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PROTEIN FACTORS OF OXIDATIVE STRESS AND
ATHEROGENESIS IN PATIENTS WITH ARTERIAL

HYPERTENSION

in patients with AH.

The aim of this study was to evaluate the protein components of HDL in patients with arterial hypertension (AH).
The study included 30 patients (mean age of 47.4 + 3.3 years) with AH 2 grade. The accumulation of carbonyl oxida-
tion protein products in blood, HDL and LDL eventually results in oxidative modification of HDL and LDL, and loss of
its functional properties. The activity of HDL-associated enzymes (PON1 and MPO) is the most informative indicator
of functional state of HDL, and not the level of HDL-Cholesterol. Changes of MPO and PON1 activity may serve as a use-
ful marker of dysfunctional HDL. Our evaluation showed a significant decrease of PON1 activity and increase of MPO
activity that may contribute to the HDL oxidation, irrespective of HDL-Cholesterol levels. Demonstrated changes in
the functional state of HDL, in our opinion, create a predisposition to development and progression of atherosclerosis
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INTRODUCTION

Arterial hypertension (AH) remains the one of the
most significant problem due to its wide prevalence in
the world. Over 40 % of the adult population of Ukraine
has increased arterial pressure. On the other hand, AH
is an important risk factor for major cardiovascular di-
seases and especially atherosclerosis. It is associated with
high mortality and disability due to myocardium infarc-
tion, stroke and heart failure [1, 9]. It is known that sys-
temic inflammation with the formation of oxidative stress
and endothelial dysfunction are important in the deve-
lopment of AH [1, 11, 17, 18]. These factors are also known
to be in the basis of development of atherosclerosis [3,
11, 18]. Numerous experimental and clinical studies have
shown that free radical modification of LDL and VLDL on
a background of inflammation and oxidative stress un-
derlie increased blood atherogenic potential; and poten-
tiate the mechanisms of initiation and progression of
atherogenesis.

In the assessment of lipid metabolism in patients with
AH the quantitative indexes of lipoproteins and level of
lipoprotein cholesterol are usually taken into account.
These indexes are used in clinical practice to assess the
treatment efficiency, especially in order to employ the li-
pid-lowering drugs in the complex treatment. According
to modern studies the qualitative status of lipoproteins
and their atherogenic or antiatherogenic properties are
determined by corresponding proteins - apoproteins and
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enzymes. The activity of these enzymes is more impor-
tant than indicators of their blood levels or lipoprotein
cholesterol content [3, 9, 12, 13]. Atheroprotective acti-
vities of HDL are thought to be mediated in part by both
ApoA1 within the core lipoprotein particle and an assort-
ment of HDL-associated proteins. HDL particle enriched
in paraoxonase-1 (PON1) (EC 3.1.8.1), an atheroprotec-
tive protein, have been linked to the antioxidant, anti-
inflammative, and lipid cargo-carrying functions of HDL.
PON1 has been shown to help HDL prevent the accumu-
lation of lipid peroxides in oxidized LDL (low-density li-
poproteins), inactivate bioactive oxidized phospholipids,
stimulate HDL-mediated eNOS-dependent NO production,
and enhance cholesterol efflux from cholesterol-laden
macrophages [3, 9, 14, 16]. Myeloperoxidase (MPO) (EC
1.11.1.7), like PON1, both binds to HDL and is mecha-
nistically linked to oxidative stress and atherosclerosis.
MPO is released from activated leukocytes in the activa-
tion of the inflammatory reaction. Excessive activation of
MPO can lead to oxidative modification of LDL and HDL,
inactivation of PON1, and oxidative modification of dif-
ferent macromolecules, contributing to the development
of atherogenesis. MPO plays an important role in the vas-
cular damage mediated by leukocytes [4, 5, 12, 16]. In this
regard, according to many studies, MPO can act as a mar-
ker of determination of character of the inflammation,
the intensity of oxidative stress and development of en-
dothelial dysfunction [5, 12]. The aim of this study was
to evaluate the qualitative status of the main classes of
lipoproteins together with the activity of corresponding
enzymes in patients with AH.
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Table 1

CONTENT OF CARBONYL PRODUCTS OF PROTEIN OXIDATION, FREE RADICAL OXIDATION LIPID PRODUCTS,
AND ACTIVITY OF PON1, CATALASE, SUPEROXIDEDISMUTASE AND MPO IN PATIENTS WITH AH (M = m)

