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Aim. Proinflammatory activation is one of the possible pathogenetic mechanisms of formation and progression of hypertension. 107 patients
with essential hypertension (EH) II stage was included into the study of the pro-inflammatory activation.

Methods and results. Levels of C-reactive protein (CP), a-tumor necrosis factor (a-TNF) and soluble form of intercellular adhesion molecule-1
(sICAM-1) in the serum were studied by ELISA before and after 12 weeks of treatment with candesartan. 31 healthy subjects were included
in the control group. It is found that C-reactive protein in 5,18 times (p<0,05), a-tumor necrosis factor on the 39,04% (p<0,05) and sICAM-1
to 41, 87% (p<0,05) higher in hypertensive patients with stage II than those of the control group. Significant reductions of CRP in the blood
serum by 70,33%, a-TNF — by 19,94% and sSICAM-1 in serum by 18,46% compared to baseline (p<0,05) were found under the influence of
candesartan therapy.

Conclusion. These data indicate the presence of activation of proinflammatory processes in hypertensive patients with significant progression
according to the degree of blood pressure and additional anti-inflammatory properties of candesartan.

JlmaaMika napaMeTpiB nNpo3anajbHOI AKTHBaLII y XBOPHX Ha riNepToHiYHY XBOpoOy i/l BILINBOM Teparii KaHAecapTaHOM
B. A. Bizip, A. C. Caoomos, O. B. I'onuapos

IIpo3ananbHa akTHBaLis € OAHUM i3 MOXKIMBUX MAaTOTCHETHYHUX MEXaHI3MIB CTAHOBJIEHHS 1 IPOTpecyBaHHS apTepianbHOI rimepreHsii. 3
METOIO JOCIIDKEHHS Ipo3ananbHoi aktuBanii y 107 xBopux Ha rinepToHiuHy XBopoOy Il crazii iMyHO(MEpMEeHTHIM METOOM BHBYHIIH PiBEHB
C-peakTHUBHOIO HPOTEiHY, 0-(haKkTOpa HEKPO3y MyXJIMHHU Ta PO3YMHHOT (OPMH MIXKKIIITUHHOI MOJIEKYIH ajare3ii-1 y cupoBariii KpoBi 10 i micis
12 TrokHIB Teparil kKaHxecapTaHoM. BusiBim, 1o y xBopux Ha rineproHigny xBopoOy II craxii piBers C-peakTuBHOTO IIpoTeiny B 5,18 pasa
(p<0,05), a-axropy Hekpo3y myxmauau Ha 39,04% (p<0,05) Ta po3unHHOI popMu MIXKKIITHHHOT MOTeKyH aaresii-1 Ha 41,87% (p<0,05) Bumie
y HOPiBHSIHHI 3 0co6amu rpynu koHTponto. [Ticis Tepanii kaHaecapTaHOM BUSIBUIIN JOCTOBIpHE 3MEHIICHHS BMiCTy C-peakTHBHOIO NPOTEiHy
B cupoBarui kposi Ha 70,33%, a-dakTopa HeKpo3y myximHH — Ha 19,94%, pozunHHOi opMH MIKKIITHHHOI MOJEKYIH aaresii-1 y cuposariii
kpoBi Ha 18,46% y nopiBHAHHI 3 BUXigHIMH ToKa3HUKamMH (p<0,05). PesynsraTti cBig4aTh Mpo akTHBAMLIO MPO3aMaJbHUX MPOIECIB Y XBOPHX
Ha TiepTOHIYHY XBOPOOY i3 CyTTEBMM IPOrpeCcyBaHHIM Bi/IIOBIJHO 10 3pOCTaHHS PiBHS apTepiajbHOrO THUCKY, @ TAKOXK PO JOIATKOBI IPOTH-
3amajbHi BIaCTUBOCTI KaHAECapTaHy.

Knrouosi cnosa: zinepmoniuna xeopoba, npozananvra akmusayis, C-peakmugnuii npomein, posuunna opma MIXCKAIMUHHOT MOLEKYAU
aoeesii-1, a-paxmop HeKpo3y NYXTUHU, KAHOECAPMAH.
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JMHaMHMKa napaMeTpOB NPOBOCNAJIMTEILHOI AaKTHBALMH Y 00JILHBIX THIEPTOHHYECKOi 001e3HbI0
MO/ BJIMSHUEM Tepanuu KaH/1ecapTaHoM

