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Visceral Obesity and Urinary Stone Disease: A Systematic Review
Badr Alharbi, MD

College of Medicine, Qassim University
 Buraidah, Saudi Arabia

Abstract
Background: Incidence of obesity is on rise worldwide due to several risk factors, including lifestyle changes and genetic 

causes. Obesity can be diagnosed with different anthropometric tools, such as body mass index, visceral fat, subcutaneous fat and 
waist circumference. The incidence of urinary stones disease has been linked to obesity as well as metabolic syndrome (MetS).  
The aim of the present study was to determine the relationship between obesity defined by visceral adipose tissue (VAT) and 
urolithiassis. 

Methods: The search engines utilized for finding relevant studies were Medline, ScienceDirect, and Cochrane databases 
between January 2001 and January 2019.  Published articles written in the English language and reporting an association between 
visceral obesity, urolithiasis and MetS were included.

Results: Obesity defined by visceral fat estimation is associated with increased risk of MetS and urinary stone formation. 
Insulin resistance, low urinary pH, hyperuricemia, hyperuricosuria and hyperoxaluria were the main observed metabolic 
derangements behind the pathogenesis and the increased risks of stone development in obese patients.

Conclusion: The role of VAT reduction in prevention of urinary stones disease is not yet established, and for this reason 
more studies are required in the future to clarify this sequence of events. (International Journal of Biomedicine. 2019;9(2):87-90.)

Key Words: visceral obesity • visceral adipose tissue • metabolic syndrome • urolithiassis

Abbreviations
BMI, body mass index; IR, insulin resistance; MetS, metabolic syndrome; USD, urinary stones disease; VAT, visceral adipose 
tissue; VO, visceral obesity; WC, waist circumference

Introduction
Nephrolithiasis is a morbid condition with increasing 

prevalence worldwide. Multifactorial causes, such as genetic 
factors and lifestyle, are thought to play significant roles in 
kidney stone formation.(1) Obesity and MetS have been shown 
to be significant risk factors for nephrolithiasis and various 
urinary biochemical abnormalities, including high excretion of 
calcium, oxalate, uric acid, and lower levels of citrate and pH.(2) 

The relationship between obesity defined by BMI 
and nephrolithiasis has been reported by several studies. 
The higher fat mass and its abnormal distribution have a 

greater impact than total body weight on MetS.(3) Abnormal 
body fat with higher VAT distribution appears to have even 
a greater influence in MetS than does total body weight on 
cardiovascular disease and diabetes risk.(4) The National 
Cholesterol Education Program Adult Treatment Panel III 
considers WC, and thus VO, one of the major clinical criteria 
to diagnose MetS.(5) However, measurements of BMI and WC 
cannot distinguish VAT from subcutaneous fat, which is subject 
to inherent differences in fat distribution between subjects.(6) 

Measurement of visceral fat volume from a single axial CT 
slice at different levels has been developed and validated.(7)  

Obesity has been linked in several studies to changes 
in serum and urine composition. Urinary excretion of oxalate 
and uric acid was higher in obese patients compared to non-
obese. On the other hand, lower levels of stone inhibitors, such 
as citrate, pyrophosphate and magnesium (other causative 
factors for stone formation), are observed in these patients.(8) 
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Acidic urine is an important promoter for the most common 
types of stones, including calcium oxalate, calcium phosphate 
and uric acid stones.(9) Low urinary pH has been observed in 
individuals with obesity and MetS. The exact pathophysiology 
is not clear, but a possible cause is IR, which decreases 
excretion of renal ammonia and derangement of the hydrogen 
ion buffering system.(10) In addition, IR leads to lower insulin 
bioactivity in the proximal renal tubules, which affect 
ammonium metabolism and ultimately changes in urinary 
pH.(11) The aim of the present study was to determine the 
relationship between obesity defined by VAT and urolithiassis. 

Materials and Methods 
The prevalence, risk factor and morbidity of obesity 

defined by VAT and its association with urolithiasis and MetS 
are the main objectives of this systematic review. The search 
engines utilized for finding relevant studies were Medline, 
ScienceDirect, and Cochrane databases between January 
2001 and January 2019. The Cochrane Collaboration and the 
Preferred Re porting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines were carried out for this 
review. All identified studies that met the inclusion criteria 
for this review were included and analyzed. The search for 
relevant studies was performed using the following keywords: 
"obesity," "visceral obesity," "visceral fat," "visceral adipose 
tissue," "insulin resistance," "nephrolithiasis," "uric acid," 
"hypercalciuria," "metabolic syndrome," "re nal," "kidney," 
"calculi," "stone(s)," and "urolithiasis." The Boolean operator 
(OR, AND) combining the keywords was used to refine 
the search results. Published articles written in the English 
language and reporting an association between VO, urolithiasis 
and MetS were included. Exclusion criteria were case reports, 
brief notes, reviews, editorials, letters to editors and conference 
proceedings (Table 1).

Results
The initial search identified 1,811 related articles, from 

which, with a refined search, 1,759 records were excluded. 
Further filtration according to the inclusion and exclusion 
criteria determined 14 studies to be included for qualitative 
analysis in the present review (Fig.1). 

Measurement of visceral fat volume
With advances and revolutions in technologies, 

measurement of body fat distribution can be achieved utilizing 
different techniques. Examples of simple measures include 
waist-to-hip ratio and WC. These tests cannot distinguish 
between subcutaneous and visceral fat contents. CT and MRI 
have been considered the most accurate and reproducible 
techniques of abdominal fat assessment with the added 
advantage of distinguishing subcutaneous from visceral fat 
components.(7) The drawback of these techniques is the cost 
and radiation exposure, which can be minimized using a low 
dose CT scan or utilizing available images done for other 
purposes—most commonly CT being done for renal colic in 
patients with urolithiasis.(12,13)

CT-based fat delineation and calculation of visceral fat 
can be done either manually or with the help of automated 
image processing software to overcome the drawbacks of 
manual delineation.(14,15) To differentiate between visceral and 
subcutaneous fat, we used automatic fat analysis developed and 
evaluated by measures of accuracy and sensitivity in comparison 
to manual quantification. The differences between manual 
and automated techniques for estimating both subcutaneous 
and visceral fat were not significant.(16) The majority of the 
VAT and USD studies have been done by obtaining a single 
axial CT slice at the level of the fourth and fifth lumbar 
vertebrae (L4-5) (Fig.2), whereas some authors have suggested 
measurement of VAT at the level of the first and second lumbar 
vertebrae (L1-2) as a more accurate estimate (Fig.3). Kim et 
al. performed a study of VAT volume calculation by taking one 
slice of CT from the umbilicus level between fourth and fifth 
lumbar vertebrae and six additional CT slices from above and 
below the umbilicus level. Automated and manual evaluation 
methods were applied and found that more reliable results were 
obtained with assessments using a set of CT slices, compared 
to the use of a single CT slice.(17) VO was defined as a visceral 
fat volume more than 100 cm2 and considered an important 
factor for MetS.(18) 

Table 1.
Inclusion and exclusion criteria of the included records

Inclusion criteria Exclusion criteria
Publication in the English
language Case reports

Original articles reporting
the association between VAT, 
urolithiasis and MS

Brief notes

Reviews
Editorials
Letters to editors and conference
proceedings
Languages other than English 
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Fig. 1. Flow diagram summarizing the literature   
           search for this review.
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VAT and urolithiasis 
In the literature, there is an inhomogeneous conclusion 

about the effect of obesity on urinary composition in patients 
with urolithiasis. Low urinary pH has been observed in obese 
patient as well as changes in urinary concentration of oxalate, 
phosphate, citrate, and uric acid.(19-21) Acidic urine is an important 
promoter of uric acid stone formation and has been found to 
have an inverse correlation with VAT.(22,23) Urinary concentration 
of uric acid was found to be higher when obesity defined by VAT, 
compared with calcium phosphate in obese patients, increases 
the risk for uric acid stone formation. Obesity defined by VAT 
was shown to have a strong association with the formation of 
calcium oxalate stones in comparison to calcium phosphate and 
mixed calcium oxalate phosphate stones.

Zhou and his colleagues analyzed 269 patients undergoing 
percutaneous nephrolithotomy and reported a significantly higher 
mean visceral fat volume in uric acid stone formers and found 
that the higher VAT level was an independent risk factor for the 
composition of uric acid stones after stone retrieval and chemical 
analysis.(24) Fujimura et al. looked at the association of VAT and 
the incidence of urolithiasis by measuring the VAT volume using 
a CT scan fat delineation. Increased VAT volume was associated 
with increased risk of urinary stone formation compared to BMI. 
They also noticed a strong association between VAT and IR and 
consequently an increase in the incidence of MetS.(25,26) 

Ethan found that VAT was associated with increased 
quartile of creatinine, sodium, and urine volume in 24-h urine 
collection in men that was independent of BMI. Whereas in 
women, increased quartile phosphate urinary excretion was 
predicted only by increased VAT, while increased quartile of 
creatinine and oxalate were predicted by BMI. On multivariate 
regression analysis, VAT was found to be associated with uric 
acid stone formation, and none of the BMI or VAT estimation 
predicted the formation of other stone types.(27) Akarken 
demonstrated that the visceral abdominal area is a new and 
independent risk factor for urinary stone formation. The 
incidence of uric acid kidney stones was higher in patients with 
a high visceral abdominal area compared to those who do not 
have kidney stones.(28) A study of 98 kidney stone formers who 
had available a computerized tomography scan and twenty-
four-hour urine for electrolytes showed that elevated VAT level 
was associated with low 24-hour urinary pH and higher urinary 
sodium excretion. As the level of VAT volume increases, urine 
pH becomes lower and the stone volume, greater. Formation of 
uric acid stones was associated with greater VAT volume and 
lower urinary pH.(29) 
VAT, MetS and urolithiasis

MetS is a clinical diagnosis characterized by obesity, 
elevated blood pressure, dyslipidemia and elevated blood 
glucose.(30) IR and abdominal obesity are the principal risk 
factors for MetS development. People diagnosed with MetS 
are at higher risk of hyperuricemia, chronic kidney disease and 
cardiovascu lar disease. The risk of obesity-related disorders 
has been observed when VAT level exceeds 103.8 cm2.(31) The 
incidence of urolithiasis has been observed to be on the rise in 
individuals with MetS.(32)  Zhou et al.(24) found a significantly 
high level of VAT in patients with uric acid stones, and this 
proportion was not observed in patients who form non-uric 
acid stones. This finding was reinforced by a study done by 
Kim et al.(31) where obesity defined by VAT volume measured 
on a CT scan has a significant effect on the risk of forming uric 
acid stones compared with calcium phosphate and calcium 
oxalate stones. For obesity defined by BMI, no rules were 
found on the type of stones in adult patients who underwent 
surgical treatment for urinary stones. Daudon reported a strong 
association between type 2 diabetes and uric acid stones, with 
obesity being an additional risk factor in younger patients.(32,34) 
IR has been identified as a predisposing factor for uric acid 
stone formation and an important target to decrease the risk of 
nephrolithiasis.(35)   

Conclusion
There is clear evidence for the increased prevalence 

and incidence of urinary stones in association with obesity. 
Obesity defined by visceral fat estimation is associated with 
increased risk of MetS and urinary stone formation. IR, low 
urinary pH, hyperuricemia, hyperuricosuria and hyperoxaluria 
were the main observed metabolic derangements behind the 
pathogenesis and the increased risks of stone development 
in obese patients. The role of VAT reduction in prevention of 
USD is not yet established, and for this reason more studies 
are required in the future to clarify this sequence of events.

Fig. 2.  Axial CT slice at the level of the fourth and fifth 
lumbar vertebrae (L4–5).

Fig. 3. Axial CT slice at the level of the first and second 
lumbar vertebrae (L1–2).
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Abstract
Background: Monocytes and macrophages play an important role in atherogenesis and myocardial remodeling. Impaired 

differentiation of monocyte subpopulations may contribute to ischemic cardiomyopathy (ICMP). The aim of the present research 
was to study the features of the humoral cytokine-dependent regulation of differentiation of classical, intermediate, non-classical 
and transitional monocytes in bone marrow (BM) of CHD patients with or without ICMP.

Materials and Methods: Forty-five patients with coronary heart disease (CHD), with and without ICMP (19 and 26 male 
patients, respectively), were examined. Subpopulations of classical (CD14++CD16-), intermediate (CD14++CD16+), non-classical 
(CD14+CD16+), and transitional (CD14+CD16-) monocytes in bone marrow (BM) samples were quantified by flow cytometry. 
Concentrations of IL-1β, IL-13, TNF-α, IFN-γ, and M-CSF in BM supernatants and blood plasma were evaluated by ELISA.

Results: Concentrations of all cytokines in the blood and IL-1β, IL-13, TNF-α, М-CSF in BM supernatants as well as the 
capacity of М-CSF to activate, and IL-13 to inhibit, differentiation of classical monocytes from intermediate forms—were not 
dependent on the clinical form of CHD. Monocytopoiesis in ICMP was characterized by elevated BM concentration of IFN-γ, low 
М-CSF/IL-13 ratio, and a decreased percentage of classical and intermediate monocytes, accompanied by an increased number of 
transitional cells in BM, as compared to patients without ICMP.

Conclusion:  Excess of IFN-γ and low M-CSF/IL-13 ratio in BM were associated with inhibition of differentiation of mature 
monocyte forms and development of ICMP. (International Journal of Biomedicine. 2019;9(2):91-96.)

Key Words: monocytopoiesis • coronary heart disease • cytokines 

Introduction
Ischemic cardiomyopathy (ICMP) remains a major issue 

in modern cardiology, as pharmacological therapy for this 
disease is largely ineffective, while surgical treatment often 
results in a progressive cardiac remodeling.  The mortality of 

patients with ICMP within 5 years after hospitalization for heart 
failure reaches 42.3%.(1,2) ICMP is characterized by diffuse 
myocardial ischemia (in contrast to focal ischemia found in 
CHD), which results in the dilatation of the heart chambers and 
cardiomegaly.(3) A key mechanism underlying development of 
ICMP is the lesion of cardiac microvasculature accompanied 
by endothelial dysfunction. It is speculated that this process can 
be also associated with atherosclerotic lesions of small arteries, 
since patients with ICMP often demonstrate atherosclerosis of 
the coronary vessels, similar to patients with CHD.(4)  
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Pathogenesis of ICMP is not fully understood, 
and multiple factors are considered to be involved in the 
underlying cardiac dilatation, including cellular infiltration 
of the myocardium, apoptotic death of cardyomyocytes, 
destruction of the interstitial matrix, proliferation of fibroblasts 
and associated collagen synthesis, and viral infections.(3-6) 

Among cells present in the cardiac tissue, macrophages are 
considered to be critically involved in the above mechanisms, 
as well as in the processes of atherogenesis.(7,8) Macrophages 
are represented by several subpopulations that induce various 
processes in damaged tissues. Their precursors, monocytes, 
also show considerable functional heterogeneity. Thus, there 
are classic CD14++CD16- cells specialized for phagocytosis, 
intermediate CD14++CD16+ monocytes that are involved in 
the immune interaction with T-lymphocytes, and non-classical 
CD14+CD16+ cells with high affinity for the endothelium, 
sometimes referred to as patrolling cells.(7,9) The role and 
origin of another monocyte subpopulation, transitional 
(CD14+CD16−) monocytes, remains to be fully elucidated. 
They appear to participate in the initiation of immune 
reactions, and either differentiate from classical monocytes or 
represent their precursors.(10) 

A number of studies have demonstrated that in 
atherosclerosis and heart failure, subpopulation ratios of 
blood monocytes and tissue macrophages undergo substantial 
changes.(11-13) In patients with CHD, atherosclerosis of 
coronary arteries is associated with an increased content of 
intermediate monocytes and a decreased number of classical 
subset.(7,11) In contrast, ICMP is characterized by a deficit of 
non-classical monocytes in the blood, while the number of 
other monocyte subtypes remains unchanged.(14) This suggests 
that in ICMP patients, the process of monocyte differentiation 
in BM might have considerable differences compared to CHD 
patients without ICMP. Identification of patterns of humoral 
regulation of monocytopoiesis in ICMP will allow for further 
elucidation of the pathogenesis of this disease and, possibly, 
discovery of new treatment strategies. Thus, the aim of the 
present research was to study the features of the humoral 
cytokine-dependent regulation of differentiation of classical, 
intermediate, non-classical and transitional monocytes in BM 
of CHD patients with or without ICMP.

Materials and Methods
The study included 45 male CHD patients with stable 

angina (FC II-IV) and NYHA class II-III.. All patients had a 
history of acute myocardial infarction and underwent coronary 
bypass surgery in combination with reconstruction of the left 
ventricular cavity under artificial blood circulation. CHD 
patients were divided into two groups: Group 1 included 19 
patients (mean age of 52.23±4.09) with ICMP (group ICMP+: 
LVEF ≤40%, acute myocardial infarction or revascularization, 
≥75% stenosis of left main coronary artery or proximal left 
anterior descending artery, or  ≥75% stenosis of two or more 
epicardial vessels)(15); Group 2 included 26 patients (mean age 
of 59.12±3.86) without ICMP (group ICMP-: LVEF>40%, 
acute myocardial infarction or revascularization, ≥75% stenosis 
of coronary vessels of any localization). At the preoperative 

stage, both groups received similar pharmacological 
treatment: antianginal therapy with long-acting nitrates, β1-
adrenergic receptor blockers, and calcium channel blockers; 
hemostasis correction using antiaggregants, and correction of 
lipid metabolism using statins. Premedication and induction 
of anesthesia in patients from both groups was conducted 
using sedative and anesthetic agents, narcotic analgesics, and 
muscle relaxants (diazepam, ketamine, fentanyl, promedola, 
pipecuronium) in comparable doses.

Exclusion criteria were as follows: a) autoimmune 
diseases, acute phases of allergic diseases, malignancies, 
hypoplastic, В12-deficient and folate-deficient anemia, chronic 
infections (viral hepatitis, syphilis, HIV infection); b) pre-
operative treatment with iron-containing drugs, erythropoietin 
or immunosuppressive therapy; c) the occurrence of acute 
infectious diseases less than 3 weeks before surgery; d) patients' 
refusal to participate in the study. 

For all patients (in ICMP+ and ICMP- groups), 
peripheral venous blood samples were collected from the 
median cubital vein immediately before the operation.  During 
the operation, after accessing the heart by median sternotomy 
and prior to establishing cardiopulmonary bypass, red BM 
was collected from the sternum incision. In BM samples, the 
percentages of different monocyte subsets, including classical  
(CD14++CD16-), intermediate (CD14++CD16+), non-classical 
(CD14+CD16+), and transitional (CD14+CD16-) monocytes, 
were determined by flow cytometry using monoclonal CD14-
FITC and CD16-PE antibodies (BD Biosciences, USA), 
according to the manufacturer’s recommendations. The number 
of all cells positive for CD14 was considered as 100%.  

Blood plasma and BM supernatants were obtained via 
centrifugation of collected samples at 200g and then stored 
at -80оС. Subsequently, concentrations of cytokines, including 
IL-1β, IL-13, TNF-α, IFN-γ, and M-CSF were evaluated by 
ELISA according to manufacturer’s recommendations (for IL-
1β, TNF-α and IFN-γ - Vector-BEST, Novosibirsk, Russia; for 
IL-13 - eBioscience, Austria; for M-CSF - RayBiotech, US). 

The study was approved by the local ethics committee at 
the Siberian State Medical University (protocol №5046 dated 
November 28, 2016). 

Statistical analysis was performed using the Statistica 6.1 
software package (Stat-Soft Inc., USA).  The normality of 
distribution of continuous variables was tested by one-sample 
Kolmogorov-Smirnov test. Non-normal variables were reported 
as median (interquartile range [IQR]). Mann-Whitney U test was 
used to compare means of 2 variables not normally distributed. 
Spearman’s rank correlation coefficient was calculated to 
measure the strength and direction of the relationship between 
two variables. A probability value of P<0.05 was considered 
statistically significant.

Results and Discussion
The content of transitional monocytes in BM of 

patients with ICMP was higher compared to patients without 
ICMP, while classical and intermediate subpopulations 
were observed less frequently (Fig.1). The number of non-
classical monocytes showed a tendency to decrease in ICMP- 
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and ICMP+ groups, although the difference did not reach 
statistical significance. The results obtained were in line with 
the previously described deficit of this monocyte subtype 
in CHD, and could indicate an impairment of non-classical 
monocyte generation in patients with CHD accompanied by 
ICMP.(14) Non-classical monocytes were shown to perform a 
scavenging function via elimination of dead cells, pathogens 
and oxidized lipids from vessel walls.(16) Therefore, it can be 
speculated that insufficient generation of these monocytes in 
atherosclerosis patients can predispose to an enhanced fixation 
of lipids to the endothelium of coronary microvessels and 
thereby contribute to the development of diffuse myocardial 
ischemia and ICMP.(14)  

In patients without ICMP, classical and intermediate 
monocytes were the most abundant in BM among studied 
subpopulations, while in patients with ICMP, transient 
monocytes were predominant (Fig.1). In both groups, a 
negative correlation between percentages of transitional and 
classical cells was observed (r=-0.69; P<0.01 and r=-0.72; 
P<0.01 in ICMP+ and ICMP- groups of  patients, respectively). 
Additionally, in patients with ICMP, the number of transitional 
monocytes inversely correlated with the percentage of 
intermediate cells (r=-0.54; P<0.05). These results allow us to 
speculate that transitional monocytes represent the precursors 
for maturation of classical and intermediate cells, rather than 
their derivatives. Evidently, this process is impaired in ICMP, 
and mature forms of monocytes in BM are not sufficiently 
generated. Differentiation of non-classical monocytes 
apparently occurs outside BM, since the level of these cells 
in both groups (ICMP+ and ICMP-) of patients with CHD 
did not correlate with the percentage of other monocyte 
subpopulations. Generally, considering that atherosclerotic 
lesions of coronary arteries are observed both in CHD without 
ICMP and with ICMP,(4) the differences in the monocyte 
subpopulation ratio in BM of patients with ICMP relative 
to patients without ICMP can be viewed as a dysfunction of 
monocytopoiesis in the setting of atherosclerosis.  

Concentrations of IL-1β, IL-13, TNF-α, and M-CSF in 
blood plasma and BM supernatants did not differ significantly 
between the studied groups. At the same time, we observed a 

multifold increase in the BM level of IFN-γ in patients with 
ICMP compared to patients without ICMP (Table 1). Generally, 
potential sources of IFN-γ include T helper lymphocytes type 
1 (Th1), cytotoxic T lymphocytes, natural killer cells and 
sometimes regulatory T cells (Treg), which are present in 
various tissues, evidently including myeloid tissue.(17) Bansal 
and colleagues recently demonstrated that development of ICMP 
is associated with expansion of Treg lymphocytes expressing 
IFN-γ in an experimental murine model.(18) This process 
could be linked to tissue hypoxia characteristic for ICMP, 
specifically to the associated production of hypoxia-inducible 
factors (HIF). During chronic hypoxia, HIF synthesis switches 
from HIF-1 to HIF-2. As shown previously, a predominance 
of HIF-2 not only initiates a long-term adaptation to hypoxic 
condition (by activating angiogenesis, tissue remodeling, etc.), 
but also contributes to immunosuppression,(19,20) as a deficit 
of HIF-1 in lymphocytes disinhibits differentiation of Foxp3+ 
regulatory Т cells.(21) Collectively, it can be speculated that the 
dysregulation of monocytopoiesis observed in patients with 
ICMP could be induced by an excessive medullary production 
of IFN-γ, potentially derived from Treg lymphocytes. IFN-γ 
was shown to exert antimitotic and pro-apoptotic effects toward 
hematopoietic stem cells.(22) It is plausible that IFN-γ may also 
inhibit the differentiation of mature classical and intermediate 
monocytes, which would explain the observed association of 
a high medullary concentration of IFN-γ with a low content of 
these cells in BM of patients with ICMP (Fig. 1, Table 1). As for 
the remaining BM cytokines, in patients with ICMP there was 
a tendency toward an increase in the content of IL-1β, IL-13, 
TNF-α and a decrease in the concentration of M-CSF relative to 
their BM levels in patients without ICMP (Table 1). 

Table 1.
Concentrations of cytokines in the bone marrow and in the blood of 
CHD patients with and without ICMP, Me [Q1 – Q3]

Concentrations
of cytokines

CHD patients 
without ICMP

CHD patients
with ICMP

Bone marrow Blood Bone marrow Blood

IL-1β, pg/ml 5.00
[2.80; 24.56]

2.06
[0.35; 2.74]

P1<0.05
8.73

[4.70; 18.45]
2.93

[0.04; 3.65]
P1<0.01

IL-13, pg/ml 1.00
[0.80; 1.23]

0.60
[0.41; 0.82]

1.22
[0.80; 2.41]

0.82
[0.40; 0.95]

TNF-α, pg/ml 10.80
[9.90; 21.84]

1.16
[0.90; 1.82]
P1<0.001

18.06
[14.15; 19.40]

2.08
[1.04; 3.60]
P1<0.001

IFN-γ, pg/ml 0.02
[0; 0.15] 0

10.00
[0.65; 18.23]

P2<0.01
0

M-CSF, pg/ml 7.16
[3.45; 16.33]

0.40 
[0.12; 2.37] 

P1<0.01
3.22

[1.20; 8.04]
2.00 

[1.21; 3.24] 

М-CSF/IL-13
ratio

9.00 
[2.13; 22.09] -

1.02 
[0.41; 2.00]

P2<0.05
-

P1 – between cytokine concentration in blood and in bone marrow 
supernatants; P2 – compared to CHD patients without ICMP.

Fig. 1. Subpopulations of bone marrow monocytes in CHD 
patients with and without ICMP. P – between groups of patients.
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Interestingly, despite a significant increase in medullary 
concentration of IFN-γ in patients with ICMP, its level was 
not directly associated with the percentage of individual 
monocyte subpopulations in BM. Apparently, IFN-γ influences 
monocytopoiesis indirectly, which is further substantiated by 
the observed correlations between the concentration of M-CSF, 
a specific inducer of monocytopoiesis,(23) and levels of IFN-γ 
and other medullary cytokines. Concentrations of M-CSF 
in BM of patients without ICMP correlated positively to the 
levels of IL-1β (r=0.62; P<0.01), TNF-α (r=0.60; P<0.01), 
and IFN-γ (r=0.72; P<0.05). In patients with ICMP, however, 
these associations were not observed, although the M-CSF 
level correlated to the BM content of IL-13 (r = 0.72; P<0.01). 
Taking into account the data on medullary concentration of 
studied cytokines and the results of correlation analysis, we can 
conclude that in CHD patients without ICMP, relatively low 
medullary levels of IL-1β, TNF-α, and IFN-γ (as compared to 
ICMP+ group of patients) are associated with hypersecretion of 
M-CSF (almost a two-fold increase compared to patients with 
ICMP) (Table 1). Such reciprocal changes could be explained 
by the mutually potentiating effects of these cytokines on 
the synthesis of M-CSF. Apparently, a high medullary level 
of IFN-γ in patients with ICMP promotes dissociation of 
the effects of M-CSF secretion inducers. Thus, an excess of 
IFN-γ appears to indirectly downregulate the differentiation 
of classical and intermediate monocytes in BM by affecting 
cytokine-dependent regulation of M-CSF production.

There were no associations between medullary 
concentrations of cytokines and the percentage of different 
monocyte subpopulations in BM within ICMP+ and ICMP- 
groups of patients. Consequently, correlation analysis of these 
parameters was performed in a pooled sample consisting of 
all patients with myocardial ischemia, irrespective of the 
presence or absence of ICMP. In this sample, the medullary 
concentration of IL-13 correlated positively with the number 
of transitional monocytes (r=0.60; P<0.05) and negatively 
with the percentage of classical cells (r=-0.53; P<0.05). In 
contrast, M-CSF level was negatively associated with the 
content of transitional monocytes (r=-0.52; P<0.05) and 
positively associated with the number of classical monocytes 
(r=0.52; P<0.05). These data, together with the observed 
correlations among various subpopulations of BM monocytes, 
allow us to speculate that M-CSF promotes BM differentiation 
of transitional monocytes into classical cells, while IL-13 
inhibits this process. 

Despite a putative role of М-CSF and IL-13 in generation 
of different monocyte subsets, levels of these cytokines in 
BM did not differ significantly between CHD patients with 
and without ICMP. However, the medullary content in both 
ICMP+ and ICMP- groups of patients showed contrasting 
tendencies. Considering this fact, as well as opposite effects of 
М-CSF and IL-13 on generation of monocyte subpopulations, 
as observed in the study, we used М-CSF/IL-13 coefficient 
as a parameter reflecting the ratio of medullary concentration 
of cytokines with antagonistic effects on monocytopoiesis. It 
was found that in CHD patients without ICMP, the М-CSF/
IL-13 ratio was nine times higher compared to patients with 
ICMP (Table 1). This allows us to consider the M-CSF/IL-

13 coefficient as an indicator parameter for the regulation 
of monocytopoiesis, as well as an additional (together with 
IFN-γ) indicator of BM cytokine profile, which differs reliably 
between CHD patients with and without ICMP.  

In order to delineate local and distant cytokine-dependent 
mechanisms of monocytopoiesis regulation, a comparative 
analysis of the concentrations of studied cytokines in BM and 
in the blood was performed. It was shown that in both groups 
of patients with CHD, concentrations of IL-1β and TNF-α in 
BM were higher than in the blood, while medullary and plasma 
levels of IL-13 were comparable (Table 1). In patients without 
ICMP, the medullary concentration of М-CSF exceeded its 
plasma level; IFN-γ was present in a very low concentration in 
BM, and was not detected in the blood. In contrast, in patients 
with ICMP, medullary and plasma levels of М-CSF did not 
differ, while BM concentration of IFN-γ was higher compared 
to patients without ICMP (Table 1). No statistically significant 
difference was observed in the plasma concentrations of IL-1β, 
IL-13, TNF-α, IFN-γ, and M-CSF between CHD patients with 
and without ICMP (Table 1), which indicates the inexpediency 
of differentiating ICMP+ and ICMP- CHD based on the 
plasma levels of these cytokines.

To further investigate cytokine-dependent regulation 
of monocytopoiesis, we searched for correlations between 
medullary concentration and plasma levels of IL-1β, IL-
13, TNF-α, IFN-γ, and M-CSF in the pooled sample of 
patients, which proved to be more informative. It was found 
that the level of IL-13 in BM positively correlated with its 
concentration in the blood (r=0.78, P<0.001), while no similar 
associations were identified for IL-1β, TNF-α, or М-CSF. 
Taken together, the results of comparative and correlation 
analysis of medullary and plasma cytokine levels indicate that 
IL-13 represent a distant factor of monocytopoiesis regardless 
of the clinical form of chronic myocardial ischemia, as 
its concentrations in BM and blood were comparable and 
interconnected (Table 1). IL-1β and TNF-α, on the other hand, 
seem to exert a local regulatory effect on monocytopoiesis, 
since their medullary levels exceeded and were not associated 
with their plasma concentrations in both groups of patients 
(Table 1). At the same time, some differences were observed 
between the studied groups regarding the role of M-CSF 
and IFN-γ. Thus, in CHD patients without ICMP, М-CSF 
apparently functions as a local factor of hemopoiesis (as its 
medullar concentration was higher than its plasma level), 
while IFN-γ presumably does not have a considerable effect on 
monocytopoiesis due to an extremely low concentration of the 
cytokine in BM. In contrast, in patients with ICMP, М-CSF can 
be considered a distant hemopoietin (as its plasma and bone 
marrow levels were comparable, Table 1), while IFN-γ can 
be viewed as a local factor of hematopoiesis. Supposedly, in 
CHD patients with ICMP, bone marrow-derived IFN-γ could 
restrain an activating effect of М-CSF on the differentiation 
of transitional monocytes into classical and intermediate cells. 
The local influence of IFN-γ on monocytopoiesis in ICMP 
indicates that it is not feasible to control its medullary level 
through modulation of plasma concentration of the cytokine. 
At the same time, М-CSF and IL-13, which realize a distant 
mechanism of monocytopoiesis regulation in patients with 
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ICMP, can be considered as potential molecular targets 
for correction of the monocyte differentiation process 
via modulating levels of these cytokines in the blood. 
Demonstrated patterns could open new perspectives on 
cytokine (or anti-cytokine) therapy for ICMP, thus improving 
the effectiveness of otherwise largely ineffective treatments 
for this condition. 

Taken together, the current study shows that 
development of ICMP in patients with CHD is associated 
with impairment of BM differentiation of classical and 
intermediate monocytes, accompanied by local hypersecretion 
of IFN-γ and a decreased ratio of distant hemopoietins 
М-CSF/IL-13 in BM (as compared with patients without 
ICMP). Dysregulation of monocytopoiesis in ICMP underlies 
the suppression of differentiation of mature monocyte subsets, 
which could affect the subpopulation constitution of blood 
monocytes and contribute to diffuse atherosclerosis with the 
development of ICMP. Targeted regulation of these processes 
through modulation of М-CSF and IL-13 plasma levels could 
represent a potential treatment modality of therapy for ICMP.

Conclusions:
In CHD patients with ICMP, percentages of classical 

and intermediate monocyte subpopulations in BM were lower, 
while the number of transitional cells and concentration of 
IFN-γ (as a local factor of monocytopoiesis regulation) were 
higher compared to CHD patients without ICMP. Plasma and 
medullary levels of IL-1β, IL-13, TNF-α, and М-CSF in chronic 
myocardial ischemia did not depend on its clinical form. 

М-CSF activates, while IL-13 inhibits, BM 
differentiation of classical monocytes from transitional cells. 
A high М-CSF/IL-13 ratio in CHD patients without ICMP 
was associated with efficient generation of mature forms of 
monocytes. A decreased М-CSF/IL-13 ratio in CHD patients 
with ICMP was associated with dysregulation of this process.

IL-13 realizes distant, while IL-1β and TNF-α realize 
local, mechanisms of monocytopoiesis, irrespective of 
the clinical form of myocardial ischemia. М-CSF in CHD 
without ICMP exerts a local regulatory effect on monocyte 
differentiation. In CHD with ICMP, in contrast, М-CSF can be 
considered a distant hemopoietin.
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Abstract
The aim of this study was to evaluate the role of HSP70, and markers of oxidative stress and endothelial dysfunction, 

as determinants of the severity of coronary atherosclerosis. The study revealed significant differences between patient groups 
with and without coronary atherosclerosis in terms of HSP70, superoxide dismutase, total homocysteine (tHcy) and markers of 
oxidative modification of proteins. Significant correlations between Gensini score, lipid profile parameters and studied markers 
were determined. The results of multiple linear regression analysis allow us to consider the levels of HSP70, tHcy, LDL-C and 
ketone derivative of 2.4-dinitrophenylhydrazine as factors associated with the risk of coronary atherosclerosis.(International 
Journal of Biomedicine. 2019;9(2):97-101.)
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Introduction
Coronary artery disease (CAD) is the leading cause of 

death and disability worldwide.(1,2) Atherosclerosis, which is 
the primary pathophysiologic mechanism for the development 
of plaque leading to CAD, is a multifactorial and multifaceted 
process. In this process, fundamental roles for inflammation and 
OS have been established.(3-6) In CHD, a decrease in intracellular 
protection against reactive oxygen species, primarily due 
to a decrease in the level of SOD—the key enzyme of the 
antioxidant system—has been demonstrated by a number 
of researchers.(7) The imbalance between pro-oxidants and 

antioxidants leads to oxidative damage of proteins—an early 
indicator of the cell damage,(8,9) including the endothelium.In 
contrast to their inherent harms, ROS also function as signaling 
molecules, inducing stress tolerance mechanisms. OS can be 
responsible for the increased expression of HSPs. HSPs have 
been reported to work together with the antioxidant system to 
inhibit or neutralize the cellular effects of ROS.(10-12) OS is one 
of the most important factors that produce ED. ED contributes 
to atherogenesis at every phase of atherosclerosis.(13) In addition, 
Hcy is an established biomarker for ED and vascular disease, 
and is linked to increased OS.(14) Elevated Hcy promotes 
atherosclerosis through increased OS, impaired endothelial 
function, and induction of thrombosis.(15)

In this regard, the aim of this study was to evaluate the 
role of HSP70, and markers of OS and ED, as determinants of 
the severity of CA. 
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Materials and Methods
We examined 354 CHD patients (175 women and 179 

men aged between 47 and 75 years, mean age of 61.8±8.1 
years) who had CA of varying degrees, according to CAG. 

All patients underwent the following examinations: 
assessment of traditional risk factors, physical examination, 
clinical and biochemical laboratory methods, 12-lead ECG, 
echocardiography, Holter ECG monitoring, treadmill test, 
and coronary angiography. Blood samples were obtained in 
the morning after a 12 h overnight fast. The levels of total 
cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), 
high-density lipoprotein cholesterol (HDL-C), triglycerides 
(TG) were determined in the blood plasma using “Daytona» 
analyzer (RANDOX, Ireland). 

CAG was performed by the Judkins technique using 
General Electric Innova 3100 (GE Healthcare, USA).

The severity of CAD was evaluated by the Gensini 
score (GS).(16) The severity of the disease is expressed as the 
sum of the scores for individual lesions and the functional 
importance index of the area of each lesion in the coronary 
tree. According to the calculated GS, patients were divided 
into two groups: GS0 – 152 patients with normal coronary 
artery and GS>1 – 202 patients with mild to severe coronary 
stenosis.  In Group GS0, 53(35%) patients received statins 
for more than 6 months before the study, 99(65%) patients 
did not receive statins for 6 months before the study. In 
Group GS>1, 79(39%) patients received statins for more than 
6 months before the study, 123(61%) patients did not receive 
statins for 6 months before the study.

The determination of OMP in the blood serum was 
carried out using the methods by Dubinina et al.(17) The assay 
is based on the spectrophotometric detection of the reaction 
between 2.4-dinitrophenylhydrazine (DNPH) with protein 
carbonyl to form protein hydrazone. The optical density of 
2,4-dinitrophenylhydrazones derivates was recorded on an 
SF-36 spectrophotometer. The optical density of aldehyde- 
and ketone derivatives of a neutral character was recorded at 
356 nm and 370 nm, respectively (ADPHn and KDPHn). The 
optical density of aldehyde- and ketone derivatives of a basic 
character was recorded at 430 nm and 530 nm, respectively 
(ADPHb and KDPHb). 

The SOD activity was determined by the 
spectrophotometric method. The serum level of tHcy was 
determined by EIA using «Axis-Shield» test kit. Extracellular 
Hsp70 was measured by ELISA (Elisa Kit for Hsp70, Cloud-
Clone Corp.) in blood samples.

Statistical analysis was performed using statistical 
software package SPSS version 20.0 (SPSS Inc, Chicago, 
IL). Median values are presented with interquartile (IQ) 
ranges (IQR; 25th to 75th percentiles). The Mann-Whitney 
test was used to compare median values. The frequencies 
of categorical variables were compared using Pearson χ2. 
The Spearman correlation coefficient (rs) was used to assess 
the relationship between variables. Stepwise multiple linear 
regression analysis (MLRA) was done to determine the 
variables with independent significant association with the 
severity of coronary atherosclerosis, and included all variables 

(biochemical markers and lipid metabolism indicators) with 
significant relationship with coronary atherosclerosis in 
univariate analyses (P<0.05 after correction for multiple 
comparisons). Probability values less than 0.05 were 
considered statistically significant. A probability value of 
P<0.05 was considered statistically significant.

The study was approved by the Voronezh State Medical 
University Ethics Committee. Written informed consent was 
obtained from all patients.

Results
The main characteristics of the patients are presented 

in Table 1. The patients of the two groups were comparable 
in age. In Group GS>1, with a predominance of men, an 
average statistical power  was found between the presence of 
CA, determined by the GS index, and the gender of patients 
(χ2=14.174, P=0.0001; φ=0.459, P=0.0001). In addition, 
the statistical relationship between gender and the number 
of affected vessels was determined: An insignificant lesion 
was more common in women (83%), two-vessel lesions 
were common in men (58.7%) and women (41.3%), and the 
three-vessel or multivessel lesions were predominant in men 
(61.6%) (χ2=8.116, P=0.017). The blood levels of TC, LDL-C 
and HDL-C also differed significantly between the two groups. 
GS>1 patients had higher levels of tHcy   and OMP and lower 
levels of HSP70 and SOD activity (Table 2).

