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Abstract

The paper analyzes modern views on the etiology, epidemiology, pathogenesis,
methods of treating patients with chronic viral hepatitis C with concomitant non-alcoholic
fatty liver disease (NAFLD), discusses the possibility of using "dry" carbon dioxide baths
(DCDB) in this category of patients. Our research was conducted to study the effectiveness of
the integrated use of antiviral therapy (AVT) and DCDB procedures in patients with chronic
hepatitis C with concomitant NAFLD. The authors of the study were the first to suggest using
of DCDB in this category of patients. Based on the results obtained, for the first time, ideas
about the specificity of the DCDB's effect on the clinical course of the underlying and
concomitant diseases, on the functional state of the liver, the dynamics of lipid metabolism,
and ultrasonographic parameters of the liver were detailed. It is concluded that DCDB can be
successfully used in the complex treatment of patients with chronic hepatitis C with
concomitant NAFLD.
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Introduction. Liver disease is a major cause of disability and mortality worldwide.
According to WHO expert estimates, the prevalence of HCV infection in the general
population is 3%, 3-4 million people are infected with hepatitis C virus annually. Ukraine,
according to the WHO, is one of the countries with a moderate prevalence of HCV infection,
affecting from 1 to 2,5% of the population. Although, according to many scientists, the true
incidence and prevalence of hepatitis B and C in Ukraine exceeds the official statistics by 5-8
times, as anicteric, erased, subclinical forms run behind the mask of another pathology and
remain unrecognized [1, 2, 3, 4]. It is known that patients with chronic hepatitis C (CHC) are
at high risk of liver cirrhosis and hepatocellular carcinoma. Cirrhosis of the liver develops in
10-20% of patients with CHC and is usually detected 10-20 years after the onset of the
disease. According to some data, infection with hepatitis C virus increases the risk of
hepatocellular carcinoma by 11 times. Annual mortality in patients with hepatocellular
carcinoma increases to 80-90% in economically developed and developing countries,
respectively [5, 6].

According to modern ideas, there are many factors that affect the natural course of
CHC and the effectiveness of antiviral treatment. These factors include virus factors - HCV
genotype, the degree of heterogeneity of the virus population, the amount of infected material
and patient factors — age, sex, race, alcohol abuse, co-infection with other viruses and
concomitant liver pathology [5, 6]. According to various studies, hepatic steatosis (HS) is
observed in almost 50% of patients infected with hepatitis C virus. The possibility of
developing steatosis in chronic HCV infection is significantly higher than in other liver
diseases and is diagnosed 2 times more often than in chronic HBV- infection and autoimmune
hepatitis. Among the main causes of HS are considered metabolic disorders (obesity, type 2
diabetes, hyperlipidemia), which lead to the formation of "metabolic” HS. At the same time, a
significant proportion of patients with CHC often have fatty infiltration of the liver without
the presence of metabolic syndrome, which allows to determine the role of the virus in the
development of steatosis - the so-called "viral" HS [7, 8, 9].

It has been proven that the genotype of the virus affects the development of fatty
infiltration of the liver. Thus, HS is most often diagnosed in patients infected with the 3rd
genotype of HCV infection. Moreover, the severity of steatosis in these patients directly
correlates with the level of viral load. This is due to the presence of steatogenic sequences in
the genome of this genotype, which activate the suppressor of cytokine-7 signals and inhibit
the activity of the insulin receptor-1 substrate. This results in impaired glucose transport in the

cell and the development of insulin resistance (IR).
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Also, the virus activates the signaling pathway of the SREBP-1 c protein, which
enhances the intracellular accumulation of triglycerides. A number of researchers have shown
that steatosis, which was initially detected in patients with the 3rd genotype of the virus, was
reversible when achieving a stable virological response to therapy with pegelated interferon-
alpha and ribavirin, however, with recurrence of infection in this category of patients again .
In other genotypes of HCV infection, no association was found between the level of viremia
and the severity of SP, as well as its regression when a stable virological response was
achieved. This confirms the ability of the 3rd genotype to induce the development of
hepatosteatosis in patients with CHC [10].

In the 1st genotype of HCV infection, metabolic factors (insulin resistance, abdominal
obesity, serum triglycerides) play a major role in the development of HS. However, there are
data that determine the direct effect of the virus on the formation of IR. Patients with HCV
genotype 1 have been shown to increase cytokine-3 signal suppressor activity, impair insulin
receptor-1 substrate function, and have difficulty transporting glucose to the cell. It was found
that the replacement of the amino acid at position 70 of the core region of the 1st genotype of
the virus is an independent predictor of the development of HS [11].