B. A. Buzup, A. C. Caoomos, A. B. [onuapos

IIpoBocnanuTenbHast aKTHBALKUS — OJIMH U3 BO3MOXKHBIX IIATOTCHETUUECKUX MEXaHU3MOB CTAaHOBIICHHUS U IPOTPECCUPOBAHUS apTepUaIbHON
runeprer3uu. C HeNbro UCCIeI0BaHUs IIPOBOCIIATIUTENBHON akTHBaluK y 107 G0NbHBIX THIIEPTOHHYECKOH Oone3ubto 11 cragun uMmyHodep-
MEHTHBIM METO/IOM U3y4eH ypoBeHb C-peakTHBHOTO POTEHHA, 0-(haKTopa HEKPO3a OIYXOJIH U PACTBOPHMOiT (POPMBI MEXKKJIETOUHON MOJICKYJIbI
aare3nu-1 B CBIBOPOTKE KPOBH JI0 M 1ocie 12 Hemellb Tepanuy KaHIecapTaHOM. YCTaHOBIICHO, YTO y OOJBHBIX THIIEPTOHNYECKOH Gone3Hbo 11
cTaguu ypoBeHb C-peakTUBHOTO mpotenHa B 5,18 paza (p <0,05), a-dakropa Hexposa omyxomu Ha 39,04% (p<0,05) 1 pacTBoprMOii HOpMBI
MEKKJIETOYHON MoneKyibl aare3un-1 Ha 41,87% (p<0,05) Bbliire Mo cpaBHEHUIO C JINLAMHU IpyMIbl KoHTpos. [Tocne Tepanuu kaHgecapTaHOM
OTMEYEHO JI0OCTOBEPHOE YMEHBIIICHHE cosiepskanusi C-peakTHBHOTO IPOTEHHA B CBIBOPOTKe KpoBH Ha 70,33%, o-dakropa Hekpo3a OImyXoiu — Ha
19,94%, pacTBOprMOif HOPMBI MEKKICTOUHOI MOJEKYIIBI aire3un-1 B CEIBOPOTKE KpoBHU Ha 18,46% MO CpaBHEHUIO ¢ HCXOAHBIMHU HOKa3aTe-
nsmu (p<0,05). PesysbTaTel CBUAETENBCTBYIOT 00 AKTHBAIMM IMPOBOCIAIUTENBHBIX POLECCOB Y OOJIBHBIX TMIIEPTHOHMYECKOW OONE3HBIO ¢
CYIIECTBEHHBIM POrPECCHPOBAHKEM 10 MEPE POCTa CTEIEHH apTepPUaIbHOTO JABICHHUS, 8 TAK)KE O JIOTOJHUTEIBHBIX IPOTHBOBOCIIAIUTEIBHBIX
CBOICTBaxX KaH/ecapTaHa.

Knrouesvie cnosa: cunepmonuyeckas 6onesnsb, npogocnarumenvhas akmusayus, C-peakmueHbvill npomeuH, pacmeopumas gopma
MEACKNeMOYHOIU MONEeKYIbl aoee3uu-1, o-ghakmop nekpoza onyxonu, KaHoecapma.
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Arterial hypertension (AH) takes one of the leading
places in the structure of cardiac pathology. It is complex
medical and social problem because of its prevalence, early
development of complications. Pathogenetic mechanisms of
hypertension are characterized by heterogeneity. Recent stud-
ies suggest possible role of proinflammatory activation in the
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development of this disease [2,4,15]. First of all, it caused by
biomechanical stress due to increased blood pressure, as the
experimental and clinical studies have shown. This way is one
of the incentives to increased production of CRP and pro-in-
flammatory cytokines, including a-TNF [11]. On the other hand,
today’s medical science has enough data about the ability of
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inflammatory markers to modulate the structure and function of
cardiovascular system through a number of mechanisms [8—10].
Many studies have shown that increased activity of plasma CRP,
TNF-o promotes hypertrophy, fibrosis, apoptosis, and as a result
—the occurrence of cardiac dysfunction [13], whereas SICAM-1
is one of the most informative laboratory markers of endothelial
dysfunction [12]. In recent years large number of messages about
the regression of pro-inflammatory activation in patients with
essential hypertension (EH) that leads to a significant reduction
of risk of cardiovascular events and to the more favorable course
of the disease appeared in medical literature [6]. Unfortunately,
many studies do not assess the effectiveness of different groups
of antihypertensive drugs on the impact of chronic inflammation
and endothelial dysfunction [5,16].

The aim of this study was to determine the main features of
pro-inflammatory activation in patients with hypertension and
to investigate the effect of therapy with angiotensin II receptor
antagonist candesartan on the studied processes.

Objects and methods

The study included 107 patients with stage 11 essential hyper-
tension without clinically significant comorbidity. 66 women
and 41 men, aged 31 to 75 years were recruited into this study
(mean age 54,3+0,98 years). The diagnosis of essential hyper-
tension was established according to the recommendations of
the Ukrainian Society of Cardiology (2012) [17].