A correlation analysis revealed direct correlations 
between GS and tHcy, indicators of OMP, as well as inverse 
correlations between GS and SOD activity. In addition, inverse 

Table 1.
The main characteristics of the patients (Ме, IQR [ ])

Variable GS0 GS1 P-value
Men 51 128
Women 101 74
Age, years 59.1 [51;67.5] 60.59 [57;65] 0.742
TC, mmol/l 4.54 [4.2;3.8] 5.82 [5.15;6.8] 0.001
TG, mmol/l 1.2 [1.1;1.3] 1.43 [1.1;1.57] 0.259
LDL-C, mmol/l 2.44 [2.05; 2.76] 2.94 [2.37; 2.94] 0.05
HDL-C, mmol/l 1.19 [1.1;1.3] 1.01 [0.9;1.1] 0.003

Table 2.
The blood levels of studied markers (Ме, IQR [ ])

Variable GS0 GS1 P-value
HSP70, ng/ml 4.47 [4.12;4.98] 3.11 [2.63;3.71] 0.000
SOD, % 39.10 [39.10;43.89] 34.99 [32.26;36.14] 0.000
tHcy, μmol/l 8.47 [8.47;9.97] 11.46 [10.36;12.0] 0.000
ADPHn, IU/mg 21.88 [21.54;22.29] 25.9 [24.30;27.31] 0.000
KDPHn, IU/mg 20.32 [19.88;20.32] 21.43 [20.51;22.74] 0.003
ADPHb, IU/mg 10.73 [10.54; 10.88] 11.07 [10.67; 11.71] 0.075
KDPHb, IU/mg 2.54 [2.34;8.72] 6.87 [6.34;8.50] 0.006
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correlations were found between HSP70 and TC and LDL-C; 
SOD activity and TC; ADPHn, KDPHn and HDL-C. Direct 
correlations were found between HSP70 and SOD activity and 
HDL-C; ADPHn, KDPHn, ADPHb, KDPHb and TC; ADPHn 
and TG, LDL-C. We also found significant correlations 
between the GS and lipid profile parameters (TC [rs=0.61, 
P=0.000], TG [rs=0.27, P=0.04], LDL-C [rs=0.45, P=0.001], 
and HDL-C [rs=-0.46, P=0.000]).

On the first step of MLRA, the inclusion of HSP70 
into the regression model (negative regression coefficient) 
explained 67% of the variance of the dependent variable 
(Table 3). On the second step, with the tHcy inclusion   into the 
model, the relationship between HSP70 level and the presence 
of coronary atherosclerosis was maintained, and this model 
explained 73.1% of the variance of the dependent variable. 
The third predictor in the model was LDL-C. With the 
continued contribution of HSP70 and tHcy to the development 
of coronary atherosclerosis, this model explained 75.3% 
of the variance of the dependent variable. On the next step, 
the input variable was found to be KDPHb, and the model 
explained 76.7% of the variance of the dependent variable. 
At this step, the regression analysis was completed, which 
confirms the greatest importance of 4 markers in predicting 
coronary atherosclerosis: HSP70, tHcy, LDL-C, and KDPHb. 
The forced inclusion of other biochemical markers did not 
improve the model: The regression coefficients for them, as 
independent predictors, were insignificant, the standardized 
regression coefficients were low, the incremental R2 was 
insignificant, and the partial F-test did not reveal significant 
differences among the models.

Analyzing the ratios of standardized regression 
coefficients included in the regression analysis, it can be noted 
that the relative unique prognostic importance of HSP70, as an 
independent predictor of coronary atherosclerosis, is about -0.5. 
That is, when other independent predictors remain unchanged, 

and the HSP70 level increases by 1 standard deviation, then the 
severity of coronary atherosclerosis decreases by 0.5 standard 
deviation. This once again confirms the high importance of 
HSP70 as a protective factor for coronary atherosclerosis within 
these regression models.

Discussion
Identifying patients at early stages of coronary 

atherosclerosis is still a major problem. In the past two 
decades, numerous studies have demonstrated the importance 
of oxidative stress in the development of atherosclerosis. 
Elevated concentrations of a variety of oxidative stress 
markers were linked to a more frequent occurrence of 
cardiac events.(18) The study performed by Y Huo et al.(19) 

revealed metabolic disturbances in the model of long-term 
hyperhomocysteinemia together with vascular remodeling. 
Authors suggested that OS, ED, and decreased PPARγ 
expression in the vessel wall could be underlying mechanisms. 
Activation of ROS transduce matrix metalloproteinase, 
renders eNOS ineffective and promotes endothelial-smooth 
muscle disconnection/uncoupling by antagonizing PPARγ.(20) 

Elevated levels of plasma Hcy cause endothelial dysfunction 
and vascular diseases. (21,22) The importance of homocysteine 
in vascular function and arteriosclerosis was discovered by 
demonstration of arteriosclerotic plaques in children with 
homocystinuria caused by inherited enzymatic deficiencies of 
cystathionine synthase, methionine synthase, or methylene-
tetrahydrofolate reductase.(23,24) Nonfasting plasma tHcy levels 
were independently associated with increased rates of all-
cause and CVD mortality in the elderly Framingham men and 
women.(25) The elevated levels of homocysteine and indicators 
of oxidative stress were also found in our study. At the same 
time, a significant difference between GS0 and GS>1 precisely 
in ketone derivatives indicates the duration of oxidative stress 
and the degree of destruction of the protein molecule.

The activation of HSP70 may play a role in protecting 
the cells against oxidative stress and inflammatory damage.(26) 

When assessing the level of HSP70, we found a decrease in 
its level in the presence of coronary atherosclerosis, as well 
as a high association with GS. The first evidence that high 
levels of human HSP70 are associated with low CAD risk, 
probably through its multiple protective effects on a cell’s 
response to stress, was provided by  Zhu et al.(27) However, 
there are conflicting reports that preclude assigning HSP70 
a definite role in atherosclerosis at present. Plasma levels of 
HSP70 have been found to have an inverse (27,28) as well as 
a direct association (29,30) with the severity of atherosclerosis. 
HSP70 is presently a matter of debate.(31,32) High levels of 
circulating HSP70 (HSPA1A) are associated with low risk 
of CAD;(27) they appear in hypertensive subjects with a lesser 
intima media, thickening after 4 years of follow-up.(33) In 
the study by E. Dulin, extracellular HSP70 and anti-HSP70 
antibody concentrations have been proposed as biomarkers 
for the progression of atherosclerotic disease.(34) At least 4 
studies have demonstrated that the transgenic overexpression 
of HSP70 in the heart of mice significantly protects against 
ischemia/reperfusion injury.(35-38)

Table 3.
Results of the multiple linear regression analysis 

Variable B±Std. Error β P adR2 F P
Model 1 0.670 106.632 0.000

HSP70 -0.851 ±0.082 -0.822 0.000
Model  2 0.731 71.785 0.000

HSP70 -0.524 ±0.118 -0.506 0.000
tHcy 3.290 ±0.926 0.406 0.001

Model 3 0.753 53.702 0.000
HSP70 -0.537 ± 0.114 -0.519 0.000
tHcy 2.660 ±0.930 0.328 0.006
LDL-C 2.210 ±0.962 0.173 0.026

Model 4 0.767 39.025 0.000
HSP70 -0.511 ±0.019 -0.490 0.000
tHcy 2.576 ±0.956 0.312 0.032
LDL-C 1.982 ±0.908 0.150 0.047
KDPHb 0.903 ±0.254 0.164 0.049
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Thus, our findings emphasize the significance of the 
studied markers in the pathogenesis of coronary atherosclerosis 
and make it possible to use the indicators of HSP70, tHcy, 
LDL-C and KDPHb in screening the risk for the development 
of coronary atherosclerosis.

Conclusion
The study revealed significant differences between 

groups with and without coronary atherosclerosis in terms of 
HSP70, superoxide dismutase, tHcy and markers of oxidative 
modification of proteins (except ADPHb). Significant 
correlations between Gensini score, lipid profile parameters 
and studied markers were determined. The results of multiple 
linear regression analysis allow us to consider the levels 
of HSP70, total homocysteine, low-density lipoprotein 
cholesterol and KDPHb as factors associated with the risk of 
coronary atherosclerosis.
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Abstract
The research objective was to study the association of the ACE gene I/D polymorphism with essential hypertension (EH) and 

metabolic risk factors among indigenous people of the northern territory of Yakutia. The obtained data show that representatives of 
indigenous people of the North of Yakutia with the ACE ID genotype are characterized with high levels of systolic blood pressure. The 
carriage of DD genotype in EH patients was associated with a high frequency of hypercholesterolemia and hyper-LDL cholesterolemia. 
The carriage of ID genotype in EH patients, compared to subjects without EH, was characterized by higher blood levels of TC, LDL-C, 
TG, and FPG and associated with a high frequency of obesity. Thus, the ACE I/D polymorphism was found to be associated with 
metabolic risk factors in indigenous EH patients of the North of Yakutia. (International Journal of Biomedicine. 2019;9(2):102-105.)

Key Words: essential hypertension • ACE gene • indigenous people • risk factors

Abbreviations
ACE, angiotensin-converting enzyme; AO, abdominal obesity; EH, essential hypertension; FPG, fasting plasma glucose; 
HDL-C, high-density lipoprotein cholesterol;  LDL-C, low-density lipoprotein cholesterol; OGTT, oral glucose tolerance test; 
RAS, renin–angiotensin system; SBP, systolic blood pressure; WS, waist circumference.

Introduction
Hypertension is one of the main risk factors worldwide 

for cardiovascular disease and the main reason for a high 
mortality rate among the adult population.(1,2)  Essential 
hypertension (EH), the most common form of hypertension,(3) 
is defined as an elevation in blood pressure of unknown 
cause, which increases the risks for cerebral, cardiac, and 
renal complications.(4) EH is considered a multifactorial 
disease.(5) From a genetic perspective, many single nucleotide 
polymorphisms (SNPs), genes and epigenetic factors are 
associated with EH.(6) Currently, increasing attention is being 
paid to RAS genes in the development of EH, and the value of 

ACE gene I/D polymorphism has been investigated in many 
studies.(7-9) A strong association between the DD genotype 
and the D allele with EH, abdominal obesity and coronary 
artery disease was revealed in a number of studies.(10-12) 

Grigor’eva found a significant association between ACE gene 
polymorphism and the risk of myocardial infarction in Yakut 
men.(13)

The research objective was to study the association 
of ACE gene polymorphism with hypertension and metabolic 
risk factors among indigenous people of the northern territory 
of Yakutia.

Materials and Methods
This study was done to determine the clinico-

epidemiological aspects of EH in the remote districts in the 
North of Yakutia (Kolymskoye and Andryushkino rural 
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localities of the Nizhnekolymsky District, Topolinoe rural 
locality of the Tomponsky District, Nelemnoye rural locality 
of the Verkhnekolymsky District). A total of 348 indigenous 
people of Yakutia (Evens, Chukchi, Yukaghirs, Yakuts) (225 
women and 123 men) were examined. The patient sample 
consisted of adults aged between 20 and 70 years, with an 
average age of 45.71±0.67 years. All patients were divided 
into 2 groups. Group 1 consisted of 175 patients (mean age of 
53.11±0.51 years) with EH; Group 2 (control group) included 
173 people (mean age of 38.88±0.60 years) without elevated 
blood pressure.

The study was approved by the Ethics Committee of the 
Yakut Science Center of Complex Medical Problems. Written 
informed consent was obtained from each patient. 

A comprehensive clinical examination and laboratory 
tests included the following procedures: 

• Anthopometrical reference data: BMI was calculated 
using Quetelet’s formula (in kg/cm2). Measurement of WC 
was made at the uppermost lateral border of the ilium using a 
tape measure (in cm)

• Assessment of blood pressure by Korotkov’s method. 
• Assessment of FPG, OGTT, and blood levels of TG, 

HDL-C, LDL-C.
Glucose and lipid metabolism disorders were diagnosed 

according to the Russian national recommendations (the All-
Russian Scientific Society of Cardiologists, 2009)(14) based on 
the IDF consensus criteria (2006)(15): TG  ≥1.7 mmol/l; HDL-C 
<1.0 mmol/l in males and <1.2 mmol/l in females; LDL-C 
>3.0 mmol/l; FPG >6.1 mmol/l; IGT 2Hr PG ≥7.8 mmol/l and 
≤ 11 mmol/l . Abdominal obesity (АО) was confirmed at WC 
≥ 94 cm in males and ≥ 80 cm in females.

The diagnosis of hypertension was based on 2017 ACC/
AHA Guideline for or the Prevention, Detection, Evaluation, 
and Management of High Blood Pressure in Adults.(16) 

The insertion/deletion (I/D) polymorphism of the ACE 
gene was examined by PCR in the laboratory of molecular 
genetics at Yakut Science Center of Complex Medical 
Problems. From each patient, 2ml of peripheral blood were 
drawn into an EDTA tube. Genomic DNA was isolated from 
the peripheral blood leukocytes using standard phenol–
chloroform extraction technique (Maniatis et al., 1982)  
Genotyping was carried out with the allele specific primers 
method.

Reactions were performed with 10 pmol of each primer: 

F: 5’-CTG GAG ACC ACT CCC ATC CTT TCT-3’ 
R: 5’-GAT GTG GCC ATC ACA TTC GTC AGA T-3’. 

PCR products were analyzed on 2% agarose gels after 
staining with ethidium bromide and were visualized using 
a UV transilluminator. Two alleles were identified: a 490-
bp fragment I (with the insertion) and a 190-bp fragment D 
(without the insertion). In heterozygous samples, two bands 
(490 and 190 bp) were detected. To avoid mistyping of 
heterozygotes (ID) DNA samples identified as a DD genotype 
were subsequently amplified with second set of primers 
designed for the insertion specific allele.

Statistical analysis was performed using SPSS (version 
17.0). Baseline characteristics were summarized as frequencies 
and percentages for categorical variables and as mean± SEM 
for continuous variables. Student’s unpaired and paired 
t-tests were used to compare two groups for data with normal 
distribution. Odds ratios (OR) and 95% confidence intervals 
(CI) were calculated. Multiple comparisons were performed 
with one-way ANOVA and post-hoc Tukey HSD test. 
Deviation from Hardy-Weinberg equilibrium and differences 
in allele distributions between the two groups were assessed 
by χ2- test with 1 degree of freedom (df). A probability value 
of P<0.05 was considered statistically significant. 

Results and Discussion
In the general population, the ACE II, ID, and DD 

genotype frequencies were 19.5% (n=68), 65.2% (n=227), 
and 15.2% (n=227). We did not find statistically significant 
differences in the frequency distribution of ACE I/D alleles 
and genotypes between the group of patients and control group 
(Table 1). The distribution of the genotype frequency was 
not in HWE for patients (χ2=19.17, p<0.05) and for controls 
(χ2=13.95, p<0.05). The occurrence of the departure from 
HWE in controls is probably due to population substructure. 
We further used the three types of genetic models to test the 
association between the ACE I/D polymorphism and EH; the 
results are shown in Tables 2a-2c. We found no association 
between the ACE I/D polymorphism and EH in our case–
control study.

Genotype Patients HWE χ2 P Control HWE χ2 P Allele
Allele frequencies

Patients Control
II 0.200 0.282

19.17 1.0E-5
0.191 0.262

13.95 0.0002
I 0.531 0.512

ID 0.663 0.498 0.642 0.500 D 0.469 0.488
DD 0.137 0.220 0.169 0.239

Table 1. 
Frequencies of the genotypes and alleles of the ACE I/D polymorphism and deviations from HWE (df = 1)

Genotype
Genotype frequencies

χ2 P OR 95% CI
Patients Control

II 0.200 0.191
0.63 0.73

1.06 0.62-1.80
ID 0.663 0.642 1.10 0.71-1.71
DD 0.137 0.168 0.79 0.44-1.42

Table 2a.
General model of inheritance (df = 2)
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In the general population (n=348), we did not find 
significant differences in average values of TG, LDL-C, and 
HDL-C depending on the carriage of genotypes of the ACE 
I/D polymorphism. The frequency of hypercholesterolemia 
was 51.5% in carriers of II homozygous genotype, 42.7% 
in carriers of ID heterozygous genotype, and 49.1% in 
carriers of DD heterozygous genotype (P>0.05). Hyper-LDL 
cholesterolemia was found in 64.2% of DD homozygotes, 
54.4% of II homozygotes, and 54.6% of ID heterozygotes 
(P>0.05). Hypo-HDL cholesterolemia was found in 33.8% of 
II homozygotes, 34.8% of ID heterozygotes, and 35.8% of DD 
homozygotes (P>0.05).The frequency of hyperglycemia was 
as follows:  ID carriers - 6.6%, II carriers - 2.9%, and DD 
carriers - 3.8%.

In Croup 1 (patients with EH), the average level of SBP 
in ID carriers, II carriers and DD carriers was 144.2±1.2mmHg, 
136.6±2.8mmHg and 138.8±2.1mmHg, respectively, P=0.0072. 
Table 3 presents the relationship between ACE genotype 
carriage and parameters of lipid and glucose metabolism in two 
groups. In ID carriers, the blood levels of TC, LDL-C, TG, and 
FPG were significantly higher in Group 1 than in Group 2. In II 
carriers, the blood level of TG was significantly higher in Group 
1 than in Group 2. 

We found a high frequency of hyper-LDL cholesterolemia 
in DD carriers of Group 1 (70.8%) compared to Group 2 (58.4%) 
(P=0.015). In DD carriers, the frequency of hypercholesterolemia 
was also significantly higher in Group 1 than in Group 2 (66.8% 
versus 34.7%, P=0.000)

In the general population, the frequency of AO in ID 
carriers, II carriers and DD carriers was as follows: 59.9%, 
55.9%, and 50.9%, respectively, P>0.05. The average level of 
WC in ID carriers, II carriers and DD carriers was 89.61±0.65 
cm, 86.46±1.49 cm, and 86.75±1.52 cm, respectively, P=0.0391. 

In Group 1, the average level of WC in ID carriers, II 
carriers and DD carriers was 96.23±0.89 cm, 91.43±1.99 cm, 
and 92.63±1.27cm (P=0.0205), respectively. The frequency of 
AO was as follows:  ID carriers – 84.5%, II carriers – 71.4%, 
and DD carriers – 66.7% (P>0.05). AO frequency in ID carriers 
vs. DD carriers was significantly higher (P<0.05).

In Group 2 the average level of WC in ID carriers, II 
carriers and DD carriers was 82.68±0.68 cm, 81.18±1.85 cm, 
and 81.90±1.21 cm (P>0.05). The frequency of AO was as 
follows:  ID carriers – 34.2%, II carriers – 39.4%, and DD 
carriers – 37.9% (P>0.05)

Conclusion
The obtained data show that representatives of 

indigenous people of the North of Yakutia with the ACE ID 
genotype are characterized with high levels of SBD. The 
carriage of DD genotype in EH patients is associated with 
a high frequency of hypercholesterolemia and hyper-LDL 
cholesterolemia. The carriage of ID genotype in EH patients, 
compared to subjects without EH, is characterized by higher 
blood levels of TC, LDL-C, TG, and FPG and associated with 
a high frequency of AO. A number of studies have also found 
a high frequency of metabolic syndrome in ID carriers.(17-20) 

Thus, the ACE I/D polymorphism was found to be associated 
with metabolic risk factors in indigenous EH patients of the 
North of Yakutia.
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Genotype
Genotype frequencies

χ2 P OR 95% CI
Patients Control

II+ID 0.863 0.832
0.63 0.43

1.27 0.70-2.28
DD 0.137 0.168 0.79 0.44-1.42

Table 2b. 
Dominant model of inheritance (df = 1)

Genotype
Genotype frequencies

χ2 P OR 95% CI
Patients Control

II 0.200 0.191
0.05 0.83

1.06 0.62-1.80
ID+DD 0.800 0.809 0.94 0.55-1.60

Table 2c.
Recessive model of inheritance (df = 1)

Table 3.
Mean concentrations of lipid spectrum and glucose among hypertensive patients and persons without hypertension

Blood
parameters

Genotype II Genotype ID Genotype DD
Group 1 P Group 2 Group 1 P Group 2 Group 1 P Group 2

TC 5.05±0.14 >0.05 4.68 ±0.16 5.15±0.09 <0.01 4.79±0.07 5.13±0.16 >0.05 4.71±0.16
LDL-C 3.24±0.13 >0.05 2.88±0.13 3.32±0.08 <0.01 3.05±0.06 3.32±0.14 >0.05 3.07±0.12
HDL-C 1.26±0.05 >0.05 1.37±0.06 1.26±0.03 >0.05 1.33±0.03 1.28±0.06 >0.05 1.14±0.05
TG 1.21±0.09 <0.02 0.92±0.07 1.21±0.05 0.000 0.91±0.03 1.16±0.10 >0.05 1.07±0.08
FPG 4.48±0.18 >0.05 4.41±0.14 5.02±0.17 0.000 4.19±0.08 4.48±0.27 >0.05 4.25±0.14



105S. I. Sofronova et al. / International Journal of Biomedicine 9(2) (2019) 102-105

References
1. Appel LJ; American Society of Hypertension Writing 
Group, Giles TD, Black HR, Izzo JL Jr, Materson BJ, Oparil 
S, Weber MA. ASH Position Paper: Dietary approaches 
to lower blood pressure. J Clin Hypertens (Greenwich). 
2009;11(7):358-68. doi: 10.1111/j.1751-7176.2009.00136.x.
2. Oganov RG, Timofeeva TN, Koltunov IE, Konstantinov 
VV, Balanova YA, Kapustina AV, et al. [Arterial hypertension 
epidemiology in Russia; the results of 2003-2010 federal 
monitoring]. Cardiovascular Therapy and Prevention. 
2011;10(1):9-13. [Article in Russian].
3. Oparil S1, Zaman MA, Calhoun DA. Pathogenesis of 
hypertension. Ann Intern Med. 2003;139(9):761-76.
4. Messerli FH1, Williams B, Ritz E.  Essential hypertension. 
Lancet. 2007 ;370(9587):591-603. 
5. Nakayama T1. [Genetic factors of hypertension].  Rinsho 
Byori. 2013;61(2):144-9. [Article in Japanese]
6. Natekar A, Olds RL, Lau MW, Min K, Imoto K, Slavin 
TP. Elevated blood pressure: Our family’s fault? The genetics 
of essential hypertension. World J Cardiol. 2014;6(5):327-37. 
doi: 10.4330/wjc.v6.i5.327. 
7. Fox CS1, Heard-Costa NL, Vasan RS, Murabito 
JM, D’Agostino RB Sr, Atwood LD; Framingham Heart 
Study. Genomewide linkage analysis of weight change in 
the Framingham Heart Study.J Clin Endocrinol Metab. 
2005;90(6):3197-201. 
8. Penesova A, Cizmarova E, Kvetnansky R, Koska J, 
Sedlakova B, Krizanova O. Insertion/deletion polymorphism 
on ACE gene is associated with endothelial dysfunction 
in young patients with hypertension. Horm Metab Res. 
2006;38(9):592-7.
9. Zivko M, Kusec R, Galesić K. Impact of angiotensin-
converting enzyme gene polymorphism on proteinuria and 
arterial hypertension. Coll Antropol. 2013;37(3):765-70.
10. Irijanto F, Rahajeng H, Kamajaya S, Sja’bani M, 
Sadewa A, Tomino Y. High D Allele Frequency of ACE I/D 
Gene Polymorphism in Familial Hypertension in Javanese 
Indonesian. Juntendo Medical Journal, 2012. 58(3):224-230. 
11. Kotlovsky MYu, Kotlovskaya OS, Osedko OYa, 
Kirichenko DS, Pokrovsky AA, Osedko AV, et al. Gene 
polymorphism of the angiotensin-converting enzyme in 

people with hypertension and chronic IHD. Fundamentalnye 
issledovania. 2011;11-1:49-52.
12. Strazzullo P, Iacone R, Iacoviello L, Russo O, Barba 
G, Russo P, et al.; Olivetti Prospective Heart Study. Genetic 
variation in the renin-angiotensin system and abdominal 
adiposity in men: the Olivetti Prospective Heart Study. Ann 
Intern Med. 2003;138(1):17-23.
13. Grigor’eva, L.V. Molecular-genetic study of myocardial 
infarction in the Yakut population. PhD Thesis. Ufa; 2006.[In 
Russian]. 
14. Metabolic syndrome diagnostics and treatment. 
Compilation of national recommendations. Moscow: Silicea-
Poligraf Publishers; 2009:106–143. [In Russian].
15. IDF Consensus Worldwide Definition of the Metabolic 
Syndrome, 2006. Available from: https://www.idf.org/e-
library/consensus-statements/60-idfconsensus-worldwide-
definitionof-the-metabolic-syndrome
16. Whelton PK, Carey RM, Aronow WS, Casey DE Jr, 
Collins KJ, Dennison Himmelfarb C, et al. 2017 ACC/AHA/
AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA 
Guideline for the Prevention, Detection, Evaluation, and 
Management of High Blood Pressure in Adults: A Report of the 
American College of Cardiology/American Heart Association 
Task Force on Clinical Practice Guidelines. J Am Coll Cardiol. 
2018;71(19):e127-e248. doi: 10.1016/j.jacc.2017.11.006. 
17. Bhavani BA, Padma T, Sastry BK, Krishna Reddy N, 
Nausheenm K. The Insertion I/ Deletion D polymorphism of 
Angiotensin- Converting Enzyme (ACE) Gene Increase the 
Susceptibility to Hypertension and / or Diabetes. Int J Hum 
Genet. 2017;5(4):247-252. 
18. Randhawa NK, Kumar A, Matharoo K, Bhanwer AS. 
Association Study of Angiotensin-Converting Enzyme Ins/
Del Polymorphism with Hypertension in Punjabi Population. 
Int J Hum Genet. 2006;6:317-321. D
19. Sameera AS, Syeeda N, Takc S, Bashird S, Nissara S, 
Siddiqi M. ACE I/D Polymorphism in Hypertensive Patients 
of Kashmiri Population. Cardiology Research. 2010;1(1):1-7.  
20. Sun F, He N, Zhang K, Wu N, Zhao J, Qiu C. 
Association of ACE gene A2350G and I/D polymorphisms 
with essential hypertension in the northernmost province 
of China. Clin Exp Hypertens. 2018;40(1):32-38. doi: 
10.1080/10641963.2017.1291659. 



INTERNATIONAL 
JOURNAL                

OF BIOMEDICINEORIGINAL ARTICLE 

Cardiology

http://dx.doi.org/10.21103/Article9(2)_OA4
 International Journal of Biomedicine 9(2) (2019) 106-110

Synchronization of Wave Flows of Arterial and Venous Blood and 
Phases of the Cardiac Cycle: Part 4
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Andrey A. Kruglov, PhD

Central Research Institute of Radiation Diagnosis 
Moscow, the Russian Federation

Abstract
Hemodynamic indices of healthy people obtained by catheterization in such vascular areas as the chambers of the heart (both 

ventricles, both atria, coronary sinus), IVC, SVC, RHV, right renal vein, sigmoid sinus, and aorta were analyzed.  Using the mean 
values   of hemodynamic parameters, we constructed graphs of the curves of the central, arterial, and venous pressure, synchronized 
with each other, with an ECG, and with the peripheral pulse wave.

In the present work, to generalize the results obtained, we constructed integral curves of the dynamics of the blood substrate 
(“bolus,” BB) vector from the entrance (the fusion of venous flows: SVC, IVC, RHV, and coronary sinus) to the exit from the 
heart-lung-heart system in the form of LVEF. It was revealed that the complete CC consists of two BBs, simultaneously passing 
the hemodynamic pathway: heart-lung-heart. One BB completes the transformation, leaving PC after contact with the external 
gaseous medium in the lung and the formation of the pulse wave spheroid in LV, going into SC in the form of LVEF; another BB, 
after the formation of the pulse wave spheroid in RV, goes into PC, followed by hemodynamic, metabolic and gas transformation. 
CMIP is a universal indicator of the quality and stability of the relationship of all hemodynamic structures (flows in vessels and 
heart chambers) included in integral hemodynamic flows (IC-1, IC-2) throughout the complete CC. Changes in the configuration 
or level of CMIP is an indicator of imbalance and restructuring of the integral indicators of blood flow (therefore, components 
of hemodynamic flows), indicating a deviation in the parameters of stability of homeostasis as a whole.(International Journal of 
Biomedicine. 2019;9(2):106-110.)

Key Words: cardiac cycle • hemodynamic parameters • synchronization • wave flows

Abbreviations
Ao, aorta; AV, aortic valve; BB, “bolus” of the blood; CC, cardiac cycle; CS, coronary sinus; CMIP, cardiac mean integral 
pressure; IC, integral curve; IVC, inferior vena cava; LVEF, left ventricular ejection fraction; LV, left ventricle; MV, mitral valve; 
PC, pulmonary circulation; PV, pulmonary valve; PPW, peripheral pulse wave; PT, pulmonary trunk; RVEF, right ventricular 
ejection fraction; RV, right ventricle; RA, right atrium; RHV, right hepatic vein; SC, systemic circulation; SN, the sinus node; SS, 
sigmoid sinus; SVC, superior vena cava; TV, tricuspid valve; ZTEP, zone of temporal equalization of pressure. 

Basic Part 
The purpose of this part of the work was to determine 

the dynamics of the vector of the BB passage from merging 
venous blood flows in RA (entry into the heart-lung-heart 
system) to the exit from the system in the structure of LVEF.

Completing the analysis and discussion of data from 
previous publications,(1-3) we present Table 1, which includes 
integral indicators of hemodynamics of “complete CC.”

Based on the previously cited digital and graphic data on 
the hemodynamic and metabolic indices of the heart activity as 
a whole, we put forward the task of plotting the dynamics of 
the BB passage vector from the merging of venous blood flows 
(IVC, SVC, CS, VH), which are feedback channels (wave and 
metabolic) between the body and the heart.

*Corresponding author: Alexander G. Kruglov, PhD, ScD. 
Central Research Institute of Radiation Diagnosis. Moscow, the 
Russian Federation. E-mail: krag48@mail.ru
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Table 1. Norm 
 10   –   characteristic points of PPW (V.V. Boronoev)                                            
A(Q) –   isometric ventricular  relaxation 
B(Q)–    actual ventricular diastole 
C(LV)–  LV diastole  
A(LV)–  isometric LV relaxation 
B(LV)–  actual LV diastole  
C(RV)–  RV diastole 
A(RV)–  isometric RV relaxation  
B(RV)–  actual RV diastole 
D(Q)–    isometric ventricular contraction 
E(Q)–    actual ventricular systole  
F(LV)–   LV systole 
D(LV)–  isometric LV contraction  
E(LV) – actual LV systole 
F(RV) – RV systole 
D(RV) – isometric RV contraction 
E(RV) – actual LV systole  
G(AV) – opening of AV 
H(PV) – closing of PV 
G(TV) – opening of TV 
H(AV) – closing of AV 
G(MV) –opening of MV 
 

H(TV) –  closing of TV 
H(MV) – closing of MV 
G(PV)–   opening  of  PV 
H(PV) –  closing of PV  
Аsd1–    asynchronous period of ventricular systole-diastole -1 
Ss1–       synchronization period of isometric ventricular contraction-1  
Аs1 –     asynchronous period of ventricular systole -1 
Ss2 –      synchronization of the actual ventricular systole -2 
Аsd2 –   asynchronous period of ventricular systole-diastole -2 
Аsd2а – from closing of PV to opening  of  TV  
Аsd2b – from  opening  of  TV to closing of AV  
Sd –    period of synchronization of ventricular relaxation 
Sdа – isometric relaxation of LV  
Sdb – actual LV diastole 
Аd1 – asynchronous period of ventricular diastole -1 
Sd1 – period of synchronization of ventricular diastole-1 
    – PW phases;        - ZTEP: SS-VH-SVC-CS-RV-LA                                  
           – dynamic curve ZTEP  
          –  coincidence between ZTEP and IPPW;         – integral curves (IC-1 and IC2)     
          –  intersection of the integral curve with ZTEP of TV 
          –  point of "stabilization" of ICs of the right and left parts of the heart 
          –  CMIP 
          –  intersection of CMIP with ZTEP (SS-RV и PT-SS) 
  

IC-1 

CMIP 

IC-2 

Table 1. Norm 
 10   –   characteristic points of PPW (V.V. Boronoev)                                            
A(Q) –   isometric ventricular  relaxation 
B(Q) –   actual ventricular diastole 
C(LV) – LV diastole  
A(LV) – isometric LV relaxation 
B(LV) – actual LV diastole  
C(RV) – RV diastole 
A(RV) – isometric RV relaxation  
B(RV) – actual RV diastole 
D(Q) –   isometric ventricular contraction 
E(Q) –   actual ventricular systole  
F(LV) – LV systole 
D(LV) – isometric LV contraction  
E(LV) – actual LV systole 
F(RV) – RV systole 
D(RV) – isometric RV contraction 
E(RV) – actual RV systole  
G(AV) – opening of AV 
H(PV) – closing of PV 
G(TV) – opening of TV 
H(AV) – closing of AV 
G(MV)– opening of MV 
H(TV) – closing of TV 

H(MV) – closing of MV 
G(PV) –  opening  of PV 
H(PV) –  closing of PV  
Аsd1–    asynchronous period of ventricular systole-diastole -1 
Ss1–       synchronization period of isometric ventricular contraction-1  
Аs1 –     asynchronous period of ventricular systole -1 
Ss2 –      synchronization of the actual ventricular systole -2 
Аsd2 –   asynchronous period of ventricular systole-diastole -2 
Аsd2а – from closing of PV to opening  of TV  
Аsd2b – from  opening of TV to closing of AV  
Sd –    period of synchronization of ventricular relaxation 
Sdа –  isometric relaxation of LV  
Sdb –  actual LV diastole 
Аd1 –  asynchronous period of ventricular diastole -1 
Sd1 –   period of synchronization of ventricular diastole-1 
  – PW phases;        – ZTEP: SS-VH-SVC-CS-RV-LA                                  
           – dynamic curve ZTEP  
          –  coincidence between ZTEP and IPPW  
          –  integral curves (IC-1 and IC2)     
          –  intersection of the integral curve with ZTEP of TV 
          –  point of "stabilization" of ICs of the right and left parts of the heart 
          –  CMIP 
          –  intersection of CMIP with ZTEP (SS-RV и PT-SS) 

 



108                                        A. G. Kruglov et al. / International Journal of Biomedicine 9(2) (2019) 106-110

We emphasize the presence in the metabolic component 
of the blood of parameters having, along with chemical 
properties, physical characteristics (volume, density, total 
pressure of gases, etc.), whose effects on hemodynamic 
parameters have been repeatedly cited.(4-6)

IC-1 and IC-2, given in Table 1, show the dynamics of 
the average pressure between the hemodynamic parameters 
of two extreme (consecutive) points (RA, RV, PT, etc. on the 
Norm Graphs(1-3)) relevant for each period of CC (Asd 1, Ss1, 
Ss2, etc.). CMIP is a graph of the calculated pressure between 
IC-1 and IC-2 passing synchronously each period and phase 
of CC in the right and left regions of the heart during the 
complete CC.

The formation of the vector of BB passing the complete 
CC (from entering RV to LVEF) is determined by the 
contraction of the myocardium and the creation of pressure 
gradients in the system of intracardiac valves (closing-
opening) between the heart chambers.

We would like to note that the initial period of the 
BB formation inside RA occurs as a result of the inflow of 
hemodynamic flows to the heart from the whole body, which 
have metabolic characteristics that are expressed, among other 
indicators, in the variable physical characteristics (density and 
viscosity) of blood. We consider the possible direct pressure 
of BB located inside RV on baroreceptors of the SN, which is 
separated from the blood flow by only one endocardial layer 
(without muscular inclusions and elastic structures). The 
mechanism of autogeneration of the heart contractions, in 
our opinion, is realized by the TV closure wave (outrunning 
zeroing of the pressure gradient between RA and RV), including 
impulses of CS and the RA appendage, that (when TV is closing) 
forms a retrograde wave impulse propagating in the direction of 
SVC, topographically falling into the SN area.

Graphically (the Norm Graphs(1-3)), this is an ascending 
part of wave “a” of RA, corresponding to the P wave on the ECG 
(i.e. the onset of the RA systole passing into the contraction 
of the spongy part of RA [the RA appendage]), which in the 
final phase of the systole is isolated from the sinus part by 
border bundles,(7) and which corresponds to the PQ interval 
on the ECG. We believe that this mechanism (including the 
physical properties of the RA BB) can be a physical initiator 
of the electrical impulse in SN, which launches the work of the 
cardiac conduction system (autorun).

Thus, taking into account the autonomy of the myogenic 
nature of heart contractions(8) (the ability for long-term 
uninterrupted work of a denervated heart(9,10)), a pressor 
action of BB (inside RA) on SN can be considered as a factor 
affecting the autogeneration of electrical impulses in SN. In 
other words, BB  inside  RA—which is the informational 
result of the body’s activity as a whole, whose thesaurus 
includes wave, hemodynamic, metabolic, and gas-dynamic 
information resources—can be the  initiator of an impulse 
trigger (SN), which  launches a synchronized sequence of 
heart activity phases.

In Table 2, the corresponding designations identify the 
sequence of two parallel complete CCs of BB from the entrance 
(RA) to the exit (LVEF) from the heart system. Column 
1 (extreme calculation points) describes the synchronized 

sequence of the valve apparatus of the heart (opening-closing). 
Columns 2 and 3 describe the periods, phases, and vectors of 
the complete CC of the IC-1 curve (red) and the IC-2 curve 
(burgundy) with a step-by-step interval for BB movement, 
determined by the average pressure values of successive 
hemodynamic areas of the heart system and the vascular system 
(bypassing the exchange zones: lung, brain, etc.). 

Thus, RV-PT-LA (during the actual RV systole, 
with closed TV and MV) determines the BB vector on the 
hemodynamic, metabolic and gas exchange pathways: RV-LA 
(represented by the average pressure curve at each point of RV 
and LA); Ao-SS-RV (during the period of actual RV diastole, 
with opened TV and closed MV) determines the BB vector 
after ejection from Ao at the nearest pressure recording point 
(SS) after passing through the pial chamber of the brain in the 
direction of RA-RV(transmission pressure ).

In Table 2, all given calculated points and parameters 
of phase indicators are synchronized with each other, with 
the ECG and a graph of PPW. The initial data, which became 
the basis of logical and constructive calculations, were cited 
earlier by us in the Norm tables.(1-3,5,6) 

IC-1 and IC-2, which were presented in Table 1, as well 
as a description of the synchronized sequences and vectors of 
these curves in Table 2, demonstrate the content of the complete 
CC, consisting of the dynamics of two BBs simultaneously 
passing through the hemodynamic heart-lung-heart systems. 
One BB completes the transformation, leaving the vascular 
bed in the structure of LVEF; the second BB is transferred to 
the system (lung) of further hemodynamic, gas and metabolic 
transformations, with subsequent metamorphoses in the left 
heart up to the ejection into Ao.

In other words, the complete CC of each BB of RA, 
which has the maximum information thesaurus of the body, 
including the hemodynamic feedback (information) from a 
previous cardiac output, consists of two completed CCs in the 
traditional sense (where each myocardial contraction equals 
one CC). We gave baseline data  earlier in the form of tables 
and graphs.(1-3) 

We believe that the stabilization point (Table 1) of the 
integral curves in ZTEP (TV and MV)  determines: 1) the 
pressure dynamics of parallel processes in the right and left 
parts of the heart—a sequential launch of isometric contraction 
phases (the right side of the ventricular block after the left side); 
2) the  PT opening pressure level, synchronizing the work of the 
valve apparatus of the heart (opening-closing), the ventricular 
block as a whole and the formation of chambers (arterial and 
venous) of variable capacity. At the stabilization point (ZTEP 
of the heart valves) of both integral curves, the regulatory 
mechanism (synchronization) of the ventricular block function 
is initiated during the formation of spheroids of RVEF (current 
cycle) and LVEF (the end of the previous cycle). At the same 
time, the emerging LVEF participates in the formation of RVEF.

CMIP, which affects the formation of the RV spheroid, 
determines the pressure level at the trigger point (Table 1); after 
ZTEP (SS-VH-SVC-CS-RV-LA) is formed, PV opens and 
the spheroid is released (BB of RV) in the lung system. When 
pСMIPmax is reached, AV opens and the second spheroid (BB of 
LV) is released into the bloodstream, rushing towards the exchange 
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zones. We believe that CMIP is an integral hemodynamic indicator 
of the stability of homeostasis as a whole.

CMIP is a calculated parameter for the mean pressure 
values   of the extreme values   of IC-1 and IC-2, which 
generalizes the dynamics of two parallel current processes 
during the complete CC. CMIP is an indicator of the mutual 
hemodynamic influence of the arterial and venous BBs by 
changing the character of influence at the point of stabilization 
(Table 1). CMIP contains a total amount of information from 
all the hemodynamic flows that we studied and is a universal 
indicator of the quality and stability of the relationships of 
all the components of the hemodynamics of the vascular bed 
throughout the complete CC. 

Changes in the configuration or level of CMIP is an indicator 
of imbalance and restructuring of the integral indicators of blood 
flow (therefore, components of hemodynamic flows), indicating a 
deviation in the parameters of stability of homeostasis as a whole. 
We consider the cardiovascular system as a single integrated system 
of inflow and outflow from the heart (quantum generator), which 
operates according to the trigger principle, where the regulation of 
the wave and metabolic processes occurs at the input (IVC, SVC, 
CS, RA) and output (LV, Ao) from the system. The regulation 
of processes (wave and metabolic) in SC begins at the exit from 
the ventricular block (Ao), with a phase change during СС in the 
arterial chamber of variable capacity (Ao, Ao-LV), and then by 
wave feedbacks through the zones of exchange of the venous part 
of the ventricular block, with phase changes of variable capacity 
(IVC, SVC-RA; IVC, SVC, CS, RA-RV) connected through a 
lung exchange zone with entrance  into the arterial block of the 
heart (LA), forming a closed system of the information control and 
regulation of the heart and body as a whole.