Although the accumulation of intracellular fat in hepatocytes occurs in HCV infection
of different genotypes, the expression of core protein of the 3rd genotype leads to the
accumulation of fat, three times more pronounced than in the 1st genotype. To further
investigate the mechanisms by which different genotypes of hepatitis C virus may affect fat
deposition in the liver in different ways, Jackel-Cram et al. [12], studied de novo lipid
synthesis and triglyceride accumulation in hepatoma cell culture transfected with core genes
of genotypes 3a and 1b to determine the effect of these genes on the expression of FAS
ligand, which plays a major role in fatty acid synthesis. They showed that the activity of the
FAS ligand was higher in genotype 3a compared to genotype 1b of HCV infection. It was
found that phenylalanine at the 164th position in the core protein of the 3rd genotype may be
key in determining the enhanced regulation of the FAS ligand and suggested that this
molecular mechanism may be the basis of the direct steatogenic effect of the 3rd genotype
[13, 14].

The mechanisms underlying the pro-inflammatory and profibrogenic role of both
"viral" and "metabolic” HS remain incompletely studied. Hepatocytes have been suggested to
become more sensitive to the damaging effects of various proinflammatory cytokines and free
radicals, which are produced in large quantities in the liver due to HCV infection. It is

oxidative stress and lipid peroxidation that occur in SP that cause the development of liver
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fibrosis. In addition, fat-laden hepatocytes are more conducive to apoptosis, which is
currently recognized as the main mechanism of liver cell death in chronic viral hepatitis.

It is proved that the severity of SP directly correlates with the degree of apoptosis of
hepatocytes and, most interestingly, with the activity of Kupffer cells, which are one of the
main sources of profibrogenic factors in the liver [15, 16]. Steatosis (regardless of its form -
metabolic or virus-induced) worsens the prognosis of the rate of fibrosis in patients with
CHC, but determining the form of steatosis in a particular patient can greatly help in choosing
the right treatment tactics, which must be considered when prescribing therapy to such
patients.

Antiviral therapy (AT) remains the basis for the treatment of patients with CHC,
including NAFLD. For a long time, a combination of pegylated interferon alpha (peg-1FNa)
and ribavirin was used as the standard of care for CHC. However, standard dual therapy was
effective only in 40-50% of patients, in addition, it was often accompanied by severe side
effects that complicate treatment. Advances in molecular biology in the study of hepatitis C
virus have facilitated the development of direct-acting antiviral drugs (DAAD) for the
treatment of CHC. Experience with the use of DAAD in real clinical practice has shown a
high frequency of elimination of the pathogen, but CHC is a systemic disease that requires a
special approach given the comorbid pathology of the liver [17, 18, 19]. The success of drug
therapy for NAFLD has been linked to the administration of insulin-synthesizers and statins,
ursodeoxycholic acid, essential phospholipids, drugs with antioxidant activity (vitamin E,
vitamin D), and more.

Meanwhile, drug therapy involves significant risks: the development of serious side
effects with prolonged use, allergic reactions, polypragmatism, and where any of them
(vitamin E) can increase mortality from all causes, including hemorrhagic stroke and prostate
cancer. In addition, the results of therapy are not always satisfactory in their effectiveness [ 20,
21].

Summarizing the above material, we can conclude that, despite the progress in the
treatment of patients with CHC and NAFLD, many open questions remain. This stimulates
the search for new non-drug technologies for the treatment of patients with CHC with
concomitant NAFLD using preformed physical factors. Therefore, the issues of optimal
combination of physical treatments and antiviral drugs, finding their synergy and potentiating
the effects of effective stimulation of the body's adaptive capacity in combination with safety,
good tolerability and high efficiency are very relevant and determined the direction of this

study.
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Dry carbonic acid gas bath (DCAGB) — a method of percutaneous therapeutic effect of
carbon dioxide on the patient, whose body is up to the level of the neck in a special box.
According to the current physical factor, the therapeutic use of SVR is attributed to carbogen
therapy - a type of treatment with carbon dioxide (carbon dioxide, CO;). CO> is an important
physiological factor that affects metabolism, redox processes in the cell, hormonal regulation.
A number of researchers note the positive effect of DCAGB on lipid metabolism. Under the
influence of DCAGB increases lipid metabolism, reduces cholesterol and low-density
lipoprotein in patients with atherosclerosis, increases the breakdown of fats and fat-like
substances. The effect of carbon dioxide baths is manifested in the change of the functional
state of the higher parts of the central nervous and autonomic systems by restoring the balance
of nervous processes. Very important in the action of carbon dioxide baths is to increase the
oxygen content in the arterial blood, resulting in tissues and organs receive more oxygen,
enhance and improve all metabolic processes in the body (carbohydrate, fat, protein,
electrolyte) [22, 23, 24]. Meanwhile, the possibilities of using DCAGB in the complex
treatment of patients with CHC with concomitant NAFLD are almost undefined.