The inclusion criteria in the study were: diagnosed arterial
hypertension stage II, age of participants from 18 to 75 years
and informed consent of patient for participation in the study.

The exclusion criteria were the following: symptomatic
arterial hypertension; presence of any form of coronary heart
disease; chronic heart failure ITII-IV functional class (NYHA);
clinically significant arrhythmias and conduction disturbances;
chronic renal failure; diabetes; chronic inflammatory diseases;
systemic connective tissue disease; other somatic pathology,
that is accompanied by changes in the studied parameters and
can thus affect findings.

Depending on the degree of hypertension patients in the ob-
servation group were divided into 3 groups: the 1st included 55
patients with mild hypertension, 2nd — 42 patients with moder-
ate hypertension, 3rd — 10 patients with severe hypertension.
All patients with AH were prescribed angiotensin II receptor
antagonist candesartan in a daily dose of 8—16 mg. 12-week
treatment period was completed by 105 patients.

Control group consisted of 31 almost healthy persons. This
group was comparable to the observation group by sex and age.
Each patient gave voluntary written informed consent for the
participation in the study.

Study of the C-reactive protein, a-tumor necrosis factor and
SICAM-1 levels in serum was performed by ELISA OD «Di-
giscan Microplate Reader». Level of CRP was measured with
kit «Microwell ELISA» produced by «Diagnostic Automation,
Inc.» according to the applied instructions. Serum level of
a-tumor necrosis factor was measured with kit «Human TNFa
ELISA» produced by «Diaclone» (France) according to the
applied instructions. Level of SICAM-1 was measured with kit
«sICAM-1 ELISA KIT» produced by «Diaclone» (France) ac-
cording to applied to the kit instructions. Studied values were
given like sample mean + standard error of the sample mean. A
probability difference of quantitative data was established by
checking the «null» hypothesis using the P criterion. Student’s
t-test was used to estimate the probability of difference in case
of parameter’s paired changes. Criterion Mann-Whitney was
used to verify the statistical significance of differences in case
of deviation from the Gaussian distribution. All statistical pro-
cedures were performed in software packages «STATISTICA®
6.0 for Windows» (StatSoft Inc.) and «Microsoft® Excel 2007»
(Microsoft®).

Results and discussion

The main features of the parameters characterizing the pro-
inflammatory activation in patients with essential hypertension
with different degrees of AH severity and in patients of the
control group are presented in table 1.

Generally, significant increase in serum level of C-reactive
protein in 5,18 times (p<0,05) and increased level of a-tumor
necrosis factor up to 39,04% (p<0,05) was observed in patients
with EH in compare with those in the control group. It is worth
noting also that significant increase of the level of s-ICAM-1
in serum in patients with EH was seen compared to subjects up
to almost 41,87% (p<0,05).

By studying the activation parameters of immune-
inflammatory processes in patients with EH depending on
the degree of hypertension was found that with increasing the
degree of hypertension was observed a progressive increasing
of serum levels of CRP and TNF-a. Dynamics of changes in
these parameters was quite distinct. Thus, in patients with 2
degree hypertension C-reactive protein and a-TNF levels were
in 2.24 times (p<0,05) and at 21,14% (p<0,05) higher compared
to the patients with mild hypertension. Subjects with severe
hypertension were characterized by serum CRP and TNF-a
levels respectively 24,19% (p<0,05) and 15,14% (p<0,05) higher
than patients with 2 degree AH. The most significant differences
were found between the studied parameters in patients with 1st
and 3rd degrees of AH — 2,78 times (p<0,05) for CRP level and
39,48% (p<0,05) for a-tumor necrosis factor (table 1).

Table 1
Performance of immune-inflammatory activation in hypertensive patients with different degrees of hypertension
Patients with EH
Indicator Control group (n=31
! 1% degree AH (n=55) | 2" degree AH (n=42) | 3“ degree AH (n=10) | Generally in group (n=107) group (n=31)
CRP, mg/l 1,79+0,12 4,01+0,39 4,98+0,77% 3,63+0,35 0,70+0,16
TNFa, pg/ml 129,37+3,61 156,72+6,29%# 180,44+16,87% 150,05+5,90 107,92+2,41
s-ICAM-1, pg/ml 800,90+16,26 875,77+19,53* 946,26+29,94% 838,06+13,63 590,72+41,21

NB: * — p<0,05 compared to the control group; # — p <0,05 compared to the patients with 1st degree hypertension; § — p<0,05 compared to

the patients with 2nd degree hypertension.
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Table 2