In other words, the wave impulses generated by the 
heart are formed while taking into account the integral 
hemodynamic pressure at the inlet, intracardiac route, and exit 
from the working parts of the heart. We believe that the trigger 
point(2,3) and ZTEP(1-3) of the valvular apparatus of the heart 
play a leading role in the synchronization of these processes. 
We believe that the role of fibrous structures and ligamentous 
apparatus of the heart is very significant. For example, the 
ligamentum arteriosum, connecting the left pulmonary artery 
(54.2%) or the bifurcation of PT (41.1%) with the beginning 
of the downward section Ao (75.7%) outside the epicardium, 
has also the role of a two-way feedback channel between 
Ao and PT with periodic vector changes. The impact of the 
ligamentum arteriosum on BB hemodynamics, in our opinion, 
is realized by means of a transmission pressor-depressor (a 
change in the tension vector) interaction between Ao and PT 
with pressure changes: 1) in the trigger point at the opening of 
PV (venous BB); 2) in case of  LV Ejection into Ao (arterial 
BB). In other words, it is one of the mechanisms of mutual 
regulation (two-way feedback) at both “exits” from the heart 
to both circulatory systems: SC and PC. For exchange zones, 
in addition to the main ZTEP (heart valves), there is a specific 
ZTEP for each organ, which allows for dual regulation 
(random filter): a systemic regulation at the input-output level 
of a trigger zone and more subtle regulation at the level of 
each exchange zone.

Thus, we believe that the cardiovascular system 
autonomously generates and controls the values of CMIP, 
a universal parameter, which regulates and reflects the 
synchronization of all wave impulses and hemodynamic 
flows, adequate to the metabolic needs of the body as a whole.

Table 2. Norm

Step-by-step calculation of the average on the gradient between the extreme points for each period (Asd1, Ss1, As1, Ss2, etc.) of CC

Extreme points  of CC IC-1 (
 

) IC-2 (
 

)

C
yc

le
 1

H(MV) (closing of MV) – H(TV) (closing of TV) Аsd1(actual RV diastole) – ∆АО-RV Аsd1 (isometric LV contraction)  – LV

H(TV) (closing of TV) – G(PV) (opening of  PV) Ss1 (isometric RV contraction) – RV Ss1 (isometric LV contraction)  –  LV

G(PV) (opening  of PV) – G(AV) (opening of AV) Ас1 (actual RV systole) – ∆RV-LA Ss1 (isometric LV contraction)  –  LV

G(AV) (opening  of AV) – H(PV) (closing of PV) Ss2 (actual RV systole) – ∆RV-LA Ss2 (actual LV systole) – ∆LV-RA

H(PV) (closing of PV) – G(TV) (opening of TV) Аsd2a (isometric RV relaxation) – ∆PT-LAАsd2a (actual LV systole) – ∆LV-RA

G(TV) (opening  of TV) –  H(AV) (closing of AV)  Аsd2b (actual RV diastole – ∆PT-LA Аsd2b (actual LV systole) – ∆LV-RV

H(AV) (closing of AV) – G(MV) (opening of MV) Sda (isometric LV relaxation) – ∆PT-LA Sda (isometric LV relaxation) – ∆Ao- RV

G(MV) (opening  of MV) – H(MV) (closing of MV)  Sdb (actual LV diastole) – ∆PT-LV Sdb (actual LV diastole) – ∆Ao- RV

C
yc

le
 2

H(MV) (closing of MV) – H(TV) (closing of TV) Аsd1 (isometric LV contraction) – LV Аsd1 (actual RV diastole) – ∆АО-RV

H(TV) (closing of TV) – G(PV) (opening of PV) Ss1 (isometric LV contraction) – LV Ss1 (isometric RV contraction) – RV

G(PV) (opening  of PV) – G(AV) (opening of AV) Ss1 (isometric LV contraction) – LV Аs1 (actual RV diastole) – ∆RV-LA

G(AV) (opening  of AV) – H(PV) (closing of PV) Ss2 (actual LV systole) – ∆LV-RA Ss2 (actual RV diastole) – ∆RV-LA

H(PV) (closing of PV) – G(TV) (opening of  TV) Аsd2a (actual LV systole) – ∆LV-RA Аsd2a (isometric RV relaxation) – ∆PT-LA

G(TV) (opening  of TV) – H(AV) (closing of AV)  Аsd2b (actual LV systole) – ∆LV-RV Аsd2b (actual RV diastole) – ∆PT-LA

H(AV) (closing of AV) – G(MV) (opening of  MV) Sda (isometric LV relaxation) – ∆Ao-RV Sda (isometric RV relaxation ) – ∆PT-LA

G(MV) (opening  of MV) – H(MV) (closing of MV)  Sdb (actual LV diastole) – ∆Ao- RV Sdb (actual LV diastole) – ∆PT-LV
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We believe that a high degree of similarity of graphic 
profiles and the coincidence of key points (max-min) PPW and 
CMIP throughout the complete cardiac cycle are significant 
for promising diagnostic technologies. 

Conclusion
Complete cardiac cycle, during which BB from the 

venous substrate of RA is transformed into arterial LVEF, 
consists of two completed heart contraction cycles. Two BBs 
pass the hemodynamic route (heart - lung - heart) at the same 
time. One BB completes the transformation, leaving SC in 
the form of arterial LVEF; the second BB goes into PC in the 
form of a venous RVEF for further hemodynamic, metabolic 
and gas transformations until the new arterial ejection fraction 
of the next cycle is formed.

CMIP contains a total amount of information from all 
the hemodynamic flows that we studied and is a universal 
indicator of the quality and stability of the relationships of 
integral hemodynamic flows (IC-1; IC-2) throughout the 
complete cardiac cycle. Changes in the configuration or level 
of CMIP indicates a deviation in the parameters of stability of 
homeostasis as a whole.
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Abstract
Background: The problem of maintaining body temperature in people working outdoors in the cold air of the Arctic remains 

relevant. The purpose of this study was to determine the autonomic nervous mechanisms of regulation of heart rate (HR), blood 
pressure (BP) and local immunity on the example of the dynamics of salivary lactoferrin during a decrease in body temperature in 
humans (the core and the skin of hands) during and after a short-term, whole-body exposure to cold air.

Materials and Methods: A total of 15 healthy Russian male volunteers aged between18 and 20 years, born and living in 
Arkhangelsk, were examined in the winter. Research stages: the registration of indicators before exposure to the cold air (Stage 
1), during the 10-minute exposure to the cold air at -20 °C (Stage 2) and after the 10-minute exposure to the cold air (Stage 3). 
The registration of indicators in Stages 1 and 3 was carried out indoors at an air temperature of +20 °C. HR (bpm), the heart rate 
variability (HRV) parameters, systolic and diastolic blood pressure (BPsyst, BPdiast, mm Hg), salivary lactoferrin level (ng/ml) 
by ELISA and the body temperature in the ear canal (Tear, °C) and on the skin of the dorsum of the right hand (Tskin, °C) were 
determined at each stage of the study.

Results: In Stage 2 with significantly decreased Tear and Tskin, compared to the initial indicators in Stage 1, there was a 
significant increase in HRV indices reflecting the overall HRV and vagal effects on the heart rhythm. At the same time, HR was 
significantly decreased, as well as stress index. An increase in the total power (TP) of the HRV spectrum was revealed due to a 
predominant increase in HF  and VLF, and to a lesser degree in LF. Both BPsyst and BPdiast significantly increased. After cooling 
in Stage 3, HR increased, but remained significantly lower than the initial values. The overall HRV according to SDNN and TP 
decreased, reaching baseline values. Concentrations of salivary lactoferrin during cooling in Stage 2 tended to increase, which was 
also maintained in Step 3 after cooling. Correlation analysis in the entire sample (n=15) revealed a positive correlation between 
SDNN and Tear in Stage 2 (rs=0.56, P=0.035). In Stage 2, the change in Tskin was significantly correlated with the salivary 
lactoferrin level (rs=-0.73, P=0.003); this relationship was also found in Stage 3 (rs=-0.65, P=0.015). 

Conclusion: The successful return of body temperature after general cooling occurs under the condition of increasing the 
overall HRV, enhancing vagal influences on the heart rhythm, HF and VLF components of HRV during cooling. An increase in the 
level of salivary lactoferrin, while maintaining vagal reserves of the vegetative regulation of heart rhythm against a decrease in 
skin temperature during general cooling, as well as a decrease in the level of lactoferrin against the background of recovery of body 
temperature after cooling, at least 10 minutes, can be regarded as an adaptive response of the body to exposure to cold temperature 
with minimal risk of cold inflammation. (International Journal of Biomedicine. 2019;9(2):111-116.)  

 Key Words: heart rate variability • heart rate • blood pressure • salivary lactoferrin • exposure to cold air

Abbreviations 
BP, blood pressure; CIG, cardiointervalogram; HR, heart rate; HRV,  heart rate variability; SI, stress index; TP, total power



112                                     L. V. Poskotinova et al. / International Journal of Biomedicine 9(2) (2019) 111-116

Introduction
General cooling of the human body can cause different 

ratios between the activity of the neurophysiological 
mechanisms, sympathetic and parasympathetic regulation 
of heart rhythm and vascular tone,(1-4) and mobilization 
of the immune system in the form of enhanced pro- and 
anti-inflammatory reactions.(5) Against the background of 
general cooling, the core body temperature is maintained 
through increased vasoconstriction in peripheral tissues (skin, 
subcutaneous fat) and an increase in BP. It is believed that 
stable, increased BP in Arctic residents subjected to moderate 
exposure to cold (-10°С) may not lead to aggravation of 
symptoms of arterial hypertension, as this action reduces the 
body’s sympathetic response to exposure to cold.(6) However, 
an excessive redistribution of blood supply, to the detriment 
of blood supply to peripheral tissues, can lead to impaired 
microcirculation, pronounced activation of inflammatory 
reactions up to necrosis of supercooled parts of the body. Thus, 
there is the problem of determining the physiological criteria for 
the balance of autonomic-immune relationships that maintain 
body temperature and the immune response under conditions 
of general cooling. 

Lactoferrin in the biosubstrates of a living organism 
reflects the process of the acute phase of inflammation and 
activation of local nonspecific immunity—in particular, the 
activity of phagocytosis in response to the stress factor—
and also regulates the effect of redistribution of immune 
competent cells during cooling.(7,8) The level of lactoferrin 
in biosubstrates is a marker of stress-induced modulation of 
congenital secretory immune response, the dynamics of which 
determines a person’s susceptibility to infectious diseases 
under stress.(9) The consumption of food enriched with 
lactoferrin contributes to the preservation of the daily rhythm 
of the bioelectric structures of the brain under stress,(10) and 
its prior introduction into the tissues of the body reduces the 
stress-induced effects of cortisol.(8) When exercising on the 
background of high levels of cortisol, the level of lactoferrin 
may increase,(11) decrease(12) or remain stable(13)—which level 
occurs is associated with different stress-reactivity of the 
immune and autonomous nervous systems of the human body. 
Currently, the conditions of the optimal ratio of the parameters 
of the cardiovascular system and immune factors to maintain 
temperature of the corpus and peripheral tissues of the human 
body during experimental exposure to cold air have not been 
determined.

The purpose of this study was to determine the 
autonomic nervous mechanisms of regulation of HR, BP and 
local immunity on the example of the dynamics of salivary 
lactoferrin during a decrease in body temperature in humans 
(the core and the skin of hands) during and after a short-term, 
whole-body exposure to cold air.

Materials and Methods
A total of 15 healthy Russian male volunteers aged 

between18 and 20 years, born and living in Arkhangelsk, were 
examined in the winter. Volunteers had no signs of deficiency 

or excessive body weight (BMI of 18.5-25 kg/m2), or fever 
(axillary temperature ≤37°C) and inflammatory processes of 
the oral cavity. 

The study was conducted in accordance with ethical 
principles of the WMA Declaration of Helsinki (1964, ed. 
2013) and approved by the FCIARctic Ethics Committee. 
Written informed consent was obtained from all participants.

The study stages were conducted in the morning 
between 9.30AM and 12.00AM and included the registration 
of indicators before (1), during (2) and after the 10-minute 
exposure to the cold air (3). Volunteers dressed in underwear, 
cotton trousers, winter boots and a cotton robe were examined 
in a sitting position at resting-state. The registration of 
indicators in Stages 1 and 3 was carried out indoors at an air 
temperature of +20 °C. The registration of indicators in Stage 
2 was carried out in a cold chamber at -20 °C. Determining the 
body temperature in the ear canal (Tear, °C) and on the skin of 
the dorsum of the right hand (Tskin, °C) was performed using 
a B.Well WF-1000 medical electronic infrared thermometer 
(Switzerland) before entering the chamber (Stage 1), on the 
10th minute of being in the chamber (Stage 2) and the 10th 
minute after leaving the chamber (Stage 3). The thermometer 
was installed in the ear canal and on the skin of the hand 
perpendicular to the surface of the body.

We calculated additional indicators that demonstrate the 
degree of preservation of body temperature during cooling in 
Stage 2 - Tear% and Tskin%. 

Tear%=Tear(2)/Tear(1)×100%, where Tear (2) is the 
temperature value in the ear canal in Stage 2, Tear (1) is the 
temperature value in the right ear canal in Stage 1.

Tskin%=Tskin(2)/Tskin(1)×100%, where Tskin (2) is 
the temperature value on the skin of the dorsum of the right 
hand in Stage 2, Tskin (1) is the temperature value on the 
skin of the dorsum of the right hand in Stage 1.The high rates 
of Tear% and Tskin% indicated good preservation of body 
temperature when exposed to cold.

The registration of the cardiointervalograms (CIG) was 
performed during 5 minutes before entering the chamber (Stage 
1), 10 minutes in the chamber (Stage 2 ) and 6-10 minutes 
(during 5 minutes)  after leaving the chamber (Stage 3). For 
the possibility of CIG recording under cold room conditions, a 
one-lead electrocardiogram channel of the Neuron-Spectrum-
SM device (Neurosoft, Russia), placed in a tank with thermal 
insulation, was used. Subsequently, CIGs of the last 5 minutes 
in the cold chamber and Stages 1 and 3 were processed using 
the Varicard instrument software (Ramena, Russia), and the 
HRV parameters were calculated.(14)

The following HRV parameters were evaluated: HR – heart 
rate, bpm; RMSSD (ms) – the root mean square differences of 
successive R-R intervals; SDNN (msec) – the standard deviation 
of the normal-to-normal RR intervals; SI (unit) – Stress Index, 
calculated by the formula [SI=Amo50/2×VAR×Mo, where Mo 
(мs) is the cardiointerval value dividing the CIG series in half, 
VAR – variation range between the minimum and maximum 
values   in the CIG series, and Amo50,% –amplitude of mode – 
number of R-R intervals]; TP (ms2)  – Total Power, HF (ms2) 
– high frequency  power of HRV (0.15 to 0.40 Hz); LF (ms2) 
– low-frequency power of HRV (0.04-0.155 Hz); VLF (ms2) – 



113L. V. Poskotinova et al. / International Journal of Biomedicine 9(2) (2019) 111-116

very low frequency power of HRV (0.0033–0.04 Hz).
With short CIG recordings (up to 5 min), the SDNN, 

RMSSD, TP indices reflect both the general reactivity 
of the vegetative regulation of the heart rhythm and the 
parasympathetic activity. The HF HRV power spectrum 
or respiratory band coincides with respiration as the 
parasympathetic nervous system operates using signaling 
mechanisms that can change HR in phase with respiration. 
The LF index shows baroreflex activity with the predominant 
participation of the sympathetic centers of vegetative regulation. 
Stress Index is associated with increased sympathetic activity. 
VLF index indicates the activity of humoral regulation of heart 
rhythm, the activity of thermogenesis, endothelial function and 
renin-angiotensin mechanism.(15,16) 

BP (systolic – BPsyst and diastolic – BPdiast) was 
determined using an A&D medical device (Japan) before 
entering the chamber, immediately after leaving the chamber 
and in the 10th minute after leaving the chamber.

The saliva was collected on an empty stomach before 
entering the cold chamber, immediately after leaving the 
chamber and in the 10th minute after leaving the chamber. 
The collected samples of saliva were stored in eppendorfs at 
–20 °C, then immediately before analysis were thawed and 
centrifuged at 3,000 rpm for 15 minutes. Biological material 
was taken from the middle of the eppendorf for further 
analysis, without touching the walls and sediment at the 
bottom of the tube. The level of lactoferrin in saliva (ng/ml) 
was determined by ELISA using One-plate Fully Automated 
ELISA Analyzer (Elisys Uno; Human, Germany) and a 
commercial test kit (Hycult biotechnology b.v.; Netherlands) 
with a 20-fold dilution of samples using solution for dilution 
(Sample Dilution buffer), which is part of the test kit.

Statistical analysis was performed using the statistical 
software «STATISTICA 10». The normality of distribution 
of continuous variables was tested by Shapiro-Wilk’s W 
test. Median (Me), interquartile range (IQR; 25th to 75th 
percentiles), and the 95% confidence interval (95% CI) 
were calculated. Spearman’s rank correlation coefficient (rs) 
was calculated to measure the strength and direction of the 
relationship between two variables. The Friedman Test was 
used to test for differences between 3 dependent samples. 
A probability value of P<0.017 was considered statistically 
significant. 

Results
Table 1 presents the parameters of HRV, blood pressure, 

body temperature and salivary lactoferrin levels on the study 
stages. When exposed to cold in Stage 2, compared to the 
initial indicators in Stage 1, there was a significant increase in 
HRV indices reflecting the overall HRV and vagal effects on 
the heart rhythm: SDNN (P1-2<0.001), RMSSD (P1-2<0.001), 
and TP (P1-2=0.004). At the same time, HR was significantly 
decreased (P1-2<0.001), as well as SI (P1-2=0.004). An 
increase in the TP of the HRV spectrum was revealed due to a 
predominant increase in HF (P1-2<0.001) and VLF (P1-2=0.012), 
and to a lesser degree in LF (P1-2=0.017). Both BPsyst and 
BPdiast significantly increased (P1-2=0.005). The temperature 

of Tear and Tskin decreased significantly with total cooling 
(P1-2<0.001).

After cooling in Stage 3, HR increased (P2-3=0.001), 
but remained significantly lower than the initial values   (P1-

3<0.001). The overall HRV according to SDNN and TP 
decreased, reaching baseline values (P2-3<0.001 and P2-3=0.003, 
respectively). Indicators of RMSSD and HF, which characterize 
vagal activity, despite a significant decrease, remained 
elevated relative to baseline values   (P1-3=0.010 and P1-3=0.008, 
respectively). Indicators of SI and LF, reflecting sympathetic 
activity, increased (P2-3=0.002 and P2-3=0.009, respectively) 
to the level of baseline values. VLF and BPsyst, despite the 
downward trend, had large intragroup differences; therefore, 
in general, they did not achieve a significant decrease by the 
10th minute after exposure to cold (P2-3=0.069 and P2-3=0.033, 
respectively). BPdiast after exposure to cold significantly 
decreased to baseline values   (P2-3<0.001). The temperatures 
Tear and Tskin increased significantly after cooling; however, 
these values   remained lower compared to background values   
(P1-3<0.001).

Concentrations of salivary lactoferrin during cooling in 
Stage 2 tended to increase (P>0.05), which was also maintained 
in Step 3 after cooling. An individual analysis of baseline levels 
of lactoferrin revealed that 3 people had a significant excess of 
the value of 75th percentile (1203.6 ng/ml, 1482.6 ng/ml and 
1805.6 ng/ml). In these 3 people during cooling, the dynamics 
of lactoferrin was found to be opposite to that of the whole 
group: a decrease in concentration instead of increasing. With 
the exclusion of these individuals from the sample (n=12), the 
increase in the level of lactoferrin was more pronounced—from 
202.2 (41.8; 693.4) ng/ml   to 1038.0 (257.6; 1934.0) ng/ml, 
P=0.026. In Stage 3, the lactoferrin level was almost unchanged 
- 1066.0 (91.2; 1787.2) ng/ml.

Correlation analysis in the entire sample (n=15) revealed 
a positive correlation between SDNN and Tear in Stage 2 
(rs=0.56, P=0.035). RMSSD and SDNN in Stage 2 correlated 
with Tear in Stage 3 (rs=0.57, P=0.035; rs=0.61, P=0.020, 
respectively). The HF, VLF and SI indicators in Stage 2 were 
also in correlation with Tear in Stage 3: rs=0.64 (P=0.014), 
rs=0.62 (P=0.019), and rs=-0, 60 (P=0.023)), respectively.

Significant correlations of HRV indices and Tskin 
during cooling and after it were not revealed. However, Tskin 
dynamics was associated with changes in the level of salivary 
lactoferrin. In Stage 2, the change in Tskin was significantly 
correlated with the salivary lactoferrin level (rs=-0.73, 
P=0.003); this relationship was also found in Stage 3 (rs=-
0.65, P=0.015). An inverse correlation was found between 
Tskin% and the salivary lactoferrin level in Stage 3 (rs=-0.72, 
P=0.008).

The relationship between salivary lactoferrin levels and 
cardiovascular parameters during cooling was multidirectional. 
Exclusion from the group of 3 people with baseline high levels 
of lactoferrin (more than 75th percentile) allowed us to obtain 
significant correlations between these indicators in a sample 
of 12 people. 

Thus, an increase in BPdiast was associated with an 
increase in lactoferrin level in Stage 2 (rs=0.61, P=0.047). 
The remaining correlations reflected the relationship between 
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the lactoferrin dynamics upon cooling with baseline levels 
of HRV parameters. Thus, the level of lactoferrin in Stage 2 
negatively correlated with the indicators of RMSSD, SDNN, 
and HF in Stage 1: rs=-0.75 (P=0.007), rs=- 0.65 (P=0.031), 
rs=- 0, 64 (P=0.028), respectively.

Discussion
Increased blood pressure, especially BPdiast, is a 

natural reaction of the body in response to vasoconstriction 
in peripheral tissues, wherein the processes of thermogenesis, 

the renin-angiotensin mechanism, and endothelial function 
are activated. This was reflected in our study in an increase 
in the VLF component of HRV.(15,16) The enhancement of the 
HRV VLF component during cooling reflected the adaptive 
response of the body, confirmed by the correlation analysis: 
the higher VLF was during cooling, the stronger trend towards 
the original body temperature values was found 10 minutes 
after leaving the cold chamber. In response to an increase in 
blood pressure, the arterial baroreflex was activated, which 
led to a decrease in HR. An increase in the LF component of 
HRV has traditionally been associated with the activation of 
the baroreflex,(6,15) but in our study there was no significant 
correlation between this part of HRV and body temperature 
indices either during cooling or after it. At the same time, an 
increase in HF components of HRV during cooling is associated 
with an increase in body temperature at the warming stage 
after exposure to cold. This may indicate that the frequency 
range of the arterial baroreflex is consistent with the HF 
component of HRV (0.15-0.40 Hz) during cold exposure, 
which reflects the activation of respiration during hypoxia.(17) 
The results obtained for changes in the cardiovascular system 
with general air cooling are in tune with the results of studying 
a different type of cold exposure in the form of an isolated face 
cooling, when BP rises and HR decreases.(1) However, Hodjes 
et al., with a general human cooling at a temperature of 0°C for 
30 minutes, found an increase in the LF and HF components, 
as well as RMSSD against the background of an increased 
HR.(18) These results show clearly that neurovegetative 
changes in humans depend on the level of temperature and 
the duration of cold temperature exposure. The vegetative 
manifestations we observed during general cooling differed 
from changes in HRV during local cooling of the head when 
an increase in sympathetic activity was observed against the 
background of a decrease in total HRV.(19) We observed no 
increase in vagal activity in 3 people with a high baseline 
level of lactoferrin (more than 75th percentile), in which SI 
was either elevated or did not significantly change against the 
background of stable values during the whole observation.  A 
decrease in the sympathetic pressor response and an activation 
of the parasympathetic response to the cold is regarded as 
an adaptive response to cold in both the Aborigines and the 
newcomers of the Arctic.(1) Thus, the successful return of body 
temperature after general cooling occurs under the condition 
of increasing the overall HRV, enhancing vagal influences on 
the heart rhythm, HF and VLF components of HRV during 
cooling.

A moderate increase in the level of lactoferrin as a 
marker of the secretory response in stress-induced activation 
of local immunity is recognized as logical. Thus, Bosch et 
al.(9) revealed an increase in the lactoferrin secretion against 
the background of increased vagal activity, according to HRV 
during stress with low emotionality and against the background 
of increased sympathetic activity during stress with high 
emotionality among volunteers. However, with a pronounced 
sympathoadrenal stress reaction, the level of lactoferrin 
may decrease.(13) In our study, the presence of a significant 
correlation between skin temperature and lactoferrin level 
reflects the importance of transferrin system activation with 

Table 1.

Parameters of HRV, blood pressure, body temperature and salivary 
lactoferrin levels on the study stages  (Ме, IQR [ ])

Variable Stage 1 Stage 2 Stage 3 P-value

HR, 
bpm

74.5
(69.1;79.0)

59.0
(57.0;62.0)

65.4
(62.4;70.2)

P1-2<0.001
P2-3 =0.001
P1-3<0.001

SDNN, 
ms

53.8 
(40.9;68.1)

82.8 
(71.8;131.4)

51.78
(36.5;76.1)

P1-2<0.001
P2-3 <0.001
P1-3=0.070

RMSSD, 
ms

34.39 
(22.79;48.48)

57.95 
(47.99;82.01)

47.23
(28.24;56.43)

P1-2<0.001
P2-3=0.009
P1-3=0.010

Stress Index,
 unit

84.2 
(54.0;177.9)

39.2 
(17.6;56.2)

76.33
(41.76;142.77)

P1-2=0.002
P2-3=0.002
P1-3=0.191

TP, 
×1000, ms2

2.75 
(1.46;3.85)

4.88 
(2.97;13.9)

2.85
(1.80;4.61)

P1-2=0.004
P2-3=0.003
P1-3=0.232

HF, ×1000, 
ms2

0.42
(0.22;0.84)

1.49
(0.85;2.02)

0.76
(0.38;1.23)

P1-2<0.001
P2-3=0.001
P1-3=0.008

LF, 
×1000, ms2

1.11
(0.66;1.79)

1.52
(0.84;4.89)

1.17
(0.67;1.62)

P1-2=0.017
P2-3=0.009
P1-3=0.776

VLF, 
×1000, ms2

0.39
(0.26;0.85)

0.71
(0.43;2.77)

0.64
(0.35;0.80)

P1-2=0.012
P2-3=0.069
P1-3=0.256

BPsyst,
 mm Hg

122.0 
(117.0;130.0)

132.0 
(123.0;138.0)

125.0 
(120;130)

P1-2=0.005
P2-3=0.033
P1-3=0.781

BPdiast, 
mm Hg

83.0 
(81.0;86.0)

92.0 
(85.0;102.0)

89.0 
(78.0;90)

P1-2=0.005
P2-3<0.001
P1-3=0.285

Tear, 0C 36.3 
(36.1;36.4)

34.7 
(33.8;35.4)

35.6 
(35.5;36.1)

P1-2<0.001
P2-3 =0.001
P1-3<0.001

Tskin,0C 33.0 
(27.0;35.7)

19.1 
(17.0;20.8)

23.9 
(22.8;26.7)

P1-2<0.001
P2-3<0.001
P1-3<0.001

Lactoferrin, 
ng/ml

496.0 
(90.0;917.4)

910.7 
(257.6;1867.8)

1081.3 
(148.0;1765.2)

P1-2=0.157
P2-3=0.753
P1-3=0.116
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a moderate baseline as a response to the pro-inflammatory 
effect of cold hypoxia of peripheral tissues. The correlation of 
lactoferrin and BPdiast suggests that the greater BPdiast due 
to cold vasoconstriction, the more pronounced the oxidative 
processes due to cold hypoxia in the tissues. Moreover, if 
the skin temperature fell lower and BPdiast increased, the 
increase in salivary lactoferrin was more pronounced, which 
reflected the intensity of oxidative processes in the tissues, not 
only during cooling, but also in the 10th minute of warming. 
Data of correlation analysis showed that pronounced vagal 
activity in humans before exposure to cold contributes to 
repression of the level of growth of lactoferrin, reflecting the 
activity of local immune responses during exposure to cold. 
Stress-protective effects of lactoferrin administration before 
stress are known, in particular, the severity of inflammation 
decreases with subsequent exposure to stress.(20) However, the 
presence of marginal high basic values of salivary lactoferrin 
may reflect a pronounced activity of oxidative processes 
during the development of inflammation in the tissues, which 
does not allow an adequate vascular and immune response 
to develop with subsequent exposure to cold and to ensure 
the preservation of body temperature. Therefore, the focus of 
vegetative and immune reactions in individuals with a high 
baseline lactoferrin level (more than 75th percentile)in terms 
of adaptation and/or maladaptation at low temperatures needs 
further special study.

Thus, the maintenance of body temperature during 
short-term (10 min) general air cooling at -20 °C is ensured 
by the activation of vagal influences in combination with the 
enhancement of suprasegmental regulatory influences on the 
heart rhythm. An increase in the level of salivary lactoferrin, 
while maintaining vagal reserves of the vegetative regulation 
of heart rhythm against a decrease in skin temperature during 
general cooling, as well as a decrease in the level of lactoferrin 
against the background of recovery of body temperature after 
cooling, at least 10 minutes, can be regarded as an adaptive 
response of the body to exposure to cold temperature with 
minimal risk of cold inflammation. The data obtained reflect 
the need to use health-saving technologies to enhance vagal 
influences on the heart rhythm to restrain the pressor response 
of the sympathetic nervous system, maintain body temperature 
in cold conditions and minimize the cold-dependent 
inflammatory reactions in peripheral tissues.
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Abstract
Background: Asthma is a heterogeneous disease comprising different phenotypes. One of the most common asthma 

phenotypes is the obesity-asthma phenotype, since obesity affects over a third of the world’s population today. It is important to 
continue investigating possible underlying mechanisms of the interaction between asthma and obesity. The purpose of this study 
was to evaluate levels of leptin, adiponectin, neuropeptide Y (NPY), total oxidative damage (TOD), and total antioxidant status 
(TAS) in patients with asthma and different body weight (BW), and to analyze their association with spirometry parameters.

Materials and Methods: The study included 27 men and 86 women diagnosed with moderate asthma (mean age of 57.81±13.05 
years). During the study, all asthma patients were divided into 3 groups. Group 1 included 37 patients with normal BW, Group 2 included 
38 overweight patients, and Group 3 included 38 patients with obesity. We analyzed complaints, anamnesis data, objective status data, 
and laboratory (blood levels of NPY, adiponectin, leptin, total antioxidant status, and total oxidative damage) and instrumental data 
(spirometry). Two questionnaires were used: Asthma Quality of Life Questionnaire (AQLQ) and Asthma Control Test (АСТ). 

Results: The leptin level was significantly higher in Group 3 compared to Groups 1 and 2 (P=0.000). The NPY level 
was significantly lower in Group 1 compared to Groups 2 and 3 (P=0.000). The TAS value was significantly higher in Group 1 
compared to Groups 2 and 3 (P=0.000) and the TOD value in Group 1 was significantly lower than in Group 3 (P=0.038).The 
leptin level positively correlated with BMI and waist circumference, and had an inverse correlation with FEV1 and vital capacity 
(VC). The adiponectin level had a positive correlation with the Tiffno index, FEF50, and peak expiratory flow (PEF). The NPY 
level had an inverse correlation with VC, FEV1, FEF25, FVC, Tiffno index, FEF50, and PEF.

Conclusion: The severity of the clinical course of moderate asthma in obese patients is associated with different factors, 
including oxidative stress and levels of leptin, adiponectin and NPY. (International Journal of Biomedicine. 2019;9(2):117-120.)

Key Words: asthma • body weight• oxidative stress • leptin • adiponectin • neuropeptide Y

Abbreviations
BMI, body mass index; BW, body weight; FEV1, forced expiratory volume in 1 sec; FEF, forced expiratory flow; FVC, forced 
vital capacity; NPY, neuropeptide Y; OS, oxidative stress; PEF, peak expiratory flow; TAS, total antioxidant status; TOD, total 
oxidative damage; VC, vital capacity; WC, waist circumference.

Introduction
According to the Global Initiative for Asthma (GINA), 

asthma is a serious disease, which affects around 300 million 
people worldwide. One of the most important factors for 

clinicians is that asthma is a heterogeneous disease. It is the 
heterogeneity of the disease that dictates the need for the 
most individualized treatment.(1,2) The heterogeneity of both 
clinical manifestations of asthma and response to therapy 
is considered nowadays.(3,4) We distinguish many asthma 
phenotypes, and even subphenotypes, based on those factors.
(5-7) Currently, the search for special pathological and molecular 
features of asthma phenotypes continues, which can become 
the basis for the development of individual therapy. One of 
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the most common asthma phenotypes is the obesity-asthma 
phenotype, since obesity affects over a third of the world’s 
population today. It is also estimated that the prevalence of 
obesity will continue to grow and by 2030, about 38% of the 
world’s adult population will be overweight and 20% will 
be obese.(8) Considering all of the above, it is important to 
continue investigating possible underlying mechanisms of the 
interaction between asthma and obesity. Adiponectin, leptin, 
OS, and NPY remain relevant in this field of study.

The purpose of this study was to evaluate levels of leptin, 
adiponectin, NPY, TOD, and TAS in patients with asthma and 
different BW, and to analyze their association with spirometry 
parameters.

Materials and Methods
The study included 27 men and 86 women diagnosed 

with moderate asthma aged from 18 to 75 years (mean age of 
57.81±13.05 years).

The study was approved by the Ethics Committee of 
Voronezh State Medical University named after N.N. Burdenko. 
(Protocol № 1 from February 21, 2018). Written informed 
consent was obtained from each patient. 

Exclusion criteria were patients’ refusal to participate 
in this study; asthma exacerbation; acute and chronic 
neurological, psychiatric and endocrinological disorders at 
the time of examination; chronic diseases in the acute stage; 
severe and decompensated diseases of liver and kidneys; 
severe and decompensated cardiovascular diseases (acute 
period of myocardial infarction, unstable angina, transient 
ischemic attack, intracerebral hemorrhage, acute heart failure, 
etc.); cancer; multiple organ failure of different genesis; 
cancer; pregnancy and lactation; severe infectious diseases.

The asthma diagnosis was based on the integral 
assessment of symptoms, medical history, health status, and 
spirometry values according to the Global Strategy for Asthma 
Management and Prevention.(9) 

We analyzed complaints, anamnesis data, objective 
status data, and laboratory and instrumental data (spirometry 
with a 400-mg salbutamol test), and we measured levels of 
NPY, adiponectin, leptin, total antioxidant status, and total 
oxidative damage. 

The levels of leptin and adiponectin were measured using 
the appropriate reagent kits for quantitative determination 
of leptin and adiponectin in serum. The determination of 
TOD was carried out with use of a reagent kit to determine 
the degree of TOD to biological molecules (PerOx (TOS) 
(Oxidative Capacity)). We determined the overall antioxidant 
status by using reagents for determining TAS (ImAnOx (TAS) 
(Antioxidative Capacity)). NPY levels were measured with a 
reagent kit for NPY determination in serum. 

Two questionnaires were used in this study: Asthma 
Quality of Life Questionnaire (AQLQ) and Asthma Control 
Test (АСТ). All patients received standard asthma therapy. 

All data was evaluated with STATGRAPHICS Plus 
5.1. Baseline characteristics were summarized as frequencies 
and percentages for categorical variables and as mean±SD 
for continuous variables. Student’s unpaired t-test was used 

to compare two groups for data with normal distribution. 
Group comparisons with respect to categorical variables are 
performed using the Chi-square test. Multiple comparisons 
were performed with one-way ANOVA and Tukey’s  HSD 
Post-hoc Test. Pearson’s correlation coefficient (r) was used 
to determine the strength of the relationship between the 
two continuous variables. A probability value of P<0.05 was 
considered statistically significant.

Results 
During the study, all asthma patients were divided into 3 

groups. Group 1 included 37 patients with normal BW, Group 
2 included 38 overweight patients, and Group 3 included 38 
patients with obesity. The three groups did not differ with 
regard to age and sex (Table 1).

Laboratory test results are presented in Table 2. The 
leptin level was significantly higher in Group 3 compared 
to Groups 1 and 2 (P=0.0000). No statistically significant 
differences in adiponectin levels were found in the studied 
groups. The NPY level was significantly lower in Group 1 
compared to Groups 2 and 3 (P=0.0000). The TAS value was 
significantly higher in Group 1 compared to Groups 2 and 3 
(P=0.0000). The value   of total oxidative damage in Group 1 
was significantly lower than in Group 3 (P=0.0382).

Correlation coefficients between laboratory and 
spirometry data  are presented in Table 3. The leptin level 
positively correlated with BMI r=0.56; P<0.05) and WC 
(r=0.42; P<0.05), and had an inverse correlation with FEV1 
(r=-0.28; P<0.05) and VC (r=-0.29; P<0.05). The adiponectin 
level had a positive correlation with the Tiffno index (r=0.51; 
P<0.05), FEF50 (r=0.37; P<0.05), and PEF r=0.33; P<0.05). 
The NPY level had an inverse correlation with VC (r=-0.75; 
P<0.05), FEV1(r=-0.57; P<0.05), FEF25 (r=-0.53; P<0.05), 
FVC (r=-0.45; P<0.05), Tiffno index (r=-0.32; P<0.05), FEF50 
(r=-0.41; P<0.05), and PEF(r=-0.38; P<0.05).

Table 1.

General characteristics of patients

Parameters Group 1
(n=37)

Group 2
(n=38)

Group 3
(n=38)

Women, n (%)
Men, n (%)

12 (32.4)
25 (67.6)

8 (21.1)
30 (78.9)

7 (18.4)
31 (81.6)

P>0.05

Age. years 54.43±16.93 58.68±9.94 60.21±10.96

F=0.0535; P=0.9480

Higher education, n (%)
Specialized secondary
education, n (%)
Secondary education, 
n (%)

25 (67.6)
8 (21.6)
4 (10.8)

16 (42.1)
14 (36.8)
8 (21.1)

9 (23.7)
22 (57.9)
7 (18.4)

χ2=15.875; P=0.003

Married, n (%)
Single, n (%)

13 (35.1)
24 (64.9)

6 (15.8)
32 (84.2)

22 (57.9)
16 (42.1)

χ2=14.602; P=0.0007
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Discussion
Our study showed that levels of leptin, NPY and TOD 

were significantly higher and the TAS level was significantly 
lower in asthmatic patients with obesity compared with 
asthmatic patients who were overweight or had normal body 
weight, indicating inflammatory activity. According to GINA 
(2019), obesity is a state of chronic low-grade inflammation 
with increased adipocyte-driven proinflammatory activity. 
Adipose tissue cells secrete adipokines, and the role of such 
adipokines as leptin and adiponectin in asthma continues 
to be investigated. Studies show that there is a correlation 
between BW and levels of leptin, even though there is also 
a gender difference: women with the same BMI as men have 
higher concentrations of leptin.(10) Leptin is a proinflammatory 
cytokine and might be one of the contributing factors to the 
higher prevalence of asthma in obese patients. It stimulates 
release of NO, IL-6 and IL-8 and TNF-α.(6) At the same time, 
an experimental study on mice found that administration of 
TNF-α led to an increase of leptin levels.(11) Higher levels of 
leptin are associated with asthma; this association is stronger 
in women than men, and more pronounced in premenopausal 
women than in postmenopausal women.(11)  

On the other hand, adiponectin plays an opposite 
role, inhibiting inflammation. Our study also showed that 

adiponectin functions as an inhibitor of inflammation in 
asthma, since it had a positive correlation with spirometry 
parameters. The data about the association between asthma 
and adiponectin are contradictory. Some studies suggested 
that low levels of adiponectin are associated with greater odds 
for asthma in women,(12,13) while others deny any correlation at 
all.(14,15) Other studies report that higher levels of adiponectin 
correlate with milder asthma, but only in women, while in 
men this association is the opposite: asthma that required 
more frequent use of medication was associated with higher 
adiponectin levels.(16,17) There was also a study that analyzed 
serum adiponectin levels and expression of adiponectin 
mRNA in abdominal adipose tissue in obese patients. Patients 
with obesity and asthma had lower adiponectin mRNA 
expression than obese patients without asthma, but levels of 
serum adiponectin did not differ significantly in these groups.
(18) There is also information about decreased levels of serum 
adiponectin, but only during exacerbations in asthma patients.
(19) These data invoke a thought that a decreased level of 
adiponectin might be not the predictor, but the consequence of 
asthma’s clinical course. 

OS plays an important role in asthma. According to 
the latest research, biomarkers of OS are higher in patients 
with obesity and correlate with BMI, (20) and at the same time 
antioxidant defense biomarkers have an inverse correlation 

Table 2.

