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SANTRUMPOS

ADP — adenozino difosfatas

AHA/NHLBI (angl. American Heart Association/National Heart, Lung,
and Blood Institute) — Amerikos Sirdies asociacija / Nacionalinis Sirdies,
plauciy ir kraujo institutas

ATP — adenozino trifosfatas

BHT - dibutilhidroksitoluenas

BRR - biitinosios riebaly rugstys

C — anglis

Ca®* —kalcio jonai

CAT — katalazé

CD - cukrinis diabetas

COX - ciklooksigenazé

DAG - diacilglicerolis

DTL-Ch — didelio tankio lipoproteiny cholesterolis

ETS — endoplazminio tinklo stresas

GP - glikoproteiny receptorius

GPIa—Illa — glikoproteiny receptoriai nuo Ia iki IIla

GPIb ir I[Ib — glikoproteiny receptoriai Ib ir IIb

GPVI - glikoproteiny receptorius VI

GSH - redukuotas glutationas

GSSG - oksiduotas glutationas

GST - glutationo transferazé

GTPx — glutationo peroksidaze

H - vandenilio atomas

H* — vandenilio jonas

5-HEPE - 5-hidroksieikozapentaeno rugstis

4-HNE - 4-hidroksi-2-nonenalas

IL-6 — interleukinas 6

IP; —inozitolio 1,4,5-trisfosfatas

LOX — lipoksigenaze

LNL - létinés neinfekcinés ligos

LT - leukotrienas

LTA, — leukotrienas A

LTB, - leukotrienas B,

LTB; — leukotrienas By



LTC, — leukotrienas C;

LTD; - leukotrienas Dy

LX - lipoksinas

LXA, — lipoksinas A,

LXB, — lipoksinas X,

MDA — malono dialdehidas

MNRR — mononesociosios riebaly riigstys

MTL — mazo tankio lipoproteinai

MTL-Ch —mazo tankio lipoproteiny cholesterolis

MS — metabolinis sindromas

NADPH - nikotinamido adenino dinukleotido fosfatas, redukuota forma

NADPH-oksidazé — nikotinamido adenino dinukleotido fosfato redukuotos
formos oksidaze

NF-kB — aktyviy B lasteliy branduolio faktoriaus kapa lengvosios grandinés
stipriklis

NH; —amoniakas

NH," — amonio jonas

NHANES (angl. National Health and Nutrition Examination Survey) —
Nacionaliné sveikatos ir mitybos tyrimo apzvalga

NRR — nesociosios riebaly riigstys

OS — oksidacinis stresas

PC — fosfatidilcholinas

PE — fosfatidiletanolaminas

PG — prostaglandinas

PGD - prostaglandinas D

PGE — prostaglandinas E

PGE, — prostaglandinas E,

PGF — prostaglandinas F

PGG, — prostaglandinas G,

PGH, — prostaglandinas H,

PGI — prostaglandinas I

PGI, — prostaglandinas I,

PGI, — prostaglandinas I, (prostaciklinas I)

PIP, — fosfatidilinozitolio 4,5-bisfosfatas

PIP, — fosfatidilinozitolio 3,4,5-trisfosfatas

PKC — baltymy kinazé C

PLA2 — fosfolipazé A2

PLC — fosfolipazé C
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PNRR - polinesociosios riebaly riigstys
PRX — peroksiredoksinas

PS — fosfatidilserinas

PSGL-1 — P-selektino glikoproteino ligandas-1
ROS — aktyviosios deguonies formos
RR - riebaly rugstys

Rv —rezolvinas

RvD,~—rezolvinas D,

RvD, —rezolvinas D,

RvD; — rezolvinas D,

RvD, —rezolvinas D,

RVE, —rezolvinas E,

RVE, —rezolvinas E,

SOD - superoksido dismutazé

SPH - sfingomielinas

SRR — sociosios riebaly riigstys

TAG — triacilglicerolis

TBR — tiobarbitiiro rugstis

TLA — trombocity ir leukocity agregatai
TLR - tiesioginis antigeny atpazinimo receptorius
TMA — trombocity ir monocity agregatai
TNA — trombocity ir neutrofily agregatai
TNF-a — naviky nekrozés faktorius o

TP — tarpkvartilinis plotis

TRX — tioredoksinas

TXA, — tromboksanas A,

TXA, — tromboksanas A,

Q — kvartilis
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[VADAS

1. DARBO AKTUALUMAS

Létinés neinfekcinés ligos (LNL) yra genetiniy, fiziologiniy, aplinkos
ir elgsenos veiksniy rezultatas. Pagrindinés LNL grupés yra Sirdies ir
kraujagysliy ligos, vézys, 1étinés kvépavimo taky ligos ir cukrinis diabetas.
Pasaulio sveikatos organizacijos duomenimis, $ios keturios grupés ligy sukelia
daugiau nei 80 proc. visy ankstyvy miréiy nuo LNL pasaulio mastu. Sirdies ir
kraujagysliy ligos sudaro didziausia dali mir¢iy nuo LNL — nuo $iy ligy mirsta
17,9 min. zmoniy per metus, o nuo vézio, kvépavimo taky ligy ir cukrinio
diabeto — atitinkamai 9,0 mln., 3,9 mln. ir 1,6 min. [1, 2].

Tabako vartojimas, fizinio aktyvumo stoka, zalingas alkoholio vartojimas
ir nesveika mityba didina ne tik mirStamumo nuo LNL rizika, bet ir rizika
susirgti dar viena, vadinamaja civilizacijos liga — inksty akmenlige [3].
Inksty akmenligés paplitimas, Nacionalinés sveikatos ir mitybos tyrimo
apzvalgos (NHANES) 2013-2014 mety duomenimis, siekia net 10,1 proc.
ir §is paplitimas vis dar nemaz¢ja [4]. Taigi, minéti rizikos veiksniai bei
per pastaruosius 60—100 mety padidéjes su maistu gaunamy kalorijy kiekis
prisideda prie suintensyvéjusios aktyviyjy deguonies formy gamybos ir ju
kaupimosi, dél to lasteléje vystosi oksidacinis stresas. Oksidacinis stresas
sietinas su nutukimu, II tipo cukriniu diabetu [5], Sirdies ir kraujagysliy [6]
bei neurodegeneracinémis ligomis [7], tromboze ir padidéjusiu trombocity
aktyvumu [8] bei inksty proksimaliniy kanaléliy pazeidimu [9].

Oksidaciniam stresui ir lipidy peroksidacijai yra jautriis lasteliu membrany
fosfolipidai, ypac juose esancios polinesociosios riebaly rigstys. Aktyviosios
deguonies formos, vykstant lipidy peroksidacijai, keicia lastelés membranos
lipidy sudéty, struktira ir dinamika. Dél to keiciasi ir pacios lastelés struktiira,
veikla bei fizinés savybés, o tai gali sukelti biologiskai aktyviy medziagy
gamybos poky¢ius. Sie poky¢iai Zzmogaus organizme skatina uzdegima,
aterogenezg ir tromboze. Taigi, dél oksidacinio streso ir lipidy peroksidacijos
vykstantys lastelés membranos lipidy struktiiros ir dinamikos poky¢iai skatina
Sirdies ir kraujagysliy [6] bei neurodegeneracinius pazeidimus, vézi, taip pat
akiy ir inksty degeneracija [10, 11].
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2. DARBO TIKSLAS IR UZDAVINIAI

1.1 Darbo tikslas

Ivertinti nuo oksidacijos priklausomos riebaly rugséiy sudéties svarba
sveikiems ir inksty akmenlige sergantiems asmenims.

1.2 Uzdaviniai

1. Ivertinti trombocity membranos riebaly riig§c¢iy sudéti priklausomai nuo
malono dialdehido koncentracijos kraujo serume.

2. Ivertinti trombocity membranos riebaly rugsciu sudéties sasaja su
trombocity agregacija.

3. Nustatyti ir ivertinti inksty akmenlige serganciy ir kontrolinés sveiky
asmeny grupés pilvo riebalinio audinio riebaly riig§¢iy sudét;.

4. Palyginti sveiky ir inksty akmenlige serganciy asmeny pilvo riebalinio
audinio riebaly riig§ciy sudéti vertinant pacientus, turin¢ius ir neturincius
metabolinio sindromo.

3. DARBO MOKSLINIS NAUJUMAS

Nors mokslinés publikacijos rodo, kad tyréju doméjimasis, kaip keiciantis
lasteliuy membranos fosfolipidy ar paties riebalinio audinio riebaly riigs¢iy
sudéciai gali pasikeisti lasteliy, pavyzdziui, trombocity, aktyvumas ar inksty
kanaléliy funkcija, iSlieka, taciau stinga detaliy moksliniy tyrimy, kuriuose
bty vertinama trombocity membranos fosfolipidy riebaly riigsciy sudétis
pagal oksidacinio streso zymenj malono dialdehida bei trombocity ir leukocity
agregaty formavimasi ir pilvo riebalinio audinio riebaly riigs¢iy sudéties bei
metabolinio sindromo ijtaka skirtingos kilmés inksty akmeny susidarymui.
Todél $ie tyrimai ir jy rezultatai $iandien yra aktualils ir skatina ieSkoti naujy
létiniy neinfekciniy ligy tarpusavio patogenezés rysiy.

4. PRAKTINE REIKSME

Nustatyti trombocity membranos fosfolipidy bei pilvo riebalinio audinio
riebaly rigsc¢iy sudeéti biity naudinga siekiant jvertinti trombocity pasiruoSima
buisimam aktyvacijos etapui ir biologiskai aktyviy medziagy (pvz., eikozanoidy
ir dokozanoidy), kurios tiesiogiai ar netiesiogiai dalyvaudamos uzdegimo
procese gali paveikti inksty akmenligés patogenezg, sintezés intensyvumui.
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5. GINAMIEJI DISERTACIJOS TEIGINIAI

Oksidacinis stresas daro itaka sveiky vyry trombocity membranos
fosfolipidu riebaly riigs¢iy sudéciai.

Pacienty, serganciy inksty akmenlige, pilvo riebalinio audinio riebaly
rugsciy sudétis skiriasi nuo sveiky asmeny.

Oksidacinio streso nulemta riebaly riigSc¢iy sudétis veikia biologiskai
aktyviy medziagy sinteze, kuri neatsiejama nuo aterotrombozés iruzdegimo,
atliekanciy svarby vaidmeni létiniy neinfekciniy ligy patogenezéje.
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LITERATUROS APZVALGA

1. RIEBALU RUGSTYS

Riebaly riigstys (RR) yra ilgosios anglies atomy grandinés mono-
karboksirtigtys. Sios riigitys gali biti laisvos (susijungusios su albuminu
kraujyje), bet dazniausiai esterintos. RR yra silpnos rtgstys, karboksigrupés
pK — apie 4,75 (anglies atomy ir dvigubyjy rysSiy skai¢ius RR grandingje
daro itaka pK reikSmés pokyciams). Esant fiziologiniam pH jos yra anijonai
(RCOO-). Neigiamas karboksigrupés kriivis daro molekule hidrofiling, o
ilga uodega — labai hidrofobing. Taigi, RR yra amfifilinés molekulés. Tokios
molekulés vandens ir oro pavirSiuje sudaro viena sluoksni, kur hidrofilinés
karboksigrupés nukreiptos i vandeni, o hidrofobinés anglies (C) atomy
grandings iSsidésto ore [12].

Sisteminiuose RR pavadinimuose C atomai pradedami numeruoti nuo
karboksigrupés C atomo galo, kuris zymimas 1. Nesisteminiuose pavadi-
nimuose C atomai Zymimi graiky abécélés raidémis a, B, y. Raide a pazZymimas
C atomas, susijunggs su karboksigrupés C (C-2) atomu. Vartojama ir
alternatyvi RR nomenklatiira — omega (®) sistema. Remiantis $ia sistema, C
atomai pradedami numeruoti nuo metilo grupés C atomo galo, kuris vadinamas
o anglies atomu (1 pav.) [13, 14].

Numeracijos kryptis
L ey |

% Z 1
() anglies B o

e —

Numeracijos kryptis

40
NOH

1 pav. Bendra RR formulé [15]

Remiantis angliavandenilinés grandinés ilgiu, RR gali biiti klasifikuojamos
1: trumpagrandes RR, turincias iki 8 C atomuy, vidutinio ilgio grandinés RR,
turin¢ias nuo 8 iki 12 C atomy, ir ilgagrandes RR, turin¢ias daugiau nei 12
C atomy grandinéje. Taciau literatiiroje pasitaiko ir labai ilgos grandinés RR
terminas, kuris apibiidina RR granding, turincia daugiau nei 22 C atomus.
DaZniausiai biologinése sistemose aptinkamos tarp C14 ir C24 anglies
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atomy turinCios RR, o Zmogaus organizme vyrauja dazniausiai tarp C16 ir
C18 anglies atomy turin¢ios RR (ilgagrandés) bei nesakotos, lygini C atomy
skaiciy turin¢ios RR.

RR gali biiti sociosios RR (SRR) ir nesociosios (NRR). SRR neturi
dvigubyju rysiy angliavandenilingje grandinéje, o NRR turi bent viena
dvigubaji ry$i. NRR dvigubieji rySiai atskirti metileno grupe (-CH2-) ir
nesudaro konjuguotos sistemos (2 pav.).

A B
HHHHHH
o fuMHNNERY o YYNIIL Huu
A S A A R N AR S
© HHHHHHHHH P HmEEE A

H
2 pav. A — SRR strukttiriné formulé; B — NRR struktiiriné formulé [16]

NRR yra skirstomos | du pogrupius: mononesociosios RR (MNRR),
turincios viena dvigubaji rysi, ir polinesociosios RR (PNRR), turin¢ios du ir
daugiau dvigubyjy rysiu. Dvigubojo rysio padétis zymima simboliu A, skaiciais
zymima, tarp kuriy C atomy susidaro §is rySys. Remiantis o sistema, NRR
nurodoma dvigubojo rysio buvimo vieta C atomy grandinéje, skai¢iuojant nuo
o anglies atomo. Sis dvigubasis rysys daZniausiai yra nutolgs per 3, 6 arba 9 C
atomus nuo angliavandenilinés grandinés galo (3 pav.).

T 0
1 o 3
H,C—CH,—C=C—CH,—R —C/<

(O anglies 3 dvigrbasis ryiys OH

atomas

3 pav. Dvigubojo rySio numeracija pagal o sistema [15]

RR dvigubojo rysio geometrija yra apibiidinama cis- ir trans- nomenklati-
ros sistemomis (taip pat zinomos kaip (E/Z) izomerizmas). Sios nomenklatii-
ros sistemos nurodo grandinéje esanciy dviejuy C atomy arba grupiy, sujung-
ty dvigubuoju rysiu, i$sidéstyma molekulés plokStumoje. Jei C atomai arba
grupés yra iSsidéste toje pacioje molekulés plokstumoje, tai RR yra cis- konfi-
giiracijos, jei prieSingoje puséje — trans- konfigiiracijos. Trans- konfigiiracijos
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RR C atomy grandinés iSsidésto kompaktiskai ir sudaro tvarkingas iStemptas
strukturas, o esant cis- konfigiiracijos dvigubajam rysiui molekuléje susidaro
luzis (kinkas) ir grandinés i$sidésto netvarkingai (4 pav.) [16, 17].

H M H
/C = C\ —C= C;::
RR trans- konfigiiracija H

RR cis- konfigaracija

ol AEE,
—C—C— C—C—CI—
I U
HHH HHH

4 pav. RR angliavandenilinés grandinés dvigubuyjy rysiy cis- ir trans- konfigiiracijos
[18, 19]

Zmogaus organizme yra tam tikry PNRR, kurios ne sintetinamos, bet
gaunamos tik su maistu. Jos vadinamos biitinosiomis RR (BRR). BRR yra
skirstomos { dvi klases: omega 3 (®3) ir omega 6 (©6). Zyméjimas w6 ir
®3 PNRR yra pagristas pirmo dvigubojo rySio vieta, skai¢iuojant nuo RR
molekulés metilo grupés C atomo galo. w6 BRR yra linolo RR (RR 18:2m6)
ir ®3 BRR — a-linoleno RR (RR 18:3®3) (5 pav.).

12 3 tooH
({\/\/ N NN

Linolo RR (RR 18:206)

VAR RAAAN o

a-linoleno RR (RR 18:33)

5 pav. Bitinosios riebaly rigstys: linolo 6 ir a-linoleno ®3 [20]
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RR 18:2w6 yra randama daugelyje augaly sékly (pvz., saulégrazy, sezamy,
kanapiy), iSskyrus kokosuy, kakavmedziy ir palmiy. Kita @6 RR — arachidono
RR (RR 20:4w6), jos yra vistienos, jautienos produktuose bei kietai virtuose
kiausiniuose. ®3 BRR — RR 18:3®3 — randama Zaliyjy lapiniy darzoviy chlo-
roplastuose bei liny, rapsu, Salaviju, periliy ir graikiniy rieSuty séklose. Kitos
®3 PNRR: eikozapentaeno RR (RR 20:5w3) ir dokozaheksaeno RR (RR
22:6m3), randamos Saltavandenése zuvyse (pvz., lasisose, upétakiuose, skum-
brése) bei jvairiose jiiry gérybése (pvz., austrése, krevetése) [21]. Augalinia-
me aliejuje, ypac alyvuogiy, gausu ir ®9 RR, kurios sintetinamos ir zmogaus
organizme. Viena tokiy RR, kurios taip pat randama alyvuogiy aliejuje, yra ol-
eino RR (RR 18:1®9). RR 18:1w9 turi tik vieng dvigubaji rysi angliavandeni-
linéje grandinéje, todél augaliniuose aliejuose esantis a tokoferolis (vitaminas
E), biidamas antioksidantas, saugo RR 18:1w09 nuo lipidy peroksidacijos [22].
Suvartojant per mazai @3 ar w6 RR, organizme gali padaugéti ©®9 RR, nes,
kaip buvo minéta, pats organizmas geba sintetinti ®9 PNRR i$ kity RR [23].

Dabartiniy moksliniy publikaciju duomenimis, SRR pakeitus MNRR
ir PNRR, sumazinamas sergamumas létinémis uzdegiminémis ligomis,
pagerinamas audiniy jautrumas insulinui bei sumazinama sergamumo bei
mirtingumo nuo Sirdies ir kraujagysliy ligu rizika (1 lentelé) [24-27].

1 lentelé. ©3, 6, ®9 PNRR poveikis Zzmogaus organizmui [27]

Riebaly riigstis (RR) ‘ Struktiira ‘ Poveikis organizmui
*3 PNRR
a-linoleno RR 18:3**©3 1" Oksidacinj stresa
1 Uzdegima

| Trombocity agregacija
| Cholesterolio kieki kraujyje
| Arterini kraujo spaudima

Eikozapentaeno RR 20:5w3 | Oksidacini stresa

| Uzdegima

| Arterinj kraujo spaudima
Pagerina audiniy jautruma insulinui
Dokozaheksaeno RR 22:603 | Uzdegima

| Lipidy kieki kraujyje

Pagerina pacienty, serganciy
Alzheimerio liga, psiching bikle
Pagerina kognityving funkcija

1## Regéjimo astruma

| Gaubtinés zarnos karcinomos lasteliu
augima
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Riebaly rigstis (RR) ‘ Struktiira ‘ Poveikis organizmui
06 PNRR

Linolo RR 18:206 1 Uzdegima

1 Oksidacini stresa

1 Kraujagysliy adhezijos molekuliy-1

raiSka

Arachidono RR 20:406 1 Uzdegima

1 Oksidacini stresa

1 Trombocity agregacija

1 Kraujagysliy pazeidima

1 Vazokonstrikcija

1 Eikozanoidy sintezg

®9 PNRR

Oleino RR 18:109 | AterogeniSkuma

| Mazo tankio lipoproteiny
cholesterolio kieki

| Mazo tankio lipoproteiny
cholesterolio oksidacija
Apsaugo kraujagysles
Pagerina lipidy sudeét

PNRR - polinesociosios riebaly rugstys; * — dvigubojo rySio padétis tarp anglies ato-
mu molekuléje; ** — anglies atomy ir dvigubuju rysiu skaicius; |* — sumazéja, sulétéja;
1## — padidéja, suintensyvéja

2. RIEBALU RUGSCIU METABOLIZMAS

PNRR yra daugelio biologiskai aktyviy metabolity pirmtakai, kurie
dalyvauja ivairiuose patofiziologiniuose procesuose bei padeda palaikyti
lastelés homeostaze [28]. Labiausiai mokslinése publikacijose nagrinéjami
biologiskai aktyviis lipidy mediatoriai yra RR 20:40w6, RR 22:503 ir RR
20:5w3, sintetinamos i§ su maistu gaunamy BRR: RR 18:2w6 ir RR18:3w3,
dalyvaujant A6 ir A5 desaturazéms (fermentai, sudarantys dvigubuosius
rySius angliavandenilingje grandingje) bei elongazéms (fermentai, ilginantys
angliavandeniling granding dviem C atomais). Ta¢iau ®9 PNRR, kaip manoma,
dalyvauja BRR apykaitoje, bet ne biologiskai aktyviy medziagy sintezéje [21,
271 (6 pav.).

19



[ Omega-3, -6 ir -9 nebaly rigitys

¢

LTCs: LTAs, LTEs @

; ™

* trombocitu agregacija;
kraujagysles plefiantis

povetkis;

krawjospiid] mazmantis

povetkis;

sirdj apsaugantis poveikis
\. J

-

Leukotnena LTDI.
LTCS LTA4, LTRs®

~
# antitrombozinis povedkis;
* trombocity agregacija;
skatina neutrofily

chemotalks{,
kranjagysles sutrankiantis

. — - " . -
adinolens rigitis ™ Linele rigitis ™ Oleino rigitis
(18:303) (18:208) | {18 109)

, N . —
Steandono rilgdtis y-hnole rigstis Cis, trans linolo

(18:4a3) L (18:3w6) rigitis (18:2a9)
Eikozatetraeno rigitis Dihomo-ylinole rigéts
0: 2
(20-403) (20:306) L (20:26:9) )
Eikozapentaeno rigétis Arachidono rigiis | o
(20:503) (20-46) (20:305)
, | | — .
Dokozapentaeno rigétis Dokozatetraeno rigsts :
(22:503) (224ab) (223a9)
Deokoraheksaens gt Dokozapentaeno rigitis :
(22:6a3) (22 506) (2249
~ a4 3
Prostaglandina: PGEz,
Prostaglandina: PGE3, TX A
PGH3 T A3 PGS 7
Proslag]mdma: PGEa
Levkgtienai LD PGH;, TXA2' TXB2, —
~

nervy sistama
apsanganiis povetlis;
u2desima slopinantis
povails;

L:raLJG:pu.]_ maFinantis
poveilis;

*didina CETP aktyvuma

poveikis
J

\.
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| (MTL-Ch, DTL-Ch)

6 pav. ®3, ®6 ir ®9 PNRR apykaita ir poveikis ligy i$sivystymui [27]

PGE, PGH, PGI — prostaglandinai E, H ir I: PGE2 — prostaglandinas E2, PGH2 — pros-
taglandinas H2, PGI2 — prostaglandinas 12, PGE3 — prostaglandinas E3, PGH3 — prostag-
landinas H3, PGI3 — prostaglandinas 13; LTA, LTB, LTC, LTD —

leukotrienai A, B, C ir



D: LTA4 — leukotrienas A4, LTB4 — leukotrienas B4, LTC4 — leukotrienas C4, LTD4 — le-
ukotrienas D4, LTAS — leukotrienas A5, LTBS5 — leukotrienas B5, LTC5 — leukotrienas C5,
LTDS5 — leukotrienas D5; tromboksanai: TXA1 —tromboksanas A1, TXA2 — tromboksanas
A2, TXA3 — tromboksanas A3; COX — ciklooksigenazés kelias; LOX — lipoksigenazés
kelias; Ca2+ — kalcio jonas; CETP — cholesterolio esterio pernasos baltymas; MTL-Ch —
mazo tankio lipoproteiny cholesterolis; DTL-Ch — didelio tankio lipoproteiny cholesterolis

IS RR C20:406 ir RR 20:5w3, dalyvaujant fermentams ciklooksigezéms
(COX) ir lipoksigenazéms (LOX), sintetinami 20 C atomy turintys oksiduoti
dariniai — eikozanoidai (gr. eikoso — dvideSimt). Eikozanoidai skirstomi i
kelias klases: prostaglandinus, prostaciklinus, tromboksanus, leukotrienus ir

lipoksinus (7 pav.).
Prostaglandinas E2 (PGE2). rostaglandinas E3 (PGE3).
Prostaciklinas 12 (PGI2,) Prostanoidai |Prostaciklinas I3 (PGI3).
Tromboksanas A2 (TXA?2) Tromboksanas A3 (TXA3)

Ciklooksigenaze

RR 20:4m6 RR 20:503 2 RR 22:6m3

S-lipoksigenazé

Eeuroprotekthlas DB

LTA4 » LTB4 LTAS & LTBS
4 Leukotrienai 0
LTC4 ©» LTD4

LTCS &> LTDS5

7 pav. 6 ir ®3 PNRR metaboliniai keliai [21]

RR 20:406 — arachidono raigstis; RR 20:503 — eikozapentaeno riigstis; RR 22:6w3 — do-
kozaheksaeno rugstis; S-HPETE — 5-hidroperoksieikozatetraeno riigstis (tarpinis metabo-
litas); LTA4 — leukotrienas A4; LTB4 — leukotrienas B4; LTC4 — leukotrienas C4; LTD4 —
leukotrienas D4; LTAS — leukotrienas AS; LTBS5 — leukotrienas B5; LTC5 — leukotrienas
C5; LTDS — leukotrienas D5
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Fermentas COX turi du izofermentus, vadinamus COX-1 ir COX-2. COX-1
randama visuose audiniuose, o0 COX-2 — tik audiniuose, kuriuose vyksta akty-
vus uzdegimas, iSskyrus inkstus ir smegenis, kur COX-2 randama nattiraliai.
Pagrindinis COX-1 ir COX-2 produktas yra prostaglandinas H2 (PGH2), kuris
gali biti metabolizuojamas i kitus prostaglandinus (PG), veikiant prostaglandi-
no D (PGD), prostaglandino E (PGE), prostaglandino F (PGF) ir prostaglandi-
no (dar vadinamo prostaciklinu) I (PGI) sintazéms ir izomerazéms [29]. Taigi,
RR C20:406, dalyvaujant COX, ver¢iama i: prostaglanding E2 (PGE2), kuris
aktyvina uzdegimo procesa bei pasiZzymi proaritminiu poveikiu, prostacikling
12 (PGI2), atsakinga uz kraujagysliy iSsiplétima (didina kraujagysliu spindj),
ir { tromboksang A2 (TXA2), kuris aktyvina trombocity agregacija ir sukelia
kraujagysliy spazmus. Taciau RR 20:503, dalyvaujant COX, metabolizuojama
1 biologiskai aktyvias medziagas, kurios pasizymi priesingu poveikiu: prostag-
landinui E3 (PGE3) buidingas uzdegima slopinantis poveikis, prostaciklinas I3
(PGI3) plecia kraujagysles, tieck PGE3, tiek PGI3 pasizymi antiaritminiu po-
veikiu, o tromboksanas A3 (TXA3) slopina trombocity agregacija [11, 21].

Literattiroje minimi trys LOX izofermentai, kuriy randama leukocituose,
trombocituose ir endotelio lastelése: 5-LOX, 12-LOX ir 15-LOX. 5-LOX
produktai yra susij¢ su Sirdies ir kraujagysliy ligy patogeneze bei uzdegimo
procesais. Veikiant 5-LOX, RR C20:406 verCiama i leukotrienus (LT) —
leukotriena B4 (LTB4), kuris yra uzdegima skatinantis lipidy mediatorius,
didinantis leukocity chemotaksij, reaktyviu deguonies radikaly gamyba ir
reguliuojantis uzdegima skatinanciy citokiny — naviky nekrozés faktoriaus
o (TNF-a), interleukino 6 (IL-6), interleukino 1 (IL-1) iSsiskyrima [30],
o veikiant 15-LOX susidaro lipoksinai (LX) — lipoksinas A4 (LXA4) ir
lipoksinas B4 (LXB4), kurie mazina pernelyg didelj audiniy pazeidima ir 1étini
uzdegima [31]. RR 20:5w3, veikiant LOX, metabolizuojama | leukotriena
A5 (LTAS), leukotriena B5 (LTBS5), leukotriena C5 (LTC5) ir leukotriena
D5 (LTD5) bei E grupés rezolvinus (Rv) (pvz., rezolvinas E1 (RvEl) ir
rezolvinas E2 (RvE2)), kurie pasizymi uzdegima slopinanciu poveikiu —
mazina uzdegiminiy citokiny ir chemokiny sintez¢ [32]. D grupés rezolviny
(pvz., rezolvinas D1 (RvD1), rezolvinas D2 (RvD2), rezolvinas D3 (RvD3)
ir rezolvinas D4 (RvD4)), sintetinamy i§ RR 22:6w3, randama centringje
nervy sistemoje. Jie vadinami neuroprotektinais, nes pasizymi nervy sistemos
apsauginiu poveikiu: slopina uzdegima slopinanciy veiksniy i$siskyrimg ir
proapoptozinés kaspazés-3 aktyvuma bei antiapoptoziniy faktoriu (t. y. Bcl-2
Seimos baltymy) stimuliavima [21, 28, 29, 33].

Taigi, biologiskai aktyvis lipidy mediatoriai, gaunami i§ PNRR, susije
su daugeliu biocheminiy ir signalo perdavimo keliy, reguliuoja uzdegima
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skatinancius ir slopinancius procesus, aktyvindami fermentus bei gamindami
citokinus ar kitas timinés fazés molekules, taip veikdami jvairias fiziologines
organizmo sistemas bei patologinius procesus.

3. TROMBOCITAI IR JU SAVYBES

Trombocitai — bebranduolés, disko formos, nuo 0,5 um iki 2—4 pm dydzio
kraujyje cirkuliuojancios lastelés, kuriy yranuo 150 iki 400 x 109 litre (daugiau
yra motery nei vyry kraujyje, nepaisant mazesnio trombopoetino kiekio [34]).
Trombocitai susidaro kauly ciulpuose i§ megakariocity. Kraujotakoje jie
cirkuliuoja iki 10 dieny (véliau juos pasalina retikuloendoteliné sistema [35]),
atlikdami esminj vaidmeni vykstant hemostazei ir trombozei [36, 37]. Be to,
trombocitai dalyvauja organizmo imuninése ir uzdegiminése reakcijose [38].

Trombocitai, turédami signalo baltymus ir pavirSiaus glikoproteiny
receptorius (GP) (pvz.: GP la—Ila ir GP VI dalyvauja prijungiant kolagena,
GP Ib — prijungiant von Willebrando faktoriy bei GP IIb-Illa — prijungiant
fibrinogena), geba reaguoti i kraujagysliy sieneliy pazeidimus. Be lizosomy
bei endoplazminio tinklo, trombocitai turi nukleoriigs¢iy likuciu, gauty is
megakariocity, bei mitochondriju [39]. Todél trombocitas daugiausia energijos
(apie 80 proc. visos gaunamos energijos) adenino nukleotidu pavidalu gauna
vykstant aerobiniam oksidaciniam fosforilinimui mitochondrijose [40].

Be adenozino difosfato (ADP) sankaupy, trombocitai turi ir specifiniy
granuliy — serotonino ir kalcio sankaupuy, a-granulése kaupiami tokie kreséjimo
faktoriai kaip von Wilebrando faktorius, multimerinas, trombospondinas-1,
fibrinogenas, taip pat randama imunoglobulino E ir chimokiny: trombocity
faktoriaus-4, beta tromboglobulino. Trombocity granuliy komponentai
sukelia organizmo gynybini atsaka, aktyvina greta esancius trombocitus
ir leukocitus bei dalyvauja reguliuojant audiniy regeneracija [41]. Taciau
trombocity degranuliacija bei granuliy komponenty sekrecija gali sukelti
recipientui ir nepageidaujamy reiskiniy, pavyzdziui, febriliniy ir alerginiy
transfuzijos reakcijy [42—44]. Vis délto kraujagysliy endotelio lastelés gamina
ir trombocity veikla slopinancius inhibitorius: azoto oksida (NO) (plecia
kraujagysles ir apsaugo lasteles nuo iSeminio jvairiy organizmo audiniy
pazeidimo [45]), PGI2 (taip pat pleCia kraujagysles bei slopina trombocity
agregacija [46]) ir natlraliaja ATPaz¢ (kitaip dar vadinama CD39, ji
metabolizuoja ir taip neutralizuoja aktyviy trombocity isskiriamus adenozino
trifosfata (ATP) ir ADP), taip sustabdydami tolesng trombocity veikla ir ju
kaupimasi bei agregacija kraujagysliy pazeidimo vietose, sukeldami nuo
trombocity priklausomas Sirdies ir kraujagysliy ligas [47].
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3.1 Trombocity fosfolipidiné membrana ir jos ypatumai

Trombocity aktyvumas bei ju atlieckamos funkcijos glaudziai susijusios
su fosfolipidine membrana bei jos sudétimi. Dar 1972 m. S. J. Singeris ir
G. L. Nikolsonas, remdamiesi termodinaminiais lastelés membranos lipidu
ir baltymy iSsidéstymo principais bei membranos asimetrija ir Soniniu
judéjimu membranos matrikse, pasiiilé lastelés membranos skystamozaikés
sandaros modelj (angl. fluid-mosaic model). Sio modelio autoriy teigimu,
lastelés membranos pagrinda sudaro lipidy dvisluoksnis, kuriame yra
iSsidéste baltymai: integralieji (jsiterpe { membrana) ir pavirSiniai (iSsidéste
membranos pavirSiuje). Kadangi lastelés membrana yra skysta, lipidai ir
o angliavandeniai, prisijunge prie lipidy arba baltymy, iSsidésto iSorinéje
membranos puséje [48, 49]. Lasteliy membranas sudaro ir mikrodomenai /
membrany domenai (specifinés lipidy ir baltymuy sudéties judrios démeés
lastelés membranoje), kitaip dar vadinami lipidy plaustais, kurie yra sudaryti
i§ sfingomielino ir cholesterolio ir turi didelg itaka tam tikriems lastelés
procesams, pavyzdziui, membrany pernasai, lasteliy augimui, apoptozei,
signalo perdavimui per membrana (8 pav.) [50].
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8 pav. Scheminis Iastelés membranos skystamozaikés sandaros modelis. [vairts lipi-
dai, i8ryskinti skirtingomis spalvomis, formuoja mikrodomenus aplink integraliuosius
membranos baltymus ir glikoproteinus, asimetriskai iSsidésciusius lastelés membra-
noje [51]
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Lipidai sudaro nuo 16 iki 19 proc. sausos trombocity masés, i$ ju 65 proc.
yra fosfolipidai, 25 proc. — neutraliis lipidai ir apie 8 proc. — glikolipidai.
Neaktyviu trombocity dvisluoksne membrang sudaro simetriskai pasiskirste
skirtingy rasiy fosfolipidai: iSoriniame membranos sluoksnyje randama
fosfatidilcholino (PC) ir sfingomielino (SPH), o vidiniame sluoksnyje —
fosfatidilserino (PS) ir fosfatidiletanolamino (PE). Trombocituose (ar ju
membranoje) esantys lipidy nesikliai, kontroliuodami judéjima per dvisluoksng
membrana, uztikrina trombocity plazminés membranos fosfolipidy asimetrija.
Taciau po trombocity aktyvacijos trombinu ir kolagenu jvyksta metaboliniai
poky¢iai, kurie sutrikdo asimetrini trombocity membranos pasiskirstyma.
Per specifinius kanalus i Igstele gausiai verziantis kalcio jonams (Ca2+),
fosfolipazé¢ C (PLC) hidrolizuoja fosfatidilinozitolio 4,5-bisfosfata (PIP2) i
antrinius signalo neSiklius: diacilgliceroli (DAG) ir inozitolio 1,4,5-trisfosfata
(TP3). Susidarg DAG, PS bei Ca2+ aktyvina baltymy kinaze¢ C (PKC). Veikiant
fosfolipazei A2 (PLA2), i§ glicerofosfolipidy atpalaiduojama RR 20:4w6
ir vyksta baltymu, kurie saveikauja su fosfoizonitido 3-kinazés produktu,
fosfatidilinozitolio 3,4,5-trisfosfatu (PIP3), aktyvacija, pavyzdziui, baltymy
kinazés B. Tokiu biidu aktyviame trombocite i§ membranos vidinio sluoksnio
1 iSorinj perkeliami prokoaguliaciniai fosfolipidai: PS ir PE (9 pav.). Toks PS
vietos pasikeitimas trombocity membranoje sudaro palankias salygas pradéti
kraujo kreséjimo kaskada bei suformuoja signala, skatinantj apoptoziniy
lasteliy fagocitoze [52, 53].

Pasaulyje yra placiai tyrinéjami lastelés fosfolipidinés membranos RR bei ju
sudéties pokyciai, nes pastarieji gali sukelti reikSmingy membranos pakitimuy,
taip moduliuodami lasteliy funkcijas. Membranos fosfolipidy RR sudétis
gali paveikti tokius membrany biofizinius parametrus, kaip takuma, laiduma,
domeny formavima, bei lasteléje vykstancius procesus: lasteliy dalijimasi
(endocitozé ir egzocitozé), signalo transdukcija, membranos baltymuy veikla
ir antiproliferacing kontrole. Lastelés membranos takumo pokyciai gali
daryti jtaka baltymy kataliziniam aktyvumui, pavyzdziui, Zmogaus eritrocity
membranos natrio siurblio aktyvumui, o membranos laidumo poky¢iai lemia
membranos sutrikimus. Pavyzdziui, NRR apsaugo membrana nuo jodido
ir ditionito jono pernasos, nekeisdamos termodinaminiuy fosfolipidinés
membranos savybiy, o toks apsauginis SRR poveikis yra minimalus.
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9 pav. Trombocity membranos fosfolipidy persiskirstymas po aktyvacijos [53]

A —nestimuliuotas trombocitas, B — stimuliuotas trombinu ir kolagenu trombocitas. SPH —
sfingomielinas; PC — fosfatidilcholinas; PS — fosfatidilserinas; PE — fosfatidiletanola-
minas; PIP2 — fosfatidilinozitolio 4,5-bisfosfatas; PIP — fosfatidilinozitolio monofosfatas;
PI - fosfatidilinozitolis; IP3 — inozitolio trisfosfatas; DAG — diacilglicerolis; Ca2+ — kalcio
jonai; PKC — baltymy kinazé C; PLA2 — fosfolipazé A2; AA — arachidono RR

Lastelés fosfolipidinés membranos RR dalyvauja ir Iasteléje vykstanciuose
procesuose. Lipidai, bidami amfifilinés molekulés, veikia kaip tarpininkai,
skatindami membranos sintez¢. RR 18:1®9 ir RR 20:4w6 labiausiai aktyvina
membranos sintezg, o SRR ir trans-NRR slopina. Manoma, kad lipidy
mikrodomenai moduliuoja signaliniy baltymy lokalizacija, tokiu badu
kontroliuodami vidulastelines kaskadas, pavyzdziui, sergant Alzheimerio liga
RR 22:603 sumazina amiloido B sankaupas smegenyse, kontroliuodama lipidy
mikrodomeny pasiskirstyma lastelés membranoje. Membranoje RR gali veikti
kaip moduliatoriai ir kaip signalo neSikliai, ypa¢ jei signalas suzadinamas
lastelés membranos lygiu. Toks daugialypis RR poveikis susijes su teigiamu
ar neigiamu jvairiy signalo kaskady reguliavimu, pavyzdziui, inozitolio
fosfato metabolizmu, uzdegimu ar nuo Ca2+ priklausomu impulsu. Be to,
keletas signalo transdukcijos sistemy yra susijusios su lastelés proliferacijos
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reguliavimu, pavyzdziui, PKC sistema, kuri reguliuoja greita lastelés augima
[54]. Taigi, pazeidus lastelés membranos vientisuma, sutrinka membranos
funkcija ir gali kisti lastelés fiziologiniai procesai [55].

Jei kraujagyslés pazeidziamos, kraujyje cirkuliuojantys trombocitai
prisijungia prie kraujagysliu sieneliy ekspresuojamy subendotelio baltymu,
pavyzdziui, kolageno, kuris yra laikomas vienu i§ stipriausiy trombogeniniy
subendotelio komponenty susidarant kreSuliams. Moksliniy publikacijy
duomenimis, trombocitai geba jvertinti pagrindiniy kolageno substraty
mechanines savybes bei pakeisti savo fiziologija taip, kad daryty jtaka PS
ekspozicijai ir tiesiogiai veikty kresulio formavimasi. Vadinasi, subendotelio
kolageno standumas skatina trombocity telkimasi, ju aktyvuma bei fibrino
susidaryma, taip didindamas gyvybei pavojingos trombozés rizika [56].

Veiksnys, kuris leisty bent i§ dalies sumazinti Sirdies ir kraujagysliy
sutrikimy rizika, yra @3 RR poveikis trombocity metabolizmui. Trombocitai,
kurie savo membranos fosfolipidy sudétyje turi daugiau RR 20:503 ir RR
22:6w3, geba maziau prisijungti fibrinogeno, maziau isskirti savo granuliy
turinio bei geba slopinti trombino gamyba. Be to, RR 20:50@3 ir RR
22:6w3 siek tiek sumazina ir paciy trombocity bei eritrocity skai¢iy, dél to
suléteja arteriju okliuzijos progresavimas, o tai yra labai naudinga Sirdies ir
kraujagysliy sistemai [57-59]. Bidama membranos fosfolipidy sudétyje, RR
22:6m3 veikia biofizinius dvisluoksnés membranos parametrus, pavyzdZziui,
lipidu susipakavima, membranos i§linkimus, lipidy persivertimo i§ vienos
membranos pusés | kita (angl. flip-flop) dazni, lipidu faziy atskyrima ir
pralaiduma bei membranos takuma. Kuo daugiau membranos fosfolipidai turi
PNRR, tuo membrana yra takesne [11].