Dynamics of the immune-inflammatory activation in hypertensive patients with different degrees
of hypertension after 12 weeks of the candesartan treatment

Before treatment

After 12 weeks of treatment

Indicator

1t degree AH (n=22) | 2" degree AH (n=9) | 3 degree AH (n=2)

1t degree AH (n=22) | 2" degree AH (n=9)| 3 degree AH (n=2)

CRP, mg/| 1,83+0,14 3,85+0,41

4,78+0,34

0,96+0,14" 1,22+0,23* 3,15+0,20"

TNFa, pg/ml 136,8+4,55 154,5+5,45

184,2£12,8

109,9+2,73* 113,7+5,16* 151,6+13,3*

s-ICAM-1, pg/ml 786,4+16,0 881,9+27,3

952,6+33,4

693,8+7,55* 693,7+9,14* 747,3+11,3*

NB: * — p<0,05 compared to those before treatment.

Severity of hypertension increase was characterized by
increase of the concentration of the intercellular adhesion
molecule-1 soluble form. Thus, in patients with 1% degree
hypertension s-ICAM-1 serum level was higher at 35,58%
(p<0,05), in patients with moderate hypertension — at 48,25%
(p<0,05) and in patients with 3" degree hypertension - at
60,19% (p<0,05) compared to healthy subjects. Reliable
differences were reported between subgroups of patients with
EH with different degrees of hypertension. Particularly, level
of s-ICAM-1 was significantly higher in patients with EH with
3rd degree hypertension compared to the patients with 2nd
degree hypertension up to 8,05% (p<0,05), and to the patients
with mild hypertension — to 18,15% (p<0,05).

As the Figure 1 shows, there was a significant reduction of
serum CRP at 70,33% compared to the baseline values through
12 weeks of candesartan therapy. Level of TNF-a under the
influence of 12-week candesartan therapy was significantly
decreased at 19,94% compared to the original data. The
positive effect of antihypertensive treatment with angiotensin
II receptor antagonist candesartan therapy that is characterized
by decreased levels of CRP and a-TNF in serum in the end of
the 12-week treatment demonstrates significant decrease in
immune-inflammatory activity in patients with EH.

After 12 weeks of candesartan therapy there was observed
the significant reduction of SICAM-1 in serum at 18,46%
compared to the baseline values. Reduced activity of SICAM-1
in serum at the end of 12 weeks of candesartan treatment
reflects a significant decrease in production of proinflammatory
markers of endothelial dysfunction. At the same time, it should
be noted that, despite the significant reduction in the above
parameters, the complete normalization parameters of immune-
inflammatory activation was not observed, that, however, may
be caused by insufficient duration of observation (fig. 7).

Dynamics of inflammatory activation indicators under the
influence of candesartan treatment in hypertensive patients
with different degrees of hypertension is presented in table 2.
All patients had significant positive changes in serum levels of
C-reactive protein, TNF-o and SICAM-1 on the background of
ongoing drug therapy.

Thus, in patients with 1 degree hypertension CRP levels
after 12 weeks of therapy was significantly decreased at
47,54% (p<0,05), a-TNF —at 19,66% (p<0,05), a soluble form
of intercellular adhesion molecule-1 — at 11,78% (p<0,05)
respectively. In patients with moderate hypertension above

CRP a-TNF s-1ICAM-1

Fig. 1. Dynamics of decreasing the level of proinflammatory
activation after 12 weeks of candesartan treatment.

parameters was significantly decreased at 68,31% (p<0,05),
26,41% (p<0,05) and 21,34% respectively. Similar changes
were observed in patients with 3rd degree hypertension — the
level of CRP in serum under the influence of candesartan
therapy was significantly decreased at 34,10% (p<0,05),
a-tumor necrosis factor level was decreased at 17,70% (p<0,05)
and the level of s-ICAM-1 in serum was decreased at 21,55%
(p<0,05).

Thus, the data indicate that use of angiotensin II receptor
antagonist candesartan allows avert violations of immune-
inflammatory activation observed in patients with essential
hypertension.

Conclusions

1. In patients with hypertension stage Il was observed
the activation of inflammatory processes, and as the result
are the increasing of serum level of C-reactive protein (5,2
times), a-tumor necrosis factor (at 39,04%) and soluble form
intercellular adhesion molecule-1 (to 41,87%) compared to the
control group.

2. The proinflammatory activation in patients progresses
significantly by decreasing blood pressure.

3. Candesartan has additional anti-inflammatory properties.
This is confirmed by significantly reduction in levels of
C-reactive protein (at 70,33%), a-tumor necrosis factor
(at 19,94%) and the soluble form of intercellular adhesion
molecule-1 (at 18,46%) in serum after 12 weeks of treatment.
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