx system; radial artery anastomosed 
as free graft , proximally with aorta, distally with posterior 

descending artery (RCA).

Coronary revascularization in complex cardiac 
surgery procedures

In setting of complex cardiac surgery procedures (valve 
replacement/valve reconstruction, aortic procedures) 
and concomitant hemodynamically signi  cant coronary 
artery stenosis, arterial grafting remains preferred option 
for revascularization [18]. Nevertheless, high grade 
stenosis for RCA > 90 % and for left-main with major 
distributions of LCA > 70% of stenosis are the key 
parameters for long-term arterial graft patency. 

 
 
 Fig. 7. Proposed method of revascularization in complex 

cardiac surgery procedures: aortic valve replacement 
with high-grade stenosis of left -main coronary artery: left  
internal mammary artery anastomosed with left  anterior 

descending artery, for arterial y-graft , the following 
arteries may be utilized: right internal mammary artery/
radial artery/inferior epigastric artery anastamosed with 

obtuse marginal artery of Cx system

Pharmacological agents used for spasm prevention
Many surgeons are reluctant utilizing multiple arterial 

grafts in their routine practice for higher harvesting 
precision, longer duration and properties of arterial 
grafts, which are prone to spasm. However, there are 
numerous pharmacologic agents, used for this particular 
issue. All pharmacologic vasodilator drugs relax the 
vessel through speci  c mechanisms, and therefore, there 
is no perfect, single best vasodilator to prevent or treat 
spasm of the arterial graft against all mechanisms of 
contraction [14]. The standard papaverine solution, used 
for spasm prevention, may be supplemented by calcium 
channel blockers – verapamil. Decision on intraluminal 
injection or gentle external irrigation left for surgeon 
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competency. However free grafts, such as RA, GEA and 
IEA are highly recommended for intraluminal injection 
for resting blood  ushing. Phosphodiesterase inhibitors – 
milrinone, are highly effective in spasm prevention [19]. 
According to own experience, patients who underwent 
complete arterial revascularization should receive 
calcium – channel blockers (dosage, calculated according 
to patient’s blood pressure) on the  rst postoperative day 
and subsequently next six month after operation. 

CONCLUSIONS
The superiority of arterial grafts for myocardial 

revascularization led surgeons to commonly use both 
internal thoracic arteries and increasingly frequent use 
the gastroepiploic artery to graft (reach) coronary arteries 
on the inferior ventricular wall. The radial artery has 
been assuming an increasingly prominent role in arterial 
revascularization, often being used when additional 
arterial conduits are desired in conjunction with the 
internal mammary arteries. Inferior epigastric artery 
graft is good alternative arterial graft for patients, who 
previously underwent chest radiotherapy or blunt thoracic 
trauma. IEA graft may serve as a complement of the 
myocardial revascularization in patients over 70 years old 
for better clinical results because of intact IMAs without 
comprising sternal blood supply. Preferential non aortic 
(no – touch aorta) manipulation is highly recommended, 
however there are no statistically signi  cant data on risk 
in long-term results of such method.

Complete arterial revascularization provides 
symptomatic relief from coronary artery disease provides 
superior patency rates and lowers incidence of major 
adverse cardiac events. 
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Resume. The article presents a description of the main puncture and drainage interventions, indicating the method of their 

implementation, techniques, materials used for their implementation. The own experience of application of the speci  ed minimally 
invasive interventions in treatment of a syndrome of mechanical jaundice of benign and malignant genesis, acute cholecystitis, acute 
pancreatitis and its complications, hepatic abscesses, limited liquid accumulations of an abdominal cavity and retroperitoneal space is 
described. The advantages and disadvantages are noted, a comparative assessment is made and recommendations are given for the use 
of different puncture and drainage interventions depending on the type of pathology in which they are used.

Keywords: mechanical jaundice, endobiliary interventions, percutaneous-transhepatic cholangiostomy, percutaneous-transhepatic 
cholecystostomy, postoperative  uid accumulations.

An important achievement of the twentieth century 
was the widespread introduction of new technologies 
in medicine, including surgery. Traditional operations 
have been replaced by minimally invasive minimally 
invasive laparoscopic, X-ray endovascular, endoscopic 
and percutaneous interventions, which can signi  cantly 
affect the results of treatment of a wide range of surgical 
diseases [6, 7]. The combination of ultrasound imaging 
with invasive interventions has been called ultrasound 
diapeutics in the scienti  c literature. It took years to 
overcome the traditionally conservative psychology of 
surgeons to achieve recognition of the effectiveness of 
puncture-drainage invasions of the biliary tract, limited 
 uid and purulent foci of the liver, pancreas and abdomen 

under ultrasound control [10, 11].
Most invasive percutaneous interventions are 

performed under the control of ultrasonic devices 
equipped with convex and linear sensors 3.5 MHz - 5 
MHz, using puncture nozzles or the method of «free 
hand» (free hand method) and are used mainly for 
punctures and drainage of large demarcated  uid cavity, 
pleural cavities, liver biopsy, percutaneous endobiliary 
interventions [11, 13].

An important advantage of ultrasound-guided 
percutaneous interventions over X-ray-controlled 
interventions is the absence of signi  cant radiation 
exposure to the patient and medical staff, as well as the 
possibility of dynamic monitoring of the patient.

Invasive interventions on the technique of execution 
are divided into punctures and drainage, which, in turn, 
is divided into two-moment and one-moment. Two-stage 

drainage includes drainage according to Seldinger’s 
method, one-stage drainage includes stiletto catheter 
drainage and trocar method.

For punctures  exible needles of various design, 15-
25 centimeters long, with a diameter of 16-23 g (1,6-0,6 
mm) are used. The choice of design, diameter and length 
of the needle depends on the purpose and intended depth 
of the puncture. The  exibility and  neness of the needle 
allow you to puncture organs that are in physiological 
motion without any signi  cant risk of damage. Needles 
with diameters of 16-19 g (1.6-1.1 mm) are used for 
punctures of liquid formations. For this purpose, Chibs 
needles are most often used, which are a hollow structure, 
ultrasonic visualization of which is achieved by the 
presence of a mixture of air, liquid and tissues in its 
lumen. Its tip is visualized as a single echo. All invasive 
interventions are performed under local anesthesia in 
accordance with the rules of asepsis and antiseptics, less 
often (in children and restless patients) - under short-
term intravenous anesthesia [5, 7, 8].

Various modi  cations of X-ray contrast catheters are 
used for percutaneous drainage, most often with the help 
of outer diameters of lumens 5-15 F on the Charrier scale 
(corresponds to 1.7-5.0 mm), approximately on the type 
of «pigtail» with white holes; catheter styles are used for 
one-stage drainage (Fig. 1). The drainage kit also includes 
angiographic  exible conductors of various diameters, 
up to 70 centimeters long (straight and J-type) and soft 
plastic dilators with a central channel of increasing 
diameter (7-10 F) to expand the lumen of the channel to 
the required drainage. Nowadays, disposable sterile kits 
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(needle, conductor, drainage, additional accessories) of 
various foreign manufacturers (Cook, Somatex, Balton, 
etc.) are widely used [6, 7].