Laboratory test results in the studied groups

Parameters Group 1 Group 2 Group 3 Statistics

Leptin, ng/ml 13.01±1.97 11.32±1.99 22.36±1.97
F=343.0272 P=0.0000
P1-2=0.0010  P1-3=0.0000  
P2-3=0.0000  

NPY, ng/ml 0.31±0.02 0.48±0.02 1.19±0.25
F=386.0549 P=0.0000
P1-2=0.0000  P1-3=0.0000  
P2-3=0.0000  

TAS, µmol/l 535.78±64.35 277.59±63.49 287.96±63.49
F=196.0883 P=0.0000
P1-2=0.0000  P1-3=0.0000  
P2-3=0.7588  

TOD, µmol/l 877.70±623.33 1177.75±1022.51 1454.69±1257.72
F=3.0876 P=0.0496
P1-2=0.4026  P1-3=0.0382  
P2-3=0.4553  

Adiponectin, µg/ml 23.66±11.03 23.40±11.29 23.70±10.25 F=0.0085 P=0.9915 

Table 3.
Correlation coefficients between laboratory and spirometry data  

Parameters FEV1 FVC VC Tiffno FEF 25% FEF 50% FEF 75% PEF BMI WC

Adiponectin 0.04 -0.08 -0.07 0.51* 0.05 0.37* 0.24* 0.33* -0.06 0.12

Leptin -0.28* -0.25 -0.29* -0.18 -0.11 -0.23 -0.15*  -0.15* 0.56* 0.42*

NPY -0.57* -0.45* -0.75* -0.32* -0.53* -0.41* -0.18 -0.38* 0.20 0.05

TAS -0.03 0.43* 0.36* -0.40* 0.00 -0.33 -0.42* -0.36* -0.32* -0.15

TOD 0.23 0.22 0.07 -0.43* 0.18 -0.08 0.04 -0.01 0.50* 0.48*

* -P-value <0.05.
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with BW.(21) In our study, we observed the same association in 
asthmatic patients with different BW.

There are limited studies on the association between NPY 
and asthma. A few studies report that certain genotypes of NPY 
are associated with asthma.(22,23) Y1 receptors of NPY play an 
important role in allergic inflammation of respiratory airways.
(24) One study also reports that during asthma exacerbations, 
levels of NPY increase.(25) In our study, levels of NPY were 
significantly higher in obese and overweight asthmatics and had 
an inverse correlation with spirometry parameters, indicating a 
negative effect on the clinical course of asthma. 

In conclusion, it can be said, that the severity of the 
clinical course of asthma in obese patients is associated 
with different factors, including OS and levels of leptin, 
adiponectin and NPY. Exact mechanisms remain unclear. Also 
in this study, we included only patients with moderate asthma, 
did not analyze gender differences, and did not differentiate 
between women of premenopausal and postmenopausal age. 
Further research is required.

Competing Interests
The authors declare that they have no competing interests. 

References
1. Budnevsky AV, Tribuntceva LV, Kozhevnikova SA, 
Ovsyannikov ES. Impact of metabolic syndrome components 
on asthma control and life quality of patients. International 
Journal of Biomedicine. 2018;8(1):33-36. doi: 10.21103/
article8(1)_OA4.
2. Budnevsky AV, Malysh EY, Ovsyannikov ES, Drobysheva 
ES. [Asthma and metabolic syndrome: Clinical and 
pathogenetic relationships]. Ter Arkh. 2015;87(10):110-114. 
doi: 10.17116/terarkh20158710110-114. [Article in Russian].
3. Tsvetikova LN, Budnevsky AV, Ovsyannikov ES, 
Kudashova EA. [Melatonin: Possibilities for use in the 
treatment of asthma]. Ter Arkh. 2017;89(3):112-115. doi: 
10.17116/terarkh2017893112-115. [Article in Russian].
4. Provotorov VM, Budnevsky AV, Filatova YI. [Clinical 
manifestations of asthma during combination therapy using 
ceruloplasmin]. Ter Arkh. 2016;88(3):36-39. doi: 10.17116/
terarkh201688336-39. [Article in Russian].
5. Hirose M, Horiguchi T. Asthma phenotypes. J Gen Fam 
Med. 2017;18(5):189-194. doi: 10.1002/jgf2.7.
6. Matsusaka M, Fukunaga K, Kabata H, Izuhara K, Asano 
K, Betsuyaku T. Subphenotypes of type 2 severe asthma in 
adults. J Allergy Clin Immunol Pract. 2018;6(1):274-276.e2. 
doi: 10.1016/j.jaip.2017.06.015.
7. Zacharias J, Ishmael FT, Henao M, Rael EL. Identification 
of Sub-Phenotypes of Eosinophilic Asthma: Eosinophilic 
Asthma Is Not Always Allergic Asthma. The Journal of 
Allergy and Clinical Immunology. 2017;139(2):AB170. doi: 
10.1016/j.jaci.2016.12.557.
8. Hruby A, Hu FB.The Epidemiology of Obesity: A Big 
Picture. Pharmacoeconomics. 2015;33(7):673-89. doi: 10.1007/
s40273-014-0243-x. 
9. Global strategy for asthma management and prevention 
(GINA, 2017 REPORT). Available from: file:///C:/Users/Admin/
Downloads/wmsGINA-2017-main-report-final_V2%20(1).pdf
10. Ruhl CE, Everhart JE. Leptin concentrations in the United 

States: relations with demographic and anthropometric measures. 
Am J Clin Nutr. 2001;74(3):295-301.doi: 10.1093/ajcn/74.3.295.
11. Vuolteenaho K, Koskinen A, Kukkonen M, Nieminen R, 
Päivärinta U, Moilanen T, et al. Leptin enhances synthesis of 
proinflammatory mediators in human osteoarthritic cartilage-
-mediator role of NO in leptin-induced PGE2, IL-6, and IL-8 
production. Mediators Inflamm. 2009;2009:345838. doi: 
10.1155/2009/345838. 
12. Sood A, Ford ES, Camargo CA Jr. Association between 
leptin and asthma in adults. Thorax. 2006;61(4):300-5. doi: 
10.1136/thx.2004.031468.
13. Sood A, Cui X, Qualls C, Beckett WS, Gross MD, Steffes 
MW, et al. Association between asthma and serum adiponectin 
concentration in women. Thorax. 2008;63(10):877-82. doi: 
10.1136/thx.2007.090803.
14. Nagel G, Koenig W, Rapp K, Wabitsch M, Zoellner I, Weiland 
SK. Associations of adipokines with asthma, rhinoconjunctivitis, 
and eczema in German schoolchildren. Pediatr Allergy Immunol. 
2009;20(1):81-8. doi: 10.1111/j.1399-3038.2008.00740.x.
15. Jartti T, Saarikoski L, Jartti L, Lisinen I, Jula A, 
Huupponen R, et al. Obesity, adipokines and asthma. Allergy. 
2009;64(5):770-7. doi: 10.1111/j.1398-9995.2008.01872.x.
16. Sutherland TJ, Sears MR, McLachlan CR, Poulton R, 
Hancox RJ. Leptin, adiponectin, and asthma: findings from a 
population-based cohort study. Ann Allergy Asthma Immunol. 
2009;103(2):101-7. doi: 10.1016/S1081-1206(10)60161-5.
17. Sood A, Dominic E, Qualls C, Steffes MW, Thyagarajan 
B, Smith LJ, et al. Serum Adiponectin is Associated with 
Adverse Outcomes of Asthma in Men but Not in Women. 
Front Pharmacol. 2011;2:55. doi:10.3389/fphar.2011.00055.
18. Tsaroucha A, Daniil Z, Malli F, Georgoulias P, Minas M, 
Kostikas K, et al. Leptin, adiponectin, and ghrelin levels in female 
patients with asthma during stable and exacerbation periods. J 
Asthma. 2013;50(2):188-97. doi: 10.3109/02770903.2012.747101.
19. Sideleva O, Suratt BT, Black KE, Tharp WG, Pratley RE, 
Forgione P, et al. Obesity and asthma: an inflammatory disease 
of adipose tissue not the airway. Am J Respir Crit Care Med. 
2012;186(7):598-605. doi: 10.1164/rccm.201203-0573OC.
20. Pihl E, Zilmer K, Kullisaar T, Kairane C, Mägi A, Zilmer 
M. Atherogenic inflammatory and oxidative stress markers in 
relation to overweight values in male former athletes. Int J 
Obes (Lond). 2006;30(1):141-6. doi: 10.1038/sj.ijo.0803068.
21. Chrysohoou C, Panagiotakos DB, Pitsavos C, Skoumas 
I, Papademetriou L, Economou M, et al.The implication of 
obesity on total antioxidant capacity in apparently healthy 
men and women: the ATTICA study. Nutr Metab Cardiovasc 
Dis. 2007;17(8):590-7. doi: 10.1016/j.numecd.2006.05.007.
22. Lu Y, Andiappan AK, Lee B, Ho R, Lim TK, Kuan WS, 
et al. Neuropeptide Y associated with asthma in young adults. 
Neuropeptides. 2016;59:117-121. doi: 10.1016/j.npep.2016.07.003.
23. Jaakkola U, Kakko T, Juonala M, Lehtimäki T, Viikari 
J, Jääskeläinen AE, et al. Neuropeptide Y polymorphism 
increases the risk for asthma in overweight subjects; protection 
from atherosclerosis in asthmatic subjects--the cardiovascular 
risk in young Finns study. Neuropeptides. 2012;46(6):321-8. 
doi: 10.1016/j.npep.2012.09.005.
24. Macia L, Rao PT, Wheway J, Sierro F, Mackay F, Herzog H. 
Y1 signalling has a critical role in allergic airway inflammation. 
Immunol Cell Biol. 2011;89(8):882-8. doi: 10.1038/icb.2011.6.
25. Cardell LO, Uddman R, Edvinsson L. Low plasma 
concentrations of VIP and elevated levels of other 
neuropeptides during exacerbations of asthma. Eur Respir J. 
1994;7(12):2169-73.



INTERNATIONAL 
JOURNAL                

OF BIOMEDICINE
http://dx.doi.org/10.21103/Article9(2)_OA7

 International Journal of Biomedicine 9(2) (2019) 121-124

ORIGINAL ARTICLE 

Reumatology

The Molecular Genetic Features of Patients with
 Juvenile Arthritis in Yakutia

Khariton A. Kurtanov, PhD¹*; Fekla V. Vinokurova¹; Nadezhda I. Pavlova, PhD¹; 
Aitalina S. Golderova, PhD, ScD²; Aleksandra T. Diakonova¹; 

Galina A. Apsolikhova¹; Vlad A. Alekseev¹

¹Yakut Science Center of Complex Medical Problems
²M. K. Ammosov North-Eastern Federal University Yakutsk, Russia 

Yakutsk, the Republic of Sakha (Yakutia), Russia

Abstract
The research objective was to conduct a retrospective study of patients with Juvenile arthritis (JA) in association with the 

carriage of the HLA-B27 allele.
Materials and Methods: A total of 73 patients (39 boys and 34 girls aged from 1 to 16 years, mean age of 10.28±4.24 

years) living in Yakutia with Juvenile Chronic Arthritis (JCA), Juvenile Ankylosing Spondylitis (JAS), Juvenile Psoriatic Arthritis 
(JPsA), and reactive arthritis (RA) were examined. Among them, 62(84.9%) children were of Yakut nationality, and 11(15.1%) – 
the Russian nationality. The control group included 85 Yakuts without clinical diagnosis of arthritis. Testing for the HLA-B27 allele 
was performed according to Dominquez et al. (1992) as modified by Steffens-Nakken et al. (1995).

Results: According to the genotyping results, in 30 of 73 examined samples an association was found between the HLA-B27 
allele carriage and JA. The HLA-B27 allele was diagnosed in 24 (38.7%) Yakuts and 6 (54.5%) ethnic Russians. For further 
analysis, all patients (Yakuts, Russians) were divided into diagnosis-related groups. Diagnoses of JAS (n=10) and JCA (n=9) 
prevailed in Yakuts. In the Russian children, RA was more common (n=4). In population sampling of Yakuts, the frequency of the 
HLA-B27 allele was 32.9%. A comparison of the frequencies of the HLA-B27 allele among the Yakut patient groups and the control 
group found a statistically significant association with JAS. The carriage of the HLA-B27 allele in Yakut females did not increase 
the risk of JAS development, whereas in male Yakuts this risk increased by 5.6 times.(International Journal of Biomedicine. 
2019;9(2):121-124.)

Key Words: Juvenile ankylosing spondylitis • HLA-B27 • Yakuts

Introduction
Juvenile arthritis (JA) is a group designation of the 

numbers of rheumatic children’s diseases presented in ICD-
10, heading M.08 and M.09, including Juvenile Rheumatoid 
Arthritis (JRA), Juvenile Ankylosing Spondylitis (JAS), 
Juvenile Chronic Arthritis (JCA) not otherwise specified, 
Juvenile Psoriatic Arthritis (JPsA), and arthritis with inflam-
matory bowel diseases (Crohn’s disease, Whipple’s disease, 
non-specific enterocolitis).

JA is an umbrella term used to describe the many 
autoimmune and inflammatory conditions that can develop 
in children under the age of 16.(1-3) Characteristics associated 
with these conditions are familial susceptibility, existence 
of the pathogenetic or associated markers of the disease 
predisposition, the variability of clinical implications 
depending on gender and age, lower level of coincidence on a 
disease at monochorial twins, and others.(4)

The human leukocyte antigen (HLA) class I molecule 
HLAB27 was the first genetic risk factor identified as 
associating with JAS and remains the most important risk 
locus for this archetypal spondyloarthropathy.(5) The important 
role of HLA-B27 in JA pathogenesis has been known for a long 
time. The number of the first immunogenic works revealed the 
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upregulation of HLA-B27 among children with JA.(6.7) 

According to contemporary views, the basis of 
pathogenesis of immune inflammatory rheumatic diseases 
is the complex combination of genetically determined 
and acquired defects (“imbalance”) of immune regulatory 
mechanisms, limiting pathological activation of the immune 
system in response to potentially pathogenic factors of the 
external environment.(8-11) With rheumatic diseases, under 
the influence of the IL-23 excess production, the folding of 
a HLA-B27 heavy chain appears to be slower than other 
HLA-alleles, leading to misfolding.(12) In the presence 
of endoplasmic reticulum stress there is an abnormal 
accumulation of misfolded heavy chains leading to activation 
not only  of the unfolded protein response, but also of a nuclear 
factor of NF-kB—a key transcriptional regulator of synthesis 
of pro-inflammatory cytokines, including IL-17 and TNFα, 
which also play an important role in the development of 
inflammation. There are data showing that an adjournment of 
β2m caused by a high rate of dissociation between a HLA-B27 
heavy chain and β2m occurs also in a synovial tissue and can 
lead to chronic inflammation.(13-15)

Numerous studies have found a close connection between 
HLA-B27 and diseases of this group. Detection of the carrier 
state of HLA-B27 is one of modern approaches in preliminary 
diagnosis and the choice of treatment. Well-timed definition 
of HLA antigens before the emergence of symptoms allows 
identifying a risk group for the development of a particular 
disease. Thus, studying the prevalence of the HLA-B27 
gene and features of a clinical aspect of inflammatory joint 
diseases among the children’s population of Yakutia will help 
to develop effective preventive programs, which, carried out, 
will reduce the disease burden among children and teenagers. 
The research objective was to conduct a retrospective study 
of patients with JA in association with the carriage of the 
HLA-B27 allele.

Materials and Methods
Genotyping of HLA-B27 was performed in the 

laboratory of molecular genetics at Yakut Science Center of 
Complex Medical Problems. A total of 73 patients (39 boys 
and 34 girls aged from 1 to 16 years, mean age of 10.28±4.24 
years) living in Yakutia with JCA (30 Yakuts and 3 Russians), 
JAS (15 Yakuts and 1 Russians), JPsA (2 Yakuts), and reactive 
arthritis (RA) (15 Yakuts and 7 Russians) were examined. 
Among them, 62(84.9%) children were of Yakut nationality, 
and 11(15.1%) – the Russian nationality. The control group 
included 85 Yakuts without clinical diagnosis of arthritis. The 
ethnic origin was considered to the third generation.

For specification of the clinical diagnosis and for the 
purpose of HLA-B27 identification, we conducted a molecular 
and genetic analysis of 73 children from 73 families. From 
each patient, 2 mL of peripheral blood were drawn into an 
EDTA tube. Genomic DNA was isolated from the peripheral 
blood leukocytes using standard phenol–chloroform extraction 
technique (Maniatis et al., 1982)

Testing for the HLA-B27 allele was performed according 
to Dominquez et al. (1992) as modified by Steffens-Nakken et 

al. (1995). Primers are amplifying codons 91-136, E91S (5’-
GGG TCT CAC ACC CTC CAG AAT-3’) and 136AS (5’-CGG 
CGG TCC AGG AGC T-3’) (amplificate length 135 bp). For 
internal control, the β-globin gene was genotyped by primers 
PCO4 (5’ - CAA CTT CAT CCA CGT TCA CC-3’) and GH20 
(5’ - GAA GAG CCA AGG ACA GGT AC-3’) (amplificate 
length 268 bp). All primers described above were synthesized 
in MNPK Biotekhindustriya. (Moscow, Russia).(16-18)

The reaction mixture (20 μL)  contained : 50 ng of DNA, 
0.15-0.9 mmol/l. of primers (MNPK Biotekhindustriya), 
200 mmol/L of each nucleotide triphosphate (NTP) (Sileks, 
Russia), 2 units of DNA polymerase (Sileks, Russia), 10×PCR 
buffer (500 mmol/l KCl, 100 mmol/l. Tris-HCl (pH=8.3), 
gelatin 1 g/l,  11 mmol/l  MgCl2) (Sileks, Russia).

PCR was conducted in the MJ Mini Gradient Thermal 
Cycler (BioRad). The DNA was amplified using the following 
thermocycling steps: 94°C for 100 sec, 94°C for 1 min, 57 °C 
for 1 min, 30 cycles of 72 °C for 2 min, 72 °C  for 10 min.

PCR products were analyzed on 2% agarose gels after 
staining with ethidium bromide and were visualized using a 
UV transilluminator (Vilber Lourmat, France) (Fig.1).

Statistical analysis was performed using the Statistica 8.0 
software package (StatSoft Inc, USA). Differences in the 
HLA-B27 allele distribution between the two groups were 
assessed by χ2- test with 1 degree of freedom (df) or Fisher’s 
exact test. Odds ratios (ORs) and 95% confidence intervals 
(CIs) were calculated. A probability value of P<0.05 was 
considered statistically significant. 

Results and Discussion
According to the genotyping results, in 30 of 73 examined 

samples an association was found between the HLA-B27 allele 
carriage and JA. We did not find the HLA-B27 allele in 43 
patients with JA. The HLA-B27 allele was diagnosed in 24 
(38.7%) Yakuts and 6(54.5%) ethnic Russians. For further 
analysis, all patients (Yakuts, Russians) were divided into 
diagnosis-related groups. Diagnoses of JAS (n=10) and JCA 
(n=9) prevailed in Yakuts. In the Russian children, RA was 
more common (n=4).

For comparison, population sample of healthy Yakuts 
(without JA and family burden for JA) (n=85) was tested. All 
DNA samples of population sampling were genotyped for the 
carriage of the HLA-B27 allele. The frequency of the HLA-B27 
allele varies widely across populations, from 0.4% to 39.6%—
the lowest frequency in Japanese from the southern regions of 

Fig.1. Electrophoretogram of the PCR products on 
a 2% agarose gel. 
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Japan, the highest frequency in Koryaks from settlements of 
the Koryak Autonomous Area (Tymlat and Voyampolka).(19) In 
populations of Europe, the frequency of the HLA-B27 allele 
is from 4% to 8%, in ethnic Russians - 10.4%.(20,21) Studies 
conducted on different populations of the world have shown 
that the highest and lowest frequency of HLA-B27 is detected 
in populations belonging to the Mongoloid race (Fig.2). In 
our research, in population sampling of Yakuts, the frequency 
of the HLA-B27 allele was 33%. It can possibly be defined 
by similarity of profiles of the HLA system and ethnogenetic 
bases of populations of the Arctic mongoloids and Yakuts. The 
distribution of Yakut patients by gender showed an insignificant 
prevalence of male patients (54.8%). In sampling of Russians, 
this distribution appeared approximately identical, probably 
because of a small number of patients (n=11).

While comparing the frequency of the HLA-B27 allele 
in the group of patients (JA and RA) of the Yakut nationality 
(38.7%) with population sampling of Yakuts (32.9%), an 
association with the HLA-B27 allele carriage was not found 
(Table 1). A similar analysis for the Russian patients was 
impossible due to the lack of comparative control. The Yakut 
patients were divided into diagnosis-related groups: JAS 
(n=15), JCA (n=30), JPsA (n=2) and RA (n=15).  A comparison 
of the frequencies of the HLA-B27 allele among the Yakut 
patient groups and the control group found a statistically 
significant association with JAS (Table 1). 

We found also a statistically significant association with the 
carriage of the HLA-B27 allele in the male subgroup (OR=5.6471, 
95% CI: 1.3474 -23.6676; P=0.018) (Table 2). Thus, the carriage 
of the HLA-B27 allele in Yakut males increases the risk of JAS by 
5.6 times.

In conclusion, the population frequency of the HLA-B27 
allele in Yakuts was 32.9%. In the Yakut population, the 
association between the carriage of the HLA-B27 allele and JAS 
was not found, which might be due to a highly heterogeneous 
sample of patients. The carriage of the HLA-B27 allele in 
Yakut females did not increase the risk of JAS development, 
whereas in male Yakuts this risk increased by 5.6 times.
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Abstract
The purpose of this study was to analyze the association between the CYP17A1 rs743572 SNP and the development and 

clinical course of acne vulgaris (AV) in the Uzbek population. 
The study included 165 AV patients aged from 18 to 30 years (Group AV). All patients were divided into 3 subgroups in 

accordance with the severity of the disease. SAV1 included 59(35.8%) patients with a mild degree of AV, SAV2 included 64(38.8%) 
patients with a moderate degree of AV, and SAV3 included 42(25.4%) patients with a severe degree of AV. The control group (CG) 
consisted of 97 healthy volunteers without a burdened dermatological history. The study revealed a significant association of the 
CYP17A1 rs743572 SNP with the risk of AV development in the Uzbek population. The study results showed that the presence of 
the A2 allele and A2/A2 genotype of the CYP17A1 rs743572 SNP might be a risk factor for AV in Uzbek ethnicity. It is obvious 
that the A1/A1 genotype of the CYP17A1 rs743572 SNP can have a protective effect not only in the formation of AV, but also in 
the severity of the disease. The functionally unfavorable A1/A2 genotype of the CYP17A1 rs743572 SNP is more characteristic of 
patients with a moderate degree of AV, and the homozygote minor allele genotype A2/A2 is more characteristic of patients with a 
severe degree of AV.(International Journal of Biomedicine. 2019;9(2):125-127.)

Key Words: acne vulgaris • single nucleotide polymorphism • CYP17A1 gene • rs743572

Abbreviations
SNP, single nucleotide polymorphism; RMI, recessive model of inheritance; DMI, dominant model of inheritance; GMI, general 
model of inheritance

Introduction
Acne vulgaris (AV) is a polymorphic, multifactorial, 

chronic relapsing inflammatory disease of the sebaceous glands 
and hair follicles. Epidemiological studies have shown that 
the prevalence of acne among adolescents and young people 
reaches of 80%-90%. However, the disease can occur in infants 

and older adults.(1,2) AV has a multifactorial pathogenesis, of 
which the key factors are genetic predisposition and hormonal 
abnormalities (androgens play the key role).(3)  

Cytochrome P450 family 17 (CYP17) is one of the key 
enzymes for the steroidogenic pathway.(4-6) CYP17 is encoded by 
the CYP17A1 gene, which is located on the long arm of chromosome 
10q24.32.(7)  The enzyme mediates steroid 17α-hydrolase and 17, 
20-lyase activity in the endoplasmic reticulum.(8) SNP (гs743572) 
(a common single base pair substitution [−34 T → C]) in the 
5’-untranslated region of the CYP17A1 gene is widely studied, 
but the functional impact of the T/C change is presently, to our 
knowledge, not known. The common T allele is referred as A1 
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and the variant C allele as A2. The minor allele A2, compared to 
A1, is postulated to correlate with higher serum levels of various 
sex steroids in some studies.(9,10)

The purpose of this study was to analyze the association 
between the CYP17A1 rs743572 SNP and the development 
and clinical course of AV in the Uzbek population. 

Materials and Methods
The study included 165 AV patients aged from 18 to 30 

years (Group AV). All patients were divided into 3 subgroups 
in accordance with the severity of the disease. SAV1 included 
59(35.8%) patients with a mild degree of AV, SAV2 included 
64(38.8%) patients with a moderate degree of AV, and SAV3 
included 42(25.4%) patients with a severe degree of AV. 
The control group (CG) consisted of 97 healthy volunteers 
without a burdened dermatological history. The groups were 
comparable in sex and age. We used the standard method for 
analysis of case-control data.

Genomic DNA was isolated from the peripheral blood 
leukocytes using a modified phenol–chloroform extraction 
method.(11) PCR was performed in Rotor Gene 6000 (Corbett 
Research, Australia) using Sintol reagent kits (Russia) 
according to the manufacturer’s instructions (Table 1, Fig. 1). 

Statistical data processing was performed using 
OpenEpi 2009, Version 2.3. Deviation from Hardy-Weinberg 
equilibrium and differences in allele distributions between 
the two groups were assessed by χ2- test with 1 degree of 
freedom (df). Odds ratios (ORs) and 95% confidence intervals 
(CIs) were calculated. Chi-square test was used to assess 
the categorical variables. A probability value of P<0.05 was 
considered statistically significant. 

The study was approved by our Institutional Ethics 
Committee. Written informed consent was obtained from each 
patient. 

Results and Discussion
The frequency of genotypes and alleles of the CYP17A1 

rs743572 SNP in the studied groups is presented in Table 2.  
The distribution of the genotype frequency was in HWE for 
both groups (P>0.05).  In Groups AV and CG, the frequencies 
of the A1 and A2 alleles were as follows: 56.7% and 43.3% 
versus 80.4% and 19.6%, respectively. We further used the 3 
types of genetic models to test the association between the 
CYP17A1 rs743572 SNP and AV. We found a significant 
prevalence of the carriage of the minor A2 allele in Group 
AV, compared to CG (χ2=30.5; P<0.05; OR=3.14; 95% CI: 
2.07–4.76). The frequency distribution of the A1/A1, A1/A2 
and A2/A2 genotypes in Groups AV and CG were as follows: 
33.9%, 45.5% and 20.6% versus 67.0%, 26.8% and 6.2%, 
respectively. We found a significant prevalence of the carriage 
of the heterozygous genotype A1/A2 and homozygote 
minor allele genotype A2A2 in Group AV, compared to 
CG (χ2=26.55; P<0.05; OR=2.28; 95% CI: 1.35–3.92; and 
OR=3.94; 95% CI: 1.59–9.76). The frequency of the wild A1/
A1 genotype in Group AV was significantly lower than in CG, 
which may indicate a protective effect of this genotype for the 
development of AV (OR=0.25; 95% CI: 0.15–0.43).

In SAV3, the minor A2 allele was found approximately 
5 times more often than in CG (χ2=87.1; P<0.05; OR=15.05; 
95% CI: 8.014–28.27). In contrast, the frequency of the A1/
A1 genotype was significantly lower than in CG (χ2=45.5; 
P<0.05; OR=0.02; 95% CI: 0.01–0.11). The carriage of the 

Table 1.

Polymerase chain reaction amplification conditions

Step Temperature Time Detection Repeats
Hold 94 3 min No acquiring 1

Cycling 1

94 20 sec No acquiring

1058 20 sec No acquiring
61 30 sec No acquiring

Cycling 2

94 20 sec No acquiring

30
58 20 sec No acquiring

61 30 sec Acquiring on
Green, Yellow

(a)                                              (b)                                        

  (c) 
Fig. 1. The results of real-time PCR  for the CYP17A1 rs743572 SNP
        (a)-homozygous wild-type;  (b)-heterozygous mutant;
                                (c)-homozygous mutant. 

Table 2.
The frequency of genotypes and alleles of the CYP17A1 rs743572 
SNP in the studied groups

Group

Allele Genotype

A1 A2 A1/A1 А1/A2 A2/A2

n % n % n % n % n %

Group AV 187 56.7 143 43.3 56 33.9 75 45.5 34 20.6

SAV3 18 21.4 66 78.6 2 4.8 14 33.3 26 61.9

SAV2  70 54.7 58 45.3 13 20.3 44 68.7 7 10.9

SAV1 99 83.9 19 16.1 41 69.5 17 28.8 1 1.7

CG 156 80.4 38 19.6 65 67.0 26 26.8 6 6.2
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A2/A2 genotype was associated with an increased risk of a 
severe degree of AV in RMI (χ2=51.3; P<0.05; OR=24.6; 95% 
CI: 8.76–69.35). The frequency of the heterozygous A1/A2 
genotype was not significantly different than in CG.

In SAV2, the minor A2 allele was also significantly 
more frequent than in CG (χ2=24.4; P<0.05; OR=3.4; 95% 
C: I2.07–5.39). The carriage of the A1/A2 genotype was also 
associated with an increased risk of a moderate degree of AV 
in GMI (χ2=34.04; P<0.05; OR=6.01; 95% CI: 3.00–12.02). 
There were no differences in the frequency distribution of 
the homozygous A2/A2 genotype between the patient sample 
and CG, and significant risk was not found in RMI (χ2=1.17; 
P=0.28; OR=1.86; 95 % CI: 0.60–5.82).

In SAV1, no significant differences were found in 
the frequency of the alleles and genotypes of the CYP17A1 
rs743572 SNP, compared to CG. 

The distribution of alleles and genotypes of the 
CYP17A1 rs743572 SNP differed significantly depending on 
the severity of the clinical course of AV. It was found that the 
minor A2 allele was significantly more frequent in SAV3 than 
in SAV2 and SAV1 (χ2=75.721; P=0). It was also noted that 
the minor A2 allele was significantly more frequent in SAV2 
than in SAV1 (45.3% versus 16.1%, respectively; χ2=24.363; 
P=0.000). A similar pattern with a more pronounced statistical 
significance was found in a comparative analysis of the 
distribution of the homozygous A2/A2 genotype. The A2/A2 
genotype was significantly more frequent in SAV3 than in 
SAV2 and SAV1 (χ2=60.341, P=0.000). The A2/A2 genotype 
was also significantly more frequent in SAV2 than in SAV1 
(χ2=4.313; P=0.038). The heterozygous A1/A2 genotype was 
significantly more frequent in SAV2 than in SAV3 and SAV1 
(χ2=23.087; P=0.0000). Differences in the frequency of the A1/
A1 genotype were also significant between SAV1 and SAV2 
(χ2=30.148; P=0.0000), as well as between SAV1 and SAV3 
(χ2=42.047; P=0.0000). It is obvious that the A1/A1 genotype 
of the CYP17A1 rs743572 SNP can have a protective effect 
not only in the formation of AV, but also in the severity of the 
disease.

Thus, the functionally unfavorable A1/A2 genotype of 
the CYP17A1 rs743572 SNP is more characteristic of patients 
with a moderate degree of AV, and the homozygote minor 
allele genotype A2/A2 is more characteristic of patients with 
a severe degree of AV.

The role of the CYP17A1 rs743572 SNP in the formation 
and development of acne is not completely clear. Thus, in the 
Chinese and Iranian populations, there was higher acne risk 
related to CYP17 (T-34C),(12,13) but in the Polish and Indonesian 
populations this risk was not found.(14,15) Our study revealed a 
significant association of the CYP17A1 rs743572 SNP with 
the risk of AV development in the Uzbek population. The 
results of our study showed that the presence of the A2 allele 
and A2/A2 genotype of the CYP17A1 rs743572 SNP might be 
a risk factor for AV in Uzbek ethnicity. Obviously, populations 
and ethnic groups differ in the frequency of distribution of 
polymorphic variants of the CYP17A1 rs743572 SNP and 
their contribution to the development of various nosologies 
associated with an imbalance of sex hormones. Further studies 
need to obtain a more accurate result.
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Abstract
The results of the original method of colostomy formation in 67 patients with acute large bowel obstruction (ALBO) were 

studied. All patients underwent sigmoid colon resection with the colostomy formation. In total, postoperative complications of a 
purulent-inflammatory nature (skin maceration, suppuration of postoperative and paracolostomic wounds, necrosis of colostomy, 
abscess of the abdominal cavity, and paracolostomal fistula) in both groups were observed in 30 (44.8%) patients. In Group 1 
(n=40), with the classical method of colostomy formation, purulent-inflammatory complications were observed in 21 (52.5%) 
patients, in Group 2 (n=27) with the original method of colostomy formation in 4 (14.8%) patients. Bleeding from colostomy 
and colostomy prolapse occurred only in Group 1 in 8 (20%) patients. The proposed method of applying a colostomy helps 
reduce purulent-inflammatory complications by more than 3 times and provides prevention of bleeding and colostomy prolapse. 
(International Journal of Biomedicine. 2019;9(2):128-130.)

Key Words: colon cancer • acute large bowel obstruction • colostomy • postoperative complications

Introduction
In patients with acute large bowel obstruction (ALBO), 

the main cause of the disease is neoplasm of the left colon 
and rectum.(1-4) The leading method of treatment for ALBO is 
emergency surgery (5-7) with the formation of a temporary or 
permanent colostomy.(1-4,8)

The presence of colostomy in patients reduces the quality 
of life; often there are specific complications: maceration of 
the skin, suppuration of the postoperative and paracolostomal 
wounds, necrosis of the colostomy, abscess of the abdominal 
cavity, paracolostomal fistula, colostomy prolapse, and 
parastomal hernia.(3,4,7) Improving the colostomy formation 
and methods for drainage of the paracolostomal space is an 
urgent task in surgery of the large intestine. 

The aim of our study was to improve the method of 
colostomy formation in patients with ALBO.

Materials and Methods 
We analyzed surgical outcomes in 67 patients (aged 50 

to 70 years, mean age of 55.2) with ALBO, who underwent 
surgical treatment in Ulyanovsk City Clinical Emergency 
Hospital and O.M. Filatov City Clinical Hospital №15 
(Moscow) in the period from 2010 to 2019.

The study was conducted in accordance with ethical 
principles of the Declaration of Helsinki and approved by 
the by Ethics Committees at our institutions. All patients 
underwent sigmoid colon resection with the colostomy 
formation.  Patients were divided into two groups depending 
on the method of colostomy formation. In Group 1 (n=40), 
we performed the classical colostomy; in Group 2 (n=27), 
a colostomy was performed according to the developed 
technique (Fig.1): "A method for the prevention and treatment 
of inflammatory complications of colostomy" (Application for 
invention No. 2014122739; Priority of 06/21/2018) (Authors: 
A.L. Charyshkin and E.A. Keshyan).

Technique of the original method of colonostomy formation
In the anterior abdominal wall in the direction of the 

intended projection of the stoma, we form a hole; then we 
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place interrupted sutures between skin, aponeurosis and 
parietal peritoneum, and the colostomy is fixed with these 
uncut ligatures. The peculiarity is that before the interrupted 
sutures are applied around the hole for the stoma and away 
from the hole edge by 3-4 cm, the first catheter is installed 
through holes throughout the way into the preperitoneal space 
of the paracolostomal zone. This is done by fixing catheter 
to the parietal peritoneum with two interrupted sutures 
from absorbable material. The distal end of the catheter is 
displayed on the anterior abdominal wall through a separate 
hole (contour section) in the skin, departing 2.0 cm from 
the lower edge of the skin wound. The second catheter is 
installed through holes in the subaponeurotic space around 
the hole for the stoma, away from the hole edge by 3-4 cm, 
by fixing two interrupted sutures from absorbable material to 
the aponeurosis. The distal end of the catheter is displayed on 
the anterior abdominal wall through a separate hole (contra-
aperture) on the skin, departing 2.0 cm from the upper edge of 
the skin wound. In the postoperative period, local anesthetic 
for anesthesia and an antibacterial drug for the prevention 
and treatment of purulent-inflammatory complications are 
alternately administered through catheters.

All patients underwent general clinical and laboratory, 
radiographic, endoscopic, ultrasound, and histological methods 
of investigation; whenever required, echocardiographic study 
was carried out. Leukocyte index of intoxication (LII) was 
calculated by the formula of V.K. Ostrovsky.(9)  

Statistical analysis was performed using the statistical 
software «Statistica» (v6.0, StatSoft, USA). All values are 
presented as mean±SEM). The inter-group comparisons 
were performed using Student’s t-test. A probability value of 
P<0.05 was considered statistically significant.

Results and Discussion
Analysis of the data showed that in the early postoperative 

period pain disappeared within 5.1±0.2 days and 8.3±0.4 days 
after surgery in Group 2 and Group 1, respectively, Group 2 
being significantly shorter by 3 days.

Comparison of data on the timing of intestinal motility 
recovery in the early postoperative period (Table 1) showed 
that in Group 1 paresis was resolved within 6.2±0.3 days, 
the active functioning of the colostomy occurred within 
5.7±0.3 days, and in Group 2 - 2.8±0.2 days and 2.7±0.2 days, 
respectively (P<0.05).

On the eighth day after the operation, the LII decreased 
to the standard value in Group 2 and exceeded the standard 
values by 2 times in Group 1 (Table 2).

In total, postoperative complications of a purulent-
inflammatory nature (skin maceration, suppuration of 
postoperative and paracolostomic wounds, necrosis of 
colostomy, abscess of the abdominal cavity, and paracolostomal 
fistula) in both groups were observed in 30 (44.8%) patients. 
In Group 1, with the classical method of colostomy formation, 
purulent-inflammatory complications were observed in 21 
(52.5%) patients, in Group 2 with the original method of 
colostomy formation in 4 (14.8%) patients. Bleeding from 
colostomy and colostomy prolapse occurred only in Group 1 
in 8 (20%) patients.

Reducing the incidence of postoperative inflammatory 
complications by more than 3 times, eliminating complications 
such as bleeding from the colostomy and  colostomy prolapse 
in Group 2 is associated with the original method of draining 
the preperitoneal and subaponeurotic spaces of paracolostomal 
zone and introducing local anesthetics and antibacterial drugs 
through catheters in the postoperative period.

Findings
1. Active functioning of the original colostomy occurs 

72 hours earlier than with the traditional colostomy.
2. The proposed method of applying a colostomy helps 

reduce purulent-inflammatory complications by more than 3 times 
and provides prevention of bleeding and colostomy prolapse.

Fig. 1. The final appearance of the original colostomy.

Table 1.
The timing of intestinal motility recovery

Duration of clinical
  symptoms (day) Group 1 P-value Group 2

Paresis 6.2±0.3 0.000 2.8±0.2
Active functioning of
thecolostomy 5.7±0.3 0.000 2.7±0.2

Table 2.
Dynamics of LII in the postoperative period

Group
LII index after the operation

Day 4 Day 6 Day 8 Day 10
Group 1 8.7±0.3 4.8±0.3 4.3±0.3 2.5±0.2
P-value >0.05 0.000 0.000 0.007
Group 2 8.4±0.4 3.1±0.2 1.4±0.2 1.5±0.3
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Abstract
The aim of our study was to improve the surgical treatment of patients with acute appendicitis (AA) by improving the mini-

incision approach.
Materials and Methods: The study included 220 patients (mean age of 38.9±14.3 years) with AA, who underwent surgical 

treatment in the period from 2008 to 2017. A mini-incision appendectomy was performed on all patients. Patients were divided into 
2 groups. The groups were comparable with respect to age and sex. Group 1 included 140 patients who underwent appendectomy 
by the traditional method of minilaparotomy with the classical sanitation and drainage of the abdominal cavity. Group 2 included 
80 patients who underwent appendectomy by the developed method of a minimally invasive approach and sanitation and drainage 
of the abdominal cavity.

Results: The developed method of minilaparotomy expands and improves the area of   accessibility by an average of 4.8 cm2 for 
surgical manipulations during an appendectomy. The proposed method of minilaparotomy reduces the duration of an appendectomy 
by an average of 11.5 minutes, and the rate of complications during surgery and purulent-inflammatory complications by 3.9%. 
(International Journal of Biomedicine. 2019;9(2):131-133.)

Key Words: acute appendicitis • appendectomy • minilaparotomy • complications

Introduction
Minimally invasive surgical interventions are 

designed to reduce the trauma of surgery and the duration 
of hospitalization and rehabilitation of patients, and to 
improve the cosmetic effect.(1-5) In patients with acute 
appendicitis (AA) and the presence of such complications 
as typhlitis, abscesses or atypical location of the appendix, 
the performance of a minilaparotomy is preferable to video 
laparoscopy. Appendectomy using minilaparotomy in patients 
with subhepatic location of the appendix is difficult to perform; 
these cases are often converted to laparotomy.(6-9)

Mini-incision surgery in certain situations has significant 
advantages over laparotomy and, in some cases, over video 
laparoscopy.(1-6) We believe that the optimization of abdominal 
mini-incision surgery is an urgent task at the present stage of 
development of minimally invasive technologies.

The aim of our study was to improve the surgical 
treatment of patients with AA by improving the mini-incision 
approach.

Materials and Methods
The study included 220 patients (mean age of 38.9±14.3 

years) with AA, who underwent surgical treatment in 
Ulyanovsk Regional Clinical Center for Specialized Types 
of Medical Aid and the surgical department at the Nikolaev 
district hospital of the Ulyanovsk region in the period from 
2008 to 2017. 

The study was conducted in accordance with ethical 
principles of the Declaration of Helsinki and approved by 
the by Ethics Committees at our institutions. All patients 
underwent general clinical and laboratory, radiographic, 
endoscopic, ultrasound, histological methods of investigation. 
A mini-incision appendectomy was performed on all patients. 
Patients were divided into 2 groups. The groups were 
comparable with respect to age and sex. Group 1 included 
140 patients who underwent appendectomy by the traditional 
method of minilaparotomy with the classical sanitation and 
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drainage of the abdominal cavity. Group 2 included 80 patients 
who underwent appendectomy by the developed method of a 
minimally invasive approach and sanitation and drainage of 
the abdominal cavity.(6,10)

In the postoperative period, adequate infusion 
therapy was performed. To prevent purulent complications, 
cephalosporins of the third generation were intravenously 
prescribed.

