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DRUG THERAPY FOR PROTEIN COMPOSITION CHANGES OF BLOOD
IN HYPERTENSION AND IN CASES OF COMORBIDITY

Yu.R. Dzordzo, S.M. Andreychyn
I. HORBACHEVSKY TERNOPIL NATIONAL MEDICAL UNIVERSITY, TERNOPIL, UKRAINE

Background. The binding function of serum albumin (BFSA) and its changes in various diseases in recent
years are of interest to researchers. Hypertension (HT) in combination with comorbidities, including non-alcoholic
steatohepatitis (NASH) and type 2 diabetes mellitus (DM) can contribute to BFSA.

Objective. The aim of this study is to evaluate the relationship between quantitative changes in BFSA, protein
fractions and indicators of endogenous intoxication (EI) in HT in combination with NASH and type 2 diabetes and
to suggest drug therapy of the disorders revealed.

Methods. 723 patients with stage 2 HT and degree 2-3 arterial hypertension were examined; they were
divided into three groups: group 1 included 28 patients without concomitant diseases, 2 - 48 patients with
concomitant NASH, 3 - 47 patients with NASH and type 2 diabetes. Groups 3 and 4 were divided into two subgroups
(A and B): patients of the subgroup A received basic HT therapy and additionally Antral® 200 mg 3 times a day
for 60 days, B - only basic HT therapy. All patients underwent a standard clinical examination, as well as for BFSA,
total protein, albumin, globulins and albumin-globulin ratio, medium mass molecules (MMM) at 280 and 254
nm and erythrocyte intoxication index (EII). The comparison group consisted of 25 healthy individuals.

Results. It was found out that Antral® in patients with HT in combination with NASH and with NASH and
type 2 diabetes with a statistically significant decrease in BFSA, total protein and albumin, as well as with increased
indicators of EI (MSM.,, MSM,,, and EII) caused significant improvement in BFSA, increase of total protein, serum
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albumin, reduce of MSM,,, MSM,g, EII and strengthening of all correlations.

Conclusions. Antral® therapy in patients with HT in combination with NASH as well as NASH and type 2
diabetes causes significant increase in BFSA, serum protein fractions and decreases EL

KEYWORDS: hypertension; non-alcoholic steatohepatitis; type 2 diabetes mellitus; binding

function of serum albumin; Antral®.

Introduction

One of the important factors in the normal
functioning of all organs and systems of the
human body is the stability of protein content
and their role in biological fluids. Albumin as
the most common protein in the body is of
particular interest of all the protein fractions.
Normally, its content is about 55% of all
proteins, so the importance of changing its
content and function is not overestimated [1, 2].
The structure of the albumin molecule deter-
mines a number of its properties; the binding
function of serum albumin (BFSA) is among
them; BFSA is the ability to bind and transport
a significant amount of biological substances
of endogenous and exogenous nature: fatty
acids, nitric oxide, chlorine and calcium ions,
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toxins, synthetic drugs and others. Violation of
BFSA can have a negative impact on the body
directly and reduce the effectiveness of drug
treatment in various pathological conditions

[3].

Endogenous intoxication (EI) is animportant
indicator of homeostasis. Development of EI
indicates the presence of a pathological process
in the body. Dysfunction of serum albumin,
BFSA in particular, may directly affect the in-
crease of EL In diseases that are accompanied
by endotoxicosis, a significant number of meta-
bolites accumulate in the blood; most of them
belong to the medium mass molecules (MMM)
[4]. The accumulation of MMM as a marker of
endotoxemia is a sign of intensification of the
pathological process. In addition to MMM, ano-
therimportantindicator of El is the erythrocyte
intoxication index (EII), which evidences the
permeability of erythrocyte membranes and
may indicate signs of endotoxic damage to
organs and tissues [5].
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Disorders of protein metabolism with the
development of EI can be caused by many
diseases. However, little is known about the
possibility of such changes in cases of hyper-
tension (HT) and related comorbid conditions,
in particular when combined with non-alcoholic
steatohepatitis (NASH) and type 2 diabetes
mellitus (DM) - a very common disease that
causes systemic adverse effects on the whole
body [6, 7]. In addition, they are associated with
long-term use of various drugs that are mainly
metabolized in the liver and can cause damage
to this organ, which is the main source of pro-
tein synthesis and in particular aloumin [8, 9].