For the endoprosthesis of the biliary tract uses a 
set developed by prof. Ivshin VG (Fig. 2), as well as 
metal mesh braided stents with Wallstent memory with 
Permalume coating (without WallFlex coating) and 
delivery system Unistep Plus (Boston Scienti  c, USA) 
and Hanarostent Biliary Non-covered, Shim-Hanarostent 
covered and Hanarostent Biliary 

Hilar (MI Tech, Korea) complete with a delivery 
device with a diameter of 8-10 mm, a length of 50-120 
mm (Fig. 3).

 

 
 

Fig. 1. Set for a through catheter (1 - a catheter like Pigtail, 2 - a direct catheter, 3 - a two-component needle).

 

Fig. 2. Set for endoprosthesis of bile ducts (A, B, C, 
D - endoprosthesis for the right lobe of the liver; D - 

endoprosthesis for the left  lobe of the liver; 
E - angiographic fl exible conductor;  F - screwdriver)

 

 

 
 Fig. 3. Set for endobiliary stenting Hanarostent Biliary (M.I. Tech, Korea) and kit for endobiliary stenting Wallstent (Boston 

Scientifi c, USA)

Preparation of patients is carried out according to the 
generally accepted method for ultrasound examinations. 
Punctures are performed in the position of the patient on 
his back or side in accordance with the rules of asepsis 
under local anesthesia.

The contents obtained by puncture or drainage are subject 
to cytological, biochemical, bacteriological examination, 
determination of sensitivity to antibiotics, etc.

In recent decades, in most industrialized countries of 
the world there has been a steady increase in the incidence 

and prevalence of gallstones, especially its complicated 
forms (choledocholithiasis, mechanical jaundice, 
acute cholecystitis, purulent cholangitis, stricture of 
the terminal duodenal cholecystitis etc.), damage and 
strictures of the bile ducts, benign and malignant tumors 
of the pancreas, duodenum, bile ducts, liver, etc., which 
usually also cause obstruction of the biliary tract with the 
development of mechanical jaundice, purulent cholangitis 
and other complications (in 20.1- 80.5% of patients with 
choledocholithiasis, 30-50% - with tumor lesions of the 
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hepatopancreatoduodenal area, 50-7.20% - with strictures 
of the extrahepatic bile ducts, etc.) [1, 2, 6, 8].

Mechanical jaundice - is a symptom complex 
caused by disruption of the natural passage of bile due 
to obstruction of the biliary tract of benign or tumor 
origin, which results in cholestasis, biliary hypertension, 
microcirculation disorders, dystrophy and focal necrosis 
in the liver parenchyma leading to liver failure. , 
barrier, synthetic and other liver functions, as well as 
progressive toxemia due to the entry of toxic products 
of bile breakdown into the systemic bloodstream, 
microbial contamination and translocation of intestinal 
micro  ora into the portal system with the subsequent 
implementation of multiorgan failure syndrome, which 
is one of the most common causes of death [6].

In 23.4-50.1% of patients with MJ (Mechanical 
Jaundice) is accompanied by purulent cholangitis, which 
is a consequence of prolonged cholestasis. Given the 
real threat of the spread of the in  ammatory process to 
numerous, even the smallest bile ducts, acute cholangitis 
can be manifested by a septic condition, which in 
biliary hypertension often causes the development of 
intrahepatic cholangiogenic abscesses, biliary sepsis, 
resulting in high mortality, resulting in high mortality. 
data from various authors, in the range of 12.1-31.3%. 
Its main cause in this category of patients is progressive 
liver and kidney failure [6, 14].

With complete biliary obstruction of any genesis, 
rapidly progressing intraductal hypertension is 
accompanied by the rapid development of endotoxemia, 
purulent cholangitis, biliary sepsis, bacterial-toxic shock, 
progressive hepato-renal failure, which necessitates the 
urgent implementation of surgical with serious metabolic 
disorders in 50% or more causes death [13, 14, 16].

Today, according to most leading biliary surgeons in 
the world, the method of choice in the surgical treatment 
of patients with MJ (Mechanical Jaundice) benign and 
tumor origin is a two-stage surgical tactic, which involves 
performing in the  rst stage of decompression of the 
biliary tract one of the minimally invasive (endoscopic 
retrograde or transdermal) in combination with active 
conservative therapy, and at the II stage - radical surgical 
intervention aimed at eliminating the main cause of 
biliary hypertension.

Decompression of the biliary tract is the most 
important stage in the treatment of severe forms of MJ 
(Mechanical Jaundice). The nature of the main disease of 
the Hepatoduodenal area, which led to the development 
of MJ (Mechanical Jaundice), and its location are crucial 
in choosing the method and method of restoring bile 
passage, the arsenal of which in recent decades, especially 
with the introduction of endoscopic and antegrade 
endobiliary technology has increased signi  cantly.

Since the mid-1970s, endoscopic retrograde 
interventions have taken the leading place in the 
diagnosis and treatment of choledocholithiasis, primarily 
endoscopic retrograde cholecystopancreatography with 

endoscopic papillosphincterotomy (over 30 years). 
For the  rst time this method of minimally invasive 
biliary decompression, independently of each other, 
was performed in 1974 in Germany by M.Classen and 
L.Demling, as well as in Japan by K.Kawai and co-
workers. This low-trauma, highly effective and relatively 
close to physiological intervention quickly became 
widespread in most of the world’s leading surgical clinics. 
In recent decades, in order to decompress the biliary tract 
and eliminate biliary hypertension, it is performed in 
72.4-85.2% of patients with MJ (Mechanical Jaundice) 
due to choledocholithiasis, limited strictures of the 
terminal choledochus, duodenum, chronic indurative 
pancreatitis and more. However, the use of this technique 
is limited by high rates of complications and mortality, 
which are 3.3-8.8% and 0.4-1.3%, respectively. The 
most severe of them are bleeding from papillotomy 
(1.4-4.0%), the development of acute cholangitis, 
pancreatitis (0.9-6.3%), perforation of the duodenum 
(0.2-0.5%), requiring immediate open surgery to correct 
complications and others [3, 6, 7].

At the present stage of development of biliary surgery, 
among the various methods of biliary decompression, 
one of the leading places is beginning to be occupied 
through skin and transhepatic techniques of reproduction 
of the biliary tract under ultrasound control. Among 
them, the most common is due to cutaneous-hepatic 
cholangiostomy, the results are shown in MJ (Mechanical 
Jaundice) with high and medium registration of bile  ow 
(choledocholithiasis, strictures, training and tumors of 
the main bile ducts, duodenum, pancreas, etc.).