To assess the proposed method of minilaparotomy, we 
measured the area of accessibility during the operation in 
both groups.(1,2) Leukocyte index of intoxication (LII) was 
calculated by the formula of V.K. Ostrovsky. (11)

Statistical analysis was performed using the statistical 
software «Statistica» (v6.0, StatSoft, USA). All values are 
presented as mean±SEM). The inter-group comparisons 
were performed using Student’s t-test. A probability value of 
P<0.05 was considered statistically significant.

Results and Discussion
The age and sex distribution of patients is shown in 

Table 1. There were 92(41.8%) men and 128(58.2%) women. 
The working-age patients were predominant (96.6%). Twelve 
(5.4%) patients were over 60 years old. In Group 1, the 
rate of conversion to laparotomy was 17.1%. Table 2 lists 
the reasons for the conversion. In Group 2, there were no 
conversions to laparotomy.

The area of accessibility was 13.1±1.1cm2 in Group 1 
and 17.9±1.2 cm2 in Group 2 (P<0.05). On the fourth day after 
the appendectomy, the LII was 5.7±0.1 in Group 1 and 3.2±0.2 

in Group 2. During the other days, the LII decreased equally. 
The wounds were fully healed within 8.1±0.2 days and 6.0±0.1 
days after surgery in Group 1 and Group 2, respectively, which 
was significantly shorter by 2 days in Group 2 (P<0.05).

The duration of the appendectomy was 29.7±10.1 
minutes in Group 1 and 18.2±11.1 minutes in Group 2, which 
reduced the time of surgery by 11.5 minutes in Group 2 
(P<0.05). The intraoperative bleeding from a. appendicularis 
was detected in 8 (5.7%) patients of Group 1 and 1(1.25%) 
patient of Group 2. An injury to the dome of the cecum 
(damage of serous membrane, wall hematoma) was observed 
only in Group 1 in 6(4.3%) patients.

Thus, the proposed method of minilaparotomy 
contributes to reducing the number of complications during 
surgery. We believe that the reduction of complications in 
Group 2 is associated with the original mini-access, which 
contributed to the increase and improvement of the area of 
accessibility for surgical manipulations during appendectomy.

Purulent-inflammatory complications were detected in 
9(6.4%) patients of Group 1 and 2(2.5%) of Group 2. 

Performing an appendectomy with the developed 
mini-incision contributes to reducing the traumatic impact 
of retractors on the skin, subcutaneous tissue, and muscle 
layer, as well as anoneurosis of the anterior abdominal 
wall in the surgical area, which eliminates tissue ischemia, 
thereby significantly reducing the number of inflammatory 
complications of the wound.

Findings
1. Conversion to laparotomy during the traditional 

method of minilaparotomy is 17.1% of cases; the main 
indication for conversion (up to 12.8%) is the limited 
availability of the appendix with a subhepatic and pelvic 
location.

2. The developed method of minilaparotomy expands 
and improves the area of   accessibility by an average of 4.8cm2 
for surgical manipulations during an appendectomy.

3. The proposed method of minilaparotomy reduces the 
duration of an appendectomy by an average of 11.5 minutes, 
and the rate of complications during surgery and purulent-
inflammatory complications by 3.9%.
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Abstract
This article presents the experience of using the modified Mannheim Peritonitis Index (MPI) score with an intraoperative 

assessment of the severity of peritonitis in children, taking into account the duration of the disease before surgery. 
Materials and Methods: We analyzed the results of treatment of 186 children under age 16 who were operated on for 

appendicular peritonitis in the period between 2011 and 2018. The method of scoring for appendicular peritonitis index (API) 
consists in summing up the points reflecting the risk factors for the disease. API provides 2 criteria for the severity of peritonitis: 
the first degree - API<10 points, the second degree - API≥10 points.  Ten or more points are an indication for laparotomy.

Results: With the definition of criteria for intraoperative assessment of the severity of peritonitis (API), the number of 
indications for laparotomy decreased. So, for the period from 2011 to 2014, the number of laparotomies performed with the 
subsequent programmed sanitation of the abdominal cavity was 17/14% cases; from 2015 to 2018, the inflammatory process 
in the abdominal cavity were assessed with the determination of the intraoperative index of peritonitis severity—the number of 
conversions was 15/11% cases. (International Journal of Biomedicine. 2019;9(2):134-138.)  

 Key Words: appendicular peritonitis • appendicular peritonitis index • Mannheim peritonitis index

Abbreviations 
AP, appendicular peritonitis; API, appendicular peritonitis index; MPI, Mannheim peritonitis index

Introduction
Operations with acute appendicitis are the most frequently 

performed emergency operations on the abdominal organs and 
reach up to 70% of all abdominal interventions.(1,2) Diffuse 
peritonitis in children is often a complication of destructive 
appendicitis.(3) In the treatment of diffuse peritonitis, the 
reduction of postoperative complications,(4-6) including the 
frequency of repeated interventions and adhesive obstruction, 
is important. The choice of the optimal volume of surgery 
is influenced by intraoperative findings—the nature of the 

effusion, fibrin, and the prevalence and presence of adhesions 
and abscesses. Also important is the duration of peritonitis 
before surgery, that is, the stage of peritonitis.(6) 

In pediatric surgery, there are no clear criteria for 
determining the extent of the operation; typically, surgeons 
assess the severity of peritonitis.(7,8) Laparotomy is the method 
of choice in most cases, and underestimating the severity of 
peritoneal inflammatory changes leads to repeated operations.(9)

To assess the severity of peritonitis and select the extent 
of surgical intervention, we proposed using an index. As the 
basis, we used the MPI. In 1987, a group of German surgeons 
in Mannheim developed the MPI to predict the outcome 
of purulent peritonitis in cancer patients.(10) Subsequently, 
the MPI was used to assess the severity and prognosis of 
peritonitis outcome in patients with a general surgical profile. 
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The calculation of the MPI includes 8 factors, each of which 
is scored from 0 to 12. Quite quickly, the MPI received 
international recognition as an accurate and reliable assessment 
method with high sensitivity, from 83% to 98%.(11-13)

Materials and Methods  
The study was performed in the Department of Pediatrics 

and Pediatric Surgery at North-Eastern Federal University 
named after MK Ammosov and in the Department of Purulent 
Surgery of the Pediatric Center of the Republican Hospital 
№1, National Centre of Medicine. 

We analyzed the results of treatment of 186 children 
under age 16 who were operated on for AP in the period 
between 2011 and 2018. The diagnosis was confirmed by 
objective examination, radiographic examination of the 
abdominal organs, abdominal ultrasound examination, and 
laboratory data.

All patients (115/61.8% boys and 76/38.2% girls) were 
admitted to hospital for emergency reasons. The age of patients 
ranged from 4 months to 14 years (mean age of 8.2±3.7 years). 
The terms of admission of patients into the hospital with signs 
and symptoms of AP are presented in Table 1. According to the 
classification of K. Simonyan,(14) the distribution of patients 
was as follows: a reactive stage (the first 24 hours) – 88/47.3% 
patients, a toxic stage (24-72 hours) – 88/47.3% patients, and 
a terminal stage (over 72 hours) – 10/5.3% patients

Between 2011 and 2018, 1,868 children under age 16 
were operated on for acute appendicitis and its complications. 
Until 2015, diagnostic laparoscopy was used in 95% of cases; 
appendectomy was performed endoscopically in 87% of 
cases. Since 2015, diagnostic laparoscopy has been used for 
all forms of appendicitis and its complications; conversions to 
open appendectomy were performed in 15 cases. 

In 159/85.5% cases of peritonitis, the operation was 
started with diagnostic laparoscopy. During diagnostic 
laparoscopy, API was performed, taking into account the 
following factors:

1. Disease duration was considered, up to or over 72 
hours.

2. The nature of effusion in the abdominal cavity during 
peritonitis is purulent or with the presence of fecal contents.

3. The nature of fibrin was assessed by its density and 
friability, the possibility of separation from the walls of the 
intestine and peritoneum.

4. The prevalence of peritonitis was assessed according 
to the anatomical regions of the abdominal cavity, with 5 or 
more areas affected; the prevalence of peritonitis was assessed 
by 2 points.

5. The presence of adhesions, their friability and density 
during separation.

6. The presence of inter-intestinal abscesses is a prognostic 
for a severe course of peritonitis, which indicates a violation of the 
primary immune response, and it suggests a risk of postoperative 
complications.

API provides 2 criteria for the severity of peritonitis: 
the first degree - API<10 points, the second degree - API≥10 
points. The method of scoring for API consists in summing up 
the points reflecting the risk factors for the disease (Table 2). 
Ten or more points are an indication for laparotomy. 

 When evaluating less than 10 points, it is recommended 
to continue the operation endoscopically. In the presence of 
inflammatory effusion, the primary sanitation of the abdominal 
cavity is carried out, which begins with the evacuation of 
purulent exudate from the focus area using an electric suction 
device. Then the coagulation of the appendix mesentery by a 
monopolar coagulator is performed; the monopolar coagulator 
of the “hook” type is used for the stump. On the basis of the 
stump of the appendix, Raeder’s loop with a conductor is 
superimposed, intracorporeally tightened, and suture material 
vicryl 2/0 or 3/0 is used. The appendix is evacuated through 
a 10 mm or 12 mm trocar. If it is impossible to remove the 
appendix through the trocar, the evacuation of the latter is 
carried out in a container, with an extension of the wound. The 
final sanitation of the abdominal cavity is performed with an 
aqueous solution of 0.02% chlorhexidine with a revision of 
all areas and subphrenic spaces. In our cases, the abdominal 
cavity was drained according to A. Generalov,(15) through 
the trocar installation site in 14/8.8% cases with marked 
inflammatory changes; a “cigar” tampon was installed locally 
in 58/36.5% cases.

Table 1.
The terms of admission of patients into the hospital with AP

Disease duration Absolute %

Up to 1 day inclusive 88 47.3%

From 1 to 2 days 63 33.8%

From 2 to 3 days 25 13.4%

More than 3 days 10 5.3%

Total 186 100%

Table 2.

Appendicular peritonitis index 

Factor Severity Points

Disease duration
up to 72 hours 1

over 72 hours 3

Nature of effusion
Purulent 1

Fecal 2

Nature of fibrin 
Loose 1

Dense 2

Prevalence of peritonitis
Up to 4 areas 1

5 or more areas 2

The presence of adhesions
Loose adhesions 1

Dense adhesions 2

The presence of inter-intestinal
abscesses

None 1

Plural 3
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Complications of acute appendicitis were observed 
in 186 children: local peritonitis was detected in 98 cases, 
including appendicular infiltration in 1 case, periappendicular 
abscess – in 25 cases, and diffuse peritonitis – in 57 cases 
(Fig.1). In complicated appendicitis, drainage was performed; 
with severe “late” peritonitis, conversion was performed and 
programmed rehabilitation of the abdominal cavity was the 
treatment of choice. 

Statistical analysis was performed using the Statistica 
8.0 software package (StatSoft Inc, USA).

Results
AP at the beginning of the disease in the acute period 

is a controlled pathology in terms of surgical treatment. 
The volume of surgical treatment for peritonitis is limited 
by appendectomy and washing the abdominal cavity, and a 
drainage of pelvic cavity is performed according to indications. 
In our study, local peritonitis was detected in 4.89% of cases 
from performed appendectomies, and in the structure of 
peritonitis, it was 52.6%.

In acute peritonitis with duration up to 48-72 hours, an 
effusion into the abdominal cavity is more often exudative-
purulent, as the response of the peritoneum to inflammation. 
Usually it is delimited by the small pelvis and the right 
iliac region. With a retrocecal, retroperitoneal location, 
periappendicular abscesses may form; abscesses also have a 
loose character without pronounced adhesions.

As a rule, when assessing the severity of peritonitis, the 
surgeon focuses on the presence of a purulent effusion in the 
abdominal cavity. Purulent effusion in the abdominal cavity 
up to 48-72 hours is of a liquid, exudative character, and its 
volume depends on the secretory features of each organism. In 
the study of exudate from the abdominal cavity in the first 48 
hours from the onset of the disease, in most cases the microflora 
did not grow. Thus, in our opinion, the presence of a purulent 
effusion in the abdominal cavity, even in large quantities, is 
not an indication for conversion to open laparotomy. 

In “late” peritonitis, with duration more than 48-72 
hours, the nature of the effusion in the abdominal cavity is 
purulent and fecal, infiltrative-inflammatory changes in 
the peritoneum are expressed, and there is a spread of pus 
in almost all anatomical areas of the abdominal cavity. The 
resulting abscesses are dense, with thick fibrinous walls, with 
a pronounced adhesive process.

In the description of abscesses, we follow the 
classification of Doletsky et al.(8) In Stages 1-2, disease duration 

up to 72 hours, local changes are characteristic of abscesses 
with loose walls; Stage 3 of abscess formation corresponds 
to the disease duration more than 72 hours - “late peritonitis.” 
In our study, periappendicular abscesses (n=25) made up 
13.4% of the total number of complicated appendicitis, 
abscesses of Stages 1-2 were detected in 20/80% patients, 
abscesses of  Stage 3 were in 5/20% children. In patients with 
periappendicular abscesses, the duration of the disease ranged 
from 2 to 12 days. Combined peritonitis is a combination 
of periappendicular abscess and free purulent effusion. This 
form is considered the outcome of an abscess; it is one of 
the most severe inflammatory processes, when infection can 
spread beyond the primary delimitation of purulent exudate. 
When determining the relationship between periappendicular 
abscesses and duration of disease, the correlation coefficient 
was 0.2 (P=0.01).

We analyzed the effectiveness of methods for draining 
the abdominal cavity in children admitted with complications 
from different central district hospitals and treated in the 
Department of Purulent Surgery from 2006 to 2010. In 
most cases, the pelvic cavity was drained according to A. 
Generalov;(15) since 2010, the method of choice for drainage 
in delimited peritonitis has been a “cigar” type tampon. Thus, 
over the past 8 years, the pelvic cavity drainage according to A. 
Generalov in AP was used in 10 cases, cigar-shaped drainage 
- in 59 cases. After pelvic cavity drainage according to A. 
Generalov,(15) complications (n=4) in the form of pericultitis, 
pelvic abscess, stump failure, inter-intestinal abscess, and 
noncropped peritonitis were observed. After cigar-shaped 
drainage, complications were observed in 3 cases: perforation 
of the dome of the cecum and failure of the stump. Since some 
of the children arrived after an operation performed in the 
central district hospital with drains, it cannot be excluded that 
the method of installing the drains was not disturbed.

The volume of surgical treatment for peritonitis depends 
on the disease duration and the intraoperative picture, on the 
basis of which we identified the evaluation criteria.

Surgical tactics based on the results of diagnostic 
laparoscopy:

-In the presence of widespread pus, which has a liquid 
character, endoscopic tactics consisted of primary sanitation 
of the abdominal cavity, aspiration of a free purulent effusion, 
appendectomy, and drainage of the abdominal cavity.

-If there is a pronounced inflammatory infiltration 
of the tissues around the appendix, which create technical 
difficulties in excretion, it is necessary to switch to Volkovich-
Dyakonov access,(16) and finish the operation by draining the 
periappendicular abscess bed with cigar-shaped drainage.  

-With pronounced inflammatory changes with a criterion 
for assessing the severity of peritonitis above 10 points, a 
laparotomy with a laparostomy is the method of choice for 
surgical treatment.

-In appendicular abscesses of Stages 2-3, the method of 
choice is mini-laparotomic access and cigar-shaped drainage 
of the cavity.

With the definition of criteria for intraoperative 
assessment of the severity of peritonitis, the number of 
indications for laparotomy decreased. So, for the period from 

Fig. 1. Complications of acute appendicitis.
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2011 to 2014, the number of laparotomies performed with the 
subsequent programmed sanitation of the abdominal cavity was 
17/14% cases; from 2015 to 2018, the inflammatory process in 
the abdominal cavity were assessed with the determination of 
the intraoperative index of peritonitis severity—the number of 
conversions was 15/11% cases.

With the creation of criteria for intraoperative 
assessment of the severity of peritonitis, the number of 
indications for laparostomy has decreased. So, until 2014, 
the number of laparostomies was 15 cases, since 2015 - 13 
cases; the frequency of programmed rehabilitation in patients 
has decreased. In total “late” peritonitis, endoscopic surgery 
is technically impossible. In patients with API<10 points, the 
frequency of programmed sanitations decreased to 2 cases, 
which reduced the frequency of unreasonable laparotomy.

There is no marked change in the average number 
or frequency of laparostomies before the introduction and 
after the introduction of API, which indicates the validity 
of laparostomy. Median laparotomy with subsequent 
programmed sanitation of the abdominal cavity allows 
adequate intraoperative rehabilitation of the abdominal cavity 
and control of the course of the infectious process in the 
postoperative period. We adhere to the classical methodology 
of laparostomy proposed by N. Makoha.(9)

When comparing the average duration of the disease 
for patients with local and diffuse peritonitis in 2 independent 
samples, the differences in the average duration of the disease 
for patients with different types of peritonitis were statistically 
significant.

When determining the relationship between diffuse 
peritonitis and the duration of disease, the correlation 
coefficient was 0.32 (P=0.001), with statistical significance. 
When analyzing the duration of inpatient treatment of children 
operated on for appendicular peritonitis, there was a decrease 
in the average number of bed-days (Fig.2).

Conclusion 
With the introduction of the criteria for intraoperative 

assessment of the severity of peritonitis, the number of 

indications for laparotomy decreased (P<0.05). So, for 
the period from 2011 to 2014, the number of laparotomies 
performed with the subsequent programmed sanitation of the 
abdominal cavity was 17/14% cases; from 2015 to 2018, the 
inflammatory process in the abdominal cavity was assessed to 
determine the intraoperative index of peritonitis severity—the 
number of conversions was 15/11% cases. Thus, not only the 
number of laparoscopy performed, but also the frequency of 
programmed sanitations in patients decreased. In total “late” 
peritonitis, endoscopic surgery is technically impossible. The 
frequency of programmed sanitations decreased to 2 cases in 
patients with API<10 points, which reduced the frequency of 
unreasonable laparotomy.
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Abstract
The aim of this study was to analyze the healing of trophic ulcers (TUs) of the skin against the background of chronic venous 

insufficiency (CVI) after applying PDRN-therapy in a complex of therapeutic measures.
Materials and Methods: The study included 19 patients with TUs of various sizes and shapes (from 4 to 12 cm2) in the lower 

extremities with average duration from 4 weeks to 12 months, against the background of CVI. Patients were divided into two 
groups. Group 1 included 9 patients who received complex treatment along with using desoxyribonucleotide polymers (PDRN-
therapy) according to the proposed methodology. Group 2 included 10 patients treated according to standard treatment of TUs. 
The area of wound defects was determined using the LesionMeter program. Skin thermometry was carried out using a B.Well 
WF-5000 medical infrared non-contact thermometer.

Results: We found that in patients of Group 1, who received PDRN-therapy in addition to standard treatment, by Day 20 
there was a reduction in the TU area to 51.06±0.1% of the initial size; in patients of Group 2, who received only standard treatment, 
the TU area was 85.56±0.1% of the initial size. The temperature in the center of the ulcer and in its periphery increased in patients 
of Group 1 compared to patients of Group 2 by 2.79% and 2.74%, respectively, indicating a better blood supply to the skin defect, 
possibly due to more active angiogenesis

Conclusion: The use of PDRN-therapy in the complex treatment of trophic ulcers on the background of CVI is clinically 
effective. The applied method contributed to accelerating the repair processes of the skin defect and improving vascularization, 
which reduced the healing time of trophic ulcers. (International Journal of Biomedicine. 2019;9(2):139-143.)  

Key Words: trophic ulcer • polydesoxyribonucleotides • planimetry • thermometry

Abbreviations
CVI, chronic venous insufficiency; PDRN, polydesoxyribonucleotide; TU, trophic ulcer.

Introduction
Treatment of nonhealing defects of the skin, which are 

called ulcers, is one of the most ancient surgical problems, 
which has not lost its relevance up to the present day. An ulcer 
is a defect in tissues with a small tendency to heal, which 

arises against the background of impaired tissue reactivity 
due to external or internal causes that are, in intensity, 
beyond the limits of the body’s adaptive capabilities.(1) The 
formation of trophic ulcers (TUs) is a consequence of chronic 
venous insufficiency (CVI), accompanied by a violation of 
hemodynamics at the microcirculatory level and aggravated 
by the influence of external factors.(2) CVI affects 25-30% of 
women and 10-20% of men In 40%–90% of patients, venous 
insufficiency is complicated by TUs.(3) TUs are characterized 
by a low tendency to heal, frequent relapses, complexity and 
high cost of treatment.(4) Chronic TUs that exist for more 
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than 3 months do not heal spontaneously.(5) They affect 2% 
of the US population and require treatment costing more 
than $3 billion annually.(6) At the same time, the problem of 
treating TUs of venous etiology is not currently resolved: 
The treatment is ineffective  in 70% of patients. In this group, 
periods of temporary disability are high, resulting in 12.5% 
permanent disability.(7) According to statistics, in industrialized 
countries, TUs lead to disability more often than tuberculosis, 
rheumatism and traffic injuries, taken together.(8) 

Despite the development of various dressings and 
methods of treatment using a wide range of drugs, TUs against 
the background of CVI remain a significant problem.(3,8,9) All 
this necessitates the search for new methods of treating this 
pathology.

Polydesoxyribonucleotides (PDRNs) are extracted 
from the semen of trout (Oncorhynchus mykiss) and salmon 
(Oncorhynchus keta). They are a combination of purine and 
phosphodiester bonds that make up the pyrimidine nucleotide 
monomer.(10) Although PDRNs can be extracted from human 
and cattle placenta, PDRN preparations from salmon sperm 
are preferable in terms of possible contamination. A recent 
study evaluating the wound-healing effect of O. keta-derived 
PDRN for injection (Rejuvenex) and PDRN cream(Rejuvenex 
Cream), compared to the effects of O. mykiss-derived PDRN 
injection(Placentex), showed a slightly higher efficiency of 
O. keta-derived PDRN for injection (Rejuvenex).(11) The use 
of polynucleotides is the newest specialized local therapy for 
the treatment of TUs. PDRNs are “prodrugs” that enrich cells 
with the right amount of mitogenic desoxyribonucleotides, 
desoxyribonucleosides, and also nitrogenous bases. PDRN, a 
DNA fragment of 50–2,000 bases, does not cause transformation 
at the genetic level and is completely harmless to the human 
body. PDRNs have the ability to replace the “broken” nitrogen 
bases of DNA with significant PDRN effectiveness. As a result, 
PDRN-based preparations remove incapable cell fragments, 
promote their recovery and activate the growth of young 
functional intracellular structures.(12) 

Information about the positive effect of PDRNs on 
the healing of skin TUs of various etiologies is found in the 
scientific literature, but it is rare.(11,12) 

The aim of this study was to analyze the healing of 
TUs of the skin against the background of CVI after applying 
PDRN-therapy in a complex of therapeutic measures.

Materials and Methods
The study included 19 patients with TUs of various sizes 

and shapes (from 4 to 12 cm2) in the lower extremities with 
average duration from 4 weeks to 12 months (Table 1), against 
the background of CVI. 

The study was conducted in accordance with ethical 
principles of the WMA Declaration of Helsinki (1964, 
ed. 2013) and approved by the Ethics Committee of 
Medical Academy n.a. S.I. Georgievsky of Vernadsky CFU. 
Written informed consent was obtained from all participants.

Patients were divided into two groups. Group 1 included 
9 patients who received complex treatment along with using 
PDRN according to the proposed methodology. Group 2 

included 10 patients treated according to standard treatment 
of TUs. The groups were comparable in age, sex, severity of 
general condition, and nature of concomitant pathology. 

At the pre-hospital stage, all patients of the studied 
groups consulted with an angiosurgeon, received outpatient 
treatment at their place of residence, and in the case of a long 
wound history - in a general surgical hospital.

Standard treatment
All patients with TUs and CVI were subjected to 

compression with elastic knitwear; phlebotonics and systemic 
phleboprotectors were prescribed in accordance with the 
existing recommendations.

All patients of both groups were treated locally for 
TUs in a standard way, which included surgical treatment 
of a purulent focus, a removal of dead tissues, existing scab 
and fibrin layers, which often covered granulation tissue. 
Later, various antiseptics, including a 0.05% chlorhexidine 
digluconate solution, a 3% hydrogen peroxide solution, and a 
1% dioxidine solution were topically used to clean the wound 
surface; we irrigated the wound surface during surgery or daily 
dressings. Then a gauze aseptic dressing was applied with a 
0.1% betadine solution or ointment on a water-soluble basis 
(levocin, levomekol). All patients were prescribed antibiotic 
therapy from the first day of hospitalization in accordance 
with generally accepted regimens.

PDRN –therapy
Patients of Group 1 received PDRN extracted from 

the salmon semen with the commercial name “Plenhyage 
Medium” (I.R.A. Istituto Ricerche Applicate Sri; Italy) 
containing desoxyribonucleotide polymers with 50–2,000 
pairs of nitrogenous bases.(13) PDRN solution (1.6 ml) was in 
a syringe with a needle in factory packaging. The drug was 
administered via subcutaneous and intracutaneous injections 
one time in 6 days along the periphery of the wound with a 
supplied 30G 0.3×13 mm needle (about 20 injections of 0.05 
ml each).(14) The injections were made at a distance of 1 cm 
from the edge of the TU every 5 mm around the perimeter, 
distributing evenly the dose of the drug at the rate of 1 ml per 
10 cm2 of skin defect.

Determination of TU area
To study and objectivize the healing process of TUs in 

patients of both groups, the area of wound defects was determined 
using the LesionMeter program for the Android operating 

Table 1.
Clinical characteristics of the patients according to the Clinical-
Etiology-Anatomy-Pathophysiology (CEAP) classification 

CEAP 
Clinical class

Gender
(n/%)

Average
duration of

the skin defect,
months

Average age, 
years

M F

С5 4/21.1 5/26.3 8.9±0.2 56.3±2.5
С6 5/26.3 5/26.3 9.2±0.3 56.4±1.6
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system, which is installed on a smartphone. To measure the 
surface area of the ulcer, a limb segment with a wound defect 
was photographed using this program, with a standard plastic 
bank card placed in view as a scaling standard. After that, in 
the photo the perimeter of the wound defect was encircled by 
the cursor and its area was automatically received in cm2. The 
result was recorded in the program archive. It should also be 
noted that this program is able to build line diagrams based on 
the accumulated data over time, which allows calculating the 
rate of epithelialization of a TU with high accuracy.

The area of the initial wound defect was determined 
upon admission of the patient to the hospital before the start 
of treatment and during the treatment period to determine the 
dynamics of wound healing on Days 4, 8, 12, 16 and 20, as 
well as at the end of the treatment period.

Thermometry of TU
Skin thermometry was performed to assess the effect 

of PDRN-therapy on the status of a TU. Skin thermometry 
was carried out using a B.Well WF-5000 medical infrared 
non-contact thermometer (UK, registration certificate for a 
medical product No. RZN 2013/1078 dated June 8, 2017) at 6 
points of a TU: 3 points in the center of the ulcer and 3 points 
along its perimeter. Then the arithmetic mean temperature was 
determined according to the measurement localization.

Statistical analysis was performed using the statistical 
software «Statistica». (v6.0, StatSoft, USA) and Microsoft Excel 
2007. Baseline characteristics were summarized as frequencies 
and percentages for categorical variables and as mean±SEM for 
continuous variables. The Mann-Whitney (U Test) was used to 
compare the differences between the two independent groups. 
The Wilcoxon criterion was used to compare the differences 
between the paired samples. A probability value of P<0.05 was 
considered statistically significant.

Results
Before starting treatment in all patients of Groups 

1 and 2, the mean values of the area of the wound defect 
were comparable and did not show a statistically significant 
difference (Table 2). By Day 4 of treatment, the area of a TU 
on the background of CVI slightly decreased in both groups, 
but a statistically significant difference between the groups 
was still not detected.

After 8 days of complex treatment in patients of Group 
1, to whom PDRN was administered twice (on Days 1 and 6), 
the ulcer area decreased by 6.59% compared to Day 4, which 
was statistically significant compared with Group 2.

On Days 12, 16 and 20, with continuing PDRN-therapy, 
the area of TUs decreased by 14.11%, 10.96% and 26.15%, 
respectively, compared with the previous stage of observation. 
In Group 2, a decrease in the area of TUs was  4.35%, 2.27% 
and 3.49%, respectively. Statistically significant differences 
between the two groups were observed on Days 8, 12, 16 and 
20 (Table 2). 

Data of Table 2 clearly show the rate of reduction in 
the skin defect area due to epithelialization of TUs in patients 
of both groups. Accelerated wound healing was observed 
in patients of Group 1 after Day 8 of treatment; in Group 2 
without PDRN-therapy, similar acceleration was not observed. 

In Group 1, after discharge from the hospital, TUs were 
completely healed by 32±1.2 days (Figures 1 and 2). In Group 
2, we did not find complete epithelialization of TUs by this 
period of time.

Since the temperature of the TU surface directly 
depends on the degree of microcirculation recovery, we used 
skin thermometry to indirectly characterize the changes in the 
blood supply to the plane of the ulcerative defect of the skin 
after PDRN injections. On Day 1 of treatment, the analysis of 
the temperature in the center of a TU and along its perimeter 
around the defect showed that this indicator had no statistically 
significant differences between the two groups (P<0.05) 
(Table 3). In Group 1, by Day 20 a significant increase in the 
temperature of TU in the examined areas was found. Table 2.

Healing dynamics of TUs in the patients of study groups

Day of
observation 

Group 1 
(area of TU in cm2)

Group 2
 (area of TU in cm2) P-value

1 9.4±0.3 9.7±0.3 >0.05
4 9.1±0.2 9.4±0.4 >0.05
8 8.5±0.7 9.2±0.2 <0.05
12 7.3±0.4 8.8±0.4 <0.05
16 6.5±0.7 8.6±0.2 <0.05
20 4.8±0.4* 8.3±0.4 <0.05

*- P<0.05 between Day 20 and Day 1 in Group 1

Fig. 1. Trophic ulcer before 
treatment.

Fig. 2. Trophic ulcer on 
Day 20 of treatment

Table 3.
Dynamics of the TU surface temperature in the patients of study groups

Temperature °C Group 1 Group 2
Day 1 Day 20 Day 1 Day 20

In the center of TU 29.7±0.3° 32.3°±0.3°* 29.6±0.1° 31.4±0.3°
Along the peri-
meter around
TU

30.8±0.2° 32.9±0.3°* 30.7±0.1° 32.0±0.1°

*- P<0.05 between Day 20 and Day 1 in Group 1
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Discussion
The skin wound-healing process includes 3 stages: 

an inflammation, a proliferation with the formation of 
granulation tissue, and remodeling or fibrosis.(15) In long-term, 
non-healing ischemic wounds, elements of all three phases are 
simultaneously present, but inflammation predominates.(16) 
Despite the fact that the exact mechanism of the influence of 
polynucleotides on the regeneration processes is not completely 
clear, it is known that they contribute to the enhancement 
of angiogenesis and collagen formation during the healing 
of nonhealing defects of the skin of various etiologies.(17) 

PDRNs are expected to realize a significant regenerative 
effect, enhancing the metabolic processes in the dermis cells, 
increasing collagen and elastin production by fibroblasts, 
reducing the level of pro-inflammatory cytokine TNF-alpha 
and accelerating fibroblast differentiation into the proliferative 
phase of the wound process.(18) Granulation tissue is formed 
earlier, more actively and moderately. Experimentally proven 
reduction of the inflammatory response and a decrease in 
the presence of inflammatory cells after PDRN-therapy 
accelerates scarring and re-epithelialization of the skin.(19) 

As a result of our comparative study, we found that in 
patients of Group 1, who received PDRN-therapy in addition 
to standard treatment, by Day 20 there was a reduction in 
the TU area to 51.06±0.1% of the initial size; in patients of 
Group 2, who received only standard treatment, the TU area 
was 85.56±0.1% of the initial size. In Group 1, there also 
was a tendency toward accelerating epithelization, which 
was not observed in Group 2. We did not find in the available 
literature any information on the effect of PDRNs on the 
dynamics of epidermis regeneration in humans. According 
to our experimental data, the thickness of the epidermis was 
significantly greater in mice in all studied periods of skin 
wound healing after the introduction of polynucleotides than 
in the control group.(20) 

Since wound regeneration is accompanied by fluctuations 
in the temperature of damaged tissues caused by exo- and 
endothermic biochemical mechanisms of the healing process, 
the study of the dynamics of the perifocal and local temperature 
makes it possible to assess the nature of the course of the wound 
process. Many authors use thermometry in the complex of a 
common objective marker of wound healing.(21,22) Thermometry 
of wounds in the clinic successfully uses various designs of non-
contact infrared thermometers, which, compared to conventional 
mercury thermometers and electrothermometers, make it 
possible to measure the temperature with greater accuracy 
and discreteness, as well as being faster, more ergonomic and 
more comfortable for patients.(23) Due to the absence of direct 
contact of the infrared thermometer with the tissues and body 
fluids of the patient, there is no need for special treatment and 
preparation for work. Also, this method of remote temperature 
measurement allows one to measure the temperature of an 
object without disturbing the heat balance of the process being 
studied. This study does not harm the patients, does not violate 
the physiological processes in their bodies and does not cause 
those inconveniences that arise during the direct contact of any 
thermometers with the object being examined. 

According to our data, the temperature in the center of 
the ulcer and in its periphery increased in patients of Group 
1 compared to patients of Group 2 by 2.79% and 2.74%, 
respectively, indicating a better blood supply to the skin 
defect, possibly due to more active angiogenesis. Inadequate 
perfusion is an important factor in impaired wound healing.(10) 
Previously conducted experimental studies,(17) including those 
in our laboratory,(19) showed that PDRNs accelerate wound 
healing and improve angiogenesis, possibly due to an increase 
in vascular endothelial growth factor (VEGF) synthesis and 
binding to adenosine A2 receptors in endotheliocytes, thereby 
improving blood supply and ulcer perfusion.(11,12) 

Conclusion
Thus, the study of planimetric indices of TU healing 

on the background of CVI in patients of Group 1, for whom 
conventional therapeutic measures were supplemented by 
local application of PDRN-therapy, showed that the area of 
ulcers was statistically significantly reduced by Day 20 of 
treatment to 51.06±0.1% of the original size. At the same time, 
in Group 2, this indicator remained at the level of 85.56±0.1% 
of the initial size. The surface temperature in the center of 
the ulcer and in its periphery on Day 20 of a combination 
of standard therapy and PDRN- therapy increased by 2.79% 
and 2.74%, respectively, compared to standard treatment. 
Temperature differences in the center and around the skin 
defect remained in both groups. The use of PDRN-therapy 
in the complex treatment of TUs on the background of CVI 
is clinically effective. The applied method contributed to 
accelerating the repair processes of the skin defect and 
improving vascularization, which reduced the healing time of 
trophic ulcers.
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Abstract
The purpose of this study was to identify the relationship between the microbiological status of women and newborns, and 

the development of premature labor. 
Materials and Methods: The study included 227 pregnant women at gestational age between 28 and 36 weeks and 6 days. 

All women underwent an assessment of vaginal microcenosis and the quantitative and qualitative composition of the biotope of 
the cervical discharge; the newborns underwent bacteriological examination of the auricle, pharynx and anus.

Results: Disturbances in the vaginal biotope were diagnosed in every second woman. We found that the shorter the gestation 
period, the higher the frequency of disturbances in the vaginal biotope, and the risk of premature birth at an earlier time correlates 
with the presence of infection in the mother. The risk of giving birth to an infected child is 4.2 times higher at birth from a 
mother who has disturbances in the biotope, compared to a woman with a normal biotope.(International Journal of Biomedicine. 
2019;9(2):144-149.)

Key Words: premature labor • vaginal biotope • vaginal infections • newborns

Abbreviations

PL, premature labor; BG, bacterial growth; GA, gestational age; PB, premature birth. 

Introduction
The causes of spontaneous PL are heterogeneous. An 

important risk factor for PL is a high infectious index of 
the genital tract (1,2) during pregnancy and chronic placental 
insufficiency.(3) The achievements of clinical microbiology in 
recent decades have largely changed our understanding of the 
possible causative agents of vaginal infections.(4-9) In women 
with bacterial vaginosis, PB occurs 3–4 times more often (10) 
and the likelihood of postpartum endometritis is 5–7 times 
higher than in women without the infection. 

Long-term clinical observations confirm the connection 
between vaginal infections and adverse pregnancy outcomes 

for the mother and fetus.(11-13) To date, convincing evidence of 
the linkage between vaginal infections  and PL, fetal intrauterine 
infection, and inflammatory complications after childbirth has 
been published.(14-20) That study, of the reproductive health 
of the examined women, showed that inflammatory diseases 
of the body and uterine appendages occurred in 18.2% of 
cases. There is evidence of repeated, and often recurrent, 
inflammatory diseases of the external genital organs and the 
vagina in 36.9% of women.(17) Currently, among the infections 
of the vagina, bacterial vaginosis, aerobic vaginitis and 
candidal vulvovaginitis play a leading role.(21) Unfavorable 
predictors of PB are a combination of bacterial vaginosis 
and the persistence of Ureaplasma urealyticum, Mycoplasma 
hominis and Mycoplasma genitalium in the cervical canal of 
pregnant women.(22) Inflammation of the mucous membrane in 
these cases is due to the activation of various representatives 
of opportunistic flora. Usually, the pathogens are different 
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types of staphylococci and streptococci, enterococci, E. 
coli, Klebsiella, Proteus and some other bacteria and their 
associations.(23)

However, the development of an imbalance in the 
vaginal microbiota is still poorly understood.(16,24) Therefore, 
etiotropic therapy is a difficult task, especially in the early 
stages of pregnancy. The use of antibacterial drugs during 
pregnancy is debatable, and treatment approaches do not have 
solid standards.(25) Numerous clinical studies and systematic 
reviews based on meta-analysis present conflicting views 
on antimicrobial therapy for opportunistic infections of the 
vagina during pregnancy.(26-29) The purpose of this study was to 
identify the relationship between the microbiological status of 
women and newborns, and the development of PL.

Materials and Methods
Our study included 227 pregnant women at gestational 

age between 28 and 36 weeks and 6 days. Depending on 
the gestational age, they were divided into 3 groups. Group 
1 included 73 women at gestational age between 28 and 30 
weeks and 6 days; Group 2 included 81 women at gestational 
age between 31 and 33 weeks and 6 days, Group 3 included 73 
women at gestational age between 34 and 36 weeks and 6 days. 
All women underwent an assessment of vaginal microcenosis 
and the quantitative and qualitative composition of the 
biotope of the cervical discharge; the newborns underwent 
bacteriological examination of the auricle, pharynx and anus.

In order to study the state of vaginal microcenosis, 
as well as the diagnosis of trichomonas and gonococcal 
infections, we performed a microscopic examination of 
the vaginal discharges, which were taken with a sterile 
gynecological universal probe (Centrmed LLC, Russia) from 
the posterior and lateral vaginal vaults. The resulting material 
was applied to separate areas of a defatted slide, dried in air, 
and stained with methylene blue or Gram. We then evaluated 
the leukocyte reaction, the morphology of the microorganisms 
and their total number, the presence of “key” cells in the 
vaginal biotope.

To analyze the nature of the quantitative and qualitative 
composition of the biotope of the cervical discharge, a tampon-
probe and test tubes with a transport medium (“Medical Wire 
& Equipment”, England) were used. Seeding was performed 
on a series of nutrient media to isolate and cultivate various 
groups of microorganisms: 5% blood agar based on Brucella 
agar with the addition of vitamin growth factors to isolate and 
cultivate anaerobes, mannitol salt agar to isolate and cultivate 
gram-negative bacteria, and Saburo medium to isolate 
and cultivate fungi. Blood agar media were cultivated in a 
thermostat with a high content of carbon dioxide (5-10%). To 
cultivate anaerobes we used anaerostats (Becton Dickinson, 
USA). The isolated microorganisms were identified and their 
sensitivity to antibacterial drugs was determined using the 
Witek bacteriological analyzer. 

The results obtained were recorded in accordance with 
the NCCLS standards (1999–2000). The number of isolated 
microorganisms was determined by the density of their growth 
on the sectors of the agar plate.

Bacteriological study of auricular secret and pharynx
The material obtained and transported to the laboratory 

was seeded on Petri dishes with 5% blood agar, chocolate 
agar, and yolk-salt agar, on Endo medium, Saburo medium, 
and in a tube with glucose broth. Seeding on dense nutrient 
media was carried out metered (according to Gould), which 
made it possible to quantify the number of grown colonies. 
Seedings were incubated at 37°C for 24–48 hours, and were 
examined daily. Plates with 5% blood agar were incubated 
under conditions with a high CO2 content. With the appearance 
of growth on nutrient media, we counted colonies of various 
morphologies, taking into account their ratio and species 
identification of microorganisms, as well as determining their 
sensitivity to antibacterial drugs. A negative result of the study 
was issued in the absence of growth on all nutrient media for 
72–96 hours. 