Methods

The study included 123 patients with stage
2HT and degree 2-3 hypertension in combination
with diastolic heart failure FC 1-3 according to
the NYHA. They were divided into three groups.
Group 1 - 28 patients with HT without concomi-
tant pathology (12 men and 16 women) aged
45-76, mean age (60.71+1.95) years. Group 2
involved 48 patients (21 men and 27 women)
diagnosed with HT and concomitant NASH,
aged 46-78, mean age (64.68+1.07) years. It was
divided into two subgroups: 2A (27 patients) -
undergoing basic HT therapy and additionally
Antral® 200 mg 3 times a day for 60 days, 2B
(21 patients) - only basic HT therapy.

Group 3 included 47 patients (21 men and
26 women) with HT combined with concomitant
NASH and type 2 diabetes in the stage of sub-
compensation, aged 58-82, the average age was
(68.72+0.86) years. It was also divided into two
subgroups: 3A (27 patients) - in addition to
basic treatment of HT and type 2 diabetes
taking Antral® 200 mg 3 times a day for 60 days,
3B (20 patients) - only basic HT therapy. The
comparison group consisted of 25 healthy
individuals, comparable in age and sex (control
group).

The duration of HT in patients ranged from
6 to 25 years. The study did not include patients
with symptomatic hypertension, people who
drink alcohol (more than 40 ml of ethanol per
week for men and 20 ml for women), as well as
those who had at the time of examination or
history of acute coronary syndrome, acute
disorders of cerebral circulation, cancer, viral,
drug and autoimmune hepatitis, mental
disorders.

The diagnosis of NASH was established
according to the recommendations of the
unified clinical protocol of primary, secondary
(specialized) medical care “Non-alcoholic

steatohepatitis” (Order of the Ministry of Health
of Ukraine No. 826, dated November 6, 2014)
and the recommendations of the European
Association for the Study of the Liver (EASL).
The functional state of the liver was examined
by sonoelastography on the Ultima SM-30
device by the SWEI method to determine the
stiffness of the liver parenchyma, which
averaged 8.42 kPA in the patients with NASH.

All patients were determined BFSA by the
method of S. I. Chager, the content of MMM at
wavelengths of 280 and 254 nm and EII by the
method of N. I. Gabrielyan [10]. The content of
total protein, albumin, globulins in the blood
serum was studied by bochemical methods and
the albumin-globulin coefficient was calculated.

All patients were treated according to the
criteria of the unified protocol of medical care
for patients with hypertension (Order of the
Ministry of Health of Ukraine No. 384, dated
May 24, 2012) and the recommendations of the
European Society of Cardiologists (ESC).

Patients with type 2 diabetes were treated
according to the unified clinical protocol of
primary, secondary (specialized) medical care
“Diabetes mellitus, type 2" (Order of the Mi-
nistry of Health of Ukraine No. 1118, dated
December 21, 2012).

Analysis of the obtained digital data was
performed by the method of parametric
Pearson correlation. The correlation depen-
dence was considered strong at r=0.7-0.99,
medium at r=0.3-0.69, and weak at r=0.01-0.29.
Statistica 10 and Microsoft Excel software were
used.

Results

In the control group (almost healthy indi-
viduals) indicators of BFSA, protein fractions
and EI were within norm. The analysis of the
correlation of BFSA with serum proteins showed
a positive relationship of medium strength with
the level of albumin (r=0.68, p<0.05), total
protein (r=0.52, p<0.05) and albumin-globulin
ratio (r=0.69, p<0.05), as well as a negative
relationship of medium strength with the con-
tent of globulins (r=-0.68, p<0.05). No significant
correlations were observed between BFSA and
endotoxicosis indicators (p>0.05) (Table 1).