Performing cutaneous-hepatic cholangiostomy is a 
priority in cicatricial stricture of the distal choledochus 
in combination with purulent cholangitis, which allows 
for antegrade rehabilitation of bile ducts and their 
preparation for subsequent dilatation of the stricture, 
endoprosthesis or stenting [7, 9, 10]. Increasingly 
common in biliary surgery for MJ (Mechanical Jaundice), 
acute cholecystitis is cutaneous-hepatic cholangiostomy 
for biliary decompression, as well as rehabilitation of the 
gallbladder in patients with extremely severe somatic 
condition, which becomes an obstacle to more complex 
surgery [12, 15, 16, 17] (Fig. 5).

Antegrade percutaneous-transhepatic endobiliary 
interventions are a set of minimally invasive techniques, 
each of which involves solving a speci  c diagnostic or 
therapeutic goal, and their use in various combinations 
- to eliminate MJ (Mechanical Jaundice) and prepare 
for palliative or radical treatment of patients, and may 
be the  nal method of treatment inoperable patients with 
malignant lesions of the hepatopancreatoduodenal area.

These techniques differ favorably from open surgical 
interventions with laparotomy access with low trauma, 
lower incidence of complications. The use of antegrade 
endobiliary interventions makes it possible to perform 
cholangiography, which allows to determine the level, 
length and nature of obstruction of the biliary tract.
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 Fig. 4. Percutaneous-transhepatic cholangiostostomy under ultrasound control

 Fig. 5. Percutaneous-transhepatic cholecystostomy under ultrasound control

Therefore, endobiliary puncture interventions are 
divided into diagnostic and therapeutic, among which 
there are:

1. Percutaneous-transhepatic puncture cholangio-
graphy;

2. Multivariate percutaneous-transhepatic cholangio-
stomy;

3. Percutaneous-transhepatic cholecystostomy;
4. Antegrade bile duct endoprosthesis;
5. Antegrade stenting of the bile ducts.
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Depending on the direction of bile drainage (outside 
or in the lumen of the gastrointestinal tract) after the 
intervention, as well as taking into account the time 
interval (duration) - simultaneously or delayed, there are:

1. External drainage.
2. One-time internal drainage.
3. Delayed internal drainage.
Performing percutaneous-transhepatic cholecysto-

stomy under ultrasound control, according to most biliary 
surgeons, is a priority in the localization of the biliary 
block distal to the con  uence of the gallbladder into the 
common bile, provided that the patency of the  rst of 
them under the following conditions (Fig. 6.):

• with slight dilatation of the bile ducts, which 
complicates the performance of percutaneous-
hepatic cholangiostostomy;

• with a signi  cant increase in the size of the 
gallbladder;

• with a perfect  t of the gallbladder to the lower 
surface of the liver.

The method of performing percutaneous-transhepatic 
cholecystostomy under ultrasound control, which is 
successful in the vast majority of patients, is a simple 
and minimally traumatic method of biliary tract drainage, 
which can be effectively used in inoperable patients with 
MJ at high risk of any other surgery to provide temporary 
or permanent decompression of the biliary tract.

In patients with MJ (Mechanical Jaundice)  tumor 
origin, which is due to different in nature and prevalence 
of malignant neoplasms, the tactics of antegrade 
endobiliary interventions involve achieving biliary 
decompression during the preparation of the patient for 

Fig. 6. Percutaneous-transhepatic cholecystostomy, 
fi stulography.  Choledocholithiasis, a stone of the distal  

choledochus

 
 
 
 
 
 
 
 
 

Fig. 7. Percutaneous-transhepatic cholecystostomy, fi stulography. Cancer of the head  of the pancreas with a block at the level of 
the upper third of the choledochus

radical or palliative surgery (or may be the  nal method 
of treatment).

Irrespective of the reasons which have caused MJ 
(Mechanical Jaundice), medical tactics usually assume 
performance of antegrade external drainage (ED) of 
bilious channels. After achieving biliary decompression, 
the mode of ED can be switched to the mode of internal 
drainage (ID). In 1978, F. Burcharth proposed a 
method of transpapillary antegrade endoprosthesis, and 
subsequently introduced endobiliary ante- and retrograde 
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prosthesis of the bile ducts under X-ray television, 
ultrasound or choledochoscopic control.

Biliary prostheses are a segment of a polymer tube 
made of synthetic materials - Te  on, polyurethane 
and other materials of suf  cient length to restore the 
passage of bile into the duodenum from the part of the 
choledochus, which is above the site of obstruction. 
Te  on and polyurethane endoprostheses have better 
characteristics (better slip, inlay resistance, etc.).

Endoprosthesis (EP) of the bile ducts is performed 
in order to restore the natural passage of bile in the 
gastrointestinal tract, eliminate the inconvenience of 
catheter drainage and improve the quality of life of the 
patient (Fig. 8).

Indications for EP are:
1. predicted life expectancy of patients with 

malignant tumors of the biliopancreatoduodenal 
area, not more than 6 months;

2. old age, and / or exhaustion, and / or severe 
condition of the patient;

3. complete pathomorphosis of a malignant tumor 
after radiation therapy or combination therapy.

Endoprosthesis has a number of advantages over 
external drainage of the biliary tract:

• no risk of complications, educational injections of 
the proximal end of the drainage of the external 
(pain, infection of the wound at the injection 
and  xation of drainage, bile infection and 
the development of cholangitis, dislocation or 
accidental removal of drainage of another);

• no need for daily repeated inspection for drainage 
and the place of its introduction;

• lack of negative psychological impact on the 
patient by reminding him of the presence of 
permanent drainage, serious illness and future 
surgery;

• ensuring a more ef  cient digestive process by 
restoring the physiological passage of bile into the 
duodenum.

The accumulated experience in the use of antegrade 
endoprosthetics and stenting of the biliary tract indicates 
their high ef  ciency as a method of restoring bile 
out  ow in MJ of benign and tumor origin. In some cases, 
arthroplasty is an alternative to palliative surgery, which 
is especially important for elderly and senile patients 
with metastatic cancer of the pancreas, duodenum, etc.

Antegrade decompression of the bile ducts allows 
to eliminate cholemia in 90% of patients, exceeds the 
results of the surgical method in terms of complications, 
mortality, life expectancy, reduces the patient’s stay in 
the hospital. Until recently, mortality from complications 
of interventional drainage of the bile ducts reached 20-
30% of cases, in recent years did not exceed 3-4.2%, 
which was made possible by improving the technique of 
interventions and the quality of postoperative care.

Thus, in wide clinical practice today many effective 
methods of antegrade decompression of a biliary tract 

at MJ (Mechanical Jaundice) of any genesis are widely 
enough used.

Among the problems of emergency surgery of the 
abdominal cavity, one of the leading places is acute 
cholecystitis (AC), which is second only to acute 
appendicitis. Its frequency, at present, reaches 17-18% 
of all cases of diseases of the abdominal cavity, which 
necessitate emergency surgery [16, 17]. About 40% of 
such patients are people older than 60 years. Although 
today the algorithm of surgical tactics in the treatment of 
this pathology is clearly de  ned, which provides priority 
for cholecystectomy, the question of determining the 
amount of primary surgery in elderly and senile patients 
with severe comorbidities, which causes the progression 
of the syndrome of mutual burden signi  cantly increases 
the operational and anesthetic risk [14, 18]. The situation 
is complicated by the rapid increase in destructive 
changes in the gallbladder, which further exacerbates the 
already serious condition of patients. Effective in such 
cases is the decompression of the biliary tract due to 
percutaneous-transhepatic cholecystostomy in patients 
with preserved patency of the vesical duct (Fig. 9).