The study was conducted in accordance with ethical 
principles of the WMA Declaration of Helsinki (1964, ed. 2013) 
and approved by the RUDN University Ethics Committee. 
Written informed consent was obtained from all participants.

Statistical analysis was performed using the Statistica 8.0 
software package (StatSoft Inc, USA). Baseline characteristics 
were summarized as frequencies and percentages for categorical 
variables and as mean±SEM for continuous variables. The 
Mann-Whitney (U Test) was used to compare the differences 
between the two independent groups. The Pearson’s correlation 
coefficient (r) and Spearman’s rank correlation coefficient  
(rs) were was used to determine the strength and direction of 
the relationship between two variables. The two-proportions 
z-test was used to compare two observed proportions. Group 
comparisons with respect to categorical variables are performed 
using chi-square tests. A value of P<0.05 was considered 
statistically significant.

Results
Bacterioscopy of the contents of the vaginal and cervical 
canal contents

 According to the results of bacterioscopic examination 
(Table 1), normocenosis of the genital tract was diagnosed only 
in 84(37.0%) women. Disturbances in the vaginal biotope were 
diagnosed in every second woman. We found that the shorter 
the gestation period, the higher the frequency of disturbances 
in the vaginal biotope (82.2%). We found a moderate inverse 
correlation between the term of labor and the presence of 
bacteria (r=-0.3657, P<0.001). Significant differences were 
found between Group 1 and Groups 2 and 3 (χ2=23.036, 
P=0.0000), and between Groups 2 and 3 (χ25.653, P= 0.017).

Table 1.
The results of bacterioscopic examination

Group normocenosis vaginal infections Statistics
n % n %

χ2=23.036
P=0.0000

P1-2=0.0079
P2-3= 0.0174
P1-3=0.0000

Group 1 (n=73) 13 17.8  60 82.2
Group 2 (n-81) 30 37.0 51 63.0 
Group 3 (n=73) 41 56.2 32 43.8 
Total (n=227) 84 37.0 143 63.0
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Table 2.

Bacterial cultures of the cervical canal of pregnant women 
 

Bacterial cultures Total Group 1 Group 2  Group 3  Р1-2 Р1-3 Р2-3

E. coli  27 (11.9 %) 11 (15.1 %) 10 (12.3 %) 6 (8.2 %) 0.6249 0.1965 0.3979
Candida spp. 38 (16.7 %) 15 (20.5 %) 13 (16 %) 10 (13.7 %) 0.8389 0.5472 0.6773
Enterococcus faecalis 22 (9.7 %) 8 (11 %) 5 (6.2 %) 9 (12.3 %) 0.2924 0.7967 0.1909
Strep. agalactiae 8 (3.5 %) 7 (9.6 %) 0 (0 %) 1 (1.4 %) 0.1002 0.0281 0.7782
Strep. oralis 7 (3.1 %) 5 (6.8 %) 2 (2.5 %) 0 (0 %) 0.2025 0.2515 0.6507
Staphyl. epirmidis 17 (7.5 %) 7 (9.6 %) 9 (11.1 %) 1 (1.4 %) 0.7568 0.0281 0.0103
Staph.aureus 15 (6.6 %) 6 (8.2 %) 3 (3.7 %) 6 (8.2 %) 0.2413 1.0000 0.2413
Staph. haemolyticus 6 (2.6 %) 2 (2.7 %) 3 (3.7 %) 1 (1.4 %) 0.7346 0.5601 0.3522
Staph.saprophyticus 6 (2.6 %) 2 (2.7 %) 4 (4.9 %) 0 (0 %) 0.4755 0.6195 0.3874
Gemella morbillorum 1 (0.4 %) 0 (0 %) 1 (1.2 %) 0 (0 %) 0.8163 1.0000 0.8163
Enterobacter aerogenes 3 (1.3 %) 2 (2.7 %) 1 (1.2 %) 0 (0 %) 0.5084 0.6195 0.8163
Strep.viridans 3 (1.3 %) 1 (1.4 %) 1 (1.2 %) 1 (1.4 %) 0.9412 1.0000 0.9412
Staph. warneri 1 (0.4 %) 0 (0 %) 1 (1.2 %) 0 (0 %) 0.8163 1.0000 0.8163
Serratia odorifera 1 (0.4 %) 0 (0 %) 1 (1.2 %) 0 (0 %) 0.8163 1.0000 0.8163
Enterobacter cloacae 1 (0.4 %) 1 (1.4 %) 0 (0 %) 0 (0 %) 0.7782 0.7979 1.0000
Streptococcus mitis 3 (1.3 %) 0 (0 %) 2 (2.5 %) 1 (1.4 %) 0.6507 0.7979 0.6174
Corynebacterium spp. 4 (1.8 %) 1 (1.4 %) 2 (2.5 %) 1 (1.4 %) 0.6174 1.0000 0.6174
Acinetobacter 6 (2.6 %) 1 (1.4 %) 2 (2.5 %) 3 (4.1 %) 0.6174 0.3106 0.5716
Klebsiella pneumoniae 1 (0.4 %) 0 (0 %) 0 (0 %) 1 (1.4 %) 1.0000 0.7979 0.7782

Table 3.
Data of bacteriological results from the studied loci (the anus. ears and pharynx)  in newborns

Bacterial cultures Total Group 1 Group 2 Group 3  Р1-2 Р1-3 Р2-3

E.coli  20 (8.8 %) 9 (12.3 %) 8 (9.9 %) 3 (4.1 %) 0.6299 0.0695 0.1563
Candida spp 9 (4 %) 5 (6.8 %) 3 (3.7 %) 1 (1.4 %) 0.3869 0.0944 0.3522
Enteroccocus faecalis 20 (8.8 %) 8 (11 %) 5 (6.2 %) 7 (9.6 %) 0.2924 0.7855 0.4347
Enterobacter cloacae 1 (0.4 %) 0 (0 %) 1 (1.2 %) 0 (0 %) 0.8163 1.0000 0.8163
Strep.agalactiae 9 (4 %) 4 (5.5 %) 4 (4.9 %) 1 (1.4 %) 0.8804 0.1716 0.1988
Strep.oralis 5 (2.2 %) 2 (2.7 %) 1 (1.2 %) 2 (2.7 %) 0.5084 1.0000 0.5084
Streptococcus mitis 2 (0.9 %) 0 (0 %) 1 (1.2 %) 1 (1.4 %) 0.8163 0.7979 0.9412
Staph. aureus 18 (7.9 %) 8 (11 %) 7 (8.6 %) 3 (4.1 %) 0.6306 0.1160 0.2460
Staph. saprophyticus 3 (1.3 %) 2 (2.7 %) 1 (1.2 %) 0 (0 %) 0.5084 0.6195 0.8163
Staph. epirmidis 15 (6.6 %) 8 (11 %) 5 (6.2 %) 2 (2.7 %) 0.2924 0.0482 0.2979
Staph. haemolyticus 4 (1.8 %) 3 (4.1 %) 0 (0 %) 1 (1.4 %) 0.4313 0.3106 0.7782
Staph. warneri 3 (1.3 %) 2 (2.7 %) 1 (1.2 %) 0 (0 %) 0.5084 0.6195 0.8163
Strep. viridans 1 (0.4 %) 0 (0 %) 0 (0 %) 1 (1.4 %) 1.0000 0.7979 0.7782
Neisseria  spp. 10 (4.4 %) 3 (4.1 %) 5 (6.2 %) 2 (2.7 %) 0.5611 0.6495 0.2979
Genella morbillorum 1 (0.4 %) 1 (1.4 %) 0 (0 %) 0 (0 %) 0.7782 0.7979 1.0000
Serratia marcescens 4 (1.8 %) 3 (4.1 %) 1 (1.2 %) 0 (0 %) 0.2756 0.4691 0.8163
Serratia odorifera 1 (0.4 %) 0 (0 %) 1 (1.2 %) 0 (0 %) 0.8163 1.0000 0.8163
Corynebacterium  spp. 3 (1.3 %) 0 (0 %) 1 (1.2 %) 2 (2.7 %) 0.8163 0.6195 0.5084
Acinebacter 1 (0.4 %) 1 (1.4 %) 0 (0 %) 0 (0 %) 0.7782 0.7979 1.0000
Klebsiella pneumoniae 2 (0.9 %) 2 (2.7 %) 0 (0 %) 0 (0 %) 0.5873 0.6195 1.0000
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The study of cervical canal cultures

In all pregnant women (n=227), immediately upon 
admission to the hospital, a discharge content from the cervical 
canal was taken for bacteriological examination with the 
determination of sensitivity to antibacterial drugs. The data of 
the first seeding are the most important, since after the course 
of antibiotic therapy, the subsequent results of bacteriological 
seeding are uninformative for the diagnosis of vaginal 
microflora. The growth of microorganisms was observed in 
143(63.0%) pregnant women; in 29(12.8%) women who gave 
birth, the growth of the bacterial flora in the newborns was not 
observed.

The leading positions among the sowed microorganisms 
were occupied by Candida spp. (38/16.7%), E. coli (27/11.9%), 
and Enterococcus faecalis (22/9.7%), and the growth of 50% 
of the detected bacteria was observed in Group 1 (Table 2). In 
bacterial vaginosis, microorganisms of intestinal origin were 
predominant against the background of a significant decrease 
in the frequency of lactobacilli. In vaginitis, associations of 
microorganisms represented by 2–5 species with an anaerobic 
or aerobic component were found in all cases. At the same 
time, 84 women with normal flora gave birth to 16(28.6%) 
children, who showed bacterial growth in diagnostically 
significant titers. Thus, respectively, only 68(30%) of the 
women gave birth to children who did not show an increase in 
bacterial opportunistic flora.

All newborns were bacteriologically examined (the anus, 
ears and pharynx). The growth of microorganisms was observed 
in 131(57.7%) newborns (Table 3). The leading positions 
among the sowed microorganisms in children were occupied by 
E. coli (20/8.8%), Enteroccocus faecalis (20/8.8%), Candida 
spp. (9/4%), and Streptococcus agalactiae (9/4%). At the same 
time, the growth of microflora was found significantly more 
often in newborns from mothers of Group 1. According to the 
study, in 127(55.9%) of 227 children, the growth of bacteria 
from the studied loci was detected in diagnostically significant 
titers (>105cfu/ml). At the same time, in 114(89.8%) of these 
children, the growth of microflora was associated with the 
identified infection in mothers (Table 4, Fig.1). The birth of 
a child with microorganisms correlated with the presence of 
infection in the mother (rs=0.706, P<0.0001).

Discussion
High contamination of the genital tract of pregnant 

women with opportunistic and pathogenic bacterial and 
viral microflora is a high risk factor for PB. It is noted that 
the shorter the gestation period, the higher the frequency of 
disturbances in the vaginal biotope (82.2%), and the risk of PB 
at an earlier time correlates with the presence of infection in 
the mother (r=-0,327, P<0.001; rs=-0.331, P=0.004) (Fig.2). 
The study by D. Nelson(16) showed that the prevalence of 
bacterial vaginosis among pregnant women was 3.88%, and 
the presence of G. vaginalis was 67.48%; but the presence 
of G. vaginalis was not enough to cause bacterial vaginosis. 
However, the presence of G. vaginalis may be considered a 
significant risk factor for PB.

In the previous study,(17) we showed the main risk 
factors leading to PL: early sexual debut, inflammatory 
diseases of the urinary organs, sexually transmitted infections, 
reproductive losses in history, anemia, etc. The present study 
shows the association of PL with an infectious factor. In our 
opinion, and according to a number of authors, a high bacterial 
contamination of the genital tract, already at the stage prior to 
the onset of pregnancy, contributes to the infection of the fetal 
membranes, with impaired amniotic fluid production, starting 
from the early stages of gestation.

Comparing the data obtained with the results of neonatal 
outcomes, according to a previous study,(30) we can note the 

Table 4.
Comparative analysis of bacterial growth in women and newborns

Total
(n/%)

Group 1
(n/%) 

Group 2
(n/%)

Group 3
(n/%)

Р1-2 Р1-3 Р2-3

BG in women 143/63 60/82.2 51/63 32/43.8 0.007 0.000 0.017

BG in newborns 127/55.9 54/74 43/53.1 30/41.1 0.006 0.000 0.136

BG in women
and newborns 114/50.2 50/68.5 38/46.9 26/35.6 0.006 0.000 0.154

BG in women,
100% 143 60 51 32

The proportion
of newborns
with BG in % of
mothers with BG

114/79.7 50/83.3 38/74.5 26/81.3 0.259 0.805 0.466

Fig. 1. Bacterial growth in women and newborns.

Fig.2. The growth of microorganisms in the cervical canal 
of pregnant women (r=-0.327, P<0.001; OR=4.19, 95% 
CI: 2.67 – 6.55)
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high risk of having children with congenital pneumonia in 
women of Group 1. With an increase in the period of gestation, 
the frequency of this complication is significantly reduced. In 
the future, we plan to perform a placental histology study and 
identify the presence of possible relationships among the data 
of microbiological studies.

Conclusion
The risk of giving birth to an infected child is 4.2 times 

higher at birth from a mother who has disturbances in the 
biotope, compared to a woman with a normal biotope. The 
result is a long-term presence of the newborn in the intensive 
care unit, antibiotic therapy, and a long rehabilitation period. 
Despite the ongoing preventive antibiotic therapy in pregnant 
women and mothers, the frequency of detectable pathogenic 
microorganisms in newborns has not decreased. The data 
obtained are explainable from several positions:

- First, microorganisms are resistant to antibacterial 
drugs used.

-   Second, and probably the most important: A contamination 
of the newborn with pathogenic microorganisms occurs in-utero 
(prenatally) at earlier gestational periods.

In our study, 7(3.4%) women showed resistance to 
antibacterial drugs during bacteriological examination of 
discharge content from the cervical canal: E. coli was found in 
5 women and Staphylococcus epidermidis in 2 women.

Thus, the results of the study allow us to:
- identify the group of pregnant women at risk for the 

infection process
- carry out therapeutic measures for the prevention and 

treatment of microflora biocenosis disorders in the early stages 
of gestation, and

-  carry out measures to improve the reproductive potential 
of the population.
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Abstract
The purpose of this research was to study the effect of L-type voltage-gated calcium channels (L-VGCC) blocking on 

mRNA content and intensity of protein synthesis in cells of the metanephros.
Materials and Methods: The study was performed on 27 outbred Wistar rats weighing 250-270 g from 5 to 7 months of age. 

Pregnant females were divided into 3 groups of 9 individuals each. Group1 (the control group) included intact pregnant females 
treated with distilled water; Group 2 (the first experimental group) included animals receiving a therapeutic dose of nifedipine; Group 
3 (the second experimental group) included animals receiving a toxic dose of nifedipine. The dihydropyridine nifedipine (Sigma-
Aldrich, Gillingham, UK) was used as a Ca2+ channel blocker. Nifedipine was dissolved in distilled water. The dose of nifedipine 
was calculated based on therapeutic and toxic doses for humans. The therapeutic dose for rats was 127 mg/kg, toxic dose – 762 mg/
kg. In each group, when rats reached Day 14, 15, 16 and consistently up to 22 of gestation, they were removed from the experiment by 
decapitation under ether anesthesia. The embryos and fetuses were removed, subjected to external examination and quickly fixed with 
10% neutral formalin entirely up to the age of 15 days. At an older age, both metanephros were removed from the fetuses by preparation 
and fixed with 10% neutral formalin. The intensity of protein synthesis was estimated by the content of mRNA in the cytoplasm.

Results: The development of the metanephros in rats of the control group was accompanied by a gradual decrease in the 
content of mRNA, indicating the activity of protein synthesis in the cell cytoplasm of epithelial and mesenchymal buds of the 
metanephros. In the fetuses of rats whose mothers received therapeutic and toxic doses of nifedipine, statistically significant 
changes in the content of mRNA in the cytoplasm of the metanephric cells were observed. These changes were most significant in 
the metanephric cells after administration of the toxic dose. On ED 17, an L-VGCC blockade with a therapeutic dose of nifedipine 
led to a paradoxical reaction of cells with an increase in protein synthesis, compared with the control group. 

Conclusion: Both doses of nifedipine have a greater effect on the content of mRNA in the cytoplasm of epithelial cells, 
compared to mesenchymal buds. (International Journal of Biomedicine. 2019;9(2):150-154.)  

Key Words: metanephros • voltage-gated calcium channels • nifedipine • protein synthesis

Introduction
Calcium ions play an important role in regulation of 

many vital physiological functions and metabolic processes. 
By penetrating the cell, they activate bioenergetic processes, 
as the transformation of ATP into cyclic AMP and protein 
phosphorylation.(1) Physiological activity is characteristic only 
of ionized calcium (Ca2+)—unbound calcium. Ca2+ ions are 
unique in that they not only carry a charge but they are also the 

most widely used of diffusible second messengers. Voltage-
gated calcium channels (VGCCs) are the primary mediators of 
depolarization-induced calcium entry into the cell.(2)  

Based on pharmacological and biophysical properties, 
VGCCs are classified into 3 families: the L-type, the P/Q/R/
N-type and the T-type channels.(2) The long-lasting (L-type) 
VGCCs (L-VGCCs) have been shown to play crucial roles 
in Ca2+ homeostasis of excitable cells. L-VGCCs are present 
in the heart, smooth and skeletal muscle, and some neurons. 
The importance of L-VGCCs is demonstrated by the clinical 
efficacy of Ca2+ channel blockers in certain disease conditions. 

A number of postnatal kidney diseases are known to be 
associated with abnormalities during prenatal organogenesis. 
Fetal development occurs in a hypercalcemic environment 
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compared with the postnatal period.(3) The few experimental 
studies found in the world’s scientific bases suggest that calcium 
activity contributes to many aspects of kidney development 
and its decline leads to the formation of associated diseases.(4) 
Very few studies have been devoted to the effect of blocking 
the passage of calcium ions into the cell through L-VGCCs 
on the development of the metanephros and the associated 
protein synthesis in its cells.

The purpose of this research was to study the effect of 
L-VGCC blocking on mRNA content and intensity of protein 
synthesis in cells of the metanephros.

Materials and Methods
Design of the experiment

The study was performed on 27 outbred Wistar 
rats weighing 250-270g from 5 to 7 months of age. The 
animals were housed in keeping with the rules for good 
laboratory practice (GLP). The experiments were performed 
in accordance with the norms for the humane treatment 
of animals, which are regulated by Directive 86/609/EEC 
on the protection of animals used for experimental and 
other scientific purpose .Dated (timed) gestational age was 
determined using a daily study of vaginal smears. Before the 
start of the experiment, the estrous cycle was investigated in 
all females. Animals with its disturbances were excluded from 
the experiment. The female rats included in the experiment, 
in the cycle stage corresponding to the late proestrus or early 
estrus, were placed together with male rats during the night, 
and in the morning of the next day, vaginal smears were taken 
from females. The fact of pregnancy was established by the 
presence of sperm in the vaginal secretion, and the day of its 
discovery was considered the first day of pregnancy. Pregnant 
females were divided into 3 groups of 9 individuals each.

Group1 (the control group) included intact pregnant 
females treated with distilled water; Group 2 (the first 
experimental group) included animals receiving a therapeutic 
dose of nifedipine; Group 3 (the second experimental group) 
included animals receiving a toxic dose of nifedipine. The 
dihydropyridine nifedipine (Sigma-Aldrich, Gillingham, UK) 
was used as a Ca2+ channel blocker. Nifedipine was dissolved 
in distilled water. The dose of nifedipine was calculated based 
on therapeutic and toxic doses for humans. The therapeutic 
dose for rats was 127 mg/kg, toxic dose – 762 mg/kg.

Nifedipine or distilled water was administered from 
the eighth day of pregnancy once, at the same time of day, 
intragastrically using a probe. During the experiment, the 
condition and behavior of the animals were monitored with 
mandatory weighing once a week to identify the toxic effects 
of the drug. In each group, when rats reached Day 14, 15, 16 
and consistently up to 22 of gestation, they were removed 
from the experiment by decapitation under ether anesthesia. 
Given the presence of circadian rhythms, decapitation was 
performed at the same time of day. At the opening of the 
abdominal cavity and the horns of the uterus, the embryos and 
fetuses were removed, subjected to external examination and 
quickly fixed with 10% neutral formalin entirely up to the age 
of 15 days. At an older age, both metanephros were removed 

from the fetuses by preparation and fixed with 10% neutral 
formalin. 
Morphological examination of metanephros

Serial paraffin sections 5 μm thick were made from 
the obtained material. Tissue sections were stained with 
H&E. The intensity of protein synthesis was estimated by the 
content of mRNA in the cytoplasm.(6) The researchers in our 
lab(7) found  that cells of embryonic tissues synthesize protein 
intensively, both for plastic and metabolic purposes. mRNA 
in the cytoplasm of cells was determined by the method of 
Einarson using gallocyanin-chromic alum.(8) The intensity 
of cytoplasmic staining was assessed using the computer 
program Aperio Image Scope 2008. 

Statistical analysis was performed using the statistical 
software «Statistica» (v6.0, StatSoft, USA) and Microsoft 
Excel 2007. Baseline characteristics were summarized as 
frequencies and percentages for categorical variables and as 
mean±SEM for continuous variables. The Mann-Whitney 
(U Test) was used to compare the differences between the 
two independent groups. The Wilcoxon criterion was used 
to compare the differences between the paired samples. A 
probability value of P<0.05 was considered statistically 
significant.

Results
In Group 1, the metanephros in rat embryos was determined 

by embryonic day (ED) 14. On ED 15, a metanephrogenic zone 
was formed along the periphery of the bud, in which at this 
time and on the subsequent ED 16, primary renal tubules were 
formed, indicating the beginning differentiation of nephrons. 
Mesenchyme, which lies in the area of the future medulla, was 
represented by loose tissue. At the stage of prenatal embryo 
development, corresponding to 16 days, Einarson stains were 
intensively staining the cyan-blue cytoplasm of the cells of 
the primary renal tubules and the surrounding mesenchyme, 
indicating a high content of mRNA in them. On ED 17, the 
epithelial and mesenchymal buds of the metanephros rapidly 
underwent further changes. The metanephros contained four 
generations of the branches of the metanephritic diverticulum, 
and an active neoplasm of the nephron primordia occurred. Their 
number per unit area was much larger than in the previous stage. 
This process of differentiation was accompanied by a decrease 
in the amount of mRNA in the cytoplasm of mesenchymal cells 
by 41.2%, in the tubule epithelium - by 18.8% compared with 
the same structures of the metanephros on ED 16.

By ED 19, the metanephros continued to grow, 
surrounded by a pronounced capsule. The cortex and medulla 
were well defined. In the cortical substance, a small amount of 
the metanephric tissue was maintained, consisting of densely 
adjacent cells with round nuclei and basophilic cytoplasm. In 
the subcapsular zone, the rudiments of the fourth generation 
nephrons were located, which were transformed into S-shaped 
structures, the most immature tabs of the nephrons. As 
we approached the medulla, more and more differentiated 
nephrons were generated. The pelvis with a rather wide cavity 
was lined with transitional epithelium, and epithelial folds 
were found. The transitional epithelium also appeared in large 
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and small calyces. In the metanephros on ED 19, there was a 
weakening of the color, according to Einarson, concerning all 
the structures studied. In the cytoplasm of mesenchymal cells, 
the weakening was 61.1%, and in the tubular epithelium it was 
34.7%, compared with the same structures of the metanephros 
on ED 17.

In the metanephros on ED 21-22, the renal structures 
tightly adhered to each other. The buds of the nephrons did 
not form, but the existing buds grew and differentiated. Four 
generations of nephrons were detected. Fourth generation 
immature nephrons occupied a subcapsular position. 
The nephrons of the first 3 generations were much more 
differentiated. Tubular differentiation continued. Thin tubules 
were lengthened and penetrated deeper into the medulla. 
Collecting tubules were dilated, covered with prismatic or cubic 
epithelial cells. In the metanephros, clear demarcation between 
cortex and medulla was observed. An allocation of renal 
pyramids and pillars continued. In the pelvis, large and small 
calyces were lined with transitional epithelium, and we detected 
folding of the epithelial lining. The kidney was surrounded on 
the outside by a well-formed connective tissue capsule. In the 
fetus of this age, the RNA content in the cells of the kidney buds 
continued to decline. The most pronounced decrease was found 
in the cytoplasm of mesenchymal cells, where it reached 74.3%, 
compared with ED 19. A decrease in the RNA content was not 
so active in the epithelium of the tubules and was 37.4%. 

In Group 2, the changes in the mRNA content were 
already detected on ED 17. Its amount in epithelial cells 
increased significantly compared to Group 1 (Table 1) and 
more significantly than in mesenchymal cells (Table 2). 

On ED 19, the positive dynamics of the RNA content in 
the cytoplasm of the bud cells of the metanephros was traced 
only for the epithelial cells of the tubules, while in the cells 
of mesenchymal buds, this content began to fall, although 

not statistically significantly. The most pronounced changes 
in the developing rat metanefrosis after the introduction of a 
therapeutic dose of nifedipine appeared on ED 21, when the 
RNA content in epithelial cells and mesenchyme decreased. 

In Group 3, the changes in the mRNA content in the 
cytoplasm of metanephros cells were more pronounced. 
Significant shifts in the direction of the mRNA content 
inhibition began from ED 17 and by ED 21 reached peak 
values (Tables 1 and 2). Both doses of nifedipine had a greater 
effect on the mRNA content in the cytoplasm of epithelial 
cells than they did in cells of mesenchymal buds.

Discussion
In the literature, there is evidence that calcium signaling 

is necessary for regulating the processes of differentiation 
of the metanephric tubules.(9) It was also found that calcium 
activity contributes to multiple aspects of kidney development 
and associated diseases.(10) In recent years, several studies 
have pinpointed an unsuspected role of calcium in determining 
the pronephric territory and for converting metanephric 
mesenchyme into nephrons. Influx of calcium and calcium 
transients has been recorded in the pool of renal progenitors 
to allow tubule formation, highlighting the occurrence of 
calcium-dependent signaling events during early kidney 
development.(11) However, the presence of calcium channels 
directly in the metanephric tubules has not yet been described. 
They are found only in the smooth muscles of the kidney 
vessels.(12)

Studies over the last several decades have revealed 
that vascular smooth muscle cells (VSMs) express a variety 
of Ca2+-permeable channels that coordinate a regulation of 
intracellular Ca2+ concentration ([Ca2+]i). Changes in [Ca2+]i 
are produced by Ca2+ influx through voltage-dependent and 
-independent plasmalemmal Ca2+-permeable channels, as well 
as Ca2+ release from intracellular stores. Ca2+ influx through 
L-VGCCs is the principal mediator of myogenic response. 
Ca2+ release from intracellular stores through ryanodine 
receptors (RyRs) and inositol-1,4,5,-trisphosphate receptors 
(IP3Rs) in the sarcoplasmic reticulum (SR) is an important 
contributor to [Ca2+]i and VSM excitability.(13)

Depending on the physiological stimuli, Ca2+ release 
from RyRs can cause global elevation of [Ca2+]i to activate 
actin–myosin interaction for vasoconstriction, and generate 
local Ca2+ signals in the sarcoplasmic reticulum - plasma 
membrane  junctions to stimulate Ca2+-activated channels to 
modulate membrane potential and Ca2+ influx via VGCCs.(14) 

Specific blockade of L-type calcium channels using 
nifedipine decreases the myoplasmic calcium ion concentration, 
thus preventing the development of changes in the expression 
of myosin heavy chains (MHC) and sarcoplasmic/endoplasmic 
reticulum calcium ATPase (SERCA) isoforms.(15)

In a series of theoretical studies, it was proposed that 
morphogenesis in kidney, lung, and mammary glands can 
be described as a self-organized process(16) with stochastic 
components that are modified and controlled by signaling 
molecules.(17,18) Calcium signals play a central role in 
these processes. Several studies of the embryonic kidney 

Group ED 17 ED 19 ED 21

Group 1 100% 100% 100%

Group 2 +10.79% +13.86% -26.60%

Group 3 -27.58% -38.89% -88.40%

Table 1.
Dynamics of the mRNA content in the cytoplasm of epithelial cells 
of rat metanephros in study groups

Group ED 17 ED 19 ED 21

Group 1 100% 100% 100%

Group 2 +8.19% -0.72% -6.80%

Group 3 -22.12% -31.7% -72.10%

 

Table 2.
Dynamics of the mRNA content in the cytoplasm of mesenchymal  cells 
of rat metanephros in study groups
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demonstrated that genetically controlled and programmed 
events play a role in proper branching morphogenesis.(19) 

JM Kim et al.(20) found spatially expressed L-VGCCs 
in the peripheral layers of developing epithelial buds and 
identified the VDCCs as a core signaling mediator for 
patterning branching architecture. JM. Fontana et al.(17) found 
that down-regulation of the calcium activity, both by blocking 
the sarco-endoplasmic reticulum Ca2+-ATPase and by chelating 
cytosolic calcium, resulted in retardation of branching 
morphogenesis and a reduced formation of primitive nephrons 
but had no effect on cell proliferation. Authors proposed that 
the spontaneous calcium signals observed in metanephric 
mesenchyme cells are, along with stochastic components, 
among the factors that contribute to the process that drives 
branching morphogenesis.

Cells of embryonic tissues intensively synthesize 
protein, both for plastic and metabolic purposes.(7) The content 
of mRNA in the cytoplasm reflects the intensity of protein-
synthetic processes in the cell. Protein synthesis is most 
active in the early stages of organ development, when the 
morphogenesis of organs is accompanied by the migration, 
proliferation and differentiation of cells that require a large 
number of protein molecules.(21) This fact is confirmed by the 
results of our research. The maximum high mRNA content, 
estimated by intensity of cytoplasmic staining, in the epithelial 
and mesenchymal buds of the metanephros was found in the 
earliest period (ED16) of embryogenesis. With an increase 
in the gestation period, the color intensity of the cytoplasm 
of epithelial cells and cells of mesenchymal buds gradually 
decreased, reaching the lowest values on ED 21. With the 
introduction of nifedipine in a therapeutic dose (a moderate 
channel blockade), the content of mRNA in the cytoplasm of 
the cells of the metanephric tubules, indicating the intensity 
of protein synthesis, depends on the duration of the L-VGCC 
blockade. On ED 17, a paradoxical reaction of the cells was 
recorded with an increase in protein synthesis, compared 
with the control group. Subsequently, on ED 19 and 21, the 
content of mRNA in the cytoplasm of epithelial cells and 
mesenchymal derivatives decreased steadily. With a complete 
L-VGCC blockade (toxic dose of nifedipine), an inhibition in 
protein synthesis in the epithelial and mesenchymal buds of 
the metanephros statistically reliably increased in all studied 
periods relative to the control group.

Conclusion
Thus, the development of the metanephros in rats of 

the control group was accompanied by a gradual decrease 
in the content of mRNA, indicating the activity of protein 
synthesis in the cell cytoplasm of epithelial and mesenchymal 
buds of the metanephros. In the fetuses of rats whose mothers 
received therapeutic and toxic doses of nifedipine, statistically 
significant changes in the content of mRNA in the cytoplasm 
of the metanephric cells were observed. These changes were 
most significant in the metanephric cells after administration 
of the toxic dose. On ED 17, an L-VGCC blockade with a 
therapeutic dose of nifedipine led to a paradoxical reaction of 
cells with an increase in protein synthesis, compared with the 

control group. Both doses of nifedipine have a greater effect 
on the content of mRNA in the cytoplasm of epithelial cells, 
compared to mesenchymal buds.
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Abstract
Background: The research objective was to study the effect of the tetrapeptide Leu-Ile-Lys-His on the course of experimental 

oxalate nephrolithiasis.
Methods and Results: Experiments were conducted on 30 male Wistar rats, which were divided equally into 3 groups: the 

control group (6 weeks of ON modeling), the test group (6 weeks of ON modeling+the tetrapeptide Leu-Ile-Lys-His introduction 
at a dose of 12 mg/kg), and the experimental group (determination of indicators of free radical oxidation process activity in intact 
rats). Every 7 days, indicators of the excretory renal function (the level of diuresis and creatinine excretion) and activity of marker 
enzymes of renal tissue damage (lactate dehydrogenase and γ-glutamyl transferase) were determined in the urine of rats. After 
six weeks, we determined parameters of activity of the free radical oxidation process in the kidneys of rats posthumously and 
conducted the morphological study for formation of calcium deposits. 

Conclusion: Experiments showed that in the control group there were characteristic signs of nephrolithiasis development: 
increase of LDH activity by 5.4 times, increase of free radical oxidation process activity in the kidneys, and formation of large 
concrements in the kidneys, the mean size of which was 298.8±34.2 μm2. In the test group, there was weakening of LDH and 
GGT activity and weakening of free radical oxidation process activity. There were no morphological signs of nephrolithiasis 
development in the kidneys. (International Journal of Biomedicine. 2019;9(2):155-158.)  

 Key Words: oxalate nephrolithiasis • Leu-Ile-Lys-His tetrapeptide • anti-lithogenic effect

Introduction
Previously, we found that the new pharmacological 

agent, the tetrapeptide Leu-Ile-Lys, showed pronounced anti-
lithogenic activity in experimental oxalate nephrolithiasis.(1) 
The obtained results are in good agreement with the so-called 
“proteomic approach” in the development of new methods of 
treatment for urolithiasis and create prerequisites for further 
search for new peptide molecules with potential anti-lithogenic 
activity.(2) 

Today, there is information about the important role of 
histidine amino acid in the renal reabsorption of calcium. It has 

been established that the activity of TRPV5 calcium channels 
in the kidneys, which are involved in the reverse absorption 
of calcium in distal tubules, is regulated by a histidine-kinase 
signal pathway, and that the presence of histidine in the 
carboxyl terminal of TRPV5 channels is required to activate 
these channels.(3) It is possible that external modulation of 
this signal pathway can change the character of intrarenal 
calcium transport, and thus change the intensity of calcium 
concrements formation.

Taking into account the above, we decided to 
experimentally assess the impact of the new Leu-Ile-Lys-
His tetrapeptide on the processes of stone formation in 
experimental oxalate nephrolithiasis.          

The research objective was to study the effect of the 
tetrapeptide Leu-Ile-Lys-His on the course of experimental 
oxalate nephrolithiasis

*Corresponding author: Ganna V. Zharikova. Altai State 
Medical University, Barnaul, the Russian Federation. E-mail: 
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Materials and Methods
The study was conducted on 30 male Wistar rats 

weighing 200–250g that were on a standard laboratory 
diet. Animals were grown in the Department of Animal and 
Human Genetics of the Federal Research Center “Institute of 
Cytology and Genetics” of the Siberian branch of the Russian 
Academy of Sciences (Novosibirsk). The work with animals 
was carried out in accordance with the principles of humanism 
laid down in the directives of the European Community 
(86/609/ЕЕС) and the Declaration of Helsinki, in accordance 
with the “Animal experimentation legislations”.   Throughout 
the experiment, animals were in individual metabolic cells 
adapted for urine collection, in conditions of free access to 
fluids and food under the natural light mode. All procedures 
with the animals, namely weighing, introduction of study 
objects, and euthanasia, were carried out in the interval of time 
from 9 a.m. to 12 noon.  

Rats were divided equally into 3 groups: Group 1 
(n=10) – the control group; Group 2 (n=10) – the test group; 
Group 3 (n=10) – the experimental group. In Groups 1 and 
2, oxalate nephrolithiasis was modeled according to the 
generally accepted “ethylene glycol model.”(4) The bottom line 
is that rats receive a 1% ethylene glycol (EG) solution for free 
drinking. In hepatocytes, under the influence of microsomal 
enzymes, EG metabolizes to an oxalate-ion, which is then 
excreted with urine where it reacts with calcium ions, forming 
insoluble crystals of cipitating calcium oxalate. Under these 
conditions, nephrolithiasis is considered to develop up to the 
end of the third week of modeling, acquiring a stable form in 
a period of 3-6 weeks. Therefore, the duration of pathology 
modeling was 6 weeks. In Group 2, the tetrapeptide Leu-
Ile-Lys-His was administrated from day 22 to day 42 orally 
through a probe in the form of a starch suspension at a dose 
of 12 mg/kg. 

The tetrapeptide Leu-Ile-Lys-His was synthesized at the 
enterprise of SHANGHAI APEPTIDE CO., LTD (Shanghai, 
China), supported by “Evalar” ZAO (Biysk, Russia). 

In Group 3, the indicators of free radical oxidation 
activity were measured in normal intact rats. In Groups 1 and 
2, daily urine volume was collected every week during the 
experiment, in which creatinine concentration and activity 
of marker enzymes of nephrothelium damage—lactate 
dehydrogenase (LDH) and γ-glutamyl transferase (GGT)—
were determined in order to assess the degree of renal tissue 
damage in ON modeling on the automatic biochemical 
analyzer DIRUI CS-T240. Creatinine concentration was 
determined by a kinetic method without deproteinization 
basing on the Jaffe reaction with formation of the red-orange 
colored complex. The principle of the method for determining 
LDH activity is based on the reaction of pyruvate recovery to 
lactic acid; the reaction rate is proportional to LDH activity in 
the sample. The determination of GGT activity is based on the 
reaction of transfer of L-γ-glutamyl-3-carboxy-p-nitroanilide 
to glycylglycine, which is catalyzed by this enzyme with the 
formation of the colored 5-amino-2-nitrobenzoate.

After 6 weeks of the experiment, the rats were 
euthanized under ethereal anesthesia and both kidneys were 

extracted, one of which was used to determine activity of the 
free radical oxidation process in the renal tissue, and the other 
one for morphological research.

The activity of the free radical oxidation process in the 
renal tissue was estimated by a combination of pro-oxidant 
and antioxidant indicators. The first ones included the content 
of thiobarbituric acid reactive products (TBARP) and the total 
pro-oxidant activity (TPA), the second ones – total antioxidant 
activity (TAA) and activity of antioxidant enzymes: glutathione 
peroxidase (GPx), superoxide dismutase (SOD), and catalase 
(CAT). 

TBARP were determined by the colorimetric method 
for measuring the intensity of the coloring solution during the 
chemical reaction of TBRP with TBA. TPA was estimated by 
accumulation of Tween 80 peroxidation products reacting with 
TBA. TAA was assessed as an integrative activity indicator of 
all enzymatic and nonenzymatic factors of neutralization of free 
radicals by degree of oppression of Fe2+/Tween-80 ascorbate-
dependent oxidation by tissue homogenate. To determine 
the glutathione peroxidase (GPx) activity, the concentration 
of reduced glutathione was measured in a colored reaction 
with Ellman’s reagent. The SOD  activity was determined 
by suppressing the formation of nitro formazan, which is a 
colored product of nitrotetrazolium oxidation by superoxide 
radicals formed by interaction of phenazinmetasulfate and 
nicotinamidinucleotide (NADN). The CAT activity was 
determined by suppressing sodium molybdate with the 
oxidation enzyme of hydrogen peroxide.

For morphological studies, the kidneys were fixed 
in 10% formalin solution, treated according to the standard 
method, and a cross section 6 μm thick was produced through 
the renal papilla. The resulting sections were colored with 
H&E, methenamine-silver. Calcium deposits were identified 
by the von Kossa staining method. The number of calcium 
deposits pictured in the field of vision and their sizes were 
determined using a computer program. Morphometric studies 
were carried out using the ImageJ 1.43 and AxioVision 3.1 
software packages.

Statistical analysis was performed using StatSoft 
Statistica v12.0. The results of biochemical studies are 
presented as the median (Me) and interquartile range (IQR; 
25th to 75th percentiles). The results of morphometric 
studies are presented as the mean (M) and standard error of 
the mean (SEM). Statistical comparisons between groups 
were performed using the non-parametric Kruskal–Wallis 
test and Mann–Whitney U-test; comparisons within groups 
with respect to the reference level were made using the non-
parametric Wilcoxon test. A probability value of P<0.05 was 
considered statistically significant.

Results  
Conducted experiments showed that in rats of Group 1 

there were characteristic signs of nephrolithiasis development. 
First, the activity of marker enzymes of renal epithelium 
damage increased (Table 1). The LDH activity increased 
5.4 times during the experiment (P=0.012). The study of 
free radical oxidation process activity in the kidneys of rats 
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in Group 1 showed (Table 2) that the TBARP concentration 
increased 1.2 times compared to the level of intact rats of 
Group 3 (P=0.004). In addition, TAA decreased 3.5 times and 
SOD activity increased 1.4 times (P=0.0002). 

The morphological study of the kidneys of rats in Group 1 
showed that when coloring with H&E on nephrolithiasis areas, 
tubular epithelium was in a state of hyaline-drop dystrophy. The 
apical edge of cells was destroyed in some places; the brush 
border was not visible in some places. The tubules looked cystic 
stretched at the same time. Nephrothelium cells covering the 
tubules were either destroyed, flattened or atrophic. 

We determined that there was weak or moderate 
inflammatory lymphoplasmacytic infiltration around the 
tubules, and noted nephrosclerosis phenomena. The vessels 
were in a state of pronounced hyperemia.