In patients with HT without concomitant
pathology (group 1), the values of BFSA and
protein fractions were close to those in almost
healthy individuals. At the same time, there was
a significant increase in EII and MMM,,, con-
centrations (p<0.05). The analysis showed a
positive relationship between the average
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strength of BFSA with the level of albumin
(r=0.45, p<0.05), total protein (r=0.38, p<0.05)
and albumin-globulin coefficient (r=0,49,
p<0,05) and a negative relationship of medium
strength with the content of globulins (r=-0,45,
p<0,05). No significant correlations of EI indi-
cators with the content of BFSA were observed.

In patients with HT in combination with
NASH (subgroup 2A) before drug therapy, a
significant decrease in BFSA, total protein and
serum albumin was found. In addition, there
was an increase in all studied indicators of EI
(p<0.05). The presence of positive relationships
of medium strength of BFSA with the content
of total protein (r=0.69, p<0.05), albumin
(r=0.63, p<0.05) and with albumin-globulin ratio
(r=0.62, p<0.05), as well as a negative relationship
of medium strength with the level of globulins
(r=-0.6, p<0.05). At the same time, there were
significant negative correlations between the
mean strength of BFSA and EII (r=-0.46, p<0.05),
the concentration of MMM, (r=-0.48, p<0.05)
and MMM, (r=-0.41, p<0.05).

Similar changes were observed in the sub-
group 2B, but the strength of the relationship
between BFSA and albumin, globulins and
albumin-globulin ratio were slightly higher than
in the previous subgroup. Regarding the level
of total protein, the correlation was almost the
same. EI relationships in this subgroup were
also similar, but the strength of the correlation

of BFSA with MMM,,, was slightly higher, and
with EII, on the contrary, lower.

In patients with HT combined with NASH
and type 2 diabetes (subgroup 3A) before
correction there was even more pronounced
decrease in BFSA, total protein, albumin, and
albumin-globulin ratio. At the same time, there
was a significant increase in all studied indi-
cators of EI (p<0.05). The presence of a positive
correlation between the average strength of
BFSA and the level of total protein (r=0.63,
p<0.05), albumin (r=0.54, p<0.05) and albumin-
globulin coefficient (r=0.56, p<0.05), as well as
a negative relationship of medium strength
with the level of globulins (r=-0.56, p<0.05).
There was also a negative correlation of the
average strength of BFSA with EII (r=-0.63,
p<0.05) and MMM,,, (r=-0.60, p<0.05) and
strong with MMM, (r=-0,70, p<0.05). Similar
changes were observed in the subgroup 3B, but
there was anincrease in the negative correlation
with MMM,., compare to the previous subgroup.

Normalization of BFSA, total protein,
albumin and albumin-globulin ratio was proved
to be associated with Antral® in patients of the
subgroup 2A. Also, a normalization of the
concentrations of MMM,,, and MMM,,, and a
significant decrease in the level of EIl compare
to subgroup 2B (p<0.05) were evidenced. A
strong positive relationship of BFSA with the
level of total protein (r=0.84, p<0.05) was noted

Table 1. Correlation coefficients between BFSA and indicators of protein
composition of blood and EI in patients with HT combined with NASH
and their correction by Antral®

Group II (n=48)
Control Group I Subgroup 2A Subgroup 2B
Indicator group - P (n=27) (n=21)
N (n=28)
(n=25) Before After Before After
treatment | treatment | treatment | treatment