Taigi, PNRR yra neatsiejama dalis trombocity fosfolipidinés membranos,
kurios sudétis gali moduliuoti ir paciy trombocity atlickamas funkcijas.

3.2 Trombocity ir leukocity agregaty formavimosi
sasaja su aterotromboze ir uzdegimu

Trombocity ir leukocity saveika nusako tarp lasteliy vykstanti procesa,
kuriam budingi trombocity ir skirtingy tipy leukocity signaly tarpusavio
mainai ir kuris jungia du pamatinius patofiziologinius procesus: aterotrombozg
ir uzdegimines imunines reakcijas.

Trombocitai geba perduoti biocheminius signalus neutrofilams, monoci-
tams ir limfocitams per adhezinius receptorius ir daugybe iSskiriamy tirpiy
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mediatoriy. Ir prieSingai, leukocity iSskiriamos proteazés ir NO gali modu-
livoti trombocity atsaka. Nors RR 20:4w6, vykstant trombocity ir leukoci-
ty ,.tarplastelinei saveikai®, didina uzdegima skatinanciy ir vazokonstrikci-
niy junginiy, pavyzdziui, LT ir TXA2, gamyba, bet minétas , tarplastelinis
metabolizmas® kartu skatina i$siskirti ir LX, kurie slopina uzdegiminj proce-
sa. Aktyvis trombocitai gali saveikauti ir su kraujagysliy endoteliu bei skatinti
adheziniy molekuliy bei chemokiny i$siskyrima, kurie lemia leukocity telki-
masi endotelio pazeidimo vietoje.

Trombocity ir leukocity agregatai (TLA) formuojasi, kai aktyvis
trombocitai ant savo membranos pavirSiaus iSkelia o-granuliy P-selektina
(kitaip dar vadinamas CD62P), kuri atpazista leukocity membranos pavirsiuje
esantis P-selektino glikoproteino ligandas-1 (PSGL-1). PSGL-1 ir P-selektinui
susijungus, PSGL-1 inicijuoja B2 integrino, dazniausiai makrofagy-1 antigeno,
konformacijos pokycCius ir skatina sudaryti tvirtas jungtis su neutrofilais.
Panasiu btudu trombocitai jungiasi prie monocity 1 ir B2 integriny ir skatina
limfocity telkimasi periferiniuose limfiniuose mazguose, palengvindami
limfocity patekima i aukstesnes endotelio venules [60].

Pastebéta, kad TLA, tiksliau trombocity ir monocity agregaty (TMA)
formavimasis (kadangi pastarieji lengviau sudaro agregatus nei trombocitai
ir neutrofilai), suintensyvéja esant Sirdies ir kraujagysliy pazeidimams:
iminiam koronariniam sindromui, kuris koreliuoja su miokardo nekrozés
zymenimis (troponinu [ ir troponinu T bei kreatino kinazés MB izofermentu)
[61], stabiliai koronarinei Sirdies ligai, aterosklerozés pazeistoms vainikinéms
kraujagysléms ar ivykus juy trombozei. Be to, trombocitai in vivo gali buti
aktyvinti ir suintensyvéjus TXA?2 sintezei dél periferiniy kraujagysliu (arteriju)
pazeidimo, nesant hipercholesterolemijos, hipertenzijos ar cukrinio diabeto
(CD) [60, 62]. Vadinasi, trombocity atlieckamos funkcijos bei ju aktyvumas
glaudziai susij¢ su fosfolipidine membrana bei jos sudétimi. Pakitus
membranos fosfolipidu RR sudéciai, gali susidaryti biologiSkai aktyviis
eikozanoidai, pasizymintys uzdegima skatinanciu ar ji slopinanciu poveikiu
[11]. In vitro tyrimai parodé, kad trombocitai, kontaktuodami su monocitais,
padidina citokiny ir prostanoidy, pavyzdziui, PGE2, gamyba monocituose
(pastarieji yra veikiami nuo trombocity priklausomos COX-2) bei aktyvina
monocity adhezija prie kraujagysliy endotelio [63].

Kraujagysliy uzdegimas atlieka svarby vaidmenj pazeidziant endotelj ir
aktyvinant aterogenez¢. Trombocitai bei TLA prisideda prie Sio nuolatinio
kraujagysliy endotelio pazeidimo, lemianc¢io nuo trombocity priklausomy
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tromby formavimasi ir paplitima, ypa¢ sergant Giminiu koronariniu sindromu
[64—66]. Nors uzdegimas savaime néra susij¢s su TMA susidarymu, taciau
padidéjusi intrakoronariné P-selektino raiska aktyviuose trombocituose bei
padidéjusi audiniy faktoriaus raiSka aktyviuose monocituose yra vietinio
intrakoronarinio uzdegimo veiksniai, lemiantys miokardo infarkta su ST
segmento pakilimu [67]. Be to, buvo rasta trombocity ir neutrofily kilmés
katijoniniy baltymy pacientams, sergantiems uzdegiminémis glomeruly
ligomis. Sie duomenys leidzia daryti prielaida, kad trombocity ir neutrofily
agregatai (TNA) dalyvauja ir uzdegimui pazeidziant inkstus [60].

Taigi, remiantis pateiktais tyrimy duomenimis [11, 60-66] teigtina, kad
trombocitai prisideda prie uzdegiminio proceso, sutelkdami ir aktyvindami
leukocitus: aktyvina integrino adhezija ir chemotaksi; lemia greita atsaka,
pavyzdziui, laisvuyju deguonies radikaly, micloperoksidazés ir proteaziy
i$siskyrima neutrofiluose; stimuliuoja vidulastelinius signalus, taip skatindami
uzdegima ir protrombozinio geno raiska monocituose [60].

4. LAISVIEJI DEGUONIES RADIKALAI

4.1 Laisvyju deguonies radikaluy susidarymas

Aktyviosios deguonies formos (ROS) terminas vartojamas apibiidinant
ivairius deguonies radikalus, pavyzdziui, superoksido anijong (O2-e),
hidroksilo radikala (OHe¢), bei neradikalinius deguonies junginius, pavyzdziui,
vandenilio peroksida (H202), ozona (O3).

Laisvieji radikalai (LR) — tai atomai ar molekulés, kurios savo iSorinéje
orbitaléje turi viena nesuporuotaji elektrona. LR yra chemiskai aktyvios,
nestabilios molekulés. Dauguma molekuliy, susidariusiy fiziologinémis
salygomis, neturi nesuporuotuju elektrony [68].

ROS sudaro LR ir chemiskai aktyviis deguonies junginiai (2 lentel¢).
Pagrindinés ROS, turincios fiziologing reik§me ir biologiskai pavojingiausios,
yra: O2—e, kuris turi nesuporuotaji elektrona, OHe ir H202 [69]. Molekulinis
deguonis, reaguodamas su kitais radikalais ir sudarydamas kitus daug
aktyvesnius LR, sukelia lipidy, baltymy, DNR molekuliy oksidacija (veikia
tiek puriny, tiek pirimidiny bazes) [70].
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2 lentelé. Svarbiausi endogeniniai oksidatoriai [69]

Laisvieji radikalai Formulé |Reakcijos lygéiy pavyzdziai

Superoksido anijonas 0, NADPH + 20, <> NADP* + 20, "+ H"
20,"+H"— 0,+H,0,

Vandenilio peroksidas | H,0, Hipoksantinas + H,0O + O, <> ksantinas +
H,0,
Ksantinas + H,O+ O, <> §lapimo riigstis +
H,0,

Hidroksilo radikalas OH* Fe** + H,0, — Fe’* + OH + OH"

Hipochlorito rugstis HCIO H,0,+ ClI"— HCIO + H,0

Peroksilo radikalai ROO’ R*+0,— ROO’

Hidroperoksilo radikalas | HOO® 0, +H,0 < HOO

Endogeninés ROS, sintetinamos zmogaus organizme, yra vertinamos
kaip normalus Iastelés metabolizmo produktas. ROS gali biiti iSskiriamos
skirtingose lastelés vietose: mitochondrijose, membranose, endoplazminiame
tinkle, lizosomose, peroksisomose [5]. Tiek bakterijoms, tiek gyviinams
nedideli ROS kiekiai yra butini lasteliy tarpusavio rySiui palaikyti ir
homeostazei, padeda reguliuoti ir ivairius fiziologinius organizmo procesus:
augimo faktoriaus signaly perdavima, hipoksini atsaka, uzdegima bei imunini
atsaka lastelése [5, 71-74].

Taciau ROS sintezés greit] bei kieki gali padidinti aplinkos veiksniai
(iSoriniai oksidatoriai): rikymas, didelis oro wuzterStumas (kietosios
dalelés, smulkiosios dalelés, jvairlis metalai) [75, 76], O3, jonizuojancioji
spinduliuoté, sunkiyjuy metaly jonai (Svinas, kadmis) [77]. CigareCiy dimuose
esantys oksidatoriai ir LR, pavyzdziui, O2—e ir NO, bei organiniai junginiai,
ikvépti { plaucius, suaktyvina neutrofily ir makrofagy kaupimasi, o tai dar
labiau padidina oksidatoriy zala. O3 gali sukelti lipiduy peroksidacija, DNR
pazaidas, neutrofily antplidi { kvépavimo taky epiteli [78]. Jonizuojancioji
spinduliuoté, dalyvaujant deguoniui, OHe, O2—, organinius radikalus vercia i
H202 ir organinius hidroperoksidus (ROOH). ROOH reaguodami su aktyviais
metaly jonais, pavyzdziui, gelezimi ir variu, Fentono reakcijos buidu sukelia
oksidacini stresa (OS) (10 pav.).

Fe’*+0," — Fe*" + 0, Haberio ir Weisso reakcija
Fe**+ H,0, — Fe’*+ OH + OH"  Fentono reakcija

10 pav. Haberio ir Weisso bei Fentono reakcijos [79]
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Sunkiyjuy metaly jonai, pavyzdziui, gelezies, vario, kadmio, gyvsidabrio,
nikelio, $vino ir arseno, veikdami per Haberio ir Weisso bei Fentono reakcijas
(10 pav.) ir sudarydami OH’ radikalus, sumazina antioksidaciniy fermentuy,
dalyvaujanciy lipidy peroksidacijos reakcijose bei reakcijose su branduolio
baltymais ir DNR, aktyvuma taip pazeisdami organizmo lasteles. Taigi,
sunkiyjy metaly jonai gali suaktyvinti organizme vykstancia lipidy oksidacija,
kuri sukelia lasteliy ir organy sistemy, pavyzdziui, kraujodaros sistemos,
nervy sistemos, Sirdies ir kraujagysliy sistemos, pazaidas [80] bei dalyvauja
naviky genezéje [70].

4.2 Laisvyju deguonies radikaly kenksmingumo Salinimas

Aerobiniy organizmuy lastelése yra integruota antioksidaciné sistema,
kuri padeda blokuoti zalinga ROS poveiki. Antioksidaciné sistema gali biiti
suskirstyta i dvi kategorijas: fermentiniai ir nefermentiniai antioksidantai.
Pagrindiniai fermentiniai antioksidantai yra superoksido dismutaz¢ (SOD),
katalazé (CAT) bei glutationo peroksidazé (GTPx). Kiti antioksidantai: hemo
oksigenazé-1 bei oksidacijos-redukcijos reakcijose dalyvaujantys baltymai —
tioredoksinai (TRX), peroksiredoksinai (PRX) ir glutaredoksinai. Glutationo
transferazés (GST) yra kita fermentiniy antioksidanty $eima, kuri inaktyvina
antrinius metabolitus (3 lentelé) [69].

3 lentelé. Fermentiniai antioksidantai [69]

Antioksidantai Akronimas | Katalizuojamos reakcijos

Superoksido SOD M@*D*-SOD + O,” — M"*-SOD + O,
dismutaze M™-SOD + O, + 2H* - M(™D*.SOD + H,0,
Katalazé CAT 2H,0, — 0, +2H,0

H,0, + Fe(Ill)-E — H,0 + O = Fe(IV)-E(.+)
H,0, + O = Fe(IV)-E(+) — H,0 + Fe(Il)-E + O,

Glutationo GSH-Px 2GSH + H,0, — GSSG + 2H,0
peroksidazé 2GSH + ROOH — GSSG + ROH + H,0
Tioredoksinas TRX Adenozino monofosfatas + sulfitas + tioredoksino

disulfidas = 5'-adenililsulfatas + tioredoksinas
Adenozino 3',5'-difosfatas + sulfitas +
tioredoksino disulfidas = 3'-fosfoadenililsulfatas +

tioredoksinas
Peroksiredoksinas |PRX 2R'-SH + ROOH — R'-S8-S-R'+ H,0O + ROH
Glutationo GST RX + GSH = HX + R-S-GSH

transferaze
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SOD turi tris izofermentus: CuZn-SOD, Mn-SOD ir EC-SOD. Visi
izofermentai yra randami Zzmogaus plauciuose. Mn-SOD randamas
mitochondrijy matrikse, EC-SOD — uzZlasteliniame matrikse, ypac tose
vietose, kur yra daug I tipo kolageno skaiduly, bei apie plauciy ir magistralines
kraujagysles. CuZn-SOD ir Mn-SOD yra pagrindiniai SOD izofermentai,
kurie neutralizuoja didZiausia dali O,™, versdami ji i H,0,.

Toliau H,0,, veikiamas CAT, yra verCiamas vandeniu (H,0). CAT - tai
tetrameras, sudarytas i§ keturiy vienody monomery, kuriy kiekvienas savo
aktyviajame centre turi po hemo grupe. Skaidant H,O, i H,O ir O,, CAT taip
pat prijungia nikotinamido adenino dinukleotido fosfato redukuota forma
(NADPH) kaip redukcinj ekvivalenta, kad buty iSvengta fermento oksidacinio
inaktyvinimo [81, 82].

Antioksidacinis fermentas, kuris taip pat neutralizuoja H,O, bei lipidy
ROOH, susidariusius vykstant membranos lipidy peroksidacijai, yra GSH-
Px — Seima tetrameriniy fermenty, kurie savo aktyviajame centre turi unikalia
selenocisteino aminoriigsti ir mazos molekulinés masés tiolius. Literatiiroje
apibtidinamos keturios GSH-Px formos, koduojamos skirtingy geny: GSH-
Px-1 (lasteliu GSH-Px) labai paplitusi, neutralizuoja H,O, ir RR peroksidus,
bet ne esterifikuotus lipidy ROOe. Esterifikuotus lipidyu ROOe neutralizuoja
membranos GSH-Px-4 (fosfolipidy hidroperoksido GSH-Px), kuri geba
naudoti kelis skirtingus mazos molekulinés mases tiolius kaip redukcinius
ekvivalentus. GSH-Px-2 (virSkinamojo trakto GSH-Px) aptinkama
virskinamojo trakto epitelio lastelése, mazina su maistu gaunamy peroksidu
kieki. GSH-Px-3 (uzlastelinis GSH-Px) — vienas 1§ svarbiausiy antioksidaciniy
fermenty, randamy uzlasteliniame skystyje [69].

TRX, randama zmogaus lasteliy citozolyje ir mitochondrijose, dalyvauja $a-
linant H202 kenksminguma, kaip ir PRX, kuriy yra nustatytos Sesios skirtingos
formos (PRX I — PRX VI). Pastarieji savo sudétyje taip pat turi tioliy. Neseniai
rastas PRX'V, kuris veikia kaip peroksinitrito reduktaze, yra laikomas junginiu,
galinciu apsaugoti nuo ROS sukeliamo plauciy pazeidimo [82].

Antioksidaciniy fermenty Seima, kuri neutralizuoja antrinius metabolitus,
pavyzdziui, nesociuosius aldehidus, peroksidus ir hidroperoksidus, yra
GST. Literatiroje apibiidinamos trys didelés GST Seimos: citozolio GST,
mitochondrijy GST ir su membrana susijusi mikrosomy GST, kuri dalyvauja
eikozanoidy ir GSH metabolizme.

Antroji  antioksidacinés sistemos kategorija yra nefermentiniai
antioksidantai. Tai mazos molekulinés masés junginiai: vitaminai (vitaminas
C ir vitaminas E), B karotenas, $lapimo rtgstis ir GSH (4 lentel¢).
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4 lentelé. Nefermentiniai antioksidantai [69, 83, 84]

Cheml.nl's Struktiiriné formulé
pavadinimas
Retinolis HsC  CHs CH; CHs

A o = o oH

Askorbo riigstis

o tokoferolis

B karotenas

Glutationas

Vandenyje tirpi askorbo riigstis (vitaminas C), veikdama vandeniniuose
organizmo skys¢iuose (kaip ir Slapimo rugstis, glutationas), uztikrina
vidulastelinj ir uzlastelinj antioksidacinj poveiki, Salindama deguonies LR. Be
to, redukuotos formos askorbo riigstis susidariusi laisva a tokoferolio radikala
vercia i aktyvyji a tokoferolj, kuris vél gali neutralizuoti ROO".
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Membranas apsaugoti nuo lipidy peroksidacijos tenka vienam i§
svarbiausiy lipiduose tirpiy antioksidanty — o tokoferoliui (vitaminas E). o
tokoferolis atiduota elektrona ROO", kuris susidaro lipidu oksidacijos metu,
tokiu budu apsaugo nuo galimo tolesnio ROO* poveikio PNRR grandinéms
ir sustabdo grandining LR reakcija. Be to, a tokoferolis skatina ir navikiniy
lasteliy apoptozg.

Glutationas (GSH) - pagrindinis vandenyje tirpus antioksidantas,
randamas visuose skys¢iuose — tiek vidulgsteliniuose, tiek uZzlasteliniuose.
GSH/GSSG (oksiduoto glutationo) santykis yra pagrindinis OS veiksnys.
GSH neutralizuoja H,0, ir lipidy ROO" dalyvaujant GSH-Px. GSH atiduoda
savo elektrona H,0,, kad susidaryty H,O ir O,, o GSSG, veikiant GSH
reduktazei, kuri kaip elektrono donora naudoja NAD(P)H, redukuojamas i
GSH. Be to, redukuotas GSH atiduoda savo protonus membrany lipidams,
taip apsaugodamas membranas nuo oksidacinio poveikio. Jis apsaugo lasteles
ir nuo apoptozés, saveikaudamas su proapoptoziniais ir antiapopoziniais
signaly keliais, bei reguliuoja keleto transkripcijos faktoriy — aktyviy B
lasteliy branduolio faktoriaus kapa lengvosios grandinés stipriklio (NF-kB),
AP-1 ir Sp-1 veikla, juos aktyvindamas.

B karotenas, augaluose randamas pigmentas, reaguoja su ROQe, O2—e
ir OHe. Karotenoidy antioksidacinis poveikis dazniausiai pasireiSkia esant
nedidelei ROS koncentracijai. Tiek karotenoidai, tiek retino riigstis gali
reguliuoti transkripcijos faktorius.  karotenas slopina oksidatoriaus paskatinta
NF-kB aktyvacija ir interleukino 6 (IL-6) bei naviky nekrozés faktoriaus o
(TNF-a) gamyba. Be to, retino riigstis pasizymi antiproliferaciniu poveikiu
karcinomos lasteléms, sustabdydama lastelés vystymosi cikla ar sukeldama
jos apoptoze [69, 70].

TaCiau, remiantis Siandienos atsitiktiniy imcéiy kontroliuotomis
metaanalizémis, nerasta jokio rySio tarp antioksidanty turin€iy papildu
vartojimo ir rizikos susirgti véziu [85, 86]. Toks vadinamasis antioksidanty
paradoksas sietinas ne tik su vézinémis ligomis, bet ir su Il tipo CD bei Sirdies
ir kraujagysliy ligomis [87, 88]. Vis délto maistas, kuriame nattraliai yra mazi
kiekiai jvairiy antioksidanty, turi nedideli, bet teigiama poveiki stabdant LNL
vystymasi [§9-91].

4.3 Lipidu peroksidacija

Susidarius tam tikroms patofiziologinéms salygoms: sutrikus mitochondriju
funkcijai, elektrony pernasai mitochondrijy kvépavimo grandinéje, gali
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susidaryti dideli kiekiai ROS [70]. Tuomet lipidai, ypa¢ PNRR, saveikauja
su deguonies radikalais ir taip pasireiSkia viena i§ galimy lastelés pazeidimo
formuy — lipidy peroksidacija.

Labiausiai lipidus pazeidziancios ROS yra OH" ir hidroperoksilo radikalas
(OH",). OH" sukelia oksidacini lastelés pazeidima, nes geba atakuoti bet kurias
organizmo biomolekules [92], taip sukeldami neurodegeneracines lasteliy
pazaidas [93, 94], Sirdies ir kraujagysliuy ligas [95] bei navikinius procesus
organizme [96, 97]. Hidroperoksilo radikalai OH", (tai protona prisijungusi
superoksido O, forma), kurie yra stipresni oksidatoriai nei O, radikalai,
inicijuoja fosfolipidy polinesociuju riebaly rigsciy grandinés oksidacija, taip
sukeldami lastelés membranos struktiirinius ir funkcinius sutrikimus [98—
100].
fosfolipidai bei kraujo lipoproteinai. Lipidy peroksidacija gali vykti
dviem biidais: fermentiniu ir nefermentiniu. Vykstant nefermentinei lipidy
peroksidacijai, ROS oksiduoja membranose esanc¢iy PNRR dvigubuosius
rySius. RR 20:4w6 turi keturis dvigubuosius rySius, tod¢l daug lengviau
oksiduojasi nei RR18:3w3, kuri turi tris dvigubuosius rysius, ar RR 18:2w06,
kuri turi du dvigubuosius rysius. RR 18:1®9 turi tik viena dvigubaji rysi, todél
nedalyvauja lipidy peroksidacijoje [70].

Lipidy peroksidacija vyksta trimis etapais: pradéties (angl. initiation),
sklidimo (angl. propagation) ir baigties (angl. termination) (11 pav.) [101-103].
Vykstant fermentinei lipidy peroksidacijai, dalyvaujant fermentams LOX,
COX bei citochromui P450, pradéties etapas yra kontroliuojamas. Tokiu budu
kontroliuojama lipidy peroksidacijos molekuliy sintezé bei sumazinamas LR
kiekis Iasteléje.

Pradéties etape LR (pvz., OHe) atakuoja PNRR, atima vandenilio atoma
(H) 18 -CH2-, esancios prie RR dvigubojo rysio (C = C), ir susidaro lipidinis
radikalas (L) [104].

Sklidimo etape reikalinga tripletiné deguonies (302) molekulé bei vario
arba gelezies jonai. Le reaguoja su 302 ir susidaro lipidinis peroksiradikalas
(LOOe). Tada LOO- atima H i§ Salia esancios kitos lipidy molekulés,
sudarydamas nauja Le (kuris toliau tgsia grandining reakcija), o pats virsta
hidroperoksiradikalu (LOOH). Susidargs naujas Le toliau tesia lipidy
peroksidacijos grandining reakcija, kuri pazeidzia vis kity lipidy molekules.

Paskutiniame — baigties — lipidy peroksidacijos etape grandininé reakcija
nutriiksta, kai fenoliniai antioksidantai (o tokoferolis ir dibutilhidroksitoluenas
(BHT)) atiduota H atoma LOQe, virsdami atitinkamais o tokoferolio arba
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BHT radikalais, ir reaguoja su kitu LOOe, formuodami naujus neradikalinius
junginius (Le + Le — L — L; L + LOO* — L — OOL; LOO- + LOO* —
LOOL + 02). Tokie peroksidacijos produktai dazniausiai susidaro i§ gana
dideliy ilgagrandziy RR molekuliy ar fosfolipidy, kuriy sankaupos biidingos
peroksiduotoms membranoms. LOOH molekulé yra nestabili ir gali sudaryti
antrinius lipidu peroksidacijos produktus: malono dialdehida (MDA),
4-hidroksi-2-nonenala (4-HNE) bei izoprostanus [101, 105].

Antioksidantas

@J_ oo”

Lipidinis peroksiradikalas "/ Nesotusis lipidas

O0H

i Persitvarkymas v
e 1

Nesociojo lipido radikalas

Hidroperolksiradikalas

A

R .7
(O
INesotusis lipidas

11 pav. Lipidy peroksidacijos procesas: 1 — pradéties etapas; 2 — sklidimo etapas; 3 —
baigties etapas [105]

4.4 Lipidy peroksidacijos produktas — malono dialdehidas

Vykstant lipidy, ypa¢ PNRR, peroksidacijai, susidaro malono dialdehidas
(MDA). Jis laikomas svarbiu OS zymeniu. Be to, MDA siejamas ir su
kancerogeniniu, citotoksiniu poveikiu zmogaus organizmo lasteléms bei
cukrinio diabeto, neurodegeneraciniy, Sirdies ir kraujagysliy ligy patogeneze
[106-108].

MDA, kaip ir kiti, pavyzdziui, F -izoprostano 15(S)-8-izoprostaglandinas
F,, bei 4-HNE, gerai iStirtas bei daZniausiai naudojamas lipidy peroksidacijos
zymuo biologiniuose skysCiuose, gaunamas kaip skilimo produktas
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oksiduojantis PNRR. MDA yra tiobarbitliro riigsties aktyvios medziagos
prototipas, tirpus vandenyje bei organiniuose tirpikliuose: etanolyje,
metanolyje. Be to, kambario temperatiroje MDA gali polimerizuotis ir
dalyvauti reakcijose su ivairiomis biomolekulémis, tarp ju DNR, baltymais
bei aminoriigs§timis [109]. Yra zinoma, kad MDA gali buti dvieju formuy:
laisvas arba kovalentiniais rySiais susijunggs su aminoriigStimis, baltymais,
nukleortigs§timis ar lipoproteinais [110]. MDA koncentracija gali buti
iSmatuojama jvairiuose audiniuose bei biologiniuose skysCiuose: Slapime,
kraujo serume ar plazmoje [111].

MDA in vivo gali susiformuoti i§ @3 ar @6 PNRR, vykstant TXA?2 sintezei,
kaip Salutinis fermentiniy procesy produktas, ar i§ biciklinio endoperoksido ir
(ar) i$ monocilkinio peroksido nefermentiniy, vykstant nuo deguonies radikalo
priklausomos reakcijoms (12 pav.) [105, 112]. Susintetintas MDA gali biiti arba
metabolizuojamas fermentiniu keliu, arba gali reaguoti su lasteliy ir audiniy
baltymais ar DNR, suformuodamas junginius, sukelian¢ius biomolekuliy
pazeidimus. Fermentiniu keliu MDA oksiduojamas mitochondriju
aldehido dehidrogenazés, tada dekarboksilinamas | acetaldehida, veikiant
dekarboksilazei. Toliau acetaldehidas oksiduojamas aldehido dehidrogenazés
1 acetata ir galiausiai trikarboksirtig§¢iy cikle verciamas | anglies dioksida ir
H20. Kita vertus, fosfogliukoizomeraz¢ metabolizuoja citoplazmos MDA
1 metilglioksala ir toliau, kad padidéty tolerancija OS [113], antioksidacing
sistemg reguliuojanciy glioksalazés sistemos fermenty yra verCiamas {
D-laktata naudojant GSH kaip kofaktoriy [105].

Susintetinty MDA molekuliy skaicius priklauso nuo dvigubyju rySiu
skaiciaus (kadangi tarp dvigubyju rysiu esanti -CH2- grupé yra naudojama
MDA susidaryti), pavyzdziui, i§ RR 20:4w6 gali susidaryti trys MDA
molekulés, 1§ RR 20:503 — keturios MDA molekulés. Taciau i§ RR 18:1®9
MNRR nebus gaunama MDA molekulé, nes néra dvieju dvigubyju rysiy bei
-CH2- tarp ju. Tuo pasizymi ir stearino SRR (RR 18:0) — néra dvigubyju rysiu,
vadinasi, nebus sudaromos MDA molekulés [109].
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12 pav. MDA susidarymas ir metabolizmas [105]

1 — fermentinis kelias; 2 — nefermentinis kelias; 3 — aldehido dehidrogenazé; 4 — dekar-
boksilazé; 5 — acetil-KoA sintazé; 6 — trikarboksirigs¢iy ciklas; PGG,” — prostaglandinas
G,; PGH," — prostaglandinas H,; TXA,"" — tromboksanas A2; HHT"*** — 12-I-hidrok-
si-5,8,10-heptadekatrieno riigitis; MDA — malono dialdehidas

Taigi, MDA yra vienas i§ galutiniy PNRR peroksidacijos produkty lasteléje.
Jis pradedamas gaminti d¢l padidéjusio LR susidarymo ir yra laikomas vienu
i§ dazniausiai matuojamy OS zymenu [109, 114].

4.5 Oksidacinis stresas

Oksidacinis stresas (OS) — tai pusiausvyros tarp antioksidanty ir LR
sutrikimas, atsirandantis de¢l antioksidanty iSeikvojimo arba dél pernelyg
didelio ROS susidarymo ar kaupimosi. Esant OS, lastelés neutralizuoja
oksidatoriaus poveiki ir atkuria oksidacijos-redukcijos reakciju pusiausvyra,
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aktyvindamos arba blokuodamos genus, koduojancius gynybos fermentus,
transkripcijos faktorius ir strukttrinius baltymus. GSH/GSSG santykis yra
vienas svarbiausiy Zzmogaus organizmo OS veiksniy. Didesné ROS gamyba
organizme gali pakeisti DNR struktiira, sukelti baltymy ir lipidy modifikacijas,
streso paveikty transkripcijos faktoriy aktyvinima bei uzdegima skatinanciy ir
ji slopinanc¢iy citokiny gamyba.

ROS gali sukelti DNR pokycius, kurie pasireiSkia puriny ar (ir)
pirimidiny baziy degradacija, viengrandés arba dvigrandés DNR itriikiais,
purino, pirimidino ar glikozidinio rySio pokyc¢iais, mutacijomis, delecijomis
ar translokacijomis bei kryzminiy jungéiy su baltymais susidarymu.
Dauguma DNR modifikaciju yra svarbios kancerogenezei, senéjimui ir
neurodegeneraciniy, Sirdies ir kraujagysliy bei autoimuniniy ligy iSsivystymui.
8-hidroksiguanozino susidarymas yra geriausiai zinoma DNR pazaida,
sukelta OS, ir gali buti laikomas kancerogenezés zymeniu. Be to, OS sukelia
mikrosatelity nestabiluma. Nors lastelés ir gali lengvai toleruoti viengrandés
DNR itriikius, taciau dél jonizuojanciosios spinduliuotés atsirade dvigrandés
DNR itrukiai gali biiti labai pavojingi lasteliy gyvybingumui [69].

ROS gali sukelti ir peptidinés grandinés fragmentacija, baltymy elektrinio
kriivio ir kryzminiy jungciy pokycCius, specifiniy aminoriigs¢iu oksidacija.
Susidaro ditirozinas, nitrinti ir chlorinti tirozino junginiai, kuriy dideli kiekiai
randami pazeistuose uzdegiminémis ligomis serganciy pacienty audiniuose.
ROS sukelti pazeidimai padidina baltymy jautruma proteolizei, dalyvaujant
specifinéms proteazéms. Ypac jautris oksidacijai yra baltymai, kurie savo
sudétyje turi aminorfig§¢iy: cisteino ir metionino, bei fermentai, turintys metalo
jony savo aktyviame centre. Tokie baltymai pakei¢ia savo konformacija,
praranda struktiira ir degraduoja, o fermentai praranda aktyvuma.

Kaip jau buvo minéta, ROS gali sukelti lipidy peroksidacija ir pazeisti
membranos lipidy dvisluoksng struktiira, inaktyvindami su membrana
susijusius receptorius ir fermentus bei padidindami audiniy pralaiduma. Lipidy
peroksidacijos produktai: MDA ir nesotieji aldehidai, gali slopinti daugeli
lasteliy baltymy suformuodami kryzmines baltymy jungtis. 4-HNE paskatina
lasteliy GSH iseikvojima ir peroksido gamyba bei aktyvina epidermio augimo
faktoriaus receptoriy ir fibronektino gamyba. Aterosklerozé taip pat yra
inicijuojama mazo tankio lipoproteiny (MTL) lipidy peroksidacijos [69, 70].

ROS gali buti i§skiriamos kraujagysliy sistemoje paciy lasteliy: monocity,
endotelio lasteliy, neutrofily. Trombocitai, kurie atlicka pagrindini vaidmeni
aterotrombozés procese, iSskirdami uzdegimines ir protrombozines molekules,
taip pat gali sintetinti ROS. Fermentai, dalyvaujantys susidarant trombocity
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ROS (pvz., H,0,), yra SOD ir nikotinamido adenino dinukleotido fosfato
redukuotos formos oksidazé (NADPH-oksidaz¢). Pastaroji, kaip vidulastelis
signalas, atlieka pagrindini vaidmeni aktyvinant trombocitus bei iSskiriant
izoprostanus — RR 20:4w6 oksidacijos produktus. Aktyvinti trombocitai
intensyviau sudaro agregatus su monocitais ir dalyvauja vystantis arterinéms
ir veninéms trombozéms. Be to, OS gali padidinti trombocity aktyvuma
mazindamas NO biologini priecinamuma. NO slopina trombocity telkimasi ir
tolesnj arterinés trombozés progresavima [115, 116].

Taigi, lipiduy peroksidacijos produkty poveikis (ROS ypac jautrGis yra
lasteliy membrany fosfolipidai ir ju sudétyje esanc¢ios PNRR [10]) yra siejamas
su daugybe patofiziologiniy procesy. ROS pazeidzia svarbiausias zmogaus
organizmo biomolekules, sutrikdo lasteliy funkcijas, sukelia uzdegima ar
lasteliy zati (13 pav.) [117, 118]. Be to, padidéja trombocity aktyvacija bei
iSsivysto trombozé [115, 116]. Tokiu budu OS dalyvauja aterosklerozés,
hipertenzijos, CD, iSeminés Sirdies ligos ir naviky patogenezéje [117] bei
vystantis inksty, ypac¢ proksimaliniy kanaléliu, pazeidimui [9].

Baltymuy kinaziy akfyvinimas
Tirozino kinazé
Baltymm kinazé

Oksidacinj stresg sukelia:
Alktvviosios deguonies formos

Mitogeno aktyvinta
baltynm kinazés kaskada

[Eemija_ Aktyvacija
Uzdegimas E> Glutationo sistema E> Proliferacija
Radizcija Tioredoksino sistema Uzdegimas
Ultravioletiniai spinduliai Apsauga nuo streso

Lastelés atsakas:

PriedvéFiniai vaistai
Sunkieji metalai
Citokinai

. Zutis
Transkripcijos
faktorm aktyvinimas

13 pav. Oksidacinis stresas ir lastelés atsakas {ji [117]

5. RIEBALU RUGSCIU SASAJA SU OKSIDACINIU STRESU
IR INKSTU KANALELIU PAZEIDIMU

Dabartiniy moksliniy publikaciju duomenimis, nutukimas yra susijgs su
hipoksija, OS ir netgi su mechaniniu lastelés pazeidimu, sukeltu adipocity
hipertrofijos. Adipocity hipertrofija ir véliau iSsivystanti riebalinio audinio
disfunkcija sukelia uzdegima ir OS pacientams, sergantiems metaboliniu
sindromu (MS) [119, 120]. Be to, vis dazniau vartojama lipotoksiSkumo
savoka, kuri apibrézia SRR ir ju metabolity kaupimasi lastelése, ivairiais
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patogeneziniais mechanizmais sukelianti OS bei endoplazminio tinklo stresa
(ETS) (angl. endoplasmic reticulum stress). ETS lemia baltymy strukttros
ir i8sidéstymo erdvéje pokycius, lipidu ir steroliy sintezés sutrikimus, kalcio
kaupimasi lastelése ir galiausiai lasteliy zuti dél apoptozes. ETS sukelti
pazeidimai jtakoja daugelio ligy, pavyzdziui CD, létinés inksty ligos, ir tokiy
biikliy kaip audinio ar organo iSemija ar reperfuzijos sutrikimai, patogeneze
[121].

Nutukusiy pacienty organizme OS sukelia riebaliniame audinyje
sintetinamy ROS kaupimasi. Manoma, kad to priezastis yra padidéjusi
NADPH-oksidazés, kuri dalyvauja ROS gamyboje, geno raiska riebaliniame
audinyje bei sumazéjusi antioksidaciniu veikimu pasizyminc¢iy fermenty geny
raiSka. NADPH-oksidazés geno raiska skatina SRR perteklius riebaliniame
audinyje [122]. Nutukusiems asmenims biidinga sutrikusi pilvo riebalinio
audinio funkcija, kai kraujyje cirkuliuoja vis daugiau laisvy endogeniniy
SRR, o gebéjimas kaupti egzogenines RR taip pat yra sutrikes [123].

Moksliniy publikaciju duomenimis, didesnis MNRR kiekis, gaunamas
su maistu, paskatina riebaliniame audinyje esanciy antioksidaciniy fermenty
(GSH-Px, CAT ir kt.) geny raiska ir tokiu biidu sumazina OS, o didesnis su
maistu gaunamy SRR kiekis nutukusiy asmeny riebaliniame audinyje skatina
NADPH-oksidazés genu raiska bei slopina geny, koduojanciy antioksidacinius
fermentus, raiSka. P. Pefia-Orihuela ir bendraautoriai mano, kad asmeny,
kuriems diagnozuotas MS, dietoje esanciy SRR pakeitimas MNRR bty
efektyvus budas mazinti OS [124]. Atlikti eksperimentai su laboratorinémis
pelémis leidzia daryti prielaida, kad SRR pakeitimas MNRR turéty mazinti ir
uzdegima riebaliniame audinyje, kartu ir atsparuma insulinui [125].

O. Gunes ir bendraautoriai sieké jvertinti eritrocity membranos RR
sudéties ir atsparumo insulinui ry$j nagrinédami nutukusiy (daliai juy nustatytas
atsparumas insulinui) ir normalaus svorio turky tautybés paaugliy grupes. Sie
tyréjai nustaté statistiSkai reikSmingai didesn¢ palmitoleino RR (RR 16:107)
ir mazesn¢ RR 20:5w3 koncentracija nutukusiy paaugliy (tiek turinciy, tiek
neturiniy atsparumo insulinui) grupéje, palyginti su kontrolinés grupés
paaugliais [126].

Tyrimy in vitro duomenimis, pasitelkiant proksimaliniy inksty kanaléliy
lasteliy kultiiras nustatyta, kad PNRR (ypa¢ RR 18:3w3 ir RR 20:5®3) ir
MNRR (ypa¢ RR 18:1w9) mazina OS bei slopina ETS [127, 128]. Taciau
tyrimai, kurie nagrinéjo palmitino RR (RR 16:0) poveiki proksimaliniy inksty
kanaléliu lasteléms in vitro, parodé, kad RR 16:0, priesingai, sukelia ETS,
kuris lemia inksty proksimaliniy kanaléliu lasteliy apoptoze ir nekroze. Kaip
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ir buvo minéta, tokiu poveikiu nepasizymi RR 18:3w3. Pastaroji sumazino
endoplazminio tinklo pazeidima sukélusiy Zymeny — fosforilinto eukarioty
iniciacijos faktoriaus 20, C/EBP homologinio baltymo koncentracija bei
lasteliy apoptoze [121].

Japonijos mokslininkai pagrindé¢ kita RR 16:0 oksidacinio poveikio
molekulini mechanizma. Tyréju duomenimis, inksty kanaléliy lasteliy
kultiirose RR 16:0 didina monocity chemotaksio baltymo raiska. Mechanizmas
grindziamas RR 16:0 gebéjimu didinti vidulasteliniu DAG koncentracija, o tai
paskatina PKC Seimos baltymy aktyvacija. Nustatyta, kad RR 18:1w9 ir RR
20:5w3 per fermento diacilglicerolio aciltransferazés geno raiskos aktyvinima
pavercia vidulastelinius DAG i triacilglicerolius (TAG) ir tokiu biidu slopina
PKC aktyvinima. Todél iSvengiama inkstuy kanaléliy lasteliy pazeidimo. Be
to, RR 20:5w3 pasizymi platesniu apsauginiu poveikiu nuo tubulointersticiniy
pazeidimy: moduliuoja branduolio receptoriaus aktyvinima — slopindamas
NF-kB, vykdo metaboling konversija | biocheminius mediatorius, pavyzdziui,
rezolvinus, kurie gali slopinti uzdegima, plazminés membranos lipidu plausty
keitimus priklausomai nuo tiesioginio antigeny atpazinimo receptoriaus
(TLR) funkcijos [127]. Yra duomeny, kad laisvyju RR perteklius virsija
mitochondrijy galimybes vykdyti RR B-oksidacija, todél susidaro i§ dalies
oksiduotas acilkarnitinas bei didesnés DAG koncentracijos, lemiancios
atsparuma insulinui [129]. RR tiesiogiai ar per signalines molekules kepenyse
geba veikti geny transkripcijos lygmeniu ir taip reguliuoti lipogenezg, RR
B-oksidacija bei gliukozés apykaita [130]. Taigi, remiantis Siomis studijomis,
RR vaidmuo sukeliant OS bei inksty kanaléliy pazeidima nebiitinai yra
tiesioginis.