During the histochemical coloring for calcium by von 
Kossa’s staining method, we observed that the stone deposit 
crystals in singles or in groups were of brownish-black color and 
of various shapes and sizes in the tubules of the kidneys of rats 
in the control group. The number of deposits in channel lumens 
ranges from 6 to 19 and averaged 7.9±1.6 in the field of vision 
with an increase ×400 with a modal value of 6. When conducting 
computer morphometry, the area of stone deposits ranged from 
48.8 μm2 to 789.9 μm2, with an average of 298.8±34.2 μm2. A 
more detailed analysis of the distribution of stones depending 
on their area revealed that the number of stone deposits from 
20 μm2 to 100 μm2 amounted to 16.7%, the number of deposits 
from 100 μm2 to 300 μm2 amounted to 47.2%, and the content of 
deposits over 300 μm2 amounted to 36.1%.

Against this background, in the long-term use of the 
tetrapeptide Leu-Ile-Lys-His or the correction of modeled 
nephrolithiasis, significant differences in the pattern of 
pathology were observed, compared to the control group. It 
turned out that since Week 5 of the experiment, LDH activity 
decreased and statistically significantly differed from the 
same indicator of Group 1: in Week 5, it was 3.5 times less 
(P=0.002), in Week 6 – 16.3 times less (P=0.0006). By the end 
of Week 6, LDH activity was even 7 times less than its initial 
level (P=0.028). 

On the whole, the same dynamics characterized the 
changes in GGT activity in Group 2. It turned out that in Week 
5 and Week 6, it significantly decreased, compared to the 
initial level: 2.8 times and 7.2 times, respectively (P=0.028). 
However, it was statistically significantly less than in Group 1 
in the same period of time: in Week 5 – 3.7 times (P=0.0004), 
and in Week 6 – 6.5 times (P=0.001).

The study of the activity of free radical oxidation 
process in the kidneys of rats in Group 2 revealed that after a 
3-week application of the tetrapeptide Leu-Ile-Lys-His, TPA 
decreased 7 times, compared to Group 1 (Table 2). At the 
same time, TAA significantly increased: 4.7 times compared 
to the level of Group 1 (P=0.0002) and 1.3 times compared 
to intact rats of Group 3 (P=0.0002). In addition, GPx activity 
increased 1.4 times compared to Group 1 (P=0.0000) and 1.6 
times compared to Group 3 (P=0.0000). 

Table 1.
Indicators of lactate dehydrogenase and γ-glutamyl transferase 
activity in the study of Leu-Ile-Lys-His peptide impact on the course 
of experimental oxalate nephrolithiasis

LDH 
(U/mg of creatinine per day)

GGT
(U/mg of creatinine per day)

Group 1 Group 2 Group 1 Group 2

Initial 
level

0.09 
(0.06;0.15)

0.21 
(0.18;0.39)
Pc=0.061

0.74 
(0.56;1.06)

0.93 
(0.48;1.41)
Pc=0.747

Week 1 0.11 
(0.07;0.28)

0.13 
(0.07;0.37)
Pc=0.452

0.74
(0.68;1.03)

0.87 
(0.54;1.00)
Pc=0.875

Week 2 0.22
(0.15;0.33)

0.16 
(0.12;0.19)
Pc=0.333

- -

Week 3 - - - -

Week 4 0.22
(0.13;0.37)

0.23 
(0.08;0.37)
Pc=0.793

0.74
(0.59;1.29)

0.73
(0.35;1.23)
Pc=0.875

Week 5
0.42 

(0.34;0.55)
Pin=0.012

0.12 
(0.03;0.20)
Pc=0.002

1.22
 (0.55;1.88)

0.33
(0.25;0.36)
Pin=0.028
Pc=0.0004

Week 6
0.49

(0.18;0.60)
Pin=0.012

0.03
(0.02;0.05)
Pin=0.028
Pc=0.0006

0.85
(0.49;2.37)

0.13
(0.08;0.18)
Pn=0.028
Pc=0.001

Pn – level of statistical significance of differences in comparison with 
the initial level of the corresponding indicator; Pc – level of statistical 
significance of changes of the corresponding indicator in Group 2 ( the 
test group) in comparison with Group 1 (the control group). 

Table 2. 
Indicators of free radical oxidation process activity in the kidneys of experimental rats

Group TBRP
(µmol/mg)

TPA
(%)

TAA
(%)

GPx
(%)

CAT
(%)

SOD
(%)

Group 3
(Experimental) 6.1 (5.4;6.9) 65.1 (63.4;68.0) 41.7 (40.2;43.3) 38.5 (25.2;41.6) 14.4 (10.2;15.6) 18.2 (13.0;18.5)

Group 1
(Control)

7.6 (7.2;7.6)
Pin=0.004

54.0 (49.9;56.8)
Pn=0.0002

12.0 (10.4;13.2)
Pin=0.0002 42.2 (32.2;47.9) 12.2 (9.0;15.8) 25.1 (23.6;32.1)

Pin=0.0002

Group 2 
(Test)

7.5 (6.1;10.7) 
7.7 (5.0;13.3)

Pn=0.0002
Pc=0.0002

56.1 (53.9;58.9)
Pin=0.0002
Pc=0.0002

59.8 (58.3;66.4)
Pin=0.0000
Pc=0.0000

13.8 (10.5;24.7)
6.5 (3.5;10.7)

Pin=0.002
Pc=0.0002

Pin – level of statistical significance in comparison with Group 3; Pc – level of statistical significance in comparison with Group 1. 
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Finally, there was a decrease in SOD activity 3.9 times 
compared to Group 1 (P=0.0002), resulting in this indicator 
being even 2.8 times less than the level of intact rats (P=0.002).  

The morphological study of the kidneys of rats in Group 
2 showed that no nephrolithiasis phenomena were detected 
in this group. Renal tissues were in a normal state; neither 
inlay of tubules with calcium salts nor formation of large 
concrements was observed.

Discussion
Thus, the conducted experiments allowed us to 

determine high anti-lithogenic activity of the tetrapeptide 
Leu-Ile-Lys-His. It emerged that no morphological signs of 
nephrolithiasis development were revealed in the group where 
Leu-Ile-Lys-His was introduced. At the same time, oxidative 
stress in the renal tissue was weakening and LDH and GGT 
activity was decreasing against the background of treatment, 
which indicates normalization of the structure and function of 
urothelium.

The mechanisms of the identified anti-lithogenic 
effect have yet to be studied. However, there are data in the 
available literature that can clarify, to some extent, the ability 
of histidine-containing oligopeptides to weaken the formation 
of stones. For example, it is known that endogenous dipeptide 
carnosine (β-alanyl-L-histidine) plays a significant role in 
renal pathologies.(5,6) In particular, it reduces the synthesis of 
matrix products in the kidneys, such as fibronectin and type 
VI collagen. In this context, it is worth mentioning that a 
number of matrix large-molecular glycoproteins are powerful 
stimulants of crystallization in the kidneys.(7) In addition, 
carnosine is able to reduce the level of pro-inflammatory 
cytokines. It is well known that inflammatory processes in 
tubules largely determine the formation of the primary focus 
of lithogenesis.(8)

Is it possible that the Leu-Ile-Lys-His tetrapeptide we 
developed and studied has activity in the kidneys similar 
to that of carnosine, which contributes to the inhibition of 
stone formation. Of course, such assumptions require further 
in-depth study. However, the obtained results show for the 
first time the anti-lithogenic activity of histidine-containing 
tetrapeptide.

Conclusion
In experimental oxalate nephrolithiasis, the 3-week 

application of Leu-Ile-Lys-His was accompanied by a 
pronounced anti-lithogenic effect. There was a decrease in the 
activity of marker enzymes of renal epithelium damage and 
weakening of oxidative stress in the kidneys. No morphological 
signs of nephrolithiasis development were detected. 
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Abstract
The aim of this study was to assess changes in the lipid peroxidation activity and immune response in modeling inflammatory 

and degenerative damage to the soft tissues of the periodontium of Wistar rats.
Materials and Methods: The experiments were carried out on male Wistar rats weighing 220-250g. Modeling the 

inflammatory and degenerative damage to the soft tissues of the periodontium in animals (n=10) of the test group (TG) was 
carried out using a single dose of a 2% formaldehyde aqueous solution  injected into each side of the outer part of the gums (0.15 
ml) at the level of the lower molars of anesthetized animals. The control group (CG) of animals (n=10) received an injection of 
physiological saline solution in the same volume. In 3 days after damage modeling, the animals were killed by decapitation and 
blood samples were drawn for testing. The intensity of LPO processes in the blood was estimated by content of conjugated dienes 
and TBA-reactive substances (TBARS). The status of the AOD system was determined by the SOD activity and GSH level. The 
immune status of the animals was assessed by several indicators as leukocyte migration inhibition test (LMIT), the phagocytic 
reaction of neutrophils, and oxygen-dependent and oxygen-independent microbicidal activity of neutrophils. 

Results: The results obtained showed that the modeling of inflammatory and degenerative damage to the periodontium in 
rats was characterized by significant changes, affecting both the LPO system and the immune response.  An LMIT conducted with 
various mitogens demonstrated the development of immunodeficiency in TG characterized by high activity of the inflammatory 
process. Immune disorders in animals of TG were also supported by changes in the phagocytosis system. Low levels on the integral 
NBT test indicate disorders in the state of oxygen-dependent microbicidal  systems of phagocytes. The assessment of the activity 
of oxygen-independent microbicidal systems of phagocytes in LCT also found disorders in the immune status of animals of TG.

Conclusion: Inflammatory and degenerative damage of the soft tissues of the periodontium in rats is accompanied by pronounced 
disorders in both the LPO system and the immune response.(International Journal of Biomedicine. 2019;9(2):159-162.)
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Introduction
The Global Burden of Disease Study (1990–2010) 

indicates that severe periodontitis is the sixth most prevalent 
disease worldwide.(1) Periodontal diseases are responsible for 
3.5 million years lived with disability.(2) The overall prevalence 
of periodontitis increases with age, and the incidence rises 
steeply in adults aged 30–40 years.(3)

As shown in a number of experimental and clinical 
works, under the influence of various types of factors a 
number of pathological changes with a predominance of 
inflammatory and destructive manifestations appear in 
the periodontium tissues.(4-6) Periodontitis appears to have 
multiple etiologies with a microbial factor contributing to 
initiation of the disease and an immunological factor of the 
host propagating the disease.(7) Processes of free-radical 
oxidation connected with phagocytes, producing ROS, fall into 
unspecific defense mechanisms.(8-13) This evolved secretory 
function of phagocytes is necessary to eliminate bacteria. The 
intensive ROS generation that triggers LPO processes in cell 
biomembranes takes place under the conditions of oxygen 
overconsumption in phagocytosis.(14-16) As a result of damage, 
severe disturbances arise in the regulation of the biomembrane 
state. Thus, abnormal proteins and secondary destructive 
processes appear, which cause profound disorders in cell 
membrane architecture and cell death.(17,18) Despite numerous 
studies of redox-changes in the tissues of the periodontium, 
an interpretation of findings is still questionable.(17,19) Thus, 
modeling inflammatory and degenerative damage in the soft 
tissues of the periodontium seems to be very important for 
clarifying the pathogenesis of periodontitis.

The aim of this study was to assess changes in the 
lipid peroxidation activity and immune response in modeling 
inflammatory and degenerative damage to the soft tissues of 
the periodontium of Wistar rats.

Materials and Methods
The experiments were carried out on male Wistar rats 

weighing 220-250g. All animals were given access to food 
and water ad libitum. 

 Modeling the inflammatory and degenerative damage 
to the soft tissues of the periodontium in animals (n=10) of 
the test group (TG) was carried out using a single dose of a 
2% formaldehyde aqueous solution  injected into each side of 
the outer part of the gums (0.15 ml) at the level of the lower 
molars of anesthetized animals.(5) The control group (CG) of 
animals (n=10) received an injection of physiological saline 
solution in the same volume. In 24 hours, we found stable 
extensive inflammatory and degenerative changes in the soft 
tissues of the periodontium at the injection site. In 3 days after 
damage modeling, the animals were killed by decapitation and 
blood samples were drawn for testing. 

The intensity of LPO processes in the blood was 
estimated by content of primary oxidation products (CD) and 
secondary oxidation products (TBARS).(20) The status of the 
AOD system was determined by the SOD activity and GSH 
level.(20)

The immune status of the animals was assessed by several 
indicators as LMIT, the phagocytic reaction of neutrophils, 
and oxygen-dependent and oxygen-independent  microbicidal 
activity of neutrophils. LMIT assessment methodology is based 
on the ability of lymphocytes to secrete leukocyte migration 
inhibitory factor in response to the nonspecific mitogens PHA 
and ConA (LMIT was expressed in %).(21) The phagocytic 
activity of neutrophils was assessed by phagocytic index (PI), 
which demonstrates phagocyte count from among calculated 
neutrophils, as well as phagocyte number (PN): the average 
number of microbes absorbed by one active neutrophil (RU). 
To analyze the digesting function, IPC (the ratio of the number 
of digested microbes to the average number of absorbed 
microbes, both digested and undigested) was defined (in %). 

The activity of oxygen-independent microbicidal 
systems of phagocytes was estimated by LCT (in %).(21,22) 

The principle of the test is based on cytochemical detection 
of nonenzyme lysosomal-cation proteins, whose relative 
count in studied cells indicates the presence of concerned 
antimicrobial systems. The activity of oxygen-dependent 
microbicidal systems of phagocytes was estimated by the 
NBT test (in %).(21) The NBT test checks if certain immune 
system cells can change a colorless chemical called nitroblue 
tetrazolium (NBT) into a deep blue color. In the NBT test, 
neutrophils change the colorless compound NBT into a 
compound with a deep blue color. If this test is negative (i.e., 
no blue color is produced), then this indicates a defect in 
superoxide-generating NADPH oxidase activity with inability 
to efficiently kill phagocytized bacteria.(22,23) The NBT test is a 
qualitative assay of ROS production.

Experiment was performed in accordance with the 
Guide for the Care and Use of Laboratory Animals (The 
institute of Laboratory Animal Resources,1996); Guidance 
on experimental (non-clinical) testing of new pharmaceutical 
substances, 2005);(24) Order of the Ministry of Health of the 
Russian Federation № 708n (23.08.2010) “On approval of the 
rules of Good Laboratory Practice» (GLP).

Statistical analysis was performed using the 
Statistica 6.1 software package (Stat-Soft Inc., USA).  The 
normality of distribution of continuous variables was 
tested by the Kolmogorov-Smirnov test with the Lilliefors 
correction and Shapiro-Wilk test. For descriptive analysis, 
results are presented as median (Me), interquartile range 
(IQR; 25th to 75th percentiles). F-test for testing equality of 
variance was used to test the hypothesis of the equality of 
two population variances. For data with normal distribution, 
inter-group comparisons were performed using Student’s 
t-test. Differences of continuous variables departing from the 
normal distribution, even after transformation, were tested by 
the Mann-Whitney U-test. A probability value of P<0.05 was 
considered statistically significant.

Results and Discussion
The assessment of the LPO reactions in rats with 

inflammatory and degenerative damage to the soft tissues of 
the periodontium (TG) found a statistically significant increase 
in the content of CD (by 3.56 times) and TBARS (by 5.82 
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times) compared to intact animals (Fig.1). It was also noted 
that activity of SOD and GSH was reduced by 3.93 times and 
3.41 times, respectively.

In TG, lymphokine production by T lymphocytes in 
LMIT with ConA and PHA was depressed by 1.64 and 1.58 
times, respectively, compared to CG (Fig.2). In TG, PN and 
IPC it was increased a statistically significant amount (by 1.26 
and 1.22 times), while PI decreased by 1.45 times compared to 
CG. The activity of oxygen-independent microbicidal systems 
of phagocytes estimated by LCT decreased by 1.16 times. In 
addition, indexes of the spontaneous NBT test and induced 
NBT test increased by 1.62 and 1.35 times, respectively, 
compared to CG (Fig.2). 

The results obtained showed that the modeling of 
inflammatory and degenerative damage to the periodontium in 
rats was characterized by significant changes, affecting both the 
LPO system and the immune response. Broken oxygen delivery 
under hypoxia in the tissues of the periodontium with the cascade 
of biochemical reactions, involving disturbances in the energy 
metabolism, formed the basis of this damage.(4) Dramatic changes 
in cellular redox systems triggered the suppression of antioxidative 
defense in biological tissues and internal environments.(17)

The prooxidative/antioxidative cellular imbalance 
between the production of ROS and the ability of the biological 
systems’ defense mechanisms to eliminate the cellular stress 
disturbances leads to a vicious circle, since OS reciprocally 

aggravates ROS production. OS acts as a leading pathogenetic 
factor of microcirculatory disorders. The disorganization of 
homeostatic mechanisms of the periodontal microcirculation 
has been identified as a cause of chronic tissue hypoxia of 
the periodontal complex, in which the processes of LPO 
of biomolecules are activated, leading to a violation of the 
structure and function of the periodontal biomembranes.(5,25) 

Progression of periodontitis greatly depends on the state of 
the immune system, closely related to free radical oxidation, 
which determines the progression of inflammation as a typical 
pathological process.(4) An LMIT conducted with various 
mitogens demonstrated the development of immunodeficiency 
in TG characterized by high activity of the inflammatory 
process.

Immune disorders in animals of TG were also supported 
by changes in the phagocytosis system reflected in decreased 
PI values. Low levels on the integral NBT test indicate 
disorders in the state of oxygen-dependent microbicidal  
systems of phagocytes. The assessment of the activity of 
oxygen-independent microbicidal systems of phagocytes in 
LCT also found disorders in the immune status of animals 
of TG. Thus, inflammatory and degenerative damage of the 
soft tissues of the periodontium in rats is accompanied by 
pronounced disorders in both the LPO system and the immune 
response.
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Abstract
The purpose of this study was to investigate the effect of low-level laser (light) therapy (LLLT) on the electrokinetic properties 

of red blood cells (RBCs), taking into account the activity of stress-realizing systems of the body. The RBC electrophoretic 
mobility (RBCEM) was used as an index of stress reaction. The experiment included two series: in vivo and in vitro. Analyzing 
the LLLT effect on RBCEM, we can assume that the body’s response to LLLT is associated with a short-term activation of 
the sympathoadrenal system and the subsequent longer reaction of the hypothalamic-pituitary-adrenal axis. Through activation 
of the hypothalamic-pituitary-adrenal axis, LLLT can indirectly cause the development of adaptation processes in the body. 
(International Journal of Biomedicine. 2019;9(2):163-167.)
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Introduction
A growing number of reports have shown a positive 

outcome for low-level laser (light) therapy (LLLT), sometimes 
known as photobiomodulation, in restorative and rehabilitative 
medicine. Although the exact mechanisms are yet to be fully 
understood, LLLT has been used to rescue neurons from 
neurotoxic injuries(1-3) and help tissue repair and wound healing in 
animal models.(4-8) LLLT is effective in pain relief and promotes 
the recovery of some pathologies, including tendinopathies, 
osteoarthritis, wound healing, and nerve injuries.(9-15) 

The fundamental mechanism of photobiomodulation(16) is 
proposed to involve mitochondria as the primary cellular target 
for the photons leading to increased cytochrome C oxidase 
activity,(17) release of nitric oxide,(18,19) and an increase in ATP 
levels.(20) Changes in intracellular signaling molecules, such 
as calcium ions, reactive oxygen species and redox sensitive 

transcription factors, like NF-κB, are also thought to mediate 
the effects of light.(21,22) Low-level lasers have been reported to 
attenuate oxidative stress.(23,24)

LLLT at low doses has been shown to enhance cell 
proliferation of fibroblasts, keratinocytes, endothelial cells, and 
lymphocytes.(25-30) The mechanism of proliferation is thought 
to result from photo-stimulation of the mitochondria leading to 
activation of signaling pathways and up regulation of transcription 
factors, eventually giving rise to increases in growth factors.(31) It 
has been observed in many studies that LLLT exhibits a biphasic 
dose response curve,(32,33) whereby lower doses of light are more 
effective than much higher doses.  

Although LLLT is mostly applied to localized diseases, 
and its effect is often considered to be restricted to the 
irradiated area, there are reports of systemic effects of LLLT 
acting at a site distant from the illumination.(34-36)  

The purpose of this study was to investigate the effect of 
LLLT on the electrokinetic properties of red blood cells (RBCs), 
taking into account the activity of stress-realizing systems of the 
body. Of particular interest were RBCs, due to their participation 
in processes related to maintaining homeostasis at the level of 
the whole body. 

*Corresponding author: Marina N. Ivashchenko, PhD; 
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Russia. E-mail: kafedra2577@mail.ru
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Materials and Methods
The experiment included two series: in vivo and in 

vitro. The first series of the experiment was carried out on 
75 non-pedigree female rats at 3.5-4 months of age weighing 
200±20g. The animals were divided into 5 equal groups. 
Group 1 (control group) included intact animals (n=15). 
Animals of Group 2 (n=15) were treated with LLLT. For stress 
modeling, the animals of Group 3 received (n=15) a single 
intraperitoneal injection of adrenaline hydrochloride solution 
(0.1 mg/kg), and animals of Group 4 (n=15) received an 
intraperitoneal cortisol solution (0.4 mg/kg). The animals of 
Group 5 (n=15) received a single intraperitoneal injection of 
physiological saline solution.

Animals of Group 2 were given transcutaneous LLLT 
at the occipital region for 10 minutes. The laser irradiation 
parameters: a pulse regime, 800-900 nm wavelength, pulse 
repetition frequency of 415Hz. The minimum value of 
average power density in the plane of the output window was 
193 μW/cm2. Blood samples were taken from the sublingual 
vein in 15 min, 30 min, 60 min, and 120 min after starting the 
experiment.

The second series of the experiments in vitro was 
performed on the isolated RBCs. Blood samples were taken 
from the sublingual vein of the animals. The effect of stress 
factors was studied in experiments (20 experiments in 
each case) in vitro using washed erythrocytes. RBCs were 
incubated with adrenaline (1×10-9g/ml and 1×10-10g/ml) or 
cortisol (5×10-7g/ml), or they were treated with LLLT (for 10 
minutes at 2-5 mm from the applicators). The controls for 
experiments with LLLT were intact cells, for experiments with 
adrenaline and cortisol - cells incubated with physiological 
saline solution.

In order to modify the cell structure, RBCs were fixed 
with glutaraldehyde according to Walter and Krob.(37) The 
erythrocyte suspension was incubated with 0.1% glutaraldehyde 
solution at 22–24°C for 10 min. After a triple washing in salt 
solution, RBCs were incubated with adrenaline/cortisol or they 
were treated with LLLT. 

The RBC electrophoretic mobility (RBCEM) was used 
as an index of stress reaction. The RBCEM level was measured 
by the microelectrophoresis method using a cytopherometer in 
our modification by registering the 100 μm RBC transmission 
time in Tris-HCL buffer with рН of 7.4 and amperage of 12мА. 
The RBC electrophoretic mobility value was defined using the 
formula: U=S/T×H, where S – a distance to which the cells 
moved, T – time, H – a gradient of electric potential. The 
value of potential gradient was determined using the formula: 
Н=I/g×χ, where I – amperage, g – chamber cross section, χ – 
electrical conductivity of the media.(38,39)

Animals were housed in keeping with the rules for good 
laboratory practice. Experiment was performed in accordance 
with the Guide for the Care and Use of Laboratory Animals 
(the institute of Laboratory Animal Resources, 1996) and with 
approval of local Ethics Committee. 

Statistical analysis was performed using the statistical 
software «Statistica». (v6.0, StatSoft, USA). The Shapiro-
Wilk test was used in testing for normality. Baseline 

characteristics were summarized as frequencies and 
percentages for categorical variables and as mean±SEM 
for continuous variables. Student’s unpaired t-test was used 
to compare two groups for data with normal distribution. 
Differences of continuous variables departing from the 
normal distribution, even after transformation, were tested by 
the Mann-Whitney U-test. A value of P<0.05 was considered 
statistically significant.

Results and Discussion
The results obtained by the first series of the experiment 

are represented in Table 1. LLLT provoked a decrease in 
the level of RBCEM 15 minutes after the beginning of the 
experiment, and it was increased by the 120th minute by 10% 
relative to the control group value. It is known that LLLT acts 
on the body at the cell and systemic levels. We may suppose 
that the development of a typical stress reaction is a response to 
LLLT at the systemic levels. Given that the sympathoadrenal 
system and hypothalamic-pituitary-adrenal (HPA) axis are 
central stress response systems, we analyzed the effects of 
adrenaline and cortisol. Thus, the intraperitoneal injections of 
adrenaline provoked a decrease in the RBCEM level during all 
the experiment, making 74% of the value of the control group 
at the last registration point (120the min). On the contrary, the 
cortisol injection provoked an increase in the RBCEM level at 
all the observation points.

A registered primary decrease in the RBCEM index under 
stressful effects may be mediated by an increase in the level 
of circulating catecholamines in the blood and/or an increase 
in the sensitivity of cell adrenoreceptors to them. It is known 
that in reactions to stress, the concentration of adrenaline in 
the blood plasma increases tenfold in a few minutes. In the 
stress reaction, catecholamines, by activating the release 
of ACTH, stimulate an increase in the blood of the adrenal 
hormone level. While catecholamines reflect the onset of an 
immediate trigger effect, corticosteroids have a long-lasting 
effect.(40) Under stress, the blood content of corticosterone in 
rats increases after 30 minutes and reaches a maximum after 
2 hours. Probably, the excretion of corticosteroids, aimed at 
limiting the first phase of the stress reaction, determines the 
increase in the RBCEM index (the second phase). Analyzing 
the LLLT effect on RBCEM, we can assume that the body’s 

Table 1. 
The RBCEM level (μm cm В-1s-1) during the first series of the experiment 
in vivo 

Group
Period after the beginning of the experiment (min)

15 30 60 120
Group 3 1.02±0.09* 1.05±0.06* 0.99±0.08* 0.92±0.08*

Group 4 1.28±0.08* 1.49±0.05* 1.73±0.05* 1.67±0.09*

Group 5 1.17±0.02 1.19±0.02 1.19±0.02 1.23±0.04
Group 2 0.96±0.02* 0.98±0.04 1.08±0.02 1.12±0.02*

Group 1 1.02±0.02 1.00±0.03 1.04±0.02 1.02±0.02
*P<0.05 - with animals receiving physiological saline solution 
(Group 5).
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response to LLLT is associated with a short-term activation 
of the sympathoadrenal system and the subsequent longer 
reaction of the HPA axis. Through activation of the HPA axis, 
LLLT can indirectly cause the development of adaptation 
processes in the body.

Based on this point, the effect of LLLT at the cellular 
level can also be realized through the consequent starting of 
processes mediated by the influence of changing concentrations 
of catecholamines and corticosteroids in the peripheral blood.

In the experiments in vitro, we found that LLLT provoked 
a decrease in the RBCEM index by 20% (P<0.05) by the 15th 
minute after the beginning of the experiment, but after that, the 
RBCEM index increased considerably and reached 188% of 
intact cell value by the end of the experiment. The incubation 
of RBCs with adrenaline in a concentration corresponding 
to its concentration in the blood under the conditions of the 
physiological norm (1×10–10g/ml) did not cause changes in 
the RBCEM level. Concentrations corresponding to the level 
during stress reactions (1×10–9g/ml) provoked an irreversible 
decrease in RBCEM (P<0.05). In contrast to the experiments 
with epinephrine, the incubation with cortisol (5×10–7g/ml) 
led to increasing RBCEM in the range from 30 minutes to 2 
hours (Table 2).

Thus, the change in RBCEM under the effect of LLLT on 
isolated RBCs has the same typical picture as when it affects 
the whole body. The first reaction of RBCEM, reflecting a 
decrease in the total charge of the erythrocyte membrane, is 
comparable to the change in RBCEM under the adrenaline 
action. The second phase (an increase in RBCEM) is similar 
to the changes in RBCEM detected for cortisol.

Thus, the detected changes in RBCEM under LLLT 
in vitro experiments are consistent with in vivo experiments 
and associated with changes in the electrokinetic properties 
of RBCs in stress response, which can be realized through a 
modification of the receptor apparatus of cells. Taking into 

account that the most important structural components of 
this apparatus are proteins, we may conclude that they are a 
target for stress factors. Thus, one of the likely effects of LLLT 
action is associated with a nonspecific effect on biopolymers, 
which leads to a change in the charge of proteins, in their 
conformational structure, and in their functional state.(41)

To confirm the role of proteins in modifying the activity of 
cellular receptors, we conducted experiments with pretreatment 
of RBCs with glutaraldehyde fixing protein molecules due to 
the formation of cross-links in –NH2-groups.(37) It was shown 
that pretreatment of RBCs with glutaraldehyde practically 
nullified the first phase of the reaction of intact erythrocytes 
to the stress effects of LLLT and epinephrine. At the same 
time, in the series with cortisol, it was found that the phase 
of increased RBCEM detected in previous experiments was 
preserved (Table 3). 

The results of the study indicate that, against 
the background of the fixation of protein molecules by 
glutaraldehyde, the reaction of dropping RBCEM in response 
to stress is nullified. It can be argued that the mechanism of 
cell response is realized in the same way and is associated with 
changes in cell receptor responsiveness. At the same time, 
if the first phase of the response reaction is associated with 
modification of membrane adrenoreceptors, the second phase 
may be due to the modification of intracellular steroid receptors 
located in the cytosol. Apparently, the effect of LLLI in vitro 
experiments is determined by the possibility of its influence 
on the hormonal stress-realizing components of the cell. At 
the same time, the first phase can be considered as an “anxiety 
stage” of the system, arising by the mechanism of excitation of 
the sympathoadrenal regulation with an increasing adrenaline 
effect on the cell membranes. The second stage of stress response 
is characterized by the return of a reduced function to the initial 
state, or an increased function of the system in new conditions, 
which may be one of the mechanisms of LLLT action.
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Table 2.
The RBCEM level (μm cm В-1s-1) during the second series of the experiment 
in vitro 

Group
Before the
beginning
of the ex-
periment

Period after the beginning of the experiment 
(min)

15 30 60 120

Group 2 1.26±0.08 0.92±0.09* 1.55±0.18* 1.30±0.18 2.06±0.20*

Group 1 1.26±0.08 1.15±0.10 0.96±0.07 1.09±0.12 1.09±0.10
Group 3 
(AHS:
1×10-9g/ml)

1.32±0.02 1.24±0.05 1.19±0.08* 1.15±0.07* 1.14±0.05*

Group 3
(AHS:
1×10-10g/ml) 

1.25±0.07 1.10±0.11 0.94±0.08 1.1±0.12 1.05±0.07

Group 4
(CS:
5×10-7g/ml) 

1.32±0.02 1.52±0.06* 1.96±0.06* 1.72±0.08* 1.72±0.08*

Group 5 1.32±0.02 1.33±0.02 1.36±0.06 1.32±0.06 1.35±0.04

AHS - adrenaline hydrochloride solution; CS - cortisol solution;         
*P<0.05 - with intact animals (Group 1).

Table 3.
The RBCEM level (μm cm В-1s-1) in the studied animals after 10 minutes 
of glutaraldehyde fixation 

Kind of
influence Period after the influence (min)

15 30 60 120
LLLT 1.64±0.10* 1.88±0.08* 1.53±0.11* 1.55±0.09*

Cortisol 1.36±0.05 1.67±0.12* 1.68±0.10* 1.65±0.08*

Adrenaline 1.32±0.06 1.36±0.10 1.39±0.08 1.44±0.10
*P<0.05 with the RBCEM index of the glutaraldehyde fixed RBC 
value (1.38±0.06 μm cm В-1s-1).
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Abstract
Background: Currently, infertile couples represent a very complex and serious medical and social problem. In 40%-60% of 

cases, the reason for the absence of children in the family is the male factor. Oxidative stress (OS) has been identified as one of the 
many mediators of male infertility by causing sperm dysfunction. The purpose of this study was to identify the characteristics of 
the intensity indices of lipid peroxidation (LPO) and antioxidant system (AOS) in the ejaculate of men with different spermogram 
variants.

Materials and Methods: We performed a retrospective analysis of the results of examinations of 69 men of infertile couples 
with various disorders of the ejaculate and 155 healthy men with proven fertility. In the semen of the examined men, the level 
of CD (conjugated dienes), TBARS (thiobarbituric acid reactive substances), α-tocopherol, retinol and  total antioxidant activity 
(AOA)  was evaluated by spectrophotometric method.

Results: We found that the antioxidant protection system in patients with asthenozoospermia was characterized by a decrease 
in the level of total AOA in the semen by 50% and the α–tocopherol concentration by 52%, compared to healthy men in the control 
group. In patients with oligozoospermia, an increase in the CD concentration by 39% and a decrease in the TBARS concentration by 
26% was found; the level of total AOA decreased by 37% and the concentration of α–tocopherol by 41%, compared to healthy men.

Conclusion: In general, the analysis of the obtained data of the survey of men with different variants of spermograms 
indicates a change in the parameters of the LPO–AOS and confirms the OS development. Thus, it can be noted that depending 
on the pathological state of the ejaculate in men of reproductive age, LPO processes have their own characteristics, and in men 
with oligozoospermia, LPO processes occur more intensively. Activation of LPO-AOS processes can be both a consequence and 
a cause of various metabolic changes in the human body. (International Journal of Biomedicine. 2019;9(2):168-171.)

Key Words: men • sperm • lipid peroxidation • antioxidants

Abbreviations
AOA, antioxidant activity; AOS, antioxidant system; CD, conjugated dienes; ROS, reactive oxygen species; OS, oxidative stress; 
LPO, lipid peroxidation; TBARS, thiobarbituric acid reactive substances. 

Introduction
Currently, infertile couples represent a very complex and 

serious medical and social problem.(1-4) Despite the improvement 
of clinical-laboratory examinations and methods, and the 
introduction of auxiliary reproductive technologies into the wide 

clinical practice, the incidence of infertility in the marriage varies 
widely (7-28%) and does not tend to decrease.(5) In 40%-60% of 
cases, the reason for the absence of children in the family is the 
male factor.(4-7) According to the literature, many factors affect 
the quality of the ejaculate, including an unfavorable ecological 
situation, inadequate and unbalanced nutrition, smoking, 
alcohol, inflammatory diseases of the genitourinary system, 
varicocele, and food products.(1,4)

OS has been identified as one of the many mediators of 
male infertility by causing sperm dysfunction. Active forms 
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of oxygen (ROS) are necessary; under normal physiological 
conditions, they contribute to the reaction of capitation, 
regulation of maturation of spermatozoa and the development of 
cellular signaling pathways. Higher levels of ROS induce LPO, 
damage to sperm DNA and apoptosis.(8) To overcome these 
undesirable consequences, ROS are naturally stabilized by the 
components of the body’s antioxidant defense. In a healthy body, 
pro-oxidants and antioxidants remain in balance. However, 
under pathological conditions, the uncontrolled production of 
ROS exceeds the antioxidant capacity of the seminal plasma, 
resulting in OS.(1,9-12) Spermatozoa are particularly vulnerable 
to OS because they do not have the necessary cytoplasmic 
antioxidant recovery systems. 20%-40% of infertile men have a 
higher level of ROS in the semen than in healthy men.(13)

Lipid composition of cell membranes of spermatozoa affects 
their functional characteristics.(14) Long-chain polyunsaturated 
fatty acids in a high concentration are present in the male germ 
cells. Their number in relation to saturated fatty acids and 
cholesterol is closely related to the fluidity of the membranes of 
spermatozoa.(15) Due to a significant number of double bonds, 
polyunsaturated fatty acids in the membranes of spermatozoa are 
particularly susceptible to LPO when there is an increase in the 
total amount of oxygen compounds formed and an imbalance in 
the components of the antioxidant system. In male infertility, the 
role of reactive oxygen species and decreased AOA in seminal 
plasma was established. (2,16)

The purpose of this study was to identify the 
characteristics of the intensity indices of LPO and AOS in the 
ejaculate of men with different spermogram variants.

Materials and Methods
We performed a retrospective analysis of the results of 

examinations of 69 men of infertile couples of Irkutsk city 
with various disorders of the ejaculate. All patients were 
divided into two groups: Group 1 included 45 men (mean age 
of 30.2±3.6 years) with astenozoospermia; Group 2 included 
24 men (mean age of 31.9±7.5) with oligozoospermia. The 
control group consisted of 155 healthy men (mean age 
of 31.6±5.9 years) with normozoospermia and a realized 
reproductive function.

Exclusion criteria were obesity, type 1 and type 2 diabetes, 
arterial hypertension, endocrine infertility, inflammatory 
diseases of the urogenital tract, including sexually transmitted 
infections.

The study was conducted in accordance with ethical 
principles of the Declaration of Helsinki (2000; revised 
October 2013, Fortaleza, Brazil). Written informed consent 
was obtained from all participants. 

Methods of standard clinical examination of fertile 
and infertile men included: an ultrasonic scan of scrotum 
and prostate, macroscopic and microscopic examination of 
ejaculate, and biochemical analysis. The semen analysis was 
performed in accordance with the WHO recommendations.(17) 

In the semen of the examined men, the content of CD 
(primary oxidation products) and TBARS, end products of 
LPO, was determined by the methods of V. Gavrilov et al.(18,19) 
The level of α-tocopherol and retinol was estimated by the 

method of R. Ch.Chernyauskene et al.(20) AOA according to GI 
Klebanov et al.(21) The measurements were performed using a 
Shimadzu RF-1501 spectrofluorophotometer (Japan).

The statistical analysis was performed using the 
statistical software STATISTICA 6.1 (StatSoft Inc., USA). 
The mean (M) and standard deviation (SD) were calculated. 
For data with normal distribution, inter-group comparisons 
were performed using Student’s t-test. A probability value of 
P<0.05 was considered statistically significant.

Results and Discussion 
OS has been identified as one of the many mediators of 

male infertility. It is shown that in 30%-80% of cases of male 
infertility, pathospermia are caused by high levels of ROS in 
seminal plasma.(2,13,14) 

We found that the antioxidant protection system in 
patients with asthenozoospermia was characterized by a 
decrease in the level of total AOA in the semen by 50% and 
the α–tocopherol concentration by 52%, compared to healthy 
men in the control group (Table 1).  

As known, α–tocopherol helps to preserve both sperm 
motility and morphology, protecting the components of 
sperm membranes from damage by OS.(22) A number of 
studies have confirmed the positive effect of antioxidants on 
spermatogenesis disorders caused by OS.(23-25)

In patients with oligozoospermia (Table 2), we found 
an increase in the CD concentration by 39% and a decrease 
in the TBARS concentration by 26%; the level of total AOA 
decreased by 37% and the concentration of α–tocopherol by 
41%, compared to healthy men. 

Table 1

Parameters of the LPO-AOS system in healthy men (Control group) 
and in men with asthenozoospermia (Group 1)

Parameter Control group Group 1 P-value

CD (μmol/l) 1.27±0.81 1.31±0.94 0.791

ТBARS (μmol/l) 1.06±0.61 0.89±0.46 0.091

АОА (unit) 3.86±2.26 1.94±1.41 0.000

α–tocopherol (μmol/l) 5.27±2.99 2.53±1.90 0.000

Table 2
Parameters of the LPO-AOS system in healthy men (Control group) 
and in men with oligozoospermia (Group 2)

Parameter Control group Group 2 P-value

CD  (μmol/l) 1.27±0.81 1.77±0.73 0.005

ТBARS  (μmol/l) 1.06±0.61 0.78±0.29 0.031

АОА  (unit) 3.86±2.26 2.44±1.61 0.003

α–tocopherol  (μmol/l) 5.27±2.99 3.14±2.10 0.001
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The primary products of LPO, as a rule, are very unstable 
substances and are easily subjected to further transformations 
with the formation of more stable oxidation components—
aldehydes, ketones, low-molecular acids—as a result of which 
they exhibit a wide range of changes. A decrease in the level of 
TBARS in men with oligozoospermia may indicate activation 
of the enzymatic component of antioxidant protection, in 
particular SOD, and oxidized and reduced glutathione. (1,24,26)

Thus, the low level of total AOA and α-tocopherol 
concentration in men with oligozoospermia and astheno-
zoospermia (Tabl. 1,2) indicates the activation of LPO 
process. Dramatic changes in cellular redox systems trigger 
the suppression of antioxidative defense in biological tissues 
and internal environments. Failure of antioxidant protection 
can lead to the following changes: damage to membranes, 
inactivation or transformation of enzymes, suppression of cell 
division, and accumulation of inert polymerization products 
in cells.(3) 

Reduced sperm motility (asthenozoospermia) and low 
sperm count  (oligozoospermia) are significant causes of male 
reproductive failure. Their origin is diverse and, in some 
cases, cannot be established. Reduced sperm motility can 
often be associated with ultrastructural flagellum disorders, 
which is a consequence of the genetic nature, as well as the 
result of external factors—adverse environment, smoking, 
alcohol, poor and micronutrient diet, sedentary lifestyle 
and much more.(27) OS causes an arrest of spermatogenesis 
at the early meiotic stage and induces apoptosis, leading 
to oligozoospermia.(28) Elevated ROS levels lead to the 
development of DNA mutations and damage to cell 
structures with the development of teratozoospermia.(7,28) In 
preventing oxidative stress and reducing its negative impact 
on spermatogenesis, the simultaneous use of fat- and water-
soluble vitamins is promising.(8) In experiments to study 
the effects of α–tocopherol, an increase in the mobility and 
functioning of sperm, and in the frequency of fertilization, was 
established.(29-31) 

Conclusion
In general, the analysis of the obtained data of the survey 

of men with different variants of spermograms indicates a 
change in the parameters of the LPO–AOS and confirms the 
OS development. Thus, it can be noted that depending on the 
pathological state of the ejaculate in men of reproductive age, 
LPO processes have their own characteristics, and in men 
with oligozoospermia, LPO processes occur more intensively. 
Activation of LPO-AOS processes can be both a consequence 
and a cause of various metabolic changes in the human body.(32)
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Abstract
The purpose of our research was to assess the level of tumor markers in the blood serum of elderly residents of Yakutia.  
Material and Methods: We examined 204 elderly residents of Yakutia (52 men aged from 60 to 74 years and 152 women 

aged from 55 to 74 years). The study did not include the people who have oncological or preoncological diseases, or those with 
exacerbation of chronic diseases. Regarding ethnic origin, all examined people were Yakuts (indigenous people of Yakutia). The 
levels of tumor markers (AFP, CA 125, and PSA) in the blood serum were determined by ELISA.