Total protein 0.52 0.38 0.69 0.84 0.72 0.68

p<0.05 p<0.05 p<0.05 p<0.05 p<0.05 p<0.05
Albumin concent- 0.68 0.45 0.63 0.70 0.73 0.70
ration p<0.05 p<0.05 p<0.05 p<0.05 p<0.05 p<0.05
Concentration of -0.68 -0.44 -0.60 -0.66 -0.73 -0.74
globulins p<0.05 p<0.05 p<0.05 p<0.05 p<0.05 p<0.05
Albumin-globulin 0.69 0.49 0.62 0.67 0,71 0.72
ratio p<0.05 p<0.05 p<0.05 p<0.05 p<0,05 p<0.05
EII -0.07 -0.33 -0.46 -0.62 -0,31 -0.19

p>0.05 p>0.05 p<0.05 p<0.05 p>0,05 p>0.05
MMM254 -0.14 0.01 -0.48 -0.76 -0,62 -0.65

p>0.05 p>0.05 p<0.05 p<0.05 p<0,05 p<0.05
MMM280 -0.29 -0.07 -0.41 -0.64 -0,38 -0.25

p>0.05 p>0.05 p<0.05 p<0.05 p>0,05 p>0.05

Note. p - statistical significance of the correlation coefficient (p<0.05).
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in association with Antral®, as well as a positive
relationship of medium strength with albumin
content (r=0.70, p<0.05) and negative medium
strength with globulin content (r=-0.66, p<0.05).
Compare to the subgroup without Antral®
correction, the correlation of BFSA with the level
of total protein was stronger, and with the level
of globulins, on the contrary, slightly lower. In
addition, negative correlations were found with
EII (r=-0.62, p<0.05) and MMM, (r=-0.64,
p<0.05); compare to the patients undergoing
no treatment it changed from negative weak
to medium strength, as well as a negative rela-
tionship with the content of MMM,, (r=-0.76,
p<0.05), which changed from medium strength
to strong. In subgroup 2B, all indicators did not
change significantly.

The patients in subgroup 3A had a statis-
tically significant increase in BFSA, total protein
and serum albumin during Antral® treatment.
There was also a significant reduction in all
indicators of endotoxicosis. An analysis of BFSA
correlations revealed that statistically significant
strong correlations with all protein fractions
occurred in cases of Antral® treatment. Thus,
there was a positive relationship with the level
of total protein (r=0.76, p<0.05), albumin
content (r=0.81, p<0.05) and albumin-globulin
ratio (r=0.78, p<0.05), as well as negative - with
the content of globulins (r=-0.81, p<0.05).
Analysis of the relationship of BFSA with EI

showed a strong negative correlation with the
level of EII (r=-0.74, p<0.05), which was stronger
than in the subgroup without correction, where
it was moderate. In addition, medium-strength
negative correlations with the content of
MMM, (r=-0.69, p<0.05) and MMM, (r=-0.69,
p<0.05) were revealed, which compare to the
subgroup without treatment were also stronger,
but not significantly. The correlations in the
subgroup 3B did not change significantly.

Discussion

Therefore, in patients with HT and NASH
and with HT combined with NASH and type 2
diabetes, there is a statistically significant
correlation of BFSA with EII, MMM254 and
MMM280, which may indicate development of
endotoxicosis, not excluded due to liver cell
damage and systemic pathological effects of
comorbid diseases [12, 13].

Since the liver is the main organ that
metabolizes many toxemia products, most of
which belong to medium molecular weight
peptides, damage to this organ leads to an
increase in MMM. In addition, in cases of de-
velopment of liver disease the accumulation of
free radical forms of oxygen, which in addition
to promoting the increase of EI products, cause
damage to cell membranes that is manifested
by anincrease in EII. As we can see, the changes
in protein composition and endotoxicosis and

Table 2. Correlation coefficients between BFSA and indicators of protein composition
of blood and EI in the patients with HT combined with NASH and type 2 diabetes
and their correction by Antral®