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Fig. 9. Microcholecystostomy in a patient with acute 
calculous cholecystitis, gallbladder empyema

Most intensively, in recent years, percutaneous 
interventions in combination with video laparoscopic 
and other minimally invasive interventions are used 
in the treatment of complications of acute destructive 
pancreatitis, dramatically changing the situation in the 
tactics of management and treatment of this pathology.

Acute pancreatitis is one of the most severe in the 
clinical course and consequences of surgical diseases 
of the abdominal cavity, which is still accompanied by 
high mortality (25-41%), which does not tend to decrease 
due to the complexity of pathogenesis, dif  culties in 
diagnosis and treatment. 18% of patients with acute 
destructive pancreatitis develop phlegmon of the 
retroperitoneal space, 10% - pseudocyst of the pancreas, 
5% have bleeding into the cavity of the omental sac 
with the formation of hematomas, 1-9% - an abscess is 
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Fig. 8. Stages of antegrade endobiliary stenting in 
a patient with Klatskin’s tumor (1 - percutaneous-
transhepatic cholangiostomy; 2 - tumor recanalization; 
3 - delayed external-internal drainage; 4 - stent installed 
in the common hepatic duct; 5 - computed tomography 
aft er 2 months aft er stenting)
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formed. Crucial in the treatment of this pathology is the 
timely implementation of adequate surgery [4, 8, 10, 11]. 
However, today there is no single concept in determining 
the timing and scope. Most researchers are inclined to 
think about the ineffectiveness of early laparotomies, 
which in most cases usually end in simple drainage of the 
omental sac, abdominal cavity and retroperitoneal space. 
On the other hand, the rapid development of endogenous 
intoxication syndrome and, as a consequence, the threat 
of such a formidable complication as multiple organ 
failure, force the surgeon to perform surgery with a 
signi  cant risk to the patient’s life. Based on the above, 
a possible way to solve this problem, in parallel with 
intensive care, is to perform percutaneous minimally 
invasive interventions under ultrasound control, which 
can mostly ensure the aseptic nature of pancreatic 
necrosis, reduce the possibility of bacterial translocation 
to the destruction zone.

The appearance of effusion in the parapancreatic zone 
in acute pancreatitis, in combination with unclear course 
of the disease, is an indication for percutaneous puncture 
followed by examination of the aspirate to determine the 
aseptic or infected phase of the disease. The following 
cytological, bacteriological and biochemical researches 
allow to establish the diagnosis with accuracy to 100%, to 
correct medical tactics at various stages of development 
of acute pancreatitis, to predict and prevent development 
of various complications.

In edematous acute pancreatitis, percutaneous 
interventions are used only for diagnostic purposes 
(obtaining an aspirate for laboratory tests), as well 
as to combat severe pain (chemical denervation by 
alcoholization of the solar plexus).

Puncture techniques for limited complications of 
acute pancreatitis are used:

1. As a method of radical treatment of delimited 
retroperitoneal in  ows, phlegmon, abscesses and cysts.

2. As a stage of preparation for the next radical 
surgical treatment.

One of the most serious and formidable complications 
of acute pancreatitis is the formation of false cysts of 
pancreatogenic origin. If surgical tactics in the case of 
formed pancreatic cysts are quite clearly de  ned today, 
in the case of unformed pseudocysts the possibility and 
necessity of their surgical treatment have been actively 
discussed recently. If until recently the indications for the 
use of diabetic technology were traditionally considered 
suppuration, compression, pain and biliary syndromes, a 
rapid increase in the size of the cyst, recently a growing 
number of pancreatologists are inclined to believe that 
the question of timing of surgery to diagnose acute 
pancreatitis decided in favor of its puncture and drainage, 
even in the uncomplicated course of the cyst. It is during 
the formation of the cyst capsule (3-6 months) most 
often the development of life-threatening complications 
(suppuration, bleeding).

Pseudocysts of small volume (50-350 ml) and 
diameter (6-7 cm) can be cured by aspiration-puncture 
method, regardless of the nature of the pathological 
process (infected or aseptic). Typically, a small volume 
of pseudocyst indicates no connection to the pancreatic 
duct (Fig. 10).

Drainage of cysts at an earlier date can prevent 
potentially life-threatening complications (rupture of 
the pseudocyst with the appearance of its contents in 
the abdominal cavity, bleeding into the cyst cavity, 
suppuration of the cyst).

Transcutaneous treatment interventions and 
established pseudocysts may be effective if they have no 
connection to the ductal system of the gland.

Fig. 10. Puncture of the cyst of the head of the pancreas
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Purulent complications of necrotic pancreatitis 
remain the leading cause of death in this disease. As the 
echosemiotics of pancreatic necrosis and its complications 
have been studied in depth, the  rst reports of the possibility 
of ultrasound-guided puncture interventions in limited 
purulent postnecrotic formations have emerged.

Percutaneous interventions are relatively safe, highly 
effective in the diagnosis and treatment of patients 
with extensive purulent-in  ammatory processes of the 
pancreas, allow to obtain good results in the treatment 
of patients at increased surgical risk, and in some cases 
avoid surgical treatment or relaparotomies.

Quite often phlegmons of retroperitoneal tissue, by 
the end of the 2nd week of their development, cause 
the formation of small or large intestinal  stulas. Prior 
to the introduction into clinical practice of minimally 
invasive techniques that allow X-ray examination of foci 
of destruction of retroperitoneal tissue, intestinal  stulas 
were considered rare complications of destructive 
pancreatitis. The use of percutaneous interventions for 
large retroperitoneal phlegmons is the primary surgical 
manipulation, which allows,  rst of all, to clarify the 
diagnosis (bacteriological studies and correction of 
antibacterial therapy, contrast studies to determine the 
length of foci of destruction and their possible connection 
with the abdominal cavity). Opportunities to stabilize 
the patient’s condition (puncture and drainage of foci 
available for interventions) with subsequent surgical 
treatment in a more favorable period.

Analysis of research shows that, despite the high 
level of development of modern purulent surgery, the 
development of new methods of surgery, a powerful 
arsenal of highly effective antibacterial drugs, improving 
the basic principles of antiseptics and preventive 
measures, the treatment and prevention of limited 
purulent foci of the abdominal cavity. resolved [10, 
11]. However, in a signi  cant percentage of cases, 
traditional surgical interventions for abscesses may be 
limited to the rehabilitation and external drainage of 
the abscess, which is almost indistinguishable from the 
ultimate goal of percutaneous interventions. Performing 
medical punctures involves maximum removal of the 
abscess, repeated remediation of cavities with solutions 
of antiseptics and the introduction of broad-spectrum 
antibiotics (until receiving an antibioticogram), and 
then, as with drainage, etiotropic antibacterial therapy. 
In some cases (in the presence of thick manure or small 
sequesters) transdrainage administration of proteolytic 
enzymes is used.