Indexes (healt(ljl(}’/n;:r)lgrrlz;l, I; - 15 Patients with AH,n =30
PON1 activity, kU/1 5.66 +0.93 2.02 £ 0.34*
TBA-positive products, U/1 9.11+0.21 11.06 + 0.14*
Catalase activity, U/I 9.11+0.44 7.78 £ 0.51*
Superoxide dismutase activity, U/1 1281 +121 1708 + 140*
Carbonyl products of protein oxidation in serum, conv.u./ml 4.13+0.16 5.55+0.22*
Sj:ll‘),i:_lil r};rg(ld(l)l;:icispti);sprotein oxidation in LDL + VLDL fraction, 057 + 0.05 081 + 0.06*
Carbonyl products of protein oxidation in HDL fraction, conv.u./ml 1.82 +0.07 2.04 + 0.09*
Degree of oxidative modification of LDL+VLDL, conv.u./mg of lipids 241+1.10 3.49 + 0.30*
MPO activity, conv.u./min 0.00242 + 0.0005 0.0031 £ 0.0004*

Note: * - The difference with Control group is statistically significant; P < 0.05.

MATERIALS AND METHODS

The study included 30 patients (mean age of 47.4 + 3.3
years) with AH 2 grade, who received basic therapy ac-
cording to the Recommendation of the European Soci-
ety of Cardiology and the Association of Cardiologists of
Ukraine. All patients were subjected to a set of neces-
sary general and functional diagnostic methods. As cont-
rol group we enrolled 15 healthy persons (mean age of
49.2 + 2.1 years).

Blood biochemistry assays were performed in all sub-
jects. Level of carbonyl oxidation protein products in se-
rum, HDL and LDL + VLDL fractions was evaluated spectro-
photometrically after [2]. Level of TBA-positive products
in serum was assayed after [19]. The degree of oxidative
modification of LDL + VLDL was determined spectrophoto-
metrically after [7]. Activity of catalase and superoxide-
dismutase in serum were assayed spectrophotometrical-
ly and spectrofluorometrically after [8] and [15], corres-
pondingly. Activities of PON1 in serum and MPO in plas-
ma were assayed after [14] and [5] correspondingly. Se-
rum lipid parameters were measured, such as total cho-
lesterol, triglycerides, LDL-cholesterol, HDL-cholesterol.
The differences were considered to be statistically sig-
nificant at P < 0.05.

RESULTS AND DISCUSSION

We found that arylesterase activity of PON1 decre-
ases by 65 % in patients with AH compared with the cont-
rol group (Tab. 1). PON1 hydrolyses lipid peroxides and
promotes elimination of oxidized LDL, cholesterol bio-
synthesis inhibition and stimulation of HDL-mediated cho-
lesterol efflux from macrophages [3, 9]. PON1 protects
HDL from oxidation and together with other HDL-associ-
ated proteins and enzymes determines antioxidant, anti-
inflammatory and antiatherogenic properties of HDL [9].
Decrease of arylesterase activity of PON1 correlates with
increase of content of lipid peroxidation products, inclu-
ding the TBA-positive products in serum by 21 % if com-
pared with control (Tab. 1). Activation of free radical pro-

tein oxidation is higher in patients with AH. This is evi-
denced by increase of carbonyl products of protein oxi-
dation in serum by 35 %. The increase of carbonyl pro-
ducts of protein oxidation in HDL and LDL + VLDL frac-
tions by 20 % and 41 %, correspondingly, is noticeable
in comparison with healthy persons (Tab. 1). This may
indicate oxidative modification of these particles. These
changes, together with accumulation of TBA-positive pro-
ducts in HDL and LDL + VLDL fractions are the basis for for-
mation of high blood atherogenic potential. These chan-
ges are taking place against a background of reduced en-
zyme activity level of antioxidant protection system. Thus,
the activity of superoxide dismutase and catalase in se-
rum of patients with AH decreases by 33 % and 15 %,
correspondingly (Tab. 1). These changes reflect the gene-
ral reaction of the organism and indicate the formation
of oxidative stress involving both lipid and protein fac-
tors, and inhibition of antioxidant defense mechanisms
aimed against increase in content of ROS and free radi-
cal oxidation products of macromolecules.

MPO activity increases in plasma of patients with AH
by 27 % compared with healthy persons (Tab. 1). Today
there is much evidence of the important role of leuko-
cytes in the vascular lesions. In particular, the activation
of leukocytes can serve as an alternative risk factor for
atherosclerosis. MPO contained in azurophilic granules
of neutrophils and released into the extracellular space
in the activation of these cells [10, 11, 12]. The demon-
strated increased MPO activity in patients with AH indi-
cates the presence of inflammatory response.