Results: Among elderly people, the serum level of AFP was at higher levels within within the reference range  in single 
working people and people having a low level of education and/or obesity. The serum level of CA125 in women increased 
depending on ML, discomfort of housing, and low level of material well-being. The serum level of PSA was at higher levels within 
the reference range in male smokers.(International Journal of Biomedicine. 2019;9(2):172-175.)  

Key Words: cancer antigen 125 • prostate-specific antigen • alpha-fetoprotein • reference range

Abbreviations
AFP, alpha-fetoprotein; BMI, body mass index; CA 125, cancer antigen 125; ML, marriage length PSA, prostate-specific antigen; 
QL, the quality of life.

Introduction
Tumor markers (TMs) are specific substances, usually 

proteins, that are produced by the body in response to cancer 
growth or by the cancer tissue itself. TMs are assuming a 
growing role in all aspects of cancer care, from initial screening 
to follow-up after treatment.(1,2) TMs are also expressed by 
healthy fetal tissues and recognized as oncofetal. These antigens 
are associated with cell proliferation and differentiation. In 
pregnancy, they affect the maternal immune response, generating 
maternal tolerance toward the embryo, while in malignancy 
their biological role is to suppress the host’s immune system.

TMs can also show up in certain non-cancerous 
conditions. So, CA125 level in the blood serum increases 
in patients with heart failure, endometriosis, and obesity.(3-6) 

Megaloblastic anemia leads to a substantial increase of average 
CA15-3 value.(7) The AFP level is significantly higher among 
people with metabolic syndrome, cirrhosis, hepatitis, ataxia-
telangiectasia, nephritic syndrome, pregnancy and gastritis, in 
comparison with healthy people.(8-12) Furthermore, the following 
factors can influence the level of TMs: age, addictions (smoking, 
alcohol), ecology, and socio-economic conditions.(13-15) PSA is 
not a malignant, but a specific organ target marker; it means that 
the PSA level can be increased in the presence of nonmalignant 
conditions of a prostate, such as benign hyperthrophy of prostate 
or prostatitis.(16)  

TMs quantitatively reflect any damage to tissues and bodies 
demanding restoration of a cellular homeostasis. Thus, TMs are 
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integrated indicators of the general state of health of the body. 
We examined the elderly population of the Sakha 

Republic (Yakutia) [(SR(Y)], which lives in extreme climatic 
conditions in the North. Screening a population of elderly 
residents of Yakutia for TMs has never been conducted. In this 
regard, the purpose of our research was to assess the level of 
TMs in the blood serum of this population. 

Material and Methods
We examined 204 elderly residents of Yakutia (52 men 

aged from 60 to 74 years and 152 women aged from 55 to 74 
years). The study did not include the people who have oncological 
or preoncological diseases, or those with exacerbation of chronic 
diseases. Regarding ethnic origin, all examined people were 
Yakuts (indigenous people of Yakutia). To assess quality of life, 
we used the standard questionnaire (SF-36), modified by the lab 
of medical-social research in our institution. 

BMI was calculated using Quetelet’s formula (kg/cm2). 
BMI value between 25 kg/m2 and 29.9 kg/m2 was assessed as 
overweight (pre-obesity), BMI value ≥30 kg/m2 was assessed 
as obesity.(17)  The levels of TMs in the blood serum were 
determined by ELISA on a Multiskan FC microplate photometer 
(Thermo Fisher Scientific, USA) using the Vector-Best test 
systems (Russia). 

The study was approved by the Ethics Committee of the 
Yakut Science Center of Complex Medical Problems. Written 
informed consent was obtained from each patient. 

Statistical analysis was performed using SPSS 
(version 19.0). Baseline characteristics were summarized as 
frequencies and percentages for categorical variables and as 
mean± SEM for continuous variables. The Mann-Whitney (U 
Test) was used to compare the differences between the two 
independent groups. The Pearson’s correlation coefficient (r) 
was used to determine the strength of the relationship between 
the two continuous variables. A probability value of P<0.05 
was considered statistically significant. 

Results and Discussion
The choice of these TMs was based on an analysis of 

data in the literature: AFP, PSA, and CA125 are  mentioned  
most often in non-cancerous conditions. The mean levels of 
PSA, CA125 and AFP in the blood serum of elderly inhabitants 
were 1.85±0.78 ng/ml, 5.89±0.84 ng/ml, and 5.90±0.91 IU/ml, 
respectively, which were within the reference range. 

According to the results of the questionnaire, respondents 
were divided into 3 groups, depending on marital status: married 
(n=89), widowers (n=75), and single (n=40). Results of the 
research showed that the serum TM content in elderly people 
depended on their marital status. We found a decrease in the 
AFP level in the group of widowers and married people by 1.22 
times and 1.79 times, respectively, in comparison with single 
people (5.47±0.58 IU/ml versus 6.68±1.74 IU/ml (P=0.049) 
and 3.72±0.89 IU/ml versus 6.68±1.74 IU/ml (P=0.035), 
respectively) (Fig.1). 

The PSA value was lower in widowers by 1.17 times, in 
comparison with single men (1.73±0.62 ng/ml vs. 2.04±0.85 

ng/ml). The PSA level in married persons did not differ from 
single men. The serum level of CA125 in women did not depend 
on marital status. Possibly, significant reduction in the content of 
AFP in married people can be explained by protection of health 
by buffering stress reactivity and encouraging healthy behavior.

The levels of TMs depended on the marriage length (ML). 
In groups of women with ML between 10 and 20 years (n=20), 
20 and 30 years (n=35), and > 30 years (n=82), the serum levels 
of CA125 were as follows: 2.38±0.78 ng/ml 5.47±0.80 ng/ml 
and 6.46±1.32 ng/ml, respectively; P<0.05 between (n=20) and 
(n=35). However, we found a weak positive correlation between 
ML and CA125 (r=0.20, P=0.13). In addition, average values of 
PSA and AFP did not differ with respect to ML.

From numerous references, it is known that QL of 
elderly people is associated with such factors as employment 
and education.(18) The serum AFP level in persons with higher 
education (n=24) was 1.3 times lower (4.89±0.15 IU/ml)  
than in persons with secondary education (n=148) (6.36±0.23 
IU/ml) (P<0.05). Low levels of AFP in people with higher 
education can be explained by the presence of established 
concepts aimed at maintaining a healthy lifestyle.

The serum level of AFP in working people (n=51) was 
1.35 times higher (7.38±0.80 IU/ml) than in nonworking 
(n=153) people (5.45±0.31 IU/ml) (P<0.05)The levels of 
CA125 and PSA did not differ depending on education level 
(higher, secondary, and elementary) and employment status.

Type of housing had a significant impact on the level 
of tumor markers. In the women living in uncomfortable 
housing, the serum level of CA125 was 1.79 times higher 
(6.04±0.87 ng/ml; P=0.02) than in women with comfortable 
housing (3.44±0.79 ng/ml) (Fig.2). The levels of PSA and AFP 
did not depend on this factor.

According to the completed questionnaires, 83 
respondents answered to a question of material well-being 
that they were well-off (Group A), 83 answered - means were 
enough for food and essentials (Group B), 32 - means were 
enough only for food (Group C), and 6 answered - means 
were not enough for food (Group D). According to our data, 
the serum levels of CA125 and AFP decreased depending on 
material well-being. Therefore, in Group B, the serum levels 

Fig.1. The serum level of AFP depending on marital status
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CA125 and AFP were 1.51 and 1.42 times higher (6.61±0.49 
ng/ml; P=0.026; 8.10±1.15 IU/ml) than in Group A. Thus, in 
Group C, the serum levels of CA125 and AFP were 2.13 and 
1.35 times higher (9.33±1.33 ng/ml [P=0.03] and 17.68±1.76 
IU/ml), respectively, than in Group A (CA125 – 4.38±0.67 ng/
ml; AFP – 5.69±1.26 IU/ml). The PSA level did not depend on 
material well-being. Among the interviewed elderly people, 173 
were non-smokers and 29 - long-term smokers. In smokers, we 
found a significant increase in the PSA level by 4.6 times in 
comparison with non-smokers 6.62±1.44 ng/ml vs. 1.44±0.01 
ng/ml, P<0.05) (Figure 3). However, the literature data on this 
question are contradictory. 

Multivariate linear regression analysis in the study by 
J.Li(19) showed that total PSA was 7.9% and 12.2% lower among 
current and former smokers, respectively, than among never 
smokers. In the study by G.Kog et al., (20) the PSA level was 
higher in smokers compared to nonsmokers, although it was not 
statistically significant. 

In the circumstance of severe climatic conditions, 155 
respondents had a sedentary lifestyle for a longer time during 
the year, and only 49 engaged in physical culture and sports. The 
levels of PSA, SA125 and AFP in elderly people not engaged 
in physical culture were 3.55 (1.98±0.21 ng/ml), 1.5 (5.98±0.71 

ng/ml) and 4 (7.10±0.51 IU/ml) times higher, respectively, than 
in elderly people engaged in physical activity (PSA – 0.56±0.50 
ng/ml, CA125 – 4.02±0.41 ng/ml, AFP – 1.77±0.39 IU/ml).. 
Thus, regular physical activity may be an important factor in 
stabilizing the level of the investigated TMs. 

Consumption of unbalanced, high-calorific food 
by elderly people and insignificant physical activity in 
wintertime (6-7 months a year) promotes metabolic disorders 
with increasing BMI. We found a normal BMI in 77 cases, 
overweight in 65, and obesity in 62 cases. The AFP level 
depended on BMI. With BMI<25 kg/m2, the AFP level was 
3.16±0.50 IU/ml. In persons with overweight and obesity, the 
AFP level was 1.64 and 2.12 times higher than in persons with 
normal body weight (5.16±1.03 IU/ml and 6.68±0.62 IU/ml 
vs. 3.16±0.50 IU/ml, P<0.05). Therefore, obesity had a great 
influence on the AFP level.  Y. Chen et al. (9) found a significant 
association between alpha-fetoprotein and metabolic syndrome 
in a Chinese asymptomatic population. Authors proposed  that 
oxidative stress and oval cell proliferation were responsible for 
the elevation of serum AFP levels in patients with metabolic 
syndrome.

The serum levels of CA125 and PSA were not associated 
with BMI (r=0.017 and r=0.121, respectively). Despite the 
lack of reliable links between PSA and BMI in our study, there 
is evidence in the literature that obese males have a lower PSA 
level in blood serum.(19,21) 

Thus, among elderly people of RS(Y), the serum level of 
AFP was at higher levels within the reference range in single 
working people and people having a low level of education 
and/or obesity. The serum level of CA125 in women increased 
depending on ML, discomfort of housing, and low level of 
material well-being. The serum level of PSA was at higher 
levels within the reference range in male smokers.
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Abstract
In the current study, we describe a clinical case of the right upper lobectomy at Situs inversus totalis (SIT). Our report is 

the first described case in the domestic literature of SIT in a patient with multiple primary metachronous cancer, when a patient 
with SIT had primary lung cancer and successful surgical treatment. SIT is a complex and extremely rare clinical situation for the 
surgeon. In all such patients, it is advisable to use all available methods of imaging and diagnosis in the preoperative period, to 
clarify the anatomical structure of the vascular bed and bronchial tree. (International Journal of Biomedicine. 2019;9(2):176-178.)

Key Words: situs inversus totalis • lung cancer • right upper lobectomy

Introduction
Situs inversus totalis (SIT)—a completely reversed 

location of the internal organs—is a rare congenital autosomal 
recessive disorder that is associated with a defect on the X 
chromosome. The frequency of this pathology ranges from 
1:8000 to 1:20,000.(1) With this defect, an abnormal rotation 
of the heart tube occurs during embryogenesis. In 20% 
of cases, transposition is associated with the Kartagener 
syndrome, which includes a classical triad: situs inversus, 
sinusitis and bronchiectasis.(2) Most people do not know 
about their peculiarities until they start to undergo various 
types of surveys.(3) In the absence of functional disorders of 
the cardiovascular system, SIT can be attributed to normal 
variant anatomy, which does not have a significant impact on 
the quality of life. There are two main types of situs inversus. 
Dextrocardia with the normal position of the abdominal organs 
was first described in 1643 by Marco Severino.(4) SIT was 
described a century later, in 1797, by the British pathologist 
Matthew Baillie.(5) There is also a variant with the position 

of the heart in the left half of the chest (levocardia) with 
transposition of the abdominal cavity, this phenomenon occurs 
in approximately 1:22,000 cases, and is called incomplete 
situs inversus.(6) With the transposition of the internal organs 
with levocardia, heart defects are observed in 95% of cases.(7)

Transposition of the internal organs with levocardia, or 
dextrocardia without transposition, are much more dangerous 
congenital defects than SIT. Dextrocardia (with the normal 
arrangement of the internal organs) is also found in some 
people with Patau syndrome (Trisomy 13).(8) 

In the domestic literature, we did not find publications on 
anatomical resection of the lung in SIT patients. Considering all 
of the above, we considered it necessary to provide a description 
of the clinical case of the right upper lobectomy at SIT.

Case presentation
A 70-year-old man was admitted to the surgical thoracic 

department of our Clinical Hospital, complaining of a rare 
cough. The patient’s medical history showed that in 2010, a total 
hemithyroidectomy was performed for a malignant disease of the 
thyroid gland. During the dynamic examination in December 2017, 
the progression of the process was revealed—cervical lymph node 
metastases, a tumor in the upper lobe of the right lung (Fig. 1-3).

In January 2018, a total thyroidectomy with cervical 
lymphadenectomy was performed. In a remote preparation, 
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MTS of thyroid cancer were found. On 17 April 2018, 
radioiodine treatment was performed and a thoracic surgeon 
was recommended for radical treatment of the right lung tumor.

After the preoperative additional examination, the 
planned operation (05.31.2018) was performed: Right 
thoracotomy, upper lobectomy, systemic lymph node 
dissection (Fig.4). Intraoperatively: the right-sided position 
of the heart and aorta. In the upper lobe of the right lung, a 
formation with a contraction of the pleura was detected (3×3 
cm in size), mediastinal lymph nodes were not enlarged. A 
standard upper lobectomy with systemic lymph node dissection 
was performed. The postoperative period was uneventful, the 
wound healed by first intention. Drains were removed on the 
third day. The duration of the operation was 96 minutes, the 
blood loss was minimal.

Histological examination: papillary cancer (morphology 
characteristic of thyroid cancer and primary lung 
adenocarcinoma). All groups of lymph nodes of the lung root 
and mediastinum were without a tumor lesion.

Immunohistochemical examination: TTF1-positive 
reaction; CDX2, Tireoglobulin, CK20-negative reaction. Given 

the immunophenotype and morphology, more data are available 
for primary papillary adenocarcinoma of the lung (pT1aN0R0) 
(Figure 5-7.) 

Thus, the clinical diagnosis: Multiple primary 
metachronous cancer.

1. Thyroid cancer (рТ2N0M0), operation 2010. 
Progression of 12.2017—MTS to cervical lymph nodes, 
operation in 01.2018.

2.    Lung cancer of the right upper lobe (pT1aN0M0).

Discussion
Most of the published papers on surgical intervention in 

patients with SIT are presented mainly about the abdominal 
organs (cholecystectomy, appendectomy).(9) There are isolated 
reports of SIT cases during operations on the colon,(10) 

stomach,(11) esophagus (12) and the heart;(13) there is a publication 
about lung transplantation.(14) Currently, the presence of a 
solitary neoplasm in the lung is an indication for its anatomical 
resection. It should be borne in mind that the presence of 
SIT does not guarantee the standard vascular and bronchial 
anatomy.(15) When planning an operation in patients with SIT, 
the available vascular or bronchial anatomical features should 
always be taken into account at the preoperative stage, which 
promotes a safe surgery. In our case, the preoperative MSCT 
showed the presence of two main arterial trunks going to the 
upper lobe: A1-2 and A3,4,5. Endoscopic ultrasonography 
(EUS) and endobronchial ultrasonography (EBUS) can be 
used as additional methods for specifying diagnosis.(16)

Subotich et al. considered that preoperative angiography 
should be performed on all patients with SIT to study the 
vascular anatomy of the lung, due to the high possibility of 
the presence of vascular anomalies.(17) We believe that a 3D 
diagnostic CT and MRI will be useful in a diagnostic search. 

Fig. 1-3. MSCT: a tumor in the upper lobe of the right lung.

Fig. 4. Intraoperatively photo  (А - aorta, А1-2 –
        segmental artery, НДБ- lower lobe bronchus).

Fig. 5. Primary papillary adeno- 
           carcinoma. H&E,×100

Fig. 6. Immunohistochemistry:
      TTF1-positive reaction,×200

Fig. 7.   Immunohistochemistry:
          TgAb-negative result,×200
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In the present case, MSCT was sufficient to obtain a complete 
picture of the vascular bed and the bronchial tree.

Our report is the first described case in the domestic 
literature of SIT in a patient with multiple primary 
metachronous cancer and is the 29th case in the available 
literature since 1952, when a patient with SIT had primary 
lung cancer and successful surgical treatment.

SIT is a complex and extremely rare clinical situation 
for the surgeon. It is necessary to know the patient’s exact 
topographic anatomy, which will avoid intraoperative 
complications. In all such patients, it is advisable to use all 
available methods of imaging and diagnosis in the preoperative 
period, to clarify the anatomical structure of the vascular bed 
and bronchial tree.

Competing Interests
The authors declare that they have no competing interests. 

References
1. Wójcik J, Grodzki T, Bielewicz M, Wojtyś M, Kubisa 
B, Pieróg J, Wójcik N. Lung cancer in situs inversus totalis 
(SIT)--literature review. Adv Med Sci. 2013;58(1):1-8. doi: 
10.2478/v10039-012-0083-x.
2. Reimer TV, Mursalimova VF, Meteleva AV. [Family case 
of Kartagener syndrome]. Vestnik Orenburg State University. 
2011;16(135):331-2. [Article in Russian].
3. Bondarenko IA, Chesnakova TV. [Situs Viscerus Inversus 
Totalis (Clinical Case)]. Radiology — Practice. 2014;(2):57-
63. [Article in Russian].
4. Maria Conforti. Surgery, medicine and natural philosophy in 
the library of Marco Aurelio Severino (1580-1956). Bruniana & 
Campanelliana.2004;10(2):283-298. 
5. Kaleda VI, Glyantsev SP. [Transposition of the great 
arteries: The first description by M. Baillie in 1797]. Heart 
and Vessels Diseases in Children. 2010;(4): 51-55. [Article in 
Russian].
6. Wang X, Shi Y, Zeng S, Zhou J, Zhou J, Yuan H, et al. 
Comparing levocardia and dextrocardia in fetuses with 
heterotaxy syndrome: prenatal features, clinical significance 
and outcomes. BMC Pregnancy Childbirth. 2017;17(1):393. 
doi: 10.1186/s12884-017-1579-y.

7. Del Prete A, Cavaliere C, Di Pietto F, De Ritis R. Situs 
inversus with levocardia, infrahepatic interruption of the 
inferior vena cava, and azygos continuation: a case report. 
Surg Radiol Anat. 2016;38(3):369-71. doi: 10.1007/s00276-
015-1454-3.
8.  Gainazarova AS, Ibragimova TM, Kaliev RR. [Clinical 
case of a combination of dextrocardia and cardiac arrhythmias]. 
Bulletin of KSM A named after I.K. Akhunbaev. 2016;(4):35-
37. [Article in Russian].
9. Tacchino R, Greco F, Matera D. Single-incision laparoscopic 
cholecystectomy: surgery without a visible scar. Surg Endosc. 
2009;23(4):896-9. doi: 10.1007/s00464-008-0147-y.
10. Kim HJ, Choi GS, Park JS, Lim KH, Jang YS, Park SY, 
Jun SH. Laparoscopic right hemicolectomy with D3 lymph 
node dissection for a patient with situs inversus totalis: report 
of a case. Surg Today. 2011;41(11):1538-42. doi: 10.1007/
s00595-010-4530-7. 
11. Dibirov MD, Fomin VS. [Laparoscopy-assisted gastrectomy 
for gastric carcinoma in a patient with complete situs inversus.]. 
Moscow Surgical Journal. 2017;53(1):34-37. [Article in Russian]. 
12. Yoshida T, Usui S, Inoue H, Kudo SE. The management of 
esophageal cancer with situs inversus totalis by simultaneous 
hand-assisted laparoscopic gastric mobilization and 
thoracoscopic esophagectomy. J Laparoendosc Adv Surg Tech 
A. 2004;14(6):384-9.
13. Iino K, Watanabe G, Ishikawa N, Tomita S. Total 
endoscopic robotic atrial septal defect repair in a patient with 
dextrocardia and situs inversus totalis. Interact Cardiovasc 
Thorac Surg. 2012;14(4):476-7. doi: 10.1093/icvts/ivr103. 
14. Macchiarini P, Chapelier A, Vouhé P, Cerrina J, Ladurie FL, 
Parquin F, et al.  Double lung transplantation in situs inversus with 
Kartagener’s syndrome. Paris-Sud University Lung Transplant 
Group. J Thorac Cardiovasc Surg. 1994;108(1):86-91.
15. Safdie FM, Sanchez MV, Sarkaria IS. Prevention and 
management of intraoperative crisis in VATS and open chest 
surgery: how to avoid emergency conversion. J Vis Surg. 
2017;3:87. doi: 10.21037/jovs.2017.05.02. 
16. Yoshida M, Hino H, Machida H, Hatakeyama N, Okano 
Y, Iwahara Y, et al. Video-assisted thoracic surgery lobectomy 
for lung cancer in a patient with complete situs inversus. Gen 
Thorac Cardiovasc Surg. 2013;61(3):155-9. doi: 10.1007/
s11748-012-0114-3. 
17. Subotich D, Mandarich D, Katchar V, Bulajich B, Drndarski 
B. Lung resection for primary bronchial carcinoma in a patient 
with complete situs inversus. Clin Anat. 2006;19(4):358-62.



INTERNATIONAL 
JOURNAL                

OF BIOMEDICINE
http://dx.doi.org/10.21103/Article9(2)_ShC1

 International Journal of Biomedicine 9(2) (2019) 179-181

SHORT
 COMMUNICATION 

Electrophysiological Effects of a New Antiarrhythmic Drug Aksaritmin
Ravshanbek D. Kurbanov, PhD, ScD; Nodir U. Zakirov, PhD, ScD; Oybek S. Salaev*

Republican Specialized Center of Cardiology, Tashkent, Uzbekistan

Abstract
The purpose of this report was to study the pharmacodynamics of aksaritmin and its effect on cardiac electrophysiological 

parameters in patients with various heart arrhythmias.
Materials and Methods: Fifty-one patients with various heart arrhythmias aged between 18 and 60 years (mean age of 

38.4±11.6 years) were examined. The effect of aksaritmin on cardiac electrophysiological parameters was studied using 12 lead 
ECG, transesophageal electrophysiological study (TES) and intracardiac electrophysiological study (EPS). Effects of aksaritmin 
(25-50 mg per os) were studied in an acute drug test (ADT) (3 hours after the start of testing) and during the course of treatment 
(on the fifth day). TES was performed on patients with paroxysmal tachycardias. Aksaritmin was used once at a dose of 50 mg per 
os, and all indicators were measured 3 hours after patients took the drug. In TES, we studied the sinus-node recovery time (SRT), 
the Wenckebach point, ERP of the atrioventricular node (ERP-AVN) and accessory atrioventricular connection (ERP-AAVC). The 
effect of the drug in intracardiac EPS was studied 3 hours after patients were given a single dose of aksaritmin (50 mg) per os. All 
parameters were measured according to the standard EP protocol.

Results: The action of aksaritmin begins 45-60 minutes after the drug is taken and reaches a maximum after 3-4 hours; effects 
last an average of 8 hours, which allows one to prescribe aksaritmin 3 times a day. The drug in ADT and during the course of 
treatment increases HR by 8.1% and 4.9%, respectively. Aksaritmin slows down the conduction of impulses via the atria, AV node 
and His-Purkinje system, and does not affect ventricular ERP. Accordingly, on ECG, the duration of PQ interval and QRS complex 
is significantly longer, while the duration of the QTc interval does not change. Aksaritmin prolongs ERP-AVN in the retrograde 
direction by 8.1% and completely blocks anterograde conduction via the AAV pathway in WPW patients. (International Journal 
of Biomedicine. 2019;9(2):179-181.)  

Key Words: aksaritmin • pharmacodynamics • electrophysiological parameters • effective refractory period

Abbreviations
AAD, antiarrhythmic drugs; AAE, antiarrhythmic effect; ADT, acute drug test; ERP, effective refractory period; EPP, 
electrophysiological parameters; EPS, electrophysiological study; HR, heart rate; PVCs, premature ventricular contractions; 
PSVCs, premature supraventricular contractions; SE, side effects; TES, transesophageal electrophysiological study; WPW, 
Wolff-Parkinson-White  syndrome; WP, Wenckebach point.

Introduction
As is known, the algorithm for prescribing AAD is 

primarily based on the safety of the drug in a particular heart 
disease, and then the effectiveness of the drug in a given 
heart arrhythmia.(1)

 Unfortunately, any AAD has side effects 

that also reduce the patient’s quality of life. In this regard, it 
seems relevant to create new AAD, which not only eliminate 
the arrhythmia itself, but also have minimal SE. One of the 
drugs (2,3) successfully used in patients with heart arrhythmias, 
without or with minimal organic heart disease, is allapinin.
However, many studies have identified dose-dependent 
central nervous system side effects (dizziness, pressure in the 
head, diplopia) of allapinin (from 18% to 65%), which limit 
its scope and require discontinuation of the drug in up to 10% 
of cases.(4) 
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The researchers at the Institute of the Chemistry of 
Plant Substances (ICPS) of the Academy of Sciences of the 
Republic of Uzbekistan have created a new AAD—aksaritmin. 
Aksaritmin, as well as allapinin, is obtained from the roots of 
Aconitum septentrionale. The technology of its production is 
simpler, and the economic cost is 1.5-2 times lower than that 
of allapinin. On the basis of IASD, experimental studies on 
various laboratory animals were conducted, which showed high 
efficacy and safety of the drug in reproducible ventricular and 
supraventricular arrhythmias.(5,6) The Republican Specialized 
Center of Cardiology continues to study the clinical and 
electrophysiological properties of aksaritmin in patients with 
various heart arrhythmias. The purpose of this report was to 
study the pharmacodynamics of aksaritmin and its effect on 
cardiac EPP in patients with various heart arrhythmias.

Materials and Methods
Fifty-one patients with various heart arrhythmias aged 

between 18 and 60 years (mean age of 38.4±11.6 years) 
were examined. Of 8 patients with WPW syndrome, 4 
were diagnosed with a manifest form, 2 had an intermittent 
form, and 2 patients had a latent form of WPW syndrome, 
which was diagnosed during TES. An intracardiac EPS was 
performed on 10 patients. Inclusion criteria were frequent 
PVCs and/or PSVCs, including high gradations, frequent 
paroxysmal supraventricular tachycardia in patients with the 
absence or minimal manifestations of organic heart disease. 
The exclusion criteria were age of patients <18 years and >60 
years, acute myocardial infarction (MI), MI history, unstable 
angina, NYHA III-IV with LVEF<50%, wall thickness 
<14mm, sick sinus syndrome, second- or third-degree AV 
block, hepatic and renal failure and other comorbidities in the 
decompensated stage, pregnancy and lactation, taking other 
AAD.

The study protocol was reviewed and approved by the 
Ethics Committee of the Republican Specialized Centre of 
Cardiology. All participants provided the written informed 
consent. 

The effect of aksaritmin on cardiac EPP was studied 
using 12 lead ECG, TES and intracardiac EPS (n=10).

Effects of aksaritmin (25-50 mg per os) using 12 lead 
ECG were studied in an ADT (3 hours after the start of testing) 
and during the course of treatment (on the fifth day). 

TES was performed on patients with paroxysmal 
tachycardias. Aksaritmin was used once at a dose of 50 mg 
per os, and all indicators were measured 3 hours after patients 
took the drug. In TES, we studied the sinus-node recovery 
time (SRT), WP, the ERP of the atrioventricular node (ERP-
AVN), and the ERP of accessory atrioventricular connection 
(ERP-AAVC). 

The effect of the drug in intracardiac EPS was studied 
3 hours after patients were given a single dose of aksaritmin 
(50 mg) per os. All parameters were measured according to the 
standard EP protocol with assessment by such indicators as 
P-wave duration, RR, PQ, QRS, QT, QTc, PA, AH, HV, spike 
H duration, anterograde and retrograde WP (AWB/RWB), 
anterograde and retrograde ERPs of the atrioventricular node 

(AERP-AVN/RERP-AVN), ERP of the right ventricle (ERP-
RV), and the right and left atrial ERPs (ERP-RA, ERP-LA). 

The statistical analysis was performed using the 
statistical software «Statistica» (v6.0, StatSoft, USA).

Results and Discussion
The pharmacodynamics of aksaritmin was studied in 

51 patients of both sexes with consistently frequent PVCs 
or PSVCs. Of the 8 patients taking aksaritmin at a dose of 
12.5 mg, only one patient experienced a positive AAE with 
suppression of PVCs by more than 90%. At the same time, 
AAE of aksaritmin began after 60 minutes and lasted up to 8 
hours.

When prescribing aksaritmin at a dose of 25 mg, 
10(43.5%) of the 23 patients achieved AAE, which consisted 
in a decrease in the number of PVCs/PSVCs by an average of 
80% for more than 8 hours, while in 5(21.7%) patients there 
was complete suppression of PVCs/PSVCs. When prescribing 
aksaritmin at a dose of 50 mg, positive AAE was observed 
in 15(75%) of 20 patients, with complete suppression of 
arrhythmias observed in 5(25%) patients. In another 10(50%) 
patients, the number of PVCs/PSVCs decreased by more than 
70%, but in one patient, the effect was short-lived (5 hours).

In general, AAE of aksaritmin lasted from 5 to 12 hours 
(average of 8.1±1.2 h), which allows us to conclude that the 
drug can be administered 3 times a day and in some patients, 
4 times a day. 

ECG data
In ADT and course of treatment, aksaritmin increased 

HR by 8.1% (P<0.05)  and 4.9% (P>0.05), respectively. 
Aksaritmin in ADT significantly increased the PQ interval 
by 9.4% (P<0.05), while during the course of treatment, this 
indicator increased slightly less—by 7.3% (P<0.05). The 
width of the QRS complex significantly increased by 10.8% 
(P<0.05) in ADT and by 7.8% (P<0.05) on the fifth day of 
the course of treatment. Changes in the QTc interval while 
patients were taking the drug were statistically insignificant.

TES data
EPP were studied in patients with WPW syndrome 

with atrioventricular reciprocating tachycardia (AVRT) 
and orthodromic  atrioventricular reciprocating tachycardia 
(OAVRT). Studies were conducted before and 5 days after 
drug taking. In this report, we present only the effect of the 
drug on the heart ERP.

We found that aksaritmin shortened the duration of the 
cardiac cycle from 747 msec to 693 msec (7.2%). In patients 
with normal sinus-node function, aksaritmin reliably shortened 
the duration of the cardiac cycle, and at the same time, it 
practically did not change SRT. Aksaritmin did not affect such 
an indicator as WP, while it insignificantly shortened ERP-
AAVC by 5% (from 321±44 msec to 305±42 msec). In patients 
with a latent form of WPW syndrome with OAVRT (n=2) and 
typical AVRT (n=11), in the absence of a significant effect 
on anterograde AV conduction, the drug prevented paroxysm 
induction in 7 patients with AVRT, which indicates blocking of 
the retrograde knee of the re-entry circle (conduction via the 
accessory pathway or via the fast AV nodal pathway).
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 In patients with induced tachycardia with repeated TES, 
the drug lengthened the VA interval by 9.4% and AV by 10.4%, 
both in AVRT and orthodromic tachycardia, which indicates 
that the impulse is slowed down as retrograde (the fast AV 
nodal pathway and accessory pathway) and antegrade (via 
AV connection). Due to the slowing down of the impulse in 
inducing persistent paroxysmal tachycardia, the A-A interval 
was significantly longer, by 6.6%, which indicated a decrease 
in the frequency of tachycardia, despite the fact that the drug 
was not effective in preventing a recurrence of tachycardia. 

It should be noted that in two patients with an intermittent 
form of WPW syndrome on the daily ESG monitoring and 
frequent atrial stimulation, there were no signs of pre-
excitation, i.e. aksaritmin also completely blocked anterograde 
conduction via the AAV pathway.

Intracardiac EPS data
It was established that aksaritmin in a dose of 50 mg 

slowed down the rate of impulses in various parts of the 
cardiac conduction system. The speed of the pulses in the 
atria (RA interval) slowed down from 22.9 msec to 27.7 msec 
(P <0.05). The AV nodal conduction time (AH interval)  was 
also lengthened reliably by 8.2%. The His-Purkinje system 
conduction time slowed down significantly by 21.8%. As a 
result, the PQ interval was prolonged from 144 msec to 160.5 
msec (P<0.05) and the QRS duration from 80.7 msec to 87.4 
msec (P<0.05). 

The duration of ERP-AVN was insignificantly reduced 
in the anterograde direction, while in the retrograde direction 
ERP-AVN was prolonged by 8.1% (P<0.05). The drug 
significantly reduced the duration of the refractory period of 
the His-Purkinje system, but practically did not change ERP-
RV. On the ECG, respectively, the duration of the QTc interval 
was practically unchanged. 

The effect of aksaritmin on atrial ERP in the studied 
patients was non-unidirectional. Thus, ERP-RA increased in 2 
patients, shortened in one patient, and in 7 patients remained 
unchanged.

ERP-LA was shortened in 5 patients, lengthened 
in 3 patients and did not change in 2 patients. At the same 
time, the average indices of atrial ERP were not statistically 
significantly changed.

It should be emphasized that in our study, we measured 
the ERP-RA only in the upper section, which may explain the 
results obtained by the different directions of the drug’s action. 
It should also be noted that the drug was studied in a small 
amount—only in 10 patients—which also plays an important 
role in the statistical evaluation of research results.

On the whole, according to 12 lead ECG and EPS data, 
the effects of aksaritmin coincide with the effects of AAD 
class IC (the Vaughan Williams classification). They are 
characterized by a pronounced negative effect on the rate of 
impulses in the atrial and ventricular myocardium, as well as 
in the specialized intraventricular conduction system of the 

heart. At the same time, the duration of refractory periods 
varies slightly.

Conclusions:
• The action of aksaritmin begins 45-60 minutes after the 

drug is taken and reaches a maximum after 3-4 hours; 
effects last an average of 8 hours, which allows one to 
prescribe aksaritmin 3 times a day.

• Aksaritmin in ADT and during the course of treatment 
increases HR by 8.1% and 4.9%, respectively.

• Aksaritmin slows down the conduction of impulses via 
the atria, AV node and His-Purkinje system, and does not 
affect ventricular ERP. Accordingly, on ECG, the duration 
of PQ interval and QRS complex is significantly longer, 
while the duration of the QTc interval does not change.

• Aksaritmin prolongs ERP-AVN in the retrograde direction 
by 8.1% and completely blocks anterograde conduction 
via the AAV pathway in WPW patients.
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Abstract
The degenerative spinal lesions are one of the most frequent causes of lumbar pain syndrome. Diagnosing them is difficult 

due to poor correlation between radiological data and clinical symptoms. Computed tomography is one of the key modalities in 
the diagnosis of degenerative disc disease. (International Journal of Biomedicine. 2019;9(2):182-184.)  

Key Words: lumbar spine • degenerative spine • computed tomography • lumbar stenosis.

Introduction
Osteochondrosis is the most commonly encountered 

form of degenerative spinal lesion with a primary degeneration 
of nucleus pulposus as a base. Hyaline plates and adjacent 
areas of vertebral bodies become injured because of lack of 
nucleus pulposus elasticity, which leads to fissures and ruptures 
of the hyaline lamellae (Schmorl’s nodes) and the annulus 
fibrosus (disc protrusions and herniations). Other components 
of the spinal motion segment (vertebral bodies, ligaments, 
articulations) eventually get involved in this pathological 
process, and then osteosclerosis develops in adjacent bone 
parts and the body height decreases. The articular surfaces 
become displaced, so the subluxation in facet joints gradually 
appears, and osteoarthrosis develops.(1,2) 

Degenerative changes finally lead to spinal stenosis 
with pain syndrome in its debut. There are central and lateral 

(foraminal) forms of spinal stenosis: relative – over 12 mm 
and absolute – under 12 mm. Many researchers describe the 
incompatibility between the imaging and clinical signs. In 
cases of relative stenosis there are no clinical findings, but 
minimal intervertebral protrusion could produce significant 
pain with myelopathy.(3)

Spinal computed tomography (CT) can provide 
assessment of details of the configuration of the bone canal’s 
walls; can prove the fact of presence of disc herniation; and 
can define its dimensions, the diameter of vertebral and 
foraminal canals.(4) The cause of the lumbar canal’s stenosis in 
most patients with degenerative spinal disease is the segmental 
degenerative instability related to intervertebral destruction.(5)

Materials and Methods
Fifty patients had lumbar spine CT (Toshiba Aquilion 

One 64) studies at the Radiology Department of Road Clinical 
Hospital in the period from August 2018 to February 2019. All 
patients (mean age of 48±12.0 years), predominantly able-
bodied men between 40 and 59 years of age, had chronic 
lumbar pain and neurogenic intermittent claudication. 
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Results and Discussion
All 50 patients with neurological symptoms of 

osteochondrosis had degenerative spinal CT changes (Table 1).

CT showed a decrease in the intervertebral disc height, a 
vacuum phenomenon, a disc protrusion, a lordosis alignment, 
a vertebral displacement (Fig.1), an ossification of posterior 
longitudinal ligament (Fig.2), and a subchondral osteosclerosis. 

The Schmorl’s nodes were visualized in 75% of patients 
as an intracorporal intrusion of discs with a hyperdense rim. 
Osteoarthrosis often induces a decrease of lateral recess 
(average diameter >5 mm). Further progression of degenerative 
process leads to load increase to facet joints with their 
deformation. The main radiological signs of spondyloarthrosis 
were a decrease of the articular space height, subchondral 
epiphyseal osteosclerosis, formation of osteophytes, the vacuum 
phenomenon and subchondral cysts (Fig.3).

The herniation level was assessed on the axial and 
sagittal views; we took such a horizontal disc deformation 
when the diameter of herniation exceeded its width because 
CT could not show the continuity of the annulus  fibrosus 
under the herniated disc. The dimensions and the localization 
of disc herniations are demonstrated (Table 2). 

The disc herniations were visualized in 20(40%) 
patients, 4(8%) of them had 2 herniated discs (Fig.4). The 
majority of disc herniations were between 5 mm and 8 mm in 
size (75.5%), of paramedian form (35%), and occurred at L4–
L5 and L5–S1 levels (Fig.5). There were sequestrated discs in 
3(15%) patients. 

CT showed stenosis of the spinal canal in 19(38%) 
patients, 15-18 mm in its sagittal diameter. The causes of spinal 
stenosis were the posterior and posterolateral osteophytes, 
spondylarthrosis, spondylolisthesis, ossification of posterior 
longitudinal ligaments, and hypertrophy of ligamentum 
flavum (>5 mm).

Table 1.
CT signs of osteochondrosis in the lumbar spine

Pathological process 
Patients 

n %
Spondylosis 38 76
Spondyloarthrosis 33 66
Dystrophic stenosis of vertebral canal 4 8
Spondylolisthesis 3 6
Osteophyte in vertebral canal 5 10
Hypertrophy of facet joint 3 6

Fig. 1. CT, sagittal view.
Spondylolisthesis at the L3–L4 level, 
grade 1.

Fig. 2. CT, sagittal view.
Ossification of posterior longitudinal 
ligament at the L4–L5 level.

Fig. 3. CT, axial view. 
Facet joints arthrosis.

Table 2.
A frequency of different forms of disc herniations in the lumbar spine 

 The forms of disc herniations
Number (n=20)
n %

Median 3 15
Paramedian 7 35
Posterolateral 4 20
Foraminal 3 15
Sequestrated 3 15

Fig. 4. CT, sagittal and axial views. The disc herniations at L4–L5, 
L5–S1, spondylolisthesis L5.
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Conclusion
Thus, degenerative spinal lesions are one of the most 

frequent causes of lumbar pain syndrome. Diagnosing them is 
difficult due to poor correlation between radiological data and 
clinical symptoms. CT is one of the key modalities in the diagnosis 
of degenerative disc disease; it permits us to visualize the signs of 
spinal stenosis. Therefore, CT should be performed on patients 
with chronic lumbar pain and neurogenic intermittent claudication.
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