The choice of drainage method, two-time according 
to the method of Seldinger, or one-time according to the 
method of a stiletto catheter, depends on the location 
and size of the purulent focus. It is possible to correct 
the number and location of drainages during treatment, 
which is an important feature of this method of treatment.

Control over the dynamics of the hearth is carried 
out using ultrasound, less often - by performing 

abscessography or computed tomography (Fig. 11). 
If necessary, Seldinger drainages can be replaced with 
drainages of larger or smaller diameter, their location can 
be corrected during treatment.

Fig. 11. Abscesses of the right lobe of the liver. Puncture 
and drainage of abscesses. Abscessography

Criteria for the effectiveness of this method of 
treatment is the stabilization of the general condition 
of the patient, a sharp decrease or disappearance of 
secretions or the most pathological formation in the 
control study.

Criteria for treatment and cessation of treatment are 
as follows:

1. Reduction of the residual cavity to 1/3 of the 
original.

2. A small amount of discharge from the cavity or its 
complete absence.

3. Change in the nature of secretions (from purulent 
to serous).

4. Stabilization of the general condition of the patient.
5. Steady tendency to normalization of laboratory 

parameters.
6. Negative results of control bacteriological research.
7. Disappearance or reduction in the volume of 

reactive effusion in the abdominal or pleural 
cavities.

At the sizes of abscesses to 4-5 centimeters preference 
is given to puncture treatment. The size of the abscesses 
is more than 5 centimeters, the presence of several foci or 
the ineffectiveness of puncture treatment are indications 
for percutaneous drainage or a combination of techniques.

In the treatment of long-term abscesses with a 
thickened capsule, thick contents, the presence of 
sequesters, as well as the presence of several connecting 
cavities, trans-drainage administration of protein 
enzymes is effective, which can reduce drainage time by 
4-5 gains.
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Due to skin intervention, they have also been shown 
to be effective in the treatment of post-traumatic, 
primarily unorganized or privately organized hematomas 
of the liver, post-traumatic white and bone livers, which 
are bent.

At extraorganic localization of the limited purulent 
pathology (abscess) the choice of a technique is de  ned 
by an arrangement of the purulent center concerning 
abdominal organs, ie degree of its availability and the 
sizes.

The subphrenic location of the abscess is an indication 
for drainage by one of the methods, most often a stylet 
catheter with the preferred installation of two catheters 
or double lumen drainage for permanent irrigation of the 
pathological cavity. Terms of drainage at this pathology 
 uctuate from 7 to 21 days.

At a subhepatic arrangement or interloop localization 
of abscesses medical punctures are used because most 
often these abscesses of the small sizes with limited 
availability to them (loops of intestines). The number 
of interventions varies in the amount of 1-3 - in the 
subhepatic location, and 3-6 - in inter-loop abscesses 
(Fig. 12).

Thus, percutaneous interventions are highly 
effective minimally invasive methods of surgical 
treatment of various postoperative formations of 
purulent-in  ammatory origin (bile in  ows, unorganized 
hematomas, abscesses), and which in 51.4-65% of 
cases may become the  nal method of their treatment. 
Percutaneous echo-controlled invasions are used to 
eliminate unlimited intra-abdominal and retroperitoneal 
 uid accumulations (ascites, reactive pleurisy), primarily 

with small amounts of  uid, which makes it dif  cult 
and dangerous to use traditional techniques. These 
interventions are an effective method of treating early 

 
 
 
 

Fig. 12. Appendicular abscess. Puncture of the abscess

postoperative complications in abdominal surgery, which 
requires widespread clinical use in surgical hospitals in 
the country.

Punctures and drainage under the control of 
sonography should be considered the method of choice 
in the treatment of a number of surgical diseases of the 
abdominal cavity, retroperitoneal space.

The total positive effect in the form of complete healing 
of abscesses and other  uid postoperative formations of 
the abdominal cavity and its organs by percutaneous 
interventions under the control of ultrasound is about 
85-97%.

Comparative safety, speed of execution, 
informativeness and ef  ciency, high economic ef  ciency 
- determining factors for wide clinical introduction 
in domestic medicine of a method of percutaneous 
interventions under the control of ultrasound. However, 
it should be noted that the implementation of these 
interventions under the control of ultrasound requires 
strict adherence to the indications, the technique of 
execution. They must be performed by highly quali  ed 
specialists with knowledge of the basics of radiation 
diagnostics, surgery, topographic and ultrasound anatomy 
in a specialized surgical hospital equipped with modern 
equipment and tools.

Clinic of the Department of Surgery 1 Bogomolets 
National Medical University has experience in the 
successful treatment of more than 1,000 patients with 
diseases of the abdominal cavity, in which puncture 
methods of surgical treatment were used.

CONCLUSIONS
1. Percutaneous-transhepatic interventions under 

ultrasound control are one of the most effective methods 
of biliary decompression in MJ (Mechanical Jaundice) 
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of tumor and benign origin, in the treatment of intra-
abdominal abscesses and other  uid accumulations of the 
abdominal cavity, retroperitoneal space, etc.

2. Diagnostic punctures under the control of ultrasound 
- a method of differential diagnosis of limited pathology 
of the abdominal cavity and its organs, which increases 
the ef  ciency of detection of purulent pathology to 100%.

3. Bacteriological examination of the obtained 
aspirate allows to determine the micro  ora, sensitivity to 
antibacterial drugs and to conduct etiotropic therapy.

4. Clear de  nition of access for percutaneous 
interventions under the control of ultrasound, compliance 
with all techniques, complete rehabilitation of the biliary 
tract or purulent foci in combination with comprehensive 
conservative treatment of patients - the main components 
of achieving a positive result.
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POSSIBILITIES OF REGENERATION OF THE MUSCLES OF THE 
SOFT PALATE DURING ITS NONUNION DEPENDING ON THE 

MYOGENIC POTENTIAL OF STEM CELLS. Review
 Kharkov L.V., Egorov R.I.

Bogomolets National Medical University, Kyiv, Ukraine
DHST1994@Gmail.

Relevance. Today there are more than 150 methods for eliminating congenital defects of the hard and soft palate. However, these 
techniques do not always lead to high functional results, which leads to repeated surgical interventions and long-term speech therapy 
rehabilitation. Therefore, there is a problem of prognosis of such treatment. The search for a marker for assessing the prognosis of surgical 
intervention is relevant. One of these markers may be the state of the myogenic potential of stem cells.

Objective: to analyze the possibility of preliminary assessment of muscle regeneration, depending on the myogenic potential of stem 
cells, in order to increase the effectiveness of treatment of children with non-union of the soft palate.