In circulation MPO forms a complex with HDL-as-
sociated enzyme PON1. PON1 partially inhibits the acti-
vity of MPO, while MPO is able to inactivate PON1, oxi-
dizing the tyrosine-71 residue, which leads to disruption
of interaction between the enzyme molecule and HDL.
As a result of the leukocytes activation MPO produces a
number of reactive oxygen species, which can lead to da-
mage to lipoprotein particles. MPO can bind to endothelium
and aggravate the local inflammation of blood vessels [6, 16].
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Table 2

THE CONTENT OF LIPIDS IN BLOOD OF PATIENTS
WITHAH (M + m)

Control group Patients
Parameter (healthy persons), | with AH,
n=15 n =30

Cholesterol, umol/1 4.45+0.15 493 +0.36
Triglycerides, pmol/1 1.45+0.17 1.88+0.13*
Cholesterol-HDL, pmol/1 1.12 £ 0.09 1.22 £0.08
Cholesterol-LDL, pmol/1 2.10+0.19 2.70 +0.21*
Coefficient of atherogenity 2.70 £ 0.35 2.88+0.29

Note: * - The difference with Control group is statistically
significant; P < 0.05.

The results of quantitative determination of com-
ponent content of lipids in patients with AH are shown
in Tab. 2. Our studies demonstrate no significant diffe-
rences in lipid status in patients with AH in comparison
to control group, with the exception of triglycerides and
LDL cholesterol, which are respectively 29 % and 28 %
above the reference value.

It should be noted that despite the relative normali-
zation of content of lipids, activation of free radical oxi-
dation reactions, as indicated by significantly higher le-
vels of lipid and protein oxidation product in serum re-
mains in patients with AH.

Catalase and superoxide dismutase activities are de-
creased in patients with AH in comparison to control. These
changes indicate the presence of imbalance between pro-
and antioxidant systems. Noteworthy, the degree of oxi-
dative modification of LDL + VLDL is increased by 45 %
in patients with AH (Tab. 1). Content of carbonyl pro-
ducts of protein oxidation in HDL fraction also increases
by 20 % compared with the control group. This may be
due to inhibition of PON-1 activity, which is responsible
for protecting HDL, and activation of MPO activity, which
is aimed at peroxidation of lipoprotein particles and other
macromolecules that participate in the processes of athero-
genesis and progression of the pathological process in
atherogenesis.

CONCLUSIONS

1. The accumulation of carbonyl products of protein
oxidation in blood, HDL and LDL eventually results
in oxidative modification of HDL and LDL, and loss
of their functional properties.

2. Our evaluation showed a significant increase of MPO
activity and decrease of PON1, catalase and super-
oxide dismutase activity in patients with AH.

3. Changes of MPO and PON1 activity may serve as a
useful marker of dysfunctional HDL. The ratio “MPO/
PON1” can be used as a predictor of inflammatory
response and atherosclerotic process and to evalu-
ate the effectiveness of treatment.

4. The activity of HDL-associated enzymes (PON1 and
MPO) is the most informative indicator of functional
state of HDL, and not the level of HDL-cholesterol.

5.

10.

11.

12.

Demonstrated changes in the functional state of HDL,
in our opinion, create a predisposition to develop-
ment and progression of atherosclerosis in patients
with AH.
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BIVIKOBI ®AKTOPHU OKCUJATHBHOI'O CTPECY I ATEPOTEHE3Y Y NIAIIIEHTIB 3 APTEPIAJIbHOIO