Aim of the research. Therefore, the aim of the study was to study the effectiveness of
integrated use of antiviral therapy (AT) and procedures of "dry" carbon dioxide baths
(DCAGB) in 40 patients with CHC with concomitant NAFLD.

Materials and methods. We formed 2 groups of patients with CHC (genotype 1b in
the phase of replication, minimal and moderate activity) with concomitant NAFLD. The mean
age of patients involved in our study was (48.12 £ 10.29) years, 23 women and 17 men.
Patients of group I (20 people, control group) received a standard set of treatment (diet
therapy that corresponded to the Mediterranean diet) [25], dosed exercise regimen, antiviral
therapy - sofosbuvir (400 mg) and ledipasvir (90 mg) - 3 months), patients of group Il (20
people, the main group) additionally received DCAGB procedures (daily 10 procedures for
the first month of treatment, break of 20 days, 10 procedures for the second month of
treatment, break of 20 days, 10 procedures for the third month of treatment). Evaluation of the
effectiveness of treatment was performed 3 months after treatment. The study used such
methods as anamnestic and clinical, performed research of general clinical, biochemical
parameters of blood, serological markers of hepatitis C virus, HCV RNA PCR (qualitative
and quantitative determination, genotyping), ultrasonographic examination of digestive
organs, statistical methods.

Results and its discussion. The treatment in both groups was accompanied by a

positive dynamics of most signs of the disease, however, a detailed analysis revealed
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significant benefits in patients of group 2 with the use of DCAGB. In patients of group 2, a
probable decrease in the manifestations of asthenic (p <0.05) and pain (p <0.05) syndromes
was established as early as 1 month after the start of therapy, which was not observed in
patients of control group 1, where probable changes were achieved only at the end. treatment.
Regarding dyspeptic syndrome, its probable dynamics was observed slowly and was
represented by the leveling of some signs of dyspeptic syndrome only at the end of treatment
(p <0.05). The study of indicators of the general analysis of blood in 3 months from the
beginning of treatment defined probable (p <0,001) normalization of level of ESR and
lymphocytes at patients with initially raised level of these indicators. There was also a
probable (p <0.001) decrease in the number of patients with monocytosis.

The analysis of biochemical parameters determined the probable (p <0.05) elimination
of signs of cytolytic and cholestatic syndromes, normalization of the level of thymol test (p
<0.05) in patients of both groups at the end of 3 months of treatment. Regarding the
normalization of lipid metabolism, a significant advantage was found in patients who
additionally received DCAGB. Thus, in patients of group 2 a probable (p <0.001) decrease in
the concentration of CX, triglycerides, LDL, HDL, atherogenic factor was determined, in
contrast to patients in group 1, where only a tendency (p> 0.05) to decrease total cholesterol.
The study of the dynamics of carbohydrate metabolism in patients of both groups showed a
slow dynamics in the normalization of the HOMA-IR index (5.35 + 0.42) - at the beginning of
treatment and 4.03 £ 0.32 - at the end of treatment), a probable decrease in insulin and
glucose.

Analysis of the results of the study of the dynamics of qualitative determination of
HCV RNA PCR, conducted 1, 2 and 3 months after the start of treatment, determined the
presence of virological response in all subjects. At the end of treatment there was an
improvement in the ultrasound picture of the hepatobiliary system in all patients, namely a
tendency to reduce the acoustic density of the liver parenchyma and reduce the size of
inflammatory foci, improve echo in the deep layers of the liver, improve vascular imaging.
No significant effect on the reduction of inflammatory symptoms in the gallbladder and
pancreas was achieved (p> 0.5). Comparative analysis between patients of groups 1 and 2
shows in favor of the predominant therapeutic efficacy of the treatment complex with the
addition of HCV RNA PCR, which allowed to achieve complete normalization of lipid
metabolism at the end of treatment. Thus, the obtained results prove the feasibility of using
DCAGB in the complex treatment of patients with CHC with concomitant NAFLD in order to

restore lipid metabolism, improve ultrasonographic features, ie influence on the main
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pathogenetic links of formation and progression of NAFLD to increase the effectiveness of
treatment of the underlying disease.

Conclusions

1. In patients with chronic hepatitis C with concomitant NAFLD, before treatment,
clinical signs of asthenic (82.50%) and pain abdominal (55.00%) syndromes were determined.
All examined were diagnosed with signs of dyslipidemia and IR along with changes in
ultrasound data - distal attenuation of the echo of the liver (100.0%) and hepatomegaly
(72.50%).

2. The combined use of diet therapy, physical exertion, standard AVT, and DCDB
procedures contributes to reliable (p <0.001) elimination of clinical signs of the underlying
and concomitant diseases, normalization of the functional state of the liver, especially lipid
profile, restoration of the ultrasound picture of the digestive system, leads to a virological

response in all patients.
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