Method. An analytical review of the literature on keywords from the scientometric databases PubMed, Scopus, Web of Science.
Results. Satellite cells represent an adequate system model for studying the biology of adult stem cells. Satellite cells can be 

considered candidates for cell therapy in muscle regeneration. First, they are one of the most abundant and most accessible cells in our 
body. Secondly, there is a panel of speci  c markers that can be used to isolate satellite cells. Third, satellite cells are localized within clear 
boundaries of the anatomical niche, and signaling mechanisms are currently being studied. Fourth, there is the possibility of recreating 
muscle injuries in which satellite cells can be studied. Future research aimed at increasing the puri  cation of satellite cells so as to 
maintain their low differentiation, increase the engraftment potential, as well as new approaches aimed at obtaining satellite cells from 
iPS cells, will help accelerate the progress and development of drugs for cell therapy in the treatment of muscle degenerative diseases.

Conclusions. The data on the myogenic potential of stem cells, in muscle regeneration, obtained on satellite cell models, can be used 
to increase the effectiveness of the treatment of children with nonunion of the soft palate.

Key words: nonunion of the upper lip and palate, muscle injury, satellite stem cells, engraftment, myo  brils, marker

Relevance. Nonunion of the upper lip and palate 
is the most common congenital malformation of the 
maxillofacial region. There is a tendency to an increase 
in the birth rate of children with this pathology. The 
incidence of lip and palate unions is approximately 1: 
500-1: 1000 live births.

The anatomy of deformation disorders of the 
maxillofacial region with non-union of the upper lip and 
palate re  ects not only the different length and size of 
the defect that arose during embryonic development, 
but also the long-term consequences of a violation 
of the growth model of development in the absence 
of intact labial muscles and structural support by the 
bone arch, the presence of a message between the 
mouth and nose [9].

There are more than 150 methods for eliminating 
congenital defects of the hard and soft palate. Surgical 
treatment of congenital nonunions of the palate is 
carried out by moving the mucoperiosteal  aps. Over the 
years, the authors have proposed using various surgical 
techniques to optimize the ratio of the length of the soft 
palate and the width of the mesopharygus.

However, these techniques do not always lead to 
high functional results, which leads to repeated surgical 
interventions and long-term speech therapy rehabilitation.

There is a problem of choosing the most adequate 
technique for each speci  c case. Therefore, the actual 
issue is the search for a marker when choosing a 

technique. One of these markers may be the state of the 
myogenic potential of stem cells.

Objective: to analyze the possibility of preliminary 
assessment of muscle regeneration, depending on the 
myogenic potential of stem cells, in order to increase the 
effectiveness of treatment of children with non-union of 
the soft palate.

METHOD
To analyze the possibility of preliminary assessment 

of muscle regeneration, depending on the myogenic 
potential of stem cells, in order to increase the 
effectiveness of treatment of children with non-union of 
the soft palate.

RESULTS AND DISCUSSION
The effectiveness of primary uranostaphyloplasty is 

diverse. Thus, cicatricial of the tissues of the soft palate 
and its shortening were observed in 19-68% of patients 
operated on according to known methods. The main 
indicator of the functional ef  ciency of the performed 
uranostaphyloplasty is good pharyngeal closure. It is it 
that largely determines the «purity» of speech [23].

The muscles of the soft palate (5 pairs) form an 
aponeurosis in the center of the soft palate. The lack of 
connection to the skeleton at one end contributes to the 
development of static contractions and high tension. The 
main function of the soft palate in humans is to control 
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the  ow of air through the mouth or nasopharynx during 
a conversation and to protect against the ingress of food 
and liquid into the nasal cavity during swallowing. It 
also plays an important role in middle ear breathing 
and ventilation. For the normal functioning of the 
palatopharyngeal ring, the muscles of the soft palate 
contract as synergists, and if they do not join, this is 
not, since they have a pathological attachment, namely: 
the muscles are attached to the posterior surface of the 
hard palate. Accordingly, the muscles do not work, 
and we can talk about dystrophy of muscle  bers and 
a decrease in myogenic potential. Surgical treatment 
aimed at eliminating anatomical and functional defect, 
which should subsequently improve speech quality and 
feeding. However, problems often persist after surgery. 
After surgery, scar tissue is formed, which subsequently 
causes problems with the function of the muscles of 
the soft palate, namely: it disrupts the organization and 
construction of new muscle  bers, and the connections 
between them [8].

By histochemical reaction to myo  brillar ATPase 
(mATPase), two main types of muscle  bers are 
distinguished - type I and II. Type II  bers are classi  ed 
into type IIA, IIAB, IIB and IIC depending on the dye 
density after acidic preincubation. The additional type of 
IM  bers is usually present in the muscles that close the 
jaw of a person. mATPase is located on the myosin heavy 
chain (MyHC), a molecule that is the main contractile 
protein in muscles [22]. The main MUNS isoforms that 
are expressed in human limb muscles are slow MyHC, 
fast A MyHC and fast X MyHC. Slow MyHC is present in 
type I  bers and co-expressed with fast MyHC in type IIC 
 bers. Fast A MyHC is mainly present in type IIA  bers, 

and fast X MyHC, but not B MyHC, in type IID  bers. 
Additional MyHC isoforms such as fetal, embryonic, 

-cardiac, and slow tonic are usually not expressed in 
muscle  bers of adult limbs, but are present in cranial 
muscles and intrafusal  bers of muscle spindles [23].

It has been established that each muscle of the soft 
palate has characteristic differences and that they are 
more similar to the muscles of the face than the limbs. The 
palatopharyngeal (palatopharingeus) and lingular (uvula) 
muscles contain the highest proportion of type II  bers 
among human muscles (only the facial m. Zygomaticus 
minor is comparable), which are characterized by fast 
contractility with a large high threshold of motor units. 
In contrast, the levator and tensor veli palatini muscles 
contain predominantly type I  bers.

Fetal-myosin MyHC is present in a small number 
of  bers in all muscles of the palate. In the limbs, fetal-
myosin is only expressed during early fetal muscle 
development. The muscles of the palate are characterized 
by the presence of small  bers of less polygonal shape 
and a higher content of connective tissue. The same 
morphology is characteristic of the human facial muscles. 
Their  ber diameter is smaller and exhibits signi  cant 
variability. All muscles have a high capillary density and 

an unusually high activity of mitochondrial enzymes 
in type II  bers. This indicates a high potential for 
aerobic metabolism and therefore resistance to fatigue. 
The absence of conventional muscle spindles indicates 
a special system of proprioceptive control, which is 
usually mediated by muscle spindle receptors. The 
absence of muscle spindles is important for regulating 
the tension and rate of contraction in the limb muscles. 
In the masticatory muscles, numerous muscle  bers are 
observed, while in the facial muscles they are completely 
absent [19].

A number of pathological conditions, including 
congenital myopathies, dystrophies, are associated with 
progressive loss of muscle mass and strength, and may 
also be accompanied by a decrease in the number and 
proliferative potential of satellite cell muscles. The main 
mechanisms responsible for these changes in the affected 
muscles have not yet been elucidated, but may be associated 
with internal changes, namely: the inclusion of proliferative 
stress associated with the need for repeated muscle 
regeneration in response to chronic degenerative conditions. 
However, in addition to internal de  cits, environmental 
changes can occur that can affect the pools and suppress the 
myogenic activity of these cells.