6. INKSTU AKMENLIGES PAPLITIMAS IR SASAJA
SU KITAIS ORGANIZMO SUTRIKIMAIS

JAV tyréju duomenimis, keleta deSimtmeciy inksty akmenligés paplitimas
vis didéjo [131]. Kaip jau buvo minéta, NHANES nurodo, kad 2013-2014
metais inksty akmenligés paplitimas sieké 10,1 proc. Vertinant 2010-2014 m.
laikotarpi, vyru populiacijoje inksty akmenligés paplitimas iSaugo nuo
10,6 proc. iki 10,9 proc., motery populiacijoje — nuo 7,1 proc. iki 9,4 proc. [4].
Inksty akmenligés pasikartojimo rizika per pirmuosius penkerius metus nuo
pirmo epizodo padidéja 50 proc. Tod¢l sie duomenys turéty skatinti nustatyti
didelés rizikos asmeny grupes, ypac siekiant identifikuoti pagrindinius
patogenezés elementus ir kurti prevencines priemones [132].
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Epidemiologiniy tyrimy duomenimis, inksty akmenligé daZnai
diagnozuojama esant ir kity sveikatos sutrikimy: nutukimui, arterinei
hipertenzijai, MS, 1l tipo CD, inksty nepakankamumui. Tod¢l Siandien inksty
akmenligé vertinama kaip sisteminé liga, o ne lokalus pazeidimas. Be to,
inksty akmenis sudaran¢iy cheminiy komponenty jvairové taip pat rodo, kad
ligos etiologija yra skirtinga ir neapsiriboja vien tik inksty ir $lapimo taky
sistemos pazeidimais.

Dabartinéje mokslinéje literatiiroje RR reik§mé inksty akmenligés
i$sivystymui aiSkinama dvejopai. Vieni moksliniai Saltiniai nurodo tiesiogini
RR poveikj inksty kanaléliams, drusky ir vandens apykaitai inkstuose,
oksidaciniams ir uzdegiminiams procesams, kaip jau ir buvo aptarta, o kiti
zvelgia per MS prizme.

7. AMONIO JONU APYKAITOS POKY CIAI
SERGANT INKSTU AKMENLIGE

Inkstuose veikianc¢ios buferinés sistemos palaiko pastovy baziy kieki
bei vandenilio jony (H") koncentracija. Rugs¢iy ir Sarmy pusiausvyrai
palaikyti svarbus ir amoniako (NH,) susidarymas bei iSskyrimas inkstuose.
Veikiant inksty glutaminazei, NH; atskyla nuo | inkstus atneSto glutamino,
kuris deamininimo metu virsta glutamatu (Glu). NH,, susijunges su H',
sudaro amonio jonus (NH,"), kurie palaiko Sarmy rezerva. NH," negrizta |
organizma, nes negali pereiti inksty kanaléliy epiteliniy lasteliu membranos,
todél yra pasalinamas su Slapimu. Tyrimy duomenimis, asmenims, kuriems
rasta §lapimo riigsties (uratiniy) akmeny, NH, " koncentracija §lapime yra 5-7
kartus mazesné nei tiems, kuriems rasta kalcio drusky kilmés akmeny [133].
N. Abate ir kolegos iskéelé prielaida, kad padidéjes Slapimo riigsties kiekis
Slapime yra susijes su sumazéjusia Slapimo pH reik§me (mazesné kaip 5,5) dél
sutrikusio NH,,* i§skyrimo, kurj sukélé atsparumas insulinui [134]. Tyrimai
in vitro taip pat atskleidé, kad inksty kanaléliy epitelinés lastelés ekspresuoja
receptorius insulinui [135]. Insulinas skatina NH," gamyba proksimaliniuose
kanaléliuose ir aktyvina Na"/H" jonuy siurbli. Taigi, i§sivystes atsparumas
insulinui proksimaliniuose kanaléliuose sutrikdo NH, " pernasa bei gamyba ir
tai sumazina §lapimo pH, nes atsiranda daug laisvy H" jonu. Nors atsparumas
insulinui negali visiskai paaiskinti Slapimo riigSties akmeny susiformavimo
priezasties, taCiau tai yra vienas i$ mechanizmy Slapimo rigsciai precipituotis
ir formuoti inksty akmenis [136].
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Kity mokslininky nuomone, amoniogenez¢ ir NH," pernasa sutrikdo
lipidy ir riebaly riigsciy perteklius inksty proksimaliniuose kanaléliuose, nes
apsunkinama glutamino pernasa per mitochondriju membranas. Kita vertus,
lipidy kaupimasis inkstuose ir inksty kanaléliuose taip pat gali biiti susijgs su
sutrikusiu audiniy jautrumu insulinui [137, 138].

8. METABOLINIO SINDROMO [TAKA
AKMENU FORMAVIMUISI INKSTUOSE

Metabolinis sindromas (MS) diagnozuojamas remiantis gliukozés
tolerancijos sutrikimu, arterine hipertenzija, sumazéjusia didelio tankio
lipoproteiny cholesterolio koncentracija (DTL-Ch), padid¢jusia TAG
koncentracija, pilvinio tipo nutukimu (bet kurie trys i$ penkiy kriterijy patvirtina
MS diagnoze, AHA/NHLBI 2005) [139]. MS sudarantys komponentai lemia
Slapimo sudéties pokycius: padidéja Slapimo ragsties ir Ca2+ ekskrecija,
sumazéja citrato Salinimas su §lapimu, sumazéja §lapimo pH, o tai sudaro
salygas formuotis Slapimo riigsties (uratiniams) bei kalcio oksalatiniams ir
kalcio fosfatiniams akmenims [140]. Slapimo ragsties akmenys statistiskai
reikSmingai dazniau randami pacientams, kuriems diagnozuotas MS [141].

C. Reichardo ir bendraautoriy atlikto tyrimo duomenimis, retrospektyviai
infraraudonyjy spinduliy spektroskopijos metodu atrinkus 308 tiriamuosius,
turincius inksty akmeny, paaiskéjo, kad i$ ju bent 10 proc. akmenys buvo
Slapimo ragsties. Inksty akmenys pagal procenting turimy uraty dali buvo
suskirstyti { 10-20 proc., 30-50 proc., 60-90 proc. ir 100 proc. grupes. Autoriy
duomenimis, 100 proc. Slapimo riigSties akmenys biidingesni vyresnio
amziaus, didesnj kiino masés indeksa, mazesni Slapimo pH ir didesng §lapimo
rugsties koncentracija kraujo plazmoje turintiems asmenims, palyginti su tais,
kuriy akmeny uratinis komponentas tesudaré 10-20 proc. [142].

Kitos studijos duomenys parodé¢, kad asmenys, atitike tris ir daugiau MS
kriteriju, turéjo gerokai didesng rizika susirgti inksty akmenlige nei tie, kurie
atitiko tik du [143]. Turky populiacijoje taip pat buvo pastebéta, kad didesnis
MS komponenty skaicius koreliuoja su didesne inksty akmenu formavimosi
rizika [144].

Dar vienas MS komponentas — sutrikusi glikemija nevalgius ar diagno-
zuotas II tipo CD. Net 43 proc. i$ 3,1 mln. inksty akmenlige serganciy JAV
gyventojuy yra diagnozuotas Sio tipo CD. I§ ju 680 000 atvejy buvo priskirta
prastai glikemijos kontrolei [145]. Pacientams, sergantiems II tipo CD, daug
dazniau iSsivysto inksty akmenligé. Ypac¢ daznai randama Slapimo rugsties
akmenu [146].
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Sutrikusi glikemija ir II tipo CD yra susij¢ su pakitusiu riebalinio audinio
geb¢jimu kaupti RR atsargas. Pilvo riebalinio audinio adipocitai, vystantis
atsparumui insulinui, praranda geb¢jima adekvaciai kaupti RR. Laisvosios
RR (tiksliau i§ ju susidargs acetil-kofermentas A), didindamos kepenyse
gliukoneogenezés fermento — piruvato karboksilazés aktyvuma, skatina
gliukozés sinteze ir mazina insulino klirensa [147]. Todél didéja TAG, mazo
tankio lipoproteiny cholesterolio (MTL-Ch) ir maz¢ja DTL-Ch koncentracija.
Minéti pokyciai lemia ankstyva aterosklerozeg [137].

Dislipidemija — dar vienas komponentas, papildantis MS diagnostikos
kriterijy visuma. Tam tikri lipidy sudéties poky¢iai gali biiti susij¢ su cheminiy
Slapimo komponentuy pokyciais ir padidéjusia inksty akmenligés rizika.
Teigiama, kad padidéjusi TAG ir bendrojo cholesterolio koncentracija turi
itakos biitent Slapimo rugsties akmeny susiformavimui, o padidéjusi MTL-Ch
koncentracija susijusi su didesniu §lapimo riigsties bei natrio jony issiskyrimu
su $lapimu [148].

MS galutinai nelemia uratinés inksty akmeny kilmés. TaCiau pacientai,
atitinkantys daugiau MS kriteriju, turi didesng rizika, kad jiems susidarys
Slapimo rugsties, o ne kitos kilmés inksty akmenys.

9. POLINESOCIUJU RIEBALU RUGSCIU SASAJA
SU INKSTU AKMENLIGE

Mokslinéje literattiroje PNRR jvardijamos kaip RR, pasiZzyminCios
antiaterogeniniu poveikiu, bet kartu jos gali tapti lipidy peroksidacijos
substratu. Kuo daugiau nesociyjy jungc€iy turi RR, tuo lengviau ji oksiduojasi
[149]. Todél, vartojant PNRR kaip papildus, biitina su maistu gauti pakankamai
antioksidanty — askorbo riigsties, a tokoferolio, seleno, B karotenoidy ir kt.

Vyraujanti 6 RR yra RR 20:406. Veikiama COX ir LOX, ji ver¢iama {
PG, LT. Minéti eikozanoidai pasizymi aterogeniniu, uzdegima skatinanciu,
trombogeniniu poveikiu. Tipinés ®3 RR yra RR 20:5w3 ir RR 22:6w3. I§ RR
20:5w3 ir RR 22:6®3 sintetinami eikozanoidai pasizymi prieSingu veikimu nei
eikozanoidai, sintetinami i§ RR 20:4®6 [11]. RR 20:5®w3 ir RR 22:6w3, kaip
substratai COX, gali nukonkuruoti RR 20:4w6, todél zuvy tauky, kuriuose
gausu RR 20:5w3, vartojimas gali sumazinti i§ RR 20:406 sintetinamuy,
uzdegima skatinanc¢iu poveikiu pasizyminc¢iy eikozanoidy sintezg. Toks organy
apsauginis, uzdegimo slopinamasis poveikis pasireiskia dél dokozanoidy ir
®3 PNRR oksidacijos produkty — oksilipiny sintezés [150, 151].
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Tuo biity galima paaiskinti nedidelj aterosklerozés ir inksty akmenligés
paplitima tarp Grenlandijos eskimy [152]. Remiantis §ia hipoteze, eskimai
turi mazesng rizika susirgti inksty akmenlige, nes eikozanoidy sintezé ju
organizme vyksta i§ dominuojanc¢iy 3 PNRR.

Pasitelkiant eksperimentiniy MS serganciy gyviiny modelius pastebéta, kad
papildai, kuriy sudétyje yra RR 20:503 ir RR 22:6w3, palankiai veikia inksty
funkcija, nes suintensyvéja butent i§ 3 PNRR sintetinamy eikozanoidy —
5-hidroksieikozapentaeno riugsties (5-HEPE), 12-HEPE, 15-HEPE, 18-HEPE
(pvz., protektinai), kurie esant inksty pazeidimui slopina neutrofily infiltracija,
blokuoja TLR, skatinta makrofagy aktyvacija [153].

Vis délto moksliniy tyrimy, kuriuose biity vertinamas tiesioginis rysys tarp
konkrec¢iy ®3 PNRR, @6 PNRR bei i§ ju sintetinamy eikozanoidy ir inksty
akmenligés, truksta.
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DARBO METODOLOGIJA

1. TIRTIAMIEJI IR BIOMEDICININIU TYRIMU TIPAS

Vilniaus universiteto Medicinos fakulteto Biomedicinos moksly instituto
Fiziologijos, biochemijos, mikrobiologijos ir laboratorinés medicinos katedros
laboratorijoje buvo atlikti du tyrimai, kuriuose nustatyta RR sudétis sveiky
savanoriy trombocity fosfolipidy membranoje ir pilvo riebaliniame audinyje
inksty akmenlige bei MS sergantiems pacientams.

Atsitiktiniame perspektyviajame sveiky vyry trombocity membranos RR
sudéties sasajos su OS zZymenimis skerspjivio tyrime, trukusiame dvejus
metus, dalyvavo sveiki, atsitiktine tvarka atrinkti 79 savanoriai vyrai (vidutinis
amzius 36,5+10,8 m.), dave rasytinj sutikima dalyvauti. Tiriamieji, kuriems
buvo diagnozuota bet kuri Sirdies ar létiné liga arba yra turéjg¢ insulta ar veny
trombing embolija, nebuvo jtraukti | tyrima. Moterys taip pat nebuvo jtrauktos
1 81 tyrima, nes vyrams anksciau pasireiskia Sirdies ir kraujagysliy sutrikimai
nei moterims [154]. Tyrimas atliktas gavus Vilniaus regiono Bioetikos
komiteto leidima (Nr. 15820-15-807-319) bei finansuotas Lietuvos mokslo
tarybos (Nr. MIP-050/2015).

Atvejo ir kontrolés tyrimas, kuriame nagrinéta vyry, sergancéiy inksty
akmenlige ir MS, pilvo riebalinio audinio RR sudétis, truko 1,5 mety. Jame
dalyvavo 71 vyras (vidutinis amzius 53,1£14,1 m.), kuriems buvo diagnozuota
inkstyakmenligé. Tiriamieji buvo hospitalizuoti Vilniaus universiteto ligoninés
Santaros klinikose (atvejo grupé) ir savanoriskai rastu sutiko dalyvauti §iame
tyrime. Kontroling sveiky asmenuy grupe sudaré inksty akmenlige nesergantys
asmenys, kurie buvo suderinti su atvejo grupe pagal amziy bei lyti (n =
kruopsciai istirti dél MS diagnozés [155]. Siam biomedicininiam tyrimui
atlikti gauti Vilniaus regiono Bioetikos komiteto leidimai (Nr. 15820-15-807-
319 ir Nr. 158200-5-053-056LP1). Tyrimas finansuotas Lietuvos valstybinio
mokslo ir studijy fondo (Nr. T-59/09/MTDS-150000-267) bei Lietuvos mokslo
tarybos (Nr.MIP-111/2010).

2. TIRTAMUJU SUSKIRSTYMAS

Tiriant OS itaka sveiky vyry trombocity membranos RR sudédiai,
pirmiausia tiriamieji buvo sugrupuoti pagal kraujo serumo MDA koncentracija
1 kvartilius (Q). Q1 MDA koncentracija sieké 62,47-77,58 pg/l (imtis N =
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20), Q2: 77,79-97,07 pg/l (N = 20), Q3: 97,22-117,61 pg/l (N = 20) ir Q4:
118,10-169,32 pg/l (N =19). Tada tyrimo dalyviy trombocity membranos RR
sudétis lyginta su i kvartilius suskirstyta kraujo serumo MDA koncentracija
bei apskaiciuota koreliacija tarp trombocity membranos RR sudéties ir MDA
koncentracijos kraujo serume.

Sveiki savanoriai taip pat toliau buvo sugrupuoti i kvartilius (Q) pagal
trombocity ir leukocity (TLA) agregaty formavimosi procenta. Q1 TLA
procentas sieké nuo 3,7 iki 8,3 (imtis N = 20), Q2: 8,4-9,5 (N = 19), Q3:
9,6-10,8 (N=21)ir Q4: 10,9—-14,5 (N =19). Tada TLA formavimosi kvartiliai
buvo lyginti su tiriamyju trombocity membranos RR spektru bei ieskota
kintamuyjy koreliacijos.

Pilvo riebalinio audinio RR sudéties tyrimo dalyviai, sergantys inksty
akmenlige ir MS, buvo suskirstyti | grupes pagal MS diagnozg ir inksty
akmeny tipa (14 pav.). Pilvo riebalinio audinio RR sudétis buvo lyginta tarp
skirtingy pacienty grupiy, turin¢iy skirtingy rasiy inksty akmenis, bei tarp
pacienty ir kontrolinés sveiky asmeny grupés.

Pacientai, sergantys inkstu Kontroliné sveiku
akmenlige asmenu grupe
N=71 N =100
Slapimo riigities Kalci_o oksalatm:ai _11‘
inksty alemenys !{alcm fosfatiniai
N=15 inksty akmenys
N =356
+ MS* - MS == +MS
N=11 N=4 N=18

14 pav. Tyrimo dalyviy, serganciy inksty akmenlige ir MS, pasiskirstymas. * — diag-
nozuotas metabolinis sindromas; ** — metabolinis sindromas nediagnozuotas
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3. TYRIMU METODIKA

3.1 Trombocity iSskyrimas

Tiriamyju trombocitams gauti buvo paimta veninio kraujo 1 vakuumini
mégintuvéli su Na heparinu, centrifuguota 10 min. 3000 g. Steriliomis
salygomis nusiurbta % plazmos, nepalieciant lasteliy ir piikinio sluoksnio
(angl. buffy coat). Likusi mégintuvelio dalis (Y4 plazmos, gausios trombocity)
iSsiurbta ir sumaisyta su Saldymo terpe (Bi, Izraelis) santykiu 2: 1. Toks méginys
uzSaldytas Saldiklyje iki —80 °C temperattros. Taip paruostas méginys toliau
saugotas —80 °C temperatiiroje, iki trombocitai bus naudojami.

3.2 Trombocity aktyvacijos Zymeny tyrimas

Savanoriy trombocity funkcinis aktyvumas agonistais nestimuliuotame
kraujyje su antikoaguliantu (EDTA) tirtas t¢kmés citometrijos metodu ne véliau
negu per 10 minuciy po kraujo paémimo (BD FACS Canto, BD Biosciences,
JAV). Duomenys analizuoti naudojant ,,BD FACS Diva® programing iranga
(versija 6.1.2). Leukocity populiacijos (limfocity, monocity ir neutrofily)
identifikuotos pagal CD45/CD14 zymenu raiskos ypatumus: neutrofilai
(CD457, CD14, didelé Soniné $viesos spindulio sklaida), monocitai (CD45%,
CD14%, vidutiné Soniné Sviesos spindulio sklaida) ir limfocitai (CD45",
CD14°, maza Soniné Sviesos spindulio sklaida). Tada apskaiciuota, koks
procentas neutrofily, monocity ir limfocity ekspresuoja CD42a zymenj. Toks
zymeny derinys yra biidingas TLA ir laikomas adhezijos fazés rodikliu. Gauti
tyrimy rezultatai iSreiksti absoliuciais atvejy skaiciais (kiek tirty trombocity
ekspresuoja zymenj), procentais (vertinant, kuri dalis tirtos populiacijos
ekspresuoja zymeni) ir vidutiniu fluorescencijos intensyvumu (kaip stipriai
Svyti trombocity populiacija, ekspresuojanti tiriamaji zymeni). Trombocity
aktyvacijos Zymenis nustaté doc. dr. R. Matuzeviciené.

3.3 Riebaly rugsciy iSskyrimas ir nustatymas
3.3.1 Riebaly riigs¢iy isskyrimas

3.3.1.1 Lipidy ekstrakcija

Abiejuose tyrimuose dalyvavusiy tiriamyju RR buvo isskirtos taikant Folcho
metoda [156]. Méginys atSildytas ir supiltas i kolba. Lipidy ekstrakcijai atlikti
naudotas 10 ml chloroformo ir metanolio misinys (santykiu 2:1). Taip paruostas
méginys statytas i kratytuva 30 min. kambario temperatiiroje. Tada ekstraktas
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per filtravimo popieriy perfiltruotas i mégintuvéli su padalomis ir ipilta disti-
liuoto vandens (2 ml). Viskas gerai sumaiSyta ir palikta per naktj nusistovéti.
Kita dieng mégintuvelio virSutinis (H,O) sluoksnis nusiurbtas, o apatinis perfil-
truotas per filtravimo popieriy su bevandene Na,SO, druska | metilinimo kolba.
Taip paruostas méginys iSgarintas naudojant rotacinj garintuva.

3.3.1.2 Plonasluoksné chromatografija

Tiriamyjy trombocity membranos fosfolipidams gauti taikyta plonasluoks-
né chromatografija silikageliu (Sil G-25 UV 254) [157]. Po garinimo | mégi-
nj ipilta 300 pg chloroformo ir iSmaiSyta. Gautas méginys chromatografiniu
svirkstu perkeltas ant chromatografinés plokstelés su silikageliu ir panardintas
1 judriaja faze (judriosios fazés sudétis: heksanas + etilo eteris + acto rugstis
santykiu 70:30:1). Palikta frakcionuotis 1,5-2 val. Pra¢jus nurodytam laikui,
chromatografiné plokstel¢ iStraukta ir palikta nudziati. Taip paruosta Si ploks-
telé vél idéta | chromatografini inda su jodo kristalais gautoms frakcijoms is-
ryskinti (trukmé — 2 val.). ISry$kéjusi trombocity membranos fosfolipidy frak-
cija nugramdyta nuo chromatografinés plokstelés i transesterifikacijos kolba.

3.3.1.3 Riebaly rugsciy transesterifikacija

Abieju tyrimy méginiai po lipidy ekstrakcijos ir plonasluoksnés
chromatografijos (pastaroji taikoma tik membranos fosfolipidams gauti)
toliau yra transesterifikuojami.

[ mégini transesterifikacijos kolboje ipilta 10 ml metanolio ir 1 ml druskos
rigsties. Transesterifikacijos kolba prijungta prie griztamojo Saldytuvo ir
vykdyta transesterifikacija 2 val. 100 °C temperatiiroje, naudojant verdancio
vandens vonelg. Po transesterifikacijos kolbos turinys perpiltas i dalijimo
piltuva, ipilta 4 ml distiliuoto vandens. RR metilo esteriai isskirti ipilant 3 ml
heksano. Dalijimo piltuvas su turiniu sumaiSytas ir pastatytas, kad atsiskirty
frakcijos. I8 dalijimo piltuvo apatinis H,O sluoksnis nupiltas, likgs sluoksnis
su heksane istirpusiais RR metilo esteriais per filtravimo popieriu perpiltas
1 chromatografinj mégintuvelj su bevandene Na,SO, druska. Taip paruoStas
méginys su RR metilo esteriais buvo naudojamas RR nustatyti taikant dujinés
chromatografijos ir masiy spektrometrijos metoda.

3.3.2 Riebaly rig8c¢iy nustatymas

Po transesterifikacijos abiejy tyrimy RR sudétis buvo nustatytas dujinés
chromatografijos ir masiy spektrometrijos metodu — ,,GCMS-QP2010
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Ultra® (Shimadzu), esant toms pacioms dujinés chromatografijos ir masiy

spektrometrijos salygoms. Gauti duomenys surinkti ir apdoroti,,LLabSolutions*

programine jranga (Shimadzu).

3.3.2.1 Dujinés chromatografijos ir masiy spektrometrijos sqlygos

»GCMS-QP2010 Ultra® kolonélés Rtx-5MS ilgis — 30 m, vidinis
skersmuo — 0,25 mm, nejudriosios fazés sluoksnio storis 0,25 pm. Judrioji fazé

(nesanciosios dujos) — helio dujos. Dujinés chromatografijos tyrimo salygos

pateikiamos 5 ir 6 lentelése, masiy spektrometrijos salygos — 7 lentel¢je.

5 lentelé. Dujinés chromatografijos tyrimo salygos

Kolonélés termostato temperatiira 80 °C
Injektoriaus temperatiira 250 °C
Injekcijos tipas Su srauto dalijimu
Srauto greitis 35,0 cm/s
Srauto dalijimo santykis 1,0
Nesanciyju duju uZsklandos srauto 10,0

dalijimo santykis

Srauto valdymo reZimas

Linijinis greitis

Valymo srautas 3,0 ml/min
Slégis 58,8 kPa
Bendras srautas 4,8 ml/min
Srautas kolonéléje 0,90 ml/min
Nesanciyjy dujy uzsklandos laikas 2 min

6 lentelé. Kolonélés termostato temperatiira

DazZnis Temperatiira (°C) Laikymo laikas (min)

- 80 1

6 310 5
7 lentelé. Masiy spektrometrijos salygos
Jony Saltinio temperatiira 200 °C
Sasajos temperatiira 310 °C
Detektoriaus naudos rezimas Santykinis
Detektoriaus nauda 0,78 kV+0,00 kV
Pradzios laikas 5,10 min
Baigties laikas 44,00 min
Ivykio laikas 0,20 s
Skenavimo greitis 2500
Masés intervalas m/z 29,00-500,00
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Dujinés chromatografijos ir masiy spektrometrijos metodu buvo nustatyta
13 RR (8 lentele).

8 lentelé. Riebaly rugstys, identifikuotos trombocity membranos fosfolipiduose ir pil-
vo riebaliniame audinyje

SRR~ MNRR** PNRR**~
14:0 (tetradekano / 16:1077 (9-heksadekano / | 18:2w6 (9.12-oktadekadieno /
iristino) palmitoleino) linolo)
0 a o
/\/W\/\/\)J\n" VVW\/\/\ALEH /\/\Mﬂ\/\/\/kuu
16:0 (heksadekano / 18:1m9 (9-oktadekano / 18:3®3 (9.12.15-
palmitino) oleino) oktadekatrieno. u-linoleno)
[i] c a
/\/\/\/\/\/\/\JLOH N L oH T o

18:0 (oktadekano / stearino) | 18:1@7 (11-oktadekano) 20:406 (5.8.11.14-

o )

/V\/\/\/\/\/\/\)L /\/\/\/\JL eikozatetraeno / arachidono)
OH| e OH

e v

20:1m9 (11-eikozano) 20:5m3 (5.8.11.14,17-

g eikozapenra eno)
W\/\/E\/&/\/‘\/\)L ™

OH

22:5m3 (7.10.13.16.19-

dokozapentaeno)

= "

22:6m3 (4.7.10.13.16.19-

dokozaheksaeno)

P N = = = = o0

SRR* — socCiosios riebaly rigstys; MNRR** — mononesociosios riebaly rigstys;
PNRR*** — polinesociosios riebaly riigitys; * — anglies atomy ir dvigubujy rysiy skaicius;
# _ dvigubojo rysio padétis tarp anglies atomy molekuléje

Abiejuose tyrimuose buvo apskaiCiuota procentiné dalis kiekvienos i§

13 RR nuo bendro riebaly riigsciu kiekio (100 proc.), taip pat apskaiciuota
bendroji SRR, MNRR, PNRR suma procentais, PNRR ®3 ir PNRR ®6 suma
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procentais bei santykiai: PNRR @3 ir PNRR @6, PNRR ir SRR, RR 18:206 ir
RR 20:4®6, RR 18:3w3 ir RR 20:503 bei RR 20:4w06 ir RR 20:5w3.

3.4 Malono dialdehido koncentracijos kraujo serume nustatymas

Trombocity membranos RR sudéties sasajos su OS Zymenimis
tyrime dalyvavusiu sveiky vyru MDA koncentracija kraujo serume buvo
nustatyta taikant G. A. Khoschsoruro publikuota metoda [158]. Po méginio
derivatizacijos su tiobarbitiiro riigstimi (TBR) gautas MDA-TBR junginys,
pagal kuri, naudojant ,,Shimadzu Nexera X2 UHPLC* sistema (Shimadzu,
Japonija), nustatyta MDA koncentracija kraujo serume. Gauti duomenys
surinkti ir apdoroti ,,LabSolutions* programine iranga (Shimadzu). MDA

twr—

3.5 Cheminés inksty akmeny sudéties analizé

Pacienty, serganc¢iy inksty akmenlige ir sutikusiy dalyvauti vyry, serganciy
inksty akmenlige ir MS, pilvo riebalinio audinio RR sudéties tyrime, inksty
akmenys buvo pasalinti chirurginiu biidu ir taikant Fourier transformacijos
infraraudonyjy spinduliy spektroskopija (BRUKER VERTEX 70) istirta
cheminé jy sudétis, naudojant KBr lentelg [159]. Cheminés inksty akmeny
sudéties analize atliko prof. dr. V. Sablinskas.

4. STATISTINE ANALIZE

Statistiné duomeny analizé atlikta naudojant ,,IBM SPSS*“ (versija
21 ir 24) bei ,,Microsoft Excel“ 2013, 2016 programy paketus. Atlikty
tyrimy kiekybiniy duomeny atitiktis normaliam skirstiniui vertinta pagal
Kolmogorovo ir Smirnovo bei Shapiro ir Wilko testus. Kiekybiniy duomeny
padéties ir sklaidos dydziai, pasiskirst¢ pagal normalyji skirstinj, pateikti
vidurkiu + standartiniu nuokrypiu. Duomenys, pasiskirste ne pagal normalyji
skirstini, iSreiksti mediana, minimumu, maksimumu ir tarpkvartiliniu plo¢iu
(TP). Pearsono x2 testas taikytas lyginant nepriklausomy grupiy skirtuma
tarp kategoriniy duomenu. IStirty grupiy duomeny, pasiskirsciusiy ne pagal
normalyji skirstinj, skirtumai buvo nustatyti taikant Manno ir Whitney U testa.
Pagal normalyji skirstini pasiskirs¢iusiy kintamyjy vidurkiai buvo lyginti
taikant ANOVA ir t testus. Koreliacijos tarp kintamyjy ivertintos naudojant
Spearmano koreliacijos koeficienta. Skirtumas tarp dviejy imciy laikytas
statistiSkai reikSmingu, jei p < 0,05.
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TYRIMU REZULTATAI

1. SVEIKU VYRU TROMBOCITU MEMBRANOS RIEBALU
RUGSCIU SUDETIES SASAJOS SU OKSIDACINIO STRESO
ZYMENIMIS TYRIMO REZULTATAI

1.1 Trombocity membranos sociyjy riebaly rigsciy
sudéties palyginimas skirtinguose malono dialdehido
koncentracijos kraujo serume kvartilinose

Pastebéta tendencija, kad RR 14:0 Siek tiek daugiau rasta Q1, kai MDA
koncentracija yra maziausia, palyginti su Q3 ir Q4, kai MDA koncentracija
did¢ja (Q1 ir Q3, p=0,05; Q1 ir Q4, p =0,089) (15 pav.).

10 - Ql ir Q3,p=0.,05
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MDA** koncentracijos (ug/l) kraujo serume kvartiliai (Q)

15 pav. RR 14:0 procentais palyginimas pagal kraujo serumo MDA koncentracijos
(ng/l) kvartilius. Q1 ir Q3, p=0,05; Q1 ir Q4, p=0,089. N =79. * — anglies atomy ir
dvigubuyjuy rysiy skaicius, ** — malono dialdehidas

SRR 16:0 sudaro didziausia procenta trombocity fosfolipidu membranoje
(47 proc.). Jos pasiskirstymas yra Siek tiek didesnis pirmajame MDA
koncentracijos Q, palyginti su Q2, Q3 ir Q4. Nors statistiskai reikSmingo
skirtumo tarp MDA koncentracijos Q1 ir Q4 nenustatyta (p = 0,728), taciau
sios RR didziausias kiekis Q1 didina bendrosios SRR sumos procenta.
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1.2 Trombocity membranos mononesociyjy riebaly rugsciy
sudéties palyginimas skirtinguose malono dialdehido
koncentracijos kraujo serume kvartiliuose

MNRR 16:1w7 daugiausia aptikta Q1, kai MDA koncentracija maziausia,
lyginant su Q3 (p=0,021). Pastebéta RR 18:1w07 didéjimo tendencija, didé¢jant
MDA koncentracijai (Q1 ir Q4, p = 0,070).

Didziausia procenta i§ MNRR trombocity fosfolipidy membranoje sudaré
RR 18:1@9 (46,5 proc.). Taciau statistiskai reikSmingai daugiau RR 20:109
rasta Q2, lyginant su Q4 (p = 0,028), kai MDA koncentracija didziausia
(16 pav.).
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16 pav. RR 20:109 procentais palyginimas pagal kraujo serumo MDA koncentracijos
(ng/l) kvartilius. Q2 ir Q4, p = 0,028; N = 79. * — anglies atomy ir dvigubyjy rysiy
skai¢ius, ** — dvigubojo rysio padétis tarp anglies atomy molekuléje, *** — malono
dialdehidas
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1.3 Trombocity membranos polinesociyjuy riebaly rigsciuy
sudéties palyginimas skirtinguose malono dialdehido
koncentracijos kraujo serume kvartiliuose

Apskaiciavus atskirai 3 bei w6 PNRR bendrasias sumas pastebéta, kad
esant didziausioms MDA koncentracijos vertéms (Q4) o3 ir ®6 RR bendrosios
sumos didéja, o esant maziausioms (Q1) — bendrosios sumos mazéja (w3 p =
0,184, 6 p=0,813). Taciau statistiskai reikSmingas skirtumas buvo rastas tik
tarp ®3 bendrosios sumos Q1 ir Q2 kvartiliuose (p = 0,024).

StatistiSkai reikSmingai maziau PNRR 20:5w3 rasta Q1, esant maziausiai
MDA koncentracijai, lyginant su Q2 (p = 0,028) bei lyginant Q2 su Q3, kai
MDA koncentracija yra didesné (p = 0,046) (17 pav.).
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17 pav. RR 20:5w3 procentais palyginimas pagal kraujo serumo MDA koncentracijos
(ug/) kvartilius. Q1 ir Q2, p=0,028; Q2 ir Q3, p = 0,046. N = 79. * —anglies atomy ir
dvigubuyju rysiy skaiéius, ** — dvigubojo rySio padétis tarp anglies atomuy molekuléje,
*** _ malono dialdehidas

PNRR 22:5w3 taip pat nustatyta statistiSkai reikSmingai maziau Q1, esant

maziausiai MDA koncentracijai, palyginti su Q2 (p =0,037) ir Q4 (p = 0,038)
(18 pav.).
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18 pav. RR 22:503 procentais palyginimas pagal kraujo serumo MDA koncentracijos
(ng/l) kvartilius. Q1 ir Q2, p=0,037; Q1 ir Q4, p =0,038. N =79. * —anglies atomy ir
dvigubuyjuy rysiy skaicius, ** — dvigubojo rySio padétis tarp anglies atomy molekuléje,
*#%* — malono dialdehidas

Esant didziausiai MDA koncentracijai kraujo serume (Q4), PNRR 18:2w06/
PNRR 20:4w6 santykis yra reikSmingai mazesnis, palyginti su maziausios
MDA koncentracijos kraujo serume kvartiliu (Q1) (p = 0,038) (9 lentel¢).

9 lentelé. Trombocity membranos RR sudéties palyginimas pagal kraujo serumo
MDA koncentracijos (ug/l) kvartilius (Q1-Q4)

- Mediana, MDAF koncentracijos (ug/l) kvartiliai
RR ai minimumas,
Silr(?(t:glll;;o maksimumas, Ql* Q2" Q3* Q4 P reikSmé
RR kickio) ta;rplfvartlhms (n=20) | (n=20) | (n=20) | (n=19)
plotis
Med. 3,93 3,30 2,81 2,81 **p=0,529
Min. 1,88 0,81 1,54 134 |, ;Zp = g,ggg
N XX ’ p =V,
RR 14:0 Max. 7,28 8,75 4,92 7,79 o= 0231
TPS 1,58 | 380 | 1,16 198 | P~ 8"6‘53
’ p = b
Med. 4899 | 4539 | 4849 | 4381 | “p=0,718
Min. 20,53 | 32,72 | 3743 | 2932 |, #;:p =0,659
RR 16:0 Max. 65.11 | 5953 | 63,15 | 6339 | . pPp=0728
#p=0,253
TP 18,73 | 13,94 | 9,54 18,87 #’zzp = 8’52;
’ p = b
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RR* Mediana, MDAF koncentracijos (ug/l) kvartiliai
o minimumas,
fﬁfg ‘E,ZILSEO maksimumas, Q1* Q2 Q3* Q4 P reik§meé
RR kickio) Lail(*)rili;vartlhms (n=20) | (n=20) | (n=20) | (n=19)
Med. 20,73 | 19,97 | 22,00 | 1845 | *p=0,925
Min. 876 | 11,52 | 1696 | 11,89 | #;zp =0,231
RR 18:0 Max. 26,65 | 27,54 | 43,87 | 28,60 | #1; - 85(7)23
TP 977 | 555 | 365 | 609 |, P (0):(6]%
9] p = N
Med. 1,63 1,37 1,12 1,59 *p=0,327
. Min. 0,39 0,22 0,19 0,18 |, ;’:p = 8’2421411
? p = 9
R Max. 12,44 | 1570 | 444 1329 | P 38
TP 3,18 | 2,09 | 1,01 135 | P 87513;91
’ p = 5
Med. 1,06 1,01 1,27 1,38 *"p=0,989
Min. 0,15 | 013 | 020 0,19 | p=0718
RR 18:107 Max. 409 | 230 | 2,64 6,90 | o 8’8(7)2
TP 0,67 | 1,19 | 1,05 097 | P 8%45‘3
’ p = 9
Med. 7,31 5,69 6,79 9,79 “p=0,841
Min. 0,46 1,62 1,61 0,69 |, ip =0,968
RR 18:109 Max. 1543 | 12,65 | 1452 | 2205 | . g - 8;22
TP 736 | 809 | 540 7,04 | 0P 8%2
#p = 0,
Med. 2,65 3,56 2,92 1,98 p=0512
Min. 058 | 072 | 056 | 036 | “p=079
RR 20:109 Max. 56,77 | 3326 | 1090 | 11,72 ;’#g - 8,33‘7‘
TP 645 | 229 | 478 | 330 | P= ga%g
#p = 0,
Med. 5,08 433 6,19 6,75 **p=0,738
Min. 201 | 054 | 1,68 | 040 | p=0862
RR 18:206 Max. 20,12 | 19,82 | 17,03 2146 | #g - 82%
TP 611 | 792 | 824 | 921 | P™ 8’383
#p =0,
Med. 1,10 1,96 1,58 1,82 **p=0,369
Min. 035 | 028 | 065 003 | 7p= 8,223
: #p =0,
RR 18:303 Max. 543 6,08 5,71 21,66 | b~ 0reso
TP 223 | 237 | 175 193 | p” 8’383
’ p = 5
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RR* Mediana, MDAF koncentracijos (ug/l) kvartiliai
o minimumas,

fﬁfg ‘E,ZILSEO maksimumas, Q1* Q2 Q3* Q4 P reik§meé

R I450) talrpkvartlhms (n=20) | (n=20) | (n=20) | (n=19)
plotis

Med. 0,63 0,92 0,96 1,08 **p=0,201

Min. 0,09 0,21 0,02 0,07 | “p=0478

RR 20:4 ©p=0235

406 Max. 7,84 8,31 5,84 9,01 Ao 0,620

TP 142 | 160 | 156 | 254 | p=0923

##p = 0,569

Med. 0,30 0,78 0,34 0,46 | “p=0,028

Min. 0,06 0,10 0,05 0,06 | p=0.698

: #ip = 0,141

RR 20:503 Max. 1,21 3,75 1,18 310 | b oode

TP 038 | 121 | 041 073 | p=0365

#p = 0,309

Med. 0,31 0,57 0,59 048 | *p=0,037

Min. 0,02 | 005 | 002 0,15 | “p=0052

. #p = 0,038

RR 22:50:3 Max. 1,15 2,76 1,61 237 | BT %00

TP 052 | 107 | o064 | 072 | p=0923

##p = 0,923

Med. 0,37 0,97 0,68 0,70 | *p=0265

RR 22603 Min. 002 | 006 | 003 013 | p= 8,?%

00 p =0,

Max. 2,40 3,58 2,24 395 | b 020

TP 1,09 | 1,80 | 064 1,67 | . p=0923

“p=0,513

Med. 7342 | 6898 | 74556 | 6595 | “p=0,820

(2;;*13%11 Min. 3,17 | 4960 | 5728 | 4578 | P- 8,2(2)3

O+ Hp=0,

RR 160 + Max. 93,00 | 87,77 | 9051 | 9259 | 2700y

RR 18:0) TP 2750 | 2372 | 1579 | 26,18 | . p=0.687

##p = 0,141

Med. 1454 | 1523 | 1333 | 1699 | “p=0.883

Min. 3,69 | 515 | 504 505 |, 7p=0383

< MNRR Max. 6280 | 3657 | 2250 | 3299 | »P=0771

p=0,341

TP 12,78 | 1028 | 7,94 810 | p=0.,687

##p = 0,158

Med. 9,80 | 13,89 | 11,15 | 13,09 | “p=0,314

Min. 331 | 404 | 383 1,33 | p=0314

#p=0,336

¥ PNRR Max. 3422 | 3389 | 2642 | 3497 | 07 nld

TP 732 | 1282 | 862 | 1959 | 'p=0.945

##p = 0,569
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RR* Mediana, MDAF koncentracijos (ug/l) kvartiliai
o minimumas,
Si;g%iig;o maksimumas, Q1* Q2" Q3* Q4 P reikSmeé
RR kickio) tarpkvartilinis | (n=20) | (n=20) | (n=20) | (n=19)
plotis
Med. 281 [ 453 | 3,60 420 | *p=0,024
. Min. 0,5 | 079 1,99 084 | P- 8,%241‘
0) ? p = 9
Max. 937 | 1300 | 683 | 2546 | 2~ (oo
e =
TP 361|323 | 264 | 538 | PT s
Med. 572 | 7102 | 14 753 | “p=0,565
. Min. 2,25 1,14 1,84 049 |, #;zp = 8,;3
(D ? p = 9
Max. 27.96 | 2813 | 21,70 | 2828 | <0 o,
e =
TP 661 | 892 | 851 | 11,29 #’##II; - 8’2%
Med. 043 | 067 | 053 045 | “p=0,149
ot Min. 0,08 0,18 0,17 018 | P~ g,ggé
o3/m i =0,
antykis Max. 257 | 515 | 2,03 821 | b 547
X =
TP 064 | 096 | 074 | 088 | ,,P7 oo
Med. 0,15 | 0,19 | 015 020 | *p=0,429
PNRR/ Min. 0,04 | 0,06 0,04 001 |, p=0820
SRR Max. 070 | 067 | 046 | 070 | PZ08
santykis < _ 0’9 67
TP 0,13 0,23 0,14 040 |, ##g 0444
Med. 749 | 630 | 17,75 508 | “p=0,091
RR 18:206/ Min. 257 | 054 | 229 099 | ,p= 0065
RR 20:406 Max. 2678 | 1448 | 18 | 4357 | . PTON8
santykis X##p _ 0’7 49
TP 1120 | 6,72 9,74 440 |, ##g 0204
Med. 4,20 1,62 | 446 3,15 | “p=0,076
RR 18:303/ Min. 120 | 026 | 083 004 |, p=0659
RR 20:503 Max. 1468 | 4900 | 5044 | 8331 | P70
santykis xw##p _ 0’ 531
TP 4,15 499 | 13,76 6,75 |, ##g 006
Med. 2,16 1,62 | 2,00 2,71 | “p=0,583
RR 20:40:6/ Min. 039 | 058 | 029 009 |, p=0820
RR 20:503 Max. 850 | 723 | 1770 | 1350 | L PZ0788
santykis < _ 0’2 47
TP 4,93 2,28 2,42 3,65 |, ##g 0813

SRR —sociosios riebaly rugstys; MNRR — mononesociosios riebaly riigstys; PNRR — poli-
nesociosios riebaly riigstys; * — riebaly riigstys; @ — malono dialdehidas; * — pirmas kvar-
tilis (Q1); * — antras kvartilis (Q2); # — tre¢ias kvartilis (Q3); # — ketvirtas kvartilis (Q4);
$ _ tarpkvartilinis plotis; ** — anglies atomy ir dvigubuju rysiu skaiius; ** — dvigubojo
rySio padétis tarp anglies atomy molekuléje; *** — bendroji suma procentais
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Siekiant nustatyti koreliacija tarp MDA koncentracijos ir trombocity
membranos RR sudéties, buvo taikytas Spearmano testas, kuris parodé silpna,
taciau statistiSkai reikSminga atvirksting koreliacijg tarp RR 14:0 ir MDA
koncentracijos (r = —0,255; p = 0,023) bei tarp MDA koncentracijos ir RR
18:206/RR 20:4m6 santykio (r =—0,244; p = 0,034) (11 lentel¢).