Group III (n=47)
Control Subgroup 3A Subgroup 3B
Indicator group (n=27) (n=20)
(n=25) Before After Before After
treatment treatment treatment treatment
Total protein 0.52 0.63 0.76 0.69 0.62
p<0.05 p<0.05 p<0.05 p<0.05 p<0.05
Albumin concentration 0.68 0.54 0.81 0.50 0.55
p<0.05 p<0.05 p<0.05 p<0.05 p<0.05
Concentration of globulins -0.68 -0.56 -0.81 -0.51 -0.54
p<0.05 p<0.05 p<0.05 p<0.05 p<0.05 4R}
Albumin-globulin ratio 0.69 0.56 0.78 0.53 0.58 E
p<0.05 p<0.05 p<0.05 p<0.05 p<0.05 =
EII -0.07 -0.63 -0.74 -0.65 -0.65 a
p>0.05 p<0.05 p<0.05 p<0.05 p<0.05 S
MMM254 -0.14 -0.60 -0.69 -0.68 -0.63 3
p>0.05 p<0.05 p<0.05 p<0.05 p<0.05 <
MMM280 -0.29 -0.70 -0.69 -0.64 -0.60 é
p>0.05 p<0.05 p<0.05 p<0.05 p<0.05 E
Note. p - statistical significance of the correlation coefficient (p<0.05). E
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their relationship with BFSA are more pro-
nounced in patients with HT combined with
NASH and type 2 diabetes, which can also be
explained by the processes of glycolysis of
proteins, and in particular albumin, which has
a direct effect on BFSA. The severity of EI
syndrome in these cases may be a marker of
the severity of the pathological process [14].

Antral® treatment improves BFSA and se-
rum protein composition, as well as strengthens
significant correlations with all studied indi-
cators of protein fractions and EL These positive
changes can be explained by the anti-inflam-
matory and detoxifying effects of Antral® on
the whole body and in particular on the function
of the liver as the main protein-synthesizing
organ [15, 16]. The drug has a positive effect
on hepatocytes by stabilizing cell membranes
and lysosomal membranes and increasing the
synthesis of phospholipids. By improving the
energy supply and functioning of monooxy-
genase systems, Antral® restores the antitoxic
effect of the liver. Due to its angioprotective
action by improving capillary hemoperfusion,
this drug can improve microcirculation in the
liver and other organs, which has a positive
effect on the whole body [17].

Conclusions

In HT without concomitant diseases an in-
crease in EIl and MMM,,, and a decrease in the
strength of correlations of BFSA with the
concentration of protein fractions in serum take
place.

In the conditions of HT combined with NASH
as well as HT with NASH and type 2 diabetes a
decrease in BFSA, total protein and albumin
contentand increasein EI, as well as a decrease
in the correlation of BFSA with albumin, globulin
and albumin levels, globulin coefficient and
strength increase - with the content of total
protein and EI, are evidenced.

Treatment of the patients with HT with con-
comitant NASH with Antral® normalizes BFSA
and the content of total protein and albumin,
as well as MMM, and MMM, and significantly
decreases EII. In cases of HT with NASH and
type 2 diabetes a significant increase in BFSA,
the content of total protein and albumin in the
serum and a decrease in EI take place with the
drug. All studied correlations of BFSA are
enhanced under the action of the drug in both
comorbid states.

Prospects for further research. In the future,
it is planned to identify other effects on the
changes of BFSA and development of EI in
comorbid diseases associated with HT, as well
as to implement the data into clinical practice.
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MEAUKAMEHTO3HA KOPEKIIA 3MIH BIZIKOBOI'O CKJIAJY KPOBI
ITPH T'TIIEPTOHIYHIN XBOPOBI B YMOBAX KOMOPBIAHOCTI

10.P. A3bopA3bo, C.M. AHApeYnH

TEPHOIMLbChKMA HALIIOHAIbHWIA MEAVNYHWIA YHIBEPCUTET IMEHI I. . TOPEAYEBCbKOIO MO3 YKPAIHY,

TEPHOIML/Tb, YKPAIHA

BcTyn. 3843y8as6Ha QyHKYIS cuposamkogoz2o ansbymiHy (3®CA) ma ii 3MiHU Npu Pi3HUX 30X80PHOBAHHSX
8 OCMAHHI pOKU BUKAUKAOMb iHMepec y docnioHukie. [inepmoHidHa xeopoba (IX) npu NOEOHAHHI 3 CynymHimu
30X80PHOBAHHAMU, 30KpEMa HeanKo2016HUM cmeamozenamumom (HACT) i yykposum diabemonm (Lff) 2-20 muny

Modice cnpusamu nopyuweHHro 3PCA.