Children with various types of congenital defects, 
which include congenital nonunion of the palate, in 
which the functional state of the muscles is of paramount 
importance, are also a problem. However, at the moment 
there is no idea about the primary state of the muscles 
of the soft palate in such patients. Therefore, the reasons 
for the unsatisfactory results of surgical treatment can be 
both congenital myopathy of the muscles of the soft palate 
or a decrease in the myogenic potential before surgery, 
due to atrophy caused by pathological attachment, and 
improper functioning of these muscles.

Regeneration of skeletal muscles is of great clinical 
importance in muscular dystrophies and various injuries; 
it depends on the cambial reserve formed by myosatellite 
cells [4].

Satellite cells – mononuclear myogenic stem cells 
located between the basal lamina and the cell membrane 
(sarcolemma) of skeletal muscle  ber, are the main 
participants in postnatal muscle growth. Satellite cells 
were  rst described in 1961 by Mauro A. This discovery 
made it possible to solve a long-term problem: why 
is the number of nuclei and the size of myo  brils 
growing without visible nuclear divisions? As a result 
of subsequent electron microscopic studies, resting cells 
lying on the surface of the muscle  ber under its basement 
membrane were called satellite. They make up 2-5% of 
the subluminal nuclei and are mitotically inert under 
normal conditions, but they are activated to proliferate 
during postnatal growth and muscle regeneration in 
response to injury or exercise and begin to divide, passing 
through self-renewal and differentiation into a mature 
muscle cell. With age, the ability of skeletal muscles to 
regenerate decreases [18].
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Typically, stem (progenitor) cells are characterized 
by molecular markers typical for each stage of their 
development. Satellite cells resting in normal adult 
muscle can be activated, divide, forming myoblasts, 
which then undergo the stages of proliferation, 
committing (preparation) for differentiation, and 
fusion into immature myocytes, which form myo  brils 
after maturation [14]. The activation of satellite cells 
is accompanied by a transition to the expression of 
the marker MyoD, and the expression of myogenin 
corresponds to commitment to differentiation. As 
the transcription factor Pax7 decreases and the myo-
speci  c transcription factors MyoD and myogenin grow, 
myoblasts enter the phase of differentiation [14]. The 
manifestation of cells expressing Pax7, but not MyoD, 
indicates a self-renewing population of satellite cells [5]. 
Expression of MLC3F-tg is typical of many structural 
muscle genes, such as skeletal muscle actin and MyHC 
myosin, which characterize sarcomeres in the late stages 
of differentiation.

Since satellite cells move from their immediate position 
under the basal lamina during muscle regeneration, this 
formally contradicts their status as stem cells. Direct 
evidence of the functioning of satellite cells as myogenic 
progenitors was  rst obtained using labeled thymidine 
in growing or regenerating muscles and then on isolated 
myo  brils, which led to the general acceptance of the ability 
of satellite cells to give rise to myoblasts differentiating into 
multinucleated myo  brils [15].

One of the most important characteristics of stem 
cells is the ability to self-renew in vivo – long-term 
proliferation without concomitant differentiation. 
Therefore, in order to reasonably de  ne one of the 
subpopulations of myosatellitocytes as myogenic stem 
cells, most researchers are trying to establish their ability 
to multiple division [3].

Self-renewal of satellite cells can occur during the 
initial asymmetric division of the satellite cell and/
or upon the return to a dormant state of the myoblasts 
formed by these cells.

A small number of muscle nuclei can also be 
formed at the expense of non-satellite cells (interstitial 
or circulatory), but the possibility of them creating 
proliferating myogenic progenitors has not yet been 
established.

The recent transplantation of such single myo  brils 
into muscle was a good con  rmation of the fact that 
satellite cells are indeed myogenic stem cells that form 
new myo  brils, as well as new satellite cells [17].

Until recently, satellite cells were considered as 
unipotent myogenic precursors, because their myogenic 
potential was manifested on isolated myo  brils. However, 
it turned out that satellite cells can leave the myogenic 
pathway (exhibit plasticity) when treated, for example, 
with adipogenic factors. In addition, the expression of 
osteogenic and adipogenic markers was found in the 
culture of satellite cells from a single myo  bril [6].

When satellite cells isolated from mouse myo  brils 
were cultured, both myogenic and non-myogenic clones 
were obtained in blood serum, and only myogenic clones 
expressed myogenic transcription factors with further 
myo  bril formation. A model of mesenchymal plasticity 
of skeletal muscle satellite cells is proposed. According 
to this model, satellite cells located in the corresponding 
myogenic environment enter myogenic differentiation, 
forming myoblasts, which turn into myo  brils. Another 
subpopulation of satellite cells undergoing de-homing, 
i.e. losing the myogenic environment, they follow a 
different path – mesenchymal alternative differentiation 
(MAD), giving non-myogenic cells like adipocytes and 
osteoblasts [21]. Thus, the multipotency of satellite cells 
is fully proven.

Adult muscle tissue can repair itself in response to 
direct injury, neurological dysfunction, and genetic 
defects. The regeneration process begins with the 
activation of satellite cells. Once activated, satellite cells 
divide, differentiate into speci  c types of muscle tissue, 
and ultimately fuse with the tissue being repaired [1].

Skeletal muscle can be damaged by injury, illness, 
and certain types of exercise. The lesions go through the 
following phases: necrosis/degeneration, in  ammation, 
repair and scarring (  brosis). Necrosis/degeneration 
is accompanied by the destruction of the plasma and 
basement membranes, the entry of extracellular calcium 
and the subsequent destruction of the myo  bril. First, 
the surface is  lled with in  ammatory cells (monocytes, 
macrophages and T-lymphocytes. Subsequent secretion 
of growth factors and cytokines causes blood  ow to the 
site of injury and intensi  es the in  ammatory response. 
Muscle regeneration begins after phagocytes clear it of 
necrotic tissue, therefore blocking in  ammatory cells (for 
example, non-steroidal anti-in  ammatory drugs) slows 
down the regeneration process, since factors secreted 
by macrophages may play a role in the proliferation and 
differentiation of myoblasts. Active muscle regeneration 
usually lasts 2-3 weeks after injury.

It is known that stem cells do not exist in the body 
by themselves, they are located in a microenvironment, 
which is usually denoted by the term «niche». At present, 
this term is usually understood as a combination of factors 
that ensure the viability and self-reproduction of stem 
cells, and the differentiation of transient daughter cells. 
For satellite cells, these factors include the presence of 
the basement membrane, extracellular matrix molecules, 
and the presence of neighboring cells that produce growth 
factors and various regulatory molecules.

Niches are part of the structural and functional units 
that make up tissues, and stem cells are  rmly anchored 
in the niche with the help of adhesion molecules, for 
this purpose, in particular, a class of adhesion molecules 
called integrins is used.