1.4 Trombocity membranos sociyju, mononesociyjy ir
polinesociyjuy riebaly rugsciy sudéties sasajy su trombocity
ir leukocity agregaty formavimusi nustatymas

Lyginant disertacijos autorés gautus trombocity membranos RR sudéties
duomenis su trombocity ir monocity agregaty (TMA) susidarymo procentu
buvo nustatyta, kad, didéjant agregaty susidarymo procentui, didé¢ja MNRR
ir PNRR bendrosios sumos bei mazéja SRR bendroji suma, taciau skirtumai
néra statistiSkai reikSmingi. Vis délto konstatuota RR 14:0 bei PNRR 18:3w3/
PNRR 20:5w3 santykio didé¢jimo tendencija, lyginant maziausia (Q1) ir
didziausia (Q4) TMA susidarymo procenta (p = 0,093) (19 pav. ir 20 pav.).
Duomenys, gauti vertinant kity TLA (granulocity ir limfocity) formavimosi
procentg ir trombocity membranos RR sudéties tarpusavio skirtumus, nebuvo
statistiskai reikSmingi (10 lentelé).

Q1 ir Q4, p = 0,093
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Trombocity ir monocity agregaty susidarymo (proc.)
kraujyje kvartiliai (Q)

19 pav. RR 14:0 procentais palyginimas pagal trombocity ir monocity agregaty susi-
darymo (proc.) kraujyje kvartilius. Q1 ir Q4, p =0,093. N = 79. * — anglies atomy ir
dvigubuyjy rysiy skaicius

61



m
=]

o
=]

n
=]

w
=]

(=)
=]

RR 18:3*0**3/RR 20:503 santykis
-

=
=

Qlir Q4, p=10,093

Q1 ir Q3, p = 0,055

£

2

T

kvartiliai (Q)

= n=79

a1 a2 a3 a4
Trombocity ir monocity agregatu susidarymo (proc.) kraujyje

20 pav. RR 18:3m3/RR 20:5w3 procentais palyginimas pagal trombocity ir monocity
agregaty susidarymo (proc.) kraujyje kvartilius. Q1 ir Q3, p = 0,055; Q1 ir Q4, p =
0,093. N = 79. * — anglies atomy ir dvigubyjy rysiy skaicius; ** — dvigubojo rysio
padétis tarp anglies atomy molekuléje

10 lentelé. Tam tikry trombocity membranos RR palyginimas pagal TMA formavi-
mosi (proc.) kvartilius

RR* Mediana, mini-| TMA susidarymo procento kvartiliai
(procentai nuo | mumas, maksi-
bendro RR mumas, Ql* Q2 Q3" Q4 P reikSme
kiekio) tarpkvartilinis | (n=20) | (n=19) | (n=21) | (n=19)
plotis
Med. 339 | 293 | 281 2,76 *p=0,204
Min. 1,34 1,42 0,81 1,54 “ip=0,197
RR 14:0% Max 779 | 648 | 770 | 875 | . p=0,093
. . b b b b xs#p:0,936
o
TP 175 | 243 | 2,03 1,85 p=0,822
##p=0,791
Med. 7745 | 63,57 | 70,64 | 73,04 *p=0,194
s SRR Min. 45,78 | 49,06 | 31,17 | 49,11 p=0,291
(RR 14:0 + RR Max. 87,77 | 9300 | 9259 | 9246 | pfg’ggg
16:0 + RR 18:0) w0
TP 16,55 | 27,75 | 2531 | 18,02 | ~ p=0.298
##p=0,512
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RR* Mediana, mini- | TMA susidarymo procento kvartiliai
(procentai nuo | mumas, maksi-
bendro RR mumas, Q1* Q2% Q3" Q4 P reikSmeé
kiekio) tarpkvartilinis | (n=20) | (n=19) | (n=21) | (n=19)
plotis
Med. 1333 | 16,91 | 1540 | 15,16 *p=0,336
Min. 515 | 3,69 | 504 5,05 "p=0,449
Max. 32,99 | 36,57 | 62,80 | 23,83 | “*p=0942
¥~ MNRR 50,649
TP 756 | 959 | 594 934 | “#p=0,233
##1=0,606
Med. 951 | 1530 | 10,63 | 11,47 *p=0,283
Min. 428 3,31 1,33 2,49 *#p=0,648
S e Max. 2484 | 3497 | 3389 | 3422 | “p=0,633
#p=0,555
TP 9,33 | 18,37 | 10,18 1037 | “#p=0,599
##15=0,856
Med. 2,21 3,91 4,06 4,16 *"p=0,184
S Ty Min. 0,04 | 0,26 0,67 1,04 *’;:p=0,055
RR 20:503 Max. 49,00 | 50,44 | 83,31 17,83 ’ #p=0,093
santykis x #’#p:0,294
TP 4,15 5,47 12,24 5,47 #p=0,799
##in=0,587

SRR —sociosios riebaly riig§tys; MNRR — mononesociosios riebaly riig8tys; PNRR — poli-

nesociosios riebaly rigstys;

“ — riebaly riigstys; B — trombocity ir monocity agregatai;

* _ pirmas kvartilis (Q1); * — antras kvartilis (Q2); # — tre¢ias kvartilis (Q3); # — ketvirtas
kvartilis (Q4); ® — tarpkvartilinis plotis; ** — anglies atomy ir dvigubujy ry$iy skaicius; ** —
bendroji suma procentais; *** — dvigubojo rysio padétis tarp anglies atomuy molekuléje

Taip patnustatytasilpna, taCiau statistiskai reikSminga atvirkstiné koreliacija
tarp TMA formavimosi ir RR 14:0 (r =-0,222; p = 0,050) (11 lentel¢).

11 lentelé. Trombocity membranos RR sudéties koreliacija su kraujo serumo MDA
koncentracija (pg/l) ir TMA susidarymo procentu

RR- Spearmano r P reikSme
ES

(procentai nuo bendro MDA .. TMA** MDA . TMA
FR s koncentracija (e koncentracija (i05.)

(ng/h) ' (ug/l) '
RR 14:0% 0,255 0,222 0,023 0,050
RR 18:200**6/
RR 20:406 santykis 0,244 B 0,034 -

* — riebaly rigstys; * — malono dialdehidas; ** — trombocity ir monocity agregatai; * —
anglies atomy ir dvigubyju rySiy skaicius; ** — dvigubojo rysio padétis tarp anglies atomy

molekuléje
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2. VYRU, SERGANCIU INKSTU AKMENLIGE IR METABOLINIU
SINDROMU, PILVO RIEBALINIO AUDINIO RIEBALU RUGSCIU
SUDETIES TYRIMO REZULTATAI

2.1 Pacienty, serganciy inksty akmenlige, pasiskirstymas pagal
inksty akmeny tipa ir metabolinio sindromo diagnoze

Kalcio oksalatiniai ir kalcio fosfatiniai inkstu akmenys sudaré didziausia
dalj pacientams, sergantiems inksty akmenlige (21 pav.), o Slapimo riigsties
(uratiniai) akmenys — maziausia. Tolesniam tyrimui pacientai, sergantys inksty
akmenlige, buvo suskirstyti { dvi grupes. Pirmai grupei priskirti tiriamieji,
kuriems diagnozuotas MS (32,4 proc.), antrai grupei — tiriamieji, kuriems
nebuvo diagnozuotas MS (67,6 proc.). 70 proc. pacienty, kuriems buvo rasta
Slapimo rigsties inksty akmenuy, ir tik 41 proc. asmeny, kuriems rasta kalcio
oksalatiniy ir kalcio fosfatiniy inksty akmeny, buvo diagnozuotas MS. Sis
sindromas buvo du kartus daznesnis asmenims, turintiems $lapimo riigsties
akmeny, nei pacientams, turintiems kalcio oksalatiniy ir kalcio fosfatiniy inksty
akmeny. Be to, MS buvo statistiskai reikSmingai daznesnis tiriamiesiems,
turintiems $§lapimo riigsties inksty akmenuy, palyginti su asmenimis, kuriems
rasta kalcio oksalatiniy ir kalcio fosfatiniy inksty akmeny (p = 0,004).

50 45

33

15

10 5
’ n=71

Procentai

Slapimo ragities Kalcio oksalatiniai
mnkstu akmenys ir kalcio fosfatiniai
inkstu alomenys = Su MS*
Inkstu akmenu tipas Be MS

21 pav. Pacienty, serganciy inksty akmenlige, pasiskirstymas pagal inksty akmeny
tipa ir MS. MS* — metabolinis sindromas
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2.2 Inksty akmenlige serganciy tiriamyjy grupiy
riebaly rugsciy sudéties palyginimas pagal inksty akmeny tipa
ir metabolinio sindromo diagnoze

Visi pacientai, kuriems rasta Slapimo riigsties bei kalcio oksalatiniy ir
kalcio fosfatiniy inksty akmeny, buvo suskirstyti i dvi grupes: turinc¢iy MS ir
Sio sindromo neturin¢iy (12 lentel¢). Bendrosios sumos PNRR (22 pav.), ©6
PNRR (23 pav.) ir RR 18:2m6 (24 pav.) procentai buvo statistiskai reikSmingai
didesni pacienty, turin¢iy kalcio oksalatiniy ir kalcio fosfatiniu inksty akmeny
ir neserganciy MS, palyginti su tiriamaisiais, kuriems diagnozuoti §lapimo
rugsties inksty akmenys ir MS.

12 lentelé. Pacientuy, turinCiy §lapimo riigsties inksty akmeny ir MS, ir pacienty, turin-
¢iy kalcio oksalatiniy ir kalcio fosfatiniy inksty akmeny ir nesergan¢iy MS, pilvo
riebalinio audinio RR sudéties palyginimas

Pacientai, turintys Slapimo Pamental,l tl.lm.ltys ka}lcw
% . . oksalatiniy ir kalcio
RR riigsties inksty akmeny .
: N fosfatiniy inksty akmeny
ipspsnal (n=11) =38 P reikSmé
nuo bendro (n=38)
RR kickio) Su MS* Be MS
Vidurkis + standartinis nuokrypis
12,61 14,64 12,61 14,64 p = 0,037
E3 El Ll H s
2N £ 1.70 12,88 +1,70 +2,88
S 0**6 11,94 13,97 11,94 13,97 p = 0,042
+1,6 +2,71 +1,6 +2.71
RR 11,62 13,55 11,62 13,55 | p=0,042
18:2***w6 + 1,57 +2,61 + 1,57 +2.,61

PNRR - polinesociosios riebaly raigstys; * — riebaly riigstys; * — bendroji suma; ** — dvi-
gubojo rysio padétis tarp anglies atomy molekuléje; *** — anglies atomy ir dvigubujy
rys$iy skaicius; # — metabolinis sindromas

Kity riebaly rogsc¢iy (RR 14:0, RR 16:0, RR 18:0, RR 16:1o7, RR

18:109, RR 18:1®7, RR 20:1®9), isreiksty procentais nuo bendrosios sumos
(100 proc.), vidurkis ir standartinis nuokrypis nebuvo statistiskai reikSmingi.
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P=0,037
21 004 Mediana I= 14,02

18,00

PNRR* bendroji suma procentais

15007
Mediana = 12,9
12.m- ?
9,001 S| E—

n=71

T T
Pacientai, turintys 3lapimo Pacientai, turintys kalcio
riigéties akmenn ir MS** oksalatinm ir kalcio fosfatini
akmenu, bet neturintys MS

Pacientai, sergantys inksty akmenlige

22 pav. Pacienty, kuriems nustatyta §lapimo riigsties inksty akmeny ir MS, ir MS ne-
turinCiy pacienty, kuriems rasta kalcio oksalatiniy ir kalcio fosfatiniy inksty akmenu,
PNRR bendrosios sumos procentais palyginimas. P =0,037. N = 71. * — polinesocio-
sios riebaly rigstys, ** — metabolinis sindromas

P =0,042
]
Mediana = 13,68

21,004
18,00

15,00

Mediana = 11,58

| 1
Pacientai. turintys $lapimo Pacientai, turintys kalcio
riigities alkemenn ir MS*** okcsalating ir kalcio fosfatinin
akmenu, bet neturintys MS

®* 6 PNRR ** procenting dalis

n=71

Pacientai, sergantys inkstu akmenlige

23 pav. Pacienty, kuriems nustatyta Slapimo riigsties inksty akmeny ir MS, ir MS
neturinéiy pacienty, kuriems rasta kalcio oksalatiniy ir kalcio fosfatiniy inksty akme-
ny, ®6 PNRR procentinés dalies palyginimas. P = 0,042. N =71. * — dvigubojo rysio
padétis tarp anglies atomy molekuléje, ** — polinesociosios riebaly rtigstys, *** —
metabolinis sindromas
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20007 U P =0,042 Mediana = 13,34
18,00
16,0077

14,00

12,00 Mediana = 11,39

RR 18:2" ® ** 6 procenting dalis

8,00 n=71
T T
Pacientai, turintys $lapimo Pacientai, turintys kalcio
rigities akmemy i MS¥**  olsalatiniy ir kalcio fosfatiniy
alemenu, bet neturintys MS

Pacientai, sergantys inkstu akmenlige

24 pav. Pacienty, kuriems nustatyta $lapimo rtgsties inksty akmeny ir MS, ir §io sin-
dromo neturin€iy pacienty, kuriems rasta kalcio oksalatiniy ir kalcio fosfatiniy inksty
akmeny, RR 18:2w6 procentinés dalies palyginimas. P = 0,042. N = 71. * — anglies
atomy ir dvigubyju rysiy skaicius, ** — dvigubojo rysio padétis tarp anglies atomy
molekuléje, *** — metabolinis sindromas

2.3 Pacienty, serganciy inksty akmenlige,
ir kontrolinés sveiky asmeny grupés riebaly riigsciy
sudéties palyginimas

Tyrimo rezultatai labai skyrési visose pacienty grupése, palyginti su
kontroline sveiky asmeny grupe (13 lentel¢). MNRR kiekis pacientams,
kuriems rasta $lapimo rugsties bei kalcio oksalatiniy ir kalcio fosfatiniy inksty
akmeny, buvo du kartus didesnis nei kontrolinés sveiky asmeny grupés (p <
0,0001) (25 pav.) (RR 18:1®9 buvo vyraujanti).
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P < 0,0001

70,00 |

|
Mediana = 51.11
60,007 Mediana = 52.84

50,00 |

40,00

Mediana = 25.86

30,00

MNRR* bendroji suma procentais

20,00

10,0077 n=171
I ] I
FPacientat, turintys flapimo  Pacienta, turntys kalcio Kontroling sveiloy asmeny
rhigsties alaneny olesalatuny ir kalcio grupe
tostatiny alameny

Pacientai, sergantys inkstu akmenlige

25 pav. Visy pacienty grupiy ir kontrolinés sveiky asmeny grupés MNRR bendrosios
sumos procentais palyginimas. P < 0,0001. N = 171. * — mononesociosios riebaly
rugstys

13 lentelé. Pacienty, serganciy inksty akmenlige, ir kontrolinés sveiky asmeny grupés
pilvo riebalinio audinio RR sudéties palyginimas

Kalcio L
Slapimo | oksalatiniai ir Kontr'olme
L . sveiky
RR* rugsties kalcio e
) * L asmeny P reikSme
(procental nuo bendro akmenys fosfatiniai grupé i
RR kiekio) (n=15) akmenys T (n=100)
(n=56)
Vidurkis + standartinis nuokrypis
RR18:1*w**9 4437335 | 42,40+4,38 | 22,71£3,69 | *,i, p <0,0001
RR 20:109 1,09+0,21 1,03+0,56 0,56+0,48 | *, 71, p <0,0001
RR 18:3m3 0,15+0,03 0,20+0,11 1,12+0,54 | *,11, p <0,0001
RR 22:5m03 0,19+0,09 0,20+0,15 0,39+0,27 | *,7%, p= 0,002
®3/®6 santykis 0,05+0,02 0,04+0,02 1,13£0,28 | *,%, p <0,0001
T##% SRR (RR 14:0 + *Lp=10
RR 16:0 + RR 18:0) 34,6743,03 | 33,55+2,81 | 32,14+5,29 5. p = 0.608
¥~ MNRR 53,07+3,54 | 51,78+3,84 26,244,27 | *, 71, p <0,0001
¥ PNRR 12,66+2,47 | 14,67+£3,47 | 35,13+4,84 | *, 11, p <0,0001
PNRR/SRR santykis | 0,37+0,085 0,44+0,12 1,13£0,29 | *, +1, p <0,0001
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Kalcio

Slapimo | oksalatiniai ir Kontr.oliné
_ . sveiky
RR* rugsties kalcio — P reikime
(procentai nuo bendro | akmenys* fosfatiniai grupé
RR kiekio) (n=15) akmenys T (n=100)
(n=56)
Vidurkis + standartinis nuokrypis
Y 03 0,63+0,26 0,7+0,44 4,5¢1,46 | * 11, p<0,0001
¥ 06 12,03+2,33 | 13,9743,13 | 27,9244,56 |*,7%, p <0,0001
RR 14:0 3,33+0,74 3,56+3,5 4,5+2,34 | p>0,05
RR 16:0 *1, p=10,001

+ + +
24.88+1.74 | 24.8:2.04 | 2191424 L 0001

RR 18:0 * 11, p>0,05
+ + +
0.06+1,34 | S1951,09 1 6495105 1.5 72 g no01

RR 16:1w7 + 48+ *i’ 0,003
:l:
5,08 1,68 5,7 1568 3’ 8 0’99 'H:, p< 0,0001

RR 18:206 11,75+£2,3 13,58+2,99 | 22,5943.98 |* 11, p <0,0001
RR 20:406 0,28+0,1 0,39+0,24 5,33+1,11 | *,7%, p <0,0001
RR 20:503 0,09+0,05 0,11+0,07 1,06+0,68 | *, t1, p <0,0001
RR 22:603 0,19+0,12 0,19£0,15 1,93+0,73 |*, 11, p <0,0001

SRR — sociosios riebaly riigstys; MNRR — mononesociosios riebaly riigitys; PNRR — poli-
nesociosios riebaly rugstys; -+ — riebaly rugstys; * — pacientai, turintys Slapimo rtgsties
inksty akmeny; 1 — pacientai, turintys kalcio oksalatiniy ir kalcio fosfatiniy inksty akme-
ny; I — kontroliné grupé; * — anglies atomy ir dvigubuju rysiy skaiius; ** — dvigubojo
rysio padétis tarp anglies atomy molekuléje; *** — bendroji suma procentais

PNRR lygis buvo 2,4-2.8 karto maZesnis visose inksty akmenligés
pacienty grupése, palyginti su kontroline sveiky asmeny grupe (p < 0,0001)
(26 pav.). ®3 ir ®6 PNRR santykis buvo didesnis kontrolinéje sveiky asmeny
grupéje nei pacienty, serganciy inksty akmenlige. Bendroji SRR suma
kiekvienoje pacienty grupéje buvo labai panasi lyginant su kontroline sveiky
asmeny grupe. Pacientams, sergantiems inksty akmenlige, rastas didesnis
kiekis RR 16:0 (p = 0,001; p < 0,0001) ir panasus kiekis RR 14:0 (p > 0,05)
kaip ir kontrolinéje sveiky asmenu grupéje. Taciau pacientai, turintys kalcio
oksalatiniy ir kalcio fosfatiniy inksty akmeny, pasizyméjo mazesniu RR 18:0
kiekiu nei kontrolinés sveiky asmeny grupés tiriamieji (p < 0,0001).
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50,004

40,00

30,00

20,00

PNRR* bendroji suma procentais

10,007

00

P < 0,0001

Mediana = 12.14

S

1
Mediana = 35.15

n=171

26 pav. Visy pacienty grupiy ir kontrolinés sveiky asmeny grupés PNRR bendrosios
sumos procentais palyginimas. P < 0,0001. N = 171. * — polinesociosios riebaly

rugstys

Pacientai, turintys Slapimo  Pacientai, turintys kalcio Kontroline sveiky asmeny

rigsties akmeny oksalatiuy ir kalcio
fosfatinny alaneny

grupe

Pacientail, sergantys inkstu akmenlige

2.4 Pacienty, kuriems diagnozuota inksty akmenligé
su metaboliniu sindromu ir be metabolinio sindromo,
bei kontrolinés sveiky asmeny grupés riebaly riig§ciy

Tolesniam tyrimui visi pacientai, sergantys inksty akmenlige, buvo
suskirstyti 1 dvi grupes: i tuos, kurie turi MS, ir | tuos, kurie $io sindromo
neturi. Kiekviena grupé buvo lyginama su kontroline sveiky asmeny grupe
(14 lentelé). MS turin¢iy pacienty RR 18:109 kiekis buvo gerokai didesnis
(p =0,041) ir RR 16:1w07 kiekis mazesnis (p = 0,003) negu pacienty be MS.
Bendras MNRR kiekis buvo vienodas abiejose (su MS ir be MS) inksty
akmenligés pacienty grupése (p = 0,762), taciau du kartus didesnis negu

sudéties palyginimas

kontrolinés sveiky asmeny grupés (p < 0,0001).
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14 lentelé. Pacienty, serganciy inksty akmenlige su MS ir be MS, bei kontrolinés
sveiky asmeny grupés pilvo riebalinio audinio RR sudéties palyginimas

) Pacientai (n=71) ot
RR* sveiky asmeny P reikimeé
(procentai nuo Be MS* Su MSt grupé |
bendro RR kiekio) | (n=48) (n=23) (n=100)
Vidurkis + standartinis nuokrypis
. #+, p = 0,041
RR 18:1*0**9 40.79+7.52 | 43,774,601 | 22.7153,69  |hi” s 700 0001
+s ) )
st =
RR 20:109 1,26+0,80 | 0,9240,35 0.56+048 |1 1731 g’i909 0001
+9 ) )
* =
RR 18:303 0,22+0,17 | 0,21%0,13 1,12£0,54 *gf ?j; 8’355 0001
* =
RR 22:503 0,23+0,23 0,21+0,17 0,39+0,27 *}’ ?i 3’2401 0001
o3/w6 *t.p=0912
santykis 0,05£0,03 | 0,05+0,02 1,13+0,28 *1; 71, p <0,0001
T ***SFA Shp=10
(RR 14:0 + RR 16:0 | 34,54+3,89 | 33,62+2,88 | 32,14+529 | *i p=0,008
+ RR18:0) 1.p=0518
* =
¥ MUFA 51,04+4,93 | 52,30+£3,91 | 26,19+4,27 *Ei IT)I 3’1602 0001
* =
¥ PUFA 14,4243,08 | 14,07+3,78 |  35,13+4,84 *Z{i I’)ri ;’2 0.0001
* =
PUFA/SFA santykis | 0,42+0,1 | 0,42+0,13 1,13£0.29 *Jirf ?1 é’g 0,0001
*t,p=10
T o3 0,76£0,58 | 0,72+0,52 4,5%1,46 *1- 1, p <0,0001
T 06 13,67+2,82 | 13,36+3,34 |  27,91+4.56 *i ri_ ; 2 0,0001
*T’ p= 170
RR 14:0 3;8i1a13 373i0381 4949i2934 *i’p:07124
1, p = 0,029
RR 16:0 25,01+2,51 | 24,94+2,05 21,9+2.4 *1 1, . ; g 0,0001
RR 18:0 572144 | 538%1,1 6,49£1,05 *? IT)+ 8’1009 0001
I e 3] k)
% =
RR 16:107 6,23+2,41 | 5,03+1,65 3,48+0,99 *Qﬁf Er’ 3 ’2%30001
+
RR 18:206 13,25¢2,7 | 13,0243,2 | 22,59+3,98 *% H;_ ; 2 0,0001
RR 20:406 0,4240,3 | 0,34+0,23 5,33+1,11 *;{3 TE 1150< 0,0001
RR 20:503 0,110,07 | 0,1+0,08 1,06+0,68 *ji; ﬂ;_ ; g 0,0001
RR 22:603 0,19£0,15 | 0,19+0,17 1,92+0,73 *E H’ 11, g 0,0001

SRR —sociosios riebaly rigstys; MNRR — mononesociosios riebaly rigstys; PNRR — poli-
nesociosios riebaly riigstys; -+ —riebaly riigstys; * — pacientai, sergantys inksty akmenlige
be MS; 1 — pacientai, sergantys inksty akmenlige su MS; i — kontroliné grupé; * — anglies
atomy ir dvigubyju rysiy skaicius; ** — dvigubojo rysio padétis tarp anglies atomy mole-
kuléje; *** — bendroji suma procentais.
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Be to, ®3 PNRR kiekis kontrolinéje sveiky asmeny grupéje buvo apie
6,3 karto (p <0,0001) didesnis, o w6 PNPP kiekis — 2 kartus didesnis nei
abiejose pacienty, serganciy inksty akmenlige, grupése (p < 0,0001). ®3/w6
PNRR santykis kontrolinéje sveiky asmeny grupéje taip pat buvo didesnis nei
kiekvienoje pacienty grupéje (p < 0,0001).
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REZULTATU APTARIMAS

Siandien visame pasaulyje létinés neinfekcinés ligos (LNL) siekia
epidemijos masta. Sios ligos pazeidzia visy amZiaus grupiy, regiony ir $aliy
zmones bei sudaro pagrinding mirties ir negalios priezasti [160]. Visoms LNL
grupéms, nepaisant skirtingy organy ir sistemu pazeidimuy, biidingas bendras
rizikos veiksnys, arba pradinis taskas, — tai kliniskai nebylus mazo laipsnio
uzdegimo procesas [161]. Uzdegimas kartu su OS — tai esminiai procesai,
lemiantys Sirdies ir kraujagysliy ligy, aterosklerozés bei inksty pazeidimy
vystymasi ir progresavima [ 162]. Tod¢l Siame disertaciniame darbe, remiantis
atlikty tyrimy rezultatais, taip pat siekta paanalizuoti OS poveiki LNL
patogenezei.

Duomenys parodé, kad sveiky savanoriy trombocity membranos
fosfolipiduose didziausia RR dalj sudaro SRR. Labai panasius SRR kiekio
trombocity membranoje rezultatus gavo ir kity Saliy mokslininkai [163—-166].
Tyréjai nustaté, kad RR 16:0 sudaro pagrinding trombocity membranos RR
[167]. Sioje disertacijoje pristatyti tyrimo duomenys yra identidki. Mokslinéje
literatliroje teigiama, kad SRR, esancios lasteliy membranose, yra glaudziai
susijusios su signalo mechanizmais, pavyzdziui, RR 14:00 ir RR 16:00
kovalentiniu biidu modifikuoja baltymus, kurie perduoda signala, bei dalyvauja
regulivojant transkripcijos faktoriy, daranciy itaka lipidy metabolizmui:
cholesterolio, RR ir TAG biosintezg, lipoproteiny sudéti, sekrecija ir klirensa
(pvz., hepatocity branduolio faktorius-4) bei uzdegimo procesa (pvz., NK-«B)
[23].

Tyrime dalyvavusiems savanoriams daugiausia MNRR 16:1w7 nustatyta,
kai kraujo serumo MDA koncentracija buvo maziausia, tikétina, dél to, kad
Sia RR intensyviau sintetina pats organizmas i§ SRR 16:00, fermentui steroil-
kofermento A desaturazei-1 formuojant dvigubaji rySi molekuléje [168], ir
(ar) papildomai RR 16:1®7 buvo gauta su maistu (augalinés kilmés maistu bei
aliejais). Tokiame maiste yra nemazai antioksidanty, pavyzdziui, riebaluose
tirpaus o tokoferolio, kuris galéty buti susijes su minétos RR didesniu kiekiu
esant mazesnei MDA koncentracijai.

Remiantis mokslinémis publikacijomis, MNRR 18:109 sudaro didziausia
RR procenta trombocity fosfolipidinéje membranoje i§ visu MNRR [163, 164,
166]. Tokia pacia tendencija atskleidé ir Sio disertacinio darbo duomenys. Toki
RR 18:1w9 kiekio padidéjima, esant didziausiai MDA koncentracijai kraujo
serume, galima aiskinti kaip sieki sumazinti §io OS Zymens koncentracija arba
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kaip kompensacija, kai PNRR yra aktyviai naudojamos MDA sintezei, t. y.
esant ®3 ir ®6 PNRR stokai, ima spartéti RR 18:1w9 sintezé, kuri yra kity 9
PNRR, reikalingy lastelés membranai, pirmtakas.

Pacientams, sergantiems inksty akmenlige, nepriklausomai nuo inksty
akmeny tipo, taip pat buvo nustatytas du kartus didesnis MNRR kiekis pilvo
riebaliniame audinyje nei kontrolingje sveiky asmeny grupé¢je. Tai biity galima
aiskinti tuo, kad o3 ir ®6 PNRR trukumas sukelia kompensacini MNRR
sintezés padidéjima, todél padidéja 9 PNRR gamyba. Kita vertus, pacienty,
serganciy inksty akmenlige, mityba galéjo biiti labiau papildyta MNRR nei
kontrolinés sveiky asmeny grupés.

Mityba, kurioje gausu MNRR, skatina geno, koduojancio antioksidacinius
fermentus, raiSka riebaliniame audinyje (pvz., GTPx ir CAT) ir taip
sumazinamas OS. Taigi, labai tikétina, jog MNRR padid¢jimas yra susijgs
su ju sintezes intensyvejimu organizme. Padidéjes SRR suvartojimas skatina
fermento NADPH-oksidazés gamyba nutukusiy asmeny riebaliniame
audinyje, o $i, savo ruoztu, skatina ROS sintezg ir slopina geny, koduojanciy
antioksidacinius fermentus, raiSka [122, 169]. Remiantis mokslininky
gautais rezultatais, SRR turéty biti pakeistos MNRR, siekiant sumazinti OS
asmenims, sergantiems MS [124]. Be to, eksperimentiniai tyrimai rodo, kad
SRR pakeitimas MNRR sumazina riebalinio audinio uzdegima bei atsparuma
insulinui [170], vadinasi — ir rizika susirgti LNL.

MS buvo du kartus daznesnis pacientams, kuriems buvo aptikta Slapimo
rugsties inksty akmeny, negu pacientams, turintiems kalcio fosfatiniy ir kalcio
oksalatiniy inksty akmeny, bet skirtumas nebuvo statistiSkai reikSmingas.
Remiantis naujausiais moksliniy tyrimy duomenimis, MS yra glaudziai
susijes su $lapimo riigsties inksty akmeny susidarymu [171-173]. Siuose
tyrimuose §lapimo riigsties inksty akmenys buvo budingesni vyresnio amziaus
pacientams, turintiems padidéjusi kiino masés indeksa, sumazéjusi Slapimo
pH bei padidéjusi Slapimo rugsties kieki Slapime [171].

Kanados mokslininkai lygino Sirdies ir kraujagysliy ligomis serganciy
734 ligoniy, turindiy MS ir jo neturinéiy, kraujo fosfolipidy RR sudéti. Sie
mokslininkai nustaté didesnj SRR (t. y. RR 16:0, RR 18:0) ir ®6 PNRR (t. y.
RR 18:3w6, RR 22:6w6) kieki bei sumaze¢jusius ®3 PNRR (t. y. RR 20:503
ir RR 22:6w3) kiekius pacientams, sergantiems MS, palyginti su pacientais
be MS [174]. Taciau sioje disertacijoje pateikti tyrimo duomenys parode, kad
inksty akmenlige ir MS serganciy tiriamyjy bendras SRR procentas pilvo
riebaliniame audinyje nesiskyré nuo kontrolinés sveiky asmeny grupés, vis
délto tiriamiesiems, kuriems nebuvo diagnozuotas MS, nustatytas didesnis
SRR kiekis nei kontrolinés sveiky asmeny grupés pacientams (p = 0,008).
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Statistiskai reik§mingai maziau RR 20:503 buvo rasta sveiky savanoriy
trombocity membranos fosfolipiduose, esant maziausiai kraujo serumo MDA
koncentracijai, taciau statistiSkai reikSmingai daugiau RR 20:503 buvo
nustatyta, kai kraujo serumo MDA koncentracija buvo didesné. Sie rezultatai
leidzia iSkelti hipotezg, kad suintensyvéjusi oksidacija organizme skatina
trombocitus prijungti ir gaminti daugiau PNRR (pvz., RR 20:5w03), tokiu
btidu padidinama biologiskai aktyviy junginiy gamyba bei toliau skatinami
trombocity biisenos pokyc¢iai. PNRR 20:5w3 sumazina rizika susirgti Sirdies ir
kraujagysliy ligomis, didindama PGI, gamyba. Pastarasis slopina trombocity
agregacija, iSemijos sukelta miokardo pazeidima ir aterosklerozg, skatina
vazodilatacijq ir neoangiogenezg. Be to, padidéjes PGI, kiekis maZina TXA,
gamyba. Kaip zinoma, TXA, turi prieSinga poveiki Sirdies ir kraujagysliy
sistemai: sukelia trombocity aktyvacija, vainikiniy kraujagysliy spazmus bei
kraujagysliy lygiyjuy raumeny proliferacija, kas gali sukelti aterosklerozinius
kraujagysliy pazeidimus, o galiausiai — Sirdies ir kraujagysliu ligas [175].
PNRR 20:4m6 ir PNRR 20:503 veikia viena kitg antagonistiskai. RR 20:503
konkuruoja su RR 20:4w6 dé¢l fermento COX, kuri dalyvauja biologiskai
aktyviy medziagy sintezéje. Tokiu buidu i§ RR 20:5w3 sintetinami eikozanoidai
slopina uzdegima ir tromby susidaryma, gali tiesiogiai slopinti trombocity
agregacija. Taciau i§ RR 20:4w6 gauti eikozanoidai pasizymi prieSingu
poveikiu [176-178].

Sio disertacinio tyrimo duomenys parodé, kad atskiry ®3 ir ®6 PNRR
bendrosios sumos procentais, esant didziausioms MDA koncentracijos vertéms
kraujo serume, didé€ja, ir prieSingai — esant maziausioms kraujo serumo MDA
koncentracijos vertéms, ®3 ir @6 PNRR bendrosios sumos mazéja. Taciau
statistiSkai reikSmingas skirtumas buvo rastas tik ®3 PNRR bendrosios sumos
Q1 ir Q2. Panasius rezultatus gavo ir D. Li su bendraautoriais [179]. Toki
rezultata biity galima aiskinti tuo, kad padidéjes PNRR kiekis, esant didesnei
MDA koncentracijai, galéty buti trombocity atsakas pasiruosti biisimam
suaktyvéjimo procesui. Taigi, oksidacijos procesas bei padidéjusi MDA
koncentracija yra veiksniai, skatinantys trombocitus sintetinti daugiau PNRR
(t. y. RR 20:406, RR 20:503, RR 22:603 ir kt.) i§ BRR: RR 18:206 ir RR
18:3w3, veikiamos fermenty — desaturaziy ir elongaziy, isiterps i trombocity
membranos fosfolipidini dvisluoksnj ir véliau bus panaudotos biologiskai
aktyviy junginiy sintezei, pavyzdziui, uzdegima slopinanciy ar uzdegima
skatinanc¢iy eikozanoidy ir dokozanoidy gamybai.

Pacientams, sergantiems inksty akmenlige, pilvo riebaliniame audinyje
buvo nustatyta 2 proc. mazesn¢ bendroji PNRR suma nei kontrolinés sveiky
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asmeny grupés tiriamiesiems (p < 0,0001). PNRR kiekis riebaliniame
audinyje i§ esmés atspindi Zzmogaus mityba. Didziaja dali bendrosios PNRR
sumos sudaré RR 18:2w6 ir RR18:3w3. Todél daroma prielaida, kad pacientai,
sergantys inksty akmenlige, nepakankamai vartoja PNRR, o dél tokio RR
18:2w6 ir RR 18:3w3 trikumo gali sulététi ir kity @3 ir 6 PNRR sinteze.

Tyrimo duomenimis, inksty akmenlige serganciy pacienty pilvo
riebaliniame audinyje taip pat buvo rastas didesnis RR16:1®7 ir mazesnis
RR 20:5w3 kiekis nei kontrolingje sveiky asmeny grup¢je. Taciau asmenims,
kuriems diagnozuotas MS, nustatytas daug mazesnis RR 16:1w7 kiekis, bet
didesnis RR 18:1w9 kiekis nei tiems, kuriems MS nebuvo diagnozuotas. Todél
gauti rezultatai dar karta patvirtina, kad pacientai, sergantys inksty akmenlige,
suvartoja maziau PNRR; vadinasi, padidéja MNRR sintezé ir dél to, savo
ruoztu, padidéja RR 16:1w7 ir RR 18:1®9 kiekis pilvo riebaliniame audinyje.

Vartojant didesni kieki PNRR, sutrikdomas lipidy kaupimasis kepenyse
bei riebaliniame audinyje pilvo srityje. Ta¢iau atvirkstinis procesas biidingas
vartojant daugiau SRR [180]. Proksimaliniy inksty kanaléliy lasteliy kulttiros
in vitro duomenys parodé, kad PNRR (t. y. RR 18:3®3, RR 20:503) ir MNRR
(t. y. RR 18:109) sumazina OS ir slopina ETS, kuris sutrikdo baltymy, lipidy
ir steroliy biosinteze bei vidulastelinio Ca®* kaupimasi, taip sukeldamas
lasteliy apoptoze bei nekroze. RR 18:3w3, RR 20:503 bei RR 18:1m9 veikia
mazindamos ETS rodikliy — fosforilinto eukarioty iniciacijos faktoriaus 2a,
C/EBP homologinio baltymo ir gliukozés reguliuojamo baltymo 78 kieki
lastelgje [128, 181].

Sveiky savanoriy trombocity membranos fosfolipidu RR 18:2w6/RR
20:4w6 santykis, esant didziausiai kraujo serumo MDA koncentracijai,
statistiSkai reikSmingai mazesnis, lyginant su maziausia MDA koncentracija
kraujo serume. Remiantis Siais rezultatais galima teigti, kad RR 18:2w6
konversija { RR 20:4w6 yra intensyvesné, esant didesnei kraujo serumo
MDA koncentracijai. Galima manyti, kad $i konversija — tai trombocito
pasiruo$imas biisimai uzdegima skatinanciy eikozanoidy gamybai ir
trombocity aktyvacijai, nes i$skirti tromboksanai aktyvina trombocitus, o §ie
gali greiiau isiterpti { kraujo kre$éjimo procesa. Trombocity membranoje
esanti RR 20:4w6 naudojama sintetinant TXA,, kuris, kaip Zzinoma,
dalyvauja Sirdies ir kraujagysliy ligy patogenezéje, veikdamas per specifinius
receptorius, susijungusius su G baltymo Gq subvienetu, taip skatindamas
trombocity agregacija ir vazokonstrikcija [182, 183]. Vadinasi, padidéjusi
MDA koncentracija kraujo serume galéty biti veiksnys, lemiantis intensyvesni
TXA, susidaryma.
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Be to, Sio tyrimo rezultatai parodé RR 18:30w3/RR 20:503 santykio
didéjimo tendencija trombocity membranoje, lyginant maziausia ir didziausia
TMA susidarymo procenta. RR 18:3w3 1émé santykio did¢jima. Si RR néra
sintetinama zmogaus organizme, ji gaunama tik su maistu — augaliniais aliejais.
Taigi, RR 18:3w3 atspindi konkretaus asmens mitybos raciong ir galiausiai
bus ver¢iama | RR 20:5w3. Eksperimentinis tyrimas parodé, kad, trombocity
membrang prisotinus RR 20:5w03, sumazinamos trombocity prokoaguliacinés
savybés. RR 20:5®3 kartu su RR 22:6®3, i$ kuriy bus sintetinamos uzdegima
slopinancios biologiskai aktyvios medziagos, sumazina rizika susirgti
Sirdies ir kraujagysliy ligomis [184]. Taigi, ®3 PNRR per biocheminius
mechanizmus gali reguliuoti procesus, susijusius su uzdegimu: trombocity
aktyvacija ir agregacija bei vazokonstrikcija [185]. PNRR gali veikti tiesiogiai,
pakeisdamos RR 20:4w6 kaip substrata, gamindamos eikozanoidus ir taip
slopindamos RR 20:4m6 metabolizma, arba netiesiogiai, veikdamos per geny
rai§ka: aktyvuodamos peroksisomy proliferatoriaus aktyvintus receptorius o ir
v [13, 186, 187]. Be to, 3 PNRR slopina monocity ir makrofagy uzdegiminiy
citokiny (interleukino 1p ir IL-6, TNFa) sekrecija, tokiu biidu slopinamas
uzdegimo procesas, kuris ir yra esminis sergant LNL [188].