TINEPTEH3IEIO
MeTo10 faHOi po60TH 6ysI0 BUBYEHHS SIKICHOTO CTAaHy OCHOBHUX KJaciB JiinonpoTeiHiB Ta aKTUB-
HOCTI acoliioBaHUX 3 HUMU GiJIKiB-pepMeHTIB y KpoBi aLlieHTiB 3 apTepiajibHOLO rinepTeHsieto (Al).
B nociimxenHs 6ynu Bkiatodeni 30 nanienTiB 3 AT I crazii (cepenHili Bik — 47,4 + 3,3 pokiB). Y na-
1ieHTiB 3 Al' 36epiraetbcs iHTeHCHiKallisl MPoIEeciB BiIbHOPAJUKAJIbHOTO OKHCHEHHS OI/IKIB, 110
CynpoBoKy€eThCs nepeokrucHenHsam JIITHT, JITIIHT i JITIBT i3 36isbiieHHAM iX iHAEKCY TepeKUCHOL
Mozaudikalii i aTeporeHHOro noTeHujiany Kposi. Y nauieHTiB 3 AI' BCTaHOBJIEHO 3pOCTaHHSI aKTUB-
HocTti MIIO Ha QoHi 3HMKEHHSI aKTUBHOCTI aHTUOKCUJAHTHUX ¢pepMmeHTiB — [I0H-1, kaTanasu i cy-
nepoxkcuaancMmyTasu. 3mina aktuBHocTi MIIO i [IOH-1 Moke 6yTH BUKOpPUCTAHA B IKOCTi NpeAUK-
TOpa aKTUBHOCTI 3anajbHOI peakii 3a yyacTi HeHTpodiTbHUX JTeMKOIUTIB i MporpecyBaHHs aTepo-
CKJIEPOTHUYHOTO MPOLIECY, 8 TAKOXK AJisl OL[iHKU ePeKTUBHOCTI JIikyBaHHS. [/l OL[iHKH sIKiCHOTO CcTa-
Hy JiinonpoTeiHiB KpoBi i cTyneHs ix aTeporeHHOCTi iHpOpMaTUBHUMU NOKa3HUKAMU CJ1iJ] BBaXKaTU
aKTUBHICTB JiinonpoTeiH-aconifioBanux 6inkiB-pepmenTis ([IOH-1 i MIIO), a He TibKHU piBeHb XO-
JIeCTepoJ1y B HUX.
Knwo4oBi c/1oBa: apTepiasibHa rinepTeH3sis; aTeporeHes; OKCUAATUBHUM CTpec; MapaoKcoHasa-1;
Miesonepokcuaasa
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BEJIKOBBIE ®AKTOPbI OKCUJIATUBHOTI'O CTPECCA U ATEPOTEHE3A Y ITAIIMEHTOB C APTEPUAJIbHOM

TMNEPTEH3UEN
llesbio faHHOW paboThI OGbLIO U3yYeHHEe KaueCTBEHHOTO COCTOSIHUSI OCHOBHBIX KJIACCOB JIMIIOIPO-
TEMHOB U aKTUBHOCTb aCCOLIMMPOBAHHBIX C HUMU 6eJIKOB-GepMeHTOB B KPOBU NMALlUEHTOB C apTe-
puanbHOU runeprensueit (Al'). B uccinenoBanue 6b1u BkIodeHbl 30 nagueHToB ¢ Al 1l craguu
(cpennuii Bospact - 47,4 + 3,3 sieT). Y nagueHToB ¢ Al' coxpaHsieTcsl ”HTeHCUUKALUS MpoLec-
COB CBOOOZHOPA/JUKAIbHOTO OKHCIEeHHUs 6eJIKOB, YTO CONPOBOXJaeTcs nepeokucaennem JIITHII,
JITIOHIT u JITIBII ¢ yBesinueHHEeM MHAEKCA UX MEePEKUCHOU MOJUPUKALLUU U aTePOTEHHOTO I0-
TeHIMasa KpoBU. Y mauueHToB ¢ Al yctaHOBJIeHO Bo3pacTaHue akTUBHOCTU MIIO Ha ¢oHe cHU-
YKEHUs] aKTUBHOCTH aHTHUOKCUAAHTHBIX pepMeHTOB - [IOH-1, KaTasa3el U CynepoKCUALUCMYTa3bl.
H3meHenune aktuBHOCTH MIIO 1 [I0OH-1 MoXKeT 6bITh UCI0JIb30BAHO B KAUeCTBe NPEJUKTOpPA aKTHUB-
HOCTH BOCHAJIMTEJbHOMN peakIiy ¢ yyacTHeM HEUTPOPUIbHBIX JIEHKOIIMTOB M MPOrPecCHpOBaHUS
aTepoCKIepOTUYECKOTO MPoliecca, a Takxe A1 oOleHKH 3G PeKTUBHOCTH JledyeHHUs. [l/1sl OLleHKH Ka-
YeCTBEHHOT'0 COCTOSIHUSA JIMMIONPOTEMHOB KPOBHU U CTENEHH UX aTepOreHHOCTH HHPOPMaTUBHBIMU
NoKasaTeJIIMH CJle/lyeT CYUTATh aKTHBHOCTD JIMIIONPOTENH-aCCOLMUPOBAHHBIX 6€JIKOB-pepMeH-
ToB ([I0OH-1 u MIIO), a He TOTBKO yPOBEHB X0JIECTEPOJIA B HUX.
KiiouyeBble c10Ba: apTeprasibHasi FMIIepTeH3Us]; aTeporeHes; OKCUJaTUBHbIN CTpecc; TapaoKCcoHa-
3a-1; MHesIoNlepoKcuasa
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