An important component of the satellite cell stem niche 
is the basal lamina, which consists of matrix proteins – 
laminin, collagen and proteoglycans, interacting with 
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membrane proteins of the satellite cell, and is a reservoir 
for some growth factors. In addition, the activity of 
satellite cells is in  uenced by other types of cells from 
the local environment (for example,  broblasts secreting 
paracrine factors, nerves acting through the myo  bril, 
endothelial cells secreting growth factors, immune cells 
that promote muscle regeneration through phagocytic 
activity and cytokine secretion).

This anatomical position of the satellite cell niche 
determines the combination of signals from the myo  bril, 
blood circulation, and extracellular matrix, which control 
dormancy, activation, and proliferation of the satellite 
cell.

Various strategies have now been tried in order to 
optimize and improve muscle regeneration. Injections 
of growth factors and transplantation of satellite cells 
(myosatellites) have been used with different results 
[8]. These approaches can be combined to optimize the 
treatment of muscle injuries. However, treatment still 
faces challenges.

Satellite cells must be isolated from cultured prior to 
transplantation, resulting in a loss of myogenic potential. 
In addition, satellite cells have low survival rates and 
limited migration after transplantation [16].

A number of studies and clinical trials have tested 
the ef  cacy of cell therapy for muscle regeneration and 
have met with rather disappointing results, namely low 
engraftment rates and minor improvements in muscle 
function [11].

Improved clinical outcomes can be achieved by 
using more primitive satellite cells freshly isolated from 
donor tissue. Nevertheless, this approach introduces 
its limitations due to the scarcity of satellite cells in 
normal skeletal muscles, relatively laborious currently 
methods of access to extract them from tissues, and the 
impossibility of increasing these cells in vivo without a 
strong decrease in their ability to self-renewal [7].

Thus, the effective use of the regenerative potential 
of satellite cells during transplantation still requires the 
development of new strategies that support the increase 
in the number of these cells while maintaining their 
functional engraftment potential. These factors prevent 
the use of stem cell therapy for muscular dystrophy.

The age characteristics of satellite cells and their 
regeneration capabilities should also be noted.

Several studies have shown that the decrease in 
muscle regeneration, the number of satellite cells and 
the decrease in function is directly related to age [2]. In 
newborn mice, satellite cell nuclei make up about 30% 
of myo  brils, but their number decreases with maturity, 
and only about 5% of the nuclei in satellite cells in the 
muscles of adult mice [19].

The number of cells associated with muscle  bers 
decreases with age [10], accompanied by a relative 
increase in the frequency of muscle resident FAP cells, 
which usually form adipose and scar tissue, as well as the 
time of myogenesis [20].

It was shown that the regeneration of muscle  brils 
ceases to be dependent on Pax7 progenitor cells after 
21 days of postnatal development. It is at this period of 
development that the formation of the structure of the 
muscle  ber is completed, the nuclei are distributed and 
the resting myosatellite cells are isolated. It was found 
that the Pax7 protein functionally not only coordinates the 
survival and proliferation of myosatellite cells, but also 
prevents their differentiation and fusion into muscle  ber, 
preserving the potential for regeneration in myosatellite 
cells. The critical period of dependence on Pax7 was also 
determined during the transition from myosatellitocytes 
to the state of stem cells, which provide skeletal muscles 
with the ability to regenerate. This period in mice ends on 
day 21 after birth. The integral role of Pax3 and Pax7 for 
embryonic muscle progenitors is shown, and the role of 
only one Pax7 for perinatal. It has also been shown that 
adult satellite cells do not require either Pax3 or Pax7 
for muscle regeneration. This  nding contradicts the 
generally accepted concept that «regeneration repeats 
development.» Changes in the genetic program of muscle 
stem cells during the transition from the embryonic 
stage to the juvenile stage and further to the adult stage 
prompts caution in applying the knowledge gained from 
embryonic research to the biology of adult stem cells. 
Age-dependent changes in the properties of stem cells 
suggest the need for a thorough analysis of the age of 
the cell material used in transplantation in regenerative 
medicine [12].

A strategy for obtaining a rapidly dividing population 
of human skeletal myogenic progenitor cells derived 
from induced pluripotent stem (iPS) cells is described. 
iPS cells have all the potential of embryonic stem 
(ES) cells, but are produced by reprogramming skin 
cells (  broblasts). They can be patient-speci  c, which 
reduces the likelihood of immune rejection, and does not 
heighten the ethical concerns surrounding the killing of 
human embryos. To achieve these results, the scientists 
genetically modi  ed two well-studied human iPS cell 
lines and a human embryonic stem cell line with the 
PAX7 gene. This allowed them to regulate the levels of 
the Pax7 protein, which is necessary for the regeneration 
of skeletal muscle tissue after injury. The researchers 
found that this regulation stimulates the differentiation of 
naive ES and iPS cells into muscle-forming cells. Thus, 
the PAX7 gene - introduced at exactly the right time – 
helped shape the fate of human ES and iPS cells, pushing 
them to differentiate into muscle progenitor cells.

Once the researchers were able to pinpoint the 
optimal timing of differentiation, the cells became fully 
functional for the resumption of muscle growth needed to 
treat conditions such as muscular dystrophy. Moreover, 
Pax7-induced progenitor cells have been shown to be 
much more effective in improving muscle function than 
human myoblasts, which have been shown in clinical 
trials to persist after transplantation.
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The  rst model for soft palate regeneration after 
surgical injury is presented. Studies show that the 
anatomy and histology of the muscles of the soft palate 
of rats are in many ways comparable to humans. The 
widespread use of rodents in biomedical research 
provides speci  c immune antibodies for staining. The 
combination of ease of handling and low cost makes rats 
the most suitable animal models. The model includes an 
isolated non-union of the soft palate. Pax7-, Muod- and 
MyoG-positive cells were found at the wound edges, the 
presence of activated SatCs and myo  bril differentiation 
was demonstrated.

The results of the research carried out are relevant 
and important for solving the problems of modern 
maxillofacial surgery. This is especially true of congenital 
pathology of the maxillofacial region, since a congenital 
anomaly of development leads to deformation of the 
middle third of the face, disharmony in the development 
of the facial skeleton, grossly disrupts the functions of 
various vital organs and systems, of the facial aesthetics 
and negatively affects the formation of the psycho-
emotional status of the child.

CONCLUSIONS
Satellite cells represent an adequate system model 

for studying the biology of adult stem cells, as well 
as potential candidates for cell therapy in muscle 
regeneration. First, they are one of the most abundant and 
most readily available cells in our body. Second, there 
is a panel of speci  c markers that can be used to isolate 
satellite cells. Third, satellite cells are localized within 
distinct anatomical niches, and signaling mechanisms are 
currently being studied. Fourth, there is the possibility 
of reconstructing muscle injuries in which satellite cells 
can be studied. Future research aimed at increasing 
the puri  cation of satellite cells so as to maintain their 
low differentiation, increase the engraftment potential, 
as well as new approaches aimed at obtaining satellite 
cells from iPS cells, will help accelerate the progress and 
development of drugs for cell therapy in the treatment of 
muscle degenerative diseases.
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