Didéjant MDA koncentracijai, daugéja ir RR 22:5w3 sveiky savanoriy
trombocity fosfolipidy membranoje. Toks rezultatas gali biiti aiSkinamas
suintensyveéjusiu RR metabolizmu sintetinant eikozano RR ir dokozano
RR, kurios bus naudojamos kity biologiskai aktyviy medziagy sintezei bei
trombocity aktyvacijai. RR 22:6w®3 pasiskirstymo tendencija buvo identiska
RR 22:5w3, taciau statistiskai reik§mingu skirtumuy nerasta. Tyrimas, kuriame
1 trombocity membrana buvo jterpta RR 22:6w3 ir matuota susidariusi
MDA koncentracija, parod¢, kad jei trombocito membranoje yra daugiau
RR 22:6w3, tai susidariusi MDA koncentracija taip pat yra didesné. Autoriy
nuomone, membranoje esantys dideli ®3 RR kiekiai, ypa¢ RR 22:6m3, galéty
btti susij¢ su intensyvesne lipidy peroksidacija [106]. Kiti mokslininkai taip
pat tyré RR 22:6m3 poveiki trombocitams. Sveikiems vyrams buvo duodama
maisto papildy, kuriuose gausu RR 22:6w3, ir stebimas §ios RR jtraukimas
1 trombocity fosfolipiding membrana bei trombocity aktyvumas. Rezultatai
parodé, kad didesnis RR 22:6m3 kiekis trombocity membranoje statistiskai
reik§mingai sumazina trombocity aktyvacija ir suzadina antioksidacini poveiki,
didindamas o tokoferolio koncentracija trombocituose. Tai biity galima
laikyti apsauginiu veiksniu nuo $irdies ir kraujagysliy sutrikimy, susijusiy
su trombocitais [189, 190]. Sioje disertacijoje pristatomame sveiky individy
tyrime reikSmingo oksidacijos poveikio nenustatyta. Didesni oksidacijos
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poveiki gali patvirtinti tik tyrimas, atliktas pacientams, kuriy kraujo serume
MDA koncentracija yra gerokai didesné.

Inkstuy akmenlige sergancius tiriamuosius suskirste pagal inksty akmeny
kilme ir MS, nustatéme, kad bendroji PNRR suma procentais, ®6 PNRR bei
RR 18:2w6 kiekis procentais buvo daug didesni pacienty, kuriems nustatyti
kalcio oksalatiniai ir kalcio fosfatiniai inksty akmenys be MS, nei pacientams,
turintiems §lapimo ragsties inksty akmeny ir MS. Siuos rezultatus bity galima
aiskinti tuo, kad tiriamyjy, serganciy MS, PNRR metabolizmas yra sulétéjes
ir (ar) galéjo biiti sumazejes PNRR vartojimas su maistu. Be to, pacientams,
sergantiems inksty akmenlige, didesnis ®6 PNRR kiekis procentais
ricbaliniame audinyje gali paskatinti gaminti daugiau biologiskai aktyviy
medziagy i§ minéty @6 PNRR. Nors Siame disertaciniame darbe ir nebuvo
tirta konkreti eikozanoidy ir dokozanoidy koncentracija, taciau remiantis
moksliniais duomenimis galima teigti, kad eikozanoidai daro itaka inksty
akmenligés patogenezei tiesiogiai ar netiesiogiai dalyvaudami uzdegime, taip
pazeisdami ir sutrikdydami inksty kanalélius bei ju funkcija.

Sveiky savanoriy organizme buvo rasta statistiskai reikSminga atvirkstiné
koreliacija tarp RR 14:0 trombocity membranos fosfolipiduose ir MDA
koncentracijos kraujo serume. Tokia pati koreliacija buvo nustatyta tarp RR
18:2w6/RR 20:4w6 santykio ir MDA koncentracijos kraujo serume. Statistiskai
reik§minga atvirkstiné koreliacija taip pat buvo rasta tarp TMA formavimosi
procento ir RR 14:0. Kiti mokslininkai nustaté tiesioging koreliacija tarp
MNRR bei PNRR ir MDA koncentracijos kraujo serume bei atvirksting
koreliacija tarp SRR ir kraujo serumo MDA koncentracijos. Tyréjai taip
pat pastebé&jo, kad sveiky asmeny lipidy peroksidacija yra intensyvesne dél
trombocity membranos fosfolipiduose esancio didesnio PNRR kiekio [191].
Nors $ioje disertacijoje pristatomame tyrime negauta statistiSkai reikSmingos
koreliacijos tarp kraujo serumo MDA koncentracijos ir trombocity membranos
fosfolipidu SRR, MNRR ir PNRR, ta¢iau buvo pastebéta, kad didéjant MDA
koncentracijai Siek tiek didéja PNRR ir MNRR kiekis procentais, o mazéja
SRR kiekis ir kad SRR kiekis procentais taip pat mazéja didéjant TMA
formavimosi procentui.

Taigi, Sioje disertacijoje pateikti tyrimuy rezultatai leidzia teigti, kad OS gali
daryti itaka RR pokyc¢iams, ypa¢ PNRR, kurios dalyvauja biologiskai aktyviy
junginiy sintezéje (pvz., eikozanoidy ir dokozanoidy), veikdamos uzdegimo
proceso patogeneze ir tokiu bidu darydamos tiesioging ar netiesioging itaka
LNL, tarp ju ir inksty akmenligés, vystymuisi ir progresavimui.

78



3.1.

3.2

4.1.

4.2.

4.3.

ISVADOS

Did¢jant malono dialdehido koncentracijai kraujo serume, didé¢ja
mononesociyjy ir polinesociyju riebaly rigsciy kiekis ir mazéja sociyju
riebaly rugsé¢iy kiekis trombocity fosfolipidy membranoje.

Nustatytas padidéjes polinesociyju riebaly riigsciy kiekis trombocity
fosfolipidu membranoje lemia padidéjusia trombocity agregacija.

Inksty akmenlige serganc¢iy pacienty, suskirstyty pagal inksty akmeny
tipus, pilvo riebalinio audinio riebaly riig§¢iy sudétis nesiskiria.

Tiriamiesiems, sergantiems inksty akmenlige ir suskirstytiems pagal
inksty akmeny tipus, nustatytas didesnis mononesoCiyjy ir mazesnis
polinesociyju riebaly rugsciy kiekis, palyginti su kontroline sveiky
asmeny grupe.

Pacientams, sergantiems inksty akmenlige be metabolinio sindromo
pozymiy, nustatyta daugiau sociyju riebaly riigsciy pilvo riebaliniame
audinyje nei kontrolingje sveiky asmenu grupéje.

Pacientai, sergantys inksty akmenlige ir metaboliniu sindromu, turéjo
didesni mononesociyjy riebaly riig§¢iy kieki pilvo riebaliniame audinyje
nei pacientai, sergantys inksty akmenlige be metabolinio sindromo.

Bendroji polinesociyjy riebaly riig§¢iy suma pilvo riebaliniame audinyje
buvo didesné kalcio oksalatiniy ir kalcio fosfatiniy inksty akmeny
turintiems pacientams be metabolinio sindromo nei tiriamiesiems,
kuriems diagnozuoti $lapimo riigsties inksty akmenys ir metabolinis
sindromas.
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DARBO TASOS KRYPTYS

Esant pazengusiam oksidaciniam stresui, tikslinga toliau tirti trombocity
membranos fosfolipidy riebaly riig§¢iy sudéties bei trombocity ir leukocity
agregaty formavimasi asmenims, sergantiems S$irdies ir kraujagysliy ar
kitomis 1étinémis neinfekcinémis ligomis. Tokiu biidu bus galima jvertinti
riebaly rigsciy sudéties pokycius ir juos palyginti su sveiky asmeny
trombocity membranos fosfolipidy riebaly riig§¢iy sudétimi, ieskant naujy
sasajy su létiniu uzdegimu bei oksidaciniu stresu — esminiais procesais létiniy
neinfekciniy ligy patogenezéje.
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SANTRAUKA

SUMMARY OF DOCTORAL DISSERTATION

1. INTRODUCTION

Chronic non-communicable diseases (CNCDs), also known as chronic
diseases, tend to be of long duration and are the result of a combination of
genetic, physiological, environmental and behavioural factors [1, 2]. Risk
factors, such as tobacco use, physical inactivity, an unhealthy diet, and the
harmful use of alcohol, all increase the risk of morbidity and mortality from
CNCDs as well as the risk of developing another disease, the so-called disease
of civilization, uronephrolithiasis [3]. The risk factors mentioned above
and an increase in the caloric intake over the past 60—100 years contribute
to an intensified generation and accumulation of reactive oxygen species,
leading to the development of oxidative stress in the cell. Oxidative stress is
therefore associated with obesity, type 11 diabetes [4], cardiovascular [5] and
neurodegenerative diseases [6], thrombosis and increased platelet activity [7],
and renal proximal tubular damage [8].

Phospholipids in cell membranes, especially their polyunsaturated fatty
acids, are sensitive to oxidative stress and lipid peroxidation. Reactive oxygen
species modify lipid composition and the structure and dynamics of cell
membranes during lipid peroxidation. Under these conditions, the structure,
activity, and physical properties of the cell itself may change, which can lead
to alteration in the production of biologically active compounds that influence
the inflammatory, atherogenic, and prothrombotic effects in the human body.
Therefore, oxidative stress and lipid peroxidation-influenced alteration in the
structure and dynamics of cell membrane lipids induce the development of
cardiovascular [5] and neurodegenerative lesions, cancer, and ocular and renal
degenerations, leading to the manifestation of CNCDs [9, 10].

1.1 Aim of the Study

To evaluate the importance of oxidation-induced fatty acid composition in
healthy individuals and patients with uronephrolithiasis.
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1.2 Tasks of the Study

1. To evaluate platelet membrane fatty acid composition in relation to blood
serum malondialdehyde concentration.

2. To evaluate the association of platelet membrane fatty acid composition
with platelet aggregation.

3. To determine and evaluate the composition of fatty acids in the abdominal
adipose tissue of patients with uronephrolithiasis and a control group of
healthy individuals.

4. To compare the fatty acid composition of abdominal adipose tissue in the
control group of healthy individuals and patients with uronephrolithiasis
and with or without a diagnosed metabolic syndrome.

1.3 Scientific Novelty of the Study

Though the interest of researchers remains in how cell membrane
phospholipids or adipose tissue fatty acid composition may themselves alter
the activity of cells such as platelets, or the renal tubular function, there is
still a lack of detailed studies on the composition of platelet membrane fatty
acids as influenced by an oxidative stress marker — malondialdehyde — and the
formation of platelet and leukocyte aggregates, as well as investigations into
how abdominal adipose tissue fatty acid composition and metabolic syndrome
may influence the formation of kidney stones of different origin. Therefore,
these studies and their results are relevant today and encourage to seek for new
links between the pathogenesis of CNCDs.

1.4 Practical Significance of the Study

The fatty acid spectrum of platelet membrane phospholipids and abdominal
adipose tissue identified in these studies could be useful in assessing platelet
readiness for future activation and the intensity of the synthesis of biologically
active compounds, which, through a direct or indirect involvement in the
inflammatory process, may influence the pathogenesis of uronephrolithiasis.
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2. MATERIALS AND METHODS

2.1 Study Design

Two studies were carried out at the laboratory of the Department of
Physiology, Biochemistry, Microbiology and Laboratory Medicine of
the Institute of Biomedical Sciences at the Faculty of Medicine of Vilnius
University. The composition of fatty acids (FAs) in the platelet phospholipid
membrane of healthy volunteers and abdominal adipose tissue of patients with
uronephrolithiasis and metabolic syndrome (MS) were determined.

A randomized prospective cross-sectional study of the association of
platelet membrane FA composition with markers of oxidative stress (OS) in
healthy men (duration: 2 years) was carried out on a group of 79 volunteers
(men) aged 36.5 years = 10.8 years, who were apparently healthy (without
any acute clinical condition) and gave their written consent to participate in
the study. Individuals with any cardiac and chronic diseases or prior strokes
or venous thromboembolisms were excluded from the study. Female subjects
were not included in this study, as males usually have an earlier onset of the
disease than their female counterparts [11]. The study protocol was approved
by the Vilnius Regional Bioethics Committee (Approval No. 15820-15-807-
319) and supported by the Research Council of Lithuania (Grant No. MIP-
050/2015).

A case control study of abdominal adipose tissue FA composition in men
with uronephrolithiasis and MS (duration: one and a half years) was carried
out on a group of 71 men (average age 53.1+14.1) suffering from kidney stone
disease. The individuals (case group) were hospitalized at Vilnius University
Hospital and gave their written consent to participate in the study. The control
group (healthy individuals) had no history of kidney stone disease and was
matched with cases for age and sex (n = 100). All patients were thoroughly
examined in order to diagnose MS according to clinical and laboratory criteria
[12]. The study protocol was approved by the Vilnius Regional Bioethics
Committee (Approval No. 15820-15-807-319 and No. 158200-5-053-056LP1)
and supported by Lithuanian State Science, Studies Foundation (Grant No.
T-59/09/MTDS-150000-267) and Research Council of Lithuania (Grant No.
MIP-111/2010).

Data analysis was carried out using the IBM SPSS software (version 21
and 24) and Microsoft Excel 2013, 2016.
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2.2 Distribution of Individuals

In investigating OS influence on the FA composition of the platelet
membrane, healthy volunteers were grouped into quartiles (Q) according to
the concentration of blood serum malondialdehyde (MDA). Blood serum
MDA concentration was 62.47-77.58 pg/l (n = 20) in the first quartile (Q1),
77.79-97.07 pg/l (n = 20) in the second quartile (Q2), 97.22-117.61 pg/l (n =
20) in the third quartile, and 118.10-169.32 pg/l (n = 19) in the fourth quartile
(Q4). Then, the spectrum of the platelet membrane FA was compared with the
concentration of blood serum MDA in quartiles, and the correlation between
the platelet membrane FA spectrum and blood serum MDA concentration was
calculated.

The individuals were then grouped into Q according to the percentage of
platelet and leucocyte aggregate (PLA) formation. The percentage of PLA
formation ranged from 3.7 to 8.3 (n = 20) in the first quartile (Q1), 8.4 to 9.5
(n = 19) in the second quartile (Q2), 9.6 to 10.8 (n = 21) in the third quartile
(Q3), and 10.9 to 14.5 (n = 19) in the fourth quartile (Q4). The quartiles of
PLA formation were then compared with the spectrum of platelet membrane
FAs, and the correlation between the variables was measured.

Patients in the abdominal adipose tissue FA composition in men with
uronephrolithiasis and MS study were divided into groups according to the
diagnosis of MS and the types of kidney stones (Fig. 1). The composition
of adipose tissue FA was compared within different groups of patients with
different types of kidney stones and between the patients and the control
group of healthy individuals.

Patients with Control group of
wronephrolitiasis healthy individuals
n =71 n =100

v

Uric acid kidnew Calcinmm oxalate ' phosphate
StOnes kidney stones
o = Without - Without
With MS MS With MS MS

Figure 1. Distribution of patients with uronephrolithiasis and MS. * — metabolic syn-
drome.
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2.3 Research Methodology

2.3.1 Platelet Extraction

For obtaining platelets from volunteers, blood samples were collected in
a sodium heparin vacutainer tube and centrifuged immediately at 3000 g for
10 minutes. Then % of the plasma was removed without touching the cell and
the buffy coat. The remaining portion (% of the plasma), rich in thrombocytes,
was extracted and mixed with freezing media (BI, Israel) in a ratio of 2:1 and
frozen at -80 °C.

2.3.2 Determination of Platelet Activation Markers

Flow cytometric analysis was performed on volunteers’ platelet functional
activity in agonist non-stimulated EDTA anticoagulated blood not later than 10
minutes after blood collection (BD FACS Canto, BD Biosciences, USA). Data
analysis was carried out using BD FACS Diva software (version 6.1.2). Leu-
kocyte populations (neutrophils, monocytes and lymphocytes) were identified
according to CD45/CD14 expression: neutrophils (CD45 +, CD14 —, high side
scattered light), monocytes (CD45 +, CD14 +, mean side scattered light) and
lymphocytes (CD45 ++, CD14 —, low side scattered light). Then, the percent-
age of neutrophils, monocytes and lymphocytes expressing the CD42a marker
was calculated. This combination of markers is characteristic for PLAs and
was considered an indicator of the adhesion phase. The data that were obtained
were expressed in absolute numbers (the number of studied platelets expresses
the marker), percentages (a part of the studied population expresses the mark-
er), and mean of fluorescence intensity (the fluorescent intensity of the platelet
population expressing the marker). Markers of platelet functional activity were
identified by Assoc Prof., MD PhD R. Matuzeviciené.

2.3.3 Extraction and Determination of Platelet
Membrane Fatty Acids

Methyl esters of platelet membrane FAs and abdominal adipose tissue FAs
were prepared using the Folch method [13]. Thin layer chromatography (Sil
G-25 UV 254) was then performed to extract platelet phospholipids [ 14]. After
an FA transesterification of the platelet membrane and abdominal adipose
tissue, the FA spectrum of both studies was determined by gas chromatography/
mass spectrometry with a GCMS-QP2010 Ultra manufactured by Shimadzu.
Data were collected and processed using LabSolutions software (Shimadzu).
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Table 1 shows the FAs investigated in both studies expressed as a percentage

of total FAs.

Table 1. FAs of both studies analyzed by gas chromatography/mass spectrometry.

SFAs*

TAVAVAYA

MUFAs**

7NN

PUFAs***

N=\=/\

14:0° (Tetradecanoic/

Myristic acid)

a

/\/\/\/\/\/"\/ﬂ\w

16:10™7 (9-hexadecenoic/

Palmitoleic acid)

\/\W\A,/\\/LDH

18:2®6 (9.12-octadecadienoic/

Linoleic acid)

MF\W-’JL‘UH

16:0 (Hexadecanoic/
Palmitic acid)

0

/\/\/\/\\/\/\/\/ILDH

18:1@9 (9-octadecenoic/
Oleic acid)

\/\/\/\/:\/\/\/’\/JLDH

18:3@3 (9,12.15-
octadecatrienoic/

a-Linolenic acid)

OH

18:0 (Octadecanoic/

Stearic acid)

a

/\/\/\/\/\/\/\/\)I\DH

18:1@7 (11-octadecenoic/

Vaccenic acid)

a

\/\/\/:\/\/\/\/\)Luu

20:406 (5.8.11.14-
eicosatetraenoic/

Arachidonic acid)

/\/\/=\/=\/:\/:\/\/JL‘ ]

20:109 (11-eicosenoic/

Gondoic acid)

0
oA A A A~ o

20:503 (5.8.11,14.17-
eikosapentaenoic/

Timnodonic acid)

22:5@3 (7.10,13.16,19-
docosapentaenoic/

Clupanodonic acid)

22:603 (4,7.10,13,16,19-
docosahexaenoic/

Cervonic acid)

= = = = = 0H

* — saturated fatty acids; ** — monounsaturated fatty acids; *** — polyunsaturated fatty
acids;  —number of carbon atoms and double bonds; # — position of double bond between

carbon atoms
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The percentage of each of 13 FAs from the total fatty acid content (100%)
was calculated in both studies, as well as the percentage of total SFAs, MUFAs,
PUFAs, the percentage of PUFAs w3 and PUFAs w6, and ratios: PUFAs ®3
and PUFAs w6, PUFAs and SFAS, C 18:2w6 and C 20:4w6, C 18:3w3 and C
20:5w3, C 20:4w6 and C 20:5w3

2.3.4 Determination of Malondialdehyde
Concentration in the Blood Serum

The blood serum MDA concentration of volunteers in the study concerning
the association of platelet membrane FA composition with markers of OS in
healthy men was measured according to a method published by Khoschsorur G.
A. et al. with minor modifications [15]. The sample preparation serves for the
sample purge and for the derivatization of the analyte with thiobarbituric acid
(TBA) into a detectable form, i.e., the MDA-TBA adduct. MDA concentration
was determined by a Shimadzu Nexera X2 UHPLC system (Shimadzu). Data
were collected and processed using LabSolutions software (Shimadzu). Blood
serum MDA concentration was determined by PhD A. Linkevicitité.

2.3.5 Chemical Analysis of the Composition
of Kidney Stones

The kidney stones of patients who gave their written consent to participate
in the abdominal adipose tissue FA composition in men with uronephrolithiasis
and MS study were surgically removed, and the chemical composition of the
stones was examined by a BRUKER VERTEX 70 Fourier transform infrared
(FTIR) spectrometer using a KBr tablet [16] and analyzed by Prof. PhD
V. Sablinskas.
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3. RESULTS

3.1 Results of Research Concerning the Association
of Platelet Membrane Fatty Acid Composition with Markers of
Oxidative Stress in Healthy Men

According to the data gathered in this study, there was a tendency for
a slightly higher level of C 14:0 to be found in the QI, which had a lower
concentration of blood serum MDA than the Q3 and Q4, where the blood
serum MDA concentration was higher (Q1 and Q3, p=0.05; Q1 and Q4, p =
0.089) (Fig. 2).

Q1 and Q3, p=0.05

o T T T
a1l Qz Qs Qs

Quartiles (Q) of blood serum MDA ** concentration (1g/)

-
=
I

[Te]}
|

Percentage of C 14:0*

n=79

Figure 2. Box plots represent a comparison of the percentage of C 14:0 between quar-
tiles of blood serum MDA concentration (pg/l). Q1 and Q3, p=0.05; Q1 and Q4, p =
0.089. n=79. * — number of carbon atoms and double bonds, ** — malondialdehyde.

C 16:0 made up the highest percentage of total FAs in the platelet
phospholipid membrane (47%). The distribution of C 16:0 was slightly higher
in the Q1 of blood serum MDA concentration than in the Q2, Q3, and Q4.
Though there was no statistically significant difference between the Q1 and
Q4 of C16:0 (p=0.728), it was observed that the highest percentage of C 16:0
in the Q1 increases the total percentage of saturated fatty acids (SFAs).

The study results showed that the highest level of C 16:107 was found
in the Q1, which also had a lower blood serum MDA concentration than the
Q3 (p =0.021). It was also noticed that the higher the level of C 18:1w7, the
higher the concentration of blood serum MDA (Q1 and Q4, p = 0.070).
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The highest percentage of monounsaturated fatty acids (MUFAs) in
the platelet phospholipid membrane consisted of C18:109 (46.5%), but
the differences were not statistically significant. However, the statistically
significant data gathered during this study showed that more C 20:109 was
found in the Q2 than the Q4 (p = 0.028), where the concentration of blood
serum MDA was the highest (Fig. 3).

60

50

40 - Q2 and Q4, p=0.028

30

20

o L T J‘ . 1 . L

a1 az a3 as
Quartiles of blood serum MDA***

Percentage of C 20:1*0**9

n=79

concentration(pg/1)

Figure 3. Box plots represent a comparison of the percentage of C 20:109 between
quartiles of blood serum MDA concentration (pg/l). Q2 and Q4, p=0.028. n=79. * —
number of carbon atoms and double bonds, ** — position of a double bond between
carbon atoms, *** — malondialdehyde.

Assessing the total sums of omega (0) 3 and w6 polyunsaturated fatty
acids (PUFAs) separately, it was observed that with the highest concentration
of blood serum MDA (Q4), the total sums of ®3 and w6 increase, and with the
lowest concentration of blood serum MDA (Q1), the total sums decrease (®3
p = 0.184, w6 p = 0.813). However, a statistically significant difference was
found only between the amount of @3 PUFAs (p = 0.024) in the Q1 and Q2.

A statistically significantly lesser level of C 20:503 was found in the Q1,
which had a lower blood serum MDA concentration than the Q2 (p = 0.028).
But a statistically significantly higher level of C 20:5®m3 was observed in the
Q2 than in the Q3, where the blood serum MDA concentration was higher (p =
0.046) (Fig. 4).
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Figure 4. Box plots represent a comparison of the percentage of C 20:5»3 between
quartiles of blood serum MDA concentration (pg/l). Q1 and Q2, p = 0.028; Q2 and
Q3,p=0.046.n=79. * —number of carbon atoms and double bonds, ** — position of
a double bond between carbon atoms, *** — malondialdehyde.

Statistically significantly less C 22:5®3 was observed in the Q1, which had
the lowest blood serum MDA concentration, than in the Q2 (p = 0.037) and
Q4, which had higher levels of blood serum MDA concentration (p = 0.038)
(Fig. 5).

3 1 Q1 and Q2, p=0.037
[ |
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0.5
n=79
1] T T T 1
a1 az Q;

3 Q4
Quartiles of blood serum MDA ***concentration (ug/l)

(]
L

[
in

Percentage of C 22:5* @**3

Figure 5. Box plots represent a comparison of the percentage of C 22:5»3 between
quartiles of blood serum MDA concentration (pg/l). Q1 and Q2, p = 0.037; Q1 and
Q4,p=0.038.n=79. * —number of carbon atoms and double bonds, ** — position of
a double bond between carbon atoms, *** — malondialdehyde.
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These current study results also showed that at the highest concentration
of blood serum MDA (Q4), the ratio of C 18:2w6/C 20:4w6, was statistically
significantly lower than the lowest blood serum MDA concentration (Q1) (p =
0.038) (Table 2).

Table 2. Comparison of the composition of platelet membrane FAs between Qs of
blood serum MDA concentration (ug/l).

FAs* Median, Qs of MDAF concentration (pg/l)
(provided by minimum,
percentage of | Maximum, Qr* Q2* Q3* Q4™ P value
total amount) interquartile | (n=20) | (n=20) | (1=20) | (n=19)
range
C 14:0%* Med. 3.93 3.30 281 | 2.81 **p=0.529
Min. 188 | 081 | 154 | 134 | p=0.005
Max. 728 | 875 | 492 | 779 | . gzg'gg?
$ M !
IQR 1.58 3.80 1.16 | 1.98 #p—0.428
##p=0.627
C 16:0 Med. 48.99 | 4539 | 4849 | 4381 | *p=0.718
Min. 2053 | 3272 | 3743 | 2932 | 'p=0.659
*#p=0.728
Max. 65.11 | 59.53 | 6315 | 6339 | 70
IQR 18.73 | 13.94 | 954 | 1887 | w55
##p=0.247
C 18:0 Med. 2073 | 19.97 | 22.00 | 1845 | *p=0.925
Min. 8.76 1152 | 1696 | 11.89 #p=0.231
*#p=0.792
Max. 26.65 | 2754 | 43.87 | 2860 | .,
#5=0.060
IQR 9.77 5.55 365 | 6.09 | xs_g6r7
##p=0.026
C 16:10**7 Med. 1.63 1.37 1.12 1.59 *"p=0.327
Min. 039 | 022 | 019 | o1g | “p=0.021
Max. 1244 | 1570 | 444 | 1329 | P04
#p=0.383
IQR 3.18 2.09 1.01 135 | == 879
##p=0.134
C 18:107 Med. 1.06 1.01 1.27 1.38 *p=0.989
Min. 015 | 013 | 020 | 019 | “p=07I8
Max., 409 | 230 | 264 | 690 ;7#528'8(7)2
IQR 0.67 1.19 1.05 0.97 x‘##p:().lSS
##p=0.247
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FAs™ Median, Qs of MDAF concentration (pg/l)
(provided by minimum,
percentage of ~ |Maximum, Q1* Q2" Q3* Q4+ P value
total amount) | interquartile | (n=20) | (n=20) | (n=20) | (n=19)
range
C 18:109 Med. 731 5.69 679 | 9.79 **p=0.841
Min. 0.46 1.62 1.61 0.69 #p=0.968
*#p=0.283
Max. 1543 | 12.65 | 1452 | 22.05 | . 0,562
IQR 7.36 8.09 540 | 704 | msiyg 120
##0=0.204
C 20:109 Med. 2.65 3.56 2.92 1.98 “"p=0.512
Min, 0.58 0.72 0.56 0.36 “p=0.799
*#p=0.204
Max. 56.77 | 3326 | 1090 | 11.72 h0 277
IQR 6.45 2.29 4.78 330 | mp—g.028
##p=0.224
C 18206 Med. 5.08 433 619 | 675 “*p=0.738
Min. 2.01 0.54 1.68 0.40 “#p=0.862
*#p=0.901
Max. 2012 | 1982 | 17.03 | 2146 | .,
#p=0.758
IQR 6.11 7.92 824 | 921 | w967
##5=0.999
C 18:303 Med. 1.10 1.96 1.58 1.82 **p=0.369
Min. 035 | 028 | 065 | 003 | “'p=0.289
Max. 5.43 6.08 571 | 2166 | . ng'ggg
p=0.
IQR 2.23 237 1.75 193 | “#iy—0 607
##0=0.792
C 20:406 Med. 0.63 0.92 0.96 1.08 "p=0.201
Min. 009 | 021 | 002 | 007 | “'p=0478
Max. 784 | 831 | 584 | 901 | P02
#p=0.620
IQR 1.42 1.60 156 | 254 | w903
##p=0.569
C 20:503 Med. 0.30 0.78 034 | 046 *p=0.028
Min. 0.06 0.10 0.05 0.06 #p=0.698
Max 121 375 | 118 | 3.0 | Lp=0.141
. . . . . H0=0,046
IQR 0.38 121 0.41 0.73 | #y=0 365
##5=0.309
C 22:503 Med. 031 0.57 059 | 048 *p=0.037
Min. 002 | 005 | 002 | 015 | “p=0052
Max. 115 | 276 | 161 | 237 | P
50,
IQR 0.52 1.07 0.64 0.72 x,##p:0.923
##p=0.923
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FAs™ Median, Qs of MDAF concentration (pg/l)
(provided by minimum,
percentage of ~ |Maximum, Ql* Q2% Q37 Q4 P value
total amount) interquartile | (n=20) | (n=20) | (n1=20) | (n=19)
range
C 22:603 Med. 0.37 0.97 0.68 0.70 **p=0.265
Min. 0.02 0.06 003 | 0.13 #p=0.602
*#p=0.141
Max. 2.40 3.58 2.24 3.95 0280
IQR 1.09 1.80 0.64 1.67 x,##§=0:923
##ip=0.513
Med. 73.42 | 6898 | 7456 | 6595 | *p=0.820
Total SFAS Min. 3117 | 49.60 | 5728 | 4578 | p=0-529
(C140+C160 Max. | 9300 | 87.77 | 9051 | 9259 | . p;ggg;
+C 18:0) IQR 2750 | 23.72 | 15.79 | 26.18 x’##£:0:687
##p=0.141
Total MUFAs Med. 1454 | 1523 | 1333 | 1699 | *'p=0.883
Min. 3.69 5.15 5.04 5.05 “p=0.383
*#p=0.771
Max. 62.80 | 3657 | 2250 | 3299 | L")
IQR 1278 | 1028 | 7.94 | 810 *,##g=o:687
=158
Total PUPAs Med. 9.80 13.89 | 11.15 | 13.09 | *p=0.314
Min. 331 4.04 3.83 1.33 #p=0.314
*#p=0.336
Max. 3422 | 3389 | 2642 | 3497 | 07 ]
IQR 7.32 1282 | 862 | 19.59 x,##§=0:945
##p=(0.569
THEEE ()3 Med. 2.81 4.53 3.60 4.20 *'p=0.024
Min. 0.59 0.79 1.99 0.84 “#p=0.201
*#p=0.184
Max. 9.37 13.00 | 683 | 2546 | 7o
IQR 3.61 3.23 2.64 5.38 x,##g:():ng
=687
> 06 Med. 5.72 7.12 7.42 7.53 *"p=0.565
Min. 225 1.14 1.84 0.49 “p=0.779
*#p=0.813
Max. 2796 | 28.13 | 2170 | 2828 | .,
#p=0.947
IQR 6.61 8.92 851 | 1129 | =901
##ip=(.879
Ratio of ®3/06 Med. 0.43 0.67 0.53 0.45 *p=0.149
Min. 008 | 018 | 017 | 018 | “'p=030I
Max. 2.57 515 | 203 | 821 | | pfg'gzg
IQR 0.64 0.96 0.74 0.88 x,##§=0:771
##5=(0.945
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FAs™ Median, Qs of MDAF concentration (pg/l)
(provided by minimum,
percentage of ~ |Maximum, Q1* Q2" Q3* Q4 P value
fotal amount) | interquartile | (n=20) | (n=20) | (n=20) | (n=19)
range
Ratio of Med. 0.15 0.19 0.15 0.20 **p=0.429
PUFAs/ Min. 0.04 0.06 0.04 0.01 “#p=0.820
* HH N
SFAs Max. 0.70 0.67 046 | 070 p=0.428
IQR 0.13 0.23 0.14 0.40 “p=0.547
Q : : ' : “#p=0.967
##p=0.444
Ratio of Med. 7.49 6.30 7.75 5.08 *"p=0.091
C 18:206/ Min. 2.57 0.54 2.29 0.99 “#p=0.659
. * R —
C 20:406 Max. 2678 | 1448 | 118 | 4357 | 7P g-‘l’gg
#p=0.
IQR 11.20 6.72 974 | 440 | .
Q #p=0.749
##p=0.204
Ratio of Med. 420 1.62 4.46 3.15 **p=0.076
C18:3w3/ Min. 1.20 0.26 0.83 0.04 #p=0.659
. * AN —
C20:503 Max. 1468 | 49.00 | 50.44 | 8331 p=0.531
IQR 4.15 499 | 1376 | 675 “*p=0.108
Q . . . . 0,531
##9=0.296
Ratio of Med. 2.16 1.62 2.00 2.71 **p=0.583
C 20:406/ Min. 0.39 0.58 0.29 0.09 “#p=0.820
. * o —
C20:503 Max. 8.50 723 | 1770 | 13.50 p=0.728
IQR 4.93 2.8 2.42 3.65 “p=0.398
Q : : : : “#p=0.247
##p=0.813

SFAs — saturated fatty acids; MUFAs — monounsaturated fatty acids; PUFAs — polyunsatu-
rated fatty acids; * — fatty acids; P — malondialdehyde; * — first quartile (Q1); * — second
quartile (Q2); * — third quartile (Q3); * — fourth quartile (Q4); $ — interquartile range; ** —
number of carbon atoms and double bonds; ** — position of double bond between carbon
atoms in the molecule; *** — total sum in percentages.

Spearman’s test showed a weak but statistically significant inverse
correlation between C 14:0 and blood serum MDA concentration (r = - 0.255;
p = 0.023) and between the concentration of blood serum MDA and the ratio
of C 18:206/C 20:4w6 (r = - 0.244; p = 0.034) (Table 4).

Comparing the composition of platelet membrane FAs with the percentage
of platelet and monocyte aggregate (PMA) formation, it was observed that
with the increase in the formation of aggregates, the total sums of MUFAs
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and PUFAs were higher separately and the total sum of SFAs was lower. The
differences were not statistically significant, however. On the other hand, a
tendency was observed for an increased level of C 14:0 and an increased ratio
of C 18:3w3/C 20:5w3 in the Q1 and the Q4 of the formation of PMAs (p =
0.093) (Fig. 6 and 7). The same tendency was observed in the comparison of
the ratio of C 18:3w3/C 20:5w3 between the Q1 and the Q3 of the formation
of PMAs (p =0.055) (Table 3). In terms of the mutual differences between the
percentage of the formation of other PLAs (granulocytes and lymphocytes)
and the platelet membrane FA spectrum, the data were not statistically
significant.

10 Q1 and Q4, p = 0.093

Percentage of C 14:00%

2 | . J 1
1

ai a2 a3 a4

Quartiles of the percentage of platelet and monocyte
aggregate formation in human blood

n=79

Figure 6. Box plots represent a comparison of the percentage of C 14:00 between
quartiles of the percentage of PMA formation in human blood. Q1 and Q4, p = 0.093.
n=79. * —number of carbon atoms and double bonds.
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Q1 and Q4, p = 0.093
I Q1 and Q3, p = 0.055

Ratio of C 18:3*0**3/C20:5m3

I T o n=79

— —

a1 a2 a3 o}
Quartiles of the percentage of platelet and monocyte aggregate
formation in human blood

Figure 7. Box plots represent a comparison of the ratio of C 18:3®3/C 20:5w3 be-
tween quartiles of the percentage of PMA formation in human blood. Q1 and Q3, p =
0.055; Q1 and Q4, p =0.093. n = 79. * — number of carbon atoms and double bonds,
** — position of a double bond between carbon atoms.

Table 3. Comparison of certain platelet membrane FAs between Qs of the percentage
of the formation of PMAs.

FAs™ (pro- |Median, mini- Qs of percentage of PMAF formation
vided by mum, maxi-
percentage  |mum, Ql* Q2* Q3* Q4 P value
of total interquartile (0=20) | n=19) | (n=21) | (n=19)
amount) range
Med. 3.39 2.93 2.81 2.76 *p=0.204
Min. 1.34 1.42 0.81 1.54 ~p=0.197
C 14:0% Max. 779 | 648 | 770 | 875 | rp=0.093
#p=0.936
$ “#p=0.822
IQR 1.75 2.43 2.03 1.85 #’##1;:0.791
Med. 7745 | 63.57 | 70.64 | 73.04 *p=0.194
Total SFAs Min. 4578 | 49.06 | 3117 | 49.11 | “'p=0291
o Max. 8777 | 93.00 | 9259 | 9246 ;’#gig:ggg
C 18:0) IRQ 1655 | 2775 | 2531 | 18.02 | p=0.298
##in=0.512
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FAs* (pro- |Median, mini- Qs of percentage of PMAF formation
vided by mum, maxi-
percentage | mum, Ql* Q2 Q3* Q4 P value
of total interquartile 0=20) | (n=19) | (n=21) | (n=19)
amount) range
Med. 1333 | 1691 15.40 | 15.16 *p=0.336
Min. 5.15 3.69 5.04 5.05 *’;:p=0~449
Total Max. 3299 | 3657 | 6280 | 23.83 | . Pp70.942
MUFAs #p=0.649
X —
IQR 7.56 9.59 5.94 9.34 #p=0.233
¢ ##p=0.606
Med. 9.51 1530 | 10.63 | 11.47 *p=0.283
Min. 4.28 3.31 1.33 2.49 . #p=0.648
#i5=0.633
Total PUFAs Max. 2484 | 3497 | 33.89 | 34.22 §
#p=0.555
X M
IQR 9.33 18.37 10.18 10.37 #p=0.599
Q #ip=(0.856
Med. 221 3.91 4.06 4.16 *p=0.184
Ratio of Min. 0.04 0.26 0.67 1.04 *2§p=0.055
C18:30**3/ Max. 49.00 | 5044 | 8331 | 1783 |  p0-093
. p=0.294
C20:503 X
IQR 4.15 5.47 12.24 5.47 #p=0.799
##p=0.587

SFAs — saturated fatty acids; MUFAs — monounsaturated fatty acids; PUFAs — polyunsatu-
rated fatty acids; * — fatty acids; © — platelet—-monocyte aggregates; * — first quartile (Q1);
* _ second quartile (Q2); ¥ — third quartile (Q3); " — fourth quartile (Q4); ¥ — interquartile
range; ** — number of carbon atoms and double bonds; ** — position of a double bond
between carbon atoms in the molecule.

Calculations demonstrated that the correlation between the platelet
membrane FA spectrum and the percentage of the formation of PMAs had a
weak but statistically significant inverse correlation between the percentage of
the formation of PMAs and C 14:0 (r = - 0.222; p = 0.050) (Table 4).

Table 4. The correlation of the platelet membrane FA spectrum with blood serum
MDA concentration and the percentage of PMA formation.

FAs* Spearman’s tho P value
(provided by MDA* Percentage MDA Percentage
percentage of total concentration | of PMA** | concentration | of PMA**
amount) (ng/ formation (ug/l) formation
C 14:0¢ -0.255 -0.222 0.023 0.050
Ratio of

C 18:20%6/ C 20:4006 0.244 i 0.034 i

“— fatty acids; * — malondialdehyde; ** — platelet-monocyte aggregates; * — number of
carbon atoms and double bonds; ** — position of a double bond between carbon atoms in
the molecule.
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3.2 Results of the Research of Abdominal
Adipose Tissue Fatty Acid Composition in Men with
Uronephrolithiasis and a Metabolic Syndrome

Fig. 8 shows the distribution of the patients with uronephrolithiasis by
types of kidney stones and the presence of MS. Calcium-based kidney stones
were the most common among the patients with nephrolithiasis, while uric
acid stones were the least common. For further analysis, individuals with
nephrolithiasis were divided into two groups: with MS (32.4%) and without
MS (67.6%). Seventy percent of patients with uric acid kidney stones had MS,
and only 41% of individuals with calcium-based kidney stones (involving
both calcium oxalate and calcium phosphate) had MS. The frequency of
MS of individuals with uric acid kidney stones was two times higher than
that of patients with calcium-based kidney stones. Moreover, MS was found
statistically significant in patients with uric acid kidney stones more frequently
compared to individuals with calcium-based kidney stones (p = 0.004).