MeTa pocnigp>keHHs - 0amu oyiHKy 830€M038'A3Ki8 KibKiCHUX 3MiH 3P CA, binkosux ¢ppakyili ma noKazHuUKie
eHoozeHHoI iHmokcukayii (EI) npu I'Xy noedHaHHI 3 HACT i L 2-20 muny ma 3anponoHysamu mMeoukameHmo3Hy

KOpekyito eusis/ieHUX NopyweHs.

~
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MeToau pgocnig>xeHHs. O6cmedxceHo 123 nayieHmie 3 TX I cmadii 3i cmyneHem apmepiansHoi 2inepmeH3ii

2-3, AKi 6ynu po3dineHi Ha mpu epynu. Ao I ysiliwau 28 ocié 6e3 cynymHix 3axeopro8aHs, 00 II - 48 nayieHmis
i3 cynymHim HACT, do III - 47 oci6 i3 HACT i Lfl 2-20 muny. II ma III 2pynu, c8o€r Yepzoro 6yau nodineHi Ha
dsi nidzpynu (A ma b): xeopi nidzpyn A - ompumysanu 6azosy mepaniro '’X ma 0odamkogo npenapam AHMpPas
no 200 m2 3 pasu Ha doby npomszom 60 OHis, b - nuwe 6a308y mepanito I'X. Yci xeopi npoliwau cmaHoapmHe
KAiHIYHe 06CmeX(eHHS, @ MAKOoXC y HUX docnioxcysanu 3P CA, emicm 302016H020 6inKa, anebyMiHy, 2106yiHI8
ma anbbymiHo-2106yiHO8UL KoepiyieHm, Monekyau cepedHboi macu (MCM) npu doexuHi xsuni 280 ma
254 HM ma epumpoyumapHull iHoekc iHmokcukayii (EII). [pyny nopieHAHHSA Ckaaau 25 npakmu4Ho 300po8ux
ocié6.

Pe3synbTaTW. BcmaHo08/1€HO, W0 30CMoCcy8aHHA AHMPAnto y xeopux 3 Xy no€dHaHHIi 3 HACI ma 3 HACT i
L/ 2-20 muny Ha mAi cMamucmu4Ho 00CmMoegipHo20 3HUMCeHHA 3P CA, smicmy 302016H020 6iIKA MA AN66YMIHY,
a Makoxc 36inbueHHs nokasHukie EI (MCM,.,, MCM,g, ma EII) cynpo800MyeMbCsa iCMOMHUM NOKPAWEHHAM
3®CA 3pocmaHHAM 8Micmy 3020/16HO20 6iAKA, ANb6YMIHY, Ma 3HUXCEHHAM — MCM,s,, MCM g4, EII (i nocuneHHAM

Ycix KopenayitiHux 38'sa3kie.

BuUcHOBKMW. JlikysaHHS AHmMpasaem y xeopux Ha X 8 no€edHaHHI 3 HACI ma 3 HACT i U/ 2-20 muny
Cynpos8oodxyeMbca icmomHum nidguujeHHam 3PCA smicmy ¢ppakyil 6inka cuposamku Kposi ma 3HUHCEHHAM

noka3Hukie EI

KJ/IKOYOBI C/IOBA: rinepToHiuHa XBopo6a, HeanKoronbHUI cTeaTorenaTuT, LLYKpoBuiA aiabet
2-ro TNy, 3B'A3yBasibHa PYHKLi CMPOBaTKOBOro afib6ymiHy, AHTpanb.
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