B0 40 46
E . B With MS*
& . Without MS
= 2
A H n=71
]
Uric acid Calcium oxalate/

phosphate
The type of kidney stones

Figure 8. Diagram represents the percentage distribution of patients with uronephro-
lithiasis by type of kidney stones and MS. n = 71. * — metabolic syndrome.

According to the presence or absence of MS, all patients with uric acid
and calcium-based kidney stones were subdivided into two groups: with and
without MS (Table 5). The total PUFAs (Fig. 9), @6 PUFAs (Fig. 10), and
C 18:2w6 (Fig. 11) percentages were significantly higher in patients with
calcium-based stones without MS than in the patients with uric acid kidney
stones with MS.

114



Table 5. Comparison of adipose tissue FA composition between patients with uric
acid kidney stones and MS and patients with calcium-based kidney stones without
MS.

FAs Uric acid Calcium oxalate/

hosphate
(provided by (n=11) P (2:38) P value
percentage of With MS Without MS

total amount)
Mean =+ Standard deviation

12.61 14.64 12.61 14.64 ~
Total PUFAs +1.70 12.88 +1.70 12.88 p=0.037
11.94 13.97 11.94 13.97
* ke —
2* 0**6 116 1271 +1.6 1271 p=0.042
11.62 13.55 11.62 13.55
gk =
CI8:2*** 6 +1.57 1261 +1.57 +2.61 p=0.042

FAs — fatty acids; PUFAs — polyunsaturated fatty acids; MS — metabolic syndrome; * —
total sum; ** — position of a double bond between carbon atoms; *** — number of carbon
atoms and double bonds.

Mean and standard deviation of other fatty acids (C 14:0, C 16:0, C 18:0,
Cl6:l07, C 18:109, C 18:107, C 20:109), expressed as a percentage of the
total sum, were not statistically significant

P=0.037
| fal

© oo Median < 14.02
-
w
-
is 18,00
=]
g
e
'S 15007 Median = 12.9
%
=
P
-
& 1200
z
-M

9.007 n=7T1

T T
Patients with uric acid kidney  Patients with calcium-based
stones and MS ** kidney stones without MS

Patients with uronephrolithiasis

Figure 9. Box plots represent a comparison of the percentage of total PUFAs between
patients with uric acid kidney stones and MS and patients with calcium-based kidney
stones without MS. P=0.037, n =71. * — polyunsaturated fatty acids; ** — metabolic
syndrome.
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stones and MS**+* kidney stones without MS
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Figure 10. Box plots represent a comparison of the percentage of w6 PUFAs between
patients with uric acid kidney stones and MS and patients with calcium-based kidney
stones without MS. P = 0.042. n =71. * — position of a double bond between carbon
atoms; ** — polyunsaturated fatty acids; *** — metabolic syndrome.
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stones and MS *** kidney stones without MS

Patients with uronephrolithiasis

Figure 11. Box plots represent comparison of percentage of C 18:2w6 between pa-
tients with uric acid kidney stones and MS and patients with calcium-based kidney
stones without MS. P=10.042. n = 71. * — number of carbon atoms and double bonds;
** — position of a double bond between carbon atoms; *** — metabolic syndrome.
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The results were significantly different between all groups of patients and
the control group of healthy individuals. The level of MUFAs in patients with
uric acid and calcium-based stones was two times higher than it was in the
control group of healthy individuals (p < 0.0001) (Fig. 12), (C 18:109 was
predominant). The level of PUFAs was 2.4-2.8 times lower in each group of
patients with nephrolithiasis compared to healthy individuals in the control
group (p < 0.0001) (Tab. 6) (Fig. 13). The ratio of ®3 and w6 PUFAs was
higher in the control group of healthy individuals than it was in patients with
kidney stones. The total level of SFAs was almost the same in each group
of patients with kidney stones compared to the control group of healthy
individuals. Patients with nephrolithiasis had a higher level of SFA C 16:0
(p=0.001; p<0.0001) and a similar level of SFA C 14:0 (p > 0.05) compared
to healthy individuals in the control group. The patients with calcium-based
kidney stones had a lower level of SFA C 18:0 compared to the control group
of healthy individuals (p < 0.0001), however.

P<0.0001
70,00 I—I—I I
Median = 51.11

60,00 Median = 52.84
l'el.l'!
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E 50,00
g
2
"S 40,00
& Median = 25.86
=
B
-
g 2000
By

20,00

10,00 n=171

T T I
Patents with uric acid Patients with calcium - Contrel group of healthy
kidney stones based kidney stones mdrnduals

Patients with uronephrolithiasis

Figure 12. Box plots represent a comparison of the percentage of total MUFAs be-
tween all groups of patients and the control group of healthy individuals. P <0.0001.
n=171. * — monounsaturated fatty acids.
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Figure 13. Box plots represent a comparison of the percentage of total PUFAs be-
tween all groups of patients and the control group of healthy individuals. P < 0.0001.
n=171. * — polyunsaturated fatty acids.

Table 6. Comparison of the composition of FAs in adipose tissue among patients with
nephrolithiasis and the control group of healthy individuals.

FAs o Calcium Control group

. Uric acid* oxalate/ of healthy
(provided by (n=15) phosphatet | individuals} P value
percentage of (n=56) (n=100)
total amount) Mean + Standard deviation
C 18:1*0**9 44.37+£3.35 42.40+4.38 22.7143.69 | *,1-1,p<0.0001
C20:109 1.09+0.21 1.03+0.56 0.56+£0.48 | *1-1,p<0.0001
C 18:303 0.15+0.03 0.20+0.11 1.12+0.54 | *,+-1,p<0.0001
C22:503 0.19+0.09 0.20+0.15 0.39+£0.27 | *,-1,p=0.002
Ratio of ®3/w6 0.05+0.02 0.04+0.02 1.13£0.28 | *,7-1,p<0.0001
Total SFAs %4 p=1.0
(C140+C 34.67+3.03 33.554+2.81 32.14+5.29 o
16:0 + C 18:0) 1-1.p=0.608
Total MUFAs 53.07+3.54 51.78+3.84 2624427 | *,7-1,p<0.0001
Total PUFAs 12.66+2.47 14.67+3.47 35.13+4.84 | *,+-1,p<0.0001
PUFAs/SFAs 0.37+0.085 0,44+0,12 1.13£0.29 | * -1, p<0.0001
YRR 3 0.63+0.26 0.7+0.44 4.5+1.46 *7-1, p<0.0001
2 w6 12.03+£2.33 13.97£3.13 27.92+4.56 | *,+-1, p<0.0001
C 14:0 3.33+0.74 3.56£3.5 4.5+£2.34 p>0,05
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FA Calcium Control group
S ded b Uric acid* oxalate/ of healthy !
(proyided by (n=15) phosphatet | individuals} IF el
percentage of (n=56) (n=100)
total amount) -
Mean + Standard deviation
C 16:0 *-1, p=0.001
+ + +
24.88+1.74 24.8+2.04 21.91+2.4 -1, p<0.0001
C 18:0 *7-1, p>0.05
+ + -+
6.06+1.34 5.19+1.09 6.49£1.05 -1, p<0,0001
Clé:le7 *-1, p=0.003
+ + +
5.08+1.68 5.7£1.68 3.48+0.99 1. p<0.0001
C 18:206 11.75£2.3 13.5842.99 22.59+£3.98 | *,}-1, p<0.0001
C 20:406 0.28+0.1 0.39+0.24 5.33+1.11 * -1, p<0.0001
C20:503 0.09+0.05 0.11+0.07 1.06+0.68 | * -1, p<0.0001
C 22:603 0.19+0.12 0.19£0.15 1.93+0.73 * -1, p<0.0001

FAs — fatty acids; SFAs — saturated fatty acids; MUFAs — monounsaturated fatty acids;
PUFASs — polyunsaturated fatty acids; * — patients with uric acid kidney stones; 1 — patients
with calcium oxalate/phosphate kidney stones; § — control group of healthy individuals;
* — number of carbon atoms and double bonds; ** — position of double bond between
carbon atoms in the molecule; *** — total sum in percentages.

For further analysis, all patients with nephrolithiasis were subdivided
into two groups: with and without MS. Each of those groups was compared
to the control group of healthy individuals (Tab. 7). Patients with MS had
a significantly higher level of C 18:109 (p = 0.041) and a lower level of C
16:107 (p = 0.003) compared to kidney stone patients without MS. The total
level of MUFAs was about equal in both groups of kidney stone patients with
and without MS (p = 0.762) but approximately twofold higher compared
to the control group of healthy people (p < 0.0001). The level of SFAs was
significantly higher in kidney stone patients without MS compared to control
(p =0.008).

Moreover, the percentage of ®3 PUFAs in healthy individuals was about
6.3 times (p < 0.0001) higher, and the percentage of @6 PUFAs about 2 times
higher than that in both groups of patients with kidney stones (p < 0.0001).
The ratio of ®3/w6 PUFASs in the control group of healthy individuals was also
higher than in each group of patients.
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Table 7. Comparison of FA composition in adipose tissue between patients with kid-
ney stones and the control group of healthy individuals.

Patients (n=71 Control group
FAs Sl ) of healthy
(provided by | Without MS* | With MST | individuals 1 P value
E)etrclentage ct)f (n=48) (n=23) (n=100)
otal amount) Mean + Standard deviation
en *+, p=0.041
C 18:1*0**9 40.79+7.52 | 43.77+4.61 227153.69 4%y 5200001
£ —|
C 20:109 1.26£0.80 | 0.92+0.35 0.56+0.48 %? E’rioi,lfg 0001
k —|
C 18303 022£0.17 | 021+0.13 1.1240.54 *} $+OI',8<508 0001
) + -
* —|
C 22:503 0.23£0.23 | 0.21%0.17 0.39+0.27 *} $+0ﬁ9<401 0001
) + .
Ratio of 1, p=0.912
ST 0.05£0.03 | 0.05+0.02 1132028 2Ry 26 0001
Total SFASs *t.p=1.0
(C14:0+C 34.54+3.89 | 33.62+2.88 32.1445.29 | *f, p=0.008
16:0 + C 18:0) 11, p=0.518
4, p=0.762
Total MUFAs 51.04+4.93 | 52.30+3.91 26.19+4.27 %12 11, p<0.0001
* =
Total PUFAs 14.4243.08 | 14.07+3.78 35.13+4.84 *Jgi ]’?i 1;)<0 0001
Ratio of *f,p=1.0
SN 0.42+0.1 0.42+0.13 LI320.29 Lyl 20,0001
SRR ()3 0.76+0.58 | 0.72+0.52 4.5+1.46 :E 1351;20 0001
* —
3 06 13.67+2.82 | 13.36+3.34 27.91+4.56 *Ef ?i li,o<0 0001
*f,p=1.0
C 14:0 3.8+1.13 3.3+0.81 4.49+234 | *i,p=0.124
1, p=0.029
. *1,p=1.0
C 16:0 25.0142.51 | 24.94+2.05 21.9+2.4 %11, p<0.0001
C 18:0 572144 | 53811 6.49+1.05 sz ?;Ob?g 0001
C16:107 6234241 | 5.03£1.65 348£099 |40 ?;051%30001
+ ) .
C 18:206 13.2542.7 | 13.02+3.2 22.59+3.98 | b ?}?;LO 0001
+9 ) .
C 20:406 0.42+0.3 0.34+0.23 533+1.11 g ?}?;Lo 0001
+9 }) N
=
C 20:503 0.11+0.07 0.1+0.08 1.0640.68 | ?i 11'00<0 0001
+9 }) .
* —
C 22:603 0.19£0.15 | 0.19+0.17 1.92+0.73 g ?i 1}',0<0 0001
+9 ) .

FAs — fatty acids; SFAs — saturated fatty acids; MUFAs — monounsaturated fatty acids;
PUFAs — polyunsaturated fatty acids; * — kidney stone patients without MS; 1 — kidney
stone patients with MS; I — control group of healthy individuals; * — number of carbon
atoms and double bonds; ** — position of double bond between carbon atoms in the mole-
cule; ¥** — total sum in percentages.
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4. DISCUSSION

CNCDs are nowadays reaching epidemic proportions worldwide. These
diseases affect people of all ages, nationalities, and classes, causing the
greatest global share of death and disability [17]. All groups of CNCDs, in
spite of the different organs and systems involved, have been demonstrated to
have a common risk factor, or starting point, in general low-grade, clinically
silent inflammation [18]. Moreover, chronic renal and vascular OS in
association with an enhanced inflammatory burden are processes that lead to
the development and progression of cardiovascular diseases, atherosclerosis,
and kidney lesions [19]. Therefore, based on the obtained results of this
research, it was also sought to analyze the effect of OS on the pathogenesis of
the manifestation of CNCDs in this dissertation.

Data gathered in this study showed that the highest percentage of FAs in
the platelet phospholipid membrane consisted of SFAs. Other authors have
obtained quite similar results [20-23]. Moreover, C16:0 was the main FA
of the platelet membrane [24], as was observed in this study. According to
recent scientific studies, higher levels of SFAs were detected in those cell
membranes that are closely related to signalling mechanisms. C 14:0 and
C 16:0 can covalently modify proteins associated with signal transmission
and are involved in the regulation of transcription factors that influence lipid
metabolism: cholesterol, FAs, and triacylglycerol biosynthesis; lipoprotein
assembly, secretion and clearance (e.g., the hepatocyte nuclear factor-4), and
inflammation (e.g., the nuclear factor kappa-light-chain-enhancer of activated
B cells) [25].

C 16:107 was at its highest level when the blood serum MDA concentration
was at its lowest in the platelet phospholipid membrane of study volunteers.
This was probably due to intensified C 16:1®07 synthesis from SFA C 16:0
by stearoyl-CoA desaturase—1 during FA desaturation [26], and/or because
Cl6:107 was obtained from vegetable-based foods and oils. Such a diet
contains a number of antioxidants, e.g., fat-soluble vitamin E (a tocopherol),
leading to a higher level of C 16:1w7 at a lower concentration of blood serum
MDA.

According to scientific data, C 18:1®9 accounts for the highest percentage
of FA compared to other MUFAs [20, 21, 23]. The same tendency was
observed in this study. This increase in C 18:1w9 at the highest concentration
of blood serum MDA can be interpreted as an intention to reduce the blood
serum MDA level or as compensation by using PUFAs for active blood
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serum MDA synthesis. The absence of ®3 and @6 PUFAs may intensify the
C 18:1m9 synthesis, as it is the precursor of other ®9 PUFAs required for cell
membranes.

It was also found that there was twice the amount of MUFAs in the adipose
tissue of patients with nephrolithiasis, regardless of the type of kidney stone,
than in healthy individuals in the control group. Lack of ®3 and w6 PUFAs
causes a compensatory increase in the synthesis of MUFAs, which leads to an
increased production of ®9 PUFAs. On the other hand, the diet of patients with
nephrolithiasis may contain more MUFAs than the diet of healthy individuals
in the control group.

Moreover, diets high in MUFAs promote the gene expression of
antioxidant enzymes in adipose tissue (glutathione peroxidase, catalase, etc.)
and thus reduce OS. According to this, the increase in MUFAs is related to
the intensification of their synthesis in the human body. An increased dietary
intake of SFAs in the adipose tissue of obese individuals stimulates the
enzyme nicotinamide adenine dinucleotide phosphate oxidase (NADPH-
oxidase), which promotes the synthesis of reactive oxygen species and
inhibits the expression of genes encoding antioxidant enzymes. Researchers
therefore believe that SFAs should be replaced with MUFAs, since it would
be an effective way to reduce OS for individuals with MS [27]. Furthermore,
experiments on laboratory mice suggest that the replacement of SFAs by
MUFAs reduces the inflammation in adipose tissue and insulin resistance,
leading to a reduction in the risk of the development of CNCDs [28].

Although, based on the data of this study, MS had occurred two times more
frequently in individuals with uric acid kidney stones than in patients with
calcium phosphate/oxalate kidney stones, this was not statistically significant.
According to recent scientific data, MS is very much related to the formation
of uric acid kidney stones [29-31]. Uric acid kidney stones in those studies
were more common in older patients with a higher body mass index and lower
urine pH and a higher uric acid level [29].

Canadian researchers compared the spectrum of FAs in blood phospholipids
in 734 cardiovascular patients with and without MS. They found increased
levels of SFAs (i.e., C 16:0, C 18:0) and w6 PUFAs (i.e., C 18:3w6, C 22:606)
and decreased amounts of @3 PUFAs (i.e. C 20:5w3 and C 22:6®3) in patients
with MS compared to patients without MS [32]. This study, however, showed
that the total percentage of SFAs in the adipose tissue of individuals with MS
did not differ from the control group of healthy individuals. Nevertheless,
patients without MS had a higher level of SFAs than those of the control group
of healthy individuals (p = 0.008).
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According to the data obtained in this study, a statistically significantly
lesser level of C 20:5w3 was found at the lowest level of blood serum MDA
concentration, but statistically significantly more C 20:5®3 was observed when
the concentration of blood serum MDA was at its higher level in the platelet
phospholipid membrane. This result shows that increased oxidation stimulates
platelets to synthesize more PUFAs (e.g., C 20:5w3) and therefore increases
the production of biologically active compounds and platelet activation. C
20:5w3 is associated with a lower incidence of major coronary events. This
effect of C 20:503 in reducing the risk of cardiovascular diseases could be
mediated by increased production of prostaglandin I3 (PGI3), inhibiting
platelet aggregation; promoting vasodilatation, myocardial ischemic injury,
and arteriosclerosis; and inducing neoangiogenesis. Furthermore, according
to the study, an increased level of PGI3 decreases thromboxane A, (TXA,)
production, which is known to have the opposite effect on the cardiovascular
system: TXA, causes platelet activation, coronary spasms, and vascular
smooth muscle cell proliferation, which can result in arteriosclerosis and,
subsequently, cardiovascular events [33]. C 20:4®6 and C 20:503 antagonize
each other. C 20:5w3 competes with C 20:4w6 in the cyclooxygenase (COX)
pathway, leading to the formation of eicosanoids that are less pro-thrombotic
and inflammatory, and may also directly inhibit platelet aggregation, which
is something that the eisosanoids derived from C 20:4®6 cannot do [34-36].

Data gathered in this study showed that the total sums of individual ®3
and w6 were higher when blood serum MDA concentration was at the highest
level and the total sums of individual ®3 and ®w6 were lower when blood
serum MDA concentration was at the lowest level. However, a statistically
significant difference was found only in the Q1 and Q2 of the total sum of
®3 FAs (p = 0.024). Similar results were obtained by D. Li et al. [37]. The
increased level of PUFAs with a higher blood serum MDA concentration
could be explained as a platelet response to prepare for future activation. The
process of oxidation and the increased concentration of blood serum MDA
are factors that stimulate platelets to synthesize more PUFAs (e.g., C 20:406,
C 20:5mw3, C 22:6m3, ctc.) from essential FAs: C 18:2w6 and C 18:3®3 by a
series of desaturase and elongase enzymes, leading to an intensified synthesis
of biologically active compounds, e.g., pro- or anti-inflammatory eicosanoids
and docosanoids.

Patients with nephrolithiasis had a percentage of total PUFAs in adipose
tissue two times lower than healthy individuals in the control group (p <
0.0001). The percentage of PUFAs in adipose tissue basically reflects the
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human diet. C 18:206 and C 18:3w3 FAs represented a major percentage of
total PUFAs. Therefore, it is assumed that individuals with nephrolithiasis had
a lack of PUFAs in their diet. This lack of C 18:2w6 and C 18:3®3 can cause
a slowdown of the synthesis of other ®3 and 6 PUFAs.

It was also found that patients with nephrolithiasis had a higher level of C
16:1w7 and a lower level of C 20:503 in adipose tissue than healthy individuals
in the control group. However, individuals with MS had significantly less C
16:107 and more C 18:109 than those who had not been diagnosed with
MS. The results of this study can therefore confirm that individuals with
nephrolithiasis consume a lower level of essential PUFAs; therefore, the
synthesis of MUFAs increases, leading to increased levels of C 16:1o7and C
18:1®9 in adipose tissue.

An increased dietary intake of PUFAs prevents lipid accumulation in
the liver and the adipose tissue of the abdominal area. The reverse effect is,
however, characteristic of SFAs [38]. In vitro data on a culture of proximal
renal tubular cells showed that PUFAs (e.g., C 18:3w3 and C 20:5w3) and
MUFA (e.g., C 18:1»9) reduce OS and inhibit endoplasmic reticulum stress
(ERS), which disrupts protein, lipid, and sterol biosynthesis and intracellular
Ca? * accumulation, leading to cell apoptosis and necrosis. C 18:303, C
20:503, and C 18:10w9 protect against ERS, reducing the level of ERS
indicators: the phosphorylated form of the eukaryotic initiation factor 2a, C/
EBP homologous protein, and glucose regulated protein 78 [39, 40].

The ratio of C 18:2w6/C 20:406 at the highest blood serum MDA
concentration was statistically significantly lower than it was at the lowest
blood serum MDA concentration in the platelet phospholipid membrane of
healthy volunteers. According to this result, a more intensive conversion of
C 18:2w6 to C 20:4w6 occurs with a higher concentration of blood serum
MDA. This conversion could be considered the preparation of platelets for
the synthesis of pro-inflammatory eicosanoids. Moreover, the thromboxanes,
which are produced activate platelets, allow them to start the process of blood
coagulation more quickly. C 20:4w6, incorporated in the platelet membrane,
is used for the synthesis of TXA,, which is involved in the pathogenesis
of cardiovascular diseases in that it promotes platelet aggregation and
vasoconstriction, acting through specific receptors coupled with the G-protein
Gq [41, 42]. Therefore, a higher concentration of blood serum MDA could be
a factor in the formation of a higher level of TXA,,.

Furthermore, an increased ratio of C 18:3w3/C 20:5m3 was noted when
the lowest and the highest percentage of the formation of PMAs in healthy
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volunteers were compared. Since C 18:3w3 is not synthesized in the human
body and obtained only with food (vegetable oils), it reflects the diet of a
particular person and will eventually be converted to C 20:5m3. An experimental
study showed that when the platelet membrane is saturated with C 20:5w03,
platelet procoagulative properties can be reduced. Moreover, C 20:5w3, in
combination with C 22:6w3, has a protective effect against cardiovascular
diseases, since anti-inflammatory, biologically active compounds are
synthesized from these FAs [43]. Consequently, ®3 PUFAs can regulate
processes associated with inflammation through multiple mechanisms: platelet
activation and aggregation and vasoconstriction [44]. By changing C 20:4w6
as a substrate in the production of eicosanoids, ®3 PUFAs can act directly,
thereby inhibiting the metabolism of C 20:4w6, or indirectly, through gene
expression: activating peroxisome proliferator-activated receptors (PPARs) a
and y [45-47]. Furthermore, 3 PUFAs suppress the secretion of monocyte/
macrophage inflammatory cytokines (e.g., interleukin 1B and interleukin 6,
TNF o), thus inhibiting the inflammatory process, the cornerstone of CNCDs
[48].

According to the data obtained in this study, with the rise of blood
serum MDA concentration, the level of C 22:5w03 increases in the platelet
phospholipid membrane as well. This result could be explained by the
intensified metabolism of FAs, synthesizing more eicosanoic and docosanoic
FAs, which will be used later for platelet activation. The distribution of C
22:6m3 was similar to C 22:503, and there were no statistically significant
differences. A study in which C 22:6m3 was incorporated into the platelet
membrane and the blood serum MDA concentration was measured showed
that when the platelet membrane contains more C 22:6w3, the concentration
of blood serum MDA is higher. According to the authors, a higher level of
o3 PUFAs, particularly of C 22:6w3, in the platelet phospholipid membrane
could be related to lipid peroxidation [49]. Moreover, other researchers also
studied the effect of C 22:6w3 on platelets. Dietary supplements with C
22:603 were given to healthy men. Then, the incorporation of C 22:6®3 into
the platelet phospholipid membrane and platelet activity were monitored. The
study results showed that a higher level of C 22:6®3 in the platelet membrane
statistically significantly reduces platelet activity and induces an antioxidant
effect, increasing platelet a tocopherol concentration. Accordingly, it could be
regarded as a protective factor against platelet-related cardiovascular events
[50, 51]. This study, which included only healthy individuals, did not show that
oxidation had any significant effect. Only a study carried out with markedly
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higher blood serum MDA concentration could confirm the effect of oxidation.

When individuals were grouped by origin of kidney stones and MS, it
was found that the total percentages of PUFAs, w6 PUFAs, and C 18:2w6
were significantly higher in the calcium oxalate/phosphate kidney stone
group without MS versus the uric acid kidney stone group with MS. This
can be explained by the fact that the metabolism of PUFAs in patients with
MS is impaired. The lack of dietary intake of PUFAs may also be the case.
Moreover, a higher percentage of @6 PUFAs in the adipose tissue of patients
with uronephrolithiasis may lead to a larger amount of eicosanoids synthesized
from those of @6 PUFAs. Though no specific concentrations of eicosanoids/
docosanoids were studied, according to scientific data, these biologically
active compounds can have a significant impact on the pathogenesis of
nephrolithiasis, directly or indirectly participating in inflammation, thereby
damaging the renal tubules and their function as well.

A statistically significant inverse correlation between C 14:0 and blood
serum MDA concentration was found in the platelet phospholipid membrane.
The same correlation was observed between the ratio of C 18:206/C 20:406
and the concentration of blood serum MDA. A statistically significant inverse
correlation was also found between the percentage of the formation of PMAs
and C 14:0. Some researchers have reported a direct correlation between
MUFAs, PUFAs, and blood serum MDA concentration and an inverse
correlation between SFAs and concentration of blood serum MDA. They also
noticed that lipid peroxidation was much more intensive in healthy individuals.
This data could be explained by an increased amount of PUFAs in the platelet
phospholipid membrane [52]. Though there was no statistically significant
correlation between blood serum MDA concentration and SFAs, MUFAs, and
PUFAs in the platelet phospholipid membrane, it was nevertheless observed
that with a higher blood serum MDA concentration, the level of MUFAs and
PUFAs was slightly higher, while the level of SFAs was lower. Moreover, with
a higher percentage of PMA formation, the level of SFAs was lower as well.

Thus, the results of these studies suggest that OS may cause an alteration in
FAs, particularly PUFAs, which are involved in the synthesis of biologically
active compounds (e.g. eicosanoids/docosanides), influencing the pathogenesis
of the inflammatory process, thereby directly or indirectly affecting the
development and progression of CNCDs, including uronephrolithiasis.
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5. CONCLUSIONS

An increased concentration of malondialdehyde in blood serum elevates
the percentage of monounsaturated and polyunsaturated fatty acids in the
platelet phospholipid membrane, while the level of saturated fatty acids
falls.

An increased level of polyunsaturated fatty acids in the platelet
phospholipid membrane leads to increased platelet aggregation.

The fatty acid spectrum of the abdominal adipose tissue does not differ
between the patients with uronephrolithiasis classified by types of kidney
stones.

Patients with uronephrolithiasis classified by types of kidney stones have a
higher percentage of monounsaturated fatty acids and a lower percentage
of polyunsaturated fatty acids compared to the control group of healthy
individuals.

Patients with uronephrolithiasis but without a metabolic syndrome have a
higher level of saturated fatty acids in the abdominal adipose tissue than
healthy individuals in the control group.

Patients with uronephrolithiasis and a metabolic syndrome have a higher
percentage of monounsaturated fatty acids in the abdominal adipose
tissue compared to those with uronephrolithiasis but without a metabolic
syndrome.

The total percentage of polyunsaturated fatty acids was higher in patients
with calcium oxalate/phosphate kidney stones without a metabolic
syndrome than in patients with uric acid kidney stones and a metabolic
syndrome.
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SANTRAUKA

Reiksminiai Zodiai: omega-6 riebaly riigstys, kardiovaskuliné liga.

Siame straipsnyje pateikiama moksliniy publikacijy apzvalga apie tai, kad linolo ragsties vartojimas ne visuomet susijes su
koronarinés Sirdies ligos rizikos mazinimu bei naudingumu ir saugumu vartojant didesnius Sios riebaly rgsties kiekius.
Apivelgtos studijos nurodo, kad omega-6 polineso¢iujy riebaly rigiciy vartojimas neduoda aiskios klinikinés naudos ir ne-
sumazina rizikos susirgti Sirdies ir kraujagysliy ligomis, nesumazina mirtingumo.

ABSTRACT
Key words: omega-6 fatty acids, cardiovascular disease.

This article reviews the scientific studies that suggest the consumption of linoleic acid not always reduces the risk of car-
diovascular disease or provides safety and benefit of higer intakes. However, in spite of widespread enthusiasm for increasing
PUFA in the diet, linoleic acid is unlikely to provide the intended benefits and may actually increase the risk of cardiovascular

disease and death.

IVADAS

Per pastaruosius penkiasdesimt mety omega-6 poline-
so¢iujy riebaly rugsciy vartojimas iSaugo. Amerikos Sirdies
asociacija ne tik palaiko tokia iniciatyva, bet dar ir skatina
padidinti linolo ragities vartojima. Sios asociacijos Zurnale
paskelbtas straipsnis apie omega-6 riebaly ragstis ir rizika
susirgti Sirdies bei kraujagysliy ligoms teigiama, kad dides-
nis omega-6 riebaly riigi¢iy vartojimas yra saugus ir gali
buti dar naudingesnis. Sumazinus linolo rugsties vartojima
nuo dabartinio lygio, bity labiau tikétina didesné rizika su-
sirgti koronarine $irdies liga. Tadiau atsiranda kontroversis-
ky nuomoniy ir straipsniu, kuriuose abejojama $iuo linolo
ragsties poveikiu [1, 2].

Vienas tokiy yra Izraelio mokslininky paskelbtas
straipsnis ,Mityba ir liga — Izraclio paradoksas: galimas pa-
vojus dél per didelio omega-6 polineso¢iujy riebaly rigiciuy
vartojimo* [3]. Straipsnyje publikuojami duomenys, kad
Izraelio populiacijoje pastebimas didziausias polineso¢iuju/
sociujy riebaly riigs¢iy mitybos santykis pasaulyje: omega-6

Inga Bikulciené

Vilniaus universiteto Medicinos fakultetas
M. K. Ciurlionio g. 21, Vilnius

inga. bikulciene@mf.vu. It

riebaly riig8ciy suvartojimas yra 8 proc. didesnis nei JAV ir
10-12 proc. nei daugelyje Europos saliu. Izraelio populia-
cijoje daugiausia suvartojama sojy pupeliy alicjaus. Maisto
racione Sio aliejaus yra dvigubai daugiau nei gyviininés kil-
més riebaly. Taciau Salyje paradoksaliai didelis paplitimas
kardiovaskuliniy ligy, hipertenzijos, nuo insulino nepri-
klausomo cukrinio diabeto ir nutukimo — visos minétos li-
gos siejamos su hiperinsulinemija, insulino rezistentiskumu
ir grupuojamos kaip insulino rezistenti$kumo sindromas ar
sindromas X. Padidéjes taip pat naviky paplitimas ir mir-
tingumas, ypa¢ tarp moteru, palyginti su Vakary Salimis.
Studijoje teigiama, kad didelis omega-6 linolo ragsties var-
tojimas gali pasunkinti hiperinsulinemijg ir padidinti insu-
lino rezistentiskuma. Tyréjy nuomone, linolo ragstis veikia
kaip substratas lipidy peroksidacijai ir laisvujy radikaly su-
sidarymui. Be to, galbat dél didesnio polinesociuju/sociujy
riebaly ragséiy santykio mityboje ir riebaliniame audinyje
Izracelio Zydams reikia didesnio kickio antioksidanty: vita-
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mino E, seleno, vitamino C ir beta karoteno. Todél Izraelio
populiacijoje mityba, kurioje gausu omega-6 polinesociujy
riebaly ragéc¢iu, nedavé naudos mazinant mirtinguma nuo
Sirdies ligy [3]. Kitas pavyzdys — ,,Omega-6 ricbaly rigstys
ir rizika susirgti Sirdies nepakankamumu. Gydytojy svei-
katos studija“. Tai atvejo-kontrolés tyrimas, kuriame duo-
menys buvo renkami i§ visiSkai randomizuotos, dvigubai
aklos, placebo kontroliuojamos gydytoju sveikatos studijos,
siekusios jvertinti mazos dozés aspirino ir beta karoteno po-
veikj sergamumui kardiovaskulinémis ligomis ir véZio ligo-
mis JAV gydytojams vyrams pirminéje prevencijoje. Papil-
domag atvejo-kontrolés tyrima sudaré 788 tiriamieji ir 788
sveiki asmenys. Imtys Sirdies nepakankamumo: su buvusiu
pracityje miokardo infarktu (MI) (n = 88) ir be miokardo
infarkto (n = 700).

Tiriamoji medZiaga vertinta taikant salyging logisting
regresija, apskaiciuojant $ansy santykj esant 95 proc. pasi-
kliautiniajam intervalui. Vertinant $irdies nepakankamumo
rizika, buvo sudaryti keturi plazmos fosfolipidy omega-6
riebaly ragitiy koncentracijos kvartiliai. Zemiausias kvar-
tilis naudojamas kaip standartas. Papildomai buvo tiriamos
individualios omega-6 riebaly ragstys: linolo, gama lino-
leno, cikozadieno, dihomo-gama-linoleno, arachidono ir
dokozatetracno.

Studijos vidutinis dalyviy amzius buvo 58,7 + 8 (nuo
40 iki 82 m.). Laikas iki Sirdies nepakankamumo pasireis-
kimo 17,1 + 6,1 m. (nuo 0,4 iki 27,1 m.). Palyginti su Ze-
miausiu kvartiliu, auks¢iausias fosfolipidy omega-6 rieba-
ly ragsciy kvartilis koreliuoja su mazesniu hipertenzijos ir
cukrinio diabeto paplitimu bei didesniu fiziniu aktyvumu.
Palyginus su kontroline asmeny grupe, tiriamieji turéjo
didesnj KMI, daznesni atrialinés fibriliacijos, koronarinés
arterijos stentavimo, cukrinio diabeto ir hipertenzijos atve-
jai. Savo iSvadose autoriai nurodé, kad, taikant salyginés
logistinés regresijos modelj lygintiems veiksniams (amZius,
ras¢, gimimo metai, kraujo paémimo laikas) ir KMI, ra-
kymui ir atrialinei fibriliacijai, nebuvo rasta aiskaus rysio
tarp bendros fosfolipidy omega-6 riebaly rigsciy koncen-
tracijos ir rizikos susirgti $irdies nepakankamumu, kai $ansy
santykis (esant 95 proc. pasikliautiniajam intervalui) — 1.00
(standartas). Likusiy trijy kvartiliy $ansy santykis — 0.85
(0.63, 1.14), 0.84 (0.63, 1.13) ir 0.87 (0.63, 1.20). P reiks-
mé lygi 0.39.

Papildomai buvo analizuojamas rySys tarp bendros
plazmos fosfolipidy omega-6 riebaly ragiciy koncentraci-
jos ir rizikos pasireiksti Sirdies nepakankamumui su ar be
anksc¢iau buvusiu miokardo infarktu. Analizé parodé, kad
aiSkaus ry$io néra ir Sansy santykis, tenkantis standarti-
niam nuokrypiui, esant $irdies nepakankamumui su buvu-
siu MI — 0.84 (95 proc. PI: 0.57, 1.25), o be MI - 0.98
(95 proc. PI: 0.87, 1.11). Autoriai taip pat padaré iSvada,
kad néra jrodymuy patvirtinti reik§mingg ry$j tarp atskiry
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omega-6 riebaly rigiciy ir Sirdies nepakankamumo. Todeél
remiantis atliktos studijos rezultatais, omega-6 polineso-
Ciyjy riebaly rig$ciy vartojimas nesumazina rizikos susirg-
ti Sirdies nepakankamumu, nepriklausomai nuo anks¢iau
ivykusio ar ne miokardo infarkto [4]. DidZiosios Britanijos
zurnale Ramsdeno su bendraautoriais mokslininky publi-
kuota atsitiktiniy iméiy kontroliuojama tyrimy metaanali-
z¢, kurioje teigiama, kad omega-6 ir polinesociujy riebaly
rigéciy misinio vartojimas turi skirtinga poveikj korona-
rinés Sirdies ligos issivystymo rizikai. Tai aStuoniy studijy
analiz¢, kuriose dalyvavo 11 275 asmenys.

Metaanalizé buvo vykdoma dviem kryptimis: pirmoje
grupéje taikyta eksperimentiné dieta, kurioje gausu ome-
ga-3 ir omega-6 polinesociujy riebaly ragsciy (imtis — 1706,
keturi duomeny Saltiniai), ir kita dalyviy grupé, kuriems
paskirta dieta, praturtinta tik omega- 6 riebaly ragstimis
(imtis — 9569, keturi duomeny $altiniai). Remiantis visais
a$tuoniy tyrimy duomenimis, omega-3 ir omega-6 poline-
socios riebaly riigstys pakeité transizomerinés formos ir so-
Ciasias riebaly ragstis. Vykdytoje analizéje buvo vertinama
santykiné rizika, 95 proc, pasikliautinasis intervalas bei P
reik§mé $iy jvykiy: nefatalinis MI, mirtys nuo koronarinés
Sirdies ligos, nefatalinis MI ir mirtys nuo koronarinés $ir-
dies ligos bei mirtys dél visy priezas¢iu. DidZiausias déme-
sys kreipiamas | nefatalinj miokardo infarkea ir mirtis nuo
koronarinés Sirdies ligos.

Metaanalizés rezultatai parodé, kad nefatalinio MI +
mirciy nuo koronarinés Sirdies ligos, vartojant omega-3 ir
omega-6 polinesociujy riebaly ragi¢iy misinius, jungtiné
rizika sumazéjo 22 proc. (santykiné rizika (SR) 0.78; 95
proc. PI0.65, 0.93; P = 0.005). Nefatalinio MI jungtiné
rizika sumazéjo 27 proc. (SR 0.73; 95 proc. PI 0.54, 0.99;
P = 0.04), mir¢iy nuo koronarinés Sirdies ligos — 19 proc.
(SR 0.81; 95 proc. PI 0.641.03; P = 0.08) ir mirc¢iy nuo
visy priezas¢iy — 8 proc. (SR 0.92; 95 proc. PI 0.80, 1.60;
P = 0.25). Eksperimentiné dieta, kurioje buvo vartojamos
tik omega-6 polinesociosios riebaly rigstys, jungtiné rizika
nefataliniam MI + mirtys nuo koronarinés Sirdies ligos pa-
didéjo 13 proc. (SR 1.13; 95 proc. P10.84, 1.53; P = 0.43).
Tyrimuose, kuriuose omega-6 linolo ragstis buvo pakeista
i transizomerinés formos ir sociasias riebaly ragstis, mir-
tingumo rizika iSaugo 16 proc. (SR 1.16; 95 proc. PI 0.95,
1.42). Remiantis vykdytos metaanalizés rezultatais, rizika
nefataliniam miokardo infarktui ir mirtims nuo koronari-
nés Sirdies ligos, didesné vartojant omega-6 nei omega-3/
omega-6 polinesoiuju riebaly rags¢iy misinius (P = 0.02).
Straipsnio autoriy nuomone, didesnis omega-6 linolo rigs-
ties vartojimas gali neduoti sickiamos naudos ir net padi-
dinti koronarinés Sirdies ligos ir mirtingumo rizika [5].

Ramsdeno ir bendraautoriy publikuotame straipsnyje
pateikti duomenys apie Australijoje vykdyta studija, anali-
zuojancia linolo ragsties efekea mirusiems nuo koronarinés
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Sirdies ligos [2]. Duomenys buvo paimti i§ atsitiktiniy im-
¢iy kontroliuojamo tyrimo — Sidnéjaus Sirdies dietos stu-
dija — vykdyto nuo 1966 iki 1973 m. Tuo laikotarpiu detali
duomeny analizé nebuvo atlikta dél moderniy statistiniy
metody trikumo. Todél 2013 m. buvo surinkta nauja tyré-
ju komanda i$ JAV ir Australijos, kurie vél iSanalizavo ori-
ginalius duomenis, lygindami mirties daznius priklausomai
nuo visy galimy priezasciy bei koronarinés Sirdies ligos.

Tyrime dalyvavo 458 vyrai nuo 30 iki 59 metu, kurie
neseniai turéjo koronarinj jvykj, tokj kaip Sirdies smagis ar
kriitinés anginos epizodas. Dalyviai atsitiktinai padalinti
dvi grupes. Tiriamoji grupé turéjo sumazinti sociujy rieba-
ly (tauku, sviesto) vartojima iki maZiau nei 10 proc. visos
gaunamos energijos ir padidinti iki 15 proc. linolo ragsties
(saulégrazy aliejaus, margarino, pagaminto i§ saulégrazy
aliejaus) vartojima. Kontroliné asmenuy grupé laikési jiems
iprastos dietos.

Tyrimo dalyviai buvo reguliariai vertinami ir turéjo uz-
pildyti mitybos dienoras¢ius 39 ménesiams. Visi su dieta
nesusije veiksniai buvo vienodi abiem grupéms.

Rezultatai parodé¢, kad tiriamujy (imtis = 221), kuriy
linolo ragsties suvartojimas buvo didesnis, palyginti su
kontroline asmeny grupe (imtis = 237), mirtingumo rizi-
ka dél visy priezas¢iy buvo didesné: visos priezastys 17,6
proc. prie§ 11,8 proc., Sansy santykis — 1,62 (95 proc. pa-
sikliautinasis intervalas nuo 1.00 iki 2.64), P reikimé 0,05.
Taip pat nuo koronarinés (16,3 proc. pries 10,1 proc., SS
1.74 (PI nuo 1.04 iki 2.92)) ir kardiovaskulinés Sirdies ligu
(17,2 proc. pries 11 proc., $S 1.70 (PI nuo 1.03 iki 2.80)).
Taigi remiantis autoriy pateiktais studijos rezultatais, néra
naudinga pakeisti sociasias riebaly ragstis j omega -6 linolo
ragst [5].

APIBENDRINIMAS

Siame apzvalginiame straipsnyje pateikiami negausiis
duomenys apie tai, kad omega-6 linolo rugsties pakeitimas
sociosiomis riebaly rigstimis neduoda aiskios klinikinés
naudos ir nesumazina rizikos susirgti kardiovaskulinémis
ligomis bei nesumazina mirtingumo.
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Background: Fatty acids (FA) and their metabolites are closely related to some mechanisms involved in the development of
uronephrolithiasis. The aim of this study was to evaluate the relationship between FA composition and type
of kidney stones.

Material/Methods: Abdominal adipose tissue fatty acid methyl esters of 71 men with nephrolithiasis were identified by GC/MS,
and the type of kidney stones was identified using FTIR infrared spectroscopy. Patients were divided into groups
according to diagnosis of metabolic syndrome (MS) and type of kidney stone. The composition of FA was com-
pared within different groups of patients with different types of kidney stones and between the patients and
healthy individuals (control group) (n=100).

Results: Individuals with nephrolithiasis had a significantly higher level of monounsaturated fatty acids (MUFA) and a
lower level of polyunsaturated fatty acids (PUFA) versus healthy individuals. Patients with MS had a higher lev-
el of 18: 109 and a lower level of 16: 1w7 than patients without MS. Individuals with nephrolithiasis, but with-
out MS, had a higher level of saturated fatty acids (SFA) compared to controls. The level of PUFA was higher
in the control group (p<0.0001) compared to individuals with uronephrolithiasis, with or without MS. PUFA, @
-6 PUFA, and 18: 206 were higher in patients with calcium-based kidney stones without MS versus patients
with uric acid kidney stones with MS.

Conclusions: The levels of MUFA were significantly higher and the levels of PUFA were significantly lower in patients with
uronephrolithiasis compared to controls.
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Background

Nephrolithiasis is a multifactorial disease influenced by life-
style and nutritional habits, as well as metabolic, environmen-
tal, and genetic factors. During recent decades, growth in the
prevalence of nephrolithiasis has been observed in Western
countries [1]. According to the National Health and Nutrition
Examination Survey (NHANES), the prevalence of kidney stones
reached 8.8% in the period 2007-2010. Kidney stone disease
increased from 6.3% to 10.6% among men and from 4.1% to
7.1% among women [2]. The variety and complexity of the
processes influencing stone formation prevents a single ex-
planation for the etiology and pathogenesis of the disease,
which in turn causes a lack of appropriate prevention mea-
sures. This fact is confirmed by the increasingly high recur-
rence rates of urolithiasis. Recurrence of nephrolithiasis over
the first 5 years increases by 50% after the first episode. This
has a significant impact on quality of life. Furthermore, the
prevalence and incidence of kidney stone disease increased
across the world throughout the 20th century. For example, in
the USA the prevalence of the disease is approximately 10%
(13% for men and 7% for women), which is a drastic increase
from the 3% recorded in the period 1964-1972 [3]. European
countries follow similar trends, and urolithiasis is becoming a
major health care problem worldwide. It is acknowledged that
the need for an individual-based treatment approach is now
an important challenge [4].

Around 80% of all kidney stones are composed of calcium ox-
alate and calcium phosphate. Other cases of nephrolithiasis
are caused by magnesium ammonium phosphate, cysteine,
uric acid, and struvite kidney stones [2]. Nevertheless, most
kidney stones are calcium phosphate monohydrate surround-
ing a calcium phosphate core [6].

According to some studies, fatty acids (FA) and their metabo-
lites are closely related to some mechanisms involved in the
development of nephrolithiasis [1,4-7]. Abdomen adipose tis-
sue reflects the long-term consumption of FA. Metabolic pro-
cesses in adipose tissue are quite slow, and acute health disor-
ders have no influence on the composition of adipose tissue [8].
There is very little information and few comprehensive studies
on the formation of different types of kidney stones as deter-
mined by factors influencing the composition of adipose tis-
sue FA in the abdomen.

Several explanations concerning the impact of FA on the de-
velopment of kidney stones are possible. According to some
researchers, FA have a direct influence on renal tubules, crys-
tal formation, the metabolism of salt and water in the kidneys,
and on oxidative and inflammatory processes. Others declare
that FA are more likely related to metabolic syndrome (MS).
MS is defined by the following diagnostic criteria: glucose

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

CLINICAL RESEARCH

intolerance, hypertension, decreased high-density lipoprotein
(HDL) level, increased triacylglycerol (TAG) level, and visceral
obesity [9]. Scientific data showing the relationship between
MS and type of kidney stone is still controversial. According
to some researchers, MS causes lower urine pH, higher calci-
um and uric acid excretion, and lower citrate excretion, lead-
ing to formation of uric acid and calcium-based stones [10].
According to others, MS is more closely related to uric acid
stones, because patients with MS have significantly more for-
mation of uric acid stones [11].

On the other hand, an excess of lipids and FA in renal prox-
imal tubules could impede ammonium synthesis and trans-
port because glutamine transport is interfered with through
the mitochondrial membrane. Accumulation of lipids in kid-
ney and renal tubules could also be associated with aberrant
tissue sensitivity to insulin [7,12]. Abdominal adipose tissue
adipocytes eventually lose their ability to store FA adequate-
ly. Because of insulin resistance, free FA interact with liver en-
zyme systems and induce glucose synthesis, decrease insu-
lin clearance, increase TAG and low-density lipoprotein (LDL)
levels, and decrease HDL level, accelerating early atherogen-
esis [7]. There is evidence that increased levels of TAG and
cholesterol in the blood leads to the formation of uric acid
stones. Increased concentration of LDL in the blood, on the
other hand, increases Na* ion excretion and uric acid concen-
tration in the urine [13].

Katsoulieris et al. studied the effects of saturated palmitic fat-
ty acid on proximal renal tubular cells in vitro and found that
palmitic FA caused endoplasmic reticulum stress, which led to
renal proximal tubular cell apoptosis. The opposite effect was
noted when using a-linolenic FA, which decreased the con-
centration of proinflammatory substances and diminished cell
apoptosis in vitro [14].

Moreover, it is thought that palmitic FA induces the expression
of monocyte chemotaxis protein (MCP-1). Palmitic acid activates
protein kinase C (PKC) family proteins through accumulation
of intracellular diacylglycerol (DAG). Oleic FA and EPA induce
diacylglycerol acyltransferase 2 gene expression and convert
intracellular DAG to TAG, resulting in PKC gene suppression.
Renal tubular cells are therefore protected from the harmful
effect of palmitic acid [15]. Other authors have reported that
the abundance of free FA exceeds the mitochondrial capabil-
ity to oxidize them and consequently leads to the production
of partially oxidized acylcarnitine with an excess of DAG, both
of which predispose a person to insulin resistance [16]. FA di-
rectly or through signal molecules influence gene transcription
in the liver and are capable of regulating lipogenesis, -oxi-
dation of FA, and glucose metabolism [17]. Nevertheless, the
data concerning the relationship between the composition of
FA in adipose tissue and nephrolithiasis remain contradictory.
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Table 1. FA analyzed by gas chromatography — mass spectrometry.

SFA MUFA

14: 0 (miristic acid)

16: 107 (9 — hexadecanoic/palmitoleic acid)
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PUFA

18: 206 (9,12 - octadecadienoi/linoleic acid)

16: 0 (palmitic acid) 18: 109 (9 — octadecanoic/oleic acid)

18: 3m3 (9,12,15 - octadecatrienoic, a-linolenic acid)

18: 0 (stearic acid) 18: 107 (11 - octadecanoic acid)

20: 406 (5,8,11,14 — eicosatetraenoic/arachidonic acid)

20: 1®9 (11 - eicosanoic acid)

20: 5@3 (5,8,11,14,17 — eicosapentaenoic acid)

22: 5w3 (7,10,13,16,19 — docosapentaenoic acid)

22: 603 (4,7,10,13,16,19 — docosahexaenoic acid)

Patients with
uronephrolitiasis Eontrflwgaoup
n=71 "=

| |

Uric acid kidney Calcium oxalate/phosphate
stones kidney stones
With MS ‘ Without MS With MS ‘ Without MS

Percentage %

Uricacid

Calcium oxalate/phosphate
Kidney stone type

Figure 1. Doistribution of this study population.
We therefore designed this study to evaluate the relationship

between the composition of abdominal adipose tissue FA and
type of kidney stones.

Material and Methods

This case-control study (duration: 1.5 years) was carried out
on a group of 71 men (average age 53.1+14.1) with kidney
stone disease; enrolled individuals were hospitalized at Vilnius
University Hospital and gave their written consent to partici-
pate in the study (case group). The control group had no his-
tory of kidney stone disease, and was matched with cases
for age and sex (n=100). All patients were thoroughly exam-
ined to diagnose MS according to clinical and laboratory cri-
teria [18]. The kidney stones of patients were removed and
the chemical composition of the stones was examined using
infrared spectroscopy.

The study protocol was approved by the Vilnius Regional
Bioethics Committee (Approval No. 158200-5-053-056LP1).

The chemical composition of the stones was examined by a
BRUKER VERTEX 70 Fourier transform infrared (FTIR) spectrom-
eter by using a KBr tablet [19].
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Figure 2. Diagram represents the percentage distribution of
patients with uronephrolithiasis by type of kidney
stones and MS. N=71.

Methyl esters of adipose tissue FA were prepared using the
Folch method [20,21] and were identified by gas chromatog-
raphy-mass spectrometry (GCMS-QP2010 Ultra, Shimadzu)
(Table 1). Individuals were divided into groups according to di-
agnosis of (MS) and type of kidney stone (Figure 1). The com-
position of adipose tissue FA was compared within different
groups of patients with different types of kidney stones and
between the patients and control individuals.

Statistical analysis

Data analysis was carried out using the IBM SPSS software
(version 21) and Microsoft Excel 2013. Data are expressed
as mean + standard deviation. Differences between inves-
tigated groups were tested for significance using the Mann-
Whitney U-test and the t test. Statistical significance was con-
sidered at p<0.05.

Results

Figure 2 shows the distribution of patients with uronephrolithia-
sis by type of kidney stones and presence of MS. Calcium-based
kidney stones were the most common among the patients with
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Table 2. Comparison of adipose tissue FA composition between patients with uric acid kidney stones and MS and the patients with

calcium-based kidney stones without MS.

FA
(provided by percentage of
total amount)

m oxalate/phosphate (n=38)

Mean * Standard deviation

Total PUFA

12.61+1.70 14.64+2.88 p=0.037
I* 0**6 11.94+1.6 13.97+2.71 p=0.042
C 18: 2w6*** 11.62+1.57 13.55+2.61 p=0.042

PUFA - polyunsaturated fatty acids; £* — total sum; @** — position of double bond between carbon atoms; C 18: 2w6*** — number of
carbon atoms and double bonds. Mean and standard deviation of other fatty acids (C 14: 0, C 16: 0, C 18: 0, C 16: 107, C 18: 109,

C 18: 1w7, C 20: 1®9) were not statistically significant.

21.00-] Median=14.02
=
S 1800
g
5 1500
% MEdian:’lz.g -
g
£ 1004 é

9.00

n=71

T T
Patients with uric acid kidney ~ Patients with calcium-besed
stones and MS kidney stones without MS

Patients with uronephrolithiasis

21.009
Median=13.68

= edian=15.6
= 18004
-
P
3
L -
&
% 12004 Median=11.58

9.00 -

n=71

T T
Patients with uric acid kidney ~ Patients with calcium-besed
stones and MS kidney stones without MS

Patients with uronephrolithiasis

Figure 3. Box plots represent comparison of percentage of total
PUFA between patients with uric acid kidney stones
and MS, and the patients with calcium-based kidney
stones without MS. P=0.037. N=71.

PUFA - polyunsaturated fatty acid.

nephrolithiasis, while uric acid stones were the least common.
For further analysis, individuals with nephrolithiasis were di-
vided into 2 groups: those with MS (32.4%) and those with-
out MS (67.6%). Seventy percent of patients with uric acid
kidney stones had MS, and only 41% of individuals with cal-
cium-based kidney stones (involving both calcium oxalate and
calcium phosphate) had MS. The frequency of MS of individu-
als with uric acid kidney stones was 2 times higher than that
of patients with calcium-based kidney stones. Moreover, MS
was significantly more frequent in patients with uric acid kid-
ney stones compared to individuals with calcium-based kid-
ney stones (Pearson chi-square=8.308, p=0.004).

According to the presence or absence of MS, all patients with
uric acid and calcium-based kidney stones were subdivided
into 2 groups: those with and without MS (Table 2). The total
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Figure 4. Box plots represent comparison of percentage of w6
PUFA between patients with uric acid kidney stones
and MS, and the patients with calcium-based kidney
stones without MS. P=0.042. N=71. * — Omega;
PUFA - polyunsaturated fatty acid.

PUFA (Figure 3), @6 PUFA (Figure 4), and 18: 206 (Figure 5)
percentages were significantly higher in patients with calci-
um-based stones without MS compared to the patients with
uric acid kidney stones with MS.

The results were significantly different between all groups
of patients and the control group. The level of monounsat-
urated fatty acids (MUFA) in patients with uric acid and cal-
cium-based stones was 2 times higher than it was in the
control group (p<0.0001) (Figure 6), (18: 1®9 was predom-
inant). The level of PUFA was 2.4-2.8 times lower in each
group of patients with nephrolithiasis compared to the con-
trol (p<0.0001) (Table 3) (Figure 7). The ratio of ®3 and w6
PUFA was higher in the control group than in patients with
kidney stones. The total level of SFA was almost the same in
each group of patients with kidney stones compared to the
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Figure 5. Box plots represent comparison of percentage of 18: 2
6 between patients with uric acid kidney stones and
MS, and the patients with calcium-based kidney stones
without MS. P=0.042. N=71. * — Omega;
PUFA - polyunsaturated fatty acid.

70.00

Median=51.11

60.00 Median=>52.84

e

50.00

40.00 Median=25.86

30.00

Percentage of total MUFA
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Patients with uricacid ~ Patients with Control group
kidney stones calcium-besed

kidney stones
Patients with uronephrolithiasis

Figure 6. Box plots represent comparison of percentage of total
MUFA between all groups of patients and the control
group. P<0.0001. N=171. MUFA — monounsaturated
fatty acids.

control group. Patients with nephrolithiasis had a higher lev-
el of SFA 16: 0 (p=0.001; p<0.0001) and a similar level of SFA
14: 0 (p>0.05) compared to the control group. However, the
patients with calcium-based kidney stones had a lower level
of SFA 18: 0 compared to the control group (p<0.0001).

For further analysis, all patients with nephrolithiasis were
subdivided into 2 groups: those with and without MS. Each
of those groups was compared to the control group (Table 4).
Patients with MS had a significantly higher level of 18: 109
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Figure 7. Box plots represent comparison of percentage of total
PUFA between all groups of patients and the control
group. P<0.0001. N=171. PUFA - polyunsaturated fatty
acid.

(p=0.041) and a lower level of 16: 107 (p=0.003) compared
to kidney stone patients without MS. The total level of MUFA
was equal in both groups of kidney stone patients with and
without MS (p=0.762), but it was approximately 2-fold higher
compared to the control group of healthy people (p<0.0001).
The level of SFA was significantly higher in kidney stone pa-
tients without MS compared to controls (p=0.008).

Moreover, the percentage of ®3 PUFA in healthy individuals
was about 6.3 times (p<0.0001) higher, and the percentage of
6 PUFA was about 2 times higher than that in both groups
of patients with kidney stones (p<0.0001). The ratio of w3/w6
PUFA in the control group was also higher than that in each
group of patients.

Discussion

According to our data, MS occurred 2 times more frequently in
individuals with uric acid kidney stones than in patients with
calcium phosphate/oxalate kidney stones, but the difference
was not statistically significant. According to recent scientif-
ic data, MS is very much related to the formation of uric acid
kidney stones [22-24]. Uric acid kidney stones in those studies
were more common in older patients with a higher body mass
index (BMI) and lower urine pH and a higher uric acid level [22].

We found twice the amount of MUFA in the adipose tissue of
patients with nephrolithiasis, regardless of the type of kidney
stone, than in healthy individuals in the control group. Lack of
®3 and w6 PUFA causes a compensatory increase in the syn-
thesis of MUFA, which leads to increased production of ®9
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Table 3. Comparison of the composition of FA in adipose tissue between patients with nephrolithiasis and the control group.

FA Uric acid* Calcium oxalate/ Control**
(provided by percentage of total phosphate® (n=56) (n=100) P value
amount) Mean # Standard deviation
C 18: 1x0**9 44.37+3.35 42.40+4.38 22.7143.69 *##¥p<0.0001
C 20: 109 1.09+0.21 1.03+0.56 0.56+0.48 *##%p<0.0001
C18:3m3 0.15+0.03 0.20+0.11 1.12+0.54 *###p<0.0001
C22:5m3 0.19+0.09 0.2040.15 0.39+0.27 *##¥p=0.002
Ratio of w3/w6 0.05+0.02 0.04+0.02 1.13+0.28 *##%p<0.0001
Total SFA (C 14: 0+ C 16: 0+ C 18: 0) 34.67+3.03 33.55+2.81 32.1445.29 #'”:::z?o'g
Total MUFA 53.07+3.54 51.78+3.84 26.2+4.27 *###p<0.0001
Total PUFA 12.66+2.47 14.67+3.47 35.13+4.84 *##¥p<0.0001
PUFA/SFA 0.37+0.085 0.44+0.12 1.13+0.29 *##%p<0.0001
T @3 0.63+0.26 0.7+0.44 4.5+1.46 *###p<0.0001
Z 06 12.03+2.33 13.97+3.13 27.92+4.56 *##%p<0.0001
C14:0 3.33+0.74 3.56+3.5 4.5+2.34 p>0.05
* iy
C16:0 24.88+1.74 24.8+2.04 2191424 mp': ozggi
.
C18:0 6.06+1.34 5.19+1.09 6.49+1.05 ,,,,p(g;%gi
* ity
C16: 107 5.08+1.68 5.7+1.68 3.48£0.99 mp':o%gg:
C18: 206 1175423 13.5842.99 22.5943.98 *###p¢0.0001
C 20: 406 0.28+0.1 0.39+0.24 5.33+1.11 *##¥p<0.0001
C20: 5m3 0.09+0.05 0.11+0.07 1.06+0.68 *##%p<0.0001
C22: 6m3 0.19+0.12 0.19+0.15 1.93+0.73 *##¥p<0.0001

SFA — saturated fatty acids; MUFA — monounsaturated fatty acids; PUFA — polyunsaturated fatty acids; * — patients with uric acid
kidney stones; # — patients with calcium oxalate/phosphate kidney stones; * — control group; C 18: 1x — number of carbon atoms and
double bonds; ®** — position of double bond between carbon atoms in the molecule; *** — total sum.

PUFA. On the other hand, the diet of patients with nephroli-
thiasis may contain more MUFA than the diet of healthy indi-
viduals in the control group.

Pefia-Orihuela found that a diet higher in MUFA promotes the
gene expression of antioxidant enzymes in adipose tissue (e.g.,
glutathione peroxidase and catalase) and thus reduces oxida-
tive stress. Increased dietary intake of SFA in adipose tissue
of obese individuals stimulates the enzyme NADPH - oxidase,
which promotes the synthesis of reactive oxygen compounds
and gene expression and inhibits expression of genes encoding
antioxidant enzymes. Therefore, researchers believe that SFA
should be replaced with MUFA since it would be an effective
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way to reduce oxidative stress for individuals with MS [25].
Furthermore, experiments on laboratory mice suggest that re-
placement of SFA by MUFA reduces the inflammation in adi-
pose tissue and insulin resistance as well [26].

Our study showed that individuals with nephrolithiasis had a
percentage of total PUFA in adipose tissue 2 times lower than
in the control group (p<0.0001). The percentage of PUFA in adi-
pose tissue basically reflects the human diet. A major percentage
of total PUFA represents linoleic and a-linolenic FA. We there-
fore assume that individuals with nephrolithiasis had a lack of
PUFA in their diet, and this lack of linoleic and o:-linolenic FA can
cause a slowdown of the synthesis of other ®3 and w6 PUFA.
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Table 4. Comparison of FA composition in adipose tissue between patients with kidney stones and the control group.

FA Controls**
(provided by percentage of out MS* (n=48) With MS* (n=23) (n=100)
total amount)
Mean % Standard de:
*#p=0.
C 18: 1x0*™9 40.79+7.52 43.77+4.61 22.713.69 ***:mpp< ooogg:
*#p=
C 20: 109 1.26+0.80 0.9240.35 0.56+0.48 *"“':""‘“pg 0%;3?
*#p=
C 18: 303 0.22+0.17 0.210.13 1.1240.54 xv##;,,'”p‘z O%ggf
*d
€22: 503 0.23+0.23 0.21+0.17 0.390.27 m,mpi o%ggi
*#p=
Ratio of 03/w6 0.05+0.03 0.05+0.02 1.13£0.28 *mva‘z 0%‘35
*#p=1.0
Total SFA (C 14: 0+ C 16: 0 + C 18: 0) 34.54+3.89 33.62+2.88 32.1445.29 *##p=0.008
###p=0.518
*#p=
Total MUFA 51.04+4.93 52.3043.91 26.19+4.27 *mva‘z O%ZT
*#p=1.0
Total PUFA 14.42+3.08 14.07+3.78 35.13+4.84 *#454p¢0,0001
. *¥p=1.0
Ratio of PUFA/SFA 0.4240.1 0.42+0.13 1.1320.29 *aw8880,0001
*#p=1.0
T3 0.76+0.58 0.72+0.52 4.5+1.46 *#44480.0.0001
*#p=1.0
2 06 13.67+2.82 13.3643.34 27.91%4.56 *489,0.0001
*#p=1.0
Cl4:0 3.8+1.13 3.3£0.81 4.49+2.34 *#p=0.124
##£p=0.029
**p=1.0
C16:0 25.01+2.51 24.94+2.05 21.9+24 *489,0.0001
*#p=
C18:0 5.72+1.44 5.38+1.1 6.49+1.05 *M“p‘: 0%‘;8?
=0
C16: 107 6.23+2.41 5.03+1.65 3.48+0.99 w:wpzooogg?
*#p=1.0
C 18: 206 13.2542.7 13.0243.2 22.59+3.98 *489950,0001
**p=1.0
C 20: 4006 042103 0.34:0.23 5.33£1.11 “#9888¢0,0001
*#p=1.0
C 20: 503 0.110.07 0.1+0.08 1.06+0.68 “s58380.0001
*#p=1.0
C22: 603 0.1940.15 0.19+0.17 1.92+0.73 10,0001

SFA — saturated fatty acids; MUFA — monounsaturated fatty acids; PUFA — polyunsaturated fatty acids; * — kidney stone patients
without MS; # — kidney stone patients with MS; # — control group; C 18: 1x — number of carbon atoms and double bonds;
@** — position of double bond between carbon atoms in the molecule; *** — total sum.
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Increased dietary intake of PUFA prevents lipid accumulation
in the liver and the adipose tissue of the abdominal area. The
reverse effect is, however, characteristic of SFA [28]. In vitro
data on a culture of proximal renal tubular cells showed that
PUFA (a-linolenic, EPA) and MUFA (oleic) reduce oxidative stress
and inhibit endoplasmic reticulum stress, which can lead to
cell apoptosis [15,27].

We also found that patients with nephrolithiasis had a high-
er level of 16: 107 and a lower level of EPA in adipose tissue
than in the control group. However, individuals with MS had
significantly less 16: 1m7 and more 18: 109 than those who
had not been diagnosed with MS. Our results can therefore
confirm that individuals with nephrolithiasis consume a low-
er level of essential PUFA; therefore, synthesis of MUFA in-
creases, leading to increased levels of 16: 1o7and 18: 109 in
adipose tissue.

Canadian researchers compared the spectrum of FA in blood
phospholipids in 734 cardiovascular patients with and without
MS. They found increased levels of SFA (16: 0, 18: 0) and w6
PUFA (18: 3w6, 22: 6mw6) and decreased amounts of ®3 PUFA
(20: 503 and 22: 6w3) in patients with MS compared to pa-
tients without MS [29]. Our study, however, showed that the
total percentage of SFA in the adipose tissue of individuals with
MS did not differ from that of the control group. Nevertheless,
patients without MS had a higher level of SFA than did con-
trols (34.54+3.89 versus32.14+5.29, p=0.008).

When individuals were grouped by origin of kidney stones
and MS, we also found that the total percentages of PUFA, w6
PUFA, and 18: 206 were significantly higher in the calcium ox-
alate/phosphate kidney stone group without MS versus the
uric acid kidney stone group with MS. This can be explained
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by the fact that the metabolism of PUFA in patients with MS is
impaired. There may also be a lack of dietary intake of PUFA.

The higher percentage of w6 PUFA in the adipose tissue of
patients with uronephrolithiasis may cause more eicosanoids
to be synthesized from those PUFA. Although no specific con-
centrations of eicosanoids were studied, according to scien-
tific data, eicosanoids can have a significant impact on the
pathogenesis of nephrolithiasis, directly or indirectly partici-
pating in inflammation.

Conclusions

Our study results from the patients with uronephrolithiasis dif-
fered from results from the control group. Irrespective of MS
diagnosis, all individuals with kidney stones had significantly
higher percentages of MUFA and lower percentages of PUFA
than did healthy individuals. The elevated level of MUFA was
a result of the significantly higher percentage of 18: 109 FA
in kidney stone patients with MS compared to patients with-
out MS, and could be related to a potential disorder of PUFA
metabolism specific to MS. One of the causes of MS, and the
cause of increased acidity and changes in the chemical com-
position of urine, is the lower amount of PUFA, w6 PUFA, and
18: 2w6 in the adipose tissue of patients with uric acid kid-
ney stones and MS compared to patients with calcium-based
kidney stones and without MS. The results of our study show
an elevated level of SFA in kidney stone patients without MS
compared to the control group.
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Riebaly rugsciy vaidmuo
inksty akmenligés
patogenezéje

Santrauka

Inkstu akmenligé — tai daugiaveiksné liga, kurios iSsivystimui svarbi
gyvensena, medziagu apykaitos, aplinkos ir genetiné predispozicija,
netgi geografiniai ypatumai. Dalis inkstu akmenligés patogenezés me-
chanizmuy yra susije su riebaly rugsciu ar ju metabolity apykaita.

Inkstu kanaléliu epitelinés lastelés ekspresuoja receptorius insuli-
nui. I§sivys¢ius atsparumui insulinui, proksimaliniuose inkstu kanalé-
liuose sutrinka amonio jonu pernasa bei gamyba. D¢l padidéjusios lais-
vuju vandenilio jonu koncentracijos sumazéja §lapimo pH ir formuojasi
uratiniai akmenys.

Metabolini sindromg sudarantys komponentai lemia §lapimo sudeé-
ties poky¢cius: padidéja Slapimo ragsties ir kalcio jonu ekskrecija, suma-
Zé&ja citrato Salinimas su §lapimu ir slapimo pH, todél susidaro salygos
formuotis uratiniams ir kalcio oksalatiniams ar fosfatiniams inkstu ak-
menims.

Eikozapentaeno ir dokozaheksaeno riebaly rugstys pasizymi orga-
nus sauganciu ir uzdegima slopinanciu poveikiu, kai suintensyvéja ba-
tent i§ omega 3 sintetinamu eikozanoidu ir ju oksidacijos produkty sin-
tezé.

Soéiuju riebalu ragséiy ir ju metabolitu kaupimasis lastelése suke-
lia oksidacini bei endoplazminio tinklo stresa. Sie procesai lemia inkstu
proksimaliniy kanaléliy lasteliu apoptoze. Priesingu poveikiu pasizymi
mononesociosios ir polinesociosios riebaly rugstys — mazindamos endop-
lazminio tinklo pazeidima sukélusiu zymenu koncentracija bei lasteliu
apoptoze in vitro.

Si literatiros apzvalga rodo, kad vis didéja susidoméjimas lipidu,
riebaly rugs¢iu ir ju metabolitu sasajomis su inksty akmenligés patoge-
neze, o tai skatina ieskoti nauju patogenezés rysiu.

Reik$miniai Zodziai: inkstu akmenligé, metabolinis sindromas, rieba-
Iu rugstys.

IVADAS

JAV tyrimu duomenimis, keleta de-
Simtmeciy inksty akmenligés papliti-
mas vis didéjo [1]. Remiantis
NHANES (National Health and
Nutrition Examination Survey),
2007-2010 metais inkstu akmenliges
paplitimas sieké 8,8 %. Vyry populia-
cijoje inkstu akmenligés paplitimas i$-
augo nuo 6,3 % iki 10,6 %, moteru po-
puliacijoje — nuo 4,1 % iki 7,1 % [2].

Inksty akmenligés pasikartojimo rizi-
ka per pirmuosius penkerius metus
nuo pirmo epizodo padidéja 50 %. Tai
turetu skatinti nustatyti dideles rizi-
kos asmenuy grupes, sutelkiant visus
pajégumus pagrindiniu patogenezés
elementy identifikavimui ir prevenci-
niy priemoniy kiarimui [3].

Remiantis epidemiologiniy tyri-
muyu duomenimis, inkstu akmenlige
daznai diagnozuojama esant ir ki-
tiems sveikatos sutrikimams: nutuki-
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mui, arterinei hipertenzijai, metabo-
liniam sindromui (MS), II tipo cukri-
niam diabetui (CD), inkstu nepakan-
kamumui. Todél siandienos moksli-
néje literaturoje inkstu akmenlige
vertinama kaip sisteminé liga, o ne lo-
kalus pazeidimas. Be to, inksty akme-
nis sudaranéiy cheminiy komponenty
ivairové taip pat byloja apie skirtinga
ligos etiologija ir neapsiriboja vien
inksty ir §lapimo taky sistemos pato-
logija.

Remiantis dabartiniais mokslinés
literatiros duomenimis, riebalu rugs-
¢iu reikSmé inkstu akmenligés iSsivys-
tymui aiSkinama dvejopai. Vieni
moksliniai Saltiniai nurodo tiesiogini
riebaly rugséiy poveiki inksty kanalé-
liams, drusku ir vandens apykaitai
inkstuose, oksidaciniams ir uzdegimi-
niams procesams, o kiti zZvelgia per
MS prizme.

DRUSKY APYKAITOS POKYCIAI
SERGANT INKSTY AKMENLIGE

Inkstuose veikiancios buferines siste-
mos palaiko pastovy baziu kieki bei
vandenilio jonu (H*) koncentracija.
Viena i8$ ju — tai amoniako (NHj3) susi-
darymas inkstuose. Veikiant inkstu
glutaminazei, amoniakas atskyla nuo
i inkstus atnestos glutamino amino-
rugsties (Gln), kuri deamininimo me-
tu virsta glutamatu (Glu). NHj, susi-
junges su H, sudaro amonio jonus
(NH,"), kurie palaiko §armu rezerva.
NH,* nesugrizta i organizma, nes ne-
gali pereiti inksty kanaléliy epiteliniu
lasteliu membranos, todél yra pasali-
namas su §lapimu. Tyrimu duomeni-
mis, asmenims, kuriems identifikuoti
uratiniai akmenys, NH," koncentraci-
ja slapime yra 5-7 kartus mazesné nei
tiems, kuriems identifikuoti kalcio
drusky kilmés akmenys [4]. N. Abate
ir kolegos iskélé prielaida, kad padi-
déjes slapimo ragsties kiekis §lapime
yra susijes su sumazéjusia Slapimo
pH reik§me (maziau kaip 5,5) dél su-
trikusio NH," isskyrimo, kurj sukéle
atsparumas insulinui [5]. Tyrimai in
vitro parodé, kad inksty kanaléliy epi-
telinés lastelés ekspresuoja recepto-
rius insulinui [6]. Insulinas skatina
NH," gamyba proksimaliniuose kana-
lélivose ir aktyvina Na'/H* jony siur-
bli. Taigi, i$sivystes atsparumas insu-
linui proksimaliniuose kanaléliuose
sutrikdo NH,* pernasa bei gamyba ir
tai sumazina $lapimo pH, nes atsiran-
da daug laisvu H" jonu. Nors atsparu-
mas insulinui negali visiskai paais-
kinti uratiniu akmenu susidarymo
priezasties, tadiau tai yra vienas i$
slapimo ragsties precipitacijos ir inks-

tu akmenuy susidarymo mechanizmu
[71.

Kitu mokslininku nuomone, amo-
niogeneze ir NH," pernasa sutrikdo li-
pidy ir riebalu ragséiu perteklius
inkstu proksimaliniuose kanaléliuose,
nes sunkinama Gln pernasa per mito-
chondriju membranas. Kita vertus, li-
pidu kaupimasis inkstuose ir inkstuy
kanaléliuose taip pat gali buti susijes
su sutrikusiu audiniy jautrumu insu-
linui [8, 9].

METABOLINIO SINDROMO
ITAKA AKMENY FORMAVIMUISI
INKSTUOSE

Metabolinis sindromas (MS) diagno-
zuojamas remiantis: gliukozés tole-
rancijos sutrikimu, arterine hiperten-
zija, sumazéjusia didelio tankio lipop-
roteinu (DTL) cholesterolio koncentra-
cija, padidéjusia triacilgliceroliu
(TAG) koncentracija, pilviniu nutuki-
mu (bet kurie trys i§ penkiu kriteriju
patvirtina MS diagnoze, AHA/NHLBI
2005) [10]. MS sudarantys komponen-
tai lemia slapimo sudéties pokycius:
padidéja slapimo ragsties ir kalcio jo-
ny ekskrecija, sumazéja citrato Salini-
mas su §lapimu ir §lapimo pH, o tai su-
daro salygas formuotis uratiniams ir
kalcio oksalatiniams akmenims [11].
Pasak T. Akman ir bendraautoriu, sla-
pimo rugsties akmenys statistiskai
reikSmingai daznesni esant diagno-
zuotam MS [12].

C. Reichard ir bendraautoriai atli-
ko tyrima, kuriam retrospektyviai in-
fraraudonuju spinduliy spektroskopi-
jos metodu atrinko 308 tiriamuju, tu-
rinéiy inkstu akmenu, kuriuos sudaré
bent 10 % slapimo ragsties. Inksty ak-
menys pagal procentine turimuy uraty
dali buvo suskirstyti i 10-20 %,
30-50 %, 60-90 % ir 100 % grupes.
C. Reichard duomenimis, 100 % urati-
niai akmenys budingesni vyresnio am-
ziaus, didesni ktino masés indeksa
(KMI), mazesni $lapimo pH ir didesne
slapimo rugsties koncentracija kraujo
plazmoje turintiems asmenims, paly-
ginti su pacientais, kuriy akmenu ura-
tinis komponentas tesudaré 10-20 %
[13].

Japonijos tyréjai nustate, kad
sveiki asmenys, atitike tris ir daugiau
MS kriteriju, turéjo daug didesne rizi-
ka susirgti inksty akmenlige nei tie,
kurie atitiko tik du [14]. Turku popu-
liacijoje didesnis MS komponentu
skaicius taip pat koreliuoja su dides-
ne inkstu akmenu formavimosi rizika
[15].

Kitas MS komponentas — sutrikusi
glikemija nevalgius ar diagnozuotas
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II tipo CD. Net 43 % i$ 3,1 mln. inkstu
akmenlige serganc¢iu JAV gyventoju
yra diagnozuotas II tipo CD. I ju
680 000 atveju buvo priskirti prastai
glikemijos kontrolei [16]. Tiems, kurie
serga II tipo CD, daug dazniau issivys-
to inkstu akmenligé. Ypac daznai ran-
dami uratinés kilmés akmenys [17].

Sutrikusi glikemija ir II tipo CD
yra susije su pakitusiu riebalinio audi-
nio gebéjimu kaupti riebaly rugstis.
Pilvo riebalinio audinio adipocitai,
vystantis atsparumui insulinui, pra-
randa gebéjima adekvaciai kaupti rie-
baly rugstis. Laisvosios riebalu rugs-
tys (tiksliau i§ ju susidares acetil-
CoA), didindamos kepenyse gliuko-
neogenezés fermento piruvatkarbok-
silazés aktyvuma, skatina gliukozés
sinteze ir mazina insulino klirensa
[18]. Todél didéja TAG, mazo tankio li-
poproteinuy (MTL) chlesterolio ir ma-
zéja DTL cholesterolio koncentracija.
Minéti poky¢iai lemia ankstyva atero-
skleroze [8].

Dislipidemija — dar vienas kompo-
nentas, papildantis MS diagnostiniu
kriteriju visuma. Tam tikri lipidu su-
déties pokyéiai gali bati susije su che-
miniy §lapimo komponentu pokyéiais
ir padidéjusia inksty akmenligés rizi-
ka. Teigiama, kad padidéjusi TAG ir
bendrojo cholesterolio koncentracija
turi itakos butent uratiniy akmenu
formavimuisi, o padidéjusi MTL cho-
lesterolio koncentracija susijusi su
gausesniu §lapimo rugsties bei Na' jo-
ny issiskyrimu su §lapimu [19].

MS diagnozé galutinai nelemia
uratinés inkstu akmenu kilmeés. Ta-
¢iau pacientai, atitinkantys didesni
MS kriterijy skaiéiu, turi didesne ura-
tinés kilmés inkstuy akmenu susidary-
mo rizika, palyginti su kitos kilmés
inkstuy akmenu formavimosi rizika.

P(_)I.I_NESOfIOSIOS RIEBALY
RUGSTYS IR INKSTY
AKMENLIGE

Mokslinéje literaturoje polineso¢iosios
riebaly rugstys (PNRR) ivardijamos
kaip pasizyminéios antiaterogeniniu
poveikiu, bet kartu jos gali tapti lipidu
peroksidacijos substratu. Kuo daugiau
nesofiyju jungéiy turi riebalu rugs-
tis — tuo ji lengviau oksiduojasi [20].
Todeél, vartojant PNRR kaip papildus,
butina su maistu gauti pakankamai
antioksidanty — vitamino C, tokofero-
lio, seleno, karotenoidu ir kt.
Vyraujanti omega-6 (v-6) riebalu
rugstis (RR) yra arachidono ragstis
(AR). Veikiama ciklooksigenazés ir li-
pooksigenazés, AR veréiama prostag-
landinais, leukotrienais. Minéti eiko-
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zanoidai pasizymi aterogeniniu, uzde-
gima palaikanéiu, trombogeniniu po-
veikiu. Tipinés omega-3 (»-3) RR yra
eikozapentaeno (20:5 ®-3) ir dokoza-
heksaeno (22:6 ©-3). Is RR 20:5 »-3 ir
RR 22:6 ©-3 sintetinami eikozanoidai
pasizymi prieSingu veikimu nei eiko-
zanoidai, sintetinami i§ AR [21]. RR
20:5 »-3 ir RR 22:6 »-3, kaip ciklooksi-
genazés substratai, gali nukonkuruoti
AR, todél zuvy tauku, kuriuose gausu
RR 20:5 @-3, vartojimas gali sumazinti
i§ AR sintetinamu uzdegimui palan-
kiu poveikiu pasizyminéiu eikozanoi-
du sinteze. Toks organu apsauginis,
uzdegimo slopinamasis poveikis pasi-
reiskia dél dokozanoidy ir »-3 PNRR
oksidacijos produktu — oksilipiny sin-
tezés [22, 24].

Tuo butu galima paaiskinti nedi-
delj aterosklerozés ir inkstu akmenli-
gés paplitima tarp Grenlandijos eski-
muy [23]. Remiantis §ia hipoteze, eski-
mai turi mazesne rizikg susirgti inks-
tu akmenlige, nes eikozanoidy sintezé
ju organizme vyksta i§ dominuojané¢iu
®-3 PNRR.

Pasitelkiant MS serganciu ekspe-
rimentiniy gyvanu modelius pastebé-
ta, kad papildai, kuriu sudétyje yra
RR 20:5 -3 ir RR 22:6 ®-3, palankiai
veikia inkstu funkcija, nes suintensy-
véja butent i§ »-3 PNRR sintetinamu
eikozanoidu — 5-hidroksieikozapenta-
eno rugsties (5-HEPE), 12-HEPE,
15-HEPE, 18-HEPE — gamyba [24]. Be
to, i§ ©-3 PNRR sintetinami ir kiti lipi-
diniai mediatoriai (pvz., protektinai),
kurie inksty pazeidimo atveju slopina
neutrofily infiltracija, blokuoja tiesio-
gini antigenu atpazinimo receptoriy —
TLR (angl. toll-like receptors), skatina
makrofagu aktyvacija [25]. Vis délto
moksliniy tyrimu, kuriuose batu ver-
tinamas tiesioginis rySys tarp konkre-
¢y @-3 PNRR, ©-6 PNRR bei is ju sin-
tetinamuy eikozanoidu ir inkstu ak-
menligés, vis dar stinga.

Riebaly rogséiy jtaka
oksidaciniam stresui

Siandienos mokslinés literattros duo-
menimis, nutukimas yra susijes su hi-
poksija, oksidaciniu stresu ir netgi su
mechaniniu pazeidimu, sukeltu adipo-
citu hipertrofijos. Adipocitu hipertrofi-
ja ir vélesné riebalinio audinio dis-
funkcija sukelia uzdegima ir oksidaci-
ni stresa MS sergantiems pacientams
[26, 27]. Be to, vis dazniau vartojama
lipotoksiskumo savoka, kuri apibrézia
soc¢iuju riebaly rugséiu (SRR) ir ju me-
tabolity kaupimasi lastelése, ivairiais
patogeneziniais mechanizmais suke-
lianti oksidacini bei endoplazminio
tinklo stresg (angl. endoplasmic retic-
ulum stress) [28].

Oksidacini stresa nutukusiu pa-
cienty organizme sukelia reaktyvus
deguonies radikalai, sintetinami rie-
baliniame audinyje. Manoma, kad to
priezastis yra padidéjusi nikotinamid-
adenindinukleotido redukuotos for-
mos oksidazés (NADPH-oksidazé), ku-
ri dalyvauja reaktyviu deguonies jun-
giniy gamyboje, geno raiska riebali-
niame audinyje bei sumazéjusi antiok-
sidaciniu veikimu pasizyminéiy fer-
menty genu raiska. NADPH-oksida-
zés geno raiska skatina SRR pertek-
lius riebaliniame audinyje [29]. Nutu-
kusiems asmenims budinga pilvo rie-
balinio audinio disfunkcija, kai krau-
jyje cirkuliuoja vis daugiau laisvuju
endogeniny SRR, o gebéjimas kaupti
egzogenines RR taip pat yra sutrikes
[30].

Tyrimu in vitro duomenimis, pasi-
telkiant proksimaliniy inkstu kanalé-
liu lasteliu kulttras nustatyta, kad
PNRR (a-linoleno (18:3 w-3), 20:5 »-3)
ir mononesoéiosios riebaly ruagstys
(MNRR) (oleino (18:1 ®»-9) maZina ok-
sidacini stresa bei slopina endoplazmi-
nio tinklo stresa, kuris gali sukelti las-
teliu apoptoze [31, 32].

P. Pena-Orihuela duomenimis, di-
desnis MNRR kiekis maiste skatina
riebaliniame audinyje esanéiy antiok-
sidaciniy fermentu (gliutationperoksi-
dazés, katalazés ir kt.) genu raiska ir
tokiu budu sumazina oksidacini stre-
sg. O didesnis su maistu gaunamu
SRR kiekis nutukusiu asmenuy riebali-
niame audinyje skatina fermento
NADPH-oksidazés, atsakingos uz re-
aktyviy deguonies junginiu sinteze,
genu raiSka bei slopina genu, koduo-
janéiu antioksidacininius fermentus,
raiSka. Tyréjai mano, kad asmenu, ku-
riems diagnozuotas MS, dietos SRR
pakeitimas MNRR butu efektyvus ba-
das mazinti oksidacini stresa [33]. At-
likti eksperimentai su laboratoriné-
mis pelémis leidzia daryti prielaida,
kad SRR pakeitimas MNRR turétu
mazinti uzdegima riebaliniame audi-
nyje ir kartu atsparuma insulinui
[34].

E. Katsoulieris ir kolegos tyré pal-
mitino (16:0) SRR poveiki proksimali-
niu inkstu kanaléliu lasteléems in vi-
tro. Tyréjai nustate, kad RR 16:0 suke-
lia endoplazminio tinklo stresa, kuris
lemia inkstu proksimaliniuy kanaléliu
lasteliy apoptoze. Priesingai veiké RR
18:3 -3 — ji sumazino endoplazminio
tinklo pazeidima sukélusiu Zymenu
koncentracija bei lasteliy apoptoze in
vitro [28].

O. Gunes ir bendraautoriai sieké
ivertinti eritrocity membranos RR su-
déties ir atsparumo insulinui rysi tir-
dami nutukusiy (daliai ju nustatytas
atsparumas insulinui) ir normalaus

svorio turku tautybés paaugliu gru-
pes. Sie tyréjai nustaté statistiskai
reik§mingai didesne palmitoleino
(16:1 -7) ir mazesne RR 20:5 ®-3 kon-
centracijg nutukusiu paaugliu grupé-
je, palyginti su kontrolinés grupés pa-
augliais. Netgi suskirstyti pagal at-
sparuma insulinui nutuke paaugliai
statistiskai reik§mingai skyrési nuo
sveikuju pagal RR 16:1 o-7 ir RR
20:5 -3 koncentracija [35].

Japonijos mokslininkai pagrindé
kita molekulini RR 16:0 oksidacinio
poveikio mechanizma. Tyréju duome-
nimis, inkstu kanaléliu lasteliu kulta-
rose RR 16:0 didina monocitu chemo-
taksio baltymo (MCP-1) raiska. Me-
chanizmas grindziamas RR 16:0 gebe-
jimu didinti vidulasteliniu DAG kon-
centracija, dél to skatinama proteinki-
nazés C (PKC) seimos baltymu akty-
vacija. Nustatyta, kad RR 18:1 ©-9 ir
RR 20:5 ©-3, aktyvindamos fermento
diacilglicerolaciltransferazés geno
raiska, paveréia intralastelinius DAG
1 TAG ir tokiu badu slopina PKC akty-
vacija. Todél isvengiama inkstu kana-
1éliu lasteliu pazeidimo [31]. Yra duo-
menu, kad laisvuju RR perteklius vir-
sija mitochondriju galimybes vykdyti
RR B-oksidacija, todél susidaro i§ da-
lies oksiduotas acilkarnitinas bei di-
desnés DAG koncentracijos, lemian-
Cios atsparuma insulinui [36]. RR tie-
siogiai ar per signalines molekules ke-
penyse geba veikti genu transkripci-
jos lygmeniu ir taip reguliuoti lipoge-
neze, RR B-oksidacija bei gliukozes
apykaitg [37]. Taigi, remiantis Siomis
studijomis, RR vaidmuo sukeliant ok-
sidacini stresa nebutinai yra tiesiogi-
nis.

APIBENDRINIMAS

Inksty akmenligé — tai daugiaveiksné
liga, kai proksimaliniuose inksty ka-
naléliuose sutrikdoma NH," pernasa
ir gamyba. Padidéja Slapimo rugsties,
kalcio ir natrio jonu ekskrecija, suma-
Zéja citrato Salinimas su §lapimu, dél
to sumazéja slapimo pH. Detaliu
moksliniu tyrimu apie riebaly ragséiu
ir ju metabolity vaidmeni inksty ak-
menligés patogenezéje néra daug. Juo-
se yra aprasomas neigiamas sociuju
riebaluy ragséiu poveikis inksty proksi-
maliniu kanaléliy lasteléems (sukelia
ju apoptoze), taip pat priesingas mono-
neso€iyju ir polineso¢iuju riebaly
rugsciy poveikis lasteliu pazeidimui,
nurodoma ir padidéjusi rizika formuo-
tis slapimo ragsties inkstu akmenims
sergant metaboliniu sindromu. 4
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THE ROLE OF FATTY ACIDS IN PATHOGENESIS OF URONEPHROLITHIASIS

Inga Bikuléiené, Laima Vasiliauskaité, Arvydas Kaminskas,

Valerija Jablonskiené, Vaiva Hendrixson

Uronephrolithiasis is a multifactorial
disease influenced by lifestyle, metabolic,
environmental, genetic factors, and nu-
tritional habits. Variety of chemical com-
pounds in kidney stones refers to differ-
ent causes of nephrolithiasis. Some
mechanisms of the development of kid-
ney calculi are related to fatty acids and
their metabolites.

Epithelial cells of the renal tubules
express insulin receptors. The developed
insulin resistance causes disturbance of
transport and production of ammonium
ions in the proximal kidney tubules. Due

LITERATURA

to increased free hydrogen ions, urine pH
decreases leading to the formation of uric
acid kidney stones.

Metabolic syndrome has been associ-

ated with changes in urinary constituents,
including increased uric acid and calcium
excretion, decreased citrate excretion and
lower urinary pH. These changes lead to in-
creased risk of uric acid and calcium oxa-
late/phosphate kidney calculi formation.

Eicosapentaenoic and docosahexaenoic

fatty acids have organ — protective and
anti — inflammatory effects. This impact oc-
curs only when eicosanoids and their oxida-

tios

n products are intensively synthesized

from omega-3 polyunsaturated fatty
acids.

The accumulation of saturated fatty

acids and their metabolites within the
cell has been associated with oxidative

and endoplasmic reticulum stress. These

processes cause apoptotic cell death of re-

nal
and

1 proximal tubule. Monounsaturated
d polyunsaturated fatty acids have

been observed to have the opposite ef-
fect — reducing the endoplasmic reticu-
lum damage and cell apoptosis in vitro.

The aim of this literature review is to

expose an increasing interest in relation-
ship between lipids, fatty acids and their
metabolites with the pathogenesis of
uronephrolithiasis and promotes to
search for new links of pathogenesis of
kidney stones formation.

Keywords: kidney calculi, metabolic
syndrome, fatty acids.
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Platelet membranes are extremely susceptible to peroxidation, forming a variety of lipid peroxides, includ-
ing malondialdehyde (MDA), which has been implicated in the etiology of cardiovascular diseases. Moreover,
platelet-leukocyte aggregates (PLAs) are known to contribute to advanced endothelial injury and atherogenesis.
Fatty acid (FA) methyl esters of the platelet membranes of 79 apparently healthy men without any acute clini-
cal condition at the time of the study were identified by GC/MS. MDA was measured by HPLC in blood serum,
and PLAs were analyzed by whole-blood flow cytometry. Individuals were divided into quartiles according to
MDA concentration and percentage of PLAs formation. The composition of platelet membrane FAs was com-
pared to MDA concentration and the percentage of PLAs formation in apparently healthy individuals.

In quartiles (Q) with higher MDA concentration, percentage of C 16: 107 (Q, vs. Q,, p=0.021), C 20: 109 (Q, vs.
Q,, p=0.028) and C 20: 503 (Q, vs. Q,, p=0.046) was lower. However, C 22: 503 (Q, vs. Q,, p=0.038) and total
®3 (Q, vs. Q,, p=0.024) were higher.

MDA and the formation of platelet-monocyte aggregates stimulate the incorporation of monounsaturated
fatty acids and polyunsaturated fatty acids in platelet phospholipid membranes, which may be a hallmark for
a changed level of biologically active compounds required for the activation of future platelets.

Malondialdehyde ¢ Oxidative Stress ¢ Platelet Activation

https://www.medscimonit.com/abstract/index/idArt/915111
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Background

Oxidative stress and lipid peroxidation are closely associated
with a large number of pathophysiological processes. Formed
during oxidative stress, reactive oxygen species (ROS) attack
biomolecules, disrupt cellular functions, and cause inflamma-
tion or even cell apoptosis [1,2]. Research shows that oxidative
stress is associated with increased platelet activation, throm-
bosis [3,4], and cardiovascular diseases [5]. One of the main
targets for ROS is phospholipids of the cell membrane, espe-
cially polyunsaturated fatty acids (PUFASs) [6].

During lipid peroxidation, especially of PUFAs, malondialde-
hyde (MDA) is formed as a degradation product of lipid oxi-
dation. MDA is considered an important biomarker of oxida-
tive stress [7]. MDA is also associated with carcinogenic and
cytotoxic effects on the cell, as well as the pathogenesis of
diabetes mellitus and neurodegenerative and cardiovascular
diseases [8-10].

In vivo, MDA can be produced as a by-product from omega 3
(@3) or omega 6 (w6) PUFAs by enzymatic processes during the
biosynthesis of thromboxane A2 or generated from bicycle en-
doperoxides by nonenzymatic processes during lipid peroxida-
tion [11,12]. The number of MDA molecules that can maximally
be formed depends on the number of double bonds (since the
methylene group between the double bonds is used to form
MDA), e.g., arachidonic acid (C 20: 4w6) could provide 3 MDA
molecules, while eicosapentaenoic acid (C 20: 5w3) could pro-
vide a maximum of 4 MDA molecules per PUFA molecule [13].
Moreover, biological MDA exists primarily in 2 forms, i.e., free
or covalently bound to/conjugated with proteins and nucleic
acids, lipoproteins, and certain amino acids [14].

Human platelets are known to a main source of MDA forma-
tion in human blood [13]. According to scientific data, plate-
lets play a key role in protecting against haemorrhage, as well
as in inflammatory processes associated with atherosclerosis,
homeostasis, and thrombosis [15].

Phospholipids account for 65% of all platelet lipids [16].
Therefore, platelet function and activity are closely related to
the composition of the phospholipid membrane. Due to the
changes in platelet membrane FAs, the synthesis of biologi-
cally active eicosanoids with pro-inflammatory or anti-inflam-
matory effects may increase [17].

Vascular inflammation plays an essential role in endothelial
injury and activation of atherogenesis. Platelets and platelet-
leucocyte aggregates (PLAs) are known to contribute to this
ongoing endothelial injury, resulting in platelet-dependant
thrombosis, especially in acute coronary syndromes [18-20].
Therefore, platelets activated by oxidative stress and

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)
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accompanied by lipid peroxidation of the phospholipid mem-
brane are closely associated with the risk of cardiovascular
diseases.

To explore how processes of lipid peroxidation and platelet
activation might be modified when the composition of plate-
let membrane FA changes, we designed our study to deter-
mine the relationship between the changes in the composition
of platelet membrane FAs, blood serum MDA concentration,
and PLA formation. This research could be useful in evaluating
platelet preparation for the next activation phase and assess-
ing the synthesis intensity of biologically active compounds
(e.g., eicosanoids/docosanoids).

Material and Methods

Study design

This study (duration: 2 years) was carried out on a group of
79 volunteers (men) aged 36.5 years +10.8 years, who were
apparently healthy (without any acute clinical condition) and
who gave their written consent to participate in the study.
Individuals with any cardiac and chronic diseases or prior stroke
or venous thromboembolism were excluded from the study.
Female subjects were not included in this study, as males usu-
ally have earlier onset of the disease than their female coun-
terparts [21]. The research was carried out at the laboratory of
the Department of Physiology, Biochemistry, Microbiology, and
Laboratory Medicine of the Institute of Biomedical Sciences at
the Faculty of Medicine of Vilnius University. The study proto-
col was approved by the Vilnius Regional Bioethics Committee
(Approval No. 15820-15-807-319) and was supported by the
Research Council of Lithuania (Grant No. MIP-050/2015).

Platelet extraction

Blood samples were collected in a sodium heparin Vacutainer
tube and centrifuged immediately at 3000 g for 10 min. Then,
% of the plasma was removed without touching the cell and
foam layer. The remaining portion (% of the plasma), rich in
thrombocytes, was extracted and mixed with freezing media
(BI, Israel) in a ratio 2: 1 and frozen at -80°C.

Extraction and determination of platelet membrane FAs

Methyl esters of platelet membrane FAs were prepared using the
Folch method [22]. Thin-layer chromatography (Sil G-25 UV,,,)
was then performed to extract platelet phospholipids [23]. After
FA transesterification, the FA spectrum was determined by gas
chromatography/mass spectrometry with a GCMS-QP2010 Ultra
manufactured by Shimadzu. Data were collected and processed
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Table 1. FAs analyzed by gas chromatography/mass spectrometry.

CLINICAL RESEARCH

SFAs* MUFAs** PUFAs***
14: 0% 16: 10*7 18: 2006
Myristic acid 9-hexadecenoic/Palmitoleic acid 9,12-octadecadienoic/Linoleic acid
16: 0¥ 18: 10*9 18: 303
Palmitic acid 9-octadecenoic/Oleic acid 9,12,15-octadecatrienoic/a-Linolenic acid
18: 0 18: 107 20: 4006
Stearic acid 11-octadecenoic/Vaccenic acid 5,8,11,14-eicosatetraenoic/Arachidonic acid
20: 109 20: 503
11-eicosenoic/Gondoic acid 5,8,11,14,17-eikosapentaenoic/Timnodonic acid
22: 503
7,10,13,16,19-docosapentaenoic/Clupanodonic acid
22: 603

4,7,10,13,16,19-docosahexaenoic/Cervonic acid

* Saturated fatty acids; ** monounsaturated fatty acids; *** polyunsaturated fatty acids; ¥ number of carbon atoms and double bonds;

* position of double bond between carbon atoms.

using LabSolutions software (Shimadzu). Table 1 shows the FAs
investigated in this study expressed as a percentage of total FAs.

Determination of MDA concentration in blood serum

Blood serum MDA concentration was measured using a method
published by Khoschsorur et al. [24] with minor modifications.
The sample preparation serves for the sample purge and for
the derivatisation of the analyte with thiobarbituric acid (TBA)
into a detectable form, i.e., the MDA-TBA adduct. MDA con-
centration was determined by a Shimadzu Nexera X2 UHPLC
system (Shimadzu). Data were collected and processed using
LabSolutions software (Shimadzu).

Determination of platelet activation markers

Flow cytometric analysis was performed on platelet func-
tional activity in agonist non-stimulated EDTA anticoagulated
blood not later than 10 min after blood collection (BD FACS
Canto, BD Biosciences, USA). Data analysis was carried out us-
ing BD FACS Diva software (version 6.1.2). Leukocyte popula-
tions (neutrophils, monocytes, and lymphocytes) were identi-
fied according to CD45/CD14 expression: neutrophils (CD45+,
CD14-, high side scattered light), monocytes (CD45+, CD14+,
mean side scattered light) and lymphocytes (CD45++, CD14-,
low side scattered light). Then, the percentage of neutrophils,
monocytes and lymphocytes expressing the CD42a marker
was calculated. This combination of markers is characteristic
for PLAs and was considered an indicator of adhesion phase.
The data that were obtained were expressed in absolute num-
bers (the number of studied platelets tagged with the marker),
percentages (a part of the studied population tagged with the
marker), and mean of fluorescence intensity (fluorescence in-
tensity of platelet population with tagged marker).

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Distribution of volunteers

First, individuals participating in this study were grouped into
quartiles according to the concentration of blood serum MDA.
Blood serum MDA concentration was 62.47-77.58 pg/| (n=20)
in the first quartile (Q1), 77.79-97.07 pg/! (n=20) in the sec-
ond quartile (Q2), 97.22-117.61 pg/| (n=20) in the third quar-
tile, and 118.10-169.32 pg/l (n=19) in the fourth quartile (Q4).
Then, the spectrum of platelet membrane FA was compared
with the concentration of blood serum MDA in quartiles, and
the correlation between the platelet membrane FA spectrum
and blood serum MDA concentration was calculated.

Second, volunteers were grouped into quartiles according to
the percentage of PLA formation. The percentage of PLAs for-
mation ranged from 3.7 to 8.3 (n=20) in the first quartile (Q1),
8.410 9.5 (n=19) in the second quartile (Q2), 9.6 to 10.8 (n=21)
in the third quartile (Q3), and 10.9 to 14.5 (n=19) in the fourth
quartile (Q4). The quartiles of PLAs formation were then com-
pared with the spectrum of platelet membrane FA, and the
correlation between the variables was measured.

Statistical analysis

Data analysis was carried out using IBM SPSS software (ver-
sion 24) and Microsoft Excel 2016. Data are expressed as me-
dian, minimum, and maximum. Differences between the groups
were tested for significance using the Mann-Whitney U test
and the Spearman’s rank correlation coefficient for assessing
the correlation between variables. P<0.05 was considered sta-
tistically significant.
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Figure 1. Box plots represent a comparison of the percentage
of C 14: 0 between quartiles of blood serum MDA
concentration. Q1 and Q3, p=0.05; Q1 and Q4,
p=0.089. N=79. * Number of carbon atoms and double
bonds.

Figure 3. Box plots represent a comparison of the percentage
of C 20: 503 between quartiles of blood serum MDA
concentration. Q1 and Q2, p=0.028; Q2 and Q3,
p=0.046. N=79.
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Figure 2. Box plots represent a comparison of the percentage
of C 20: 109 between quartiles of blood serum MDA
concentration. Q2 and Q4, p=0.028. N=79. * Position of
double bond between carbon atoms.

Results

According to our data, there was a tendency for a higher level
of C 14: 0 to be found in the first quartile, which had a lower
concentration of blood serum MDA than the third and fourth
quartiles, where blood serum MDA concentration was higher
(Q1 and Q3, p=0.05; Q1 and Q4, p=0.089) (Figure 1).

C 16: 0 made up the highest percentage of total FAs in the
platelet phospholipid membrane (47%). The distribution of C
16: 0 was slightly higher in the first quartile of blood serum
MDA concentration than in the second, third, and fourth quar-
tiles. Although there was no statistically significant difference
between Q1 and Q4 of C 16: 0 (p=0.728), it was observed that
the highest percentage of C 16: 0 in the first quartile increases
the total percentage of saturated fatty acids (SFAs).

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)
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Figure 4. Box plots represent a comparison of the percentage
of C 22: 503 between quartiles of blood serum MDA
concentration. Q1 and Q2, p=0.037; Q1 and Q4,
p=0.038. N=79.

Our results showed that the highest level of C 16: 107 was
found in the first quartile, which also had a lower blood serum
MDA concentration than the third quartile (p=0.021). It was
also noticed that the higher the level of C 18: 1w7, the higher
the concentration of blood serum MDA (Q1 and Q4, p=0.070).

The highest percentage of MUFAs in platelet phospholipid mem-
brane consisted of C18: 109 (46.5%), but the differences were
not statistically significant. However, our data showed that sig-
nificantly more C 20: 109 was found in the second quartile
than in the fourth quartile (p=0.028), where the concentration
of blood serum MDA was the highest (Figure 2).

Assessing the total sums of ®3 and w6 PUFAs separately, we
observed that with the highest concentration of blood serum
MDA (Q4), the total sums of @3 and w6 increase, and with the
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lowest concentration of blood serum MDA (Q1), the total sums
decrease (w3 p=0.184, w6 p=0.813). However, a statistically
significant difference was found only between the amount of
®3 PUFAs (p=0.024) in the first and second quartiles.

Statistically significantly less C 20: 53 was found in the first
quartile, which had a lower blood serum MDA concentration
than the second quartile (p=0.028), but statistically signifi-
cantly more C 20: 503 was observed in the second quartile
than in the third quartile, where blood serum MDA concentra-
tion was higher (p=0.046) (Figure 3).

Statistically significantly less C 22: 5m3 was observed in the
first quartile, which had the lowest blood serum MDA con-
centration, than in the second (p=0.037) and fourth quartiles,
which had higher levels of blood serum MDA concentration
(p=0.038) (Figure 4).

Our study results also showed that at the highest concentra-
tion of blood serum MDA (Q4), the ratio of C 18: 2w6/C 20:
4w6 was statistically significantly lower than the lowest blood
serum MDA concentration (Q1) (p=0.038) (Table 2).

Spearman’s test showed a weak but statistically significant
inverse correlation between C 14: 0 and blood serum MDA
concentration (r=-0.255; p=0.023) and between the concen-
tration of blood serum MDA and the ratio of C 18: 206/C 20:
406 (r=—0.244; p=0.034) (Table 3).

Comparing the composition of platelet membrane FAs with
the percentage of PMA formation, it was observed that with
the increase in the formation of aggregates, the total sums of
MUFAs and PUFAs were higher separately and the total sum
of SFAs was lower, but the differences were not statistically
significant. However, the tendency was observed for an in-
creased level of C 14: 0 and an increased ratio of C 18: 303/C
20: 503 in the first and the fourth quartiles of the formation
of PMAs (p=0.093). The same tendency was observed in the
comparison of the ratio of C 18: 3w3/C 20: 5w3 between the
first and the third quartiles of the formation of PMAs (p=0.055)
(Table 4). In terms of the mutual differences between the per-
centage of the formation of other PLAs (granulocytes and lym-
phocytes) and platelet membrane FA spectrum, the differences
were not statistically significant.

Calculations demonstrated that the correlation between the
platelet membrane FA spectrum and the percentage of the
formation of PMAs had a weak but statistically significant in-
verse correlation between the percentage of the formation of
PMAs and C 14: 0 (r=-0.222; p=0.050) (Table 3).
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Discussion

According to our data, the highest percentage of FAs in the plate-
let phospholipid membrane consisted of SFA. Other authors have
obtained very similar results [25-28]. Moreover, C16: 0 is reported
to be the main FA of the platelet membrane [29], as was observed
in our study. According to recent scientific studies, SFA higher
levels were detected in those cell membranes that are closely
related to signalling mechanisms. C 14: 0 and C 16: 0 can cova-
lently modify proteins associated with signal transmission [30].

One of the MUFAs we analyzed, C 16: 107, was at its highest
level when blood serum MDA concentration was at the lowest.
This was probably due to intensified C 16: 107 synthesis from
SFA C 16: 0 by stearoyl-CoA desaturase — 1 during FA desat-
uration [31], and/or C16: 107 was obtained from vegetable
food and oils. Such a diet contains a number of antioxidants,
e.g., fat-soluble vitamin E (tocopherol), leading to a higher level
of C 16: 107 at a lower concentration of blood serum MDA.

C 18: 109 accounts for the highest percentage of FA compared
to other MUFASs [25,26,28]. The same tendency was observed
in our data. This increase in C 18: 109 at the highest concen-
tration of blood serum MDA can be interpreted as an intention
to reduce blood serum MDA level or as compensation by us-
ing PUFA for active blood serum MDA synthesis. The absence
of ®3 and 06 PUFAs may intensify C 18: 1m9 synthesis, as it is
the precursor of other ®9 PUFAs required for cell membranes.

According to our data, statistically significantly less C 20: 53
was found at the lowest level of blood serum MDA concen-
tration, but statistically significantly more C 20: 503 was ob-
served when the concentration of blood serum MDA was at its
higher level. This result shows that increased oxidation stimu-
lates platelets to synthesize more PUFAs (e.g., C 20: 5@3) and
therefore increases the production of biologically active com-
pounds and platelet activation. C 20: 503 is associated with
a lower incidence of major coronary events. This effect of C
20: 503 in reducing the risk of cardiovascular diseases could
be mediated by increased production of prostaglandin I, (PGL,),
inhibiting platelet aggregation; promoting vasodilatation, myo-
cardial ischemic injury, and arteriosclerosis; and inducing neo-
angiogenesis. Furthermore, an increased level of PGI, decreases
thromboxane A, (TXA,) production, which is known to have the
opposite effect on the cardiovascular system: TXA, causes plate-
let activation, coronary spasms, and vascular smooth muscle
cell proliferation that can result in arteriosclerosis and, subse-
quently, cardiovascular events. [32]. C 20: 4w6 and C 20: 5®3
antagonize each other. C 20: 503 competes with C 20: 406 in
the cyclooxygenase (COX) pathway, leading to the formation
of eicosanoids that are less pro-thrombotic and inflammatory
and may also directly inhibit platelet aggregation to a greater
degree than the eicosanoids derived from C 20: 406 [33-35].
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Table 2. Comparison of the composition of platelet membrane FA between quartiles of blood serum MDA concentration.

FA® Median,
(provided by percentage of minimum, P value
total amount) maximum (n=20) (n=20) (n=19)
C 14: 05% Med. 393 3.30 281 281 *5p=0.529
ot
Min. 1.88 081 154 134 *%';:g’gg;
Max 7.28 8.75 492 7.79 $4p=0.231
$%p=0.428
#%p=0.627
C16:0 Med. 48.99 4539 4849 4381 *5p=0.718
.
Min. 2053 3272 37.43 2032 [P0
*%p=0.728
Max 65.11 59.53 63.15 63.39 $4p=0.253
$%p=0.857
#%p=0.247
C18:0 Med. 2073 19.97 22.00 18.45 *5p=0.925
LR
Min. 876 1152 16.96 11.89 “p=0231
*%p=0.792
Max 2665 27.54 43.87 2860 $4p=0.060
$%p=0.627
#%p=0.026
C 16: 10™7 Med. 163 137 112 159 *3p=0.327
o
Min. 039 0.22 0.19 0.18 Mo
*p=0.
Max 12.44 15.70 444 13.29 $#p=0.383
$%p=0.879
#%p=0.134
C18: 107 Med. 1.06 1.01 1.27 1.38 *$p=0.989
oy
Min. 015 013 0.20 0.19 *%p‘g'gz
*p=0.
Max 409 2.30 2.64 6.90 $#p=0.904
$%p=0.158
#%p=0.247
C18: 109 Med. 7.31 5.69 6.79 9.79 *5p=0.841
g
Min 0.46 162 161 0.69 [PROLES
*%p=0.283
Max 15.43 12,65 14.52 22.05 $#p=0.862
$%p=0.120
#%p=0.204
€ 20: 109 Med. 265 3.56 292 1.98 *5p=0.512
o
Min 0.58 0.72 0.56 0.36 *%';:g;zi
Max 56.77 33.26 10.90 11.72 $#p=0.277
$%p=0.028
#%p=0.224
€ 18: 206 Med. 5.08 433 6.19 6.75 *5p=0.738
oy
Min. 201 054 168 040 [P
*%p=0.901
Max 20.12 19.82 17.03 2146 $#p=0.758
$%p=0.967
#%p=0.999
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Table 2 continued. Comparison of the composition of platelet membrane FA between quartiles of blood serum MDA concentration.

FA® Median,
(provided by percentage of minimum, Q3* Q P value
total amount) maximum (n=20) (n=20) (n=20) (n=19)
C 18: 303 Med. 1.10 1.96 1.58 1.82 *5p=0.369
o
Min. 0.35 0.28 0.65 0.03 [P0
*%p=0.569
Max. 5.43 6.08 571 21.66 $#p=0.659
$%p=
%p=0.607
#%p=0.792
C 20: 406 Med. 0.63 0.92 0.96 1.08 *5p=0.201
o
Min. 0.09 0.21 0.02 0.07 (P04
*%p=0.235
Max. 7.84 8.31 5.84 9.01 $#p=0.620
$%n=
%p=0.923
#%p=0.569
C20: 53 Med. 0.30 0.78 0.34 0.46 *$p=0.028
* |
Min. 0.06 0.10 0.05 0.06 p=0698
*%p=0.141
Max. 1.21 3.75 1.18 3.10 $#p=0.046
$%n=
%p=0.365
#%p=0.309
C22:5m3 Med. 0.31 0.57 0.59 0.48 *5p=0.037
oo
Min. 0.02 005 0.02 015 [P0
*%p=0.038
Max. 1.15 2.76 1.61 2.37 5#p=0.820
$%n=
#p=0.923
#%p=0.923
C22: 6m3 Med. 0.37 0.97 0.68 0.70 *5p=0.265
o
Min. 0.02 0.06 0.03 0.13 [pOEea
*%p=0.141
Max. 2.40 3.58 224 3.95 $#p=0.289
$%p=
p=0.923
#%p=0.513
Total SFAs Med. 73.42 68.98 74.56 65.95 *5p=0.820
. . . *
(€7 O 1 B 1 @) Min. 31.17 49.60 57.28 45.78 *%p_(()).ségs;
,"p=0.
Max. 93.00 87.77 90.51 92.59 $#p=0.253
$%p=
%p=0.687
#%p=0.141
Total MUFAs Med. 14.54 15.23 13.33 16.99 *$p=0.883
o
Min. 3.69 5.15 5.04 5.05 [FUEEE
*%p=0.771
Max. 62.80 36.57 22.50 32.99 $#p=0.341
$%p=
%p=0.687
#%p=0.158
Total PUFAs Med. 9.80 13.89 11.15 13.09 *5p=0.314
o
Min. 331 404 3.83 133 [P0
*%p=0.336
Max. 34.22 33.89 26.42 34.97 $#p=0.659
S%p=
%p=0.945
#%p=0.569
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Table 2 continued. Comparison of the composition of platelet membrane FA between quartiles of blood serum MDA concentration.

FA® Median,
(provided by percentage of minimum, P value
total amount) maximum (n=20) (n=20) (n=19)

T @3 Med. 2.81 453 3.60 4.20 *$p=0.024
- *#p=0.201
Min. 0.59 0.79 1.99 0.84 "p=0.184
Max. 937 13.00 6.83 25.46 *#p=0.076
5%p=0.728
#%p=0.687
T w6 Med. 572 7.12 7.42 7.53 *5p=0.565
*#p=0.779
Min. 2.25 1.14 1.84 0.49 "p=0.813
Max. 27.96 28.13 21.70 28.28 $#p=0.947
5%p=0.901
#%p=0.879
Ratio of 03/06 Med. 0.43 0.67 0.53 0.45 *5p=0.149
- *#p=0.301
Min. 0.08 0.18 0.17 0.18 *p=0.296
Max. 2.57 5.15 2,03 8.21 *#p=0.547
$%p=0.771
#%*p=0.945
Ratio of PUFAs/SFAs Med. 0.15 0.19 0.15 0.20 *5p=0.429
*#p=0.820
Min. 0.04 0.06 0.04 0.01 "p=0.428
Max. 0.70 0.67 0.46 0.70 **p=0.547
5%p=0.967
#%p=0.444
Ratio of Med. 7.49 6.30 7.75 5.08 *$p=0.091
C 18: 206/C 20: 406 *#p=0.659
Min. 257 0.54 2.29 0.99 *%p=0.038
Max. 26.78 14.48 118 4357 **p=0.192
5%p=0.749
#%p=0.204
Ratio of Med. 4.20 1.62 4.46 3.15 *5p=0.076
C 18: 303/C 20: 503 - *#p=0.659
Min. 1.20 0.26 0.83 0.04 020,531
Max. 14.68 49.00 50.44 83.31 **p=0.108
5%p=0.531
#%p=0.296
Ratio of Med. 2.16 1.62 2.00 271 *$p=0.583
C 20: 406/C 20: 503 - *#p=0.820
Min. 0.39 0.58 0.29 0.09 *4p=0.728
Max. 8.50 7.23 17.70 13.50 **p=0.398
5%p=0.247
#%p=0.813

SFAs — saturated fatty acids; MUFAs — monounsaturated fatty acids; PUFAs — polyunsaturated fatty acids; @ fatty acids;
& malondialdehyde; * quartile 1 (Q1); * quartile 2 (Q2); * quartile 3 (Q3); * quartile 4 (Q4); ** number of carbon atoms and double
bonds; ** position of double bond between carbon atoms in the molecule; *** total sum.
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Table 3. The correlation of platelet membrane FA spectrum with blood serum MDA concentration and percentage of PMA formation.

FAs® Spearman’s rho
(provided by percentage of total
amount) MDA* concentration A concentration
C14:0° -0.255 -0.222 0.023 0.050
Ratio of C 18: 20°°6/C 20: 406 -0.244 = 0.034 =

@ Fatty acids; * malondialdehyde; ** platelet-monocyte aggregates; ¢ number of carbon atoms and double bonds; 5 position of double
bond between carbon atoms in the molecule.

Table 4. Comparison of certain platelet membrane FAs between quartiles of PMA formation.

FAs® Median, Quartiles of percentage of PMA* formation
(provided by percentage of minimum, Q Q. P value
total amount) maximum (n=20) (n=19) (n=21) (n=19)

C14: 0% Med. 339 293 281 2.76 %5p=0.204
*#p=0.197
Min. 134 142 0.81 1.54 *%p=0.093

SHp=
Max. 7.79 6.48 7.70 875 *p=0.936
$%p=0.822
#%p=0.791
Total SFAs Med. 77.45 63.57 70.64 73.04 %5p=0.194
(C 14: 0+C 16: 0+C 18: 0) *#p=0.291
Min. 4578 49.06 31.17 49.11 ~4p=0.696

SH#p=
Max. 87.77 93.00 92.59 92.46 *p=0.872
$%p=0.298
#%p=0.512
Total MUFAs Med. 13.33 16.91 15.40 15.16 %5p=0.336
* ¥p=0.449
Min. 5.15 3.69 5.04 5.05 *4p=0.942

S#p=
Max. 32.99 36.57 62.80 23.83 *p=0.649
$%p=0.233
#%p=0.606
Total PUFAs Med. 9.51 15.30 10.63 11.47 %5p=0.283
*4p=0.648
Min. 428 331 1.33 249 ~4p=0.633
Max. 24.84 34.97 33.89 34.22 $p=0.555
$%p=0.599
#%p=0.856
Ratio of Med. 221 391 4.06 416 %5p=0.184
C 18: 30**3/C 20: 503 *#p=0.055
Min. 0.04 0.26 067 1.04 *%p=0.093
Max. 49.00 50.44 83.31 17.83 **p=0.294
$%p=0.799
#%p=0.587

SFAs — saturated fatty acids; MUFAs — monounsaturated fatty acids; PUFAs — polyunsaturated fatty acids; @ fatty acids; & platelet-
monocyte aggregates; * quartile 1 (Q1); * quartile 2 (Q2); * quartile 3 (Q3); * quartile 4 (Q4); % number of carbon atoms and double
bonds; ** position of double bond between carbon atoms in the molecule.

Our data showed that the total sums of individual ®3 and w6 were lower, and when blood serum MDA concentration was
were higher when blood serum MDA concentration was at the at the lowest level. However, a statistically significant differ-
highest level, when the total sums of individual ®3 and w6 ence was found only in the first and second quartiles of the
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total sum of 3 FA (p=0.024). Similar results were obtained by
Li et al. [36]. The increased level of PUFAs, with a higher blood
serum MDA concentration, could be explained as a platelet re-
sponse to prepare for the future activation process. Therefore,
the oxidation process and the increased blood serum MDA con-
centration are factors that stimulate platelets to synthesize
more PUFAs (e.g., C 20: 406, C 20: 5w3, and C 22: 603) from
essential FAs: C 18: 206 and C 18: 3w3 by a series of desat-
urase and elongase enzymes, leading to intensified synthesis
of biologically active compounds, e.g., pro- or anti-inflamma-
tory eicosanoids and docosanoids.

According to our data, with the rise of blood serum MDA con-
centration, the level of C 22: 503 increases in platelet phos-
pholipid membranes. This result could be explained by inten-
sified metabolism of FA, synthesizing more eicosanoic and
docosanoic FA, which will be later used for platelet activa-
tion. The tendency of docosahexaenoic FA (C 22: 6®3) dis-
tribution was similar to that of C 22: 5w3, but there were no
statistically significant differences. The experiment in which
C 22: 603 was incorporated into the platelet membrane and
the blood serum MDA concentration was measured showed
that when the platelet membrane contains more C 22: 6w3,
the concentration of blood serum MDA is higher. It was previ-
ously reported that a higher level of @3 PUFA in platelet phos-
pholipid membrane, particularly in C 22: 613, could be related
to lipid peroxidation [37]. Moreover, other researchers also
studied the effect of C 22: 6w3 on platelets. Dietary supple-
ments with C 22: 63 were given to healthy men. Then, the in-
corporation of C 22: 63 into the platelet phospholipid mem-
brane and platelet activity were monitored. The study results
showed that a higher level of C 22: 63 in the platelet mem-
brane statistically significantly reduces platelet activity and in-
duces an antioxidant effect, increasing platelet vitamin E con-
centration. Accordingly, it could be regarded as a protective
factor against platelet-related cardiovascular events [38, 39].
Our study, which included only healthy individuals, did not
show any significant oxidation effect. Only a study carried out
with a markedly higher blood serum MDA concentration could
confirm the significant effect of oxidation.

We also found that the ratio of C 18: 2w6/C 20: 406 at the
highest blood serum MDA concentration was statistically sig-
nificantly lower than it was at the lowest blood serum MDA
concentration. According to this result, more intensive conver-
sion of C 18: 2w6 to C 20: 4w6 occurs with a higher concentra-
tion of blood serum MDA. This conversion could be considered
as the preparation of platelets for the synthesis of pro-inflam-
matory eicosanoids. Moreover, the thromboxanes that are pro-
duced activate platelets, allowing them to start the process
of blood coagulation more quickly. C 20: 406, incorporated in
platelet membrane, is used for the synthesis of TXA2, which
is involved in the pathogenesis of cardiovascular diseases in
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that it promotes platelet aggregation and vasoconstriction,
acting through specific receptors coupled with the G-protein
Gq [40,41]. Therefore, a higher concentration of blood serum
MDA could be a factor in the formation of a higher level of TXA2.

In our study, an increased ratio of C 18: 303/C 20: 53 was
noted when the lowest and the highest percentage of the for-
mation of PMAs were compared. Since C 18: 3w3 is not syn-
thesized in the human body and is obtained only with food
(vegetable oils), it reflects the diet of a particular person and
eventually will be converted to C 20: 503. An experimental
study showed that when the platelet membrane is saturated
with C 20: 503, platelet procoagulative properties can be re-
duced. Moreover, C 20: 503 in combination with C 22: 6w3
has a protective effect against cardiovascular diseases, since
anti-inflammatory biologically active compounds are synthe-
sized from these FAs [42]. Consequently, ®3 PUFA can regu-
late processes associated with inflammation through multiple
mechanisms: platelet activation and aggregation and vaso-
constriction [43]. By changing C 20: 406 as a substrate in the
production of eicosanoids, ®3 PUFA can act directly, thereby
inhibiting the metabolism of C 20: 46, or indirectly through
gene expression, activating peroxisome proliferator-activated
receptors (PPARs) a and y [44-46]. Furthermore, ®3 PUFAs in-
hibit the secretion of monocyte/macrophage inflammatory cy-
tokines (interleukins, TNF) [47].

Our results show a statistically significant inverse correlation
between C 14: 0 and blood serum MDA concentration. The same
correlation was observed between the ratio of C 18: 206/C 20:
46 and the concentration of blood serum MDA. A statistically
significant inverse correlation was also found between the per-
centage of the formation of PMAs and C 14: 0. Some research-
ers reported a direct correlation between MUFAs, PUFAs, and
blood serum MDA concentration and an inverse correlation
between SFAs and concentration of blood serum MDA. They
also noticed that lipid peroxidation was much more intensive
in healthy individuals. This data could be explained by an in-
creased amount of PUFAs in the platelet phospholipid mem-
brane [48]. Although we did not find a statistically significant
correlation between blood serum MDA concentration and SFAs,
MUFAs, and PUFAs in the platelet phospholipid membrane,
we found that with a higher blood serum MDA concentration,
the level of MUFA and PUFAs was slightly higher, while the
level of SFAs was lower. Moreover, with a higher percentage of
PMA formation, the level of SFAs was lower as well.

Conclusions

The results of our study in healthy men showed that increas-
ing levels of blood serum MDA concentration and percentage
of PMA formation are factors that stimulate the incorporation
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of MUFA and PUFA into the platelet phospholipid membrane
and may play a role in increasing the level of biologically ac-
tive compounds (eicosanoids/docosanoids) required for fur-
ther platelet activation. Though we hypothesize that the al-
teration of cell membrane composition caused by oxidative
stress may modify platelet response to activation, further
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human studies are needed to confirm the significant effect of
oxidation on platelets.
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